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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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[governmentat, in_fiaison with 1S9O, also take part In the work. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Drafthnternational
pted by the technical committees are circulated to the member bodies far voting. Public
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

14692-2 was prepared by Technical Committee ISO/TC 67,-Materials, equipment and offshor
petroleum, petrochemical and natural gas industries, Subcommittee SC 6, Processing equ
ems.

14692 consists of the following parts, under the;general title Petroleum and natural gas i
5s-reinforced plastics (GRP) piping:

Part 1: Vocabulary, symbols, applications and materials
Part 2: Qualification and manufacture
Part 3: System design

Part 4: Fabrication, installation and operation

y with the

fnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

The objective of this part of ISO 14692 is to enable the purchase of GRP components with known and
consistent properties from any source. Main users of the document will be the principal and the manufacturer,
certifying authorities and government agencies.

Vi © ISO 2002 — Al rights reserved
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Scope

part of ISO 14692 gives requirements for the qualification and manufactureof GRP piping and fittings in

applicable to qualification procedures, preferred dimensions, quality programmes, compon
documentation.

part of ISO 14692 is intended to be read in conjunction with 1ISO 14692-1.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
Liment (including any amendments) applies.

834-1, Fire-resistance tests — Eléments of building construction — Part 1: General requireme

1172, Textile-glass-reinforced:plastics — Prepregs, moulding compounds and laminates — De
e textile-glass and mineral-filler content — Calcination methods

4901, Reinforced plastics based on unsaturated polyester resin — Determination of resia
omer content

6721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General princig

7822:1990, Textile glass reinforced plastics — Determination of void content— Loss
hanical-disintegration and statistical counting methods

AONALT 1)

ource.

ent marking

For dated
referenced

his

pfermination

ual styrene

les

on ignition,

IS

DL ' H rs £, ol ol H ol
LAV AV N BN y F1AolUCo PIPIITY Sy olTIlTTo TUIN PICoourc drid TTUTN=Orcoourc urdiriagyc drid otTivwoidy

reinforced thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin

& — Glass-

ISO 10639:—"), Plastics piping systems for water supply, with or without pressure — Glass-reinforced
thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin

ISO 11357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of glass transition
temperature

1)

To be published.
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ISO 14692-1:2002, Petroleum and natural gas industries — Glass-reinforced plastics (GRP) piping — Part 1:
Vocabulary, symbols, applications and materials

ASTM C177, Standard test method for steady-state heat flux measurements and thermal transmission
properties by means of the guarded-hot-plate apparatus

ASTM D257, Standard test methods for DC resistance or conductance of insulating materials

ASTM D696, Standard test method for coefficient of linear thermal expansion of plastics between -30 °C and
30 °C with a vitreous silica dilatometer

ASTM D159

ASTM D15
tubing, and

D9, Standard test method for resistance to short-time hydraulic failure pressure of plastic f
fittings

ASTM D2105, Standard test method for longitudinal tensile properties of “fiberglass” (glass-fiber-reinfo

thermosetti
ASTM D214

ASTM D24
parallel-pla

ng-resin) pipe and tube
13, Standard test method for cyclic pressure strength of reinforced, thermosetting plastic pipe

2, Standard test method for determination of external loading characteristics of plastic pip{
e loading

ASTM D2583, Standard test method for indentation hardness of rigid plastics by means of a barcol impres

ASTM D29
resin) pipe

P5, Standard test method for beam deflection of “fiberglass” (glass-fiber-reinforced thermose
nder full bore flow

ASTM D2992, Standard practice for obtaining hydrostatic of,pressure design basis for “fiberglass” (glass-fi

reinforced {

hermosetting-resin) pipe and fittings

ASTM D35¢7, Standard practice for determining dimensions of “fiberglass” (glass-fiber-reinfo
thermosettihg resin) pipe and fittings
ASTM D4024, Standard specification for.machine made ‘fiberglass” (glass-fiber-reinforced thermose

resin) flang

ASTM D54
resin) flang

ASTM E153
members a

PS

b1, Standard specification for contact molded ‘fiberglass” (glass-fiber-reinforced thermose
PS

P9, Standard tést methods for determining effects of large hydrocarbon pool fires on struc
hd assemblies

ipe,

rced

:by

sOor

ting

ber-

rced

fting

ting

ural

ASTM E2092, Standard test method for distorsion temperature in three-point bending by thermomechanical

analysis

API S 1 D_Q L o £ ) £l J L :
peC OEIN, OPCLIICatiorr1Or Tingrir Preosurc rivcryridoss 1iTic PIuc

API Spec 5B 14" edition, Gauging and inspection of casing, tubing, and line pipe threads

IMO Resolution A 653(16), Recommendation on improved fire test procedures for surface flammability of
bulkhead, ceiling and deck finish materials

IMO MSC.61(67) International code for application of fire test procedures (FTP code)
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ISO 14692

Terms and definitions

-2:2002(E)

For the purposes of this document, the terms and definitions given in ISO 14692-1 and the following apply.

31
fire

endurance property

ability of an element of the structure or component to continue to perform its function as a barrier or structural
component during the course of a fire for a specified period of time

3.2

fire
mat
smd

For

5

5.1

Per
the
re-q

5.2

The
rovi
be d

Oth
with
resi

NOT
term
carb

NO1
the

. .

erial-related properties concerned with time to ignition, surface flame-spread characteristid
uldering and post-fire-exposure flaming, and rate of heat, smoke and toxic gas release

Symbols and abbreviated terms

the purposes of this part of ISO 14692, the symbols and abbreviated terms given in ISO 14692

Materials of construction and wall thickness limitations

General
missible materials of construction are identified in 5.2 to}6.4. These shall be qualified in acco

ualification programme given in Clause 6. Changes. i materials of construction require compd
ualified in accordance with 6.2.8.

Fibre

hgs. The application of this part of 1ISQ’14692 to pipes manufactured with other reinforcement
one with caution and in agreement.with the principal.

br types of fibre reinforcement;-such as carbon or aramid fibre, may be used to provide local st

in fittings. Such components-shall be qualified by survival tests according to 6.2.3.2.2. Use of I

E1 Glass fibre (s-the preferred reinforcement material because there is little information available ab
pressure retentiony impact and fire performance of pipes manufactured from other reinforcement mate
on or aramid fibfe:

E 2 lfisighificant quantities of carbon are present, either as fibre or filler, it may be necessary to electr

burface>of the component where it could come into contact with adjacent metal components with glass-fif

s including

-1 apply.

rdance with
nents to be

principal reinforcement material of thesxeomponent wall shall be glass fibre, e.g. continuous and/or woven

fibres shall

rengthening
w electrical

stivity fibres, e.g. carben, for non-structural purposes to provide electrical conductivity shall be permitted.

out the long-
rials such as

cally insulate
re-reinforced

matTriaI because of the risk of galvanic corrosion.

5.3

Resin

The manufacture of components shall be limited to thermosetting resins. Typical resins are epoxy, polyester,
vinyl ester and phenolic.

NOTE1  See ISO 14692-1:2002, Clause 6.

Caution shall be applied to the use of fillers within the resin, since these can result in differing properties
compared to the base resin, which will affect the long-term performance of the pipe.

The resin shall have a glass transition temperature, Ty, that is greater than or equal to 95 °C. The T shall be
30 °C above the standard qualification temperature, which is 65 °C.

© 1SO 2002 — Al rights reserved
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The qualification requirements given in this part of 1ISO 14692 are not applicable to pipe systems that

incorporate

NOTE 2
also have an

internal thermoplastic or elastomeric liners.

influence on the fire endurance and electrostatic properties of the pipe.

The use of a thermoplastic liner will result in change of the failure mode for pressure retention. Such liners

Thermosetting resins that incorporate fibres or other filler material may be used as a liner on the inside of the
pipe to provide enhanced performance, e.g. wear resistance and electrical conductivity. The liner material
shall be compatible with the service conditions.

External coatings may be used to provide thermal insulation, fire resistance or electrical conductivity.

However,

leakage paTF\s through the wall of the component during hydrotesting, or the effect that the additionalmas
external coating may have on the overall stress analysis.

5.4 Join

541 Gen

The joints g

principal tyg
a) adhesi
b) mecha

The requirgments given in 5.4.2 and 5.4.3 apply. The manufacturer shall apply an equivalent levg

qualification

54.2 Adh

The adhesi

adhesivel/la
requiremen
a) The ag
humidi
b) The dg
shall a

mi
ad|

the glass transition temperature, Ty, of the cured adhesive or resin shall not be less than 95 % of

nsideration shall be given to Identitying how such coatings atfect the ability 10 detect posy

S

eral

re often the greatest area of concern with regard to the overall integrity-of the piping system.
es of joint are:

e/resin for bonded/laminated joints; and

hical joints.

requirements to new jointing systems that may bedeveloped in the future.

esive/resin for bonded/laminated joints

Ve to be used in the factory or field shdll be the same as that used in the qualification tests.
minating resin shall have properties-suitable for field assembly and shall fulfil the follo
S.

hesive or laminating resin shall have a suitable viscosity for application at site temperature
y conditions.

gree of cure shall be-determined in accordance with the procedures given in 6.8.2. The follo

bply, depending of-the method used to determine degree of cure:

himum value quoted by the manufacturer for the adhesive or resin system, as measure
cordaneexwith 6.8.2.2;

thef

styrene content shall be no more than 2 % (mass fraction) of resin content, as measure

ible
s of

The

| of

The
ving

and

ving

the
d in

d in

accordance withr6:87273;

with the principal, as measured in accordance with 6.8.2.4.

the Barcol hardness shall be at least 90 % of the minimum value quoted by the supplier and agreed

If an alternative method has been used to determine the baseline for degree of cure, then the acceptance
criteria for quality control shall be in agreement with the principal.

c) Thesu

pplier shall record the test procedures used to determine the adhesive/resin properties.
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5.4.3 Mechanical joints

The manufacturer shall ensure that the materials of construction of ancillaries such as O-rings, lubricants,
gaskets, mastic and locking strips are suitable for the intended service conditions.

5.5

Wall thickness limitations

The structural calculations given in this part of ISO 14692 are only valid for thickness-to-diameter ratios that
are in accordance with Equation (1).

Ir

D

(

whd

In g
Imin

whd

For

The
sha
des

6

6.1

The
resy

<0,1

re

t. is the average reinforced thickness of the wall, in millimetres, i.e. excluding liner and addsg

for fire protection;
D is the mean diameter, in millimetres, of the structural portion of the-wall.

rder to provide sufficient robustness during handling and installatien, the minimum total wa
of all components shall be defined as:

For Dj = 100 mm: #mjn = 3 mm

For D; < 100 mm: (II";JJ > 0,025 mm

[
re D, is the internal diameter of the reinforced-wall of the component, in millimetres.

more onerous applications, for example offshore, consideration should be given to inc
mum wall thickness to 5 mm.

minimum wall thickness of the\pipe at the joint, i.e. at the location of the O-ring or locking-g

| be at least the minimum_thickness used for the qualified pipe body. Depending on location,
gn pressure and other design factors can significantly increase the required wall thickness.

Qualification\programme

General

qualification programme consists of standard methods for quantifying component perfor
ecty to static internal pressure, elevated temperature, chemical resistance, electrostat

(1)

d thickness

| thickness,

(2)

)

reasing the

trip groove,
the system

mance with
¢ and fire

pert

TTance properties, with optionat methodsfor quantifying potable water, impact, tow temp

limited cyclic pressure performance.

erature and

The manufacturer is required to determine a qualified pressure pq, see 6.2.1.1, which is related to the
manufacturer's nominal pressure rating pypr by the expression given in Equation (4).

PNPR = /2 " f3,man " Pq

where
fo is a load factor (or safety factor);
f3man is a factor to account for the limited axial load capability of GRP.

© 1SO 2002 — Al rights reserved
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NOTE 1 See 7.2 and 7.10 of ISO 14692-3:2002 for further explanation.

The manufacturer shall provide the values of /> and f3 man used to develop a purchase quotation. Values of
/f2=0,67 and f3 man = 0,85 are recommended as a default.

NOTE 2  f3man is based on f3 which is not a fixed parameter and is strongly dependent on the application and qualified
pressure of the material.

Components that have been subjected to qualification testing shall not be used as part of a GRP pipeline or
piping system.

The qualificatiormprogrammeatso inciodes testingof componentsimorder to provide datafor
a) quality[control,
b) system design.

NOTE 3  FKor flat regression curves (see 6.2.1.1) with a regression gradient of less than 0,03 it may-fet be possible|due
to statistical yincertainty in extrapolation, to derive Py

6.2 Qualification pressure and temperature
6.2.1 Gerleral

6.2.1.1 Rressure terminology and service conditions

Manufacturers shall assign all components a qualified pressure, pq, expressed in megapascals?)] as
determined|according to 6.2.2. The following service conditions.apply.

a) The quglified pressure is based on a standard service.fife of 20 years at a temperature of 65 °C.

b) The effect of operation at other temperatures and chemical degradation from the transported medium

shall b¢ accounted for by partial factors 41 and™, in accordance with 6.3.2 and 6.3.3.
¢) A minithum test temperature of 65 °C is.required for the regression tests and the 1 000 h survival testg.
6.2.1.2 Test requirements
The qualifigd pressure of all components shall be verified in accordance with the requirements describgd in
6.2.2. The [manufacturer shall~document the key factors that define the component to be qualified in

accordance with 11.3. These“include, but are not limited to:

a) materigls of construction,

b) dimengions, including those of joints and ancillaries determined in accordance with ASTM D3567 or gther
suitabILstandard,

¢) manufactuting processing conditions

The objective of the qualification procedure is to verify the proposed qualified pressure of each component.
Qualification tests are proof tests of specific representatives of a given product family and do not need to be
repeated for each order or project. However, changes to any of the product family characteristics detailed
in 6.2.8 shall require re-qualification.

The length of test pieces for qualification of pipes and joints shall be in accordance with ISO 10639:—,
Table 14 and ISO 10467:—, Table 14.

2) 1bar=0,1 MPa.

6 © 1SO 2002 — Al rights reserved
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Components (fittings or joints) can be tested as either single units or, if appropriate, as assemblies made up
with pipe sections in order that the combined integrity of the component and pipe are verified. All joints shall
be made up in accordance with the manufacturer's instructions for field assembly as detailed in 11.5. The
length of pipe needed to remove the influence of end-fittings when testing assemblies or spool pieces shall not
be less than three times the mean structural diameter D of the pipe. For pipes and fittings where the diameter,
D, to structural wall thickness, ¢, ratio is greater than 10, then pipe lengths shorter than three times the
internal diameter may be used, with a minimum length of 150 mm. The length of pipe shall be determined
from Equation (5):

L= (2><tr><D)0’5 (5)
whegre

D |is the mean structural diameter of the pipe, in millimetres;

tr |is the average reinforced wall thickness, in millimetres.

All qualification tests shall generally be conducted with unrestrained ends such that’the full presspre-induced

axigl load is borne by the component. An exception is made for systems. where the end loads are

repriesentative of field loadings, for example by supports. Such circumstances)require special considerations,
and| qualification tests conducted with restrained ends shall be with agreemeént of the principal.

All fests specified shall be carried out by, or witnessed and certified by, an independent third{party agent

appfoved by the principal. The qualification of each component §hall be documented in both a fualification

report and a summary as detailed in 11.3.2 and 11.3.3.

6.21.3 Component definitions

In order to keep the total test burden within acceptable limits but at the same time to control thg use of test

data beyond their limits of applicability, the conceptiof a product family and its subdivisions is used in this part

of 1I$O 14692.

Thel definitions given in 1SO 14692-1:2002 for product family (2.2.100), product family repfesentative

(2.24.101), product sector (2.2.102),~product sector representative (2.2.103) and componeént variant

(2.2.9) are used in order to rationalize the requirements for qualification testing.

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

famijly, i.e. component type where all variants have the same function (e.g. plain pipe, pipe/joint, [bend, etc.).

For[the purpose of this paft of ISO 14692, product families shall include, but not be limited to

a) |plain pipe,

b) |pipe plus_joint. The product family of pipe plus joint consists of one type of joint, to be ch¢sen by the
manufacturer. The following jointing systems shall be qualified as individual product sectorg: adhesive,
laminated, flange, elastomeric bell-and-spigot seal lock joint, threaded, and saddles,

c) |elbows and reducers, each qualified as individual product sectors,

d) tees,

e) flanges,

f)  fabrication processes used in the factory or on-site, that are not qualified as part of the process for

manufacturing stock items.

A product sector is a subdivision of a product family, e.g. 50 mm to 150 mm diameter plain pipe or pipe/joint
for pressures less than 5 MPa (50 bar), that groups plain pipes into specific diameter and pressure ranges. A
description of the breakdown of a product family into its product sectors is given in Annex A. The size of each
product sector shall be limited and should closely match the example given in Table A.1 to provide

© 1SO 2002 — Al rights reserved
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consistency of information for users. Other size ranges of product sectors with similar intervals between
product sector representative diameters, e.g. as given in APl Spec 15LR [12], are acceptable.

The product sector representative [e.g. 250 mm, 5 MPa (50 bar) pipe] for a product sector is the component
variant taken to be representative of that sector and upon which the basic qualification testing is performed.

A component variant is an individual component [e.g. 80 mm/3 MPa (30 bar) bend, 100 mm/4 MPa (40 bar)
pipe/joint, etc.].

1 6
2
3
L
5 7
D
8
;Q G

Key

elbows
tees
flanges
joints (with pipes)

pipes (gdlain)

family répresentatives
product|sectors
product|sector representatives

© 0o N o g b~ ON -

comporient variahts

ePTe - e POttt <. “‘:"‘

Figure 1 : ct-farm rto-fam 3 ;
variants and product sector representatives

Figure 1 schematically describes the breakdown of product range into the various definitions. A component in
a product sector where the product sector representative has not been qualified may be considered qualified if
the following criteria are satisfied:

a) the diameter is within 100 mm of a larger component in the adjacent product sector that has itself been
qualified by testing, if the diameter of the component to be qualified is less than 400 mm;

b) the diameter is within 200 mm of a larger component in the adjacent product sector that has itself been
qualified by testing, if the diameter of the component to be qualified is between 400 mm and 800 mm;
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c) the diameter is within 300 mm of a larger component in the adjacent product sector that has itself been
qualified by testing, if the diameter of the component to be qualified is between 800 mm and above;

d) the pressure is within 2,5 MPa (25 bar) of a component in the adjacent product sector that has itself been
qualified, by testing, to a higher pressure.

6.2.2 Test methodology

The qualified pressure, pq, for pipes, joints and fittings shall be determined in accordance with 6.2.3 to 6.2.7,
where

6.2.3 describes the Tull qualification procedure, summarized in Table T,

6.2.4 describes a restricted qualification procedure for low-pressure water applications,
6.2.p describes qualification by design methods,

6.2.p describes the further data from qualification tests required for system design\(€overed in 1ISO [14692-3),

6.2.]f describes how to translate qualified pressures from the standard design lifetime of 20 years to other
des|gn lifetimes.

Thel apparent ratio of the test pressure compared to the maximum possible design pressure of the| component
will depend on the method of qualification, see Annex B.

Table 1 — Full qualification procedure for pipes (plus joints) and fittings

Component Product type Qualification tests Purpose
Famil Full regressionitest at 65 °C, or design temperature Qualified|pressure
Plain pipe amiy. if higher Quallifiefl stress
representative?
(ASTM D2992:1996 — Procedure B) Gradiient
Fullregression test at 65 °C, or design temperature Qualified|pressure
Family it higher Baseline gradient for
representative? (ASTM D2992:1996 — Procedure B) determining(survival test
or Default gradient prespure
Pibe plus joint Produet 2t Two 1 000-h survival tests at 65 °C, or design
e ’ roduct,sector temperature if higher ifi
fittings and repredehtative Qualified|pressure
fabrication (ASTM D1598)
processes

Two 1 000-h survival tests at 65 °C, or design
temperature if higher

(ASTM D1598) Qualified|pressure
or Scaling method

Component
variant

or Design method (in exceptional cases)

a

Only one size of component diameter Is required to be tested.

6.2.3 Full qualification procedure

6.2.3.1 Plain pipe qualification (family representative)

This regression qualification procedure determines the long-term hydrostatic pressure (p typ) and lower
confidence limit (p| ) in megapascals?) of the family representative for plain pipe based on a design life of
20 years. The gradient of the regression curve may also provide input to Table 2 if required. Only one size of
pipe diameter is required to be tested. It is permissible for the manufacturer to test a pipe that includes a joint,
of his choosing, since the gradient is likely to be more conservative than plain pipe. The qualified pressure, pq,
is equal to the p ¢, .
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The qualified pressure pq or p ¢ are related to p_typ through equation (6):

Pq =PLcL =1 PLTHP (6)

where f; provides a measure of the degree of scatter in the long-term pressure tests and is the evaluation of
the 97,5 % confidence limit from test data as defined in ASTM D2992:1996, Procedure B.

To generate the regression curve, test details and measurement data in accordance with ASTM D2992:1996
are required. The analysis of the regression data to generate the statistical parameters of the mean, variance

of the curves and p| ¢ should be carried out in accordance with annex K of this part of ISO 14692.

On agreem
carried out

NOTE A
= 2/10'§ .

Testing shg

ent between the principal and manufacturer, the analysis of the regression data maycalsc
hccording to ASTM D2992:1996.

STM D2992:1996 contains an error in Equation A1.21 where a factor 2 is missing. The equation should

Il be carried out on product with a diameter of 50 mm or larger at, as a minimum, 65 °C or de

temperaturg (if higher than 65 °C). Additional testing may be carried out at other.temperatures as requ

(see 6.3.2)
performed ¢

The manu

The test procedure to generate the regression curve for the family representative shal
r witnessed by a recognized third-party approved by the principal.

cturer may carry out additional testing to determine the)pytyp for the pipe under diffe

be

read

sign
ired
be

rent

combinatiotrs of hoop and axial stress to obtain a more comprehensive failure envelope. Further guidandge of

the proceddre is given in Annex C.

The manufgcturer shall assign a qualified stress, o, to the pipe\in accordance with Equation (7).

Ogs

D
= x — MPa
as ~ Hq 2

tr
where

pq s the qualified pressure, in megapascals;

D is [he mean structural diameter of the pipe, in millimetres;

tr  is the average reinforced wall thickness, in millimetres.

6.2.3.2 Ripe plus joint qualification

6.2.3.2.1 |Family representative
tive
bars
il to

This qualifi¢ation\procedure determines the gradient G, in megapascals per hour, of the family representd

for pipe plus joint, see NOTE. The gradient G is used to determine the p ¢ based on a design life of 20 y

for the pl’OC""* coctarranracantativa of tha nina e it (89 2 9 9\ Tha anabifind nracore

wet-sector-representative-of-the-pipe-pliseint{(6-2:3-2-2)Fhe-qualified-pressurerpy—is—ea
the pLcL.-

NOTE The primary purpose of the joint in this test is to provide a stress concentration on the parent pipe. Therefore
the type of joint is less important than the presence of the joint itself.

Experience shows that failure usually occurs in the parent pipe material adjacent to the joint. Only failures in
the parent pipe and not the joint shall be included in the regression analysis.

To generate the regression curve, the test details and measurement should be in accordance with 6.2.3.1. In
the absence of data for the product family representative, a conservative or default gradient, Ggefauit, may be
used. Default gradients are listed in Table 2 and are based on experience and amount of relevant material
data. The default gradient shall only be used for design temperatures up to 65 °C.
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Table 2 — Default gradients

Gdefault Gdefault Gdefault
Plain pipe having regression | Plain pipe having regression line | Plain pipe having regression line
line with a slope < 0,06 with a slope > 0,06 but < 0,075 with a slope > 0,075
0,075 0,100 0,125

NOTE  The unit of gradient is pressure per time. Since the scale is logarithmic, whether the units of
measurement are in bar or MPa does not affect the value.

6.2.3.2.2 Product sector representative

Thig qualifying procedure permits qualification of the p ¢ of the product sector representative pased on a
des|gn life of 20 years for pipe plus joint based on a 1 000 h survival test. Each type ofjointing sysfem shall be
qualified as individual product sector, i.e. adhesive, laminated, flange, elastomericCbell-and-spigpt seal lock
joint, threaded, saddles, etc. The objective of this procedure is to demonstrate) that the product sector
repfiesentative's performance is equal, or superior, to that of the family representative. The qualifigd pressure,
Pqg» I8 equal to the p ¢ .

Q
=

lgp=A-GxlgT

s —~ lg pLHp
lg pLc
AT
lg (1-000] = 3 lg (175 400) = 5,24
ig T

19 (7p1 000) =Ap *+19 (pLcL)

Tp1 oo =preL x 10

Ap =G x AT
=G x [Ig)(#75 400) — Ig (1 000)]
=224 x G

Tp1 oo =proL x 102247 C

NOTE 20 years is approximately equivalent to 175 400 h.

Figure 2 — Calculation procedure for the 1 000 h test pressure

The 1 000 h test pressure is calculated using either the gradient, G, of the family representative as described
in 6.2.3.1, or the default gradient, Ggefauit, @s determined in 6.2.3.2.1. Two replicate samples of the product
sector representative shall be selected at random and pressure-tested in accordance with ASTM D1598 at
65 °C or design temperature if higher. The product sector representative is qualified if it survives the test
duration, i.e. does not leak, weep, and lose test pressure or structural integrity during the test duration.
Figure 2 presents the graphical calculation of test pressure using the regression line for the product family
representative. The test duration shall be 1 000 h, but the manufacturer may carry out testing to a longer test
duration and lower test pressure commensurate with the calculation procedure given in Figure 2.
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NOTE A longer test duration may be desirable if the gradient of the component is significantly steeper than that of the

plain pipe.

The 1 000 h test pressure, Tp1 ggo, in megapascals, is calculated from G and is given by Equation (8):

Tp1 000

=pLeoL X 10 2,24xG

(8)

If the default gradient, Gyef,,t, is Used to determine the 1 000 h test pressure, then the ratio between the
1 000 h test pressure and the p| ¢ is given in Table 3.

6.2.3.2.3

This qualify
joint type as
objective of
that of both
megapascy

It is the res
variant, ang

Table 5 — Katio of 7pq ggp hour testto p| ¢

TP1 000/pLCL

Gefaurt = 0,075 Getaurt = 0,1 Gefaurt = 0,125
MPa (bar)/h MPa (bar)/h MPa (bar)/h
0,147 (1,47) 0,167 (1,67) 0,191 (1.91)

NOTE See Table 2 for explanation of default gradient

Component variant

ing procedure permits qualification of the p_ o of a component variant for pipe plus joint (s
the product sector representative) based on either a 1 000 h survival test or scaling methods.
this procedure is to demonstrate that the component.variant’s performance is equal or superi
the product sector representative and the family‘representative. The qualified pressure, p
Is, is equal to the p| ¢ based on a design life of-20 years.

ponsibility of the manufacturer to quote the) qualified pressure, pq, i.e. the p_c| of the compo
verify through 1 000 h survival testing.that quoted value. The 1 000 h test pressure proce

calculated ysing either the gradient, G, or the default gradient, Ggefauit, is described in 6.2.3.2.2. Alternati

the compor
mean diam
that have a

The (pg)ev G

(Pq)cv 3

where

ent variant may be qualified by sealing the results of the product sector representative using
eter of reinforced wall and the, reinforced wall thickness of the pipe. However, only compon
smaller diameter than the preduct sector representative shall be scaled using this method.

f the component variapt\isgiven by Equation (9):
D t

(pq)psr x (—j X (_rj
Iy psr DJey

is-the qualified pressure of the component variant, in megapascals;

(Pq)cv

Ame
The
br to
L, in

hent
Hure
ely,

the
Bnts

(9)

(Pq)psr
D

b

12

is the qualified pressure of the product sector representative, in megapascals;

is the mean diameter of the reinforced wall of the component, in millimetres;

is the average reinforced wall thickness of the component, in millimetres.
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6.2.3.3  Fittings and qualification of other fabrication processes

6.2.3.3.1  Family representative

This qualification procedure determines the gradient G of the family representative for the fitting

-2:2002(E)

, €.g. bend,

tee, reducer or site-fabrication process. Alternatively, the gradient G of the pipe and joint as described

in 6.2.3.2.1 may be used. The minimum gradient for fittings or other site-fabrication processes is
irrespective of the gradient of the pipe and joint.

NOTE
testing.

set to 0,03

The latter option assumes that the joint is the most likely source of failure of the fitting during regression

The| qualified pressure, pq, is equal to the p ¢ based on a design life of 20 years. To generate thig
curye, the test details and measurement should be in accordance with 6.2.3.1. In the absence of
prodluct family representative, a conservative or default gradient, Gyefayit may be used.Default g
listgd in Table 2. The default gradient shall only be used for design temperatures up t0'65 °C.

6.2.3.3.2 Product sector representative

Thig qualifying procedure permits qualification of the p c_ of the product sector representa
component based on a 1 000 h survival test. The qualified pressure pq i8 equal to the p c| based
life of 20 years. The objective of this procedure is to demonstrate that the product sector repr
performance is equal, or superior, to that of the family representative. It is the responsik
marnufacturer to quote the p ¢ of the product sector representative and verify that quoted v
1 0d
be
des

Calculated using either the gradient, G, of the family representative or the default gradient,
cribed in 6.2.3.3.1.

6.2.3.3.3 Component variant
This
sec
equ
con
the

qualifying procedure permits qualification.of the p ¢ of a component variant (same type as
or representative) based on either a 1 000 h survival test or scaling methods. The qualified pre
bl to the p_ o based on a design life\of-20 years. The objective of this procedure is to demonsti
ponent variant’s performance is equal, or superior, to that of both the product sector represe
family representative.

It is
vari

the responsibility of the manufacturer to quote the qualified pressure pq, i.e. the p ¢ of the
hnt, and verify throughreither 1 000 h survival testing or design calculations that quoted value.

test|pressure procedure’ealculated using the default gradient, Ggefaurt, is described in 6.2.3.2.2. A
the pcaling method gualification procedure may be used as described in 6.2.3.2.3.

6.2.3.3.4 Flanges

Flanges shall*be qualified according to either of the following:

procedures given in 6.2.3.3.1, 6.2.3.3.2 and 6.2.3.3.3 using higher rated gaskets and seals as

a
0 h survival testing in accordance with the procedure given in 6.2.3.2.2. The 1 000 h test pr(.r;

regression
data for the
adients are

ive for the
pn a design
esentative's
ility of the
ue through
ssure shall

Gdefault: @S

the product
ssure, pq, IS
rate that the
ntative and

component
he 1 000 h
Iternatively,

applicable,

provided they are of the same type as specified during service;

— ASTM D4024 for reinforced-thermosetting-resin flanges other than contact-moulded flange
D5421 for contact-moulded flanges.

The method of qualification shall be agreed with the principal.

6.2.4 Restricted qualification procedure for low-pressure water applications

s or ASTM

For low-pressure water service applications, the following qualification procedure based on the short-term

burst tests may be applied. Low pressure based on the qualified pressure is defined as a function
in Table 4.
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Table 4 — Low-pressure application as a function of diameter

Pipe diameter Qualified pressure
mm MPa (bar)
25 to 600 1,2 (12)
600 to 1 200 0,6 (6)
> 1200 0,3 (3)

This proceflure permits qualification of a product sector representative or component variant's qual
pressure pqbased on its psTHp.

The option makes a conservative estimate of the qualified pressure pq based on the pstHp and|ah empi

de-rating f

the following two methods:

a) by tes

produc

b) by taki

in AST

Testing sha
by this optid
NOTE H

The qualifie

_ b
Pqg~= —

Values of ]
amount of
gradient.

fied

rical

tor, Z. The psTHp, in megapascals, of the component variant shall be determined,using eithgr of

ing five replicate samples in accordance with ASTM D1599. The pstip of the representa
shall be taken as the lower deviated (two standard deviations) value of-the five replicate samp

ng 85 % of the lower of two replicate samples tested in accordapce-with the test procedures g
M D1599.

Il be at SLT (Standard Laboratory Temperature). The rated:\temperature for a component qual
n shall not exceed 65 °C. See also 5.3 with respect to minimum required resin 7.

Experience shows that burst-testing at SLT gives a conservative result as compared to that at 65 °C.

d pressure, pq, in megapascals, shall satisfy the criterion in Equation (10):

STHP
V4

[ shall be taken from Table 5\\These values are based on experience, manufacturing proc
relevant material data and (€hosen default regression gradient. See Table 2 to determine de

Table'5— Values for empirical factor Z (up to 65 °C only)

Gefaiii=-0,075 Gefaut = 0,1 Ggefaurt = 0,125

2,68 3,35 4,02

tive
les;

ven

fied

(10)

eSS,
Fault

6.2.5 Quad

LRt inedesi hed

For certain component variants, it may be impractical to qualify the component using the test methods given

in 6.2.3 and

6.2.4 because of the proportionally high unit cost of the component.

For limited applications, components may be qualified using design methods proposed by the manufacturer.
Design methods shall be checked and approved to the satisfaction of the principal.

6.2.6 Further data required for system design

For pipes, joints and fittings, the manufacturer shall assign a value r for the short-term biaxial strength ratio to
the family representative. This value of r is required for system design in ISO 14692-3 and is defined as:

14
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= 0y 2sa01) (11)
O sh(2:1)

where

Osh(2:1) is the short-term hoop strength, in megapascals, which shall be calculated according to
Equation (12):

Osh(2:1)= PSTHP Xziir (12)
where

D is the mean diameter of the reinforced wall of the family representative, in millimetres

tr is the average reinforced wall thickness of the family representative, in millimetres;

PsTHp s the short-term hydrostatic test pressure, in megapascals, determined in accordance with the
method given in 6.2.4;

Osa(0:1) Is the short-term axial strength in megapascals, of the component, manufactured with no liner,
determined using either of the following two methods:

a) |by testing five replicate samples in accordance with ASTM D2105 at SLT. The oga(0:1) Of the family
representative shall be taken as the lower deviated (two.standard deviations) value of the five replicate
samples;

b) |by taking 85 % of the lower of two replicate samples tested in accordance with the test procedures given
in ASTM D2105 at SLT.

For|some fittings, it is not practicable to determine a value of r by testing, and the manufacturer should assign
a value according to the principles given in 7.11.4 of ISO 14692-3:2002.

6.2.7 Design lifetimes other than 20 years
The standard or default lifetime-of:éomponents for this part of ISO 14692 is 20 years. To convert the qualified
pregsure, p o (20 years), as derived in this qualification procedure to a qualified pressure af a different
lifetime, p| ¢ at T years, use is'made of Equations (13) and (14):
pLcL (20 years) =ppéL (T years) x 1047 (13)
Ap = G x [1,3&19(7)] (14)

whdre G is_the-appropriate gradient of the regression line, megapascals per hour, for the component variant of
intefest,

6.2.8—Requalification
6.2.8.1  General

Changes to a component by an amount beyond that agreed with the principal shall invalidate the component's
previous qualification, as defined in accordance with 6.2.1.2 and 6.2.1.3. Examples of changes in component
design which require requalification are defined in Table 6.

Components shall be requalified in accordance with the requirements of 6.2.3.2.2, 6.2.8.2 and 6.2.8.3. If the
performance is outside limits, then the modified component shall be deemed to be a new product and it shall
be qualified in accordance with 6.2.3. If components have been qualified by short-term burst testing, the
requalification shall be in accordance with 6.2.4 in place of 6.2.3.2.2. The pgtp of the requalified component
shall not be less than the pgtp established in qualification testing.
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The qualification reports and summaries of each such revalidated variant shall be amended to include
reference to this revalidation and details.

6.2.8.2 Systematic changes to all product sectors

If a change as defined by Table 6 has been made systematically to all product sectors, then the qualification
of those product sectors shall be group-revalidated by requalifying a single product sector representative for
each product family, e.g. bend or joint, to be proposed by the manufacturer and agreed with the principal in

accordance

with 6.2.3.2.2.

6.2.8.3 Ghangesto-asingleproduetsector

If a change
of a particu
requalifying
with 6.2.3.2

as defined by Table 6 has been made systematically to all previously qualified component\vari
lar type in a product sector, then the qualification of those variants may be group-revalidate

the product sector representative (i.e. of that type and product sector) .inl/accordas
2.

Table 6 — Changes in component design requiring requalification

ants
1 by
nce

Reinforcement — reinforcement manufacturer

— reinforcement manufacturing process
— reinforcement type and composition
— reinforcement finish (sizing)

— filament diameter

— tow tex

Rq

sin and adhesive — resin/adhesive manufacturer

— curing system supplier

— quantity and type offillers and additives, e.g. for electrical conductivity
— curing temperature

— curing schedule

— resin/adhesive grade

— curing system type

nternal surface — ~composition
L=y "curing schedule/temperature

/— thickness

Design — geometry and dimensions, including that of the jointing detail
— winding angle (> = 5 %)
— reinforcement mass

— mass fraction (> £ 5 %)

Manufacturing plant  [—  transfer of manufacture of a qualified product from one plant to another

6.3 Effect of temperature and chemical resistance

6.3.1 General

The manufacturer shall provide partial factors, 41 and 4o, which respectively account for the reduction in
performance capability caused by long-term exposure to temperatures above 65 °C and chemicals other than

water.

16
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procedures for determining 44 and 45 are given in 6.3.2 and 6.3.3.

6.3.2 Partial factor for temperature

-2:2002(E)

The manufacturer shall provide partial factor 41 as a function of temperature. This shall take account of the
effect of temperature on ancillaries such as O-rings, locking strips, etc. where applicable.

Generally pipe components qualified in accordance with 6.2 shall be qualified for operation at all
temperatures, up to and including 65 °C, and 44 shall be equal to 1,0.

If additional-regressien—data—neasured-in-ascordance-with-ASTM-D2092-are-available-at-temperatures other

thar
Aq.

NOT
pOSS

The
con

Gui
dets

6.3.

As
to A
SO

TOT T cooTTrTc U oo oorTaT TS

egress
65 °C, it shall be permissible to interpolate between the two sets of data to determine the|p

E Under some circumstances, for example where data are obtained at temperatures lessthan 65
ible for A4 to exceed 1,0.

maximum allowable design temperature shall be less than the 7y of the'resin used in t
ponent. The difference between allowable design temperature and 7y is specified in 6.8.2.2.

jance on alternative means for determining partial factor 44 is<given in Annex D. The
rmining partial factor 41 shall be agreed with the principal.

B Partial factor for chemical resistance

Litable means for quantifying the reduction in performance is by carrying out regression testin
STM D2992 with the chemical medium at the design.temperature. However, this may not be p
partial factor 4o has to be determined by other<means. Guidance on alternative means for

partjal factor 45 is given in Annex D. The methoddor determining partial factor 4, shall be agre

prin
6.4

6.4.

A

[«

In

Cipal.
Optional qualification requirements

1 General

ddition to the qualification~requirements of 6.2, components shall also be qualified for t

requirements when specified by the principal.

6.4.
Pipi

6.4.

P Potable watercertification

hg shall comply with the requirements of the national health or certifying authorities in the coun

3 Impact resistance

artial factor

C, it may be

he qualified

method for

g according

acticable; if

determining
ed with the

e following

ry of use.

The

mahnufacturer shall demonstrate that the pipe is capable of withstanding the impact from a low|

velocity 5 J

impact representative of a dropped tool. There shall be no leakage of water when the pipe is subject to a
1 000 h survival test.

The size of the pipe shall be the same as that of the family representative originally qualified. The test shall be
carried out under the following conditions:

a)

b)

c)

1 m length of empty pipe, i.e. not filled with liquid, laid on a firm flat surface;

a weight of 0,5 kg with a hemispherical indentor geometry of radius 12 mm shall be dropped from 1 m

height;

the pipe shall then be subjected to the 1 000 h survival test in accordance with 6.2.3.2.2.

© 1SO 2002 — Al rights reserved
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6.4.4 Low temperature performance

The manufacturer shall demonstrate that the pipe is capable of performing satisfactorily at low temperatures.
Both qualification as well as additional mechanical tests should be considered and agreed with the principal.

6.4.5 Limited cyclic qualification testing (7 000 cycles)

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

In this qua

ification test_twa rnplir‘:\fp Qamlnlne shall he tested under nnminqlly identical pressure loadi

ngs.

Testing shg
included in

Wherever
used. If thi
monitored 3
than 10 % 4
pressure cy

6.5 Fire

6.5.1 Gen

Fire performance is characterized in terms of the following properties:

a) fire eng
b) firered
All fire testi

take account of the effect of weathering and ageing-on the fire performance of the pipe, particularly if coat|

are used to

The perfornance of piping systems shallsbe qualified in accordance with the procedures given in §

and 6.5.6 a
nationally a
for all the rg

6.5.2 Fire classification.code

The fire pe

(D-E), see also F.7.ofNSO 14692-3:2002, in terms of service conditions, severity of fire threat and duration

The fire en

Il be at SLT (23 °C £ 2 °C). The test fluid may be water. The results may be reported along
he qualification report.

racticable, the standard cycling rate of (25 + 2) cycles per minute as per ASTM D2143 sha
5 cannot be maintained then a slower rate is acceptable, so long as the actual rate use
nd recorded in the qualification test report. Each test pressure cycle shall range-between not n

nd not less than 90 % of the qualified pressure, pq, agreed with the principal, A'failure within 7
cles is unacceptable.

performance

eral

urance (see 3.1);
ction (see 3.2).
hg, if required, shall be conducted on each-piping material system. If appropriate, the testing §
provide fire protection.

nd assigned a classification code in accordance with 6.5.2. The fire testing shall be performed

ccredited laboratory that'is/acceptable to the authority having jurisdiction to verify that the reg
levant performance parameters have achieved the defined test standards.

formance-of a pipe system shall be defined according to the fire classification code A-B-C/

Hurance classification code is designated by a three-field number A - B - C as given in Tab

, Or

| be
d is
hore
000

hall
ngs

5.5
ata
ults

XXX~

e7,

where serv

ce~function A_fire type B and infpgrify C are aaeignpd prper‘rihpd levels in dpr‘rpnqing ardd

r of

severity. For completeness, the fire classification code includes some service conditions, A, which may be

outside the

scope of this part of ISO 14692.

The /xxx parameter is the duration over which the pipe is qualified to function under the fire and service

conditions.

The fire reaction classification code is designated by a two-field number as given in Table 8, where spread of
fire and heat release D, and smoke and toxicity E, are assigned prescribed levels in decreasing order of

severity.
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6.5.3 Manufacturer and system identification

Any testing performed shall include the full description of the manufacturer's name and unique product code,

including any details of fire protection applied.

6.5.4 Requalification

Changes to the design pressure, joint or fitting design and other generic properties of a component, e.g. fire-
protection coating, resin type, wall thickness, fibre volume fraction, lay-up angle, etc. as defined in Table 6

shall invalidate the component's previous qualification.

Suadh components shall require requalification in accordance with 6.5.5 or 6.5.6.

6.5.p Fire endurance tests
Pip
acc
use
extgrnal liners, coverings and coatings required to comply with the performance criteria.
The
auth
detd

ority having jurisdiction. Further guidance on size of pipe component to be tested and the
rmine fire test requirements is given in E.7 and Annex F of ISO 14692-3:2002.
Tested components shall be assigned a fire classification code\in accordance with Table 7.

NOTE

6.5. Fire reaction tests

6.5.6.1 General
If GRP systems are fabricated from a generic type of material, it is sufficient to test the material
conjplete assemblies. Pipe components shall be tested at an independent third-party laboratory, a

the puthority having jurisdiction. Testing need not be conducted on every pipe size.

Testing should be conducted‘on piping sizes with the maximum and minimum wall thicknesses int

usefl. This will qualify all-piping sizes for a specific piping material, provided that the wall thickness

the tested range.

6.5.6.2 Surface-spread of flame and heat release

Surface spread of flame and heat release shall be evaluated in accordance with IMO Resolutid

modified inrthe manner of F.1 to take account of the curved surface of the pipe.

components shall be tested in accordance with Annex E at an independentithird-party
bptable to the authority having jurisdiction. This applies to all pipe, fittings, system joints intg
d (including joints between non-metal and metal pipes and fittings), methods of joining, and an

test conditions and size of pipe components to be tested shall be\in agreement with the p

The fire test procedures given in Annex E are consistent with the IMO type testing requirements g

laboratory,
nded to be
l internal or

rincipal and

factors that

iven in [1].

rather than
cceptable to

ended to be
5 falls within

n AB53(16)

6.5.6:

scuratiomamd toxicity

Smoke emission, obscuration and toxicity shall be evaluated in accordance with Annex 1
IMO MSC.61(67) modified in the manner of F.2 to take account of the curved surface of the pipe.
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Table 7 — Classification code for fire endurance properties

A: Service (Fluid or fluid state) B: Fire type C: Integrity/Duration see Notes 1 and 2

DE Dry or empty. JF Jet Fire EA | Capable of maintaining the test pressure

without leakage during or after test.

DF Initially dry/empty for HF Hydrocarbon EB | No leakage during fire test except a slight
minimum of 5 min followed Pool Fire weeping may be accepted. Capable of
by flowing water (linear maintaining the test pressure after
velocity < 1 m/s) cooling without significant leakage, i.e.

not exceeding 0,2 I/min for a minimum of
15 min

ST Stagnant water IF Impinging flame EC [ Minimal or no leakage (< 0,5 I/min)
during fire test. Capable of maintaining
the test pressure after cooling with known
leakage (leakage rate per metre length of
pipe to be quantified ineach case)

SF Initially stagnant for minimum CF Cellulosic fire ED | Leakage permitted (0,5 I/min ) during
of 5 min followed by flowing fire test. Capable of\maintaining the tegt
water (linear velocity pressure after copling with known
<[l m/s) leakage (leakage rate per metre length| of

pipe to betquantified in each case)

WF Flpwing water EE | Leakage permitted (> 0,5 I/min) during
(limear velocity < 1 m/s) fire\test. Pressure that can be maintained

after cooling with known leakage to be
quantified.

FG Flammable gas EF | No endurance required

HL Hydrocarbon liquid

ocC Other chemical

NOTE 1  The indicator for duration shows the test period in minutes, e.g. / 120: greater than 2 h.
NOTE 2 Tpe test pressure shall be the design pressurepy. Where py is not known, the test pressure shall be py max Which is
0,67 x pg, whlere py is the qualified pressure.
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Table 8 — Classification code for fire reaction properties

-2:2002(E)

D: Spread of fire and heat release

E: Smoke and toxicity

1 | No spread of fire permitted No emissions of smoke or toxicity permitted
2 | Representative of confined areas where spread Representative of confined areas where levels are
of flame is required to be limited and satisfy: required not to exceed:
IMO Resolution A.653(16) IMO MSC.61(67) (Part 2 of Annex 1)
Ocre > = 20,0 kW/m2, O, > = 1,5 MJ/m?2 Dy, < 400
Q<=07Ml fo< = 40 kW CO <1450 pug/g, HCI < 600 pg/g, HCN < 140 ng/g,
HF < 600 ng/g, NO, < 350 ug/g, HBr < 600 wo/g,
SO, < 120 pg/g
3| | Representative of areas where spread of flame Levels are required to be quantified and ‘acceptpble within
is required to be limited and quantified using evacuation time
the procedures in: IMO MSC.61(67) (Part 2 of Anhéx 1)
IMO Resolution A.653(16)
41| No spread of fire requirement Representative of open-area levels where therg is no
requirement for smaeke obscuration or toxicity
Where Where
Ocke is the critical heat flux at extinguishment Dy, is theaverage optical density
QOsp is the heat for sustained burning
O: s thetotal heat release
gp is the peak heat release
6.6| Electrical conductivity and electrostatic dissipative properties
6.6/ General
Thig subclause provides the requirements for determining the electrical conductivity and electrostatic
disgipative properties of GRP_pipé components.
NOTE This information lis used by the system designer to determine the distance between earth-bonding points and
to démonstrate that charge®€annot accumulate on the pipe to produce an incendive discharge. The factors determining the
requirements for electrical conductivity, electrostatic dissipative properties and resistance to earth of| GRP piping
components are diseussed in Annex G of ISO 14692-3:2002.

All testing, if fequired, shall be carried out on each piping material system. If appropriate, the testin
bunt of<the effect of weathering and ageing on the electrical properties of the pipe. The effect
ire protection and insulation, etc. which may have different electrical properties shall also b
bunt.

acc
for
acc

g shall take
of coatings
b taken into

Components shall satisfy one or more of the requirements given in 6.6.3.1 to 6.6.3.6 and be assigned a
classification code in accordance with 6.6.2. The electrical properties shall be effective over the design life and
shall not be impaired by normal service, handling or installation. The testing of at least one product sector
representative of each product family shall be performed at a nationally accredited laboratory that is
acceptable to the authority having jurisdiction to verify that the results for all the relevant performance
parameters have achieved the defined test standards. The choice of product sector shall be agreed with the
principal and authority having jurisdiction. Other product sectors may be tested in-house in the presence of an
independent third party acceptable to the principal and authority having jurisdiction.
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6.6.2 Classification code for electrical conductivity and electrostatic dissipative properties

The electrical properties for pipe system components shall be defined according to the following two-field
classification code, X/Y, in which performance, X, is assigned prescribed levels in decreasing order of
conduction properties as shown in Table 9. The Y indicator has a value of 1 if the joint can be demonstrated to
satisfy the continuity requirements defined in G.6, and a value of 0 (zero) if continuity cannot be satisfied.

For example, the code C3/0 means that the component meets the C3 classification requirement but there is
no continuity of conduction across the joint. A C1/1 code means that the pipe meets the C1 classification
requirement and is electrically conductive across the joint. The effect of pipe construction on the electrical
properties is discussed in 6.6.4.

GRP pipe gystem components that are designed to be electrically conductive should meet the classification
code requirements of C1a, C2a or C3. Codes C4, C5 and C6 provide performance parameters that can be
used as input to a risk assessment and are intended for use with GRP pipe system components that werg not
designed td be electrically conductive. The classification codes C7 and C8 allow the use of pipé compongnts
that do nofl meet the requirements of C1 to C6 on a case-specific basis if agreed with'the principal [and
authority hgving jurisdiction.

Some components may have more than one classification code, e.g. C3 and\C6. Those compongnts
complying With codes C1 and C2 will automatically comply with the requirementsfor codes C3, C4, C5|and
C6.

6.6.3 Test requirements

6.6.3.1 The component shall have a resistance per length not.te exceed 1 x 10° Q/m when tested from
the outside [to outside-surface or earth-bonding clamp mode of the’component at 100 V or less, in accorddnce
with G.2. If components are homogeneously conducting within“a*layer at constant radius and can be shown to
satisfy the fequirements of this clause without the use of gretinding clamps, it shall not be necessary to darry
out tests 6.6.3.3, 6.6.3.4 or 6.6.3.5 and the material shall be’classified as C2a. If components can be shown to
satisfy the fequirements of this clause only with the use of grounding clamps, the material shall be classjfied
as C4. If cgmponents can only achieve a C2 classification between 100 V and 1 000 V, the component ghall
be classifiefl as C2b.

NOTE A maximum voltage of 100 V or less ensures that only resin coatings on the outside that are intended tp be
conductive gass the test. The C2b classification at 1 000 V takes into account the benefit to be gained from voltage
breakdown df thin resin coatings at 1 000-VAor more for installed components, as allowed in 5.5.4.4 of ISO 14692-4:20D2.

6.6.3.2 The component shallthave a resistance per length not to exceed 1 x 10° Q/m when tested in the
inside to outside-surface or earth~bonding clamp mode of the component at 100 V or less, in accordance with
G.2. If components are hamogeneously conducting within a layer at constant radius and can be showh to
satisfy the flequirements<of-this clause, it shall not be necessary to carry out test 6.6.3.3 and the material|can
be classified as C1a~lf components can only achieve a C1 classification between 100 V and 1 000 V,| the
component(shall be classified as C1b.

NOTE A maximum voltage of 100 V or Iess ensures that onIy resm coatlngs on the |n3|de that are intended tp be
conductive fa b oltage
breakdown of thln resin coatlngs at1 OOOV or more for installed components as aIIowed in 5.5.4.4 of ISO 14692-4:2002.

6.6.3.3 The component shall have a maximum induced voltage on the exterior surface of the pipe not to
exceed 2 % of the supply voltage when tested in accordance with G.3 (charge-shielding test). An alternative
acceptance criterion is acceptable if agreed with the principal and authority having jurisdiction. Components
satisfying this criterion and having a resistance per length not exceeding 1 x 10° Q/m when tested with or
without earthing clamps shall be classified as C3.

Pipes that cannot meet C1a but can meet C1b shall be re-classified as C1a if it is not possible to sustain the
1 000 V charge inside the pipe because of conduction to earth through the pipe wall.
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Table 9 — Classification code of electrical properties

Code Required electrical properties

Cla resistance per length less than 1 x 10° Q/m when tested in the inside to outside-surface or earth bonding
clamp mode at 100 V or less in accordance with G.2 (see 6.6.3.2)

and

meets the requirements for C3

C1b | resistance per length less than 1 x 10% Q/m when tested in the inside to outside-surface or earth bonding
clamp mode at 1 000 V or less in accordance with G.2 (see 6.6.3.2)

and

meets the requirements for C3

CRa resistance per length less than 1 x 105 Q/m when tested in the outside to outside-surface mode|at 100 V or
less in accordance with G.2 (see 6.6.3.1)

CR b | resistance per length less than 1 x 105 Q/m when tested in the outside to outsidecsurface mode af 1 000 V or
less in accordance with G.2 (see 6.6.3.1)

c3 maximum induced voltage on the exterior surface of the pipe of less than’2 % of the supply vgltage when
tested in accordance with G.3 (see 6.6.3.3)

and

meets the requirements for C4

¢4 resistance per length less than 1 x 105 Q/m when tested\in the earth-bonding clamp to earth-boding clamp
mode at 100 V or less in accordance with G.2 (see 6.6:3:7)

¢5 surface resistivity less than 1 x 109 Q when determinéd accordance with ASTM D257 (see 6.6.3.5

C6 surface charge decay properties shall meet requirements of G.4 (see 6.6.3.4)

¢c7 quantified conductivity data available that do hot fully comply with C1 to C6

c8 quantified conductivity data available that do not comply with C1 to C6

¢9 non-conductive

NOTE This test addresses the'situation where the source of charge generation is on the inside of [the pipe, for
exarnple due to flow of a fluid of-ow/conductivity within the pipe. It is an alternative to 6.6.3.2 for componen{s that do not
have a radial conducting path_threugh the wall of the pipe. The intent of the test is to demonstrate that a yoltage of no
morg¢ than 1 kV can be induced on the outside of the pipe. For the purposes of the test, it is assumed that the maximum
voltdge that can be generated by flow inside the pipe is 50 kV.

6.6.3.4 Compponents shall satisfy the charge-decay classification C6 if either of the following criteria is
meflwhen the testpiece is tested in accordance with G.4 (charge-decay test).

— | The absolute peak voltage on the surface of the pipe is less than 1 kV or 1 % of the absdlute corona
voltage, whichever is smaller;

or
— the decay time, initial peak voltage to 1/e (37 % of this), is less than 0,5 s.

An alternative acceptance criterion is acceptable if agreed with the principal and authority having jurisdiction.
When determining an alternative decay-time criterion, the charge-decay rate should be faster than the charge-
accumulation rate.

NOTE This test determines whether the outside of the pipe component is electrostatically dissipative.

6.6.3.5 The component shall have a surface resistivity less than 1 x 10°Q when determined in
accordance with ASTM D257. Components satisfying this criterion shall be classified as C5.
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6.6.3.6

If the continuity at the joint has not already been demonstrated in accordance with G.2,

the

continuity of the electrical path at joints shall be demonstrated according to the procedure given in G.6. If the
joint can be demonstrated to satisfy the continuity requirements defined in G.6 the Y indicator of the

classificatio

n code shall have a value of 1. Otherwise, the Y indicator shall have a value of 0.

6.6.4 Effect of pipe construction on testing requirements

The electrical properties of the piping system are determined by the construction detail of the individual
components. Components may be of four types:

plain
electro

compo

compo

compo

If discrete ¢
around the
conductors
particular, t
conductive
influenced

qualify all s
Additional t

NOTE (
resistivity tha

If a coating
Some GRP|
a marine e
determined
If compone

surface apy
and shall ng

6.7 Addi

If applicablg
the followin
a) long-te
NOTE |

b)

hoop b

24

RP_where no additional measures have been taken to enhance the electrical conductio

N

or

static dissipative properties;

hents that incorporate a network of discrete conductive elements within the wall of the pipe;
hents that have a conductive resin through the wall of the pipe;

nents that have a conductive coating painted on the outside.

onductive elements are used to provide electrical conductivity, they shall be uniformly distrib
circumference and length of the pipe component. There should\be no electrically isol

nere shall be no direct-current path from the inside to the outside’of the pipe by electrically isol
filaments. The number of product sectors for each component' required to be qualified wil
by the spacing apart of the conductive filaments in the wallof the component. A single test
izes of each component type that have the same or smaller spacing of conductive filame
psts should be carried out on components that have the conductive filaments spaced further ap

Lomponents that incorporate a network of conductive filaments may have a surface layer with high elec
t prevents the component from satisfying the requirements of 6.6.3.1.

is applied on the outside, the manufacturer shall provide evidence of the durability of the coatin
materials may take on a permanent.inerease in electrical conductivity properties when expose
vironment. If required, G.5.3 includes provision to enable the change in electrical properties t
after the specimen has been immersed in seawater for up to 12 months.

hts have a conductive coating painted on the outside, the maximum uncoated area on the pai

lied under factory conditions shall be 10 cm2. The coating shall be effective over the design
t be impaired by normal service, handling or installation.

tional component properties

, the manufacturer shall perform one or more of the following tests in order to determine value
) properties for each plain pipe family product representative:

rm-failure envelope of pipe, determined in accordance with Annex C at 65 °C or higher;

ted
hted

such that they cannot be connected to earth in the normal manngt\using a grounding clamp. In

hted
be
may
nts.
art.

rical

g.

d to
b be

hted
life

5 for

f data for the plain pipe are not available, data for pipe/joint may be used instead.

short-term axial strength, determined in accordance with ASTM D2105 at SLT;
axial tensile modulus, determined in accordance with ASTM D2105 at SLT;
axial bending modulus, determined in accordance with ASTM D2925 at SLT;

hoop tensile modulus and Poisson's ratio, determined in accordance with APl 15HR at SLT;

ending strength and modulus, determined in accordance with ASTM D2412 at SLT;
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g) Poisson’s ratio for an axial tensile load and the resulting hoop contraction, determined in accordance with
ASTM D2105 at SLT but modified in order to measure hoop contraction;

h) thermal coefficient of expansion in the axial direction, determined in accordance with ASTM D696;

i) thermal conductivity of component and protective coatings, determined for the radial direction in
accordance with ASTM C177;

j)  density of component.

Full background data for all the tests shall be made available upon request.

6.8 Component data for quality control baseline

6.8.1 General

Thel manufacturer shall generate, from the qualification programme, baseline valdes including |acceptance
critgria for the fabrication and installation quality control programme.

6.8.2 Degree of cure

6.8.2.1 General

Thel preferred method for determining the degree of curexof either the base resin or comppnent is by
measurement of the glass transition temperature in accordanee with 6.8.2.2. The degree of cure nay also be
detgrmined in accordance with 6.8.2.3 or 6.8.2.4. The manufacturer may propose an alternative procedure for
assessing the state of cure subject to agreement“with the principal, for example from the deflection
temperature under load determined in accordancelwith ISO 75. The choice of procedure and whether a
component or the base resin is used shall seek\to’provide the most appropriate baseline for assessing the
degree of cure of produced components during-quality control.

If the baseline is taken from a compeonent, three samples shall be taken from three locatigns situated

120f apart in the same component variant cross-section. The samples used to determine the degree of cure
sha|l be taken from a component variant used in the qualification test programme, 6.2.

6.8.2.2 Glass transition temperature (Tg)
The glass transition temperature (°C) shall be determined by one of the following means as appropriate:
— | DSC (differential)scanning calorimetry) according to ISO 11357-2;
— |MDSC (modulated differential scanning calorimetry) as agreed between the manufacturer and|principal;

— | DA (dynamic mechanical thermal analysis) according to ISO 6721-1;

— HDT (heat distortion temperature according to ASTM E2092.

The Ty shall be more than 30 °C above the maximum design temperature if measured by DSC, MDSC or
DTMA.

The Ty shall be more than 20 °C above the maximum design temperature if measured by HDT.
6.8.2.3 Residual styrene monomer content
For polyester and vinyl ester-based products, the residual styrene monomer content for joints in components

used in qualification testing may be determined. The measurement shall be performed according to ISO 4901.
The residual styrene content shall not be above 2 % (mass fraction) of the resin content.
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6.8.2.4

Barcol hardness

Barcol hardness testing shall be carried out in accordance with ASTM D2583. It is recommended that a
minimum of ten readings be taken on each sample. The two highest and two lowest readings may be
discarded, with the remaining six to be used to calculate an average reading.

NOTE

Because the material being tested is a composite, it is not uncommon for there to be a wide range between

high and low readings. Factors that can affect the Barcol hardness reading include whether the tester impacts reinforcing
glass, whether the tester impacts a topcoat of resin or wax or if it impacts gelcoat. A low reading may be obtained if the
tester impacts surfacing veil.

6.8.3 Opt
Short-term
The princip
qualified ¢

reinforcems

The baselin

6.8.4 Glass, void and water contents

The glass

component
locations si
the glass cq

The void ¢
accordance

onal short-term burst tests
burst tests provide an alternative means for monitoring component quality.

al and manufacturer shall agree on the type of specimen chosen to be representative of
bmponent. As a minimum similarity, the specimen shall be manufactured-Using the s
nt and resin of the qualified component that is required to be monitored.

e pressure pstHp of the specimen shall be determined according to the-procedure given in 6.2.

content (percentage of fibreglass reinforcement) of the reinforced wall thickness of the qual
shall be determined in accordance with ISO 1172. Three samples shall be taken from t
uated 120° apart in the same component variant cross=section. The samples used to deterr]
ntent shall be taken from a component variant used jiiithe qualification test programme, 6.2.

pntent and water content of phenolic resin qualified components shall also be determine
with procedures agreed with the principal.

the
hme

R

fied
ree
nine

d in

nce

6.8.5 Key|component dimensions

The manufacturer shall establish the following-baseline dimensions of the qualified component in accordg
with ASTM D3567:

a) interna| diameter, d|p;

b) outsidg diameter, dop;

Cc) mass;

d) minimym wall thickness, tmin;

e) averagp of the reinforced wall thickness,
f) laying length.

7 Preferred dimensions

7.1 Nominal diameters

The nominal diameter, in millimetres, of pipes and fittings should be chosen from the sizes listed in Table 1 of
ISO 7370:1983 or as agreed between the manufacturer and principal.

26
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7.2 Bend radii

The standard bend radius should be 1,5 times the nominal diameter, but other sizes are acceptable with
agreement of the principal.

7.3 Fitting lengths

The preferred maximum overall length of fittings (bends, tees and reducers) denoted as Lyax in Figure H.1
should be in accordance with Table H.1 and Table H.2. Longer lengths, for example for high-pressure
applications, are acceptable with agreement of the principal.

8 |Quality programme for manufacture

8.1| General requirements

Thel piping manufacturer shall have a suitable and accredited quality assurance (QA) and quglity control
sysiem.

Thel supplier shall identify manufacturing processes and activities that affect component perfofmance and
sha|l ensure that these processes and activities are adequately contrdlled. Critical processes or activities for
whi¢h procedures should be developed and maintained include, but.are not limited to, the following:

a) |acceptance of raw material (including ancillaries) (raw.materials shall not be used prior{to passing
acceptance tests);

b) |storage of raw material (including ancillaries);

¢) |resin mixing;

d) |control of temperature and relative humidity;

e) |component fabrication;

f) |restart after production stops;

g) |curing (including monitoring of time and temperature);
h) |component variantiidéntification;

i) |training and ‘certification of workforce personnel;

j) |training:and certification of inspectors;

k) [marking, packing, handling and transportation.

NOTE The requirements for pipe bonder and inspector certification for installation are given in 1SO 14692-4:2002,
5.4.1.

In addition, a quality plan and flow diagram shall be produced (drawn in the context of a factory plan, showing
all the proposed tests and inspections during component fabrication).

All records, documents and procedures shall be made available for inspection upon request by the principal.

It shall be the responsibility of the manufacturer to maintain copies of the relevant records, documents and
procedures for a minimum of five years from the date of commissioning acceptance.
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8.2 Quality control equipment
All inspection, measuring and testing equipment shall be maintained and calibrated.

Test-pressure measuring devices shall be either pressure gauges or pressure transducers with a full-scale
range of no more than two times the test pressure, and shall be accurate to at least + 0,5 % of full-scale
range. A dead-weight testing device shall be available at the manufacturer’s facility to calibrate gauges. All
pressure-measuring devices shall be calibrated with a deadweight pressure tester or other suitable device
every two months.

8.3 Quality-control-tests

8.3.1 Gerneral

Pipe and fiftings furnished to this part of ISO 14692 shall be tested in accordance with 8.3.2 t078.3.10. [The

frequency gf quality control testing is based on a specific percentage of continuous production. Continjous

production s defined as:

a) for confinuous winding processes, the period in which there is no change in fibre.type, resin, diameter|and
wall thickness;

b) for wingling on fixed mandrels, the period in which there is no change in(fibre type, resin or cleaning of the
resin bath.

8.3.2 Milllhydrostatic test

8.3.21  General

After full cufing, a proportion of the produced components-shall be hydrostatically tested by the manufacturer

according tp the requirements given in 8.3.2.2 to 8.3.24.

Hydrostatic|test pressure shall be maintained for.a-minimum of 2 min in order to ascertain there is no leakage.

If practicable, test components shall have unréstrained ends. Test temperature shall be at ambient conditigns.

8.3.2.2 (Gomponent variants

5 % of the pontinuous production/of the component variant shall be hydrostatically tested. For high-pressure

systems [> 8,2 MPa (32 bar)], the testing frequency shall be 100 %.

For components of nominahdiameter < 600 mm, the test pressure shall be 0,89 times the qualified pressure.

NOTE 1 0,89 is the f, factor for occasional loads, see ISO 14692-3:2002, 7.6.2.2.

For comporrents of nominal diameter > 600 mm, the test pressure may be reduced to 0,75 times the qualjfied

pressure.

NOTE 2  The lower test pressure for large-diameter components takes into account the additional axial stresses caused

by self-mass during testing.

8.3.2.3 Spoolpieces

If practicable, 100 % of spoolpieces shall be hydrostatically tested to 1,5 times the design pressure or
0,89 times the qualified pressure, whichever is lower. For components of nominal diameter > 600 mm, the
test pressure may be reduced to 0,75 times the qualified pressure.

When it is impossible to test the spool, it should be agreed between the principal and the manufacturer that
yearly production QA audits and procedures can be used as sufficient evidence of acceptable quality control.

28 © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=209309903a9ed90b6d340e1fe4e0c447

ISO 14692-2:2002(E)

8.3.2.4 Retesting

In the event of failure, retests on two additional components shall be performed. If both of the retests are
successful, then the previously produced components, up to the last successful hydrotest sample, shall be
accepted. If one or both of the retests fail, then the previously produced components, up to the last successful

hyd

8.3.

rotest sample, shall be rejected.

3 Degree of cure

The degree of cure shall be determined with the same procedure used to determine the degree of cure for the

bas
detq
situ
metf]

eline component _as defined in 6 8 2 _at a frequency of 1 % of continuous production If the b

aseline was

rmined from a component rather than the base resin, three samples shall be taken from_thrg
bted 120° apart in the same component variant cross-section. The following shall apply, deper
hod used to determine degree of cure:

on the baseline component in 6.8.2.2, then the previously produced components, up
successful test sample, shall be rejected, subject to the retest option of 8.3.4.1;

if the styrene content is more than 2 % (mass fraction) of resin content measured in acco
6.8.2.3, then the previously produced components, up to the last*successful test samp
rejected, subject to the retest option of 8.3.11;

if the Barcol hardness is less than 90 % of the minimum valué measured on the baseline cd

pe locations
ding on the

if the glass transition temperature is less than 95 % of the minimum value measured, in degrges Celsius,

to the last

rdance with
e, shall be

mponent in

6.8.2.4, then the previously produced components, up.to the last successful test sample, shall be
rejected, subject to the retest option of 8.3.11.
If an alternative method has been used to determine the baseline for degree of cure, then the [acceptance

crite

8.3

ria for quality control shall be agreed by the pripcipal.

4 Optional short-term burst tests

If agreed as an optional requirement, s€€.6.8.3, the manufacturer and principal should agree the ffequency of
manufacture of specimens that are, required for quality control purposes. The manufacturer apd principal
sholld also agree the frequency ofithese required for pgTHp testing.

Thel pstyp should be determined in accordance with ASTM D1599 at SLT. If the pgtup is legs than the
basgline psTHp established in qualification testing, see 6.8.3, then the previously produced compopents, up to
the Jast successful pgTptest, should be rejected.

8.3.6 Ongoingpressure tests

Pregsure testing of all component variants shall be based on continuous production schedule |rather than
spegific project orders.

A

inimum_of six 1 h tests taken from at | t two pr t tors shall rform

ach year in

accordance with 6.2.3.2.2 on a continuous basis from the production unit, irrespective of qualified pressure,
diameter and wall thickness. The range of component variants shall not be limited to plain pipe, but should
include all component variant types within the product family range.

If any of the 1000 h tests fails, then an inspection of the plant production process and quality control
procedures shall be required. Also, the previous production batch shall be rejected, subject to the retest option
of 8.3.11.

Components that have been subjected to these tests shall not be used as part of a GRP pipeline or piping
system.
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8.3.6 Glass, water and void contents

The glass content (percentage of glass-reinforcement) of the reinforced wall shall be determined in
accordance with ISO 1172 at a frequency of 1 % of continuous production. The range of component variants
shall not be limited to plain pipe, but should include all component variant types within the product family
range.

If required by the principal, the void content shall be measured according to ISO 7822 or a procedure agreed
with the principal.

If required by the principal, the void content and water content of phenolic resin components shall be
measured gccording to procedures agreed with the principal.

The samplgs used to determine the glass, void and water contents, if applicable, shall be taken from'the sgme
location as the baseline component.

Unless othgrwise agreed by the principal, the glass content (mass fraction) shall be as<shown in either
Table 10 or|Table 11.

Table 10 — Glass content (option 1)

Glass content?

Pipeffitting type % (mass fraction)

Filament-wound pipe 70.to 82
Filament-wound fittings 6510 75
Hand-lay-up fittings 50 to 65

@  The percentage glass content refers tosthe reinforced wall thickness. The
range is wide to take into account the_variability between samples found in
normal manufacture.

Table 11 — Glass content (option 2)

Glass content?

Pipeffitting type % (mass fraction)

Filament-wound pipe + 6 % of quoted mean by supplier
Filament-wound fittings + 6 % of quoted mean by supplier
Hand-lay-up fittings + 7,5 % of quoted mean by supplier

2 The percentage glass content refers to the reinforced wall thickness.

If th I niand P-O-C SRV 1 “SI-N 1 °N [HZC Y SHren—a—abl 40 —Takbl 44 than—t e —a k. M Py d
e gas\. CUMCTTC 1S o it aTe—mmhtS yiveTT i Taotc— 1o Ol raorc— T, arch aTc— provioasTy pluu\_ue

components, up to the last successful test sample, shall be rejected, subject to the retest option of 8.3.11.

If the void content is greater than the maximum value agreed with the principal, then the previously produced
components, up to the last successful test sample, shall be rejected, subject to the retest option of 8.3.11.

8.3.7 Inspection

8.3.7.1 General

All pipe and fittings shall be visually inspected for compliance with the requirements stated in 8.3.7.2 and
8.3.7.3 and, if appropriate, either repaired or rejected.
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8.3.7.2 Probable defects and selection of NDE methods

NDE methods recommended for use in detecting those defects most likely to occur during the manufacture of
GRP piping systems are given in Table 12, along with possible causes. Visible defects are listed in Table A.1
of ISO 14692-4:2002.

8.3.7.3  Acceptance criteria and remedial action

The

The

acceptance criteria and recommended corrective actions are listed in Table 12.

Inrinr‘ilnql shall be naotified of all rplrmire Qn agreement hetween the prinr‘ipnl and the manufacturer, a mill

hydfostatic test in accordance with 8.3.2 on all minor repaired items shall be performed.
8.3.8 Dimensions and wall thickness

8.3.8.1 General

All ¢

No fomponent shall have excessive resin, adhesive or foreign matter on the’internal wall which cq

a fld

adhpsive bead shall be limited to 10 mm or 5 % of the internal diameéter, whichever is smaller.

8.3.8.2 Pipe and pipe plus joints

imensions shall be compared with the baseline values determined in 6.8.5,

w disturbance or hinder the passage of specialized equipment, forcexample pigs. The maximu

uld provide
m height of

continuous

The following dimensions shall be determined in accordance with ASTM D3567 for at least 1 % of
prodluction:

a) |internal diameter, d|p;

b) |outside diameter, dgp;

Cc) |mass;

d) | minimum total wall thickness;

e) |reinforced wall thickness.determined from minimum total wall thickness less the nominal liner thickness.

Total wall thickness shall be determined by calliper on every pipe joint.

The
con
dets

tolerance for{minimum reinforced wall thickness shall be as specified in Table 13; any out-
ponents shall be rejected. The measurement location on the component shall be the same as
rmine the baseline value.

bf-tolerance
that used to
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Table 12 — General description of defects that potentially could occur during manufacture

Manufacturing Recommended NDT

defects Cause(s) Consequence(s) method(s) Criteria Corrective action
Incorrect design
input Joint cannot be Measurement to
Spool design sealed verify documented In accordance
Incorrect dimensions drawings not Laminate dimensions with 6.8.5 Replace
correctly verified overstressed if joint Ultrasonic (wall
Incorrect pulled up thickness)
manufacture
Replace per|
Weepage or failure if ISOT?ZI(;’S'J‘_SE 02
- . major defect Visual inspection, In accordance with ! -t
Visible (majpr and QA procedures not with internal light Table A1 of (major defect)

minor) defects followed Typically none for

source if appropriate | 1SO 14692-4:2002 Répair per Anngx A
minor defects

of part 4 (mingr

defect)
Visual inspection,
Incorregt: with light source Replace per
lamination|(e.g. QA p;olciedurdes not Weepage inside pipe if In accordance with Table A.1 of]
_ wrong laytup) ollowe Joint or pipe failure if | @PPropriate, followed agreed ' ISO 14692-4:2002
fllament wind ng (e.g. Incorrect raw strength not by radiography as manufgctl,!rers (or repair if agrged
|ncc_>rrect_ ibre materials used adequate ag!'ee_d by the specifications by manL_lfa(_:turer and
orientatipn) principal and principal)
manufacturer
Incorrect formulation Replace per
Out-of-date In accordance with Table A1 .of
Inadequate cliring of components Poor laminate quality In.accordance agreed resin IS(O 1‘_1695'?'25002
: o major defec
the resin Incorrect curing cycle with 6.8.2 supplier's J
) i specification Post-cure (minpr
Excessive ambient defect)
humidity
] ] ) ] Replace (majgr
Incorrect transport . Visual inspection, In accordance with defect)
'g‘pa.Ct’ o Weepfaﬁe OrPIPe | \ith light source Table A1 of
abrasive dgmage | Incorrect handling ajure inside pipe ISO 14692-4:2002 Repair (minof

defect)

Tjlable 13 — Tolerances for reinforced wall thickness 7. based on qualification values

Diameter range Tolerance?
D;
mm mm
< 600 <3
600 to 1 200 <45
12660 6
@  The tolerance on reinforced wall thickness for fittings should refer to the spot having the
minimum wall thickness.

8.3.8.3  Fittings

The following dimensions shall be determined in accordance with ASTM D3567 for each fitting:

a) internal diameter, d|p;

b) maximum outside diameter, dop;
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C) mass;

d) minimum wall thickness;

e) reinforced wall thickness determined from minimum total wall thickness less the nominal liner thickness;
f)  laying length according to ASTM D3567.

The manufacturer shall also determine the dimensions of critical connection detail, such as the O-ring groove,
taper angle, etc.

Thetolerance—forminimum-—reinforcedwall-thickness—shal-be-as—specified-inTable13—anyout-pf-tolerance
conjponents shall be rejected. The location on the component shall be the same as that used to’ dgtermine the
basgline value. The tolerance for laying length shall be as specified in Table 14.

Table 14 — Tolerances for fitting laying length per joint

Tolerance
Diameter range
mm
D;
adhesive adhesive elastomeric
mm - concentric bell-and-spigot | laminated joint
taper/taper joint NS o
cylindrical joint sealed joint
<400 8 +3 +6 +5
400 to 1 200 o8 — +12 +10

8.3.8.4 Spoolpieces

Thel individual components from which the(spoolpiece is fabricated shall have been previously measured in
accprdance with 8.3.8.2 and 8.3.8.3.

Thel following dimensions shall be determined in accordance with ASTM D3567 for each spoolpiec

U

a) |internal diameter, d|p;
b) | maximum outside diameter, dgp;
c) |reinforced wall'thickness, determined from minimum total wall thickness less the nominal liner fthickness;

d) |relevantdimensions as described in Figure 1 of ISO 14692-4:2002;

e) |mass

The dimensions shall be compared with the baseline quoted by the manufacturer and agreed with the
principal. Any out-of-tolerance components shall be rejected.

8.3.9 Thread dimensions

Threads shall be gauged in accordance with APl Spec 5B or to a manufacturer-produced procedure agreed
with the principal. The minimum frequency of gauging shall be 1 % of continuous production. For moulded
threads, the first article from a new mould shall also be checked.

8.3.10 Conductivity

If piping is required to have conductive electrical properties, the following shall apply.
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If the electrical properties have been specified in terms of electrical resistance and the electrical

conductivity properties can be achieved without the aid of earth-bonding clamps, the electrical resistance
properties of at least 10 % of continuous production pipe and fittings and 100 % of produced spoolpieces
shall be tested according to 6.6.3.1 and 6.6.3.2 as appropriate, and shown to be less than 10° Q/m;

If the electrical properties have been specified in terms of electrical resistance and the electrical

conductivity properties can only be achieved with the aid of earth-bonding clamps, the electrical
resistance properties shall be tested according to 6.6.3.1 and 6.6.3.2 as appropriate, and shown to be
less than 105 Q/m. Since this may require abrasion to the surface and the permanent attachment of the

ing clamp to the component, the frequency of testing shall be agreed with the principal;

ectrical properties have been specified in terms of the charge-decay properties, the charge-d¢

propejies shall be tested according to 6.6.3.4. Since this may require the permanent attachment

of pipe and/or grounding clamp to the component, the frequency of testing shall be agreed
cipal;

lectrical properties have been specified in terms of the charge-shielding properties, the cha

shieldimg properties shall be tested according to 6.6.3.3. Since this may require the perma

hent of a section of pipe and/or grounding clamp to the component, the frequency of testing §

be agrg¢ed with the principal;

a)
b)
ground
c) Ifthe
section
the prin
d) if the €
attachr
e) if the e
resistiv
spoolp
The us
a cons
surface
If the electr
the last suc

lectrical properties have been specified in terms of the surface resistivity properties, the surl
ty properties of at least 10 % of continuous production pipe and fittings and 100 % of prody
eces shall be determined in accordance with ASTM D257 and/shown to be less than 1 x 10
e of a suitable portable surface resistivity meter shall be acceptable, since this is likely to prod
ervative result on account of the reduced contact area)caused by the curved and unduls
of the GRP.

cal properties exceed the specified requirements;-then the previously produced components, U
cessful test sample, shall be rejected subject todhe retest option of 8.3.11.

8.3.11 Retest

If any spec
The manuf
samples se
retest samp
the last su
production

men fails to conform to any of the specified requirements of 8.3.3 to 8.3.10, it shall be rejeg
bcturer may elect to make retests, on agreement with the principal, on two additional repli
ected at random from the prévious production batch until the last successful test sample. If al
les conform to the requirements, then the remainder of the previously produced components, U
ccessful test, shall be aecepted. If any retest specimen fails to conform, then the prev
batch shall be rejected:

8.4 Quality control records

8.4.1 Pur

The quality
ISO 14692

pose

control records are required to substantiate that all components manufactured to this pa
conform to the specified requirements.

cay
of a
with

rge-
hent
hall

face
ced
P Q.
uce
ting

p to

ted.
Cate
the
p to
ous

't of

8.4.2 Rec

ords control

Quality control records required by this part of ISO 14692 shall be:

a) legible, identifiable, retrievable and protected from damage, deterioration or loss;

b) retained by the manufacturer for a minimum of five years following the date of commissioning
acceptance;

c) signed and dated.
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3 Records to be maintained by manufacturer

The manufacturer shall maintain the following records for a minimum of 5 years:

a)
b)

8.4.

test results in accordance with 8.3;

any records related to manufacturer’s process documentation.

4 Prefabrication documentation

-2:2002(E)

Raw material certificates shall be available for review by the principal prior to the start of manufacture.

8.4.

The
sha

requirements listed herein.

The

a)

b)

c)

9

9.1

Pip¢ and fittings manufactured in accordance with this part of ISO 14692 shall be marked by the n

as s
prin
bety
ins
Tm

9.2

All
a)

b)

5 Production quality control reports

| demonstrate that the delivered components have been manufactured in | accordanc

quality control report shall

identify the components (including type, nominal diameter and“\qualified pressure), th
production,

reference the prefabrication documentation of 8.4 .4,

report the quality control tests of 8.3.2 to 8.3.10.

Component marking

General

Cipal may be included. Markings ‘shall be applied by paint or ink stencil, decal or both, as &
veen the principal and mangafacturer. Markings shall be permanent, shall not overlap, and shal
iIch manner as not to damage the pipe or fittings. Markings shall be applied on the pipe and fi
of the end.

Requirements

ipes and fittings shall be permanently marked with
manufacturer’s name,

product line designation,

manufacturer shall prepare a set of quality control reports for the supplied compdénents. THese reports

e with the

cir date of

manufacture, production identification information code and the manufacturing procedure uged for their

anufacturer

pecified in 9.2. Additional project-related markings as desired by the manufacturer or as requgsted by the

greed upon
be applied
itings within

c)
d)
e)
f)

9)
h)
i)

qualified pressure,

temperature at which qualified pressure was determined (default is 65 °C),
system design pressure (if known),

system design temperature (if known),

nominal diameter,

manufacturer’s identification code,

limitations or reference to installation requirements: permissible bolt torques, potable water (yes/no),

electrical conductivity and fire performance classification.

© 1SO 2002 — Al rights reserved

35


https://standardsiso.com/api/?name=209309903a9ed90b6d340e1fe4e0c447

ISO 14692-2:2002(E)

10 Handling, storage and transportation

The handling, storage and transportation of GRP components shall be in accordance with Annex B of
ISO 14692-4:2002.

11 Documentation

11.1 General

The following subclauses provide a checklist of documentation required for the order and supply of
components in accordance with this part of ISO 14692.

11.2 Purchase order documentation

The princigal shall provide the manufacturer, in the invitation to tender, with the (minimum folloying
information

a) designfinternal pressure and design external pressure;

b) detailsof media to be transported (i.e. chemical composition, erosive nature) etc.);

c) ambiernt and fluid temperatures (maximum and minimum);

d) anticipated flow conditions (i.e. velocity, particulates, turbulencé.and shock loads);

e) potablg water service requirements (if any);

f)  externgl service environment requirements;

g) electridal conductivity requirements;

h) fire perfformance requirements;

i) requiregments for internal resin-richiners to provide additional protection against chemical attack;
j)  requirements for the supervision .of installation by the manufacturer.

A sample ehquiry sheet (to be-completed by the principal and transmitted to the manufacturer) is providgd in
Annex .

11.3 Qualification. documentation

11.3.1 General

The manufacturer shall provide the principal with proof of compliance with the qualification requirements of
Clause 6. The following sections summarize the requirements. Examples of suitable report layout are given in
Annex J.

11.3.2 Qualification reports

Qualification reports, as detailed below, shall be produced for each product sector, and shall be supplied by
the manufacturer if so requested by the principal:

a) manufacturer's identification of products;

b) Ty data on all test samples, if specified;
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glass content of all test samples;

date of manufacture and identification number of test samples;

reference to manufacturing procedure, including version number and issue date used for production of

test samples;

constituent material details, including types, manufacturer/supplier, delivery/batch data;

such additional information, including dimensions of samples, required by the test procedure specified for

each qualification test method;

Slu

11.3

Qusa
eac

An ¢

11.3

Potable water approval certificates shall be provided if specified by the principal.

11.4 Production quality control documentation

11.4

The

Clagise 8. The following subclauses summarize the requirements.

11.4

copy of, or reference to, manufacturer's instructions for field assembly;
specific requirements for the qualification option used;

report of the testing carried out to establish the published values detailed in 116. The test
reported in detail in the qualification report, or reported separately and referenced therein.

nits shall be used in all qualification reports.

.3 Qualification summaries

lification summaries, containing selective information from the qualification report, shall be p

bxample of a qualification summary is given in Annex J.

.4 Potable water approval certificates

.1 General

manufacturer shall provide the principal with proof of compliance with the quality control req

.2 Manufacturing procedure

sup
ma

11.4

lied. The-manufacturing procedure shall be provided, if requested by the principal, prior to
ufacture:

.83 -Raw material certificates

N component variant, and shall be supplied by the manufacturerif so requested by the principal.

ing may be

roduced for

irements of

the start of

A r}anufacturing procedure, in accordance with 8.1, shall be available for each component variant to be

Raw material (including ancillaries) certificates, in accordance with 8.1, shall be available for the raw materials
of all components to be supplied. The certificates shall be provided, if requested by the principal, prior to the
start of manufacture.

11.4.4 Production quality control reports

Production quality control reports, in accordance with 8.4, shall be provided for all supplied components within

five

working days, or other agreed period, after delivery of the complete order or part thereof.
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11.5 Installation documentation

The manufacturer shall provide the principal with the following documentation to facilitate the proper assembly
and installation of his products:

a) instructions for field assembly of all joint types supplied;
b) instructions for the installation of the piping system supplied;

c) instructions for the field repair of damage to pipe and fittings, if this is permitted in accordance with
Table 12.

11.6 Publtshed values

11.6.1 Progluct families and product sectors

The manufacturer shall identify the name of the product family for each pipe componentCand size of gach
product segtor within that product family.

11.6.2 Properties

If applicable, the manufacturer shall publish values for the following properties for each product family,
determined|in accordance with Clause 6:

a) qualifigd pressure, pq;

b) rated t¢gmperature;

c) biaxial ptress ratio, r;

d) ASTM P2992 regression data;

e) short-term burst pressure psTHp;

f)  therma] conductivity;

g) coefficient of axial thermal expansion;
h) hoop tgnsile modulus;

i) axial tgnsile modulus;

j)  axial b¢nding modulus;

k) Poissop’s ratio; axial’lhoop, and hoop/axial;

I) electrigal classification code;

m) fire clagsification code.

11.6.3 Dimensions

11.6.3.1 Pipes

Manufacturers shall publish the following information for each qualified component. The following dimensions,
with tolerances if applicable, shall be given:

a) pipe inside and outside diameters;
b) minimum total wall thickness;

c) average structural wall thickness;
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d)
e)
f)
9)
h)
i)

liner thickness;

overall pipe length;

effective pipe length;

inside and outside diameters of the end;
length of joint;

form of spigot and socket;

ISO 14692-2:2002(E)

)

spigot and socket taper angle.

11..3.2 Fittings

Man
with

ufacturers shall publish the following information for each qualified component. The following fimensions,

tolerances if applicable, shall be given:
fitting inside and outside diameters;
minimum total wall thickness;
minimum structural wall thickness;
average structural wall thickness;

liner thickness;

overall fitting length;

effective fitting length;

length of joint;

form of spigot and socket;

spigot and socket taper angle;
elastomeric bell-and-spigotseal lock joint features;
bend radius (if appropriate);

tee centreline-to=branch face length.

11..3.3 Flanges

Mar
con

ufacturers shall publish the following information for each qualified component and identify whether it
pliesswith a recogized standard, e.g. ISO 7005-3 and ASME B16.5, etc. The following dimepsions, with

tole

rances-if annlicahle faor flanaes shall he aiven:
L i g ) )

a)
b)
c)
d)
e)

f)

thickness of flange;

bolt hole circle and diameter;
flange inside diameter;
effective length;

overall length;

joint configuration.
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11.6.3.4 Pipe spools

Manufacturers shall publish the following information for each qualified component. The following dimensions,
with tolerances if applicable, shall be given:

a) face to face;
b) centreline to face;

c) centreline to centreline;

d) flange pffset;

e) flange face alignment.
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Annex A
(informative)

Examples of component requirements for qualification

Product sectors

Exa
vari
the
to 5

a)
b)
c)
d)
e)
If a

the
diarn

mples of product sectors are shown in Table A.1. The product sector representative is(the
Ant that has the largest nominal diameter and highest pressure rating in that specific sector. As|
product range consists of pipes, elbows, flanges and joints, in diameters up to 250 mm'"and p
MPa (50 bar), the product sector representative (PSR) in product sector “A” would be:

250 mm 5 MPa (50 bar) pipe;

250 mm 5 MPa (50 bar) elbow and reducer;

250 mm 5 MPa (50 bar) flange;

250 mm 5 MPa (50 bar) joint;

250 mm 5 MPa (50 bar) saddle.

product family does not include variants with nominal diameters and pressure ranges that ¢

product sector boundaries, then the product sectek representative is identified by selecting first
heter, then on pressure rating.

Table A.1 — Product sectors

component
suming that
ressures up

bincide with
on nominal

Pressure range
Diameter MPa (bar)
mm 0to5 5t0 10 10 to 15 >15
(0 to 50) (50 to 100) (100 to 150) (> 150)
25 10250 A H N S
250 to 400 B I o T
400 to 600 C J P
600 to 800 D K Q
800 to 1 200 E L R
1200 to 2 400 F M
> 2400 G

A.2 Example of component qualification

Table A.2 provides an example of the breakdown of the qualification requirements of a material take-off (MTO)
for a typical pipe system. Note that only one size of pipe is required for qualifying the product family
representative. In this particular example, the number of components requiring qualification by testing can be
summarized according to Table A.3. Note that it is possible for the default gradient or just a single regression
curve for a pipe and joint to be used as the family representatives for all the components listed. All product

vari

ants can be qualified using scaling methods and do not require testing.
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Table A.2 — Example of component qualification — Breakdown in product family representatives,
product sector representatives and component variants

Com;_)onent Product family representative Product sec.tor Product variant
list representative
No. ID ID ID ID
Type Type Qua_llfl- Type Qua_llfl- Type Qua_llﬁ-
mm mm cation mm cation mm cation
Pipe +
) ASTM
1 |Pipe 300 |Pipe 100 | ASTM jelastomeric | 4o, | pi5eg  |pipe 300 | Design
D2992 seal lock
o (1 000 h)
Jmmf
epllgset(;r meric Pipe + ASTM epllgset;meric ASTM legsetgmeric
2 seal Iack 300 |. . ta 100 D2992 seal lock 400 D1598 seal lock 300 Design
¢ join or default |>° (1000h) |°°
joint joint joint
Elbow ASTM ASTM
3 Elbow 300 |orpipe + 100 D2992 Elbow 400 D1598 Elbow 300 Design
joint2 or default (1000 h)
Flange or ASTM ASTM
4 | Flangs 300 |pipe + 100 D2992 Flange 400 D1598 Flange 300 Design
joint? or default (1000 h)
300 |Tee 100 ASTM 400 ASTM 300
5 Tee x or pipe + X D2992 Tee X 01598 Tee X Design
200 |joint? 100 or default 400 (1 000 h) 200
300 |Elbow ASTM ASTM 300
6 [Reduder x or pipe + 100 D2992 Reducer 400 D1598 Reducer x Design
200 |joint® or default (1 000 h) 200
ASTM ASTM
7 | Pipe 200 |Pipe 100 Pipe 250 D1598 Pipe 200 Design
D2992
(1000 h)
Pipe + Pie + ASTM Pipe + ASTM Pipe +
8 |adhes|ve- 200 . .pta 100 D2992~ 'adhesive- 250 D1598 [adhesive- 200 Design
bonde joint Join or defatilt’ | bonded joint (1000 h) |bonded joint
Elbow ASTM ASTM
9 Elbow 200 |or pipe + 100 D2992 Elbow 250 D1598 Elbow 200 Design
joint@ or default (1000 h)
Flange ASTM ASTM
10 |Flangeg 200 |or pipe + 100 D2992 Flange 250 D1598 Flange 200 Design
joint@ or default (1000 h)
NOTE SHort-term pressure-testing in accordance with ASTM D1599 is an alternative for qualifying product sectors for low-presgure
components.
@ The typelof joint may.be of the manufacturer's own choosing.
Table A.3 — Summary of qualification testing requirements

Component Family representative Product sectors
Plain pipe 1 2
Pipe plus joint 1 2
Elbow 1 2
Flange 1 2
Tee 1 2
Reducer 1 same as elbow
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Annex B
(informative)

Pressure qualification test ratios

B.1 General

Thig annex shows how the ratio T1p of the test pressure to the maximum possible design préssre depends
on the method used to qualify the component. A comparison of the magnitude of possible ratios can be
derived as follows.

Thel maximum design pressure, pgmax, i megapascals for the GRP pipe and.joint/fitting is given by
Equation (B.1):

Pdmax =/2° /3" Pq (B.1)

where

pq s the qualified pressure, in megapascals;

/> is the part factor for loading (safety factor);

f3 s the part factor to account for the limited axialload capability of GRP.

NOTE The actual magnitudes of f, and f3 may be different from the values given in the following cases, but will be
the pame for each case. Therefore the results of Fable B.1 will scale accordingly depending on the actual values of f,
and|fz.

B.Z Case 1 — Full regression testing as per 6.2.3.1 or 6.2.3.2

Thig applies if the p ¢ (in accordance with ASTM D2992) is known.

Pq =PLCL (B.2)
Taking values of /5 and/f3 as:

f2 =0,67
/3 , =10 (maximum value which would normally only be applicable to a straight run, below-ground
application).

The Trp ratio of pi ¢ /pd max iS:

Ttp =1,0/(f> x f3) = 1,0/0,67 = 1,5 (B.3)

B.3 Case 2 — 1 000-h survival testing as per 6.2.3.2.2

This applies if the medium term (1 000 h) test pressure (7p1 ggo) is known.

From Equation (8):

Tp1 000 = pg x 102246 (B.4)
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Taking the default values of f, and f3 as:

f2 =0,67

f3 = 1,0

The Tp ratio of Tp1 goo/pd,max is €qual to:

Ttp = 10224G/(f;, - f3) (B.5)
= P19 (pipes with G = U,075)
= 2,49 (fitting with G = 0,10)
= 2,85 (fitting with G = 0,125)
B.4 Case 3 — Short-term burst testing as per 6.2.4
This applieg if the short-term burst pressure (psTHp) is known.
Using equation (10), the equivalent p| Typ in accordance with the short-term urst test is given by:
PSTHP FPq - Z (B-6)
Taking the glefault values of f; and f3 as:
f2 =067
3 =10
The Trp ratjo of psTHP/Pd max is equal to
o §2(f2- f3) (B.7)
Ttp §4,00 (For Z = 2,68)
Ttp § 5,00 (For Z = 3,35)
Ttp ¥6,00 (For Z=4,02)
Table B.1 shows a comparison of the Ttp ratios. This shows that for values of f, = 0,67 and f3 = 1,0 (possgible
for a belowtground application), the Ttp ratio can range between 1,5 and 6,0 depending on the method of
qualificatior].
Table BJ1'= Comparison of the ratio of the test pressure and maximum design pressure if /3 = 1,0
TTD ratio
Rating method G=0,075 G=0, G=0125
and Z = 2,68 and Z = 3,35 and Z =4,02
Case 3: Short-term 4,00 5,0 6,0
Case 2: Medium-term (1 000 h) 2,19 2,49 2,85
Case 1: Long-term regression 1,50 1,50 1,50
G = slope of regression line
Z = ratio of pstHp to pq
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Table B.2 shows a comparison of the Trp ratios for values of /5, = 0,67 and f3 = 0,85 which is more typical for
an above-ground application.

Table B.2 — Comparison of the ratio of the test pressure and maximum design pressure if /3 = 0,85

Rating method T1p ratio
G =0,075 G=0,1 G=0,125
and Z = 2,68 and Z=3,35 and Z =4,02
Case 3: Short-term 4,71 5,88 7,06
Case 2: Medium-term (1 000 h) 2,58 2,93 3,35
Case 1: Long-term regression 1,76 1,76 1,76

G = slope of regression line

Z = ratio of pgthp to pq

In gractice, particularly for pipes above-ground, the minimum safety factor.will usually be greafer than 1,5

bechuse of the need for the design to take account of considerations, such-as bending, mechanic
impphct and fire. In addition, there is an inherent conservatism associated with the value of p| ¢y

method of testing.

al handling,
due to the
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Annex C
(normative)

Failure envelope

This annex provides guidance on the measurement of strength data for GRP pipe under different
combinations of hoop and axial stress. This procedure is relevant if it is possible to apply additional axial loads

over and a

o Hg | ol | ol £ Hy 1 b dlo 4
UVT UIT TTTUULTU dAlar tlualu imurniT TneTTidlr preosurc WU UTe CUTTTPUTTTTIL

To generat¢ the regression curve, the test details and measurement should be in accordance with 6.2:3:1.

The long-tg
1 000 h sur|
term envelg
are defined

Point 1
accord

Point 2
megap

Point 3
measu

The manufg

The hoop a
load applica

rm envelope, see Figure C.1, is derived from either a fully measured short-term, envelope

pe. These data points shall be collected for a fixed ratio of applied hoop stress'to axial stress,
as:

0:1 hoop to axial stress, i.e. axial tension only (osa(:1)), in Megapascals, measure
Ance with 6.2.6.

1:1 hoop to axial stress, i.e. internal pressure + axial{ tension (osa(1:1) and ogh(1:1)
pscals.

2:1 hoop to axial stress, i.e. internal pressure only~(osa2:1) and ogh(2:1)), in megapas
red in accordance with 6.2.6.

cturer may carry out additional short-term testing-at other stress ratios at his discretion.

hd axial loads shall be applied simultaneausly, not sequentially. The manufacturer shall record
tion rate.

The idealizg¢d long-term failure envelope is geemetrically similar to the short-term envelope with all three

points being
Jscale =
where
Ogs
Osh(2:1

The long-tg
factor of sa

scaled according to fgcgle, Where:

Ogs /O'sh(2:1 )

is the qualified stress, in megapascals, as defined in Equation (7);
is theshort-term hoop strength, in megapascals, as defined in Equation (12).

rm”design envelope is based on this idealized long-term envelope multiplied by an approp

pr a

vival test envelope, see 6.2.3.2.2. A minimum of three data points is required to)define the short-

and

i in

als,

the

Hata

iate

ety/f>. defined in 7.6.2 of ISO 14692-3:2002.

The manufacturer may also at his discretion construct a long-term failure envelope by carrying out regression

testing of pi

46

pe under combination of internal pressure and bending conditions.
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T sai1)

Axial stress direction, MPa

as T shiz1)
Hoop stressidirection, MPa

Key

1 long-term design envelope

2 |idealized long-term envelope

3 |idealized short-term envelope

4 | schematic representation of the short-term failure envelope

Figure C.1 — Idealized envelopes for a single-wound-angle ply GRP pipe with winding angles
in the range of approximately 45° to 75°
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Annex D
(informative)

Guidance on determination of partial factors 4, and 4, for temperature

and chemical resistance

D.1 Ovelview

D.1.1 Temperature

The permsg
absorption
inadequate

caused by the fluids when they have entered the matrix.

D.1.2 Chg¢

When an o
the resin. T
Problems ¢

temperaturg fall outside the supplier’s experience.

ability of fluids into reinforced plastics increases rapidly with increasing témperature.
bf liquids also accelerates viscoelastic processes such as creep, especially with uncrosslinke
y crosslinked matrix resins. Temperature also accelerates many of the degradation proces

mical resistance
rganic resin matrix is placed in contact with a liquid, there isvinvariably absorption of the liqui

f chemical compatibility tend to arise when the specified chemical environment and operd

The
d or
ses

i by

his can lead to damage depending on the mutual compatibility between the liquid and polymer.

ting

The chemigal resistance of thermoset resins is very much._dependent on the type/grade of resin and cyring
conditions. [ Nonsaturated polyester resins cured at re@m temperature tend to be limited to ambient-
temperaturI and water-service applications, as they“often have poor solvent resistance at elevated
temperaturg.

Enhanced themical resistance and temperature performance can be provided by fully cured vinyl ester,
epoxy, pheholic and furane resins. With epoxy resins, a key factor influencing chemical resistance is| the
choice of cyring agent (hardener) used, e.g»anhydride, aliphatic amine or aromatic amine.

Chemicals ¢f possible concern, depending on the resin system and exposure conditions, include

a) strong pcids and alkalis,

b) organig acids,

c) strong promatic.solvents,

d) strong pxidizing agents, e.g. hypochlorite,

e) methanol.

For most resins, the principal source of physical and chemical attack is from water rather than hydrocarbon,
although there are exceptions. Absorption of water results in plasticizing of the resin and lowering of the glass

transition te

mperature, with consequent reduction in mechanical performance at elevated temperature.

If glass is used for the reinforcement fibre, there is a risk of environmental stress-cracking (ESC) when
exposed to acidic environments. The problem is avoided by providing an adequate resin-rich or suitable
chemically resistant veil to act as a barrier to protect the glass. In addition, a grade of more acid-resistant
glass fibre may be used for the construction of the component.
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D.2 Quantifying performance

For some chemicals other than water, it is not possible to determine partial factors 41 and 4, separately, and
testing will result in determination of the product 44 - 45.

There are many procedures for testing GRP materials at elevated temperature and/or exposed to chemicals,
for example ISO 175 [2], ASTM C581 [3], ASTM D543 [4], but few provide acceptance criteria. This is
because the acceptance criteria depend on the nature of the failure mode applicable to the application.

If the effects of temperature alone are being considered, it is acceptable to extrapolate a value of 45 between
avalue of 1 at 65 °C and 0 at the Ty

Posisible test procedures that can be adapted to provide a means for deriving partial factors 43.angl 45 include
ASTM D3681 [5] and prEN 13121-2 [6].

If there are doubts about the values of 44 and 45, a 1 000 h survival test should be carried out on|the product
secfor representative at the appropriate temperature and chemical conditions in@ceordance with 6.2.3.2.2.
Consideration should be given to ensuring that the test media is given sufficient:time to permegate into the
walls of the GRP pipe in order to achieve representative saturation conditions.of the material priof to carrying
out the survival test. The test pressure should be 1,15 times the value determined according to Hquation (7),
to provide a 15 % margin of safety.
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Annex E
(normative)

Fire endurance testing

E.1 General

E.1.1 Thi
used in offs
pressure sh

The numbe
diameters,
the predicti

NOTE i

defined in IMO Resolution A.753(18) [1], where:

Level 1

Level 2

Level 3
E.1.2 Thg
— jetfire;
— furnacs
— imping
These are ¢
E.1.3 Pr¢
E.1.4 Thg

E.1.5 The
flow conditi

5 test method covers the determination of the fire endurance of GRP pipe, fittings and joints 't

I and dimensions of test specimens, as well as requirements for the qualification'ef a range of
shall be in agreement with the authority having jurisdiction. This will depend ‘on“the confideng

hore applications. The test pressure shall be the design pressure, pq. If pq is not known,)the
all be pg max, Which is 0,67 x pq where pq is the qualifed pressure of the pipe component.

e model (see E.7 for further guidance).

he following combination of procedures is equivalent to testing components.in accordance with the Ig

is equivalent to: DE.HF.EA/60: E.2.3, E.3.2.1, E.4.2 and E.5 a) fof 1)h;

is equivalent to: DE.HF.EA/30: E.2.3, E.3.2.1, E.4.2 and E,5 ) for 30 min;
is equivalent to: ST.IF.EB/30: E.2.3, E.3.3, E.4.4 andE.5 b) for 30 min.

test configuration is determined by the fire type; which may be any of the following:

fire (hydrocarbon pool fire);
ng flame.

efined in E.3.1, E.3.2, E.8.3.
paration of the fire test specimens shall be in accordance with E.2.

fire type and+test configuration shall be in accordance with E.3.1, E.3.2 or E.3.3.

fire test\procedures defined in E.4.1 to E.4.6 allow pipe to be tested under any of the follo
DNS:

h -
-l

b be

test

bipe

e in

vels

ving

dry pip

pipe ini
pipe fill
pipe ini

pipe wi

tially dry for 5 min, then flowing;
ed with stagnant water;
tially stagnant for 5 min, followed by flowing water;

th flowing water.

E.1.6 The acceptance criteria shall be in accordance with E.5.
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E.2 Test specimen and set-up requirements

E.2.1 General

E.21.1 The test specimen shall be prepared with the joints, fittings and fire-protective cover

-2:2002(E)

ings, if any,

intended for use in the proposed application. All joint types shall be tested, as they are the primary points of
failure. The number of specimens shall be sufficient to test all joints and fittings, including joints between non-

metal and metal pipes and fittings to be used.

struction and constituent materials are the same.

ange joint is typically used to connect the GRP piping to metallic valves or fittings, and shall &
n. A suitable test arrangement includes a test specimen incorporating GRP pipe iwith a

Al block of similar mass and surface area.

A test specimen incorporating several components of a piping system may be tested in a si
suit@ble arrangement may comprise an inverted L-shaped specimen with-vertical pipe on centr
conpected to horizontal pipe by an elbow.

E.2
the

defi
con

1.2 If the piping material, fire-protective coating or covering“contains or is liable to abso
test specimen shall not be tested until the insulation has_reached an air-dry condition. This
hed as equilibrium with an ambient temperature of (23.%2) °C at 50 % relative humidity.

Hitioning is permissible provided the method does not alter'the properties of component materig

E.2
spe

1.3 Special samples shall be used for moisture-content determination and conditioned
Cimen. These samples shall be so constructed @s*to represent the loss of water vapour from th

by having similar thickness and exposed faces.
E.2{1.4 If pipe is to be tested dry, theltest will require the use of a nitrogen tank with regul
sha|l be provided to record the pressure.inside the pipe and the nitrogen flowrate into and out of th

It is recognized that the joint may be the primary point of failure and therefore a straight jo

int may be
rovided the

e tested as
SRP flange

hection to a metallic valve body. Alternatively, a valve body may be simulated by an equivalent hollow

ngle test. A
bline of box

b moisture,
condition is
Accelerated
Is.

vith the test

e specimen

htor. Means
e specimen

in ofder to indicate leakage.

E.21.5 If applicable, a pressure-relief valve shall be connected to one of the end closures of the system.
E.2]1.6 Instrumentationyshall be provided to record fuel flowrate, water pressure, water flowrate and water
leaKage rate from the pipe,assembly or individual components.

E.21.7 The pressure gauge shall be capable of being read with an accuracy of 5 %.

E.21.8 Thermocouples may be mounted on the specimen to record temperature conditiong during the
test|ng.

E.2109 A minimum of one thermometer or thermocouple shall be used to measure internal water
temperatare:

E.2.1.10 If the test is carried out indoors, the test building shall be suitably constructed in order to ensure

that a hazardous amount of heat or smoke does not accumulate during or after the test.

© 1SO 2002 — Al rights reserved

51


https://standardsiso.com/api/?name=209309903a9ed90b6d340e1fe4e0c447

ISO 14692-2:2002(E)

E.2.2 Jet fire testing

D

Key
1  Steel bgx
2  GRP pipe under test
3 Jetfire

Figure E.1 — General view of jetfire testing
E.2.21 The test specimen shall be constructed of a.single size of piping. The internal diameter sha
305 mm or |ess. The external diameter of the piping shall-be less than 350 mm.
NOTE The test is not considered fully representativeof a system test if the external diameter exceeds 350 mm.
E.2.2.2 The test specimen shall be constructed with a permanent joint and/or fitting showing the 1
vulnerability (highest leakage rate) when_ tested according to E.3.2.1 fire conditions (furnace hydrocarbon-
fire).
E.2.2.3 The test specimen shall be positioned at the front of the opening of an open-ended, non-insul
steel box wlth a closed back panél, see Figure E.1. The internal dimensions of the box, prior to the applicg

of any fire protection material are 1,5 m x 1,5 m x 0,5 m. All joints of the box shall be of welded construg
and shall bg¢ gas-tight. Suitable auxiliary equipment shall be attached to the box to assure its structural sta
and to prevent any transient ambient conditions from significantly affecting the testing. The purpose of the
is to provide a “backstop” to the flame and cause swirling of the fire to completely engulf the sample
simulate th¢ erosion effects. The specimen shall extend 0,75 m out to the sides/top/bottom of the test bo
applicable.

| be

nost
bool

hted
tion
tion
Dility
box
and
X as

E.2.2.4 Thermocouples may be mounted within the box or Its structure to record temperature condit
during the testing.

E.2.2.5 If metal components such as a flange or deluge nozzle are incorporated in the piping system,

system shall be arranged such that the metal component is put in an area of high heat flux.

E.2.3 Furnace and impinging flame testing

E.2.3.1 The pipe ends and closures may be outside the furnace.

ons

the

E.2.3.2 If the general orientation of the specimen is horizontal, it shall be supported by one fixed support.

Remaining supports shall allow free movement. V-shaped pipe supports shall be considered suitable.
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E.2.3.3 If the general orientation of the specimen is horizontal and the pipe is empty, the free length
between supports shall not be less than 8 times the pipe diameter.

E.2.3.4 If the general orientation of the specimen is horizontal and the pipe is water-filled, the minimum
free length between supports shall be 800 mm + 50 mm. The test specimen shall be a minimum of 1,5 m long.

NOTE Fire testing of water-filled pipes in closed furnaces carries the risk of possible explosion, although past testing
[8] has demonstrated that this test configuration can be carried out safely even if there is a rapid release of water into the
hot furnace.

Dimensions in millimetres

. 1500 £100 .
800 +50
: u
TV —
1
/7 AN J o /7 NN
// // \\ \\ I I "4 // // \\ \\
LN,
~
Figure E.2 — General view of impinging flame test arrangement
E.3 Fire specification
E.3|1 Jet fire
E.3]1.1 A propane vaporization and propulsion system shall be used which is capable gf delivering

0,3 kg/s + 0,05 kg/s flowrate under controlled conditions into a “backing box” which has the tegt specimen
mounted at the front opening. The nozzle shall be a tapered, converging type, 200 mm in length with an inlet
diameter of 52 mm and an outlet diameter of 17,8 mm. The nozzle shall be located 1,0 m from the front face
of the specimen, centred(across the box and mounted horizontally between 375 mm and 750 mm from the
bottom of the box. The.flow shall directly impinge on the test specimen.

E.3/1.2 Fuel used shall be commercial-grade propane delivered to the nozzle as a vapour without a liquid
fraction.

E.31.3 Prior to conducting the test, calibration runs of the gas flowrate controls shall be condycted.
E.3[14 A small “pilot” flame may be started to assure safe ignition of the fuel prior to full flow being
established.

E.3.1.5 Fuel flowrate shall be increased to 0,3 kg/s £ 0,05 kg/s. Timing of the test shall begin when the
specimen is fully engulfed. Fully controlled flow shall be established within 30 s of the start of the test.

NOTE This medium-scale jet fire test is based upon HSE document OTI 95 634 [9]. The test is considered to
simulate the two key conditions of the full-scale jet fire, i.e. heat flux and velocity. The test is able to reproduce the high
heat flux measured in the full-scale tests, but with flowrates an order of magnitude lower, by firing the flame into an open-
fronted, square, steel test box. The box, of dimensions 1,5 m x 1,5 m x 0,5 m, generates a recirculating flame of 2 m
diameter in front of the rear box. The high velocity is obtained by placing the nozzles close to the specimen under test.
The test hzas been shown to reproduce the conditions measured in large-scale jet fires where the heat flux may exceed
250 kW/m=.
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E.3.2 Furnace fire

E.3.21 G

eneral

The test procedure covers both hydrocarbon and cellulosic fire curves, although the hydrocarbon fire curve is
applicable to most offshore situations.

This test method is intended to provide a basis for evaluating the time period during which GRP pipe will

continue to

NOTE

pipe or pipi
required to
heat flux is
the environ
between 1 0

E.3.2.3

The set-up
acceptable

E.3.3 Im

E.3.3.1

the burner
gas from a
adjust the fl

E.3.3.2
during the
distance be
the fitting o
may have {
component
the authorit

E.3.3.3

perform its intended function when subjected to a controlled standardized fire exposure.

he ASTM E1529 standard exposure conditions simulate the condition of total(continuous engulfment
system in the luminous flame (fire plume) area of a large free-burning hydrocarbon pool fire. The tg
rovide an average total cold-wall heat flux on all exposed surfaces of the tést Specimens of 158 kW/m?2.
ttained within the first 5 min of test exposure and maintained for the duration of the test. The temperatu
ent that generates the heat flux is required to be at least 815 °C aftef.the first 3 min of the test and t
0 °C and 1 080 °C at all times after the first 5 min.

llulosic fire curve

and control of the fire test shall be as specified-in 1ISO 834-1, or to an equivalent stan
o the authority having jurisdiction.

inging flame

heads shall be 29 mm. The burner-heads shall be mounted in the same plane and supplied
manifold (see Figure E.2). Eath burner shall be equipped with a valve, if necessary, in ordg
ame height. The height of theéyburner stand shall also be adjustable.

The distance betweeh the burner heads and the pipe shall be maintained at 125 mm + 10
est. If the test specimen includes a fitting or joint, consideration shall be given to increasing
tween the top of.thé burner heads and bottom of the pipe in order to prevent the distance betw
joint and thetop/of the burner heads becoming too small. If necessary, the pipe and joint or fi
o be qualifiedyin two tests, in which the distance between the top of the burner heads and
is set forieither the pipe or for the fitting or joint. The configuration of the test shall be agreed
y having jurisdiction.

of a
st is
This
re of
b be

dard

The apparatus shall comprise a burer which produces an air-mixed flame. The inner diametér of

with
r to

mm

the
een
ting
bipe
with

For

For piping 150 mm or less in diameter, the fire source shall consist of two rows of 5 burners.

piping greater than 190 mm In diameter, one additional row of burners shall be Iincluded tor each 50 mm

increase in

E.3.3.4

a)

diameter while maintaining the heat flux.

During the test, a constant heat flux averaging (113,6 + 11,4) kW/m?2 shall be maintained
125 mm £10 mm above the centreline of the array.

for a total heat release of 65 kW.

b)
flux.

54

This flux corresponds to a pre-mix flame of propane of minimum purity 95 % with a fuel flowrate of 5 kg/h

The gas consumption shall be measured with an accuracy of + 3 % in order to maintain a constant heat
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3.5

more than 25 mm from the pipe near the centre span of the assembly.

a)
b)

c)

E.4

E.4

E.4
mesd

E.4

E.4
not

E.4
leak

E.4

E.4
mad
com
with

E.4
fille

E.4
E.4

E.4
coa

E.4
wat
this

The thermocouples shall be capable of measuring temperatures up to 1 100 °C, e.g. Type K.
The thermocouples shall be mounted in a horizontal plane at the level of the pipe.

The test temperature shall be taken as the average of the two thermocouple readings.

" Procedure

-2:2002(E)

The exterior flame temperature shall be measured by means of two thermocouples mounted not

1 General

1.1 Measure the dimensions of the specimen in accordance with ASTM D3567.
surements of liner thickness and external coatings if applicable.

Take the

1.2 The water temperature at the start of the test shall not be less than 15 °C.

1.3 Carry out the test in such an environment that the effects of\the weather, e.g. wind and rain, do
nfluence the test. The ambient air temperature prior to testing shallbge between —10 °C and +4p °C.

1.4 Pressure-test each test specimen to 1,5 x test pressure prior to mounting in the fest rig. No
age is allowed during this test.

1.5 If applicable and prior to conducting the test, gonduct calibration runs of the water flow|system.
1.6 No alterations to couplings, fittings, joints, fasteners, insulation or other components shall be

e after the commencement of the fire-endurance testing (e.g. flange bolts shall not be re-tq
pletion of the fire-exposure testing and prior'to hydrostatic testing; conduct post-fire hydros|
out altering the component in any way).

1.7 If pipe is to be tested when-filled with water, take precautions to ensure the pipe is
| with water with no air pockets.

1.8 Record the test temperature, pressure and water temperature continuously during the
1.9 Test the pipes_according to E.4.2, E.4.3, E.4.4, E.4.5 and E.4.6 as applicable.
1.10 Upon cempletion of the fire exposure period, allow the sample, together with any fir

ing, to cool (withflowing water, if desired).

1.11 After cooling, pressurize the specimen at the test pressure for a minimum of 15 min w
pr (make-up water is allowed). Measure and record overall leakage and leakage of each com
peried.

rqued after
fatic testing

completely

test.

e-protective

th stagnant
bonent after

E.4.

E.4

E.4.

1.12 If fire-protective coverings are used, conduct the pressure test without the covering, if practical.
.2 Dry pipe
21 If the pipe is required to be dry at the start of the test, completely drain the specimen of water

after the initial test and secure it into position. Make all thermocouple and plumbing connections at this time.
Close the ends of the specimen, allowing pressurized nitrogen to be connected with one end.

E.4.

2.2

automatically at (0,07 = 0,01) MPa [(0,7 + 0,1) bar] during the test.

© 1SO 2002 — Al rights reserved
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E.4.2.3
and continu

E.4.3 Dry

E.4.3.1

E.4.3.2
and continu

Start the test according to the fire specification procedures given in the relevant subclause of
e for the required duration, which shall be a minimum of 15 min.

then flowing fluid

E.3

If the pipe is required to be dry at the start of the test, completely drain the specimen of water
after the initial test and secure it into position. Make all thermocouple and plumbing connections at this time.

Start the test according to the fire specification procedures given in the relevant subclause of
e in the dry condition for 5 min.

E.3

E.4.3.3
pressure in
1 min after

E.4.3.4
minimum of

E.4.4 Sta
E.4.41
E.4.4.2

E.4.4.3
test.

E.4.4.4

E.4.5 Sta
E.4.5.1
E.4.5.2
E.4.5.3
E.4.54

E.4.5.5
in the syste

E.4.5.6

After the 5-min dry period, introduce water at a linear velocity not to exceed 1 m/s. Mair
the system at a minimum of 0,9 x test pressure for the system. Establish these conditions’w
he flow of water begins.

Continue the test under flowing water conditions for the required duration, (which shall H
15 min.

gnant fluid
Completely fill each pipe specimen with water and vent to exclude air bubbles.
Start the test according to the fire specification procedures given in the relevant subclause of |

Maintain water pressure during stagnant water tests at.(0,3 + 0,05) MPa [(3 = 0,5) bar] during

Continue the test in the stagnant condition for a minimum of 30 min.

gnant then flowing fluid

Completely fill each pipe specimen.with’ water and vent to exclude air bubbles.
Start the test according to thefire specification procedures given in the relevant subclause of |
Maintain the test pressure jir'the system at a minimum of 0,9 x test pressure for the system.
Continue the test in'the’stagnant condition for 5 min.

After the 5-min stagnant period, introduce water at a linear velocity not to exceed 1 m/s. Pres
m shall be maihtained at a minimum of 0,9 x test pressure for the system.

Continue the test for the required duration, which shall be a minimum of 15 min.

E.4.6 Floying fluid

E.4.6.1
E.4.6.2
E.4.6.3
E.4.6.4
E.4.6.5

E.4.6.6
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Prior to conducting the test, conduct calibration runs of the water flow system.

Completely fill each pipe specimen with flowing water.

Start the test according to the fire specification procedures given in the relevant subclause of E.3.

The linear velocity of fluid shall not exceed 1 m/s.
Maintain pressure in the system at a minimum of 0,9 x test pressure for the system.

Continue the test for the required duration, which shall be a minimum of 15 min.
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E.5 Acceptance criteria

Depending on the acceptance criteria met during the test, the following integrity codes are applicable:

a)

b)

Integrity EA: Capable of maintaining the test pressure without leakage during or after the test.

Integrity EB: No leakage during fire test, although a slight weeping may be accepted.

Capable of

maintaining the test pressure after cooling without significant leakage, i.e. not exceeding 0,2 I/min for a
minimum of 15 min. The definition of slight weeping shall be determined by the authority having

jurisdiction.

E.6

Req

NOTE One method that may be considered is to locate a pressure gauge on both sides of the test
measure pressure throughout the test. Any leakage from the test specimen may be considered slight'w
pressure on the outlet side is at least 95 % of the pressure on the inlet side.

Integrity EC: Minimal or no leakage (< 0,5 I/min) during fire test. Capable of maintaihing the te
after cooling with known leakage (leakage rate per metre length of pipe to be quantified in eac

Integrity ED: Leakage permitted (> 0,5 I/min) during fire test. Capable of maintaining the te
after cooling with known leakage (leakage rate per metre length of pipe-te-be quantified in eac

Integrity EE: Leakage permitted (> 0,5 1/min) during fire test. Rressure that can be main
cooling with known leakage to be quantified.

Test report
ort the following information:
complete identification of the pipe or fitting tested, including manufacturer's name and code;
description of fire-protective coating, if.applicable;
diameter of pipe, fitting(s), and/orjoint(s);
orientation of pipe, fitting(s);~and/or joint(s);
free length between supports, if applicable;
endurance time;
leakage rate;
appearance of test specimen(s) before, during and after the fire test;

date of test.

specimen to
eeping if the

st pressure
n case).

st pressure
n case).

tained after

E.7 Size of pipe to be fire-tested

Qualification of piping systems of different diameters than those tested depends on the confidence in the
predictive model. The reasons for testing more than one pipe diameter are

a)
b)

c)

to ascertain the effect of pipe diameter on the endurance of the parent material,
to ascertain the sensitivity to pipe diameter of the fire performance of the joint,

to verify that design for fire endurance can be extrapolated to other pipe diameters.

© 1SO 2002 — Al rights reserved
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The design

for fire endurance shall take into account the following requirements.

self-weight, pressure, thermal expansion, etc.

Sufficient wall thickness shall be provided to withstand normal loads experienced during operations, i.e.

— A sacrificial layer shall be provided to account for material degradation in a fire. In most pipe designs, the
wall thickness is a function of diameter, but the loads and rate of degradation from heat flux may not be a

simple

function of diameter.

For example, the effect of self-weight has a proportionally greater effect on the strength capability of a large-

diameter pi

e _at the supports than a small-diameter pipe. Therefore proportionally more wall thicknes

S is

required to
In addition,
diameter, p
with increas

Conversely
will retard t
with increas

To reduce
design can

— the abi
The first m
temperatur
structural a

arrangement, such as the impinging flame test. The tests shall be sufficiently well instrumented to enablg

manufactur

The extens
will require
testing the

additional t
arrangeme

different fir*

A key factg
ratio and w
coatings or|
thickness o

the rat¢ at which material is being degraded by the fire;

support the loading of a large-diameter pipe at the supports compared to a smaller diameten g
the utilization of the strength capability of the adhesive or laminated joint also increases
articularly for diameters larger than 400 mm, i.e. the joint is proportionally more highly streg
ing diameter.

there will be a proportionally greater thermal mass of water with increasing pipe-diameter, w|
he rate of material degradation from fire and proportionally less sacrificial material will be neg
ing pipe diameter.

the number of pipe diameters needing to be qualified, it is necessary to demonstrate that
be extrapolated to other diameters. The predictive model is concerned with two mechanisms:

ity of the unburnt material to withstand the loads applied:to'the pipe.

chanism depends on the fire type, but the second’is:likely to be independent of fire type once
of the material exceeds a minimum value. Thisibeing the case, it will be possible to develop
spects of the predictive fire model by carrying-out a series of tests using a less expensive teg

br to collect the evidence necessary to.validate his model.

on of the predictive model to covér more severe fire tests, such as the hydrocarbon furnace
less testing as confidence in the predictive model grows. In the first instance, this will req
smallest and largest diameters® of piping to be qualified to validate the predictive model u
conditions. Further extrapolation of the model to cover jet fire conditions may require just
st. Note that the largest outside diameter of pipe that may be jet-fire tested in accordance with
t given in E.2.2 is about/350 mm.

I determining the, fire performance of a pipe component variant is the thickness-to-diameter
hether it is larger or smaller than that of the variant which has been fire-tested. If fire-protec
layers are \included in the variant used in the fire test, only variants with the same or gre
protections regardless of the (#/D) ratio, shall be qualified by the fire test.

ipe.
with
sed
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the
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the
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Annex F
(normative)

Modifications to fire reaction test procedures

Samples for flame spread test

-2:2002(E)

The
a)

b)

c)

)]

h)

F.2

pipe samples for testing flame spread shall be prepared in the following manner.

Tests shall be made for each pipe material and size.

The test sample shall be fabricated by cutting pipe lengthwise into individual section
assembling the sections into a test sample as representative as possible of a<flat surface. A
shall consist of at least two sections. The test sample shall be 800 mm + 5 mm long. All ¢
made normal to the pipe wall.

The number of sections to be assembled together to form a test sample shall be that which g

5 and then
test sample
ts shall be

orresponds

to the nearest integral number of sections which will result in, a{est sample with an equivalent linearized

surface width between 155 mm and 180 mm. The surface width is defined as the measured
outer circumferences of the assembled pipe sections that:are exposed to the flux from the rad

The assembled test sample shall exhibit no gaps between individual sections.

The assembled test sample shall be constructediin such a way that the edges of two adjacs
shall coincide with the centreline of the test holder.

The individual test sections shall be attached to the calcium silicate backing board using a g
inserted at 50 mm intervals through the'board and tightened by twisting at the back.

The individual pipe sections shall be mounted so that the highest point of the exposed surfg
same distance as a conventignal flat sample.

The space between the‘concave unexposed surface of the test sample and the surface of
silicate backing board.shall be left void.

The void space-between the top of the exposed test surface and the bottom edge of the sa

frame shall befilled with a high-temperature-insulating wool if the width of the pipe segm
under the side edges of the sample holding frame.

Samples for smoke and toxicity test

sum of the
ant panel.

ent sections

uitable wire

ce is at the

the calcium

mple holder
ents extend

The

a)

b)

test samples shall be prepared in the following manner.

The test samples shall be taken from piping sizes having the maximum and minimum wall thicknesses

intended to be used. This will qualify all piping sizes for a specific piping material, provided t
thickness falls within the tested range.

hat the wall

The test sample shall be fabricated by cutting pipes lengthwise into individual sections and then
assembling the sections into a test sample as representative as possible of a flat surface. All cuts shall be

made normal to the pipe wall.

© 1SO 2002 — Al rights reserved
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c) The number of sections that shall be assembled together to form a square test sample with sides
measuring 75 mm shall be that which corresponds to the nearest integral number of sections which will
result in a test sample with an equivalent linearized surface width between 75 mm and 90 mm. The
surface width is defined as the sum of the outer circumferences of the assembled pipe sections
measured normal to the lengthwise sections.

d) The assembled test sample shall exhibit no gaps between individual sections.

e) The assembled test sample shall be constructed in such a way that the edges of two adjacent sections
coincide with the centreline of the test holder.

f)  The tegt samples shall be mounted on calcium silicate board and held in place by the edges of the|test
frame and, if necessary, by wire.

g) The individual pipe sections shall be mounted so that the plane of the highest point of the expqgsed
surfacg shall be in the same position as an exposed flat plate.

h) The space between the concave unexposed surface of the test sample and the surface of the calgium

silicate|backing board shall be left void.

i)  The void space between the top of the exposed test surface and the bottem.e€dge of the sample hqlder
frame ghall be filled with a high-temperature-insulating wool if the pipe extehds under the frame.

j)  If the pjpes include fireproofing or coatings, the composite structure-gonsisting of the segmented pipe (wall
and firgproofing shall be tested and the thickness of the firepreofing shall be the minimum thickness
specifi¢d for the intended usage.

k) The test sample shall be oriented in the apparatus such that'the pilot burner flame is perpendicular td the
lengthwise piping sections.
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Annex G
(normative)

Determination of electrostatic properties of GRP pipe system
components

G.1 General

Thig annex provides procedures to quantify the electrical conductivity and charge dissipation properties of
both GRP pipe and fitting components.

Thel test method includes provision (see G.5) for determining the electrostatic properties before and after
exppsure to either tap water or brine and other chemicals, to evaluate their effect’on the material properties if
required.

If required, the components shall include fire-protective insulation and/or,cenductive coating, if applicable.

If a protective coating is applied to the outside of the pipe, the coating shall not be removed for thg purpose of
ach|eving a better electrical contact unless required as part of norfmal installation practice.

Thel electrical properties shall be evaluated according to one ermore of the following test methods
a) |determination of electrical resistance per length of the‘¢omponent in accordance with G.2;

b) |determination of charge-shielding properties of-the component in accordance with G.3;

c) |determination of charge-decay time of the.eomponent in accordance with G.4;

d) |determination of electrical continuity. across the joint in accordance with G.6.

G.2 Determination of electrical resistance per length

G.2.1 Summary of test-procedure

In this test method, theslength of the potential current path is measured and then the resistance is{determined
using a suitable mégohmmeter. The results are expressed in terms of resistance per length. The cprrent paths
of interest are:

— |the inside”surface of the pipe at one end of test assembly to the outside surface of the pipe or earth-
bonding clamp at the other end of test assembily;

tsid f. f th H rth-bondi ] 1 dof tast bl to-th tsid
— LoUHSIGe-SUHH3668-61Re8 P83 R-BoRGHIG-GI3RPa-0R8-8RGBIHB8St3SS8 Py 1oHe-outHsiGe surface or

earth-bonding clamp of the pipe at the other end of test assembly.

The test method may be also used to determine the effect of typical chemical exposures on the conductive
properties of the pipe.

G.2.2 Test apparatus

G.2.21 Voltage supply, capable of delivering up to 1 000 V and able to provide a voltage of 100 V or
less.

G.2.2.2 Megohmmeter, capable of measuring resistance between 2 x 103Q and 1x 1010 Q with a
resolution of 5 %.
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G.2.3 Test specimen

G.2.31

Pipe

The minimum nominal diameter of the pipe tested shall be 50 mm. The length of the specimen shall be 1 m or
six times the nominal diameter of the pipe plus two times the width of the grounding clamps if applicable,
whichever is greater.

G.2.3.2 Pipe with fitting/joint

The minimy
the pipe sh
pipe. This 1
shall be si
applicable.
manufactur,

G233 F
If it is kng
component

the compon
attached to

G.2.4 Pro

G.2.41
G.24.11

G.241.2
procedure ¢

G.24.1.3
first determ

General

T nomimat-diameterof thepipe, fittingorjoimnt testedstattbe 50 mm- T heefectricattorstructio
bll be compatible with that of the fitting/joint. The joint or fitting shall be attached to two length
hay require some fittings, for example flanges, to be assembled in pairs. The length of €ach

times the nominal diameter of the pipe plus one times the width of the groundingl.clam
To achieve this length, additional sections of conductive pipe shall be added using
br's normally recommended assembly methods.

tting and spoolpiece with no pipe attachment
wn that the electrical conductive properties are not continuous  at.the connection, i.e. €
is required to be independently earth-bonded with a grounding clamp; it shall be acceptable to

ent without the pipe attachment. In the following procedures, the earth-bonding clamps sha
each end of the component rather than to the attached pipes:-

cedure

Precondition the samples in accordance with\G.5.2.

If the effect of the environment on thelelectrical properties is to be evaluated, first carry out
iven in G.5.3.

If the electrical conductivity preperties of the pipe and joint/fitting combination are to be evalua
ne the electrical properties of the pipe on its own.

n of
s of
bipe
DS if
the

ach
test
| be

the

ted,

G.2.4.1.4 | Attach a suitable electrode (see G.2.4.1.5) or grounding clamp to the outside surface of the pipe
on one end of the pipe or assémpbly, to provide the necessary conductivity, without causing damage to| the
surface.

EXAMPLE Conductive{paints, conductive adhesive tape or brine-soaked sponges held in place with clamps.

If a grounding clamp.is applied, the surface preparation shall not exceed that used when piping systems| are
installed acgordingto the manufacturer's recommendations.

G.2-4.1.5 App:y tVVU add;t;ulla: C:Ubtl UdUO, \S AR \v] GI\J!.IIICIl thU ;IItUI;UI b;lbulllfclcl L \"3 ] Uf thc O'JC\;;IIIUII (=l Id One

around the exterior circumference on the other end of the pipe or assembly. If the test is being carried out to
confirm continuity of the embedded conducting elements within the component body, the exterior electrode
may be a grounding clamp that is applied in a similar manner to the first.

G.2.4.1.6 The distance of the electrodes from the end of the specimen wall shall be greater than or equal to
twice the specimen thickness. The width of the electrodes shall be between four and six times the specimen
wall thickness. A thinner electrode width is permissible provided the width is stated in the test report.

G.24.1.7 Testing shall be carried out at two voltages. The first set of tests shall be carried out at 100 V or
less. The second set of tests shall be carried out between 100 V and 1 000 V. The test at the higher voltage
shall be carried out after the test performed at the lower voltage.
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NOTE Voltage breakdown is more likely to occur at voltages above 100 V, which will affect the results.
G.2.4.1.8 On completion of the tests, all conductive materials that have been applied to the pipe shall be

removed, e.g. conductive paints, since these could provide an unwanted isolated electrical conductor during
service.

G.2.4.2 Outside to outside surface electrical measurement

G.2.4.2.1 Isolate the test specimen from ground and attach suitable wires to the two external electrodes.

4 Determine the resistance ing the megohmmete he power applied should not exceed 1 W
and|the electrification time should not exceed 1 min unless otherwise specified. Record the readings from the
megohmmeter and the accuracy at that range. Record the appearance of the test specimen and tihe condition
of the clamps.

G.2|4.3 Inside to outside surface electrical measurement

G.2|4.3.1 Isolate the test specimen from ground and attach suitable wires\to' the internal and external
elegtrodes at the other end of the pipe section.

G.2|]4.3.2 Determine the resistance using the megohmmeter. The power applied should not ¢xceed 1 W
and|the electrification time should not exceed 1 min, unless otherwise specified. Record the readirgs from the

megohmmeter and the accuracy at that range. Record the appearance of the test specimen and the condition
of the clamps.

G.2.5 Calculation of pipe and joint/fitting electrical resistance
G.2|5.1 The electrical resistance shall be calculated for the two cases:
— | external to external surface of component;

— | external to internal surface of component.

Carg shall be taken to ensure that thesé two situations are treated separately.

G.2|5.2 For the pipe, the resistance per length of pipe shall be calculated by dividing the resisfance of the
pipg by the distance between-electrodes.

G.2|5.3 The resistance of the fitting or joint shall be calculated as follows:
a) |calculate theresistance of each length of pipe attached to the joint or fitting by multiplying the resistance
per length by-the distance from the electrode to the fitting/joint. This should be the same for hoth lengths

of pipe;

b) [subtract two times the pipe resistance from the overall resistance measured across the assembly, to give
the'resistance across the fitting/joint.

The resistance per length shall be determined by dividing the resistance by the effective path length. The
effective path length depends on the type of fitting and mode tested.

G.2.54 For pipes, straight joints, adapters, couplings, plugs, caps, and bushings, the path length shall be
parallel to the centreline axis of the component and shall encompass the length of the component.

G.25.5 For elbows, the path length shall be the length of the component at the mid bend radius.
G.2.5.6 For crosses and tees, one path length shall be parallel to the centreline axis of the component

and shall encompass the length of the component. The other path length shall be along the shortest path from
adjacent openings through each 90° bend.

© 1SO 2002 — Al rights reserved 63


https://standardsiso.com/api/?name=209309903a9ed90b6d340e1fe4e0c447

ISO 14692-2:2002(E)

G.2.5.7 For laterals, one path length shall be parallel to the centreline axis of the component and shall
encompass the length of the component. The second path length shall be along the shortest distance
between adjacent openings through the oblique angle. The third path length shall be along the shortest
distance between adjacent openings through the obtuse angle.

G.2.6 Test report
The test report shall include the following information:

a) complete identification of the pipe and fitting/joint fire-protective coating tested, including manufacturer’s
name and Pnr’ln;

b) diametgr of pipe, fitting or joint;

c) details|of megohmmeter, name and model number, resolution capability and magnitudes of the [two
voltagq applied;

d) mode of testing, i.e. external to external or external to internal, and whether pipe attachments and earth-
bonding clamps were used;

e) results|of testing;

f)  resistapce per length of pipe for each voltage applied;

g) resistance per length of fitting/joint for each voltage applied;
h) envirormental exposure time, if applicable;

i) appearance of test specimen;

j)  date of|test.

G.3 Determination of charge-shielding properties of reinforced thermosetting-resin
pipe, fittings and joints

G.3.1 General

This test nmethod determines whether a hazardous potential will be produced on the exterior surface pf a
grounded QRP pipe, fittingohjoint when a step-function electric field is applied to the interior surface.

This test method is generally only applicable to pipes and fitting components of inside diameter greater {han
100 mm.

G.3.2 Summary of test

In this test, a high voltage is applied to the interior surface of a grounded reinforced thermosetting-resin pipe,
fitting or joint, and the resulting voltage on the exterior surface, if any, is measured.

The shielding test aims to show that the embedded layer prevents the generation of high potentials on the
pipe surface due to charging inside the pipe. The criterion is that potentials should be too low to lead to
incendive discharges from patches of contamination on the pipe wall. The threshold for such discharges is
taken as 1 kV, which is on the low side. The test aims to simulate the hazard process by measuring the
potential attained by a standard conductive patch applied to the outside of the pipe. The patch size required to
store incendive amounts of energy at a potential of 1 kV is quite large, but a smaller patch size is specified,
partly for test convenience and partly because it builds a bit of caution into the measurement (a smaller patch
averages less and therefore responds more to the peaks in potential).
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The general procedure is to raise the internal potential inside the pipe using a conductive liquid, mount a
conductive patch at several points around the pipe and use a field meter to measure the potential on the patch
(non-contacting measurement is important).

The test method may be also used to determine the effect of typical chemical exposures on the electrostatic

dissipative properties of the pipe.

G.3.3 Test apparatus

G.3.31 DC supply, capable of producing a minimum voltage of 1 000 V.
G.3}3.2 Fieldmeter, able to measure and display values of electric field of 100 V-m~1 with|zero stable
within 50 V-m~1 over at least 1 000 s.

A reading of 100 V-m~! shall be at least 10 % of an analog scale reading or at least.the secor

d digit of a

digifal display. The instrument display shall give a linear response to electric field, symmetric with polarity and
withl no hysteresis. These properties shall be within 5 % of full-scale reading of‘the operating [range. The
output time constant at the display shall be less than 1 s.

NOTE Operation of the fieldmeter is based on procedures given in BS 7506:Part 2:1996 [10].

G.3}3.3 Conductive patch, comprising aluminium foil and adhesion medium (e.g. conduclive grease,
aergsol spray).

G.3.4 Sample preparation

G.3}4.1 The preferred minimum diameter of pipe, fitting or joint tested is 100 mm, to reduce the effect of
the purved surface on the test set-up and readings. Smaller diameters are acceptable but additiongl measures

may
asi

G.3

G.3
con
recq
resi

G.3
150

G.3
(few
exte

need to be taken to ensure that the electric figld conditions between the pipe surface and ins
ntended.
4.2 For pipe components, the minimum length of sample should be six times the diameter

4.3 If appropriate, for example to provide a fixture for the grounding clamp, additional
Huctive pipe shall be added\‘as necessary to the component, using the manufacturen

stance measurements shall’lbe taken across the joints in accordance with G.2.4.

4.4 Prepare a patch by cutting from a roll of aluminium foil a patch of dimens
mm x 150 mm,er-150 mm long by half the component circumference across.

4.5 Identify five locations on the outside of the component for positioning the patch 4
er locations may be acceptable if a complicated shape makes this difficult). The locations shou
nd areund the periphery and be equidistant over the length of the component, taking into

req
the

anjrements of G.3.5.6 and G.3.5.8. Additional locations may be needed to take into account re

trument are

sections of
s normally

mmended assembly methods for an electrically conductive joint. If the additional sections are needed,

ions either

nd detector
Id generally
account the

iS’a change in component geometry.

grions where

G.3.5 Test procedure

G.3.

G.3.

5.1 Precondition the components in accordance with G.5.2.

5.2

procedure given in G.5.3.

G.3.

5.3

If the effect of the environment on the electrical properties is to be evaluated, first carry out the

Install a grounding clamp of the earthing system on the exterior of the component at each end of

the component in accordance with the manufacturer’s instructions. Any surface preparation shall not exceed

that

normally required when installing a piping system.
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G.3.54 Blank off only those terminations of the component assembly that are necessary to contain the
fluid with a suitable removable plug made from an insulating material which is in contact with just the inside
surface of the component. If it is not possible to insert a wire into a free end of the pipe or fitting, one of the
plugs shall be provided with an electrode that passes through the thickness of the material. For fittings, this
electrode shall be at least 300 mm away from the main body of the fitting. Add an additional section of

conductive pipe to the component (see G.3.4.3) if necessary to enable this to be achieved.

G.3.5.5

component

Completely fill the inside of the specimen with a suitable conductive fluid. Suitable vents may be
required to be fitted to one or more of the plugs to enable air to be expelled. Ensure the outside of the

is dry.

G.3.5.6
electrically
The plug wi

G.3.5.7
G.3.5.8

the exterior
305 mm aw

Position the component vertically on a nonconducting surface, or else suspend it with
conducting materials so that the outside of the component under test is accessible on_al\si

hon-
Hes.

th the electrode shall be positioned such that the inside will be in contact with the conducting fliid.

Connect the electrode in the plug to the DC supply.

Apply the patch, using the adhesion medium to stick it down. Position the fieldmeter 25 mm from

surface of the component and over the centre of the patch. The fieldmeter shall be at |
ay from the wire connecting the DC supply to the electrode in the plug.

It is recommended that a cylinder of 25 mm diameter be used as a shim to space the meter at the co

distance fra

G.3.5.9

At the sam
inside the p
record a pa
highest rec

The curvaty
of nearest g
measuremse
determine t
the internal
G.3.5.10

G.3.5.11

G.3.6 Tes

Report the 1

a) manufa

m the pipe, so that the blades of the field mill cannot inadvertently be damaged.

With the specimen connected to earth using the grounding clamp, turn on the DC voltage sug
b time, monitor the output of the fieldmeter for 10 min. df.it'is not possible to maintain the volt
ipe, because of high conduction of current through the pipe wall to earth, discontinue the test
ss result. Turn off the DC supply. Calculate the maximum potential, in kilovolts, by multiplying
prded electric field reading, in kilovolts per metre, by the meter stand-off distance of 25 mm.

re of the pipe leads to a lower-than-actual indication of potential on the patch, if the measuren
istance of the meter from patch is used ifisurface potential calculations. After the charge-shiel
nt is completed, it is recommended Ahat the electric field be applied directly to each patc
he magnitude of the saturation potential. This enables a clear understanding of what proportig
potential is induced on the exterior-of the pipe.

Repeat G.3.5.8 to G.3.5.9 for the remaining test positions.

Record the appearance) of the test specimen and the condition of the grounding clamp.

k report

ollowing infarmation:

cturersof pipe, fitting or joint;

design

past

rect

ply.
age
and
the

hent
Hing
h to
n of

htion of product being tested;

(when needed);

description of the test sample, including diameter of pipe, fitting or joint and lengths of pipe extenders

d) description of earth grounding details;

e) test media if exposure testing is done;

f)  conductive fluid utilized;

g) DC supply voltage;

h) record of voltage output from fieldmeter for 10 min after start of test for each test position and after
exposure for 1, 3, 6 and 12 months when exposure testing is performed;
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i)
)
k)

ISO 14692

the calculated highest potential;
appearance of test specimen;

date of test.

G.4 Determination of charge-decay time of the component

G.4.1 Summary of tests

Thi
gro
corg
med

NOT

NOT

the @dequacy of the conductivity provided by the dissipative layer.

The

properties of the pipe.

G.4.2 Test apparatus

G.4
by

surface potential by means of a fieldmeter. It shall have the following characteristics.

a)

nded GRP pipe, fitting or joint when a charge is briefly applied to the exterior surface. The. sh

surements can be made on curved surfaces and surfaces that are smaller than the test apertu
E1

E 2  This test determines the ability of the pipe to spread charge or convey it to a diSsipative layer. It

test may also be used to determine the effect of typical chemical“exposures on the ch

21 Instrument, capable of determining the self-dissipation of electrostatic charge by the
lepositing a small area of charge on the surface by>means of a corona discharge and ob

The test aperture for corona should be (50:#5) mm diameter or rectangular with equivalen
corona points are mounted in a 10 mm_diameter circle on a movable insulating plate, b
screening layer and are 10 mm above the' centre of the test aperture. The fieldmeter sensi
shall be 25 mm above the centre of the-test area. When the plate with the corona points is
away, the test area shall be clear up.to the plane of the fieldmeter sensing aperture.

The instrument shall be capable of providing a high-voltage discharge as a brief pulse
instrument changes mode;to-enable the fieldmeter to observe the potential generated by th
charge. The instrument shall' be designed such that contact with the test surface around the t
provides a return route, for outwardly migrating charge and high capacitance to trap such ¢
initial voltage developed by the deposited corona charge shall be a minimum of 1 000 V. If thi

time should be\less than 25 ms.

The equipmient for charge dissipation shall move fully away from the region of the fieldmeter
in less.than 50 % of the minimum decay time to be measured or 20 ms, whichever is greater.

The test method is new for this application and based on procedures given in BS 7506: Part 2 [10].

-2:2002(E)

urface of a
ort-duration

na charging means that the position of the outer earth boundary of the aperture is notyimportant, and

fe area.

does not test

arge-decay

component
serving the

t area. The
hcked by a
ng aperture
moved fully

before the
e deposited
bst aperture
harge. The
5 cannot be

achieved, then this,shall be reported and the highest value attainable used. The corona chargg¢-deposition

observation

Thefieldmeter shall be a field-mill instrument able to measure the surface voltage with an
. : o o -

f)

accuracy of
shall allow

measurement of surface voltage with this accuracy over the longest decay times to be measured.

During charge deposition and decay-time measurements, the fieldmeter sensing aperture s

hall be well

shielded from any connections or surfaces at high voltage and any insulating surfaces in the apparatus.

The influence of residual surface charging shall contribute less than 10 V to the measurement of surface

voltage. This shall be tested by making decay-time observations of a fully conductive surface.

The instrumentation shall be capable of displaying observations of surface voltage as a function of time
and providing a permanent record. The method of time measurement shall provide a resolution and

accuracy of measurement within 5 % of the reading or 5 % of the limit, whichever is greater.
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G.4.3 Sample preparation

G.4.31 The preferred minimum diameter of pipe, fitting or joint tested is 100 mm, to reduce the effect of
the curved surface on the test set-up and readings. Smaller diameters are acceptable but additional measures
may need to be taken to ensure that the electric field conditions between the pipe surface and instrument are
as intended.

G.4.3.2

G.4.3.3

For pipe specimens, the minimum length of sample should be six times the diameter or 1 m,
whichever is shorter.

If appropriate, for example to provide a fixture for applying the grounding clamp, add additional

sections of conductive pipe, if necessary, to the component, using the manufacturer’s normally recommer]

assembly
measuremse

G434

instrument.
the compon
component

G.4.4 Test procedure

G.4.41

G.44.2
procedure ¢

G443
the compor
that normal

G4.44
brushing or
contaminati

G.4.4.5
electrically
accessible

G.4.4.6

manufactur,
the duratior
for a given

An instants
associated,

ethods for an electrically conductive joint. If the additional sections are needed, take resistg
nts across the joints in accordance with G.2.4.

Identify a minimum of five locations on the outside of the component forf positioning

ded
nce

the

The locations should generally extend around the periphery and be equidistant-over the length of

ent. Additional locations may be needed to take account of regions where thére is a chang
geometry.

Precondition the samples in accordance with G.5.2.

If the effect of the environment on the electrical properties is to be evaluated, first carry out
iven in G.5.3.

Install a grounding clamp of the earthing system on'the exterior of the component at each en
ent, in accordance with the manufacturer’s instfuctions. Any surface preparation shall not exg
y required when installing a piping system.

Check that the component surface is clean and free from dust. Remove any loose dust by gs
blowing with clean dry air. If the surface is obviously contaminated, make measurements with
pn present and report the condition,

Position the component vertically on a nonconducting surface, or else suspend it with
conducting materials in @ manner to ensure that the outside of the component under tes
bn all sides.

Place the charge-decay instrument on the component and operate in accordance with
br's instructions. Ensure that the test equipment remains steady and undisturbed on the surfact

e in

the

d of
eed

ntle
the

hon-
5t is

the
b for

of each measurement. Carry out testing at the polarity that generates the higher corona current

oltage. Record observations of surface voltage, corona voltage and current as a function of tin

neous’fall in surface potential can be recorded at the start of the decay waveform, whid
not with a real decay of charge, but with a step change in the capacitance of the system when

e.

h is
(for

deecaviwavafarm - chaould bha racao
O35t

ded

example) th

a-charaina-corea—iediccannactad-orramoved—Tha-charae A
LASLLEAS G orTCmovYeaT—T o Sty wave oot CTeCOT

Tooraryg TOTUTCCToTUToCT cTotToT TrgT

during test to ensure that any such behaviour is detected.

NOTE 1

avoided by strapping a piece of aluminium plate to either side of the unit with nylon cable fasteners.

NOTE 2

affect observations.

Since the test piece is not flat, the instrument may be prone to rock when the shutter opens. This can be

Movement of the test apparatus relative to the surface of the specimen can cause tribocharging, which will

G.4.4.7 Repeat G.4.4.4 to G.4.4.6 with the component ungrounded.
G.4.4.8 Record the appearance of the test specimen and the condition of the grounding clamp.
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G.4.5 Test report

Report the following information:

a) manufacturer of pipe, fitting, or joint;
b) designation of product being tested;

c) description of the test sample, including diameter of pipe, fitting or joint and lengths of pipe extenders
(when needed);

d) [descriptiomof earthgrourding detaits;
e) |test media, if exposure testing is done;

f) |records of observations of surface voltage, corona voltage and current as a function of time for earth-
grounded and ungrounded specimen and after exposure for 1, 3, 6 and 12 months|when exposure testing
is done;

g) |appearance of test specimen;

h) |date of test.

G.5 Conditioning procedure

G.5.1 Test apparatus
G.5|11.1 Oven, capable of maintaining a temperature of 65 °C £ 5 °C.

G.5/11.2 Exposure tank (optional), of non-metallic construction and resistant to the test enviropnment.

G.5.2 Preconditioning

Thel test specimen should not be tested until the material has reached an air-dry state. This is defined as the
statp achieved after preconditioning for 16 h to 24 h at an ambient temperature of (23 + 2) °C and (50 £ 5) %
relative humidity.

G.§5.3 Conditioning

G.5|3.1 If the<effect of the environment on the electrical properties is to be evaluated| place the
components in_the" exposure tank so that they are completely immersed in the test fluid. Maintain the
temperature of\the fluid at 15 °C to 27 °C throughout the exposure period.

G.5/3.2 At the end of 1, 3, 6 and/or 12 months, remove the test component from the bath and rinse
thorpughly, with tap water if the specimen has been exposed to a water-soluble product or with a ydrocarbon

|\ i if P oo b 1N PP VI~ A-to-—a-patcalam-—araditat
SO T T SPTUMTICTT ITAS DT TTT CTAPUSTUTU A Pt oOICUT T PTroduact

G.5.3.3 Wipe dry and place the test specimen in the oven at 65 °C + 5 °C for a period of 2 h.

NOTE The purpose of drying the specimen is to ensure that the results of subsequent testing are indicative of
permanent changes in resistivity properties brought about by the conditioning process.

G.5.34 Remove the component from the oven and allow it to cool to between 21 °C and 27 °C in a
(50 £ 5) % relative humidity environment for 16 h to 24 h.
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