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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maijnt
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
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he ISO list of patent declarations received (see www.iso.org/patents}):
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an explanation on the voluntary nature of standardss;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adher
'ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.
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ctures for petroleum, petrochemical and-natural gas industries, Subcommittee SC 6,
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Introduction

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

The qualification programme and the quality programme are the most significant clauses in this
document.

vi © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=a0a918e3c22059b0a65d31ee3ab768ff

INTERNATIONAL STANDARD

ISO 14692-2:2017(E)

Petroleum and natural gas industries — Glass-reinforced
plastics (GRP) piping —

Part 2:
Qualification and manufacture
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Scope

5 document gives requirements for the qualification and manufacture of GRP,piping and
b1 to enable the purchase of GRP components with known and consistent properties from

applicable to qualification procedures, preferred dimensions, quality”programmes,
king and documentation.

5 document is intended to be read in conjunction with ISO 14692-1.

Normative references

following documents are referred to in the text ifinsuch a way that some or all of th
Stitutes requirements of this document. For dated, references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

834-1, Fire-resistance tests — Elements of building construction — Part 1: General requirej

1172, Textile-glass-reinforced plastics’” — Prepregs, moulding compounds and lIal
brmination of the textile-glass and mineral-filler content — Calcination methods

4901, Reinforced plastics based on-unsaturated-polyester resins — Determination of the resig
omer content, as well as the_content of other volatile aromatic hydrocarbons, by gas chromd

11357-2, Plastics — Différential scanning calorimetry (DSC) — Part 2: Determination of glas
perature and glass transition step height

11359-2, Plastics’=~"Thermomechanical analysis (TMA) — Part 2: Determination of coefficic
mal expansiontand glass transition temperature

14130, Eibre-reinforced plastic composites — Determination of apparent interlaminar she
hort-beany'method

14692-1:2017, Petroleum and natural gas industries — Glass-reinforced plastics (GRP) pipin

fittings in
hny source.

Component

Pir content
pplies. For
[s) applies.

nents

ninates —
ual styrene
yitography

5 transition
nt of linear

(ar strength

g — Part 1:

Voc

hhulary symbals npplir‘nfinnc and materials

ISO 14692-3:2017, Petroleum and natural gas industries — Glass-reinforced plastics (GRP) piping — Part 3:
System design

[SO 14692-4:2017, Petroleum and natural gas industries — Glass-reinforced plastics (GRP) piping — Part 4:
Fabrication, installation, inspection and maintenance

API

15HR, Specification for high pressure fiberglass line pipe, Fourth Edition

ASME RTP-1-2007, Reinforced thermoset plastic corrosion-resistant equipment

ASTM D638, Standard test method for tensile properties of plastics
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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 D1598, Standard Test Method for Time-to-Failure of Plastic Pipe Under Constant Internal Pressure

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

thermosett

ing-resin) pipe and tube

ASTM D2412, Standard test method for determination of external loading characteristics of plastic pipe by
parallel-plate loading

ASTM D258

impressor

ASTM D29
fiber-reinfo

ASTM D3]
thermosett

ASTM E15
members a

IMO MSC.6

IMO Resoly
materials a

D2, Standard practice for obtaining hydrostatic or pressure design basis for “fiberglass” (gl
rced thermosetting-resin) pipe and fittings

b67, Standard practice for determining dimensions of ‘fiberglass” (gl@ss-fiber-reinfo
ing resin) pipe and fittings

9, Standard test methods for determining effects of large hydrocarbon-pool fires on struct
nd assemblies

1(67), Adoption of the International Code for application of firettest procedures

tion A.653(16), Fire test procedures for surface flammapility of bulkhead, ceiling and deck f|
s amended by Resolution IMO MSC.61(67): Annex 1 Part5

3 Ter

For the }:[poses of this document, the terms, definitions, symbols and abbreviated terms give

ISO 14692-
ISO and IE
ISO On

IEC Ele

, definitions, symbols and abbreviated terms

1 apply.
[ maintain terminological databasesfor use in standardization at the following addresse

line browsing platform: available at http://www.iso.org/obp

ctropedia: available at http!//www.electropedia.org/

facturer's declarations

edure

b start.ofithe qualification programme, the manufacturer shall declare:

aycol

(1SS~

‘ced

Lral

nsh

122}

the long term envelope data points;
the threshold envelope data points;

dimensional data;

4 Many
4.1 Proc
Prior to th
a) Gxg
b) MPRyy;
c)

d)

e)

f)

applicable.

baseline values for degree of cure, barcol hardness (GRUP and GRVE only) and glass content, where

The data shall be based on a standard design life of 20 years. Figure 1 provides a flowchart of the

procedure

for declaring the manufacturer’s data.
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Mangfactur?r conducts lon.g term' For GRE, temperature is = 65 °C. For GRUP and
regression testing (4.2) on a single pipe GRVE. temperature is = 21 °C
size and pressure class ’ P -

l

Manufacturer calculates the measured
gradient and identifies a suitable
S h,LT,2:1,xx-

A 4

Manufacturer uses the long term
regression data to select and declare a
gradient (4.3 and Annex A)

l

Manufacturer uses the long term
regression data to declare MPRyx using

For GRE, declare MPRegs. For GRUP and GRVE,
declare MPRz1*“MPRx may also be declaredl at

Formula (1) or (2) in ISO 14692-1 other temperatures
A 4
The calculation of onLt,2:1,x is redundant]
Manufacturer calculates shr2:1,xx OnLT2:1%x IS first determined by the
[Annex C, Formula (C.3)] manufacturer using the regression data. MPRy

is then calculated using Formula (1) or (2] in
[SO 14692-1. ont2:1x is then re-validated
using Formula (C.3) and the manufacturet’s
published value of MPRxx.

Manufacturer conduétsithe R=Rtest
1 000 hr survival test at the default
temperature. See-C.3/Calculate on,LT Reestxx
and Oa,LT,Rtest,xx-

© IS0 2017 - All rights reserved
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Manufacturer calculates the remaining
long term envelope data points, on,LT,1:0,x0
0a,LT,0:1,xx aNd OaL10:-1,x¢. See Annex B.

l

Manufacturer uses the survival test

quallification data to generate long term
envelope data points at other

femperatures (Annexes B and C)

l

Manfacturer declares DN, ID, Drmin, trmin,
t, laying lengths and bend radii (4.7)

l

Progeed to Clause 5 and Figure 2 for the
qualification programme

If survival tests are only conducted at the
design temperature, additional\fonig term
envelope data points are naot €alculated.

Figure 1 — Proceedure for declaring manufacturer's data

4.2 Long term regression testing

The manuffacturer shall provide at least one full regression curve as per ASTM D2992 as modifief in
this subclajise and in 542The regression curve shall be at 65 °C or higher for GRE and 21 °C or higher for
GRUP or GRVE.

in

1°2]

The manufacturer’s gradient from the full regression curve shall be compared with the value
Table A.1 and‘agradient can be selected per the process in Annex A.

NOTE1 The one full regression curve does not have to be at or above the design temperature of the project.
For example, the enquiry sheet specifies a design temperature of 93 °C and the manufacturer has a full regression
curve at 85 °C for GRE-Aliphatic Amine. Since the resin matrix is GRE and the temperature of the full regression
curve is above 65 °C, the data are acceptable. On the other hand, validation of the long term envelope via survial
tests would have to be performed at the design temperature of the project.

The manufacturer shall conduct the long term regression on either a plain pipe or a pipe+joint, for one
pipe diameter only, the diameter to be determined by the manufacturer.

NOTE 2  For economical and practical reasons, long term regression testing is typically conducted on small

diameters. The recommended minimum pipe size is DN50. Data seems to be more consistent as the size increases
(i.e. DN10O test results seem to be more consistent than DN50 test results).

4 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a0a918e3c22059b0a65d31ee3ab768ff

1SO 14692-2:2017(E)

The Dy,min/tr,min ratio of the pipe size shall be within the range of published Dy,min/tr,min ratios that are
to be qualified. Ideally, the Dy min/tr,min ratio of the pipe size should be close to the average Dy min/tr,min
ratio of all of the pipe sizes to be qualified. It is not desirable to have the Dy min/tr,min ratio of the pipe
size at either extreme.

The test fluid shall be potable water. For testing completed prior to the publication of this document,
the test fluid may be salt water. In this case, the salt content shall be specified and shall not be greater
than 35 g/L. The intention of this requirement is to allow validation of existing test data, but to require
potable water for future testing. Potable water is a more aggressive test medium than salt water. Test
data using mineral oil should be rejected since mineral oil is not a degrading agent to the bond between

the

lass fibres and the resin matrix

Al

j—)

4.3
Thd

4.4
MPI

For
sha

The
a)

b)

d)

e)

4.5

fests shall be conducted with unrestrained (i.e. "free") ends.

Gradient, Gyx

manufacturer shall declare gradient, Gyy, in accordance with Annex A.

MPRy
R« shall be defined in accordance with ISO 14692-1:2017, 4.1.

1 also publish MPRxx at the design temperature or highet
following shall be taken into account:

Default temperatures are 65 °C (MPRgs5) for GRE:and 21 °C (MPR21) for GRVE and GRUP.

The default temperature for GRE is established at 65 °C since this temperature is 3
the design temperature for many typical GRE applications and since many manufact
conducted qualification testing for@ressure at this temperature.

The default temperature for GRUP is established at 21 °C since there are many applicatioj
near ambient temperaturesand the amount of qualification testing for pressure by mar
at 65 °Cis less than thatat 21 °C to 50 °C.

GRVE can be suitable ‘for applications at temperatures above 65 °C. However, the
qualification testing for pressure above 65 °C by manufacturers is very small. Like GRI
more qualification data between 21 °C to 50 °C, thus the default temperature for GRVE is ¢
at 21 °C.

The manufacturer uses the survival tests to validate MPRyx (see 5.3.1).

Partial factors

design temperatures in excess of 65 °C for GRE and 21 %C*for GRUP and GRVE, the manufacturer

For clarity,

MPR shall always be published with a temperature subscript (e.g. MPRg5 or MPR>1, not MPR).

t or above
urers have

s for GRUP
ufacturers

amount of
JP, there is
bstablished

4.5.

1 Partial factor for design lifetime, Ag

The partial factor for design lifetime, Ao, is specified in ISO 14692-3:2017, 6.1.1.

4.5.

2 Partial factor for chemical degradation, A;

The partial factor for chemical degradation, 43, shall be 1,0.

NOTE 1

It is the resin rich liner, not the structural cage, that is designed to prevent chemical degradation. A

partial factor applied to the reinforced wall thickness would provide little to no value in preventing chemical
degradation.

© IS0 2017 - All rights reserved
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NOTE 2  Water permeates thermoset resins quite quickly. The silane coupling agent is the key component
providing resistance to breakdown from water attack. Without the silane coupling agent, water permeation
would occur followed by a breakdown of the bond between the glass and resin followed by etching of the fibers
and finally fiber failure.

NOTE 3  While the silane coupling agent provides resistance to breakdown from water attack, other chemicals
can attack the bond between the resin and the glass reinforcement. Some of these chemicals include strong acids
and bases such as sodium hydroxide. It is these chemicals that require a resin-rich, reinforced liner of sufficient
thickness to protect the structural layers from permeation of these chemicals and attack of the bond between
the glass and the resin. Most of these chemicals do not permeate quickly, so practical liners are possible. Other
standards, such as ASTM D3681 or EN 13121-2, can be suitable as a qualification programme to predict the

thickness ofthelinerbased on exposure tovarious chemicalsin a stressed condition

4.5.3 Partial factor for cyclic loading, A3

The partial factor for cyclic loading, 43, is specified in ISO 14692-3:2017, 6.1.3.

4.6 Long term envelope data points

The manufacturer shall declare and demonstrate the long term envelope-data points (o LT,2:f,xx
03,LT,2:1,xx [Oh,LT,0:1,xx Oa,LT,0:1,xx Oh,LT,Rtest,xx Oa,LT,Rtest,xx Oa,LT,0:-1,xx and O'h,LT,l:O,XX) and the threshold
envelope data points (0h,thr,2:1, Oathr,2:1, OhthrRtest, OathrRtest, Oa thr,0:-()aNd Ohthr,1:0) by testing in
accordance with Annex B. The threshold envelope data points do not.have a temperature subscrigt as
the threshold is defined, by default, at 65 °C for GRE and 21 °C for GRUP and GRVE.

Long term|envelope data points are defined at temperatures.cTo calculate a long term envelope data
point, survfival tests on pipe(s), joint(s) and fitting(s) are required at the design temperature (or higher)
in accordance with Annex C.

4.7 Dimensions

The manufacturer shall declare the following dimensions:
a) DN;
b) ID;
€)  Drmin fnd trmin;
d o
e) layingllengths;

f) bend rpdii (for elbows).

The nominpl diamieter should be agreed between the manufacturer and principal.

4.8 Basélinevalues

The manufacturer shall declare basline values for quality control puposes for the following:

a) degree of cure;

b) barcol hardness (GRUP and GRVE only);

c) glass content.

The manufacturer shall select samples from standard production to determine the baseline values.

Samples for baseline testing should be taken from standard production to ensure that results are being
obtained across the entire standard deviation of the population. Samples for baseline testing should

6 © IS0 2017 - All rights reserved
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not be limited to the 1 000 h qualification samples since these samples can be anywhere within the
standard deviation of the population.

4.9

Flexibility factors and SIFs

The manufacturer shall declare flexibility factors for bends in accordance with ISO 14692-3:2017, 7.4.
The manufacturer shall declare SIFs for bends and tees in accordance with ISO 14692-3:2017, 7.5.

4.1

0 Production processes and jointing instructions

The
ver

5

5.1

Thd
pro

primcipal may also have the option to require one or more of the(ests in Table 1 to be cox

the
Ant
spe

Thd
sca

Thd
alsq

All

Mmanutacturer shall declare general production processes and JOINting INStructions,s
fy that the scaling rules in Annex F have been met. Proprietary processes need not be di

Qualification programme

General

qualification programme is a one-time process. If the manufacturer-has test data from
ect, the manufacturer may have the option to use this data ‘en other projects. Ho

r particular project. These tests shall be specified on the enquiry sheet (refer to ISO 14
ex D). The principal may also have the option, via the enquiry sheet in ISO 14692-1:2017, |
Cify which tests, if any, shall be conducted by a laboratexy that meets ISO/IEC 17025.

qualification programme shall be based on a standard design life of 20 years. Ap shall
e the design envelope to other design lives. Ag shall not be greater than 1,0.

test fluid for the qualification procedure for’pressure and temperature shall be potablé
4.2 for a clarification of the test fluid.

ests involving internal pressure shallbe conducted with unrestrained (i.e. "free") ends.

1Ifficient to
bclosed.

a previous
wever, the
ducted for
92-1:2017,
Annex D, to

be used to

water. See

Table 1 provides a summary of the qualification programme. Figure 2 shows a flowchart of the

pro
elas

Per

NO'I
add

Wh
inst

redure for product qualification. Figure 3 shows a flowchart of the procedure for d
tic properties.

manent repair procedures shall be qualified according to this qualification programme.

E The manufacturer's repair procedures that only involve qualified components may n
tional qualification:

bn joints are qualified, the joint shall be made in accordance with the manufacturer's de
ructions."This qualifies both the joint and its joint instructions.

ptermining

t need any

[lared joint

© IS0 2017 - All rights reserved
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Continued from Figure 1, Clause 4

l

Manufacturer selects pipe sizes and
pressure classes to validate the long
term envelopes (Annex E)

I

Manufacturer conducts survival
tests to validate the long term
gnvelopes (5.3.1 and Annex C) at or
above the design temperature
required for the piping system

This option allows the manufactiirer to validate

the long term envelope at otherfemperatures. If
Optional: Manufacturer conducts this option was not performed, then the long
sprvival tests at other temperatures term envelope at ambient témperature would be
the same as the long termi envelope at the design
temperature.

Manufacturer uses scaling rules to
qualify sizes/pressure classes that
are not tested (6.2 and Annex D)

l

Manufacturer conducts tests for
density (5.3.2) and thermal
expansion coefficient (5.3,3}
Manufacturer calculates external
pressure capability (5.34)

Proceed t0\5:4 and Figure 3 for
elastic properties

Figure 2 — Procedure for the product qualification portion of the qualification programme

8 © IS0 2017 - All rights reserved
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Table 1 — Summary of the qualification programme

No Ref. Test procedure Product(s) | Generated data Use
Product qualification
Plain pipe or Measured Gyx To validate rd1 9oo
1 4.2 ASTM D2992 pipe + joint,
one size
To validate the
Plain pipe or . R = Ryest data point
ASTM D1598 as . . R = Riest survival
2 (2.2 modified in 5.3.1 pipe + joint, test oth}11e threshold
one-stze T TO1Tg term
envelopds
Plain pipe, sizes Tevaliddte the
3 5.31 ?niE%iE;?EBS 3351 per 5.2 and Survival test thresholfl and long
= Annex E term envielopes
Pipe+joint and .
e . To validdte the
4 5.3.1 ASTM.D1$98 as fittings, sizes Survivaltest thresholfl and long
modified in 5.3.1 per 5.2 and
term enyelopes
Annex E
5 ASTM D1598 as
£ 31 and modified in 5.3.1 Flanges, sizes To validdte the
6 An 10 cycle pressure test per 5.2 and Survival test thresholfl and long
nnex F
7 Vacuum test Annex E term enyelopes
8 Combined loading test
9 5.3.2 Manufacturer's standard P!am bipe,one —p Weight
pipe size
Manufacturer's Plain pipe, one |ay Axial pide
1 | 5.3.3 |standard or ASTM D696 pipe size deﬂeclzign
or ISO 11359-2
External
ISO 14692-3:2017, 79 . -
11 5.34 (by calculation) collapse Hoop pige stability
pressure
Elastic properties
1] | 542 |ASTMD2105 Plain pipe, one | .
pipe size
1| 543 |Per APDISHR Plain pipe, one | gy,
pipe size
14 | 544 <PerAnnexG Plain pipe, one |, -
pipe size
ASTM D2412 Plain pipe, one Hoop pipe
13 545 (buried applications only) pipe size Enb stability|stiffness
5.2 Scalingrules

The components to be tested can be any combination of diameter, pressure class and product type.
Requirements for the selection of diameter, pressure class and product type can be found in Annex E.

Once the diameters and pressure classes have been selected and the components have been tested, the
manufacturer shall then use scaling rules to qualify all other components. Requirements for scaling
rules can be found in Annex D.
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5.3 Product qualification

5.3.1 Validation of long term envelopes

The manufacturer shall conduct survival test(s) on pipes, pipes + joints, fittings and flanges in
accordance with ASTM D1598 with the following modifications:

the requirements in 5.1 shall apply;

o or greater than the design temperature;

the qualification temperature (i.e. the test temperature) for at least one set of survival tests shall be

A set is two samples of each size/component to be tested. The intention is to require
cture to conduct the necessary survival tests at the design temperature (or higher) of the proje
irvival tests may also be conducted at other lower temperatures.

two samples of each component/size shall be tested;

e (s) to be tested shall be determined in accordance with Annex E;
vival test time and pressure shall be calculated in accordance with-Annex C;

t specimen shall show no signs of weepage or leakage during the test (i.e. the test
al test);

culations in ASTM D1598 are not required;
R = Rtest survival test, modifications to ASTM D1598are in accordance with Annex C.

omponents can be tested individually or combined as a single test specimen (e.g. a manufact

a)
b)
equal
NOTE 1
manufa
setof s
c)
d) thesiz
e) the sul
f) the te
surviv
g) the cal
h) for the
NOTE 2
who needs
one for the
conduct a si

will have td
P11 000,xx Of

Additional

NOTE 3
be performg

Repeated f]

5.3.2 De

The densit

0
kipe + joint, one for the bend, one for the tee ahd one for the flange or the manufacturer can ele

gle test on an assembly with the pipe, joirft)bend, tee and flange). However, it is likely that the
be tested separately from the fitting/j¢int since the P11 goo,xx of the pipe will be higher than
the fitting/joint.

requirements for flanges are in Annex F.

nlike testing for elastic properties, pre-conditioning prior to survival testing is not required, but

d by the manufacturer.
hilures of these survival tests should require reduction of the MPRyy.
nsity

7, p, shall'\be calculated in accordance with the manufacturer's standard.

the
Ct. A

is a

lrer

qualify a pipe, joint, bend, tee and flange in one’size may elect to conduct five tests; one for the pipe,

[t to
pipe
the

can

5.3.3 Tl1ermal expansion coefficient

The thermal expansion coefficient, @y, shall be calculated in accordance with ASTM D696 or ISO 11359-2.

5.3.4 Qualification procedure for external pressure

The external pressure capability of pipes shall be calculated by analytical methods in accordance with

ISO 14692-

3:2017,79.

5.4 Elastic properties

54.1 Ge

neral

Figure 3 shows a flowchart of the procedure for determining elastic properties.

10
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Continued from Figure 2, Clause 5

v

Manufacturer shall conduct test for
Ea at two different temperatures,
both 21 °C or higher, per 5.4.2

ISO 14692-2:2017(E)

Manufacturer Voc

wishes to publish data
above 65 °C?

NManufacturer snall conduct at least
one additional test

Manufacturer shall interpolate
between the data points (either |«

linear or curve fit)

'

Extrapolation to higher
temperatures is not allowed.
Extrapolation to -35 °C is allowed.

(" NotexSifce extrapolation to higher
temperatures is not allowed, the

mahufacturer must test for E, at the
Kmaximum published temperature.

Manufacturer
wishes to publish data
below -35 °C?

Yes

Manufacturer shall conduct test for
Ea at minimum published
temperature and interpolate

Repeat the abovesteps for En and van

per 5.4.3/and vna per 5.4.4

Is the product
intended for buried
applications?

Yes

Manufacturer conducts test for Enp at
21 °C per 5.4.5. Optionally, the

manufacturer may use Ej instead of
20

NOTE 1

Y

Proceed to 5.5 for optional

qualification requirements

Figure 3 — Procedure to determine elastic properties

matrix or the curing agent.

© IS0 2017 - All rights reserved
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Elastic properties, such as E; and vy will vary by temperature. Manufacturers should provide elastic

properties

NOTE 2

as a function of temperature for accurate pipeline analysis.

For GRE, when the temperature is well below the glass transition temperature (Tg) of the resin, the

elastic properties do not appear to deviate from one GRE resin matrix to another GRE resin matrix when the
layer thickness of the sample remains the same. It can be feasible to allow elastic properties for one GRE resin
matrix to be used for other GRE resin matrices.

NOTE 3

properties measured this way usually do not meet the compliance equation: Ey,/E3 = Vha/Vah.

When test

ng for elastic prnpnrﬁpc’ the test cnmp]nc shall he prﬂ-r‘nndifinnnd to an internal pres.

Most manufacturers measure elastic properties separately in the hoop and axial direction. Elastic

ure

test at MPR

Some form
be benefic

shakedown load is to apply the rated pressure to the pipe sample as a closed end pressure vesse

one week (|
linear beh4

5.4.2 Ax

The axial t

[«

J

NOTE 1
Tangent mo
change of st
the slope of
user can ref

For large d
with ASTM

dq

J

NOTE 2
cannot be 1
preferred t
processes.

5.4.3 Hd

The hoop 1
with API 1

544 Mg

The major

«x at the test temperature “xx” for 168 h with unrestrained ends.

of “shakedown loading” applied to the samples prior to measuring elastic properties sh
jal. This would eliminate residual curing shrinkage stresses in the pipe wall: The I

168 h) at the test temperature. This would “stretch out” all residual stressjso’the initial 1
vior would be largely eliminated.

jial tensile modulus, E,
bnsile modulus, E;, shall be determined in accordance with ASTM D2105.

ecant modulus is the slope of the line between the origin arid’any point on the stress-strain cy
Hulus is the slope at any point on the stress-strain curve and\is a measure of the instantaneous ra

the initial linear portion of the stress-strain curve. For. giidance on the use of the elastic modulus
er to ASTM D2105-01.

iameter products, the manufacturer shall:liave the option of determining Ej in accordd
D638.

ome winding processes are only suitablefor large diameters (DN600 and greater). These proce|

eplicated in a smaller diameter suitable for testing per ASTM D2105. While ASTM D2105 is
bst method (since it involves testing a full section of pipe), ASTM D638 is an option for cer

op tensile modulus, EFyy.and minor Poisson's ratio, vap

ensile modulus, Ej,_and the minor Poisson’s ratio, vah, shall be determined in accordd
bHR.

jor Poisson's ratio, vy,

Poisson’s ratio, vh,, shall be determined in accordance with Annex G.

uld
pest

for
on-

rve.
Fe of

ress as a function of strain. The elastic modulus in ASTM\D2105 is a tangential modulus, measufring

the

nce

Kses
the
tain

nce
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5.4.5 Circumferential bending modulus, Eyp

The circumferential bending modulus, Eyp, shall be set equal to the value of E}, or shall be determined in
accordance with ASTM D2412 and Formula (1):

F_x1000xr>

E. =
hb Ay x6,7x1

e8]

whére

F. compressive load per unit pipe length, expressed in N/mm;
Ay pipe deflection, expressed in mm;

r  mean pipe radius, equal to 0,5 x Dy ct, expressed in mm;

I moment of inertia of the pipe = t;act3/12, expressed in mma3.

Enp|will typically be larger than E}, thus using Ey, for Enp should becconservative.

o

5.5 Optional qualification requirements

5.5]1 Electrical conductivity

Where conductive components are specified by theprincipal, resistivity shall be tested in accordance
with 7.3.1. For components requiring electrical conductivity due to external charge |generating
me¢hanisms, the surface resistivity shall be\l05 ohms or less. For components requiring electrical
confuctivity due to internal charge generdting mechanisms, the volume resistivity shall bg 103 ohm-
meter or less.

NOTE Internal charge generating\mechanisms would typically be due to pipes carrying non-conductive
fluH;‘s. External charge generatingunechanisms would typically be due to pipes in a hazardous ar¢a where an

incgndive dishcharge combined with the generation and accumulation of static electricity can potentjally ignite a
flanpmable atmosphere.

5.5]2 Potable water-certification

When specified by)the principal, piping shall comply with the potable water requiremg¢nts of the
natjonal health.or certifying authorities in the country of use.

5.5{3 Impactresistance

Whenspecified by the principal, the product shall be tested for impact resistance. The test| procedure
and acceptance criteria shall be agreed between the manufacturer and the principal.

5.5.4 Qualification procedure for fire performance

Products shall be assigned a fire classification code in accordance with Annex H.
5.5.5 Low temperature performance

5.5.5.1 Long term envelope data

For temperatures below -35 °C, the manufacturer shall demonstrate that the product is capable of
performing satisfactorily.

© IS0 2017 - All rights reserved 13
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5.5.5.2 Elastic properties

For temperatures below -35 °C, the manufacturer shall determine the elastic properties in accordance
with 5.4 and may then interpolate between the published values.

NOTE 1

GRP materials do not undergo ductile/brittle transition at temperatures as low as -35 °C; hence, there

is no significant abrupt change in mechanical properties at low temperatures. However for elastic properties,
some test data has shown an increase at lower temperatures, thus the reasoning for extrapolation of elastic

properties.

NOTE 2
large enougk

toreducethesafe nnnw\hnn envelope-ofthepipinasystem—\While there-is-somerecenttestda
34 PP o) ToTTE

A possible concern is that at temperatures lower than -35 °C, internal residual stresses could become
ata at

temperatur

6 Requ

Changes tq
component

requalification are defined in Table 2.

Componen

NOTE
(ATS) as sp
the preferrg
since no bag
done per A§
even thoug}

The qualif
include refj

1
ecified in Annex [ is a new concept. For future product development, this method will most likelly be

bs as low as -65 °C, this data has not been considered in the writing of this document.

plification
a component by an amount beyond that agreed with the principal shall invalidate
's previous qualification. Examples of changes in component design which req

s shall be requalified in accordance with Annex I or ASTM D2992Séction 12 (Procedurg

the
lire

B).

he concept of requalification with inter-laminar shear strength(ILSS) and axial tensile stre

d method. However, manufacturers with existing data per ASTM D2992 will not have this o

eline data was generated at the time of qualification and since requalification may have already

TM D2992, Section 12. Therefore, ASTM D2992, Section, 12 will remain an option for requalifica
itis a more onerous requirement than ILSS and ATS.

cation reports and summaries of each such-revalidated component shall be amende
brence to this revalidation and details.

gth
ion
een
ion,

] to
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Table 2 — Change in component design that require requalification

Component Change

Reinforcement — reinforcement manufacturer
— reinforcement type and composition
— reinforcement finish (sizing)

— tow tex/yield change of 25 % or more (plus or minus)

Resin and adhesive — resin/adhesive manufacturer

— curing svstem change in chemistry

— curing temperature change of 20 % or more (plus or minus)
— curing time change of 20 % or more (plus or minus)
— resin/adhesive gradea

— curing system catalyst or hardenerb

Int¢rnal surfacec — composition
— thickness
Dedign — geometry and dimensions outside of the scalingtules

— winding angle (> £5°)d

a | An example of a resin/adhesive grade for GRVE would be a change from'a bis-A epoxy vinyl ester to a n
epoKy vinyl ester.

b |An example of a curing system catalyst change for GRVE would be'a change from MEKP (methyl ethyl keto|
catglyst to BPO (benzoyl peroxide) catalyst.

¢ |Thisisarequalification requirement only for those productsthat can not be manufactured withouta liner.
cenfrifugal casting.

d  |For thick-wall products, it is likely that the wind angle’on the outside portion of the wall can change by sev
frompn the wind angle on the inside portion of the wall, For thinner wall products, the tolerance on the wind an
likely be closer to +3°.

volac-based

he peroxide)

For example,

eral degrees
ble will most

7 |Quality programme for manufacture

7.1] General requirements
Thg manufacturer shall have a quality management system (QMS).
All Inspection, measuring and testing equipment shall be maintained and calibrated.

Table 3 provides-a summary of the quality programme.

© IS0 2017 - All rights reserved
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Table 3 — Summary of quality programme

No Ref. Test procedure Product(s) Generated data Use
7.2.2 ) ) Pipes N/A
1 Mill hydrostatic test -
7.2.3 Spoolpieces N/A
ISO 11357-2
Differential scanning
calorimetry (DSC)
Manufacturer's Pipes
Standard fOr niEo J’_ laintc
1 JOTIreSy
2 n2.4 modulated DSC fittings and Tg Degree of cure
(MDSC)
flanges
Manufacturer's
standard for dynamic
mechanical thermal
analysis (DMTA)
Pipes,
pipe + joints,
3 2.5 ASTM D2583 fittings and Barcol hardness Degree of cure
flanges (GRUP
and GRVE only)
Pipes,
4 712.6 ISO 1172 pipe +joints, Glass.content Glass content
fittings and
flanges
Pipes,
pipe + joints, . . .
5 N2.7 fittings and N/A Visual inspection
flanges
e ID, mass,
ASTM D3567 Fittings afid thickness, lay
flanges
6 72.8 length
: ID, mass per
ASTM D3567 Pipes unit length, £ min
NOTE Adglitional sizes are to be tested.ifithe one size is not representative of all of the products.
7.2 Quality control tests
7.2.1 Gepneral
The frequgncy of quality control testing is based on a specific percentage of continuous productfion.
Continuou$ prodiiction is defined as:
a) for c011tinuous winding processes, the period in which there is no change in fibre type, rgsin,

diameterand wall thicKness;

b) for winding on fixed mandrels, the period in which there is no change in fibre type or resin.

7.2.2 Mill hydrostatic test for pipes

For pipes with threaded joints, the mill hydrostatic test for pipes shall be conducted at a frequency of
100 % of continuous production. For pipes with other joints, the mill hydrostatic test for pipes shall be
conducted at a frequency of 5 % of continuous production.

For pipes, the hydrostatic test pressure shall be maintained for a minimum of 2 min in order to ascertain
there is no leakage. For pipes with threaded joints, the test components shall have unrestrained ends.
For pipes with other joints, if practical, test components shall have unrestrained ends. Test temperature
shall be at ambient conditions.
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The test pressure shall be 1,5 x MPRgs for GRE and 1,5 x MPR1 for GRUP and GRVE.

NOTE 1,5 x MPR and MPR/0,67 produce the same results with less than 1 % error. 1,5 x MPR is used as this
is common practice.

7.2.3 Mill hydrostatic test for spoolpieces

For spoolpieces, if practical and agreed between the manufacturer and principal, the manufacturer
shall conduct a mill hydrostatic test. The hydrostatic test pressure shall be maintained for a minimum
of 30 min in order to ascertain there is no leakage. Test components shall have unrestrained ends. Test

temperature shall be at ambient conditions.

NOTE1 Generally, a spoolpiece is only practical to hydrostatically test if it has flanged ends of ends with

a mlechanical connection suitable for sealing (such as a threaded joint). In most applications, dnly a small

perg¢entage of spoolpieces can be hydrostatically tested.

The test pressure shall be the lower of

a) |1,5 x MPRgs for GRE and 1,5 x MPR31 for GRUP and GRVE, and

b) |the test pressure that will generate stresses less than or equalyto the occasional lpad design
envelope for the factory hydrotest loading case.

NOTE 2  The latter requirement is due to the fact that the axial strésses, including the non-presspire bending

strefsses, that can occur during the test do not exceed the occasionalload design envelope. It is expecfted that any

redyiction in the factory hydrotest would be 10 % or less. Typically,'a reduction in the factory hydrotq

exp

7.2

The
mef
of t
acc
of ¢

The
a)
b)

c)
The

NOTI

bcted in larger diameter, thin-wall pipe.

4 Degree of cure

degree of cure shall be determined at a frequency of 1 % of continuous production. Th
hod for determining the degree of cure-of either the base resin or component is by mq
he glass transition temperature. Fonp GRUP and GRVE, the degree of cure may be det
brdance with 7.2.5. The manufacturer may propose an alternative procedure for assessiy
lire subject to agreement with theprincipal.

glass transition temperatutre (°C) shall be determined by one of the following means:
differential scanning calerimetry (DSC) in accordance with ISO 11357-2,

modulated differential scanning calorimetry (MDSC) as agreed between the manufa
principal, or

dynamic mechanical thermal analysis (DMTA).
manufaeturer shall use the same method throughout the quality programme for manufj

E MDSC and DMTA are often considered the better methods and, furthermore, MDSC is les

sinc

ocumant thao avtra
SHHReH -t Xt

st would be

e preferred
asurement
brmined in
g the state

cturer and

cture.

s confusing
benefit from

MDSC is not necessary and any of the three methods are acceptable.

Hdoacnat canarata thraa diffarant yaliiac Hovzouar fortha cocaona ofthic d
= Senera H-ee-aHHeFe Rty es—owWwever F—Re-5eope-or+tsa

The measured Tg shall be equal to or greater than the baseline published by the manufacturer minus 5 °C.

EXAMPLE

7.2.

The baseline value is 115 °C, therefore, the measured Ty is to be at least 110 °C.

5 Barcol hardness

For GRUP and GRVE, barcol hardness testing shall be determined at a frequency of 1 % of continuous
production in accordance with ASTM D2583. It is recommended that a minimum of 10 readings be
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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 can

be obtained if the tester impacts surfacing veil.

If the manufacturer is already testing for the glass transition temperature, there is no requirement to
y conduct testing for barcol hardness.

additionall

The measug

manufact

7.2.6 Glass content

The glass
accordancg

rer.

Content (percentage of glass-reinforcement) of the reinforced wall shall beydetermine
with ISO 1172 at a frequency of 1 % of continuous production. The range of compong

#the

1 in
bnts

line
be

lass

ate,

b of

shall not b¢ limited to plain pipe, but should include all components.

For filamept wound components, the measured glass content shall be within +6 % of the base
published py the manufacturer. For hand-lay-up components, the meastred glass content shal
within 7,3 % of the baseline published by the manufacturer.

NOTE1  Testing for glass content is a destructive test.

NOTE 2  The location of the test sample on the part can be agreed between the principle and manufactyrer.
Or, since thifs is a destructive test, a special component can be man@factured or taken at random to confirm g
content.

7.2.7 Visual inspection

All pipes, fittings and flanges shall be visually inspécted for compliance with Annex ] and, ifappropri
be repaired or rejected.

7.2.8 Key component dimensions

The followfing dimensions shall be determined in accordance with ASTM D3567 for at least 1 ¢
continuouq production:

— interngl diameter, ID;

for pip
for fitt

for fitt

es, mass per‘ynit length;
ings and.flanges, mass;

ings\and flanges, laying length;

for pip
for fitt

NOTE 1
per ASTM D

For pipes a

es, the minimum reinforced wall thickness;

ings and flanges, the wall thickness.

3567 as a key component dimension.

nd fittings, the ID shall be within the tolerances specified by the manufacturer.

t1is anominal thickness and is to be published by the manufacturer, but does not need to be measured

For fittings, the mass shall be within the tolerances specified by the manufacturer. In addition, the mass
shall be at least 90 % of the value published by the manufacturer.

18
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Instead of the mass, the manufacturer shall have the option to use a key component dimension, such as
an outside diameter or cross-sectional thickness at a specified point for quality control.

NOTE 2

Since measuring tact of a fitting is not always practical, there is no adjustment for actual versus

published wall thickness as there is for pipe. The manufacturer and principal should give consideration to
the mass of the fitting. If the mass of the actual fitting to be tested is more than 110 % of the published mass,
consideration should be given to adjusting P11 000,xx-

NOTE 3

Fittings that are manufactured from pipe sections, such as mitered elbows, can be manufactured

integral with a pipe section. Thus, a mass measurement is not always practical for these types of fittings.

For

The
eve

from any build up for joint reinforcement.

It iS
rem

The

Thi

NO']
meg
This
fron

NO'
wal

No
pro
maj
is sI

7.2

fiH'incrc, the ]aying ]nngfh shall be within the tolerances cpnr‘iﬁ'nd hy the manufacturer
(=]

minimum reinforced wall thickness shall be determined from the average of six“ob
hly spaced at 60° apart, taken at any one cross section of the pipe. The cross secti6én shal

aining five observations shall be evenly spaced at 60° based on the first observation selg
se six observations shall produce an average result that meets the following requiremen|

the average of these six observations shall be greater than ¢ minf{the manufacturers state
reinforced wall thickness). Individual measurements may He below the guaranteed ¢
average of the six measurements shall not be;

no more than two of the six observations shall be less\than ¢ min.
none of the six observations shall be less than 0,95% tr min.

where a single observation is found below™t.min, none of the six observations sh
1,306 X tr,min.

5 procedure may be repeated at any location along the pipe length.

E 4
sured on every pipe. Filament winding and other methods have inherent variations in pipe wa
variation in pipe wall thickness.can be found along a single length of pipe, between pipe from 4
h the same products producéd)from different lots and also from a single cross section.

E5 The 1,306 x tynfinTequirement is intended to protect against extreme variations in the pip
thickness at any oné-cross section 1,306 = 1/0,8752.

Fomponent shall have excessive resin, adhesive or foreign matter on the internal wall w
vide a flow disturbance or hinder the passage of specialized equipment, for example
kimum height of adhesive bead shall be limited to 10 mm or 5 % of the internal diameter,
maller:

9-7) Retest

Kervations,
be remote

acceptable to search for, and select, the smallest observation to begin theprocedure, hgwever, the

cted.
[S:

1 minimum
hin, but the

all exceed

Accurate wall thickness méasurements for GRP pipes require destructive testing andl cannot be

| thickness.
he same lot,

e reinforced

rhich could
, pigs. The
whichever

7.2.

NOTE

©IS

9 7.2.9 Retest

7.2.7 is not part of the procedure since 100 % of all components are visually inspected.
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7.3 Optional quality control tests

Manufacturer conducts test per
7.2.2

All tested components
meet requirements?

All components are

accepted

No

Manufacturer conducts additional

tests at twice the rate

All retested
components meet
requirements?

Mgnufacturer shall either 1) reject

b1l the components or 2) shall
conduct tests on 100 % of

coptinuous production and accept

only those components that meet
the test requirements

I

Repeat procedure fof7.2.4 to 7.2.6

and7.2.8

Yes

Example: for joints other than
prescribed threaded joints, the
manufacturer has now to conduct
tests on 10 % of continuous
production (this is in addition to
the initial 5 %)

Only the componentsithat
failed the test are

rejected. All others are
accepted

A

Figure 4 — Retest procedure

7.3.1 Electrical conductivity per length

Electrical conductivity shall be determined in accordance with Figure 5. The range of components shall
not be limited to plain pipe, but should include all component types, including joints, that are being
produced by the manufacturer.
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Attach electrode to Conductive paints and conductive adhesive

Step 1
P exterior of specimen tape are examples of a suitable electrode.
Use exterior electrode for measuring
Attach 2nd . . N . .
. outside-to-outside conductivity; use interior
o electrode to either clectrada for maencmrneincida to outcidea
Step2 - —— < clectrodeformeasuring-inside-to-outsi e
exterior or interior conductivity
Apply voltage (" Isolate the spe.cimen from ground. Use g
Step 3 and measure power supply with a voltage up .to 5.00 V ata
resistance wattage of 1 W or less. Electrification tinje
\_ of 1. mijnute or less.
( Forpipes, straight joints, adapters,
couplings, plugs, caps, tees, crosses, latergls
) and bushings, the path length shall be
Step 4 Calculate the effective parallel to the centreline axis of the
path length tomponent and shall encompass the length
of the component. For bends, the path
length shall be the length of the component
\ at the mid bend radius. Y,
Calculate the Divide the resistance by the effective path
Step 5 .
resistance per.length length.
Figure 5 — Electrical conductivity test procedure
7.3{2 Fire performance
Any frequeney of fire endurance, surface spread of flame/heat release and smoke obscuratipn/toxicity
testls sHall be conducted to the satisfaction of the authority having jurisdiction.

7.3.3 Residual styrene monomer content

For GRUP and GRVE, the residual styrene monomer content for joints in components used in qualification
testing may be determined. The measurement shall be performed in accordance with ISO 4901. The
residual styrene content shall not be above 2 % (mass fraction) of the resin content.

7.3.4 Additional quality control tests

The principal shall identify any additional quality control tests not specified in this document on the
enquiry sheet (see ISO 14692-1:2017, Annex D). Examples include, but are not limited to, axial tensile
strength, short term burst pressure and apparent hoop tensile strength. The type, procedure and
frequency of any additional quality control tests shall be identified on the enquiry sheet.
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Furthermore, the manufacturer may conduct other quality control tests as part of its QMS.

8 Component marking

Pipe and fittings manufactured in accordance with this document shall be marked by the manufacturer.
Additional project-related markings as desired by the manufacturer or as requested by the principal
may be included. Markings shall be applied by paint or ink stencil, decal or both, as agreed upon
between the principal and manufacturer. Markings shall be permanent, shall not overlap and shall be
applied in such manner as not to damage the pipe or fittings.

Markings ghall include the following:
a) manufpcturer’s name or registered trademark;
b) manufpcturer’s product designation;

c) MPRgs|(for GRE) or MPR31 (for GRUP and GRVE).

9 Handling, storage and transportation

The hand|ing, storage and transportation of GRP components shall be in accordance with
ISO 1469244:2017, 4.2.

10 Documentation

10.1 General

This clausp provides a checklist of documentation“that is required for the order and supply of
component{s in accordance with this document.

10.2 Enqpiry and purchase order documentation

The principal shall provide the manufacturer, in the invitation to tender, an enquiry sheet in accordgnce
with ISO 14692-1:2017, Annex D. The principal shall also provide this information to the manufactyrer
in the purdhase order documentation.

10.3 Qualification documentation

10.3.1 Gepneral

—n

The manuffacturersshall provide the principal with proof of compliance with the qualificaf
requiremehts ofithis document.

on

10.3.2 Qualification reports

Qualification reports shall be produced and supplied by the manufacturer, if requested by the principal.
The qualification report shall at least include:

a) manufacturer's identification of products;
b) Ty data on all test samples, if specified;
c) glass content of all test samples;

d) date of manufacture and identification number of test samples;
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e) referenceto manufacturing procedure, including version number and issue date used for production
of test samples;

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

g) such additional information, including dimensions of samples, required by the test procedure
specified for each qualification test method;

h) copy of, or reference to, manufacturer's instructions for field assembly;

i) specific requirements for the qualification option used;

j) |report of the testing carried out to establish the manufacturer's declarations detailed in Clause 4.
The testing may be reported in detail in the qualification report, or reported-sepdrately and
referenced therein.

SI ynits shall be used in all qualification reports. An example of a qualification report fis given in
Annex K.

10.8.3 Potable water approval certificates

Potpble water approval certificates shall be provided if specified by‘the principal.
10.4 Production quality control documentation

10.4.1 General

Thg manufacturer shall provide the principal with proof of compliance with the qualjty control
requirements of Clause 6.

10.4.2 Manufacturing procedure

A njanufacturing procedure shall be.available for each component to be supplied. The marjufacturing
progedure shall be provided, if requested by the principal, prior to the start of manufacture.

10.4.3 Raw material certificates

Raw material (includingyancillaries) certificates shall be available for the raw materials of all
conjponents to be supplied. The certificates shall be provided, if requested by the principal, prior to the
staft of manufacture:

10.4.4 Production quality control reports

Profductien.quality control reports shall be provided for all supplied components within fiye working
dayp, orother agreed period, after delivery of the complete order or part thereof.

10.5 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.
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A.1 Gra

Annex A
(normative)

Gradients and temperature limits

dient selection

All pipe w

Piping systlems (joints and components) that utilize prescribed threaded joints (i.e. threaded joints

meet the rg

a) usingt

b) using measured gradients as per API 15HR.

Piping syst

using defayllt gradients.

Refer to Fij

Step 1: If th
measured
measured

Step 2: If th

NOTE1 |
higher defa

Step 3: If t
in 4.2) is v
necessary.

Step 4: If
extrapolat

Otherwise

Step 5: Cor
the long te
default val

Step 6: If th

TCITTC O TCTC CTCIULT

hll thickness shall be qualified by 1 000 h survival using the published default gradie

tquirements of API 15HR) may be qualified by

he default gradients and performing survival testing per 5.3.1, or

ems utilizing restrained joints other than the prescribed threaded‘joints shall be desig

rure A.1 and the following steps for selecting the gradient:

e joints are prescribed threaded joints, then the manufacturer has the option of using eif
bradients or default gradients. If the manufacturer opts for measured gradients, then use
Value as the gradient and the flowchart ends.

le resin matrix is neither GRE, GRUP nor GRVE; then go to A.3.3.

the case of a product that uses multiple resin matrices (e.g. GRE-IPD pipe plus GRE-MDA joints)
It gradient is selected as the baseline value:

ne qualification temperature (i.€. test temperature used in the long term regression tes
Uithin the values of Table A.1, then the default value is read from this table. Interpolat]

bd using the two data points at the highest temperatures.

hpare the méasured gradient to the default value. The measured gradient is obtained f
'm regression testing conducted in 4.2. If the measured gradient is equal to or less than
e, thefiuse the default value as the gradient.

eimeasured gradient is 125 % or less than the default value, then use the default value a§

the qualification‘femperature is below -35 °C and the value at -35 °C is the default valusg.

nts.
that

ned

her

the

the

[ing
e, if

the qualification temperdture is above the values of Table A.1, then the default valu is

fom
the

the

gradient.

NOTE 2

To account for small discrepancies in test reports when converting from Celsius to/from Farhenheit,

the temperature from the full regression curve can deviate from the values in Table A.1 by #2,5 °C. Example, a
manufacturer has a full regression curve at 66 °C. Since extrapolation of values is not allowed, the default value
at 65 °C can be used as the equivalent of the value at 66 °C when performing step 6.

Otherwise, the measured gradient is larger than 125 % of the default value. In this instance, the
measured gradient shall be used as the gradient. Furthermore, since the measured gradient is much
steeper than the default values, these default values shall be adjusted by the ratio of the measured
gradient to the default gradient for all qualifications at all temperatures.

The process is repeated for any other qualification temperatures.
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Step 1 Prescribed Manf opts to use
P threaded joints measured gradients
Use measured gradients;
min. value is 0,03
Resin matrix is Follow the requirements ﬂ
Step 2 GRE, GRUP or A
GRVE \ nNn.o.o J
L Read the value in Table A.1
Step 3 Qualification temperature (int late if )
p is within the Table A.1 interpofate If necessary).
values This is the defaultvalue
Y
Step 4 Qualification temperature

is above the Table A.1
value

Extrapplate’a value from
Table A.T‘using the two data
points at the highest
temperatures. This is the
default value v

Qualification temperature is below -35 °C.
The value in Table A.1 at -35 °C is the défault
value.

Measured gradient Use the default value
as the gradient

Step 5 is less than or equal to
the default value
Measured gradient
Step.6 is 125 % or less than the Use the defaulF value
as the gradient
default value

No

Use the measured value as the gradient.
Furthermore, adjust all of the default
gradients based on the measured value

Figure A.1 — Gradient selection process
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A.2 Measured gradients

The manufacturer shall determine the measured gradient in accordance with ASTM D2992.

NOTE 1

There is a difference in ASTM D2992, Formula A1.21 and 02 in ISO 14692-2:2002, Formula K.10.

ASTM D2992, Formula A1.21 is missing a factor of 2. The formula should read ge2 = 2A0s2. There is also a difference
in ASTM D2992, Formula A1.21 and Vyp(YL) in ISO 14692-2:2002, Formula K.15. ISO 14692-2:2002 will calculate
the variance of the line, V,r(YL), smaller than the method in ASTM D2992. Consequently, ISO 14692-2:2002,

Annex K wil

NOTE 2

1 calculate an LCL value that is larger than the method in ASTM D2992.

afinad oo o ocitiva oo
o ToCT

The measured gradient is the slope of the line. Even though the slope is negative, the measured

gradient is g
Measured

EXAMPLE
considered

crmetos PoSTCTrV CTrortt

bradients that are less than 0,030 shall be set to 0,030.

A manufacturer has a full regression curve with a measured gradient of 0,026. The data ca
hcceptable, however, the value of 0,030 is to be used for the measured gradient.

A.3 Default gradients

h be

A.3.1 Geperal
Default grpdients as a function of temperature and resin system.are provided in Table A.1 pnd
Figure A.2
Table A.1 — Default gradients) Gxx
. Temperature
Resin system
-35°C 21°C 50 °C 65 °C 80 °C 93 °C 121 ¢C

GRE, anhydride 0,045 0,045 0,065 0,105

GRE, aliphdtic amine 0,045 0,045 0,065 0,100

GRE, cyclo-aliphatic amine (IPD) 0,045 0,045 0,065 0,090

GRE, aromdtic amine (MDA) 0,045 0,045 0,065 0,090 0,115
GRUP, poly¢ster 0,055 0,055 0,070

GRVE, viny] ester 0,055 0,055 0,065 0,075

NOTE 1 Intgrpolation of values is allowed.

NOTE2 Th
resin systen
65 °C, thus d
higher. To uj

EXAMPLE 1
EXAMPLE 2
EXAMPLE 3

omission of default gradients at higher temperatures may not automatically preclude the use of a partic

at that temperature”For example, most of the long term testing on GRVE resin systems is between 21 °C
efault gradient afre only established up to 65 °C. However, some GRVE resin systems have Tg values of 140 °
e the resin systém at these higher temperatures, the requirements in A.3.2 may have to be met.

Ggo for ananhydride epoxy is 0,105.
Ge0,fo5.GRVE is 0,072 (found by interpolation).
G55 for GRUP is 0,055.

lar
and
C or

EXAMPLE 4 G195 for IPD epoxy is not available in this table since 105 °C is above the highest published temperature of
93 °C for IPD epoxy.
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GRE, anyhydride
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GRE, cyclo-aliphatic amine (IPD)
GRE, aromatic amine (MDA)

GRUP
GRVE
temperature, T
gradient, G
Figure A.2 — Graphical description of default gradients
.2 Higher design temperatures

the

manufacturer qualifies a product using one of these resin systems at a design temperﬂt

ure above

a) The manufacturer shall provide a measured gradient for one pipe (or pipe + joint) size at the design

temperature.

b) The manufacturer shall extrapolate a value from the default gradients, using the two data points
at the highest temperatures. This extrapolated value shall be the default value and shall be used in

steps 5 and 6 of Figure A.1 to determine the gradient.

c) The manufacturer shall qualify the components with 1 000 h qualification testing. rd1 goo,xx shall
be calculated in accordance with Annex C. Scaling rules in accordance with Annexes D and E apply.
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EXAMPLE A manufacturer wishes to qualify GRVE at 120 °C. This is above the highest value in Table A.1:
65 °C. The two highest data points are 0,065 at 50 °C and 0,075 at 65 °C. Extrapolating these two values to 120 °C
is 0,075 + (0,075 - 0,065) x (120 - 65)/(65 - 50) = 0,112. The manufacturer’s measured gradient has to be greater
than or equal to 0,112 and has to be used as Gyx in Annex C.

A.3.3 Other resin systems

If a manufacturer qualifies a product using a resin system not shown in Figure A.2, the following
requirements shall apply.

a) The manufacturer shall provide a measured gradient for one pipe (or pipe + joint) size at the design
tempefature.

b) The measured gradient shall not be lower than the default gradients for GRE, aromatic anjine
(MDA)|in this annex. If the design temperature is above the highest temperature, the manufactiirer
shall ¢xtrapolate a value from the default gradients, using the two data points-at 'the highest
temperatures. The measured gradient shall be greater than or equal to this value;

c¢) The mpnufacturer shall qualify the components with 1 000 h qualification tesfing. rd1 ¢oo,xx shall
be caldulated in accordance with Annex C. Scaling rules in accordance with Annexes D and E apjply.

EXAMPLE A manufacturer wishes to qualify GRP with a phenolic resin at 115 °C. The values| for
GRE, aromdtic amine are 0,090 at 93 °C and 0,115 at 121 °C. Interpolating ‘these two values to 115 qC is
0,090 + (0,115 - 0,090) x (115 -93)/(121 - 93) = 0,110. The manufacturer'ssmeasured gradient has to be greater
than or equgl to 0,110 and has to be used as Gxx in Annex C.

A.3.4 Lower design temperatures

Refer to 5.%.5.
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Annex B
(normative)

Long term envelope data points

B.1 General
J—enRelrat

The long term envelopes are key inputs to ISO 14692-3, as they are scaled to the design-ehv¢lopes with
the|f> part factor and the Ag, A2 and A3 partial factors. Refer to Figure B.1 for a graphical representation
of the long term envelope.

The dimensions of the long term envelope are based on the following pieces of data:

Oh,IfT,2:1,xx hoop stress component of the R = 2 data point as per B.2.Z;

0a,1f,2:1,xx axial stress component of the R = 2 data point as per‘B.2.2;

Oh,IfT,Rtest,xx ~ hoop stress component of the R = Riest data pointas per B.2.3;

0Oa,1flRtest,xx  axial stress component of the R = Riest datapoint as per B.2.3;

0a,1J,0:1,xx axial stress component of the R = 0 dat@point as per B.2.4;

0a,1J,0:-1,xx axial compressive stress component of the R = 0:-1 data point as per B.2.5;

Oh,1T,1:0,xx hoop stress component of the R*= 1:0 data point as per B.2.6.

NOTE1  onLT0:1,xx and oh LT,0:-1,xx, the hoop stress component of the R = 0:1 and R = 0:-1 data poings (axial and
comlpressive), are zero.

NOTE 2  0a,T1:0,xx the axial stress component of the R = 1:0 data point, is zero.
NOTE3  Thelong term envelopé is temperature dependent.

NOTE4  The hoop and-axial stress data points on the long term envelope for the default tempgrature "xx"
(65 PC for GRE and 21 °G.fer GRUP and GRVE) are to be validated at the R = 2:1 and R = Riest:1 loading conditions

by durvival testing,according to Annex C. All other points on the long term envelope are determiped directly
from these two validated data points.
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<N O U W N R

longituflinal stress, gy

Figure B.1 — Data points on the long term envelope

NOTE 5 he long term envelope has a relationsnip to the long term gradient ITom regression testng and the
1000 h survival strength from 1 000 h survival tests. The threshold envelope is set equal to the long term envelope
at 65 °C (for GRE) or 21 °C (for GRUP and GRVE). As the threshold envelopes are set at fixed temperatures, there
is no temperature subscript for the threshold envelope. These definitions of threshold envelope are to the best
of present knowledge. However, the manufacturer remains responsible and may declare a more conservative
threshold envelope.

NOTE 6  An example of incremental damage to the pipe laminate is surface micro-cracks that, if overstressed,
could propagate and eventually reduce the design life of the product. While micro-cracking occurs even at
operating pressure, these cracks will not propagate when oty is appropriately selected.
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B.2 Long term envelope data points at the default temperatures

B.2.1 Default temperature

The default temperatures are 65 °C for GRE and 21 °C for GRUP and GRVE.

B.2.2 R =2:1data point

The R = 2:1 data point shall be calculated using Formulae (B.3) and (B.4).

B.2[3—R=TRsrdatapoint

Thed R = Rtest data point shall be calculated using the values for on LT Rtest,xx @nd" 0a LT Rtest,xx
validated in C.3.

B.2l4 R =0:1 data point

Theg R = 0:1 data point shall be calculated according to Formulae (B.1) and (B2):

O 1T,0:1xx = 0 (B.1)

OaLT,2:1,xx ~ 9 aLTRtestix N B2
alTRtestxx ~ e O'h,LT,Rtest,xx (B.2)
h,LT,2:1,xx h,LT,Rtest,xx

=0,8X| 0o

0 4L T,0:1,xx
whére

0aLT2:1,xx long term envelope axial stress-for an unrestrained, hydraulic (2:1) conditipn
at xx °C, expressed in MPa;

onhLT,2:1,xx long term envelope hoop stress for an unrestrained, hydraulic (2:1) conditipon
at xx °C, expressed in MPa;

0a LT Rtest,xx long term envelope axial stress for a partially restrained, hydraulic (Rtest)
condition at xx.2€, expressed in MPa;

Oh,LTRtest,xx long term'envelope hoop stress for a partially restrained, hydraulic (Rtest)
condition at xx °C, expressed in MPa.

NOTE The value dP 0,8 is meant to conservatively cacluate the R = 0 data point from the R 4 2 and Riest
datq points.

B.2l5 R =0::1data point

Thg R £0:-1 data point shall be calculated using Formulae (B.3) and (B.4):

Gh,LT,O:-l,xx =0 (B.3)
O alT0r1xx = 129X 0,101 4y (B4)
where

0a,LT,0:1,xx long term envelope axial stress for a pure axial loading condition at xx °C,
expressed in MPa.
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B.2.6 R =1:0 envelope data point
The R =1:0 data point shall be calculated using Formulae (B.5) and (B.6):

ORLT,1:0xx — OhLT,2:1,xx (B.5)
O LT 1:0xx = 0 (B.6)
where

on,LT241,xx long term envelope hoop stress for an unrestrained, hydraulic (2:1) condition
at xx °C, expressed in MPa.

B.3 Long term envelope data points at other temperatures

The dimenfions of the long term envelope at other temperatures can be related diréctly to the publighed
MPRyx valdes that have been verified with the survival tests with Formulae (B.7))to (B.11):

MPR
OhLTR = T (B-7)
7= kestyy M PRXX = DM test xx

MPR

yy
(o] =——XO B.8
alLT.R est,yy M PRXX a'LT'Rtest XX ( )
MPR
c =— W yo _ (B9)
a,LT,011,yy MPR a,LT,0:1,xx
XX
MPR
_ yy
CaLlTotlyy T PR X0 3 LT,0:-1,xx (B{10)
XX
MPR
_ yy
OnLtifoyy = VPR XOp LT 1:0x% (B11)
XX
MPR
_ yy
Onit2flyy ~ ppr L ChLT 20 (Bj12)
XX,
MPR
OaLT 2Ly © PR X0, LT, 2:1,xx (Bt13)
XX

NOTE Ax18’65 °C for GRE and 21 °C for GRUP and GRVE.

where

Oh,LT,2:1yy hoop stress component of the R = 2 long term envelope data point at yy °C;
OaLT,2:1yy axial stress component of the R = 2 long term envelopedata point at yy °C;
Oh,LT,Rtestyy hoop stress component of the R = Riest long term envelope data point atyy °C;
Oa,LT,Rtestyy axial stress component of the R = Reest long term envelope data point at yy °C;

0a,LT,0:1yy axial stress component of the R = 0 long term envelope data point at yy °C;
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0a,LT,0:-1yy axial compressive stress component of the R = 0:-1 long term envelope data
point at yy °C;

OhLT,1:0yy hoop stress component of the R = 1:0 long term envelope data point atyy °C;

MPRy maximum pressure rating at sustained conditions for a 20 year design life at the
temperature of xx °C;

MPRyy maximum pressure rating at sustained conditions for a 20 year design life at the
temperature of yy °C.

Thg "yy" temperature shall be higher than the "xx" temperature.

The ratio of MPRyy over MPRxx shall be <1,0.
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Annex C
(normative)

Survival tests

C.1 General

Survival test pressures are based on MPRyy, design life time and rd1 000,xx- rd1 000,xx is a functienroffthe
gradient, Gky.
The manufacturer shall have the option to conduct the survival test(s) at either 2000 h, 3 00D h,
4 000 h, 5P00 h or 6 000 h (i.e. in increments of 1 000 h) instead of 1 000 h. rdrimdgx-and the tesfing
time (PrTifexx) shall be recalculated accordingly, where time is the predetermined‘test time in h pnd
xX is the temperature in °C.
C.2 R =2:1 Survival test pressure
C.2.1 Pipes
For pipes, iise Formula (C.1) or (C.2):
MPR t xD .
P =rd % XX o r,act r,min (C.l)
T 1000,xx 1 000,xx
f2 tr,min x Dr,act
P |- l:10(10g175 200—logM)><GXX)}X MPR ™ tract %Dt min t2)
’ t. . xD
fZ r,min r,act

where

trmin minimum reinforcéd;pipe wall thickness, expressed in mm;

tract actual reinforced pipe wall thickness, expressed in mm;

Dy min mean digfeéter of the minimum reinforced pipe wall, expressed in mm;

Dy act actual'mean diameter of the reinforced pipe wall, expressed in mm;

rd1 000 xx » /800 h to 20 years scaling ratio at xx °C;

MPRy« maximum pressure rqfing atxx °C m(prpccpd in MPa;

f2 part factor for loading in the sustained condition, default value is equal to 0,67;

M test time, either 1 000, 2 000, 3 000, 4 000, 5 000 or 6 000, expressed in h;

P1 M xx pressure of survival test carried out at xx °C, expressed in MPa;

Gxx gradient at xx °C.

NOTE Formula (C.1) is only valid at 1 000 h. When M =1 000 h, Formula (C.2) equals Formula (C.1).

When using Formula (C.1), replace rd1 9oo0,xx with the appropriate rd value (e.g. rdz 0oo,xx) to test at
times other than 1 000 h.
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Since measuring tract is a destructive process (it involves cutting the pipe at a cross-section), £y act can
not be measured until after the test is complete. The manufacturer shall make an estimate of ¢ 3¢t prior
to the survival test being conducted. After the test is successfully completed, tr 4 shall be measured. If
the measured value of ¢ a¢t is less than or equal to the greater of 105 % of the original estimated value
used in Formula (C.1) and the original estimated value used in Formula (B.1) plus 0,50 mm, the sample
should be accepted.

Once completed satisfactorily, MPRxx shall be considered validated and on,11.2:1,xx and 03 LT,2:1,xx €an
then be calculated using Formulae (C.3) and (C.4):

MPRXX TSTTHT
OpLT2:1,xx — F X %t
2 r,min
_ MPRXX % Dr,min
OaQLlT2:1xx — F Axt
2 r,min
whére

C.2

For

wh

trmin minimum reinforced pipe wall thickness, expressed in nimj
Drmin mean diameter of the minimum reinforced pipe wall,'ekxpressed in mm;
MPRyy ~maximum pressure rating at xx °C, expressed ity MPa;

f2 part factor for loading in the sustained condition, default value is equal to 0,67.

2 Pipe +joints, flanges, bends, tees, reducers and other fittings

pipe + joints, flanges, bends, tees, reducers and other fittings, use Formula (C.5) or (C.6):

P =rd

T 1 000,xx 1000,xx = F
2

p _ |:10(log175 200—logM)><GXX)}X MPR.,
T M ,xx
f
bre

rdi 000xx 1 Q00 to 20 years scaling ratio at xx °C;

MPRyx maximum pressure rating at xx °C, expressed in MPa;
f2 part factor for loading in the sustained condition, default value is equal to 0,6
M test time, either 1 000, 2 000, 3 000, 4 000, 5 000 or 6 000, expressed in h;

Gxx gradient at xx °C.
NOTE1 Formula (C.5) is only valid at 1 000 h. When M =1 000 h, Formula (C.6) equals Formula (C.5).

P1 M xx pressure of survival test carried out at xx °C, expressed in MPa;
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NOTE 2  Since measuring tract of a fitting is not always practical, there is no adjustment for actual versus
published wall thickness as there is for pipe. However, the manufacturer and principal should give consideration
to either the mass or a key component dimension (such as an outside diameter or cross-sectional thickness at a
specified point) of the fitting. Ideally, the actual fitting to be tested should be at the lower end of the tolerance for
that fitting. For example, if a fitting has a published mass of 22 kg with a tolerance of 19,8 kg to 27 kg, the fitting
selected for the survival test should ideally have a mass of 23,4 kg (the average of the tolerance range) or less.
If the mass of the actual fitting to be tested is more than 110 % of the published mass, consideration should be
given to increasing P11 000,xx based on the ratio of the actual mass to the published mass.

NOTE 3  Fittings that are manufactured from pipe sections, such as mitered elbows, can be manufactured
integral with a pipe section. Thus, a mass measurement is not always practical for these types of fittings.

C.3 R = Rtest survival test pressure

C.3.1 Derivation of Riest

The manufpcturer shall conducta 1 000 h survival test in accordance with 5.3.1 at a,fatio Reest On a pipe
at 65 °C for} GRE and 21 °C for GRUP and GRVE. For guidance on test equipment, refer to C.3.2.

Identify the target op LT Rtest,xx and 03 LT Rtest,xx to be validated by the test:

(o)
h,LT,2:1,xx =
OnLTREestxx = 5 €.7)
2 Gh, LT, Rtest,xx 2 Ga,LT,Rtest,xx 2 Gh,LT,Rtest,xx (‘“8)

For pipes, Gise Formulae (C.9) and (C.10) and Figure C.1 to.calculate the 1 000 h survival test pressures:

p - rd x x 2x tr,act C9
T1 1040,Rtest,xx — r 1 000,xx Gh,LT,Rtest,xx P ( ' )
r,act
A
r,act
P12 10doReestxx = 71 000,xx X Ta LT Reestxx X (C}10)
i,act
where
Pr110poxx P1 pressureofsurvival test carried out at xx °C, expressed in MPa, refer to Figure B.1;
P12 10po,xx P2 pressure of survival test carried out at xx °C, expressed in MPa, refer to Figure B.1.

Once complleted satisfactorily, on, LT Rtest,xx and 0, LT Rtest,xx Shall be considered validated.

In Formulde (G.93-and (C.10), since a pipe is being tested, the actual dimensions of the test sample|are

required. Jince measuring tract is a destructive process (it involves cutting the pipe at a cross-section),
tract can n i i ; fmate

of tract prior to the survival test being conducted. After the test is successfully completed, ¢ act shall
be measured. If the measured value of ;. 5t is less than or equal to the greater of 105 % of the original
estimated value used in Formula (C.1) and the original estimated value used in Formula (B.1) plus
0,50 mm, the sample should be accepted.
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The slope, m, of the line from the R = 2 data point to the Riest data point shall be calculated according to

Formula (C.11):

o . -0
m= a,LT,2:1,xx a,LT.Rtest,xx (C.ll)

Gh,LT,Z:l,XX - O-h,LT,Rtest,Xx

If 0a,LT Rtest,xx 1S larger than o, 11,2:1,xx (i.e. if m, the slope, is less than zero), then the default SIFs in
[SO 14692-3:2017, 7.5 shall not be used and the manufacturer shall be required to determine the SIFs
according to ISO 14692-3:2017, 7.5 and A.3.

NO | Tha daof 1l CI1T L 2| +l £alo ot 4 H 1 11 +£l
T e atTauTt ot S—at C oAt O tIICTatToIrat C O LT, RTES [ XX 10 cquar cO-OT-STranCroratt o3, 10T, 21 ], XX+

The actual R-ratio of the Riest data point shall be calculated using Formula (C.12):

_ OhLT,Rtestxx

R test —

(C.12)
a,LT,Rtest,xx
The actual ratio of the R = Riest data point shall be determined by the manufacturer apd shall be
betveen 0,5 and 1,0.

NOTE 2  Selecting 0, LT Rtest,xx Using Formula (C.8) will generate a ratio-between 0,5 and 1,0.

C.3{2 Test equipment for Riest

An example of test equipment that may be used for determination of the R = Riest data goint of the
long term envelope is shown in Figure C.1. Controlling pressures P1 and P2 can generate|the aimed
conjbinations of hoop and axial stress. Friction beti#€en inner diameter of pipe and plunger is to be
minimized.

P1 P2

—S \

Key
test head #1

test head#2

plungét+rod

P1 |préssure creating hoop stress on the test sample

P2 lopréssure creating axial stress on the test sample
5 T

Figure C.1 — Example test equipment for R = Riest datapoint
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C.4 rd1000xx

rdi 000,xx is the ratio between the survival test pressure, Pt1 000,xx and MPRxx/f2 and is defined by

Formula (C.13):

log175 200—log1 000)xG
rd B 10( g g IXG oy

1000,xx — (C.13)

where

GXX g adinnf atwx °oC

TETTTore ey <5

f2  pprt factor for loading in the sustained condition, default value is equal to 0,67.

See Table (.1 for values of rd; poo xx based on the default gradients, a 20 year design lifé’ and 1 000 h
test time.

Table C.1 — Default 1 000 h test ratios

. Temperature
Resin system
-35°C 21°C 50 °C 65 °C 80 °C 93 °C 1217C
Anhydride 1,26 1,26 1,40 1,72
Aliphatic amine 1,26 1,26 K20 1,68
Cyclo-aliphptic amine (IPD) 1,26 1,26 1,40 1,59
Aromatic amine (MDA) 1,26 1,26 1,40 1,59 1,81
Polyester 1,33 1,33 1,44
Vinyl ester 1,33 1,33 1,40 1,47

Values are bpsed on a 20 year design life and 1 000 h test time.
Interpolatiop of values is allowed.

EXAMPLE 1| rd1 000,65 for GRE is 1,40.

EXAMPLE 2| rd1 900,21 for GRVE and GRUP is 1,33.

EXAMPLE 3| rd1 000,80 for an Anhydride Epoxyis 1,72.
EXAMPLE 4| rd1 000,60 for GRVE is 1,45 (found by interpolation).
EXAMPLE 5| rd1 000,-55 for GRUP is 1,33}

EXAMPLE 6| rd1000,105 for IPD epoxy is not available in this table since 105 °C is above the highest published temperagure
of 93 °C for IPD epoxy. If a manufacturer intended to use an IPD epoxy at 105 °C, follow the requirements in A.3.2. Use|the
gradient, Gx§, calculated in Ay3.2, in the applicable Formulae (C.1) to (C.13) to calculate the survival test pressure.
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Annex D
(normative)

Scaling rules

TSIreY

ponents using the following guidelines:
All scaling shall start from a qualified part.

The process for manufacture shall remain constant (for example, it is ot possible to
filament wound parts to compression-molded or laminated parts and.vice-versa).

Within a process, the following shall be maintained in order to scale the results:

1) Tgfrom cure should be similar;

method;

3) glass content shall be within the tolerances.specified in 7.2.6;

5) winding process for manufacture shall be identical;
6) order of material placement shall'be very similar;

For fittings and flanges, the joint'type shall remain the same (for example, a fitting wi
type taper-by-taper adhesive. shall not be used to scale to a fitting with the joint typ
straight adhesive).

Formuale for scaling“shall be developed by part configuration. The manufacturer sh
drawings to show‘the new part meets all the scaling configurations from the qualified p

rules in this.annex are not to be considered an exhaustive list of the potential requir
ing. It is the best available practice at the time of writing. Future work will be required
roved scaling rules.

Pipe body

e the components have been tested, the manufacturer can then use scaling rules torqualify all other

scale from

2) all raw materials shall be identical or qualified as\identical using the alternate qyalification

4) ratio of reinforcing materials shall be idenitical (roving to weft tape to woven cloth, ¢tc.);

th the joint
e taper-by-

b1l provide
art.

ements for
to develop

Pipe 1 is a pipe that has been qualified through testing. Pipe 2 is a pipe that meets the requirements of
Annex E. Pipe 2 shall be considered qualified without testing if the following scaling rule is met (see
Figure D.1 for definitions):

t t

r,min, 2

MPR,, x D

> r,min,1

- MPR, XD

r,min,2 r,min,1
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tr, min

Dr min

Key
trmin  pipgwall thickness
Drmin pipgnominal diameter

Figure D.1 — Critical dimensions for pipes

D.3 Bends

Bend 1 is albend that has been qualified through testing. Bend 2.is'a bend that meets the requirements
of Annex E. Bend 2 shall be considered qualified without testing if the following scaling rules are met
(see Figurd D.2 for definitions):

t t

: > L (p.2)
MPR, D, ~MPR, xID,
R R
—2 >P,95x —L (p.3)
D, D,
a, <105xay (P.4)
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tOuter /:'_\ tinner

t .
L — |

| |

| |

| |

| | =

| 5 |

| g |

| = |

| |

! !
Key
t average bend wall thickness
tinndr inner bend wall thickness
toutdr outer bend wall thickness
ID bend internal diameter
L length from start of bend to bend centireline

bend radius
a bend angle
Eigure D.2 — Critical dimensions for bends

NOTE tr,min and Pymin are not used for bends and other fittings as these dimensions would rot be easily
detdrmined.
t rdfers to thetotal wall thickness of the bend. Depending on the type of construction, [t can vary
significantlyfrom tinper and touter- The manufacturer should specify which wall thickness iqto be used
in the scaling rules.
TheaseZscaling rules can be applied to both full-sweep bends and mitered bends. A full-sweep bend shall

only be used to scale to other full-sweep bends. A mitered bend shall only be used to scale to other
mitered bends.

D.4 Reducers

Reducer 1 is a reducer that has been qualified through testing. Reducer 2 is a reducer that meets the
requirements of Annex E. Reducer 2 shall be considered qualified without testing if the following
scaling rules are met (see Figure D.3 for definitions):

t t

Lg2 > Lg1
MPR, x Dy, MPR, x IDg,

(D.5)
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a, <1,05xa, (eccentricreducers) (D.6)
6, <1,05x6, (concentric reducers) (D.7)
ap) L ey L
= -
&
- - &

! =~
[=a] << m
S S S
S
J —~

p——
—
—
P
—

Key
tLg  wall thickness of adjoining pipe (diameter /Dg)
tsm wall thickness of adjoining pipe (diameter IDy)
IDp  pipe ipner diameter (smaller diameter pipe)
IDg  pipe ipner diameter (larger diameter pipe)

a angle|of eccentric reducer

6 half-angle of concentric reducer

Figure D.3 — Critical dimensions for céncentric and eccentric reducers

Tsm shall bie > than Tpg.

NOTE1 The set of scaling rules for reducets implies that qualified concentric reducers can only be use

d to

scale to othgr concentric reducers. And, qualified eccentric reducers can only be used to scale to other eccentric

reducers. There might be a suitable method\for scaling from one type of reducer to another, however, this hag not
been developed in this document.
NOTE 2 nly the large size of the réducer is used for scaling. This implies that if an 8" x 4" concentric redpicer
is qualified pvith testing, then oth€r 8" concentric reducers (for example 8" x 2", 8" x 3" and 8" x 6") do not reqpuire
testing nor $caling.
D.5 Socket flanges
Socket flarnge 4 5 a socket flange that has been qualified through testing. Socket flange 2 is a so¢ket
flange thatl meets the requirements of Annex E. Socket flange 2 shall be considered qualified witjout
testing if t I i i Tt
Lbell,Z Lbell,l (D.8)
MPR, xID, MPR; xID,
0, <1,05x6, (D.9)
nxPCD, — NxXBHD, )Xt ID.. x MPR
( 2 2)Xthgz | 1Dy 2 (D.10)

(mxPCD; — NxBHD, )xtg - ID; XMPR,
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J, 214

where J is the flange rigidity calculated per ASME VIII Division 1, Appendix 2.

(D.11)

BHD

PCD

Lpell

Key
trlg thickness of flange face

BHI})  bolt hole diameter

Lpell  length of connection between pipe and flange
PCD| pitch circle diameter

0 angle of connection length

Figure D.4 — Critical dimensions for socket flanges

NOTE The diameter of the bolt, is typically slightly smaller than BHD, the diameter of the bol
flange. A typical difference is about'3-mm.

D.§ Welding neck type flanges

Flamge 1 is a flangesthat has been qualified through testing. Flange 2 is a flange that
reqpirements of-Anhex E. Flange 2 shall be considered qualified without testing if both fl
flanjge 2 are designed in accordance with ASME RTP-1-2015, nonmandatory appendix NM-
(sed Figure.D.5 for definitions).

hole in the

meets the
hnge 1 and
P or NM-12
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Key

tilg thickness of flange face
tmin

L length of flange

Lhub

PCD  pitch circle diameter
0.D.  outdr diameter of hub
D.7 Tee$

Tee 1is a

thickness of adjoining pipe wall thickness

length of hub section of flange

t g
N £
&) £
a9 e
_____ ==
L hub
L

Figure D.5 — Critical dimensions for weld neck type flanges

Lee that has been qualified through testing. Tee 2 is a tee that meets the requirements of

Annex E. Tee 2 shall be considered qualified without testing if the following scaling rule is met [see

Figure D.6

44

t

4

for definitions):

ty
> (D}12)

MPR

X ID

2 2

MPR, x1D;
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]

oy 5
/ AN
L 1
!
S &
[
L L
Key
ta | thickness of tee at 12 o'clock posotion of main pipe
tg | thickness of tee at 3 o'clock and 9 o'clock position of main pipe
L length of branch connection, end to main pipe centreline and length ofmain pipe, end the branch|centreline
ID | main pipe internal diameter
Figure D.6 — Critical dimensions for tees
ta dnd tp refer to the total wall thickness of the té€e: Depending on the type of constructfion, ta can
vary significantly from tg. The manufacturer should specify which wall thickness is to be fised in the
scaling rules.
D.§ Unequal tees
Ungqual tee 1 is an unequal tee thathas been qualified through testing. Unequal tee 2 is an ynequal tee
that meets the requirements of Annex E. Unequal tee 2 shall be considered qualified without testing if
thelfollowing scaling rule is met'(see Figure D.7 for definitions):

t ¢
2 > 1

MPR, xID, ~MPR; x ID,

(D.13)
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Lc

ta
ta

- ]

ID

Key
ta  thickngss of tee at 12 o'clock posotion of main pipe
tg  thickngss of tee at 3 o'clock and 9 o'clock position of main pipe
tc  thickng¢ss of branch connection
L lengthof main pipe, end to branch centreline
Lc  lengthlof branch connection, end to main pipe centreline
ID  main plipe internal diameter
Figure D.7 — Critical dimensions for unequal tees
NOTE1 {44 and tp refer to the total wall thickness of theg unequal tee. Depending on the type of construction,
t4 can vary|significantly from tp. The manufacturer,should specify which wall thickness is to be used in| the
scaling rulek.
NOTE 2  The crotch thickness of the tee i§ ah important dimension, but is impractical to measure nhon-
destructively.
NOTE 3  Tees are complicated components to analyze. Different scaling rules might need to be considered for
tees and ungqual tees.
D.9 Blinds
Blind 1 is a|blind that has been qualified through testing. Blind 2 is a flange that meets the requiremé¢nts
of Annex E. Blind 2{shall be considered qualified without testing either if both blind 1 and blind 2|are
designed iph accordance with ASME RTP-1-2015, non-mandatory appendix NM-2 or NM-12, or if|the
following gcaling rule is met (see Figure D.8 for definitions):
Z Z
D, PCD,
MPR, X 2 MPR, x (D.14)
tﬂg,l tﬂg,Z
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ID

PCD

tﬂg

Key
tilg thickness of blind flange

ID internal diameter of pipe

PCD| pitch circle diameter

0.D| outer diameter of blind flange

Figure D.8 — Critical dimensionsfor blinds

NOTE An additional scaling rule can be needed to address the rigidity/stiffness of the [blind. This
congideration has not been developed in this document.

D.10 Laminated joints

Joirjt 1 is a laminated joint that has been gualified through testing. Joint 2 is a laminated joint that
me¢ts the requirements of Annex E. Joint,2 shall be considered qualified without testing if the following
scaling rules are met (see Figure D.9 fof definitions):

tjoint,Z > tjoint,l (D.15)
MPR, xID, MPR, XID,
L L
2 > 1 (D.16)

MPR, xID, ~MPR; x ID,

6, <1,05x6; (D.17)
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Key
tjoint

tnose

D.11Tap

joint

I
)

thickhess of laminated joint
thickness of pipe at end of taper

total

angle|of pipe taper

Joint 1is a
that meetd the requirements of Annex E. Joint 2 shall be considered qualified without testing if|the

following gcaling rules are met (See Figure D.10 for definitions):

t

ength of laminated joint

Figure D.9 — Critical dimensions for laminated joints

per-by-taper adhesive joints and threaded joints

taper-by-taper joint that has been qualified through testing. Joint 2 is a taper-by-taper jpint

t

bell, 2 > bell,1 [D 18)
MPR, D, ~MPR, xID,
L L
bell,2 > bell,1 (DI19)
MPR, [xID, ~MPR, xID,
0, <1[05x6, (D|20)

Key
tpell
tspigo
those
trelief

Lpel
0

48

_/ B

k-
nose

thickness of bell section of joint

¢ thickness of spigot section of joint

thickness of pipe at end of spigot section

minimum thickness of pipe at relief in spigot section

length of contact between bell and spigot ends

angl

e of pipe taper

Figure D.10 — Critical dimensions for taper-by-taper and threaded joints
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Joint 1 is a threaded joint that has been qualified through testing. Joint 2 is a threaded joint that meets
the requirements of Annex E. Joint 2 shall be considered qualified without testing if the scaling rules for
taper-by-taper adhesive joints is met and the following scaling rule is met.

t t

relief2 relief,1 (D.21)
MPR, xID, _ MPR, x D,

NOTE 1  Shear stress presents a unique problem for taper-by-taper adhesive bonded joints. Because the wall
thickness is less at the lower pressure rating, the shear stress of the joint is typically highest for the lowest
pressure rated component. These scaling rules can require both low pressure rating and high pressure rated

joings-te-be-tested:

NOTE 2 In some cases, the manufacturer might wish to test a fitting with a higher-temperature|MPRyx than
the pipe. This might occur on a pipeline project with a minimal number of fittings in order to rhiniimizg the testing
cosfs of the fittings. This can result in a change in the geometry of the joint.
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Annex E
(normative)

Representative products

The components to be tested can be any combination of diameter and pressure class. The range of

e S T I
refer to thp size and MPR of the product that has been tested. DN, and MPR; refer to the sizes fand
pressures pf the products that may be considered represented by DN1 and MPRj. These formulae|are
also summprized in Table E.1. Figures E.1 and E.2 provide examples.
DN:

If DN1 £ 300:

0 <DN, <1,6xDN; (E.D

If DN1 % 300:

0,5xDN; <DN, <1,6xDN; (E.2)
MPR:

If MPR{ < 50 bar:

0 <MHR, <1,6xXMPR; (E.3)

If MPR{ > 50 bar:

0,5xMPR, <MPR, <1,6xMPR; (E-4)
DN x MPR:

DN, xMPR, <ON, xMPR, (E.5)
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Table E.1 — Qualification ranges

Product that has been tested Products that are considered represented by DNy and MPRy

DN1 > 300

MPR1 > 50 bar

O,5><DN1 <DN, < 1,6><DN1

and

0,5><MPR1 < MPR, <£1,6 xMPR;
and

DN, x MPR., < DN, x MPR,

DN} <300 Same as above except no limit on minimum DN:
DN, < 1,6 % DN,
and
0,5x MPR; < MPR, <1,6 xMPR;
and
DN2 X MPR2 < DN1 X MPR1
MPR1 < 50 bar Same as above except no limit-en minimum MPR:

0,5><DN1 < DN2 < 1,6><DN1
and

MPR, < 1,6 XMPR,

and

DN, xMPR, < DN, x MPR,

MPR

Representative Products

30 ]

54— -]

20 4——t N ]
DN 350, 1,6 MPa
54Nt S — — ]

N4+ — - - TS —

54— -] -

0,0 I I I I I I

DN

Products represented by DN; and MPR; —&— Product that has been tested

Figure E.1 — Example where DN; = 350 mm and MPR; = 1,6 MPa
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Representative Products

D s
0 4+——————
BB N
e
-9 DN 250,12 MPa
=
1T K"ml _____
5 SR S g S S S
0 I I I I I I I ! I
0 50 100 150 200 250 300 350 400 450
DN
Products represented by DN1 and MPR, —&— Product thathas béen tested
Figure E.2 — Example where DN = 250 mm andMPR; = 12 MPa
NOTE The concept of a product family, product sectors, product'sector representatives and compopent

variants that was used in ISO 14692-2:2002 is not used in this doeunient. For a comparison, the concept in|this
annex might be referred to as a floating product sector wherg(the component to be tested is defined by] the
manufacturer and the corresponding product sector is defined by this annex. This concept removes the burd¢n of
testing spedific sizes and pressure classes and gives more. flexibility to the manufacturer while maintaining the
rigour of a rjobust qualification programme.

Representlative product types

A represerftative product type is a compoherit type that is taken to be representative of a particfilar
series of pjoducts having the same function (e.g. plain pipe, pip/joint, bend, etc.).

Representative product types shall-atleast include:

a) plain gipe;

b) pipe ]T]us joint. Each-type of joint (e.g. taper/taper adhesive bonded joint, conical/cylindifical
adhesive bonded joint/laminated joint, elastomeric bell-and-spigot seal lock joint, threaded jqint,
saddlef) shall be taken as a separate representative product type;

c) elbowg;

d) reducdrs;

e) tees;
f) flanges;

g) fabrication processes used in the factory or on-site that are not qualified as part of the process for
manufacturing stock items.
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Annex F
(normative)

Flange qualification

F.1—Qualification procedure for flanges

F1{1 Testoverview

Thg manufacturer shall conduct the following four tests to qualify flanges:

a) |asurvival test;

b) [a 10-cycle pressure test;

c) |avacuum test;

d) |a combined load test.

The third test, the vacuum test, is optional for those flanges that are not rated for vacuum
norlexternal pressure.

F.1{2 Survival test

Thg manufacturer shall conduct survival tests.gn flanges in accordance with 5.3.1.

To gnable sealing at the elevated temperatutre and/or pressure levels, a higher rated gasket/s
usef. The machining of a groove in the GRP flange to seat and seal an o-ring gasket is accept
Flamges are allowed to show damage_(e.g. cracking in the neck of the flange, or between the
as lpng as they pass the survivalitest without failure (i.e. the spool is able to maintain pressy
lealtage).

In case of leakage past the flange face, the test may be interrupted to seal the flanges by inc

bolf torques to an appropriate value. Testing may then be continued to the required test dur

F1{3 10-cyclepressure test

In

and F.2 previde examples of the test assembly. The test assembly shall be assembled using
and| bolt'\torque as recommended by the supplier. The test assembly shall then be subje

dition tothe survival test, the manufacturer shall also conduct a 10-cycle pressure test.

conditions

eal may be
hble.

bolt holes),
re without

reasing the
htion.

Figures F.1
the gasket

cted to 10

pregsure cycles from 0 bar to 1,5 x MPRyx. Testing shall take place at ambient conditions o facilitate

inspectlon. une Cycle snall consist OI:

a)
b)

)

a steady pressurization of the test assembly to 1,5 x MPRyy,
a 5 min period where the spool remains at 1,5 x MPRxy, and

full pressure release.

Leakage past the gasket, or through the flanged spool, at any point of the test shall constitute failure. If
leakage past the gasket occurs, it is permitted to increase the recommended bolt torque for the flanged
joint and re-start the cyclic test sequence from the beginning.

©IS
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1\ /2 1\ /2

/\ /\

Key

1  steel blind flange

2 GRP flapige

Figure F.1 — Sample arrangement for 10 cycle pressure test
1
AN AN
Key
1 GRP flapge

Figure F.2 — Sample arrangement for-10 cycle pressure test

F.1.4 Vagtuum test

Upon succgssful completion of the 10-cycle préssure test, a vacuum test shall be conducted on the same
test assemply for 1 h at a negative pressute of -0,05 MPa (0,05 MPa absolute). Up to 30 min may be
allowed to|stabilize the negative pressure.-The maximum permissible pressure increase during theg 1 h
period shall be 0,01 MPa.

For flanged that are not rated foryvacuum conditions nor external pressure, the vacuum test is optignal.
If the vacupim test is not conducted, the manufacturer shall specify that the flange(s) are not qualified
for vacuunj conditions nor extérnal pressure.

Upon completion of théwdcuum test, the test assembly shall be disassembled and the flange(s) shall
be visually inspected\for any signs of damage. Any cracks or structural damage (e.g. cracking in|the
neck/between bolt-holes) to the flange shall constitute failure.

The manuffacturer shall have the option of performing the first three tests (the 10 cycle pressure fest,
vacuum te i is wi i nd
vacuum test to be executed satisfactorily first, followed by the survival test.

F1.5 Combined loading test

The fourth test that the manufacturer shall conduct is a combined loading test which is a survival test
with a bending moment applied to a flanged connection (see Figure F.3). The pressure applied in this
test shall be half of the pressure applied in the survival test (R = 2 condition). The weight applied shall
create additional bending stress to generate an Riest ratio between 0,5 and 1,0. The weight applied
should account for the mass of the spools, the mass of the test fluid and Wy.
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VAN
L
Key
1 steel blind flange
2 GRP flange
3 weight
4 gasket
L length between supports
D | nominal diameter of test sample

Wwm| external mass applied to test sample
Figure F.3 — Sample arrangement for combined loading test

Dudq to the complexity of the test, the manufacturer shall.conduct this test at 21 °C (for GRE, GRUP
and GRVE).
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Major Poisson’s ratio

G.1 General

The major [Poisson's ratio, vap, shall be determined by measuring elongation in a pipe sample subjeq
to an unregtrained hydrostatic pressure and calculating v,y using Formula (G.1):
K 6 E_x4xt. .
v, X =05%1-—2x2 o (
! h L P Dr,min
where
0a change in length, expressed in mm;
L length of the test assembly, expressed in mm;
P internal pressure applied to the test assembly, expressed in MPa;
E; axial tensile modulus, expressed in MPa;
tr,min minimum reinforced pipe wall thickness,(@xpressed in mm;
Drmin| mean diameter of the minimum reinforced pipe wall, expressed in mm.
NOTE For stress, this document uses mean.diameter (Drmin) for hoop calculations. This is very close td
thick wall stress, so it is higher than the thin-wall stress. Thin-wall stress is more accurately calculated |

the pipe ID npot the mean diameter. For detexmining the vp, elastic property, it can be simpler to use ID insted
Dy min. This|can provide a reasonable estinrate of the average hoop stress for properly predicting hoop mod
inate variation from varieus-D/t ratios, but can introduce some error in the value of v,5. Howeve

ISO 14692-3, Dy min is being used<This can require consideration of measuring vp, at different D/t ratios.

G.2 Apparatus

G.2.1 Hyfdrostatic'test system. Any device that is capable of applying a constant internal pressur

ted

G.1)

the
5ing
d of
lus
r, to

sistency in the formulae bétween elastic properties in this document and the stress calculations in

P ONn

the test specimen: The device shall be capable of holding the pressure within *2 %. The test specifnen

shall be unfestrained to allow for biaxial loading (i.e. "free" ends).

G.2.2 Pressure gauge. A pressure gaue having an accuracy of +2 %.

G.2.3 Extension indicator. A suitable instrument for determining the distance between the end po
on the test specimen.

NOTE If the test specimen is 5,0 m in length, it is anticipated that the extension indicator will need to be
to measure the length change with an accuracy of +0,5 mm.

ints

able
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G.3 Test specimen

The test specimen shall be a section of pipe at least 5,0 m in length. End closures on the test specimen
shall allow for biaxial loading (i.e. “free” ends). Diameter, wall thickness and MPR of the test specimen
shall be selected by the manufacturer.

NOTE

Longer lengths will generate greater length changes.

There shall be a total of at least three specimens tested.

The section of pipe needs to be of a sufficient length in order to generate a significant length change.

G.4
The

A c}
sha

The
a)

b)

g)

h)

Tabfe G.1 summarizes the length changes as a function of applied pressure.

Procedure
test shall be conducted at ambient temperature.

ange in temperature during the test will contribute to alength change in thespecimen. Te
1 be held constant during the test.

test shall be conducted in accordance with the following procedure;

Determine ¢trmin in accordance with 7.2.8. Determine Dpminvin accordance with
ISO 14692-1:2017, Annex E.

Measure the length of the test specimen. Specify this length/as L1.

Attach the end closures to the specimen and attach the'specimen to the hydrostatic test
the test specimen completely with potable water-Ensure that there is no entraped air
specimen.

Condition the specimen as follows: Sampleszare to be subject to an internal pressure te
for 168 h with unrestrained ends.

Increase the pressure uniformly to MPR1.
Measure the length of the test specimen. Specify this length as L2.

NOTE1 It can be necessary-to allow the test specimen to “stabilize” at each test pressure. Cg
may be given to holding the.tést pressure for a short period (e.g. 15 min), then measuring the L2
a period of time (e.g. every 10 min for a total of 30 min) and calculating L2 as the average of
results.

Increase the pressure uniformly to 2,0 x MPR71. Measure the length of the test specim
this length as L.3.

Increasé€ the pressure uniformly to 3,0 x MPR»1. Measure the length of the test specim
this length as L4.

mperature

ystem. Fill
in the test

bt at MPR21

nsideration
length over
those three

en. Specify

en. Specify

NOTE 2

The pressure force on the unrestrained ends of the test specimen will lengthen the test specimen

while Poisson's effect will shorten the test specimen. The net effect is an increase in length of the test specimen.

Repeat the above procedure for all three test specimens.

Calcuate vy, as an average of all 18 length changes and pressures (six per test specimen).

© IS0 2017 - All rights reserved
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Table G.1 — Summary of length changes and pressures for one test specimen

oA P
L2-L1 MPR21
L3-L1 2,0 x MPR21
L4-11 3,0 x MPR1
L3-L2 MPR21
L4-L2 2,0 x MPR21
L4-L3 MPR21
NOTE 3 veraging the results using all six length changes per test specimen assumes the length redudtion

due to Poisqon's effect is linear. The manufacturer might wish to evaluate the linearity of the calculations when

analyzing the results.
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H. ‘g .
H.jl.l Fire classification code overview

ducts shall be assigned a fire classification code. The fire classification code is,afive-field number:
-C/xxx-(D-E) where service function A, fire type B, integrity C, spread of firéard heat release D and
ke obscuration and toxicity E are assigned prescribed levels in decreasinglorder of seveity.

Pro
A-B
sm(

A

1SO 14692-2:2017(E)

Annex H
(normative)

Fire endurance testing

= service

= DE: dry or empty

= DF: initially dry or empty for minimum of 5 min folloWed by flowing water
= ST: stagnant water

= SF: initially stagnant water for minimum of.5:min followed by flowing water
= WF: flowing water

= FG: flammable gas

= HL: hydrocarbon liquid

= OC: other chemical

= fire type

= JF: jet fire

= HF: hydroeatbon pool fire

= IF: hydrocarbon impinging flame

= CF:cellulosic fire

= integrity

©IS

= EA: capable of maintaining the test pressure without leakage during or after the test

= EB: no leakage or slight weeping during the fire test

Capable of maintaing the test pressure after cooling with leakage not exceeding 0,2 1/min for

15 min.

= 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 to be

quantified).

02017 - All rights reserved
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= ED: leakage permitted (20,5 1/min ) during fire test

Capable of maintaining the test pressure after cooling with known leakage (leakage rate to be
quantified).

= EE: leakage permitted (20,5 1/min) during fire test
Pressure that can be maintained after cooling with known leakage to be quantified.

= EF: no endurance required

D = surface spread of flame and heat release
= 1:[no spread of fire permitted
= 2:[representative of confined areas where spread of flame is required to be limited

Properties to satisfy IMO Resolution A.653(16): Qcrg = 20,0 kW/m2,
Qsb £ 1,5 M]/m2,0¢< 0,7 MJ, Qp < 4,0 kW

= 3:|representative of areas where spread of flame is required to be liniited
Properties to be quantified using the procedures in IMO ResolutionA.653(16).
= 4:|no spread of fire requirement

E = smoke obscuration and toxicity
= 1:|no emissions of smoke nor toxicity permitted
= 2:|representative of confined areas where leviels are to be limited

Properties not to exceed IMO MSC.61(67); Annex 1, Part 2: Dy, <400, CO <1 450 ug/g,
HClk 600 pg/g, HCN < 140 pg/g, HF <600 pg/g, NOyx < 350 ug/g, HBr < 600 pg/g,
SOz 120 pg/g

= 3:|representative of areas whére smoke obscuration and toxicity are required to be limited
Properties to be quantified using the procedures in IMO MSC.61(67), Annex 1, Part 2.
= 4:|no smoke obscuratien nor toxicity requirement

When meapuring integrity/the test pressure shall be the design pressure.

The /xxx paramet€r)is the duration over which the pipe is qualified to function under the fire pnd
service corlditions, measured in min.

NOTE ben 'measuring integrity, slight weeping is not quantitatively defined, but is to be determined py a

laboratory thatmreets ISG/’IEC T7023:

H.1.2 Fire endurance

When specified by the principal, pipe components shall be tested in accordance with this annex at a
laboratory that meets ISO/IEC 17025, acceptable to the authority having jurisdiction. This applies to all
pipe and fittings intended to be used, methods of joining, and any internal or external liners, coverings
and coatings required to comply with the performance criteria.

H.1.3 Surface spread of flame and heat release
When specified by the principal, surface spread of flame and heat release shall be evaluated in

accordance with IMO Resolution A653(16). Modifications, to take account of the curved surface of the
pipe, in accordance with IMO Resolution A753(18) may be made.

60 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a0a918e3c22059b0a65d31ee3ab768ff

1SO 14692-2:2017(E)

H.1.4 Smoke obscuration and toxicity

When specified by the principal, smoke emission, obscuration and toxicity shall be evaluated in
accordance with IMO MSC.61(67), Annex 1, Part 2. Modifications, to take account of the curved surface
of the pipe, in accordance with IMO Resolution A753(18) may be made.

H.2 Test procedures

This test method covers the determination of the fire endurance of GRP pipe, fittings and joints. The
test pressure shall be the design pressure.

Thg number and dimensions of test specimens, as well as requirements for the qualificatior of a range
of piipe diameters, shall be in agreement with the authority having jurisdiction.
NOTE1 Unlike internal pressure testing, it is often acceptable to extrapolate fire endurance test results to
larger sizes. For example, if a fire endurance test was conducted in the 150 mm size, thisimay be us¢d to qualify
sizep from 150 mm to 300 mm. Conversely, the test result in the 150 mm size may 10t be used to qualify sizes
smaller than 150 mm.

NOTE 2  Above 300 mm, it becomes less practical to test GRP in a fire enddrance test due to the sige of the test
equlpment required to conduct the test.

The test configuration is determined by the fire type, which may/be any of the following:
— |jet fire;
— [furnace fire (hydrocarbon pool fire);

— |impinging flame.

The fire type and test configuration shall be inaccordance with H.4.1, H.4.2 or H.4.3.

The fire test procedures defined in H.5,allow the pipe to be tested under any of the follpwing flow
confditions:

— |dry pipe;

— |pipe initially dry for 5 min,)then flowing;

— |pipe filled with staghant water;

— | pipe initially stagnant for 5 min, followed by flowing water;

— |pipe with flewing water.

H.3 Testspecimen and set-up requirements

anaral

H 21 rad
0L OoeTIcTar

The test specimen shall be prepared with the joints, fittings and fire-protective coverings, if any,
intended for use in the proposed application.

It is recognized that the joint can be the primary point of failure and therefore, a straight joint may be
considered representative of all bends, elbows and tees of equal or greater wall thickness, provided the
construction and constituent materials are the same.

A flange joint is typically used to connect the GRP piping to metallic valves or fittings, and shall be
tested as such. A suitable test arrangement includes a test specimen incorporating GRP pipe with a
GRP flange connection to a metallic valve body. Alternatively, a valve body may be simulated by an
equivalent hollow metal block of similar mass and surface area.
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A test specimen incorporating several components of a piping system may be tested in a single test. A
suitable arrangement may comprise an inverted L-shaped specimen with vertical pipe on centreline of
box connected to horizontal pipe by an elbow.

NOTE

Testing in an impinging flame or hydrocarbon pool fire per IMO A.753(18) may not allow the inclusion

of several components in a single test. The impinging flame test in IMO A.753(18) is typically designed to allow
the testing of a section of pipe, a joint and flanges on each end of the specimen.

If the piping material, fire-protective coating or covering contains or is liable to absorb moisture, the test
specimen shall not be tested until the insulation has reach an air-dry condition. This condition shall be
defined as equilibrium with ambient temperature of (23 * 2) °C at 50 % relative humidity. Accelerated

conditionifig 1s permissible provided the method does not alter the properties of component materi

If the pipin
shall be pr]
specimen i

If applicable, a pressure-relief valve shall be connected to one of the end closures ofthe system.

Instrumen
leakage ra
of being rg
temperatu
internal w

If the testi
hazardous

H.3.2 Jet/fire testing

The test sp
box with a
of any fire
constructi
its structu
testing. Th
completely
the sides/t

Thermocotiples may be moufited within the box or its structure to record temperature condit

during the

If metal co
shall be ar

g is to be tested dry, the test will require the use of a nitrogen tank with regulatén Me
pvided to record the pressure inside the pipe and the nitrogen flowrate into and eut of
h order to indicate leakage.

fation shall be provided to record fuel flowrate, water pressure, water flowrate and w.
fe from the pipe assembly or individual components. The pressure gauge shall be cap
ad with an accuracy of 5 %. Thermocouples may be mounted«on the specimen to rec
Fe conditions during the testing. A thermometer or thermogouple may be used to meas
\ter temperature.

5 carried out indoors, the test building shall be suitabljreonstructed in order to ensure th
amount of heat or smoke does not accumulate duringor after the test.

ecimen shall be positioned at the front of-the opening of an open-ended, non-insulated s
closed back panel, see Figure H.1. The internal dimensions of the box, prior to the applica
protection material, are 1,5 m x 1,5 m x 0,5 m. All joints of the box shall be of wel
n and shall be gas-tight. Suitable'auxiliary equipment shall be attached to the box to asg
ral stability and to prevent any transient ambient conditions from significantly affecting
e purpose of the box is to pravide a “backstop” to the flame and cause swirling of the fir
engulf the sample and simulate the erosion effects. The specimen shall extend 0,75 m ou
bp/bottom of the test boxjas applicable.

testing.

ponents suehas a flange or deluge nozzle are incorporated in the piping system, the sys
ranged sucli that the metal component is put in an area of high heat flux.
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\

|/ _ N

Key
steel box

GRP pipe under test
jet fire

Figure H.1 — General view of jet fire testing

H.3.3 Furnace and impinging flame testing
The pipe ends and closures may be outside the furnace:

If the general orientation of the specimen is horizontal, it shall be supported adequately.|One of the
supports may be fixed while the others shall allow free movement (horizontally and laterally]). V-shaped
pip¢ supports shall be considered suitable.

NOTE Fire testing of water-filled pipes’ in closed furnaces carries the risk of possible explosign, although
pasttesting has demonstrated that thisitést configuration can be carried out safely even if there is a rppid release
of wjater into the hot furnace.

Dimensions inf millimetres
15004100

800450

aafalafad

A 1A AN

7N AN

125+10

Figure H.2 — General view of impinging flame test arrangement

H.4 Fire specification

H.4.1 Jetfire

A propane vaporization and propulsion system shall be used which is capable of delivering
0,3 kg/s + 0,05 kg/s flowrate under controlled conditions into a “backing box” which has the test

© IS0 2017 - All rights reserved 63


https://standardsiso.com/api/?name=a0a918e3c22059b0a65d31ee3ab768ff

ISO 14692-2:2017(E)

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.

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

Prior to conducting the test, calibration runs of the gas flowrate controls shall be conducted.

A small “pilot” flame may be started to assure safe ignition of the fuel prior to full flow being established.

Fuel flowrate shall be increased to 0,3 kg/s + 0,05 kg/s. Timing of the test shall begin when the specillnen
Ifed. Fully controlled flow shall be established within 30 s of the start of the test,

his medium-scale jet fire test is based upon HSE document OTI 95 634. The test is donsidered to
simulate th¢ two key conditions of the full-scale jet fire, i.e. heat flux and velocity. The test is-able to reprotuce

ing
the flame iffto an open-fronted, square, steel test box. The box, of dimensions 1,5 m x 1,5u/% 0,5 m, generafes a
flame of 2 m diameter in front of the rear box. The high velocity is obtained by placing the no7zles
close to the[specimen under test. The test has been shown to reproduce the conditions“measured in large-gcale

The test pfocedure covers both hydrocarbon and cellulosicAire curves, although the hydrocarbon|fire
curve is applicable to most offshore situations.

This test method is intended to provide a basis forevaluating the time period during which GRP
pipe will cpntinue to perform its intended functioh when subjected to a controlled standardized [fire
exposure.

H.4.2.2 Hydrocarbon fire curve

The set-up|and control of the fire test\shall be as specified in ASTM E1529-14, Clauses 6 to 11 or ifp an
equivalent|standard acceptable tothe authority having jurisdiction.

NOTE The exposure conditions’in ASTM E1529 simulate the condition of total continuous engulfment|of a
pipe or pipihg system in the ldminous flame (fire plume) area of a large free-burning hydrocarbon pool fire.[The
test is requjred to provide<@an average total cold-wall heat flux on all exposed surfaces of the test specimer}s of
158 kW/m?2| This heat flux’is attained within the first 5 min of test exposure and maintained for the duratign of
the test. The temperatuke of the environment that generates the heat flux is required to be at least 815 °C {fter
the first 3 njin of the'test and to be between 1 010 °C and 1 080 °C at all times after the first 5 min.

H.4.2.3 (ellulosic fire curve

The set-up and control of the fire test shall be as specified in ISO 834-1 or to an equivalent standard
acceptable to the authority having jurisdiction.

H.4.3 Impinging flame

The apparatus shall comprise a burner which produces an air-mixed flame. The inner diameter of the
burner heads shall be 29 mm. The burner heads shall be mounted in the same plane and supplied with
gas from a manifold (see Figure H.2). Each burner shall be equipped with a valve, if necessary, in order
to adjust the flame height. The height of the burner stand shall also be adjustable.

The distance between the burner heads and the pipe shall be maintained at 125 mm * 10 mm during
the test. If the test specimen includes a fitting or joint, consideration shall be given to increasing the
distance between the top of the burner heads and bottom of the pipe in order to prevent the distance
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