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Foreword

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.

The proced

e are

described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

Attention is flrawn to the possibility that some of the elements of this document may,be the subject of

on the ISO lis

Any trade ng
constitute ar

For an expl
assessment,
Barriers to T

The commit{
transport of |

This third
technically 1

evised.

4. ISO shall not be held responsible for identifying any or all such patentrights. Detils of
ights identified during the development of the document will be in the Introduction and/or
t of patent declarations received (see www.iso.org/patents).

me used in this document is information given for the conveniéence of users and dogs not
endorsement.

ination on the meaning of ISO specific terms and <expressions related to conformity
as well as information about ISO’s adherence to the WTO principles in the Technical
rade (TBT) see the following URL: Foreword - Supplementary information.

ee responsible for this document is ISO/TG:138, Plastics pipes, fittings and valves fpr the
luids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.

edition cancels and replaces the.second edition (ISO 8513:2014) which has|been
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Introduction

Although this International Standard was revised in 2014, it was found necessary to again revise
to correct several small errors in presentation and to revise the allowable testing speed (crosshead
movement) range. A review of ISO testing standards for glass-reinforced thermosetting plastics (GRP)
materials and the results of a recent testing program indicated that a testing speed of 2 mm/min to
5 mm/min is more appropriate. Also, evidence was presented that method C, the plate method, lead to
results that were frequently from shear failures rather than tensile failures and lead to a falsely high
prediction of Longitudinal Tensile Strength. Method C has been removed from this edition. Also, the
term “Apparent” was removed from the title as it seemed to have no clear meaning.

© ISO 2016 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 8513:2016(E)

Plastics piping systems — Glass-reinforced thermosetting
plastics (GRP) pipes — Test methods for the determination
of the initial longitudinal tensile strength

1 S

cope

This [International Standard specifies two test methods for determining the longitu
propdgrties of glass-reinforced thermosetting plastics (GRP) pipes. The propertjes.w

deter

ined are

— the longitudinal tensile strength, and

— the percentage ultimate elongation.

Meth
Meth

Meth
filam

pipes

Meth
includ

Resul
meth

Anne
thin-y

NOTE
Due t
modu
and/o

2
For th

2.1
helic

pd A uses, for the test piece(s), a longitudinal strip cut from a pipe.
pd B uses a specified length of the full cross-section of the pipe.

pd A is applicable to pipes with a nominal size of DN 50 or greater with circumferen
bnts, with or without chopped glass and/or woven revings and/or fillers, and to cent
It is applicable to pipes with helically wound filaments with a nominal size of DN 20

d B is applicable to all types of GRP pipe. It is usually used for pipes with a nominal g
ling DN 150.

[ts from one method are not necessarily_equal to the results derived from any of th
bds. However, all methods have equalfvalidity.

k A describes additional considerations for method B that have been found useful for
valled helically wound pipesand can be used to supplement the basic text.

This International Standard does not address the determination of longitudinal ter
b the multi-layer construction of many GRP pipes, the accurate measurement of strain,

us determination, can\be very difficult. If it is desired to determine longitudinal modulus,
r SO 527-5.

erms and-definitions

e purpeses of this document, the following terms and definitions apply.

dinal tensile
hich can be

tially wound
rifugally cast
D or greater.

ize up to and

e alternative

rhe testing of

sile modulus.
necessary for
see ISO 527-4

al wound

refers to filament-wound pipes made with a balanced winding angle

Note 1 to entry: Sometimes called cross wound.

2.2
longi
oLA*
oLB*

tudinal tensile strength

maximum tensile force in the longitudinal direction per unit mean circumference at failure

Note 1 to entry: It is expressed in newtons per millimetre of the circumference (N/mm).

Note 2 to entry: The subscripts A and B denote the method of test used.
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mean circumference
circumference corresponding to the mean diameter multiplied by m (m = 3,141 6)

Note 1 to entry: It is expressed in millimetres.

2.4

mean diameter

dm

diameter of the circle corresponding with the middle of the pipe wall cross-section

Note 1 to entr

a) theaverd
b) the exter
c) theavera

Note 2 to entr]

2.5

ultimate lor

OL,ULT
maximum lo

Note 1 to entr]

2.6

ultimate elqg

€L
elongation c

Note 1 to ent
measurement

Note 2 to entr]

3 Princiy

y: Itis given by any of the following:

oe of the external diameter of the pipe minus the average of the wall thickness;
hal circumference of the pipe divided by 1 (1 = 3,141 6) minus the average of the wall thickng
oe of the internal diameter of the pipe plus the average of the wall thickness.

y: It is expressed in millimetres.

gitudinal tensile stress

hgitudinal tensile force per unit cross-sectional area at failure

y: [t is expressed in newtons per square millimetre (N/mmy.

ngation

dpincident with the ultimate longitudinaltensile stress

of the movement of the tensile testingsmachine cross-heads.

y: It is expressed as a percentage.of an initial gauge length or free length of a test piece.

e

"'y: For the purposes of this Internatignal Standard, the measurement of elongation is limited to

Test pieces fomprising eithérystrips cut longitudinally from a pipe wall segment (method A} or a

specified lenpgth of pipe (méthod B) are subjected to extension in the longitudinal direction at a coppstant

speed such that fracture.gccurs within a specified time.

The tensile gropertieés‘are determined using the initial dimensions of the test piece, the tensile [force,

and the cros$-head’movement.

NOTE It is—assumed that the following test parametersare set by the standard making reference to this

International Standard:

a) the methods to be used, i.e. method A or method B;

b) the number of test pieces (see 5.4);

c) if applicable, the requirements for conditioning, e.g. temperature, humidity, time, and associated tolerances
(see Clause 6);

d) the testtemperature and its tolerance (see Clause 7);

e) the properties to be measured (see Clause 8).

2 © IS0 2016 - All rights reserved
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4 Apparatus

4.1 Tensile-testing machine, of the constant rate of cross-head movement type, incorporating the
following features:

a) afixed part, fitted with a grip to hold one end of the test piece without permitting any longitudinal
movement thereof, and a moveable part, incorporating a grip to hold the other end of the test piece
during extension [the fixed and moving parts and their associated grips (see 4.2) shall enable
the test piece to be aligned when a force is applied so that its longitudinal axis coincides with the
direction of this force];

b) a[drive mechanism, capabte of IMparting a constant Speed (Se¢ 8-3) to the moving pary;

c) alforce indicator, capable of measuring the force applied to a test piece which is*held in the grips
(the mechanism shall be free from significant inertia lag at the necessary.speed of testing and
hall indicate or record force, or consequent stress, with an accuracy of within'+1 % of the value to
e measured);

oW

d) almeans to measure the cross-head movement as a function of the applied load.

4.2 |Grips, for holding the test piece.

Each pf the two grips shall be capable of holding one end of thé test piece without slip or cfushing to an
extenft that will affect the results obtained. Grips which tighten automatically might be suitable. Typical
gripsffor a pipe section test piece (see 5.3) are shown in Figure 1.

1 2 3 L 5

Wt o I mv“”\si’%” |
722 |

= ==

4 S

Key

1 njandrel

2 s¢gmented grips
3 sleeve

4  re¢inforcing band
5 tgstpiece

Figure 1 — Typical grips for a pipe section test piece (method B)

4.3 Dimension measurement devices, capable of measuring the necessary dimensions of the test
piece (e.g. length, width, wall thickness) to an accuracy of half the accuracy required in Clause 8 for
measurements, e.g. a measuring accuracy of +0,1 mm requires a device accuracy of +0,05 mm.

5 Test pieces

5.1 General

The test piece shall be a strip or dumbbell conforming to 5.2, or a pipe section conforming to 5.3.

© IS0 2016 - All rights reserved 3
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e shall be obtained in such a way that it is not damaged.

The test piece width guidelines might, of necessity, need to be altered for thick wall pipes to smaller
values to reflect the testing machine capacity. This is due to some GRP pipes being made in very high
thickness to address high pressure and large diameter applications. The testing of such narrower

samples will

lead to a more conservative indication of strength for thick wall pipes.

For thick wall test pieces, it might also be necessary to clamp the specimen on the cut cross-section
sides to allow the specimen to fit into the testing grips.

For pipes with a layered wall construction, it might also be necessary to reinforce the gripped ends to

obtain a mor

For pipes re
necessary to
of layers of r

NOTE Th
specific ring |

5.2 Strip

5.2.1 Shay

Each test pig
dimensions
as shown in ]

5.2.2 Dim

5.2.2.1 Le
The length, I

5.2.2.2 Shaped strip

The gauge le

e even distribution of tensile force.

nforced in the axial direction with tapes, fabrics, or mats of a fixed width, itmig
increase the test sample length to ensure that a cross-section with the minimumn ny
pinforcement (the apparent lowest strength area) falls within the gauge length.

e test pieces for method A can be cut from a ring previously used for the determination of the
tiffness.

est piece (method A)

e

ce shall be a strip cut in the longitudinal direction.0f'the pipe and either shaped
f the applicable dumbbell as shown in Figure 2 ore@,parallel-sided (rectangular) test

»

Figure 3.

bnsions

hgth

of the test piece shall be (300 +%15) mm (see Figure 2 and Figure 3).

hgth, [, of the test pieéce'shall be as follows (see Figure 2):

ht be
mber

initial

o the
piece

100 mm g Ig < 150 mm (@8]
The radius, R, shall bemachined to conform to the following limits (see Figure 2):

50 mm <|R < 70, mm (2)
The width, bg, of the test piece within the gauge tengthn shail contorm to the following requirements
(see Figure 2 and 5.2.1):

bg = (10 £ 1) mm for DN < 150 (3)

bg = (25 £ 1) mm for DN > 150 4)
The total width, b, of the test piece shall conform to the following requirements (see Figure 2):

b= (18 £ 2) mm for DN < 150 (5)

© ISO 2016 - All rights reserved
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b = (40 = 2) mm for DN > 150 (6)

The above width guidelines might need to be reduced to accommodate thick wall pipes (see 5.1).
l

{ G z =
A 1
o e 'y
L /K
R
A-A (2:1)
| e———— SIS, m——— |
e M I Sovnin——
—_——— T l I —
Key
1  c¢ntroid of gauge length cross-section
2 ehds built up with plain or reinforced thermoset resin and trinimed flat and parallel, if required

e  wall thickness

[ t¢gstsample length

I gpuge length

b  tqtal test sample width
bg width of gauge length
R r4dius

s

Figure 2 — Shaped test piece dimensions (method A)

5.2.2{3 Parallel-sided strip

The width, bg, of the test piece within the gauge length shall conform to the following flequirements
(see Higure 3). The gauge length, [, shall be the non-built up area between the grips.

The width, b (equal to the gauge width bg), of the test piece shall be as follows (see Figure 8):
b¢ = (10, 1) mm for DN < 150 (7)

bg=1{25% IJmm for DN > 150 (8)

The above width guidelines might need to be reduced to accommodate thick wall pipes (see 5.1).

© IS0 2016 - All rights reserved 5
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|>

‘\’%w

ke
oL

A2

Key
1 centroid ¢f gauge length cross-section
2 ends builf up with plain or reinforced thermoset resin and trimmed flat and parallel/if required
e  wall thicKness
| testsample length
I gauge length
b  test sample width = gauge width bg
Figure 3 — Parallel-sided strip test piecé<dimensions (method A)
5.2.3 Use pf built-up ends

Unless grips
utilize built-
thermosettiy

When cured
length cross:;
when grippe

(see 4.2) with close-fitting curved jaws are to be used, and if the manufacturer ele]

g resin with or without reinforcement.

machine the built-up ends flat and parallel and ensure that the centroid of the
section (see Figure 2 and’Figure 3) will lie on the loading centreline of the testing m4
d.

5.3 Pipe dection test pieces (method B)

Each test pie

ce (see Figute 1) shall be a full section of the pipe with a minimum length of 450 mm

5.4 Num

er-0ftest pieces

cts to

ip ends, build up the thickness 0fjthe test piece ends over the grip length with a sufitable

bauge
chine

The number

oI test pieces shall be as specitied In the referring standard.

6 Conditioning

Unless otherwise specified in the referring standard, store the test pieces at the test temperature (see

Clause 7) for

atleast 0,5 h prior to testing.

7 Test temperature

Conduct the applicable procedure given in Clause 8 at the temperature specified in the referring standard.

© ISO 2016 - All rights reserved
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8 Procedure (methods A and B)

8.1 For a strip test piece (method A), measure and record to the nearest 0,1 mm the wall thickness e
and the widths b and bg, as applicable, of the test piece, at the centre of the gauge length.

For a pipe test piece (method B), measure and record either the internal or the external diameter and
the average wall thickness of the test piece by taking three measurements equally spaced around the
circumference at both ends of the pipe section.

8.2 Place the test piece in the tensile-testing machine (4.1) so that the axial alignment coincides
with the direction of pull and clamp the grips (4.2) uniformly and sufficiently tight to prevent slipping
of the test piece.

8.3 |Load the test piece by separating the grips at a constant speed of between 2 mm/min fo 5 mm/min
and record forces and corresponding elongations at appropriate intervals. Record’the mgximum force
sustalned by the test piece, in newtons.

8.4 |Discard any test pieces which have slipped in the grips and those for which rupture has occurred
outsidle the gauge length, and repeat the test(s) on a corresponding number of test pieces conforming to
5.2,5{3 or 5.4.

NOTE If failures occur outside the gauge length, it is allowed tovinclude such failures if the resplting average
strength is increased.

9 (alculation
9.1 |For strip test pieces (method A)

9.1.1| For each test piece, calculate thé initial longitudinal tensile strength, opa;* in IN/mm of the
circumpference, using Formula (9):

Olai* =~ )

wher

A1

F| isthe maximum force in N;

S
1]

is the gauge width of the test piece, in mm;

~n

is the number of the test piece.

Calcujate'the average initial longitudinal tensile strength, a4 ;* of the test pieces and, if applicable, the
standard deviation.

9.1.2 For each test piece, calculate the percentage ultimate elongation. For all the test pieces, determine
the average percentage ultimate elongation and the standard deviation, if applicable.

9.2 For pipe test pieces (method B)

9.2.1 For each test piece, calculate the initial longitudinal tensile strength, org;*, in N/mm of the
circumference, using Formula (10):

© IS0 2016 - All rights reserved 7
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«_ F

nxdm

OB, (10)

where
F is the maximum force, in N;
dp is the mean diameter (see 2.4), in mm;

i isthe number of the test piece.

Calculate the average initial ]nngihldin:ﬂ tensile erpngfh, app* of the test pieces and if npp]ir‘nh e, the

standard deviation.

9.2.2 For gach test piece, calculate the percentage ultimate elongation, ¢1,;. For all the itest pieces,
determine the average percentage ultimate elongation, 1, and the standard deviation, iffapplicable

10 Test report

The test repgrt shall include the following information:

a) areference to this International Standard, i.e. ISO 8513:2016, and-o the referring standard;
b) all details necessary for full identification of the pipe tested;

c) the test method used, i.e. method A or method B;

d) inthe cape of a strip test piece, whether it was parallel-sided or shaped and whether or not th¢ ends
were bullt-up;

e) the averpge wall thickness and the length of each test piece and other relevant dimensiops, as
applicable;

f) the numper of test pieces;

g) the posifions in the pipe from whichithe test pieces were obtained;
h) the temperature during the tést;

i) therate pfloading;

j) the elapged time to failure;

k) the indiyidual valie(s) for the initial longitudinal tensile strength and/or the ultimate longitydinal
tensile sfress,\the average value and, if applicable, the standard deviation;

1) the indiwi g oF gallg g o was
measured and the average percentage ultimate elongation and, if applicable, the standard deviation;

m) the results of any load/elongation in either graphical or numerical form;
n) adescription of the appearance of the test pieces after testing;

0) any factors which might have influenced the results, such as any incidents or operating details not
specified in this International Standard;

p) the date of the test.
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