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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
ical standardization.
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INTERNATIONAL STANDARD ISO 8513:2014(E)

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

1 Scope

This [nternational Standard specifies three test methods for determining the longitudinal tensile
propdgrties of glass-reinforced thermosetting plastics (GRP) pipes. The properties.which can be
determined are

— the longitudinal tensile strength and

— the percentage ultimate elongation.

Methd A uses, for the test piece(s), a longitudinal strip cut from a pipe.
Methed B uses a specified length of the full cross-section of the pipe.
Meth¢d C uses a notched plate cut from a pipe wall section.

Methed A is applicable to pipes with a nominal size of DN*50 or greater with circumferentially wound
filaments, with or without chopped glass and/or wovenrovings and/or fillers, and to centrifugally cast
pipes| It is applicable to pipes with helically wound filaments with a nominal size of DN 200 or greater.

Method B is applicable to all types of GRP pipe. 1t is usually used for pipes with a nominal dize up to and
including DN 150.

Methed C is primarily intended for use'‘for helically wound pipes with a winding angle other than
apprdximately 90°. This method can also be used for other types of pipe.

Results from one method are not:hecessarily equal to the results derived from any of thie alternative
methgds. However, all methods-have equal validity.

Annek A describes additjehal considerations for method B that have been found useful for the testing of
thin-yalled helically wound pipes and can be used to supplement the basic text.

NOTE This Intebnational test method does not address the determination of longitudinal tepsile modulus.
Due tqthe multi-ldyer construction of many GRP pipes, the accurate measurement of strain, necessaIly for modulus
detertphination,‘can be very difficult. If it is desired to determine longitudinal modulus, it is recoqnmended that
ISO 547-4 andyor ISO 527-5 be consulted.

2 Termsanmddefimitions
For the purposes of this document, the following terms and definitions apply.

2.1
helical wound
sometimes called cross wound, refers to filament-wound pipes made with a balanced winding angle

© ISO 2014 - All rights reserved 1
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1 tensile strength

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

subscripts A,

Note 1 to entr

2.3

B, and C denote the method of test used)

y: Itis expressed in newtons per millimetre of the circumference (N/mm).

mean circumference

circumferenge corresponding to the mean diameter multiplied by m (7 = 3,141 6)

Note 1 to entrjy: Itis expressed in millimetres.

2.4
mean diam
dm

ter

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

Note 1 to entr]

a)
b)

the avera

the exter

thicknesg;

the avera

0)
Note 2 to entr]

2.5
ultimate lor

OL,ULT
maximum lo

Note 1 to entr]

2.6
ultimate elg
€L
elongation c

Note 1 to ent
measurement

Note 2 to entr]

y: It is 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 m (m approximately 3,141 6) minus the average of th

i

e of the internal diameter of the pipe plus the average of the wall thickness.

y: Itis expressed in millimetres.

gitudinal tensile stress

hgitudinal tensile force per unit.cross-sectional area at failure

y: It is expressed in newtons.per square millimetre (N/mm).

ngation

pincident with-the ultimate longitudinal tensile stress

of the movement of the tensile testing machine cross-heads.

yLItis expressed as a percentage of an initial gauge length or free length of a test piece.

3 Principle

e wall

'y: For tlie purposes of this International Standard, the measurement of elongation is limited to

Test pieces comprising either strips cut longitudinally from a pipe wall segment (method A), a specified
length of pipe (method B), or a notched plate cut from a pipe wall section (method C) are subjected to
extension in the longitudinal direction at a constant speed such that fracture occurs within a specified

time.

The tensile properties are determined using the initial dimensions of the test piece, the tensile force,
and the cross-head movement.

NOTE
International

Standard:

It is assumed that the following test parameters are set by the standard making reference to this
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the methods to be used, i.e. method A, method B, or method C;

the number of test pieces (see 5.5);

if applicable, the requirements for conditioning, e.g. temperature, humidity, time, and associated tolerances

(see Clause 6);
the test temperature and its tolerance (see Clause 7);

the properties to be measured (see Clause 8).

Apparatus

Tensile-testing machine, of the constant rate of cross-head movement type incot

following features:

a)

b)

d)

4.2

alfixed part, fitted with a grip to hold one end of the test piece without pefmitting any

ovement thereof, and a moveable part, incorporating a grip to hold the other end of {
during extension (the fixed and moving parts and their associated-grips (see 4.2)
the test piece to be aligned when a force is applied so that its longitudinal axis coinc
diirection of this force);

a|force indicator, capable of measuring the force applied*to a test piece which is helg
(the mechanism shall be free from significant inertig lag at the necessary speed of test

35

easured);

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

Grips, for holding the test piece.

Each pf the two grips shall be capable of holding one end of the test piece without slip or c}
extenft that will affect the results.obtained. Grips which tighten automatically might be sui
grips|for a pipe section test pie€e)(see 5.3) are shown in Figure 1.

a|drive mechanism, capable of imparting a constant speed-(see 8.3) to the moving part;

4
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N

mandrel
segmentg

1

2

3  sleeve
4 reinforcin
5

test piece

4.3 Dimen
piece (e.g. le

measurements, e.g. a measuring accuracy of +0,1 mm requires a device accuracy of £0,05 mm.

5 Testpi

5.1 Gener

The test pied

plate conforming to 5.4.

The test piec

The test pieq
values to ref]
thickness to
samples will

V//k/,// o s v o Y S e anw s .

[zl

d grips

g band

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

ngth, width, wall thickness) to an accuracy“of half the accuracy required in Clause

Pces

al

e shall be a strip or dumbbell conforming to 5.2, or a pipe section conforming to 5.1

e shall be obtained in such a way that it is not damaged.

e width gujdelines might, of necessity, need to be altered for thick wall pipes to sy
lect the-testing machine capacity. This is due to some GRP pipes being made in very
address high pressure and large diameter applications. The testing of such nar
lead\to a more conservative indication of strength for thick wall pipes.

sion measurement devices, capable of measuring the necessary dimensions of thle test

| 8 for

8, or a

naller
' high
rfower

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

e even distribution of tensile force.

For pipes reinforced in the axial direction with tapes, fabrics, or mats of a fixed width, it might be
necessary to increase the test sample length to ensure that a cross-section with the minimum number
of layers of reinforcement (the apparent lowest strength area) falls within the gauge length.

NOTE The test pieces for methods A and C can be cut from a ring previously used for the determination of the
initial specific ring stiffness.

© ISO 2014 - All rights reserved
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Strip test piece (method A)

Shape

Each test piece shall be a strip cut in the longitudinal direction of the pipe and either shaped to the
dimensions of the applicable dumbbell as shown in Figure 2 or a parallel-sided (rectangular) test piece
as shown in Figure 3.

5.2.2

5.2.2

Dimensions

1 Lenath

The I4

5.2.2
The g
1

Ther

The W

I tir

ngth, [, of the test piece shall be (300 = 15) mm (see Figure 2 and Figure 3).

2 Shaped strip

puge length, [, of the test piece shall be as follows (see Figure 2):
0mm <[ <150 mm

(1)
hdius, R, shall be machined to conform to the following limits (see Figure 2):

50 mm <R <70 mm

(2)
ridth, bg, of the test piece within the gauge length shall conform to the following requirements (see
e 2 and 5.2.1):

Figur

b

[~

The t

= (10 = 1) mm for DN < 150

F = (25 £ 1) mm for DN > 150

= (18 £ 2) mfor DN < 150

= (40 £ 2) mm for DN > 150

ptal width, b, of the.tést piece shall conform to the following requirements (see Figure 2

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

© IS0 2014 - All rights reserved
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{
lg
A 1
a /4 [t}
e\ Q
R A | /

Key
1 centroid
ends buil

wall thickness

I testsamp
lg  gauge len|
b  total test
bg width of g
R radius

5.2.2.3 Paj
The width, b

Figure 3). Thee gauge length; Ig;’shall be the non-built up area between the grips.

The width, b
bg = (10 ;

f gauge length cross-section
up with plain or reinforced thermoset resin and trimmed flat ahd parallel, if required

le length

oth

sample width
auge length

Figure 2 — Shaped test piece dimensions (method A)

rallel-sided strip

;, of the test piece within the gauge length shall conform to the following requirements (see

of the test'piece shall be as follows (see Figure 3):
E 1) mmvfor DN < 150
(7)
bg = (25 £ 1) mm for DN > 150
(8)

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

[©]
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lg
b tq

[e1e]

5.2.3

Unles
utiliz

thermosetting resin with-orwithout reinforcement.

Whern
Cross

5.3
Each

bntroid of gauge length cross-section

ds built up with plain or reinforced thermoset resin and trimnigdflat and parallel, if required
all thickness

st sample length

huge length

st sample width = gauge width bg

Figure 3 — Parallel-sided strip test piece dimensions (method A)

Use of built-up ends

S grips (see 4.2) with closefitting curved jaws are to be used, and if the manufacty
e built-up ends, build up-the thickness of the test piece ends over the grip length w

cured, machinethe built-up ends flat and parallel and ensure that the centroid of the
section (seed®igtres 2 and 3) will lie on the loading centreline of the testing machine w

Pipe section test pieces (method B)

irer elects to
th a suitable

gauge length
hen gripped.

50 mm.

fest piece (see Figure 1) shall be a full section of the pipe with a minimum length of 4

5.4

Plate test pieces (method C)

The test piece (see Figure 4) shall be square and cut from the pipe so that two of the sides are parallel to
and the other two sides are at right angles to the longitudinal axis of the pipe.

In order to avoid eccentric stress, the test piece sides that are gripped shall be built up with thermosetting

resin

as described in 5.2.3 (see Figure 4 and Figure 5).

© IS0 2014 - All rights reserved
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Key

1

i 7
\ B 4l
N AT B
r \ = %
i 8 z
1 RN %
— \ \ 1
hd
e ="
A-A
C (2:1)
periphery of pipe
non-builtfup section
wall thicKness
width of meck of test piete
radius within neck of test piece
distance hetween-grips

winding 3

nglé

longitudinal-direction

circumferential direction

Figure 4 — Plate test piece (method C)
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Y A1 7 N\
] A1
2% A o, N
NN \/\/\\\\ / \/\/\\ RN
A
2 A Y LB

B-B A-A

Key
tgst piece

2 thermosetting resin
3 njould

Figure 5 — Application of resin to sides ofplate test piece

Any fllash shall be removed and the test piece shall be machined to the following dinjensions (see

Figurg 4). Only failures occurring within the neck area aré.yalid.
— djistance between the grips (mm), Ig:

lg]>4e

— radius within the neck of the test piece;r:

ORe<r<05e

|
<

ridth (mm), bg, of the neck:

2b<bgs5Se

5.5 |Number oftest pieces

The number oftest pieces shall be as specified in the referring standard.

6 (donditioning

9)

(10)

(11)

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

Conductthe applicable procedure given in Clause 8 at the temperature specified in the referring standard.
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8 Procedure (methods A, B, and C)

8.1 For astrip test piece (method A), measure and record to the nearest 0,1 mm 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.

For a plate test piece (method C), measure the width of the neck or notch depth, bg, with an accuracy of
0,1 mm and determine the winding angle, 6, with an accuracy of +1°. Determine by measurement and/or

calculation t

8.2 Placet
the direction|
test piece.

CTradius, -

he test piece in the tensile-testing machine (4.1) so that the axial alignment coineide
of pull and clamp the grips (4.2) uniformly and sufficiently tight to preventslipping

b with
of the

8.3 Load the test piece by separating the grips at a constant speed of between £.mm/min to 5 mn)/min

and record fi
sustained by

8.4 Discard any test pieces which have slipped in the grips and those for which rupture has ocg
auge length, and repeat the test(s) on a corresponding-number of test pieces conformfing to

outside the g
5.2,5.3,or 5]

NOTE If f
strength is in

9 (Calculg
9.1 For st

9.1.1 For o
circumferend

*
OLai —

1

where

brces and corresponding elongations at appropriate intervals. Record the maximum
the test piece, in newtons.

L.
hilures occur outside the gauge length, it is allowed torinclude such failures if the resulting aj

reased.

ition
rip test pieces (method A)

ach test piece, calculate ‘the initial longitudinal tensile strength, opai* in N/mm
e, using Formula (12):

F

G

F isth
bg isth

i isth

maximum force in N;

force

urred

erage

bf the

(12)

[

gauge width of the test piece, in mm;

e number of the test piece.

Calculate the average initial longitudinal tensile strength, o5 ;¥ 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.

10

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=7709825605b479509ddc304ca592b1a1

ISO 8513:2014(E)

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 (13):

S (13)

*
OLBi nxd

m

where

F is the maximum force, in N;

dl, isthe mean diameter (see 2.4), in mm;

is the number of the test piece.

~.

Calcujate the average initial longitudinal tensile strength, o1g*, of the test-pieces and, if applicable, the
standard deviation.

9.2.2| For each test piece, calculate the percentage ultimate elongdtion, € ;. For all th¢ test pieces,
determine the average percentage ultimate elongation, €1, and the'standard deviation, if applicable.
9.3 [For plate test pieces (method C)

For egch test piece (see Figure 6), calculate the initialdengitudinal tensile strength, oy¢,i, in N/mm of
the cifcumference, using Formula (14):

F
OLci = (14)

bG—ZXr( 1 —1j
cos@

Fl isthe maximum force, irfiN;

wher

A3

b; is the width of the test’piece, in mm;
r| isthe notch radius, in mm;

6| isthe windihg angle of the reinforcement (see also Figure 4), in degrees as referer]ced from
longitudinal pipe axis;

i| isthenumber of the test piece.

If two or more winding angles are used, take 0 as the smallest angle used.

Calculate the average initial longitudinal tensile strength, o1,c* of the test pieces and, if applicable, the
standard deviation.

© ISO 2014 - All rights reserved 11
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d;

Key
1
1 bG+{2xrx[1— H
cos@
bg test piecelwidth
r  notch radjius
6  winding dngle
Figure 6 —Detail of neck of plate test piece

10 Test report
The test repgrt shall include the following information:
a) arefgrence to thiS’International Standard (i.e. ISO 8513:2014) and to the referring standar
b) all details necessary for full identification of the pipe tested;
c) the test method used, i.e. method A, B, or C;
d) inthe case of a strip test piece, whether it was parallel-sided or shaped and whether or not the ends

were built-up;
e) inthe case of a plate test piece, the winding angle 6;
f) the average wall thickness and the length of each test piece and other relevant dimensions, as

applicable;
g) the number of test pieces;
h) the positions in the pipe from which the test pieces were obtained;
i) the temperature during the test;
12
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j) therate of loading;
k) the elapsed time to failure;

1) the individual value(s) for the initial longitudinal tensile strength and/or the ultimate longitudinal
tensile stress, the average value and, if applicable, the standard deviation;

m) the individual percentage ultimate elongation and the gauge length over which the elongation was
measured and the average percentage ultimate elongation and, if applicable, the standard deviation;

n) the results of any load/elongation in either graphical or numerical form;

o Y £l £l o+ £aal £+ i 43
0 a Ut ol llJLlUll UIT LU1IT QIJIJCCII dIICC UT LIIT LT OU PICLCD dItlll LCDLAIIB’

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

=
(S
I

q) the date of the test.

© ISO 2014 - All rights reserved 13
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