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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting>yPublication pgs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

ISO 8521 wap prepared by Technical Committee ISO/TC 138, Plastics{pipes, fittings and valves fpr the
transport of fluids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.

This second gdition cancels and replaces the first edition (ISO 8521:1998), of which it constitutes a teghnical
revision.
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INTE

RNATIONAL STANDARD ISO 8521:2009(E)

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

the

1 Scope

This |

NOTE

expresgsions can be used interchangeably.

apparent initial circumferential tensile strength

Another commonly used term for “circumferential tensile strength” is ‘hoop tensile strengt

nternational Standard specifies six test methods for the determination of the initial‘circumfgrential tensile
wall sfrength per unit of length of glass-reinforced thermosetting plastics (GRP) pipés:

" and the two

The burst test (method A) is suitable for all types and sizes of pipes{dt is considered the reference method.

Howe

methqds B to F can be established by a comparative test programme, then that method can be

the re

The s

ver, all the methods in this International Standard have equal validity. If correlation

erence method.

bf any of the
considered as

lit disc test (method B) might not be suitable for pipes with helically wound reinforcing laydrs.

The strip test (method C), the modified strip test:(method D) and the restrained strip test (method E) are

suitabje for pipes with a nominal size of DN 500 and‘greater.

The notched plate test (method F) is primarily intended for use with helically wound pipes of| nominal size

greatgr than DN 500 with a winding angle other than approximately 90°.

Resul

If reqyired, the initial circumferential tensile modulus can be determined by method A.

2 Tlerms and definitions

For th

21
initial

*
OcA >

s from one method are not necessarily equal to the results derived from any of the alternat

b purposes, of this document, the following terms and definitions apply.

circumferential tensile wall strength

ve methods.

* * * * *

OcB : YcC » ©cD » ck : Ock

ultimate circumferential tensile force per unit length in the circumferential direction (the upper-case subscripts
denote the method of test used)

NOTE

It is expressed in newtons per millimetre of circumference.

© 1SO 2009 - All rights reserved
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2.2

burst pressure

Pult

internal pressure at bursting

NOTE It is expressed in bars 1) or megapascals.

23
bursting
failure by rupture of the pipe wall

2.4

ultimate tensile force
Fult

tensile force 4t failure

angle betweep the direction of the continuous reinforcementand the longitudinal axis of the pipe

NOTE It ig expressed in newtons.
25

width

b

width of the tgst piece in the notched area
NOTE It ig expressed in millimetres.
2.6

winding angle

o

NOTE It i3 expressed in degrees.
2.7

helical wound
cross wound

filament wourld pipes made with a balanced winding angle

3 Principle

3.1 General

It is assumed|that the following test parameters are set by the standard making reference to this International

Standard:

a) for method A, the Tength between end sealing devices (see 5.1);

b) for methods B, C, D and E, the width of the test piece (see 5.2, 5.3, 5.4 and 5.5);

c) for methods C and E, the total width of the test piece (see 5.3 and 5.5);

d) for method F, the dimensions of the plate to be tested (see 5.6);

e) the number of test pieces (see 5.7);

1) 1 bar=0,1 MPa 10° N/m2? = 0,1 N/mm2.

© 1SO 2009 - All rights reserved
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f)  the requirements for conditioning (see Clause 6);

g) the test temperature (see Clause 7).

3.2 Method A

The initial circumferential tensile wall strength, o, is determined by an internal pressure test.

Cut lengths of pipe are subjected to an increasing internal pressure which, within a specified time, causes
bursting (see 2.3). The test conditions are such that a mainly uniaxial circumferential stress is obtained.

3.3 |Method B
The injitial circumferential tensile wall strength, o,g", is determined by a split disc test.

Rings|cut from the pipe are subjected to an increasing tensile force, by means of@’split disc positioned within
the rirlg, until rupture occurs within a specified time.

3.4 |Methods C,D and E
The irfitial circumferential wall strength, o " or o, or o, is determined by a strip test.

Strips|cut from the pipe wall in the circumferential direction, and"if necessary, shaped to incorpprate notches
at defined locations, are subjected to an increasing tensile force until rupture occurs within a spegified time.

3.5 |Method F
The apparent initial circumferential wall strength, ac,:*, is determined by a notched plate test.

Plateq cut from the pipe wall are subjected.io’an increasing tensile force until rupture occurs within a specified
time.

4 Apparatus

4.1 |For method A

4.1.1 | Hydrostatic-pressurizing system, capable, for pipes up to DN 500, of causing failure of the test
piece petween A~min and 3 min after commencing the pressurization.

For spme, nominal sizes greater than DN 500, the duration of the test will, for practical equipment reasons,
need [to-be 'increased. Where increasing the testing time results in lower burst pressures,|this shall be
evaluated by comparing results of different test durations

The pressurizing system shall prevent air from entering the test piece during pressurization to failure.

41.2 Pressure measuring device, capable of measuring the applied internal pressure to an accuracy of
+2,0 %.

4.1.3 End sealing devices for the test pieces, capable of inducing in the test piece, during the test, a
mainly uniaxial state of stress in the circumferential direction in the test piece (see Figure 1).

41.4 Dimension measurement devices, capable of measuring the necessary dimensions of the test piece
to an accuracy of £ 0,1 mm.

41.5 Test piece support, if needed, to minimize deformation due to the weight of the test piece and its
contents.

© 1SO 2009 - All rights reserved 3
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4.1.6 Strain measurement, if circumferential tensile modulus of the pipe wall is to be determined, strain
gauges of the foil type, single element suitable for the anticipated strain level and of a length appropriate for
the pipe diameter.

4.1.7 Flexible membrane (if used as a barrier system to prevent weeping), which does not reduce the
stress in the pipe wall by more than 1 %. The flexible membrane may be of a different material from the pipe,
e.g. elastomeric or thermoplastic sheet or a flexible coating.

D
| v

SN

1 end sealing device

2 elastomeric seal

3 test piece

4  tie bar for carrying end thrust

Figure 1 — Typical arrangement for pressure testing pipes (method A)

4 © 1SO 2009 - All rights reserved
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4.2

4.21

a) a

b) a

ISO 8

For method B

521:2009(E)

Test machine, of the type capable of producing a progressive separation of the split disc and
incorporating the following components:

fixed or virtually fixed part;

moveable part;

c) a drive mechanism, capable of imparting a constant speed to the moving part so that rupture can be
reached between 1 min and 3 min after initial loading;

o
-
»n QO

4.2.2
the te
diame

423
an ac

foad—ndicator, capabte of measuring the force apptied—T his shatt-be virtuatty free from
pecified rate of testing and shall indicate the force to an accuracy of within 1 % of the meas

Rigid split discs, as shown in Figure 2, capable of making even contact with thelintern
5t piece. The diameter of the two segments of the split disc shall be not less ¢han 98 %
ter of the pipe with which they are intended to be used.

Dimension measuring devices, capable of measuring the necessary‘dimensions of th
turacy of + 0,1 mm.

&» 1
3 \<|

inertia at the
ured value.

al diameter of
Df the internal

b test piece to

Key

1 toggle

2 saddle

3 shear pin

a8  Direction of loading.
b Separation.

C

Rounded edges.

Figure 2 — Typical arrangement for the split disc test (method B)
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4.3 For method C

a fixed, or virtually fixed, part with a grip to hold one end of a test piece;

ends of the test piece shall do so as far as possible without slipping and/or crushing;

4.31

a)

b)
NOTE

c)

d) a drive
reached

e) aload ing
lag at th
measure

4.3.2

to an accurac

Grips that tighten automatically can be used.

echanism capable of imparting a constant speed to the moving part, so that failure g
petween 1 min and 3 min after initial loading;

licator capable of measuring the force applied. The mechanism shall be virtually free from
e specified rate of testing and shall indicate the force to an accuracy of within 1 %
] value.

Dimension measuring device(s), capable of measuring the necessary dimensions of the test

y of £ 0,1 mm.

4.4 For mé¢thod D

441 Test

4.4.2
to an accurac]

machine, conforming to 4.3.1 (see also Figure 6).

Dimension measuring device(s), capable of measuring the necessary dimensions of the test

y of £ 0,1 mm.

4.5 For meéthod E

451 Test

4.5.2
to an accurac

4.5.3 Restn

support plate
is shown in Fi

machine, conforming to 4.3.1 (see also Figure 3).

Dimension measuring devicg(s), capable of measuring the necessary dimensions of the test

y of £ 0,1 mm.

aining fixture, capable of preventing the test piece from bending. The radius of curvature
shall be half thesxnominal size, DN, expressed in millimetres, £ 5 %. An example of such a
gure 3.

Test machine, of the type with constant separating speed, incorporating the following components:

a moveable part, incorporating a second grip to hold the other end of the test piece. The grips holding the

hen a

an be

nertia
of the

piece

piece

piece

of the
fixture

© 1SO 2009 - All rights reserved
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A-A

A
 J

1
2 T =
+ i
'] o
) T
3 1 3

A
Key
1  bqt
2 clamping plate
3 test piece
4  piyot
R =0,5xd,

V)

Difection of loading?

T

Adjustable distance.

Figure 3 — Typical arrangement for restrained-strip test with a split support (methpd E)

4.6 For method F
4.6.1 Test machine, conforming to 4.3.1.

4.6.2 Load indicator, capable of indicating the force applied to the test piece to an accuracy of + 1 % of the
indicated value.

4.6.3 Means of measuring the necessary dimensions of the test piece to an accuracy of £ 0,1 mm and the
winding angle, 6, to an accuracy of + 1°.

© 1SO 2009 - All rights reserved 7
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5 Test pieces

5.1 For method A

The test piece shall be a cut length of pipe whose length between the end sealing devices shall be as
specified in the referring standard.

5.2 For method B

The test piece shall be a ring cut from a pipe; see Figure 4.

The width of the_test Ininr‘n shall not exceed the width of the Qplit disc_The width of the test section A _shall be
a minimum off 15 mm.

NOTE For larger diameter and/or higher pressure pipes, the width of the test section might, for practical’ equjipment
reasons, need {o be reduced.

The ends of tihe ring shall be smooth and perpendicular to the longitudinal axis of the pipec

Dimensions in millimetres

test piece wall thickness

angle equal to approximately 80°
Direction of loading.

Width of test section, 5.

Test piece width.

0O T o g ®

Figure 4 — Test piece for split-disc test (method B)

8 © 1SO 2009 — All rights reserved
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5.3 For method C

The test pieces (see Figure 5) shall be cut out of the pipe in the circumferential direction.

A A-A A
— |l e—

. .

A o
1\% | Z -

>25°
2 -

~J1 A
= e | - e Y \
+ T + A i
B ‘ \ﬂ/ a
\ i Q Q
)
o
(Fa)
Y Y \ i
bfof bfof

A
Y

A
 J

| |
_>| |<__
A A

a) Gase 1 - no helically wound b) Case 2 - helicallyjwound
layers layers

dast-resin end

test piece

free slot width (betweer.5,mm and 1 mm)
tptal width

wall thickness

Iength of test piece (between 4e and 5e)

a  W|dth of testpiece.

Figure 5 — Test piece for strip test (method C)

The test piece conforming to case 1 (see Figure 5) shall be used when helically wound reinforcing layers are
not present or are present with a winding angle of &> 70°. The test piece conforming to case 2 (see Figure 5)
shall be used when helically wound reinforcing layers with a winding angle of 8 < 70° are present.

The ends shall be smooth and perpendicular to the longitudinal axis of the pipe.

For case 1, the total width, b, shall be as specified in the referring standard, but at least (25 + 0,5) mm.

For case 2, the total width, b, shall be as specified in the referring standard, but at least 25 (b > 25 mm) to
prevent shear failure. Failures not occurring in the notched area shall not be taken into account.

© 1SO 2009 - All rights reserved 9
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NOTE For larger diameter and/or higher pressure pipes, the width of the test piece might, for practical equipment
reasons, need to be reduced.

The ends of the strip shall be encased in thermosetting resin as shown in Figure 5.
5.4 For method D

When it is required only to determine conformity to a minimum strength requirement, the test piece shall be
cut out of the pipe in the circumferential direction and shaped to the dimensions shown in Figure 6. If, when
using parallel-sided strips, the test piece fails before the minimum force is applied, the test shall be repeated
using a test piece containing a notch conforming to the notch configurations shown in Figure 7.

Dimensions in millimetres

A
A-A e

B
A
Key
1 test piece
2 tapered clamp
3 grip
d inside diameter

e test piece wall thickness
l, distance between grips (15 £ 5) mm

a8  Width of test piece.

Figure 6 — Typical test arrangement for modified strip test (method D)

10 © 1SO 2009 — All rights reserved
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The faces of the test piece in contact with the clamp shall be smooth and perpendicular to the axis of the pipe.
The width, b, shall be as specified in the referring standard but not less than 10 mm.

NOTE For larger diameter and/or higher pressure pipes, the width of the test piece might, for practical equipment
reasons, need to be reduced.

In order to prevent shear failure, the distance between the grips, /,, shall be (15 £ 5) mm.

g’

The total length of the test piece shall be adjusted to suit the grip arrangement.

5.5 [FormethodE

The tgst piece shall be cut out of the pipe in the circumferential direction and shaped to the.dimensions shown
in Figlire 7, where the long sides are parallel to within 2 %. Alternatively, when it is required only to determine
conformity to a minimum strength requirement, parallel-sided wide strips may be used. If, when using parallel-
sided [strips, the test piece fails before the minimum force is applied, the test shall-be repeatefl using a test
piece [conforming to Figure 7.

Dimensiors in millimetres

< Py
d L

a) Case 1 - applies when helicallywound layers are not present in the test pie¢e

|
A

=
o

b
Dot

< -
- |

b) Case 2 - applies when helically wound layers are present in the test piece

Key

b test width (between 24 mm and 26 mm min.)

by free slot width (between 1 mm and 5 mm)

by total width, case 1

by total width (48 mm min. to prevent shear failure), case 2

1 length of test piece (between 250 mm and 350 mm)

a8  Circumferential direction.

Figure 7 — Test piece for restrained strip test (method E)

© 1SO 2009 — All rights reserved 11
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The test piece conforming to case 1 (see Figure 7) shall be used when helically wound reinforcing layers are
not present or are present with a winding angle of > 70°. The test piece conforming to case 2 (see Figure 7)
shall be used when helically wound reinforcing layers with a winding angle of 8 < 70° are present.

The test width, b, shall be as specified in the referring standard, but not less than 10 mm.

NOTE For larger diameter and/or higher pressure pipe, the test width, 5, might, for practical equipment reasons, need
to be reduced.

For case 2, the total width, b, shall be as specified in the referring standard, but at least 2 to prevent shear
failure.

5.6 For mé¢thod F

The test piecg shall be cut approximately square from the pipe, taking care that the reinforcement-is prpperly
oriented. The|dimensions of the test piece shall be as specified in the referring standard, but sufficiently large
to ensure thaf failure occurs across the neck of the test piece (see Figure 8).

The test piege ends shall be built up with thermosetting resin with or without reinforcement. When pured,
machine the built-up ends flat and parallel and ensure that the centroid of the gauge length cross-sectiop (see
Figures 8 and 9) will lie on the loading centreline of the test machine when gripped:

B-B A-A
A B

N\

A B
X
b ST/ ™
Key ‘ <
1 thermosetting resin k “:’:‘:‘:’:0:“
2 pipe section test piece a_| %‘6‘6‘6‘9‘6’6’%‘## [
6 winding angle, of glass fibres ““““"““

width of neck, is equal to (min. 25 mm; max. 5¢)
stressed width, b + 2r (1-1/sin 9)

pipe wall thickness Y
distance between grips (4 x e min.) bes
radius within neck of test piece

® oS

Q>

A
 J

~

a8  Circumferential direction.

A
 J

Figure 8 — Test piece for method F
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Key

1 outer mould

2 theérmosetting resin

3 infger void former

4 pi;[e section test piece

5 profile of ends after trimming

Figure 9 — Mould for'resin application to test piece for method F

Any flash shall be removed, and-the test piece shall be machined to the following dimensions (sge Figure 8):

— d|stance between thearips, lg:
> 4e

— radius within/the neck of the test piece, r:

0,2¢ <7 <0,5¢;

— width, b, of the neck:

25 mm < b < 5e.

5.7 Number of test pieces

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

© 1SO 2009 — All rights reserved 13
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6 Conditioning

Unless otherwise specified by the referring standard, store test pieces at the test temperature (see Clause 7)
for at least 0,5 h prior to testing.

7 Test temperature

The test shall

be conducted at the temperature specified in the referring standard.

8 Procedure

8.1 For method A
8.1.1 Determine the internal diameter, d;, to an accuracy of £ 1 %.
8.1.2 Attach the end sealing devices to the test piece and fill the assembly with water. Attach the ass

to the pressuifizing system, taking care to avoid entrapment of air.

8.1.3 Presq
Record the m
DN 500, the @

urize at a rate such that failure occurs between 1 min and 3 min ‘after starting to apply pre|
aximum pressure reached, in bar, and the time to failure. For Some nominal sizes greatg

the testing tinpe results in lower burst pressures, this shall be evaluated by comparing results of differe

durations.
Because of th

the discontind
clearly be det

3,3 (DNe
where

DN

e
from the end
8.1.4 |If the

the longitudin
pipe. Install th

e very high stresses (strains) generated by the pressures used to develop this ultimate str
ity effects of the end closures can significantly-influence the test results. Where the failu
ermined to have occurred in a zone of

0,5

is the nominal size of the pipg; in’millimetres, and

is the average wall thickness of the pipe, in millimetres

Closure, the results of the test may be disregarded and an additional sample tested.

Al centre-of the sample and measure to an accuracy of 0,1 mm the average wall thickness
reestrain gauges, equally spaced on the marked line.

embly

ssure.
r than

uration of the test will, for practical equipment reasons, need to be increased. Where incr¢asing

nt test

ength,
e can

modulus.s,to be measured, mark a circumferential line around a pipe sample at approximately

of the

Attach the en

ad-fill -tk r Attacnh-th

to the

Saalina—dai otk % o o 1 accarmmbbiaaath ot S accarablbz
STAITTy UTVILTO TU UITT 1CoU PYITLT AlTu T UTS dooTITTVTY  WILTT Walttl. 7AllAUlT 11T dootTIiTivly

pressurizing system, taking care to avoid entrapment of air. Pressurize the sample to a level of 1,5 PN while
measuring the strain for the calculation of the modulus.

After completion of the strain measurements, depressurize the sample. Then test the sample for
circumferential tensile wall strength according to 8.1.3.

8.2 For method B

8.21

Measure to an accuracy of 0,1 mm the width, b, of the test piece as the average of two

measurements, one of which shall be taken at the inside surface of the ring in the notched area and the other

at the outside

14

surface of the ring in the notched area.

© 1SO 2009 - All rights reserved
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8.2.2 Mount the test piece on the outside periphery of the split disc with the expected failure zone (i.e.
notched area) located on the surface of the split discs away from the separation of the two discs.

8.2.3 Apply a constant separating speed to the split disc such that failure occurs between 1 min and 3 min.

Record the maximum force and the time to failure. Failures not occurring in the notched area shall be
disregarded.

8.3 For method C
8.3.1 Measure the width, b, of the test piece to an accuracy of £ 0,1 mm.

8.3.2 Fixthetestpiece T thegripsso - thatthetoadwitt be—apptiedthrougtrthetentretineof the test piece

(see Higure 5).
8.3.3 | Apply a constant separating speed to the grips so that failure occurs between 1 mjn and 3 min.

Record the maximum force and the time to failure. When using test pieces in accordance with case 2, failures
not odcurring in the notched area shall be disregarded.

8.4 |For method D
8.4.1 | Measure the width, b, of the test piece to an accuracy of £ 0,1mn:
8.4.2 | Fix the test piece in the grips (see Figure 6) so that the fofce is applied through the ceptreline of the

test plece. When fixing the test piece in the grips, take care, toyensure that the midpoint of the test piece is
locateld at approximately the midpoint of lg.

8.4.3 | Apply a constant separating speed to the grips so that failure occurs between 1 mjn and 3 min.
Record the maximum force and the time to failure. When using notched test pieces, failures ocdurring outside
the ngtched area shall be disregarded.

8.5 |For method E
8.5.1 | Measure the width, b, of the test piece to an accuracy of £ 0,1 mm.

8.5.2 | Fix the test piece in the 'grips and align the restraining fixture so that no bending occurs in the test
piece.| Position the test piece-so that its centreline is coincident with the loading axis of the machine.

8.5.3 | Apply a constant\separating speed to the grips so that failure occurs between 1 mjn and 3 min.

Record the maximum(force and the time to failure. When using test pieces in accordance with case 2, failures
not odcurring in the\notched area shall be disregarded.

8.6 |For method F

8.6.1 | “Measure the width, b, of the test piece to an accuracy of £ 0,1 mm and the winding angle, 6, to an
accuracy of + 1°. Determine by measurement and/or calculation the radius, r.

8.6.2 Position the test piece so that its centreline is coincident with the loading axis of the machine.

8.6.3 Apply a constant separating speed to the grips so that failure occurs between 1 min and 3 min.
Record the maximum force and the time to failure.

Disregard the result of any test piece that does not break across the neck.
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