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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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Glass-reinforced thermosetting plastic (GRP) pipes —
Test methods for the determination of the initial
circumferential tensile wall strength

1

This
wall dtrength per unit of length of glass-reinforced thermosetting plastics (GRP) pipes"

NOTE Another commonly used term for “circumferential tensile strength” is “hoop tensile strg
two expressions can be used interchangeably.

The bursttest (method A) is suitable for all types and sizes of pipes. Itis considered the refer
Howgver, all the methods in this document have equal validity. If correlation of any of th
to F dan be established by a comparative test programme, then thatamethod can be cons
refer¢nce method.

The split disc test (method B) is not always suitable for pipes with helically wound reinfor

The strip test (method C), the modified strip test (method\D) and the restrained strip tes
are syitable for pipes with a nominal size of DN 500 andcgreater.

The
size

Results from one method are not necessarily.equal to the results derived from any of th
methgds.

If reqpired, the initial circumferential\ténsile modulus can be determined by method A.

2 Normative references

Therq are no normative references in this document.

3 Terms anddefinitions
For the purposes of this document, the following terms and definitions apply.

[SO and fEC maintain terminological databases for use in standardization at the following

31

Scope

locument specifies six test methods for the determination of the initial circumfer

otched plate test (method F) is primarily intenided for use with helically wound pipé¢
eater than DN 500 with a winding angle other than approximately 90°.

bntial tensile

ength” and the

enice method.
e methods B
dered as the

"ing layers.

t (method E)

s of nominal

e alternative

addresses:

[SU Unline browsing platiorm: available at Nttps://WWWw.150.0rg/obp

IEC Electropedia: available at http://www.electropedia.org/

initial circumferential tensile wall strength
OcAr9cBr0ccr 9 OcE OcF

ultimate tensile force (3.4) per unit length in the circumferential direction

Note 1 to entry: The upper-case subscripts denote the method of test used.

Note 2 to entry: It is expressed in newtons per millimetre of circumference.
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3.2
burst pressure

Pult
irlllternal pressure at bursting (3.3)

Note 1 to entry: It is expressed in bars1) or megapascals.

3.3
bursting
failure by rupture of the pipe wall

3.4

ultimate tensile force
Fult . .
tensile force fat failure

Note 1 to entrjy: Itis expressed in newtons.

3.5
test width
b

width of the fest piece in the notched area
Note 1 to entrfy: It is expressed in millimetres.

3.6

total width
btot

total width df the test piece

Note 1 to entrfy: It is expressed in millimetres.

3.7
winding angle
0
angle betweg¢n the direction of the contintieus reinforcement and the longitudinal axis of the pipe

Note 1 to entrjy: It is expressed in degrekes;

3.8
helically wound
filament woynd pipes made.with a balanced winding angle (3.7)

4 Principle

4.1 Genernal

It is assumed that the following test parameters are set by the referring standard:

a) for method A, the distance between end sealing devices (see 6.1);

b) the number of test pieces (see 6.7);
c) therequirements for conditioning (see Clause 7);

d) the test temperature (see Clause 8).

1) 1bar=0,1 MPa 105 N/m?2 = 0,1 N/mm?,

2 © IS0 2020 - All rights reserved
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4.2 Method A

The initial circumferential tensile wall strength, o7, , 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 3.3). The test conditions are such that a mainly uniaxial circumferential stress is
obtained.

4.3 Method B

The initial circumferential tensile wall strength, o3, is determined by a split disc test.

Ringg cut from the pipe are subjected to an increasing tensile force, by means of a split'disc positioned
withip the ring, until rupture occurs within a specified time.

4.4 |[MethodsC,D andE

The ipitial circumferential wall strength, o7 or 67}, or 6, is determinéd by a strip test.

Stripq cut from the pipe wall in the circumferential direction, and if-hecessary, shaped tq incorporate
notchles at defined locations, are subjected to an increasing tensile force until rupture oc¢urs within a
specified time.

4.5 |Method F

The ipitial circumferential wall strength, o7, is determined by a notched plate test.
Plateg cut from the pipe wall are subjected to an.ificreasing tensile force until rupture oc¢urs within a

specified time.

5 Apparatus
5.1 |For method A

5.1.1| Hydrostatic pressurising system, capable, for pipes up to DN 500, of causing failyre of the test
piece[between 1 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
reasopns, need tobé increased. Where increasing the testing time results in lower burst piessures, this
shall pe evaluated by comparing results of different test durations.

The pressurising system shall prevent air from entering the test piece during pressurizatipn to failure.

5.1.2 Pressure measuring device, calibrated within an accuracy of #2,0 %.

5.1.3 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).

5.1.4 Dimension measurement devices, calibrated within an accuracy of £0,1 mm.

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

5.1.6 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.

© IS0 2020 - All rights reserved 3
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5.1.7 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.

|
I

: —

NS

=

2

AN

7

1

Key
1 end sealingdevice 3—testpiece
2 elastomeric seal 4  tie bar for carrying end thrust

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

5.2 For method B

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

a) afixed or virtually fixed part;

4 © IS0 2020 - All rights reserved
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b) amoveable part;

c) adrive 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;

d) aload indicator, capable of measuring the force applied. This shall be virtually free from inertia
at the specified rate of testing and shall indicate the force to an accuracy of within 1 % of the
measured value.

5.2.2 Rigid splitdiscs, as shown in Figure 2, capable of making even contact with the internal diameter

of the test piece. The diameter of the two segments of the split disc shall be not less than 98 % of the
dod taba cnd

alntan
TCTITIeCTIIOC Ot o— o t—oStor

5.2.3| Dimension measuring devices, calibrated within an accuracy of +0,1 mm.

© IS0 2020 - All rights reserved 5
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Key

1 toggle a  Direction of loading.
2 saddle b Separation.

3 shear pin ¢ Rounded edges.

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

5.3 For method C

5.3.1 Testmachine; with constant separating speed, incorporating the following components:

a) afixed, qr@drtually fixed, part with a grip to hold one end of a test piece;

b) a moveable part, incorporating a second grip to hold the other end of the test piece. The grips
holding the ends of the test piece shall do so as far as possible without slipping and/or crushing.
Grips that tighten automatically may be used;

c) the fixed and moving parts and their associated grips shall enable the test piece to be aligned when
a force is applied, so that the axis of the test piece is coincident with that of the force;

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

e) aload indicator capable of measuring the force applied. The mechanism shall be virtually free from
inertia lag at the specified rate of testing and shall indicate the force to an accuracy of within 1 % of
the measured value.

6 © IS0 2020 - All rights reserved
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5.3.2 Dimension measuring device(s), capable of measuring the necessary dimensions of the test
piece to an accuracy of +0,1 mm.

5.4 For method D
5.4.1 Test machine, conforming to 5.3.1 (see also Figure 6).
5.4.2 Dimension measuring device(s), calibrated within an accuracy of 0,1 mm.

5.5 For method E

5.5.1| Test machine, conforming to 5.3.1 (see also Figure 3).

5.5.2| Dimension measuring device(s), capable of measuring the necessary dimensions of the test
piece|to an accuracy of +0,1 mm.

5.5.3| Restraining fixture, capable of preventing the test piece from bending. The radiug of curvature
of thg support plate shall be half the nominal size, DN, expressed in-millimetres, +5 %. Ah example of
such g fixture is shown in Figure 3.

© IS0 2020 - All rights reserved 7


https://standardsiso.com/api/?name=9aa16929d5a201cf699c7aae8739dc3d

ISO 8521:2020(E)

b 0

\

§

A ———

=+

A
Key
1 bolt a  Direction of loading.
2 clamping|plate b Adjustable distance.
3  testpiece r=0,5-d,
4  pivot

L&J
=

Figure 3| — Typical arrangement for restrained-strip test with a split support (method ]

5.6 For methodF

5.6.1 Test machine, conforming to 5.3.1.

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

5.6.3 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°.

8 © IS0 2020 - All rights reserved
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6 Test pieces

6.1 For method A

The length of the test piece shall be as specified in the referring standard.

6.2 For method B
The test piece shall be a ring cut from a pipe, see Figure 4.

The width of the test piece shall not exceed the width of the split disc. The width of the test section, b,
shall pe a minimum of 15 mm.

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

The epds of the ring shall be smooth and perpendicular to the longitudinal axis of the pipe

Dimensions|in millimetres

Key

e  wall thickness of test piece b  width of test section
6 angle equal to approximately 80° b, width of test piece

r  notch radius a  Direction of loading.

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

© IS0 2020 - All rights reserved 9
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6.3 For method C

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

Dimensions in millimetres

A A-A A

______ I -]
1
o
bz225
2 - -
T~ i

S e S N\ Y

+ - +

- ¢ s/

| Q N
S
blot | biot
. -
A A
a) Case 1 - ro helically wound layers b) Case 2 - helically wound layers
Key
1 cast-resin] end e  wall thickness of test piece
2 testpiece [ length of test piece (between 4e and 5e)
b, free slot Width (between 5 mmrand 1 mm) b  width of test section
b, total width
Figure 5 — Test piece for strip test (method C)

The test piecp conforming to case 1 (see Figure 5) shall be used when helically wound reinforcing layers
are not pres¢nitor are present with a winding angle of 8 > 70°. The test piece conforming to case P (see

[e]

Figure 5) shall be used when helically wound reinforcing layers with a winding angle of g < 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.
A test piece containing a notch conforming to the notch configurations shown in Figure 7 (case 1) may
be used.

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

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

10 © IS0 2020 - All rights reserved
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The ends of the strip shall be encased in thermosetting resin as shown in Figure 5.

6.4 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, case 1.

Dimensions in millimetres

A
A
; 3
|
b
i A
0210
3
!
|
|
A
A
Key
1 testpiece Ig distance between grips (15 + 5) mm
2 tapered clamp b... width of test piece
3 grip d; internal diameter
e  wall thickness of test piece

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

The faces of the test piece in contact with the clamp shall be smooth and perpendicular to the axis of
the pipe.

© IS0 2020 - All rights reserved 11
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The width, b,

NOTE 1

020(E)

shall be as specified in the referring standard but not less than 10 mm.

equipment reasons, need to be reduced.

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

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

NOTE 2
laminate.

If the test results from testing a sandwich wall construction show shear failure of the core

For larger diameter and/or higher pressure pipes, the width of the test piece might, for practical

To prevent failure in the clamping area, it is possible to reinforce the clamped ends with suitable

of the

specimen ing
specimen, S|
separately. T|

6.5 Form

The test piec
shown in Figd
only to detef
used. If, whel
test shall be

ethod E

tead of tensile failure, the results are invalid. In such cases it is allowed to make
lit the sample in two through the core (not cutting the skins) and test the two |
he final result is the sum of the strength from the two tests.

e shall be cut out of the pipe in the circumferential direction and shapeéd to the dimer]
ure 7, where the long sides are parallel to within 2 %. Alterndtively, when it is reqg
mine conformity to a minimum strength requirement, parallel‘sided wide strips m
n using parallel-sided strips, the test piece fails before the minimum force is applie
repeated using a test piece conforming to Figure 7.

/]2 %]

P

biot

e
/=

a) Case 1: helically wonnd layers are not present in the test piece
bs

<
ad

A

biot

h new
bieces

sions
uired
ay be
d, the

Dimensions in millimetres

Key
b

b

S

b, total width, case 1

free slot width (between 1 mm and 5 mm)

A

b) Case 2: helically wound layers are present in the test piece

case 2
I

a Circumferential direction.

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

width of test section (between 24 mm and 26 mm) b, total width (48 mm min. to prevent shear failure),

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

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 8 > 70°. The test piece conforming to case 2 (see

12 © IS0 2020 - All rights reserved
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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, b, 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 2b to prevent
shear failure.

If the test results from testing a sandwich wall construction show shear failure of the core of the
specipmeminstead of temsite faiture; themr the Tesuttsare mvatidimsuch tases it isattowed to make a
new gpecimen, split the sample in two through the core (not cutting the skins) and test\thie two pieces
separptely. The final result is the sum of the load from the two tests.

6.6 |For method F

The tpst piece shall be cut approximately square from the pipe, taking care that the reinfforcement is
propdrly oriented. The dimensions of the test piece shall be as specifieddn the referring ytandard, but
suffidiently large to ensure that failure occurs across the neck of the tést piece (see Figure|8).

© IS0 2020 - All rights reserved 13
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B-B A-A
A B

\ b
Key
1 thermosefting resin b  width of neck, is equal to (min. 25 mm; max. 5¢)
2 pipe section test piece r  radius within neck of test piece
I, distance petween grips (4X e min.) b, stressed width, b+ 2r (1 -1/sin 0)
e  pipe wallfthickness a  Circumferential direction.
6  winding gngle, ofglass fibres

F‘ignrp 8 — Test piprp for method FE

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

14 © IS0 2020 - All rights reserved
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Key
1  opter mould 4  pipe section test piece
2 thermosetting resin 5%\ profile of ends after trimming

riner void former

—-

Figure 9 — Mould for resin-application to test piece for method F
Any fllash shall be removed, and the.tést piece shall be machined to the following dimensions (see
Figurg 8):

— diistance between the grips; Ig: Ig >4e;

— radius within the neek.of the test piece, r: 0,2e <r <0,5e;

— width, b, of the neck: 25mm < b <5e.

6.7 |Number-of test pieces

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

7 Conditioning

Unless otherwise specified by the referring standard, store test pieces at the test temperature (see
Clause 8) for at least 0,5 h prior to testing.

8 Test temperature

The test shall be conducted at the temperature specified in the referring standard.

© IS0 2020 - All rights reserved 15
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9 Procedure

9.1 Form

ethod A

9.1.1 Determine the internal diameter, d;.

9.1.2 Attach the end sealing devices to the test piece and fill the assembly with water. Attach the
assembly to the pressurising system, taking care to avoid entrapment of air.

9.1.3 Pressurize at a rate such that failure occurs between 1 min and 3 min after starting to apply

pressure. Re
greater than
Where incre:
results of dif!

Because of t
strength, the
results of th
determined {

3,3 (DNe

where

DN s

e is

9.1.4 If th
approximate
wall thickneg

Attach the e

to the pressyrising system, taking cape to avoid entrapment of air. Pressurize the sample to a ld

1,5 PN while

After compl
circumferent

9.2 Form

9.2.1 Meas

ethod B

ord the maximum pressure reached, in bar, and the time to failure. For some nomina
DN 500, the duration of the test will, for practical equipment reasons, need to be-iner
1sing the testing time results in lower burst pressures, this shall be evaluated by comy
erent test durations.

he very high stresses (strains) generated by the pressures used to develop this ult
discontinuity effects of the end closures can significantly influence the test result
e test may be disregarded, and an additional sample tested, if the/failure can clea
o have occurred in a zone from the end closure of:

0,5

the nominal size of the pipe, in millimetres;

the average wall thickness of the pipe, in millimetres.

h

e modulus is to be measured, mark a circumferential line around a pipe samj
y the longitudinal centre of the sample and measure to an accuracy of 0,1 mm the ay
s of the pipe. Install three strain gauges, equally spaced on the marked line.

d sealing devices to the test piece and fill the assembly with water. Attach the ass

measuring the straid for the calculation of the modulus.

ial tensile wall strength according to 9.1.3.

ure,the width, b, of the test piece as the average of two measurements, one of which sk

sizes
pased.
aring

imate
5. The
rly be

ble at
erage

embly
vel of

ption of the strain® measurements, depressurize the sample. Then test the samplle for

all be

taken at the
in the notche

id £, £ 4l 3 H AN ralaod RN £l £ 4l faid £ £l
IIS51IUT SUl'IdaltT Ul U1IT 1 llls IIT LIICT TIULLIITU dl Td dIlU UIIT ULLITT dtU UIT UULSIUT SUlidattT Ul Ul

d area.

ring

9.2.2 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.

9.2.3 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.
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