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Subcommittee SC 5, General properties of pipes, fittings and valves of
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specifications.
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© ISO 1997

Al rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

International Organization for Standardization

Case postale 56 « CH-1211 Genéve 20 » Switzerland
Internet  central@iso.ch

X.400 c=ch; a=400net; p=iso; o=isocs; s=central

Printed in Switzerland

WWW.ParsEthylene-kish.com (+98-21) 88 20 20 60 - (50 Lines)



STD-ISO0 L347?8-ENGL 1997 EMM 4851903 070L528 434 W

INTERNATIONAL STANDARD ©iSO ISO 13478:1997(E)

Thermoplastics pipes for the conveyance of fluids —

Determination of resistance to rapid crack propagation (RCP) —
Full-scale test (FST)

1 Scope

This International Standard specifies a full-scale method of test for determination of arrest or propagation of a crack
initiated in a thermoplastics pipe at a specified temperature and internal pressure.

It is applicable to the assessment of the performance of thermoplastics pipes intended for the supply of gases or
liquids, in the latter case when air may also be present in the pipe.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 1167:1996, Thermoplastics pipes for the conveyance of fluids — Resistance to intemal pressure — Test
method.

1SO 3126:1974, Plastics pipes — Measurement of dimensions.

ISO 11922-1:1997, Thermoplastics pipes for the conveyance of fluids — Dimensions and tolerances — Part 1:
Metric series.

3 Definitions

For the purposes of this International Standard, the definitions given in ISO 11922-1 apply.

4 Principle

A thermoplastics pipe, maintained at a specified temperature and containing a fluid at a specified test pressure, is
subjected to an impact designed to initiate a crack.
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The test temperature and test pressure are as defined in the referring standard.
The fluid is identical to that used in the intended application, or is a substitute fluid which gives equivalent results.

The test simulates the performance of a buried pipe in service under conditions which do not retard the rate of
decompression of the pressurizing fluid through any fracture.

The pipe is subsequently examined to determine whether arrest or propagation of the crack has occurred.

From a series of such tests at different pressures but at constant temperature, a critical pressure or critical stress
for crack propagation can be determined (see annex A for further information).

Similarly, by testing at a series of temperatures whilst maintaining a constant pressure or hoop stress, the critical
temperature for crack propagation can be determined (see annex B for further information).

5 Test parameters

It is assumed that the following parameters will be set by the referring product standard:

a) the diameter(s) and series of the pipe(s) to be tested;

b) the pressurizing fluid (6.4), e.g. gas, water, water plus air;
¢) the test pressure(s);

d) the test temperature(s).

6 Materials

6.1 Methylated spirits, for use as a cooling fluid (see 7.4.3).

6.2 Solid carbon dioxide, for use as a cooling agent (see 7.4.3).

6.3 Washed gravel, With a size range of 20 mm to 40 mm diameter (see clause 9).
6.4 Pressurizing fluid, which shall be as specified in the referring standard.

NOTES

1 ltis satisfactory to use nitrogen or air as the pressurizing fluid instead of natural gas, as the measured pressure for rapid
crack propagation (RCP) will be only slightly less than that obtained with natural gas. The decompression speed (velocity of
sound) at 0 °C of nitrogen and air is 337 m/s and 334 m/s, respectively, compared with approximately 430 m/s for natural gas.

2 In water-pipeline systems which contain water only, the phenomenon of crack propagation is unlikely to occur. However,
when entrained air bubbles or air pockets are present it is possible. It is usual to test with between 5 % and 10 % by volume of
air in the water to determine the resistance to crack propagation. A test on water pipe using 100 % gas or air should be
expected to give a pessimistic result.

7 Apparatus

7.1 Temperature-controlled trough, capable of accommodating the minimum test-pipe length of 14 m. The
trough shall have means for maintaining the temperature specified by the referring standard to within + 1,5 °C along
the whole test-pipe length by means of a water-recirculation system around the test pipe (see figure 1). If
necessary, the water shall contain an antifreeze to avoid ice build-up round the test pipe.
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Figure 1 — Example of a test facility for full-scale rapid crack propagation

7.2 Steel-pipe reservoir, connected to the test pipe at one end of the trough. The steel pipe shall have a bore
diameter equal to or greater than the test-pipe bore diameter. The pipe reservoir shall have a minimum length of
twice that of the test pipe and a minimum volume of three times that of the test pipe.

7.3 Pressurization equipment, for pressurizing the test pipe and steel reservoir (7.2) with the test fluid (6.4) to
within £ 2 % of the test pressure specified by the referring standard.

7.4 Crack-initiation equipment.

7.41 Router, capable of machining a longitudinal groove to an appropriate depth in the test-pipe wall for

approximately 500 mm and then gradually decreasing the groove depth to zero over approximately 250 mm (see
figure 2).

7.4.2 Metal blade, which can be aligned with the external groove in the test pipe and be driven through the
residual pipe-wall thickness.

NOTE — A 400-mm-long steel blade driven by a fast-acting pneumatic piston has been found to be suitable for polyethyiene
pipe (see figure 3).

Dimensions in millimetres
~ 500 x~ 250 |

T
!
Figure 2 — Groove machined in external pipe wall
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7.4.3 Cooling system, designed to apply methylated spirits cooled by solid carbon dioxide to the top of the pipe to
cool a strip of pipe either side of the groove and approximately 1 m in the direction of the steel-pipe reservoir. It is
recommended to use a wooden frame, resting on the top of the pipe and lined with a thin polyethylene sheet, to
contain the cooling fluid (see figure 4).

7.4.4 Close-fitting wooden plug, approximately 0,5 m long, to support the test pipe internally beneath the groove
sufficiently to prevent severe pipe distortion during crack initiation (see figure 4).

The top of the wooden plug shall have a recess containing compressible foam. The foam shall be compressed to
maintain close contact with the pipe bore beneath the groove, even during pressurization. This will ensure that the
wooden plug stays in position. Moreover, it will enable the full thickness of the groove ligament to be properly cooled
by the cooling fluid (see 7.4.3) by insulating this part of the pipe bore from the pressurizing fluid.

Dimensions in millimetres
400 3

20

Part of blade gripped in blade hotder (

70

120

25 25°

200

NOTE — Blade sharpened by light grinding.
Figure 3 — Steel blade found to be suitable for initiating a crack in polyethylene pipe
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Figure 4 — Example of the crack-initiation position
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8 Test-pipe preparation

If required, joint straight sections of pipe together by butt fusion to produce a test pipe of minimum length 14 m.

Measure the location of any butt-fusion joint.

Insert the wooden plug (7.4.4) and locate it underneath the position where the groove will be produced. The centre
of the groove shall be at least 2 m from the pipe end.

Fit, to the end of the test pipe nearest the groove, an end cap which will withstand the end load from the test
pressure (see figure 1).

Lay the test pipe in the trough and connect the other end of the test pipe to the steel-pipe reservoir (7.2). Ensure
visually that the test pipe is straight.

Within the zone supported by the wooden plug, use the router to machine, in the external surface of the test pipe, a
longitudinal groove having a depth which is constant for approximately 500 mm. Then decrease the depth gradually
to zero over approximately 250 mm in the direction of the steel-pipe reservoir (see figure 2).

When testing highly RCP-resistant pipes, part of the pipe test section can be replaced by a crack-initiation pipe of a
lower RCP resistance but of the same nominal diameter and wall thickness. The crack-initiation pipe shall replace
the test pipe from the end cap to a distance of approximately 3 m beyond the crack-initiation position. A butt-fusion
joint shall be used to connect the two pipes. It is not necessary to remove the external or internal beads.

The groove depth shall be chosen to create a sufficiently high stress to initiate a high-speed crack in the remaining
ligament which will be at a temperature of approximately — 60 °C. However, the groove shall not be so deep that
premature failure during pipe pressurization represents a safety hazard.

NOTE — A ligament stress of 20 MPa to 25 MPa has been found to be suitable for polyethylene pipes. In general, it is then
not possible to pressurize the test pipe unless the groove ligament is also cooled to approximately — 60 °C.

9 Conditioning and backfill

Place gravel (6.3) round the pipe, covering it to a depth of 100 mm except for the top of the pipe around the crack-
initiation position.

Place cross-beams lightly on the crown of the pipe at intervals of 1 m to 1,5 m and fasten them to the trench wall to
ensure that the pipe will not rise and thus create significant bending stresses when the trough is filled with water.
Omit the cross-beams when they would interfere with the wooden frame (see 7.4.3).

Fill the trough with water, if necessary containing a suitable quantity of antifreeze, to just below the level of the
gravel.

Circulate the water along the trough, through the gravel and round the cooling system until the test temperature, as
specified in the referring standard, is established to within + 1,5 °C all along the pipe.

The conditioning time shall be at least the conditioning time defined in ISO 1167 for the appropriate pipe wall
thickness. Any conditioning fluids shall not affect the properties of the test pipe.

Maintain the test temperature within the tolerance range for a minimum period of 1 h immediately before testing in
accordance with clause 10. The temperature shall be measured at intervals of approximately 2 m alternating along
either side of the test pipe from the end of the wooden frame to the steel-pipe reservoir.
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10 Test procedure

10.1 Cool the crack-initiation groove with the mixture of methylated spirits and solid carbon dioxide (see 7.4.3) at
approximately — 60 °C for at least 1 h to ensure that the full wall thickness around the groove and 1 m in the
direction of the steel-pipe reservoir are adequately cooled.

10.2 Pressurize the test pipe and reservoir with the specified test fluid to the test pressure to within £ 2 %. If the
test fluid is not entering the pipe at approximately the specified test temperature, then an additional pipe-
conditioning period will be required to ensure that the test pipe is uniformly at the test temperature both internally
and externally.

NOTES

1 Once the test pipe starts to be pressurized, then there is a potentially serious hazard from premature bursting of the pipe
and thrown gravel.

2 During the additional cooling period, there must, of course, be sufficient cooling fluid (see 7.4.3) to maintain the temperature
of the groove ligament at — 60 °C.

10.3 Initiate cracking by driving the metal blade through the cooled, grooved section of the pipe where the groove
is at full depth and the pipe is supported by the wooden plug (see figure 2).

10.4 Recover the test pipe and measure the longitudinal distance travelled by all the cracks from the centre of
crack-initiation. When a crack-initiation pipe is used (see clause 8), the crack lengths are measured from the butt-
fusion joint between the initiation pipe and the test pipe.

11 Interpretation of results

Crack arrest is defined as having taken place when the length of the longest crack is less than or equal to 90 % of
the length of the test pipe.

Rapid crack propagation (RCP) is defined as having taken place when the length of the longest crack is greater
than 90 % of the length of the test pipe.

12 Validity of resulits

For each test pipe, the longest crack shall meet all the following conditions:
a) the crack shall travel beyond the cooled section of pipe round the groove, i.e. approximately 1,5 m from the
centre of initiation;

b) the crack shall not terminate by travelling completely round the pipe circumference so that it rejoins the original
crack;

c) the crack shall not terminate at a butt-fusion joint within the test pipe;

d) when using a crack-initiation pipe (see clause 8), the crack shall propagate completely along the initiation pipe
and enter the test pipe.

13 Test report

The test report shall include the following information:

a) a reference to this International Standard and to the referring standard;

b) all details necessary for complete identification of the test pipe and, if used, the crack-initiation pipe, including
the manufacturer, the polymer used for manufacture, the production date and the identification marking on the

pipe;
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c) the nominal pipe diameter and pipe series;

d) the test-pipe length and, if used, the crack-initiation pipe length;

e) the test pressure;

f)  the test temperature:;

g) the location(s) of the butt-fusion joint(s), if any;

h) the crack lengths;

i) astatement as to whether rapid crack propagation or arrest occurred;
j) the date of test;

k) details of any factors which may have affecte

d the results, such as any incidents or any operations not
specified in this International Standard.
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Annex A
(normative)

Determination of critical pressure (or hoop stress)

A.1 General

A single test which results in crack arrest indicates that the critical pressure for propagation is greater than the test
pressure.

The following method is recommended for determining, at a given temperature, the critical pressure (or hoop stress)
above which a crack initiated through the wall of a thermoplastics pipe will propagate steadily along the pipe.

A.2 Symbols

D Test pressure, in bars

Pc Critical pressure, in bars

Oc Critical hoop stress, in megapascals

dem Mean outside diameter of test pipe, in millimetres

D Average of the mean outside diameters dgpy, in millimetres

et Mean wall thickness of test pipe along (main) crack, in millimetres

A.3 Principle

A series of tests at various pressures but constant temperature is used to determine the critical pressure (or critical
hoop stress) at which there is a sharp transition from abrupt arrest of an initial crack to continued steady
propagation of the crack.

A.4 Procedure
A.4.1 General

Using a range of test pressures, and following the procedure in clause 10, obtain sufficient results conforming to
clause 11 and clause 12 and

a) at least one test result with the longest crack being at least 90 % of the test-pipe length, i.e. rapid crack
propagation;

b) at least one test result with crack arrest.

NOTE — The critical pressure for rapid crack propagation must be exceeded to validate the crack-initiation system, otherwise
it is impossible to distinguish between the arrest conditions and some defect in the crack-initiation system.
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A.42 Critical hoop stress

A.4.21 Preparation

Using a n-tape, measure the mean outside diameter dem, in accordance with ISO 3126, at 3 m to 4 m intervals long
the test pipe.

Include at least one measurement of each pipe section used to make up the test pipe using butt-fusion joints.

Calculate and record the average of these results as D.

A.4.22 After testing

Measure the wall thickness, in accordance with ISO 3126, at intervals al
or main crack path if there is more than one. Record the individual wall
the mean value e;.

ong the test pipe adjacent to the crack path,
-thickness values, and calculate and record

A.5 Analysis to determine critical pressure

Itis useful to plot a graph of test pressure against crack length (see figure A.1).

The critical pressure p, is defined as the highest crack-arrest pressure below the lowest crack-propagation
pressure.

R
£
g Pipe length fram crack-initiation point {
<100 {1
x 90 % of test-pipe length A
m 90
o
()
O
\ |
0 g.orp, Test pressure or haop stress

Figure A.1 — Typical test-data plot to determine the critical pressure or
critical hoop stress (p. or o)
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A.6 Analysis to determine critical hoop stress
For each test pipe, calculate the hoop stress o, in megapascals, using the following equation:

_ p (D—- et)
20et

where
p is the test pressure, in bars;
D is the average of the mean outside diameters dgn, of the pipe sections, in millimetres (see A.4.2.1);
e; is the mean wall thickness of the test pipe along the (main) crack, in millimetres.

Plot a graph of hoop stress against crack length (see figure A.1).

The critical hoop stress o is defined as the highest crack-arrest hoop stress below the lowest crack-propagation
hoop stress.

NOTE — It is recommended that the test pressures be chosen alternately above and below the expected value of p. or .

A.7 Test report — Additional requirements

A.7.1 In the case of critical-pressure determinations, the test report shall include the following additional
information:

— the estimated critical pressure p, in bars.

A.7.2 In the case of critical hoop stress determinations, the test report shall include the following additional
information:

a) the individual wall thicknesses of the test pipe measured along the (main) crack path, in millimetres;

b) the mean wall thickness e; of the test pipe along the (main) crack path, in millimetres;

c) the mean outside diameters dg, of the test pipe, in millimetres;

d) the average D of the mean outside diameters dg, of the test pipe, in millimetres;

e) the plot of hoop stress against crack length;

f) the estimated critical hoop stress o, in megapascals.
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Annex B
(normative)

Determination of the critical temperature

A single test which results in crack arrest indicates that the cri

tical temperature for crack propagation is lower than
the test temperature.

A series of tests similar to those in annex A, on a particular type of thermoplastics pipe, may be conducted at a
constant pressure or constant hoop stress to determine the critical temperature.

This can be a useful technique, as it is almost alwa
conditions and therefore the critical tem
or above 0 °C, rapid crack propagation
determined.

ys possible to obtain both crack-arrest and propagation
perature. In comparison, for some thermoplastics pipes, at temperatures at
may not be possible at any pressure and so the critical pressure cannot be

The critical temperature Ty is defined as the lowest crack-arrest tem

perature above the highest crack-propagation
temperature (see figure B.1).

R
£
g' ‘Pipe Length from crack-initiation point
— 100 { |——| ,L
v [(] 90 % of test-pipe Length
® 90
[
0l
0
0 T, Test temperature

Figure B.1 — Typical test-data plot to determine the critical temperature 7,
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ICS 23.040.20

Descriptors: fluid pipelines, pipes (tubes), thermoplastic resins, plastic tubes, cracking (fracturing), crack propagation, tests, cracking
tests, determination, crack strength, test report sheets.

Price based on 11 pages
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