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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-governm
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P
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rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 138, Plasti¢s ‘pipes, fittings and valves fd
uids, Subcommittee SC 5, General properties of pipes, fittings and valves of plastic materia
ries — Test methods and basic specifications.
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Introduction

Test methods that measure the resistance of internally pressurized plastics pipes to rapid fracture propagation
(RCP) have been standardized: ISO 13477 [1] and this International Standard. The S4 method specified in
ISO 13477 utilizes short lengths of pipe to determine a critical RCP pressure or temperature for the pipe.
Longer pipes up to 20 m in Iength are the basis of this fuII scale test (FST) method for measurement of these
mpression of
the ipternal test pressure, thus ensurmg that the high- speed crack tip is exposed to the full\gipe pressure
throughout the test. The FST, on the other hand, has no baffles installed and is more related_tolfield service.
The grack tip is subjected to a reducing pressure by decompression effects as the crack-progagates. This
arrangement reflects the RCP mode of failure of long pipelines and is assumed to‘be the rg¢ference test
methpd. The critical RCP values derived from each test are different but can be correlated expgrimentally. A
mathpmatical equation for correlation has been developed for polyethylene (PE) pipes (see ISO 13477).

© 1SO 2007 — All rights reserved \4
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INTERNATIONAL STANDARD ISO 13478:2007(E)

Thermoplastics pipes for the conveyance of fluids —
Determination of resistance to rapid crack propagation (RCP) —
Full-scale test (FST)

1 $cope

This International Standard specifies a full-scale test (FST) method for determining, the-arrest of propagation
of a ¢rack initiated in a thermoplastics pipe at a specified temperature and internal‘pressure. The method is
also [suitable for the determination of defined critical pressure, critical stress™ and critical | temperature
parameters.

It is gpplicable to the assessment of the performance of thermoplastics pipes intended for the supply of gases
or ligyids. In the latter case, air could also be present in the pipe.

2 Normative references

The following referenced documents are indispensable. for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
docupent (including any amendments) applies.

ISO 1167-1, Thermoplastics pipes, fittings and-assemblies for the conveyance of fluids — Detgrmination of
the rg¢sistance to internal pressure — Part 1: General method

ISO 3126, Plastics piping systems — Plastics components — Determination of dimensions

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

3 Terms and definitions

For the purpases of this International Standard, the terms and definitions given in 1ISO 11922-1 and the
following appli-.

31
critical-pressure

Pc

highest crack-arrest pressure below the lowest crack-propagation pressure

3.2
critical hoop stress

Oc

highest crack-arrest hoop stress below the lowest crack-propagation hoop stress

3.3
critical temperature

Te

lowest crack-arrest temperature above the highest crack-propagation temperature

© 1SO 2007 — All rights reserved 1
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3.4
crack arrest

event characterized by the length of the longest crack that is less than or equal to 90 % of the length of the

test pipe

3.5

rapid crack propagation

RCP

event characterized by the length of the longest crack that is greater than 90 % of the length of the test pipe

4 Symbgfs

p tesf pressure, in bar 1)

Pe critjcal pressure, in bar 1)

O critlcal hoop stress, in megapascals (MPa)

T, crit/cal temperature, in degrees Celsius (°C)

dom mefn outside diameter of test pipe, in millimetres

D avgrage of the mean outside diameters, d,,, of the pipe segtions, in millimetres

e mepn wall thickness of the test pipe along the (main) crack, in millimetres.

5 Principle

A thermoplastics pipe, maintained at a specified temperature and containing a fluid at a specified
pressure, is [subjected to an impact designed to initiate a crack. The crack can then arrest within a

distance or ¢

The test tem
operating co

The pressuri
nitrogen, whi

The test simiilates the\performance of a buried pipe in service under conditions which do not retard the r

decompressi

pntinue to propagate at high speed along the pipe.

berature and test pressure are as defined in the referring standard and are related to the inte
nditions.

ving fluid is identical to that used in the intended application, or else is a substitute fluid, e.g.
Cch gives equivalent results.

pn of the pressurizing fluid through any fracture.

test
short

nded

air or

hte of

The pipe is §|

LubSequently examined to determine whether arrest or propagation of the crack has occurred|

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

Similarly, by testing at a series of temperatures while maintaining a constant pressure or hoop stress, the
critical temperature for RCP can be determined (see Annex B).

1)

1 bar = 0,1 MPa = 10% Pa; 1 MPa = 1 N/mm?2.

© 1SO 2007 — All rights reserved
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6 Test parameters

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

71
7.2
7.3
7.4

NOTH
press
decor
appro

NOTH
Howel
10 %
air or
Refer

8 |/

8.1
to 20

referfing standard to within + 1,5 °C along the whole test pipe length. The temperature may be

recirg
intery
test g

NOTH
3o'cl

the diameter(s) and series of the pipe(s) to be tested;
the pressurizing fluid (7.4), e.g. gas, water, water plus air or nitrogen;
the test pressure(s);

the test temperature(s).

Materials

Methylated spirits or ethanol, for use as a cooling fluid (see 8.4.3).

Solid carbon dioxide, for use as a cooling agent (see 8.4.3).

Washed gravel, with a size range of 20 mm to 40 mm diameter (see €lause 10).
Pressurizing fluid, which shall be as specified in the referring-standard.

1

It is satisfactory to use nitrogen or air as the pressurizing ‘fluid instead of natural gas, as

hpression speed (velocity of sound) at 0 °C of nitrogen andcair is 337 m/s and 334 m/s, respectively,
ximately 430 m/s for natural gas.

2 In water-pipeline systems, which contain watef.only, the phenomenon of crack propagation is un
ver, when entrained air bubbles or air pockets are present, it is possible. It is usual to test with bet
by volume of air in the water to determine thesrésistance to crack propagation. A test on water pipe usi
nitrogen is more likely to result in RCP\and therefore will be expected to give a pessimistic re
ence [2] for RCP testing of pipes filled or partially filled with water).

Apparatus

Temperature-controlled trough, capable of accommodating the overall pipe length norn
m (also see Clausé-9). The trough shall have means for maintaining the temperature spe

ulation of water/or air around the test pipe (see Figure 1). The temperature shall be
als along thedest length. If necessary, the water shall contain antifreeze to avoid ice build-u
ipe.

the measured

ire for rapid crack propagation (RCP) will be only slightly»less than that obtained with natlyral gas. The

compared with

ikely to occur.
veen 5 % and
hg 100 % gas,
sult (also see

nally of 14 m
cified by the
controlled by
monitored at
p around the

Temperature monitoring along the test length at intervals not exceeding 3 m and around fl
ck-and 9 o’clock positions has been found to be satisfactory.

Te pipe at the

©I1SO

2007 — All rights reserved
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Dimensions in millimetres
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test length) (overall pipe length, 7, 14 m to 20 m)
steel pipe|reservoir

gravel
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initiation ring
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blade
end cap
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Figure 1 — Examplé of test facility for full-scale rapid crack propagation

8.2 Steel-pipe reservoir, conhected to the test pipe at one end of the trough. The steel pipe shall have a
bore diametgr greater than ortequal to the test-pipe bore diameter. The pipe reservoir shall have a minjmum
length of twige that of the test pipe and a minimum volume of three times that of the test pipe.

Axial alignmgnt of theaeservoir with the test pipe is preferred.

8.3 Presstirization equipment, for pressurizing the test pipe and steel reservoir (8.2) with the tes{ fluid
(7.4) to withirp &2 % of the test pressure specified by the referring standard.

8.4 Crack-initiation equipment, for driving a metal blade (8.4.2) through the test pipe at high speed.

8.4.1 Router, capable of machining a longitudinal slot 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).

NOTE Normally, the slot is machined whilst the test pipe is in the trench.

8.4.2 Metal blade, which can be aligned with the external slot 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 impact piston has been found to be suitable for
polyethylene pipe (see Figure 3).

4 © 1SO 2007 — All rights reserved
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Dimensions in millimetres
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A
Y
A
Y
|

<
g

Key

w  slot width (8 mm to 25 mm, depending on the wall thickness)
1 rgunded corners at bottom of slot

Figure 2 — Slot machined in external surface of'pipe wall

Dimensiong in millimetres
3
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TV

25

120
%

200

A
 J

400

A
 J

Key
1 pgrt of blade gripped in blade holder

NOTH Bladessharpened by light grinding.

Figure 3 — Steel blade found to be suitable for initiating crack in polyethylene pipe

8.4.3 Crack initiation cooling system, used to apply methylated spirits or ethanol, cooled by solid carbon
dioxide, to the top of the pipe in order to cool the slot and a strip of pipe on either side and approximately 1 m
in the direction of the steel-pipe reservoir.

It is recommended that a wooden frame be used, resting on the top of the pipe and lined with a thin
polyethylene sheet, to contain the cooling fluid (see Figure 4). The slot, under the polyethylene (PE) sheet, is
filled with methylated spirits or ethanol to avoid ice formation.

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

© 1SO 2007 — All rights reserved 5
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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 slot, even during pressurization.

NOTE The compressed foam will ensure that the wooden plug stays in position. Moreover, it will enable the full
thickness of the slot ligament to be properly cooled by the cooling fluid above by insulating this part of the pipe bore from
the pressurizing fluid (see 8.4.3).

[~
1
| |
4
[ 1
3 —
]
—_| "A—/
S = A 4:1)

1 pneumati¢ impact cylinder
2 blade
3 polyethylene sheet
4 cooling fluid

5 machined slot

6 wooden trough
7

8

9

1

compressible insulating foam
wooden plug
PE pipe

0 wooden support, if required

Figure 4 — Example of crack-initiation position
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9 Test-pipe preparation

If required, joint straight sections of pipe together by butt fusion to produce an overall pipe length of, normally,
14 m to 20 m (see following for test pipes with high RCP resistance).

When testing pipes with high RCP resistances, 4 m of the overall pipe length may be replaced by 5m to 6 m
of a crack-initiation pipe of a lower RCP resistance but of the same nominal diameter and wall thickness. A
butt-fusion joint shall be used to join the two pipes. It is not necessary to remove the external or internal weld
beads. Crack initiation shall then be approximately 2 m from the end of the initiation pipe.

Measure the test pipe length and, if applicable, the initiation pipe length. Measure the location of any
butt-fosiomjoimnts:

Inser oduced. The

centr

the wooden plug (8.4.4) and locate it underneath the position where the slot will\be pr
b of the slot shall be at least 2 m from the pipe end.

To th
test

e end of the test pipe nearest the slot, fit an end cap, which will safely withstand the end load from the

ressure (see Figure 1).

Lay the test pipe in the trough and connect the other end of the test pipe’io the steel-pipe re
Ensufe visually that the test pipe is straight and aligned with the steel reservoir.

servoir (8.2).

Withi
pipe,
grady
width

Shar
poss
and,

The
rema
deep

NOTE

then
-60 °

10 (

Placq
of thq

h the zone supported by the wooden plug, use the router to.machine, in the external surfa
a longitudinal slot having a depth that is constant for approximately 500 mm. Then decreg
ally to zero over approximately 250 mm in the direction-of the steel-pipe reservoir (see F
of the slot shall be 8 mm to 25 mm, with the greater widths for the thicker pipe wall thicknes

b corners at the bottom of the slot should be avoided, in order to minimize stress concentra
bility of premature crack initiation. For deep slots, 'several machining passes of the router ca
f appropriate, of different widths to produce a-stepped slot.

5lot depth shall be chosen to createNa- sufficiently high stress to initiate a high-speed

that premature failure during pipe pressurization represents a safety hazard.

A ligament stress of 20/VMPa to 25 MPa has been found to be suitable for polyethylene pipes. |
ot possible to pressurize the, test pipe unless the slot ligament is also cooled and maintained at

N
L.

Conditioning.and backfill

the washed gravel (7.3) around the pipe, covering it to a maximum depth of 100 mm, exce
pipe.around the crack-initiation position so as to avoid interference with the slot cooling sys

ce of the test
se the depth
gure 2). The
5es.

ions and the
N be required

crack in the

ning ligament, which will be at a temperature of approximately —60 °C. However, the slot shall not be so

h general, it is
approximately

pt for the top
em.

If a w

ater recirculation system around the test pipe is used, place cross-beams lightly on the crow

n 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 where they
would interfere with the wooden frame (see 8.4.3). Fill the trough with water, if necessary containing a suitable
quantity of antifreeze, to just below the level of the gravel.

In order to obtain the required test temperature, as specified in the referring standard, circulate the water or air
along the trough, through the gravel and around the cooling system until the test temperature is established to
within + 1,5 °C all along the test pipe and, if applicable, the initiation pipe.

The conditioning time shall be at least that according to ISO 1167-1 for the appropriate pipe wall thickness.

Consideration should be given to increasing the conditioning times, if the conditioning is by means of air. No
matter what the means of conditioning, it shall not affect the properties of the test pipe.

© 1SO 2007 — All rights reserved
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Maintain the test temperature within the tolerance range for a minimum period of 1 h immediately before
testing in accordance with Clause 11. The temperature shall be measured at intervals of 2m to 3 m

alternating alo

ng either side of the test pipe from the end of the wooden frame to the steel-pipe reservoir.

11 Test procedure

11.1 Cool the crack-initiation slot with the mixture of methylated spirits or ethanol and solid carbon dioxide
(see 8.4.3) at approximately — 60 °C and hold for at least 1 h to ensure that the full wall thickness around the

slotand 1 m

in the direction of the steel-pipe reservoir are adequately cooled.

11.2 For te
quantity of w
the air/nitrog
in the test pi
that the test

Ensure that
—60 °C durin

WARNING -
from premat

NOTE It
rupture, unles

11.3 |Initiate
is at full dept|
11.4 Recoyv|

of crack-initigtion. When a crack-initiation pipe is used:(see Clause 9), the crack lengths are measured

the butt-fusia

NOTE A
rejoins the orig
steel wire zig:
300 mm over
Figure 1). Dur|
ahead of the 1
helps to avoid

12 Validit

For each tes

y of results

sting with water, water/air or water/nitrogen mixtures, first fill the test pipe with the red
bter. Pressurize the test pipe and reservoir with air/nitrogen to the test pressure to within+'2
BN is not entering the pipe at approximately the specified test temperature or the rescompre
be raises the temperature, then an additional pipe-conditioning period will be required to e
bipe is uniformly at the test temperature both internally and externally [31.

there is sufficient cooling fluid (see 8.4.3) to maintain the temperature _of the slot ligame
) the additional cooling period, as the pressurized pipe cannot be approached.

ure bursting of the pipe and thrown gravel.

s very unlikely that the ligament below the machined notch will be able to sustain the test pressure W
5 the ligament is kept at approximately —60 °C.

cracking by driving the metal blade at high speed.through the cooled slot where the groov
h and the pipe is supported by the wooden plug (see Figure 2).

br the test pipe and measure the longitudinal-distance travelled by all the cracks from the g
n joint between the initiation pipe and the-test pipe.

oidance of crack termination by the crack travelling completely around the pipe circumference so
inal crack (termed “ring-off’) has Been successfully achieved in larger diameter PE pipes by means of
agged across the pipe and anchored to the trench wall. The wire was placed at a height of 150

the top of the test pipe for @ distance of approximately 6 m, starting from the crack-initiation positio
ng the test, the pipe can,move about excessively in the trench so that a bending moment can be gen
Lnning crack tip, causing-it to deviate and, on occasion, ring-off. Restricting the pipe movement by th
this excessive movement and hence the ring-off.

pipe,\the longest crack shall meet all of the following conditions:

uired
%. If
ssion
hsure

nt at

— Once the test pipe starts to be pressurized, then there is a potentially serious hazard

ithout

b slot

entre
from

that it
a taut
m to
(see
prated
B wire

Ksatttravet-beyondthetooted(—60-"C)sectionmof pipe Toundthestot, -e—approximatety
centre of initiation;

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

pipe and enter the test pipe.

a) the crac
from the
b)
original crack;
c)
d)
8
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13 Test report

The test report shall include the following information:

a)

b)

reference to this International Standard (i.e. “ISO 13478”) and to the referring standard;

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
marking on the pipe;

nominal pipe diameter and SDR or pipe series;

identification

verall pipe length and, if used, the crack-initiation pipe length;
st pressure;
st temperature;

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

hen testing with water, water/air or water/nitrogen mixtures, details of the proportions 4
ere determined;

xial crack lengths;
gtatement as to whether RCP or arrest occurred (see definitions);
date of test;

details of any factors which could have affected the results, such as any incidents or any o
gpecified in this International Standard.

nd how they

berations not

© 1SO 2007 — All rights reserved
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Annex A
(normative)

Determination of critical pressure (or hoop stress)

A.1 General

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

A.2 Principle

A series of tg¢sts at various pressures but at a constant temperature is used to determine the critical prepsure
(or critical hqop stress) at which there is a sharp transition from abrupt arrest of an initial crack to contjnued

steady propdgation of the crack.

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

the test pressure.

A.3 Procedure

A.3.1 Geng¢ral

Using a range of test pressures, and following the\procedure in Clause 11, obtain sufficient results confofming

to Clause 12|and

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

b) atleast pne test result with gfacK arrest.

NOTE THe critical pressure for rapid crack propagation needs to be exceeded to validate the crack-initiation system;

otherwise it i impossible todistinguish between the arrest conditions and some defect in the crack-initiation system.

However, one|test is sufficient to demonstrate the validity of the crack-initiation system if crack propagation occurs|along

the special inifiation pipesand into the test pipe. The minimum critical pressure/stress is established if crack arresft then

occurs within

A.3.2 Criti

A.3.21

Using a n-tape, measure the mean outside diameter, d

e required length of the test pipe.

Preparation

em’

intervals along the test pipe.

in accordance with ISO 3126, at 3m to 4 m

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.

10

© ISO 2007 — All rights re;
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A.3.2.2 After testing
Measure the wall thickness, in accordance with ISO 3126, at intervals along the test pipe adjacent to the crack

path, or main crack path if there is more than one. Record the individual wall-thickness values, and calculate
and record the mean value, e;.

A.4 Analysis for determining critical pressure

Plot a graph of test pressure against crack length (see Figure A.1).

Indicite on the graph the critical pressure, p,.
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Figure A.1 — Typical test-data plot to determine the critical pressure (p;) or critical hoop stress (o)
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