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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standardls bodies (ISO member bodies). The work of preparing International
Standards is nofmally carried out through ISO technical committees. Each member

body interested
the right to be

a subject for which a technical committee has been established has
epresented on that committee. International organizations, govern-

mental and non{governmental, in liaison with ISO, also take part in the work. I1SO
collaborates clogely with the International Electrotechnical Commission (IEC) on all
matters of electijotechnical standardization.

Draft Internatiofjal Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Councill They are approved in accordance with ISO procedures requiring’at
least 75 % appropval by the member bodies voting.

International Stdndard 1SO 8584-1 was prepared by Technical CommitteedSO/TC 138,
Plastics pipes, ffttings and valves for the transport of fluids.

I1SO 8584 consists of the following parts, under the general title Thermoplastics pipes
for industrial applications under pressure — Determination.of the chemical resistance
factor and of thg basic stress:

Annex A forms
mation only.

Polyolefin pipes

bipes of halogenated polymers]Technical Report]

hn integral part of this'part of ISO 8584. Annexes B to G are for infor-



https://standardsiso.com/api/?name=602bdf26cabe5e395c4fe02ba49e3359

ISO 8584-1 : 1990 (E)

Introduction

The design and the calculation of dimensions of pressure“pipes intd
transportation of liquids or gases is a complex task. It is heCessary to {
sideration the influence of both the hydraulic properties(of the liquid o

nded for the
ake into con-
I gas and the

material characteristics, both of which are more or less-well defined andl depend to a

certain extent on one another. Application techniques use simplified ru
iterative methods, permit the best choice of the_type of material and of tH
of the pipes, and provide an estimate of the permissible continuous pre
pipeline.

The resistance of a pipe to the fluids'being transported by it may be e
long-term chemical resistance under constant operating conditions (e.g.
concentration of the fluids, the.temperature and the pressure).

es which, by
e dimensions
bssures in the

kpressed as a
the type and

In accordance with ISQ 161-1, this part of ISO 8584 defines the development in time ¢

of the permissible stress in the pipe wall, due to the action of a static inte|
as the “basic stresséunction’”:

OB, fluid, temperature, pressure — fle)

The materials suitable for pressure pipes are divided into classes acco
nominal stress gy. This nominal stress corresponds to the basic stress ag

rnal pressure,

rding to their
extrapolated

060 years, for the case where the fluid is water at 20 °C, under nonjinal pressure

(PN):
0N = 0B, 50, water, 20 °C, PN

In addition to their designation according to the material and the nomina
may be designated by a pipe series number S which corresponds to the
thicknesses given in the table in ISO 4065. The definition of S is as foll
d, — ¢
2% =

s g
p

stress, pipes
series of wall
DWS :

where

d, is the nominal outside diameter;

Jd is the nominal wall thickness;

p is the operating pressure.

Using the nominal values, this equation then becomes

O'N=PNXS
or

ON
PN = —

S
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For example, a polyethylene-based pipe designated by gy = 5 MPa and S5 has a
nominal pressure

PN = 5/5 =1
(corresponding to 1 MPa or 10 bar).

The design of a pressure pipe system is determined according to the differences in
level, the maximum rate of discharge of fluid and other requirements of the design. The
flow speed may, as a general rule and within certain limits, be chosen freely. The ap-
propriate choice of the cross-section of the pipes (the cross-section multiplied by the
speed gives the discharge of fluid), i.e. the inside diameter of the pipes in a system,
enables the determination of the necessary pressure and thus the requirements for the

long-term resisfance of the pipes.

Once the oper
diameters, has

bting pressure p as required by the hydraulic conditions, valid for all
been determined it is recommended that one chooses the series of pipe

wall thicknesses which is likely to be suitable. Following this assumption, and accord-

ing to the form

as=pS

ula given above, the operating stress agg has the following value:

The requiremefts of the material itself are then defined according to the operating

stress. This st|
temperature ar
choice of the 1

ess shall be admissible for the fluid being transported at the given
d for the given period of time, and it is the essential criterion for the
haterial.

The pipe serie§ and the type of material chosen are suitable for carrying out a given

project if the o
mined under th

gg < 0g

If this inequalit
incorrect.

It is also possih
One may make
material, or on
lower pressure

The long-term
pressure due t
As the results
by a regressior

Igg = a -

In this case, th¢

berating stress gg is equal to or less than the basic stress gp,(ds deter-
e conditions specified in this part of ISO 8584:

y is not satisfied, it means, initially, that the choice of the pipe series is

le to make other assumptions, starting from the basis of different data.
selections, for example, on the basis'of the pipe series as well as on the
e may increase the pipe diameten so that the pipe system works at a

Creep strength (or resistance) of thermoplastics pipes subject to internal
water has been the'subject of very detailed investigation for decades.
how, the long-term/creep strength may be represented mathematically
curve of the:form

blgt

fegression curve is a straight line. If the tests are performed over a long

period of time

at |i|g|i temperatures and/or under the action of aggressive fluids, the

slope of the regression curve becomes steeper. This part of ISO 8584 is applicable to
the case where the long-term creep strength can be represented by a bilinear model,
i.e. by a curve consisting of two straight line portions with different gradients, where
each of the two straight line portions of the curve may be represented mathematically
by a regression line of the form:

lgo =a; — b;lgt

The first straight line portion has constants @, and b and the second portion, with a
steeper gradient, has constants a, and b,. If the temperature of the water is taken as a
parameter, a group of regression curves is obtained which enables one to determine
the creep strength as a function of time for a given pipe material (see figure 1).

Vi
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regression curves (of the rupture stress, og)

basic stress curves, og

Transition curve

—— c—
_—-————————-

T T T~
\\\s
\\\\
Field_of
application

Oxidation lirit

50 years [

Figure 1 — Group of regression cuirves

The curve which connects the points of change in gradient or ““transition|
group of regression curves, called the transition curve, represents the d

: 1990 (E)

gt

points’’ of the
bvelopment of

these transition, points with time and temperature. The transition point is therefore

located at longer times for lower temperatures.

The basic stress for an industrial application is determined from the gr¢
stress curves gg found by experimental tests. The corresponding \
trapolated by taking into account the lower dispersion limit and safety
are fixed by agreement. The field of industrial applications (the shaded a
is situated below the transition curve. Furthermore, it is limited
phenomena which may occur during long periods of usage at high tem

By way of example, diagrams of such basic stresses of pipes are shown if|
G. These types of long-term hoop stresses are necessary for the choi
series and the calculation of the dimensions of the pipes.

As the observed scatter of test results is high, the tests, extrapolations
tions of each type of pipe are performed using statistical methods. A suit

up of rupture
alues are ex-
factors which
rea in figure 1)
by oxidation
beratures 1.

annexes D to
ce of the pipe

and classifica-
hble method is

the “’standard extrapolation method”’, which will form the subject of

SO/TR 9080.

Within the temperature ranges for each type of material, it is necessary to carry out
tests at several temperatures, where any two temperatures are separated by 10 K to
20 K, for at least five stresses and for at least five test pieces per test, so that some time

periods are at least 104 h.

1)
HDPE, Kunstoffe 75 (1985) p. 7.

See Gause, GesLer, MULLER, GoNnDRo, Zeitstandfestigkeit und Alterung von Rohren aus

vii
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ISO 4433 describes a method of determining the resistance of polyolefin pipes to in-
dustrial products and other chemical fluids using an immersion test and provides a
system for preliminary classification. The results only apply directly to non-pressure
pipes. For pipes containing fluids under pressure, this method only enables one to
reveal the incompatibilities between the fluid and the pipes. The resulting classification
of “satisfactory resistance’” or “limited resistance” shall be confirmed by tests of the
long-term creep strength under pressure.

The present test method, intended for the determination of the chemical resistance
factor fcg, gives examples of characteristic values of creep strength which express, for
a given stress and temperature, the resistance of a pipe to the fluid considered in com-

parison with its peststance-to-water:

The aim of this test method is

a) to deterrpine the chemical resistance factor fcg and the basic stress function
ag = flt, T|with fluids more aggressive than water;

b) to make [test periods as short as possible and to keep costs as low as possible.

In view of the cduntless number of fluids, concentrations and mixtures used in various
industries, it is absolutely essential to have a test method and a method of extrapol-
ation simpler than those given in 1SO 1167 and by the ‘‘standard extrapolation
method” respedtively which are valid for water and other wide-ranging applications.

The reduction |s[| the cost of a test is not achieved by a reduction in the number of
necessary statistical tests or by applying high stresses in the area situated above the
transition curve|for water. The simplification sought is achieved

— by carnyiing out the tests at high temperatures, and

— by detefmining the median of the time to failure (this method consists of stop-
ping the tes{s as soon as half the test pieces have failed),

The function of the basic stress with water is to enable éxtrapolation of the fcg values.
Examples of diagrams of such basic stresses are given; for information, in annexes D to
G. When the r£ults are applied to pipes of greater wall thickness, the differences in
the structure and the internal stresses induced in the walls of such pipes are taken
into account.

The basic stresg o estimated from the.tests and extrapolation serves as a basis for the
calculation of the permissible stress.By definition, og does not take into account

a) additionfl loads and<various influences due to the fluids and temperatures
which, depehding on thie'case in hand, may exert a stress in addition to that of the
pressure;

b) the phyTicaI or chemical influence of the environment, or any special safety re-
quirements.

It is up to experts to estimate the influence of these additional factors and to introduce
them into the calculations.

viii
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Thermoplastics pipes for industrial applications under
pressure — Determination of the chemical resistance
factor and of the basic stress —

Part [T
Polyqlefin pipes

1 Scope

1.1 This|part of ISO 8584 defines the basic stress og as the
reference |value for determining the series S of polyolefin
pressure pjpes and makes use of the classification of pipes ac-
cording to|their nominal stress ay,.

1.2 For |applications in the water industry, this part of
1ISO 8584

— giVes examples of the possible basic stress as a func-
tion of|time and temperature for polyolefin pipes and

— provides the design engineer with a method to.study
the field of application of each class of pipes and how the
basic dtress can develop, with the aid of diagrams and
tables.

1.3 As fpr as applications in the chemical industry are con-
cerned, thjs part of ISO 8584

— defines the chemical resistance factor fcp,
— specifies the test method to determine fcg,
— specifies a-method of extrapolation to estimate the

development 'of-the basic stress in the case of an aggressive
fluid, and

2 Normative references

The following standards contain provisions
reference in this téxt, constitute provisions

vhich, through
pf this part of

ISO 8584. At the“time of publication, the editions indicated

were valid. Alhstandards are subject to revision|
agreements’based on this part of ISO 8584 are
investigate the possibility of applying the most
of theé\standards indicated below. Members g

and parties to
encouraged to
recent editions
f IEC and ISO

maijntain registers of currently valid Internationgal Standards.

1ISO 3:1973, Preferred numbers — Series|

numbers.

ISO 161-1:1978, Thermoplastics pipes for ti
fluids — Nominal outside diameters and nomi
Part 1: Metric series.

1ISO 1167:1973, Plastics pipes for the transpd

of preferred

transport of
/ pressures —

rt of fluids —

Determination of the resistance to internal pregsure.

ISO 3126: 1974, Plastics pipes — Measurement

ISO 4065: 1978, Thermoplastic pipes — Unive
ness table.

1SO 4433:1984, Polyolefin pipes — Resistan
fluids — Immersion test method — System
classification.

ISO/TR 9080: — ", Plastics pipes for the transy

of dimensions.

rsal wall thick-

be to chemical
for preliminary

ort of fluids —

Standard extrapolation method for the long ter

Im resistance to

— illustrates in annex A a simplified laboratory apparatus,
resistant to corrosion, for use on pipes of 12 mm and 8 mm
in diameter.

1.4 This part of ISO 8584 may be applied in a similar manner
to pipes made of other materials whose regression curves
can be represented by a bilinear model. The method of extra-
polation assumes knowledge of the basic stress function
og = flt, T) with water.

1) To be published.

constant internal pressure.

3 Definitions

3.1 basic stress, gg: Stress sustained in continuous opera-
tion, without failure and with an appropriate safety factor,
during a given period by the wall of a pipe exposed to a fluid
under static pressure.
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It is calculated using

— the creep strength with water, determined experimen-
tally according to the “‘standard extrapolation method" (see

~ g A~

iSO/TR 9080},

— a conventional safety coefficient C, and

— a chemical resistance factor fcg determined according
1 for water).

to this part of ISO 8584 (fcg =

of
II.IUI 1LVl

The safety coeffici

NOTE — If the test results are not scattered, and if the pipe material
can be perfectly described by the empirical model chosen, the regres-
sion ty; = flog) is equivalent to that of g = flf)). However, this is
never the case as the material is never 100 % homogeneous: the
model is an ideal case for, in reality, the results are scattered.

The two regressions are therefore not equivalent, and the difference
between them increases with the degree of scatter. In the “standard
extrapolation method”’, the stress is chosen as an independent variable
lim = floell and it is possible to show that the calculations made ac-

cording to this method give less optimistic extrapolated results (see
1SO/TR 9080).

the basic materipl (and its normal variation), any acmdental dif-
ferences in mahufacturing conditions and, as a result, any
variations in quglity of a batch of pipes compared with the test

raarilte

fesuiis.

3.2 basic stress function, og = f(¢, T): The variation in gg
with time of a p|pe in continuous operation under the influence

uouds Oue

of a given quid and with the temperature as a parameter.

The group of|curves thus defined represents the entire
behaviour of a [pipe under internal pressure, as a function of
time and température, under the influence of a given fluid.

3.3 chemical resistance factor, fcg: For a given test
stress g, and temperature 7, the ratio of the median failure
times of two sefies of 10 test pieces taken from the same pipe
and filled respegtively with water and a chemical fluid, i.e.

I\, fidiid
CR= T
tM,W<ter

where

tm,fluid 1S the median failure time of the test pieces con-
taining cherpical fluid, in hours;

M, water S [the median failure time of the test pieces con-
taining watgr, in hours.

NOTE — Extrapdlation may be carried out only if the median failure
times (and fcR vglues) thus determined-lig on the second straight line
portion of the grqup of regression cirves representing the basic stress
versus time (see B.2).

3.4 creep stfength timé, rg, until failure : Time interval
between the application-'of pressure and the appearance of a
leak (failure) w ICh is due either to bursting or cracking under
stress or to we

3.6 median failure time, ¢, : For a total of 10 tejopieces of
the same dimensions, which are subjected simultangously to a
given test stress g,, the geometric mean of the‘timeg to failure

~f tlan £ifsl i
tg of the fifth and sixth test pieces, i.e.

Ig trs + 19 tRe
gty = ————

The test for any particular.pressure value is stopped @s soon as
the sixth test piece failsithe results which would b¢ obtained
for the remaining four test pieces are not necessary

3.7 nominal Stress, oy: The basic stress of a pipe contain-
ing water at 20 °C under the nominal pressure PN, exftrapolated
to 50 years:

equal to half the circumferential stress) induced in thg middle of
the wall of a test piece which is closed at both ends apd subject
to internal pressure.

3.8 test stress, g, : Circumferential stress (the aX{I stress is

This conventional stress is calculated from the pressure ac-
cording to the following equation taken from ISO 167 :

0. = Emax - 6min
e = Pe 26min
where

o, is the test stress, in megapascals or newtons per square
millimetre;

Do s the test pressure, in megapascals;

dmax is the maximum value of the mean outsidd diameter,
in millimetres (determined from the circumference divided

3.5 mathematical model of the median failure time,
tm = flog) : The median failure times t), of a series of test
stresses g, follow the law of regression represented by the
following model:

lgge = a; — bilgty

For polyolefins, as for other known thermoplastics, this regres-
sion curve comprises an initial linear straight line portion with
a low gradient (a4, by), a point of change in gradient followed
by another linear straight line portion with a steeper gradient
(ay, by), i.e. ap > ajand by > b;.

by =#);

Jmin is the minimum wall thickness of the test piece, in
millimetres.

NOTE — For chemical resistance creep tests, the pipes contain the
chemical fluid being used for the test and are placed in air or water.

3.9 transition curve, (g}, #) = f(T): The curve representing
the variation in (g, #)) as a function of the temperature, where
(), t)) are the coordinates of the point of change in gradient (or
transition point) of the bilinear regression curves describing the
long-term creep strength.
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The position of the transition point moves towards shorter
times and lower stresses as the temperature increases.

NOTE — The elaboration of a test method which enables extrapolation
to industrial operating conditions is related to the fact that it is
necessary to obtain a sufficient number of points beyond the transition
curve (i.e. ty > 1)).

The shape of the creep strength curve excludes the possibility of reduc-
ing the test period by applying stresses in the area above the transition
curve for water. To reduce the test period, it is possible to take
measurements at high temperatures as indicated in table 2.

ISO 8584-1 : 1990 (E)

5.1 Connections, fixed rigidly in the top of the pipe and
enabling it to be attached to a pressure device [see ISO 1167 :
1973, figure 1a)l.

These connections and the system for closing the bottom of
the pipe shall be compatible with the chemical fluid and with
the pipe under test. The leakproofness of the lower end of the
pipe may be ensured by welding on a cap of suitable thickness.

5.2 Suitable pressure device, allowing the required

4 Pringiple

Comparisqn, using creep strength tests on pipes taken from the
same manufacturing batch, of the resistance of a pipe to
chemical groducts with its resistance to water. The basic stress
values of pipes containing water serve as a reference for the
choice of ]:st stresses to be used for pipes containing the fluid
under conpideration.

This part df ISO 8584 is thus based on the principle that to have
a good repistance to chemical products, a pipe must have a
good resigtance to water.

This part ¢f ISO 8584 gives examples of basic stress values of
pipes containing water, classified according to the nominal
stress (sed introduction) and shows how such data can be used
as a basis for establishing the dimensions of pressure pipes (see
annexes O to G).

ination of the stress resistance is carried-out in ac-
cordance with ISO 1167. The liquid is introduced\into sections
of the pipg, which are themselves placed in,air.or water and
subjected | to a constant internal pressures'at a constant
temperatuye until failure. The tests are-carried out at several
stress levédls and at two different temperatures, to determine
the possibfle influence of these two\parameters.

The deter

It is then [possible to determine’a correlation factor from the
times to failure observed-with a chemical product and with
water for i given test stress and temperature. This correlation
factor is cplled the “‘cChemical resistance factor” fcg (see 3.3).
The chemical resistance factor fcg varies from 0 to 1 depending
on the ch¢mical product. The value 1 corresponds to the case
where water and the chemical reagent have the same behav-
iour.

pressure-to-be-applied-graduaty-and-smoeothiy-and to be main-

tained constant within £ 1 % throughout the |test.

In the case of a set of pipes simultaneously put inder pressure,
the failure of one pipe shall not affect the othgrs. Short inter-
ruptions are permitted, particularly.to restore the level of the
chemical fluid in the pipe.

5.3 Manometers, (with suitable scales, tp monitor the
pressure of the test pieces and to permit a readling to + 1 %.

5.4 Heating system, capable of heating the test pieces to
the desired\temperature and maintaining this temperature con-
stant to,within + 1 K.

6 Test pieces

6.1 General requirements

The pipes shall fulfil the quality and dimension
quirements as specified in the relevant product
parative tests with water and the chemical fluid

al tolerance re-
standard. Com-
shall be carried

out on pipes from the same manufacturing tLatch. The test
pieces shall consist of sections of pipe, whosg ends shall be
smooth and cut square.

6.2 Sampling

The test pieces shall be taken either from batthes of current
production pipes, having a thickness close fo that suitable
for the proposed application, or from specially prepared and
conditioned pipes having dimensions of 12 mm X 1 mm or
8 mm x 1 mm (see 6.5.2).

For extrapolation to operating conditions, the basic stress func-
tion for pipes containing water is taken as the reference. The
basic stress of a pipe containing a given fluid for an expected
period of use and the pipe series may be determined from
the value of fcg.

5 Apparatus

The apparatus is in principle identical with that described in
ISO 1167 and consists of the following parts.

6.3 Free length

The free length of the test pieces between the connections
shall comply with ISO 1167, i.e. it shall be greater than or equal
to three times the outside diameter of the pipe, with a minimum
value of 260 mm.

6.4 Number of test pieces
For the creep strength tests with water and the chemical fluid,

the miminum number of test pieces per stress and temperature
test shall be 10.
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6.5 Pretreatment of the test pieces

The tests may be carried out using two different types of test
pieces as follows.

6.5.1 Method A

The test pieces are unannealed.

NOTE — The fcR values obtained are valid for pipes

8 Test temperatures

Recommended test temperatures are given in table 2.

manufacturing [ba

v

Table 2
Temperature
°C 140+ 1120+ 1{100+1|80 +t1|60+1
Material
Propylene
homopolymer X X X
) Proplylene
— made of the same material and which are from the same copolymer X X X
d Potybuterne X Ay a3
itkness is at most 50 % greater than that of the Polyethylene (medium
and high density) X X X

tested pipe, if this thickness is less than or equal to 3 mm.

6.5.2 Method B
The test pieces gre annealed.

The tests are caffried out with the laboratory equipment shown
in annex A. The [test pieces shall be taken from pipes of dimen-
sions 12 mm x |1 mm or 8 mm x 1 mm. The heat treatment
shall be carried ¢ut as follows.

a) Put the [test pieces in an oven with circulating air,
preheated to| the desired annealing temperature, and keep
the temperatlre constant to within + 2 K.

The annealingj temperatures for various materials are shown

in table 1.
Table 1
Annealing
Material temperature
o
Propylene homopolymer 150
Propylene cppolymer 140
Polyethyleng (medium and high density) 120
Polybutene 120

b) Keep the¢ oven at the fixéd temperature for 1 h after the
unit has reaghed this temperature.

c) Cool at & constant-rate of 5 K/h.

d) Remove| the ‘test pieces from the oven when its

It is recommended to commence testing® at thg highest
temperatures.

9 Choice of test stress.and calculation of
the test pressure

Under the specified test-¢onditions (i.e. of temperature, fluid
and concentration) for each series of 10 test pieces gf a given
material, choose the\test stresses according to the ingtructions
given below.

9.1 Median failure time curve with water

Choose, ‘at least five test stresses o, at each termperature
chosen, at least two of which shall be above the transition point
and at least three of which shall be below the transitfon point.

The test stresses below the transition point shall be sejected ac-
cording to the Renard series R10 or R5 (see ISO 3).

9.2 Maedian failure time curve with the fldid
examined

Determine the median failure time curve with the fluid to be ex-
amined at three test stresses selected according to the Renard
series R10 or R6. At least two test stresses shall b¢ situated
below the transition point of the median failure time [curve ob-
tained with the fluid.

An additional stress shall be applied if the result obtlz:lned gives
only one median value in the second straight line portjon of the
curve obtained with the fluid.

9.3 Calculation of the test pressure

temperature 'reaehes46-2C-

Prevent the deformation of the test pieces during pretreatment
using a suitable device.

7 Test fluids

The tests shall be carried out using standard chemical
products.

Industrial liquids are not usually of a constant composition:
nevertheless, the test fluid shall be specified before the tests
and its composition and concentration kept constant within the
specified limits.

9.3-1—Caicutate the test pressure foreacirtestpiece using the

following equation:

Pe=0 2 5min
e~ Ye=

dmax - 5min
where

De s the test pressure, in megapascals;

o, s the test stress, in megapascals or newtons per square
millimetre;

dmax  is the maximum value of the mean outside diameter,
in millimetres, measured to the nearest 0,1 mm with the aid
of, for example, a tape measure with a scale permitting the
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circumference to be measured but the corresponding dia-
meter read off directly, the scale being readable to the
nearest 0,05 mm (see ISO 3126);

Omin is the minimum wall thickness, in millimetres,
measured to the nearest 0,02 mm with the aid of a mi-
crometer accurate to the nearest 0,01 mm (see ISO 3126).

9.3.2 If several test pieces are connected in parallel with one
another to the same pressure system, the arithmetic mean of
the test pressure values calculated according to 9.3.1 is used as
the common test pressure.

ISO 8584-1 : 1990 (E)

b) if the failure is produced outside the heated zone of
the test piece or in the neighbourhood of the end sealing
devices.

10.9 Tabulate, as a function of the test stresses, the mini-
mum and median failure times, in hours, and the corresponding
chemical resistance factors fg.

11 Basic curves of long-term creep

10 Test|procedure

10.1 Cut the test pieces in accordance with the requirements
of 6.1 and 6.3.

10.2 Wip¢ the test pieces dry, if necessary.

10.3 Meabure the dimensions of the test pieces and deter-
mine for the test stresses g, chosen the corresponding
pressures pf, calculated according to 9.3.1 and the arithmetic
mean calculated according to 9.3.2.

the leakpropfness by plunging the test pieces into a bath of
water and gpplying a low air pressure (0,2 MPa to 0,3 MPa for
1 min).

10.4 Fit t}e connections (5.1) onto the test pieces and check

10.5 Fill the test pieces with the test fluid (see clause 7).

10.6 Conpect the test pieces to the pressure device (5:2) and
apply smoothly the specified pressure to an accuracyof\t 1 %
within 60 s,

The pressurg shall be applied as soon as the test\pieces are con-
nected, i.e. without waiting until the pipe walland the chemical
fluid have reached the test temperature

of the fifth|and sixth failures (fgg'and rrg), and calculate the

10.7 Not] the time ¢g; of the firstfailure observed, and those
median failgre time (see 3.6)¢

In the case ¢f test pieces ¢onnected in parallel to one another, if
the difference between the test stresses og and o5 is greater
than + 2 % of g3, it’is necessary to make a correction, + 4,
to the failure tinde'of the sixth test piece.

This correction“is calculated from the angle o formed by the

strength with water

This part of ISO 8584 provides examples~of goups of basic
stress curves og = f(¢, T) with water.of varipus polyolefin
pipes (polyethylene, polybutene, propylene homopolymer and
propylene copolymer) in annexes-Byto G. The curjes, plotted as
igt — Ig g for each operating_temperature enpisaged, com-
prise a “broken straight line’"*which corresponds by definition
to the regression curve ‘of creep strength, adjusted by the
safety factor C related\to’the material of the examined pipe.

In addition, thefield of industrial applications is indicated. This
is determined by the basic stress at the chosen tefnperature and
by oxidation.phenomena.

NOTE ~"The transition curve gives guidelines

= on the choice of the test stress for the considered fluid (it
should be chosen in the second straight line portign of the regres-
sion curve so as to obtain the shortest possible tept times);

— on the graphical extrapolation to the lowest temperatures (see,
for example, annex B).

12 Determination of the basic stregs function
with a given fluid at the operating temperature
Ts and of the basic stress for a given time to

failure

12.1 Determination of the basic stresg function
o8, 1, = fltnid by extrapolation of the chemical
resistance factors

The basic stress function with a fluid at the opergting tempera-
ture is related to that with water, i.e. gg, 75 =|/water), and
shall be determined by extrapolation of the chemjical resistance
factors obtained.

median failure time curve with the time axis (tg @ = b):

|g g — |g Oy

IgA =
9 b

Because failure by weeping may occur, it is necessary to per-
form a visual inspection or an inspection using sensors to indi-
cate any drop in electrical resistance produced in the pipe wall.

10.8 The test shall be discontinued

a) if the variation in the level of liquid is too great owing to
penetration of liquid into the walls of the tube or loss of
liquid through the connector;

The following graphical method shall be used.

a) Plot the median failure times, 7y \yater» Obtained with
water under the test stress g, onalg og — Ig ¢ graph; itis
necessary to have at least two points below the transition
curve (see figure 2). Take the basic stress curve with water
at the operating temperature considered.

b) Draw a curve parallel to the transition curve through
each of the measurement points. The intersection points A,
B, ... of this curve with the basic stress curve with water are
the reference points for the extrapolation of f¢p.
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Transition

eurve _\/

L] /
a—
./
Ot b — —— ——.
0 b — — L —
| —
|
fM,wafeM fM,wafePZ lg t
Figute 2 — Graphical representation of the reference points derived from‘the measurement points

The following

orrelation exists between the measurement

points and the reference points :

M, fluid

1
4 M, water t vater

Thus, for a pip¢ containing a fluid, the duration time fg 4 is

calculated as

Tuid = JeR Yvater

and the required basic straight line is obtained in the following

way (see figure

3).

1) Read frgm the plot the time f,, 1 Of-the reference
point A (identical to that shown in figure,2)

2) Calculate*the time tq,q 1 = fcr fwater 1 1O
point A's,

3).(Plot the point A’ on the diagram.

give the

4) Determine the point B’ in the same way, plof it on the

diagram and so on.

The straight line which passes through the points A’
the basic stress line og 7, = fltg,g) for the flu
operating temperature.

B’, ...is
d at the

NOTE — The basic stress function may be determined in a $imilar way

by calculation.

1

fﬂuid 2 f water 1 t water2 lg t

Figure 3 — Graphical representation of the basic stress line for a fluid
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12.2 Case when the chemical resistance factor
depends on the temperature

If the chemical resistance factors determined from the tests at
two different temperatures are different, the value of fcg 7, at
the operating temperature shall be determined using a decre-
ment. Thereafter, the procedure is the same as that used
previously (see 12.1).

The decrement D is obtained from the two tests carried out
under the same pressure at two different temperatures using
the followipg-equation-

ISO 8584-1 : 1990 (E)

12.4.4 Fourth case : fc depends on the stress and the
temperature

The procedure corresponds to that of the second case, but the
duration time #4,;4 for the fluid, determined by extrapolation
and corrected for the operating temperature, shall be used.

13 Choice of the pipe series

The operating pressure p is fixed, within certain limits, ac-
cording to the hydraulic characteristics of a pipe system under

Jert — 19/
D = Jcri CR2
-7,

where Ty b T5.

For the opgrating temperature T, the required value of fcg g
is then caltulated using the formula

I9/cr, s = 19fcr1 — DTy — Tg)

where T1 > Ts.

12.3 Determination of the basic stress oz with
fluid, cofresponding to a given time to failure

For an application based on a given duration time, the cor-
responding stress is obtained from the curve of the basic stress
with fluid jog 7, = fltayia): This is the required basic stress,
which ma} be used, according to clause 13, as a reference
value for the choice of the pipe series.

12.4 Possible influences on fcg

The following four cases may occur. To illustrate’them it is
necessary|to refer to the results of meastrements at two
temperatufes and at least two stresses corrésponding to the
second straight line portion (with the steeper gradient) of the
basic streJ: curve.

12.4.1 Fifst case : no infldence, i.e. fcg is constant to
within 10|%

The duratipn times #;,;i4 €Xtrapolated using fcy are proportional
10 fyaters |i-€. the “basic stress curve with fluid is parallel
to that with water.\In this case, the required basic stress gg
may be oblainéd directly from tabulated basic stress curves. Ex-
amples of| suCh tables, extracted from annexes D to G, are

pressure. The operating stress gg Is calculated| with the aid of
the series numbers S according to ISO 4065+

os = pS

The pipe series S shall be chosen to satisfy the following condi-
tion:

gg < 0

If this inequality is not satisfied, it means initially| that the choice
of the pipe series‘number is not correct. However, other
assumptions may also be made on the basis of }ifferent data. It

is possible, for‘example, to make selections agcording to the
pipe series and the material as well, or to increa
of the pipes to work at a lower pressure.

o
NOTE — If theresultisag < 125" a higher pipe series may be chosen.
A.specific example is given in'annex B.

e the diameters

14 Test report
The test report shall include the following infofmation:
a) reference to this part of 1ISO 8584;

b) a complete identification of the sample, i.e. manufac-
turer, type of material, code number and manufacturing lot
number;

c) the dimensions of each piece;

d) the details of the heat treatment {method A or
method B) and the test conditions (pipes in pir or in water);

e) the test pressures;

f) the identification of the chemical fluid [i.e. type, con-
centration and composition);

gl a table indicating, as a function of the test stresses and

given in tables C.T to C.4.

12.4.2 Second case : f-r depends on the stress

The second straight line portion of the basic stress curve with
fluid has a steeper gradient than that with water and the re-
quired basic stress curve shall be determined according to the
procedure given in 12.1.

12.4.3 Third case : fcg depends on the temperature

The value of fcg 7, valid at the operating temperature Tg shall
be calculated according to 12.2. Then the first case is ap-
plicable.

temperatures, the minimum and median failure times
observed, in hours, and the corresponding chemical
resistance factors fcg;

h) notes on any unusual behaviour observed during the
tests;

i) if necessary, the diagrams of the basic stresses obtained
by extrapolation for the proposed operating conditions, and
the appropriate pipe series chosen;

j) the date of the tests;

k) the name of the laboratory and of the person respons-
ible for the tests.
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Annex A
(normative)

Laboratory apparatus

Pressurizing device

Connection

Plug

Al iial)
\NY574 -
-

A
\

v
" VLV TR
P —— S——p———
’!1‘ TN T
T T
)
— 1
'. E‘vm‘

(S E R LR RRRY
AR E RN

Test piece ———|

Insulation.

Heating plate /. N

Figure A.1 — Léboratory apparatus

-Liquid level

-Graphite block

Closure cap

Glass container to collect the liquid
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Annex B
(informative)

Examples of calculation

B.1 Problem

The problem consists of

B.4 Second case: f;z depends on the stress

B.4.1 Experimental results

a) thel determination of the basic stress gg of a
polyethylene pipeline containing a fluid whose chemical
resistance factors fcr have been measured;

b) the|choice of the pipe series S for the given operating
conditigns.

B.2 Proposed operating conditions

Operating pressure: p = 0,5 MPa (5 bar)

Operating femperature: Ts = 30°C
Required dperating duration: ¢ = 25 years
Proposed fnaterial : polyethylene

oN = 5 MPa

B.3 First case: fcy is constant

B.3.1 Experimental results

Table B.1
T .

O¢ IM, water ™, fluid For
°C MPa h h

3,2 78,6 15,7 0,2
100

2 689 138 0,2
80 4 1240 248 0,2

B.3.2 Drtermination of-og

From table
for exampl

Jer = 9.3; gg="3,15 MPa
fCR = ,1; og = 2,56 MPa

C.1 one obtains-for Tg = 30 °C and ¢ = 25 years,

wr

Table B.2
T Oe M, water IV fluid £,
oC MPa h h CR
3,2 78,6 15,7 0,2
100
2 689 68,9 0,1
80 4 1240 248 0,2

B.4.2 Determination of ¢, at 30 °C (for the
reference paints; see figure B.1)

Plot the test stresses and the measured median [failure times at
100 °C for water, i.e. the point M, .1 With cogrdinates 78,6 h
and-3,2 MPa and the point M, ;> With coordinates 689 h and
2(MPa. Then draw curves parallel to the trfansition curve
through each of these points. The intersection points with the
basic stress curve with water at 30 °C (see figure D.1) are the
required reference points A and B which are uped for the ex-
trapolation of the fcy values.

The required coordinates ¢, and o of poinfs A and B so
obtained are

5,3 x 10%h and 5,2 MPa for A, and
5 x 10% h and 3,4 MPa for B.

B.4.3 Calculation of the duration timgs ¢;,4 and
graphical determination of the basic stress curve
with fluid at 30 °C

The duration times 5,4 for the fluid at 30 °C arg calculated by
means of the times ¢, relative to the sjresses of the

reference points, and the corresponding fcg val

tfuid1 = JoR1 twater1 = 0,2 X 5,3 x 104 =

Lies:

10,6 x 103 h

tid2 = Scr2 twaterz = 0,1 X 5 x 105 = 5

x 10%h

and from these values, by interpolation for fog = 0,2, the basic
stress is

og = 2,86 MPa

B.3.3 Choice of the suitable pipe series

As the required operating pressure for the envisaged hydraulic
conditions is 0,5 MPa (5 bar), the series S5 may be chosen and
SO

65 =pS =05x5=25MPa

The condition og < oy is thus satisfied.

The straight line of the basic stress with fluid is then defined by
the points A’ and B’ with coordinates

10,6 x 103 h and 5,2 MPa for A’, and
5 x 104 h and 3,4 MPa for B’.

B.4.4 Choice of the pipe series S

For the two duration times (abscissae), which may be envis-
aged, one determines the following coordinates:

og = 2,2 MPa for g,y = 25 years, and

I

og = 2,9 MPa for t4,,4 = 10 years.
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One therefore has a choice of the pipe series S4, which would

be an unusual product, or the pipe series S5, with an operating

duration reduced to 10 years.

The operating stresses in the above two cases are

gg =
or

gg =

Sp =4 x 05 =2MPa < 2,2 MPa

Sp

5 x 0,5 =25MPa < 2,9 MPa

The condition ag < op is thus satisfied by both solutions.

and

’ngR,30°C = |g 0,2 - 6,25 X 10_3 x 70 = —1,136

from which

fCR,30 oC = 0,073

B.5.3 Determination of ggand S

In table C.1 no entry is found for fcg < 0,1 at 25 years, since

B.5 Third ¢ase: fcz depends on the

temperatur
B.5.1 Expellimental results
Table B.3
T Oe M, water I\, fluid
oC NiPa h h Jer
B,2 78,6 15,7 0,2
100
P 689 138 0,2
80 4 1240 186 0,15
B.5.2 Detefmination of f at 30 °C
Using the formulae given in 12.2 one obtains:
lg fecr) — l9fcr2 90,2 — 190,15
=—C - = 6,25 x.10;3

10

T - T,

20

The oxidation Himit mlgnt be reached.

For a reduced duration of 10 years one finds
og = 3,06 MPa for fcg = 0,1, and
og = 2,42 MPa for fcg = 0,03

from which, by interpolation;,

3,05 - 2,42

I8 0,07

x40,043 + 2,42 = 2,8 MPa

By choosing S5\ the condition o5 < og is wel satisfied

[og = 2,5 MPad@t the operating pressurep = 0,5 M

B.6<\ Fourth case : f.z depends on the
stress and the temperature

Pa (5 bar)].

In place of fcr1 = 0,2 and fcry = 0,1, the values fcg, = 0,073
(calculated in clause B.5) and fcro = 0,036 (calculgted in the

same way) are used and then the procedure
previously in clause B.4 is followed.

described
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Annex C
(informative)

Tables showing examples of basic stresses as a function of the operating
temperature T, the time to failure ¢ and the chemical resistance factor fcq

Table C.1 — Basic stress values for polyethylene pipes with a nominal stress gy = 5 MPa

T, ; 08 water g fuig for a factor Jcr equal to
S fer =1 0.3 0.1 , 0,03 | 0,01 | O)-0loos
°C years MPa MPa
0,5 6,7 — — 6,14 5 3,99
1 6,63 — - 5,39 4,39 35
2,5 6,54 — 5,69 4,54 3,7 2,95
20 5 6,47 6,14 5 3,99 3,25 2,59
10 6,4 5,39 4,39 3,5 2,85 3,28
25 5,69 4,54 3,7 2,95 2,4 —
50 5 3,99 3,25 2,59 — -
0,5 59 — 5,39 4;29 3,48 2,76
1 5,83 5,82 4,72 3,76 3,05 2,42
25 5,75 4,89 3,97 3,15 2,56 2,03
30 5 5,39 4,29 3,48 2,76 2,24 ,78
10 4,72 3,76 3,05 2,42 1,96 —
25 3,97 3,15 2,56 — — —
50 3,48 2,76 — — - —
0,5 5,19 4,62 3,73 2,96 2,39 ,89
1 5,1 4,04 3,26 2,58 2,09 ,65
40 25 4,27 3,38 2,73 2,16 1,75 -
5 3,73 2,96 2,39 1,89 — -
10 3,26 2,58 2,09 — - —
25 2,73 - - - — —
0,5 4,03 3,17 2,55 2 1,62 ,28
1 3,51 2,77 2,23 1,76 1,41 —
50 25 2,93 2,31 1,86 — — —
5 2,55 2,01 — - — -
10 2,23 - — - — -
0,5 2,75 2,15 1,73 1,36 — —
1 2,39 1,87 1,56 — - -
60 2,5 1,99 1,56 — — — —
5 1,73 — — — — -
0,5 1,85 1,45 1,15 — _ _
0 1 16 - — - - -

12
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Table C.2 — Basic stress values for polybutene pipes with a nominal stress g = 8 MPa

ISO 8584-1 : 1990 (E)

T . Og, water 0g nuig fOr a factor fcp equal to
S fer =1 03 0.1 0,03 0,01 0,003
°C years MPa MPa
05 8,67 - - - 8,36 7,75
1 8,57 - - 8,57 8 7,42
25 8,45 - - 8,09 7,56 7,01
20 5 8,35 - - 7,75 7,24 6,71
10 8,26 - 8 7,42 6,39 6,43
25 8,14 8,09 7,56 7,01 6,54 6,07
50 8 7,75 7,24 6,71 6,27 5,81
05 8,27 - - - 7,83 7,26
1 8,18 - — 8,03 7,49 6,95
25 8,05 - - 7,58 7,08 6,56
30 5 7,95 - 7,83 7,26 6,78 6,29
10 7,86 - 7,49 6,95 6,49 6,02
25 7,74 7,58 7,08 6,56 6,13 5,69
50 7,65 6,26 6,78 6,29 5,87 5,44
0,5 7,74 - - 7,8 71 6,58
1 7,65 - - 7,28 6,79 6,3
25 7,52 - 7,41 6,87 6,42 5,95
40 5 7,43 - 7.1 6,58 6,14 5,7
10 7,34 7,28 6,79 6,3 5,88 5,46
25 7,23 6,87 6,42 5,95 5,56 5,15
50 7.1 6,58 6,14 5,7 5,32 4,94
0,5 7.1 - — 6,67 6,23 5,78
1 7,01 - 6/89 6,39 5,96 5,23
25 6,9 - 65 6,03 5,63 5,22
50 5 6,81 6,67 6,23 5,78 5,39 5
10 6,73 6,39 5,96 5,53 5,17 4,79
25 6,5 6,03 5,63 5,22 4,88 4,52
50 6,23 578 5,39 5 4,67 4,33
0,5 6,39 - 6,11 5,67 5,29 4,91
1 6,31 6,27 5,85 5,43 5,07 4,7
25 6,21 5,92 5,53 5,13 4,79 4,44
60 5 6,11 5,67 5,29 4,91 4,58 4,25
10 5,85 5,43 5,07 47 4,39 4,07
25 5,53 5,13 4,79 4,44 4,15 3,84
50 5,29 4,91 4,58 4,25 3,97 -
0,5 5,64 5,38 5,03 4,66 4,35 4,04
1 5,56 5,16 4,81 4,47 4,17 3,87
25 5,25 4,87 4,55 4,22 3,94 3,65
70 5 5,03 4,66 4,35 4,04 3,77 35
10 4,81 4,47 4,17 3,87 3,61 3,35
25 4,55 4,22 3,94 3,65 - —
50 4,35 4,04 - - - -
0,5 4,62 - 4 3,71 3,47 3,22
1 4,43 - 3,83 3,56 3,32 3,08
2.5 418 3,62 3,36 314 2,91
8 5 4 3,62 3,47 3,22 3 2,79
10 3,83 3,56 3,32 3,08 - -
25 3,62 - - - - -
0,5 3,57 - 3,09 2,86 2,67 2,48
1 3,41 3,09 2,96 2,74 2,56 2,38
90 25 3,22 2,99 2,79 2,59 2,42 -
5 3,09 2,86 2,67 - - -
10 2,96 - - - - -
05 3,09 - 2,68 2,48 2,32 2,15
1 2,96 2,68 2,57 2,38 2,22 2,06
% 25 28 2,59 2,42 - - -
5 2,68 - - - - -

13
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Table C.3 — Basic stress values for propylene homopolymer pipes with a nominal stress gy = 6,3 MPa

T p 08, water g fuig for a factor fcp equal to
Jer =1 03 0.1 [ 0,03 l 0,01 0,003
°C years MPa MPa
05 7.9 - - - - 7,82
1 7,63 - - - - 7,63
2,5 7.3 - - - - 73
20 5 7,05 - - - - 58
10 6,82 - - - 6,8 4,56
25 6,52 - - 6,38 5,04 3,31
50 6.3 576 5796 581 3796 p,6
0,5 6,44 . - - - -
1 6,2 - - - - 5,19
25 5,89 - - - 5,72 1,52
30 5 5,67 - - - 5,41 B,55
10 5,45 - - 5,32 4,24 P, 79
25 5,18 - - 4,52 3,08 P,02
50 4,98 4,56 491 3,65 2,42 .59
0,5 5,26 - - - - 4,77
1 5,04 - - - 4,9 B,74
25 4,76 - - - 4,14 p,72
40 5 4,55 - - 4,51 3,25 P,13
10 4,36 - 4,11 374 2,65 1,67
25 4,12 3,78 4,12 2,72 1,85 1,21
50 3,94 3,94 3,25 2,13 1,45 —
05 4,29 - - - 4,28 p,81
1 4,09 - — 3,9 3,36 P, 21
2,5 3,83 - E\ 3,58 2,44 1,6
50 5 3,66 - 3,52 2,81 1,92 1,26
10 3,49 - 38,36 2,21 1.5 D,99
25 3,27 3,2 2,44 1,6 1,09 -
50 3,12 2,81 1,92 - - -
05 3,6 - - 3,46 2,48 1,63
1 3,32 N\ - 2,86 1,95 1,28
2,5 31 ¥ 3,08 2,08 1.41 D,93
60 5 2,94 - 2,48 1,63 1M D,73
10 2,79 2,77 1,95 1,28 0,87 -
25 2,6 2,08 1,41 - - -
50 2,47 1,63 - - - -
0,5 2,86 - 2,77 2,08 1,41 0,93
1 2,7 - 2,48 1,63 1.1 0,73
25 2,5 2,46 1,8 1,18 0,81 0,53
70 5 2,36 2,08 1,41 0,93 0,63 -
10 2,23 1,63 1,1 0,73 - —
25 1,8 1,18 - - - -
50 1,41 - - - — —
0,5 2,33 2,25 1,77 1,16 0,79 0,52
1 2,19 2,04 1,39 0,91 0,62 0,41
80 25 2,02 1,48 1,01 0,66 0,45 -
5 1,77 T,16 0,79 = = —
10 1,39 0,91 - - - —
25 1,01 - - - — -
0,5 1,9 1,43 0,97 0,64 0,44 —
1 1,7 1,12 0,76 0,5 0,34 —
90 25 1,24 0,81 0,55 - - -
5 0,97 0,64 - - - —
10 0,76 - - - - -
05 1,6 1,05 0,72 0,47 — —
9% 1 1,26 0,83 0,56 0,37 — -
2,5 0,91 0,6 0,41 — - -
5 0,72 - - - - -
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