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NATIONAL FOREWORD

This Malaysian Standard was developed by the Working Group on PB Pipes and Fittings
under the authority of the Plastics and Plastics Products Industry Standards Committee.

This Malaysian Standard is identical with ISO 9080:2003, Plastics piping and ducting systems
— Determination of the long-term hydrostatic strength of thermoplastics materials in pipes form
by extrapolation, published by the International Organization for Standardization (ISO).
However, for the purposes of this Malaysian Standard, the following apply:

a) in the source text, “this International Standard” should read “this Malaysian Standard”;
b) the comma which is used as a decimal sign (if any), to read as a point; and
c) references to International Standards should be replaced by equivalent Malaysian

Standards as follows:

Referenced International Standards Corresponding Malaysian Standards
ISO 2507-1, Thermoplastics pipes and fittings — MS ISO 2507: Part 1,

Vicat softening temperature — Thermoplastics pipes and fittings —
Part 1: General test method Vicat softening temperature —

Part 1: General test method

ISO 3146, Plastics — Determination of melting MS ISO 3146, Plastics —

behaviour (melting temperature or melting range) Determination of melting behaviour
of semi-crystalline polymers by capillary tube and (melting temperature or melting
polarising-microscope methods range) of semi-crystalline polymers

by capillary tube and polarising-
microscope methods

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
wording and presentation of a Malaysian Standard is exactly the same as in an International Standard or is identical
in technical content and it may contain the minimal editorial changes specified in clause 4.2 of ISO/IEC Guide 21.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 9080 was prepared by Technical Committee ISO/TC 138, Plastics pipes, fittings and valves for the
transport of fluids, Subcommittee SC 5, General properties of pipes, fittings and valves of plastic materials and
their accessories — Test methods and basic specifications.

It cancels and replaces ISO/TR 9080:1992, which has been technically revised.

iv © 1SO 2003 — Al rights reserved
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Introduction

General

ISO/TR 9080, upon which this International Standard is based, is the result of considerable discussion within
working group 10 of subcommittee 5 of technical committee 138 of the International Organization for
Standardization (ISO) (referred to hereafter as ISO/TC 138/SC 5/WG 10), which was entrusted with the
development of the standard, which represents an agreed compromise incorporating features of several
accepted national procedures.

Furthermore, it is emphasized that the standard extrapolation method (SEM) described is not intended to be
used to disqualify existing procedures for arriving at design stresses or allowable pressures for pipelines made
of plastics materials, or to disqualify pipelines made of materials proven by such procedures, which long years
of experience have shown to be satisfactory. This SEM is meant to be used to qualify a material in pipe form
prior to the introduction of such a material on the market.

A software package has been developed for the SEM analysis as described in Annex A and Annex B. A
Windows-based programme is available on diskette (see Annex D).

NOTE Use of this software package is recommended.
Principles

The suitability for use of a plastics pressure pipe is first of all determined by the performance under stress of
its material of construction, taking into account the envisaged service conditions (e.g. temperature). It is
conventional to express this by means of the hydrostatic (hoop) stress which a plastics pipe made of the
material under consideration is expected to be able to withstand for 50 years at an ambient temperature of
20 °C using water as the internal test medium. The outside environment can be water or air.

In certain cases, it is necessary to determine the value of the hydrostatic strength at either shorter lifetimes or
higher temperatures, or on occasion both. The method given in this International Standard is designed to meet
the need for both types of estimate. The result obtained will indicate the lower prediction limit (LPL), which is
the lower confidence limit of the prediction of the value of the stress that can cause failure in the stated time at
a stated temperature (the ultimate stress).

NOTE The MRS value (at 20 °C) is usually based on data obtained using water as the internal and external test
medium. It is obvious that indeed all data are used for validation of regression curves at higher temperatures (e.g. 70 °C),
including the data obtained with air as the external medium (e.g. at 110 °C).

This International Standard provides a definitive procedure incorporating an extrapolation using test data at
different temperatures analysed by multiple linear regression analysis. The results permit the determination of
material-specific design values in accordance with the procedures described in the relevant system standards.

This multiple linear regression analysis is based on the rate processes most accurately described by
logq(stress) versus log,q(time) models.

In order to assess the predictive value of the model used, it has been considered necessary to make use of
the estimated 97,5 % lower prediction limit (LPL). The 97,5 % lower prediction limit is equivalent to the lower
confidence limit of the 95 % confidence interval of the predicted value. This convention is used in the
mathematical calculations to be consistent with the literature. This aspect necessitates the use of statistical
techniques.

The method can provide a systematic basis for the interpolation and extrapolation of stress rupture

characteristics at operating conditions different from the conventional 50 years at 20 °C. Taking into account
the extrapolation factors (see 5.1.4), the extrapolation time limit can go up to 100 years.

© ISO 2003 — Al rights reserved \Y



ISO 9080:2003(E)

It is essential that the medium used for pressurizing the pipe does not have an adverse effect on the pipe. In
general, water is considered to be such a medium.

Long consideration was given to deciding which variable should be taken as the independent variable to
calculate the long-term hydrostatic strength. The choice was between time and stress.

The basic question the method has to answer can be formulated in two ways as follows.

a) What is the maximum stress (or pressure) that a given pipe system can withstand at a given temperature
for a defined time?

b) How long will a pipe system last when subjected to a defined stress (or pressure) at a given temperature?
Both questions are relevant.

If the test data for the pipe under study does not show any scatter and if the pipe material can be described
perfectly by the chosen empirical model, the regression with either time independence or stress independence
will be identical. This is never the case because the circumstances of testing are never ideal nor will the
material be 100 % homogeneous. The observations will therefore always show scatter. The regressions
calculated using the two optional independent variables will not be identical and the difference will increase
with increasing scatter.

The variable that is assumed to be most affected by the largest variability (scatter) is the time variable and it
has to be considered as a dependent variable (random variable) in order to allow a correct statistical treatment

of the data set in accordance with this method. However, for practical reasons, the industry prefers to present
stress as a function of time as an independent variable.

Use of the methods

This extrapolation method is designed to meet the following two requirements:

a) To estimate the lower prediction limit!) (at 97,5 % probability level) of the stress which a pipe made of the
material under consideration is able to withstand for 50 years at an ambient temperature of 20 °C using

water or air as the test environment.

b) To estimate the value of the lower prediction limit (at 97,5 % probability level) of the stress, either at
different lifetimes or at different temperatures, or on occasion both.

There are several extrapolation models in existence, which have different numbers of terms. This SEM will
use only models with two, three or four parameters.

Adding more terms could improve the fit but would also increase the uncertainty of the predictions.

The SEM describes a procedure for estimating the lower prediction limit (at 97,5 % probability level) whether a
knee (which demonstrates the transition between type A and type B crack behaviour) is found or not (see
Annex B).

The materials have to be tested in pipe form for the method to be applicable.

The final result of the SEM for a specific material is the lower prediction limit (at 97,5 % probability level) of the
hydrostatic strength, expressed in terms of the hoop stress, at a given time and a given temperature.

1) In various ISO documents, the lower prediction limit (LPL) is referred to as the lower confidence limit (LCL), where
LCL is the 97,5 % lower confidence limit for the mean hydrostatic strength.

vi © 1SO 2003 — Al rights reserved
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Plastics piping and ducting systems — Determination of the
long-term hydrostatic strength of thermoplastics materials in
pipe form by extrapolation

1 Scope

This International Standard describes a method for estimating the long-term hydrostatic strength of
thermoplastics materials by statistical extrapolation.

The method is applicable to all types of thermoplastics pipe at applicable temperatures. It was developed on
the basis of test data from pipe systems. The dimensions of the pipes to be tested may be specified in the
relevant product/system standards and, if so, are included in the test report.

2 Normative references

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

ISO 1167, Thermoplastics pipes for the conveyance of fluids — Resistance to internal pressure — Test
method

ISO 2507-1:1995, Thermoplastics pipes and fittings — Vicat softening temperature — Part 1: General test
method

ISO 3126:—2), Plastics piping systems — Plastics piping components — Measurement and determination of
dimensions

ISO 3146:2000, Plastics — Determination of melting behaviour (melting temperature or melting range) of
semi-crystalline polymers by capillary tube and polarizing-microscope methods

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

3.1
internal pressure

4
force per unit area, in bars, exerted by the medium in the pipe

2) To be published. (Revision of ISO 3126:1974)

© ISO 2003 — Al rights reserved 1
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3.2

stress

o

force per unit area, in megapascals, in the wall of the pipe in the hoop (circumferential) direction due to
internal pressure

NOTE It is derived from the internal pressure using the following simplified equation:

Pldem _ey,min)
c=—>

20ey min
where
p is the internal pressure, in bars;
dom is the mean outside diameter of the pipe, in millimetres;
€y,min is the minimum measured wall thickness of the pipe, in millimetres.
3.3
test temperature
Ty

temperature, in degrees Celsius, at which stress rupture data have been determined

3.4
maximum test temperature

Tt max
maximum temperature, in degrees Celsius, at which stress rupture data have been determined

3.5

service temperature
TS

temperature, in degrees Celsius, at which the pipe will be used

3.6

failure time

t

time, in hours, to occurrence of a leak in the pipe

3.7
long-term hydrostatic strength

OLTHS
quantity, in megapascals, with the dimensions of stress, which represents the predicted mean strength at a

temperature T and time ¢

3.8
lower confidence limit of the predicted hydrostatic strength

OLPL
quantity, in megapascals, with the dimensions of stress, which represents the 97,5 % lower confidence limit of

the predicted hydrostatic strength at a temperature T and time ¢

NOTE It is given by

OLPL = 9(1, 1, 0,975)

3.9

knee

transition point between two modes of failure, which can be represented by a change in slope of a
logq(stress) versus log,g(time) plot of hydrostatic stress rupture data

2 © 1SO 2003 — Al rights reserved
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3.10
branch
line of constant slope in the log,(stress) versus log4g(time) plot representing the same failure mode

3.1

extrapolation time factor

ke

factor for calculation of the extrapolation time limits

4 Acquisition of test data

4.1 Test conditions

The pipe stress rupture data shall be determined in accordance with ISO 1167. The determination of the
resistance to internal pressure shall be carried out using straight pipes.

The mean outside diameter and minimum wall thickness of each pipe test piece shall be determined in
accordance with ISO 3126.

In cases of dispute, pipes of one diameter selected from the range 25 mm to 63 mm shall be tested. The pipes
tested shall be made from the same batch of material and come from the same extrusion run.

4.2 Distribution of internal pressure levels and time ranges

4.2.1 For each temperature selected, a minimum of 30 observations shall be obtained, regularly spread
over at least five internal pressure levels. For statistical reasons, it is required that more than one observation
be recorded at each internal pressure level. Internal pressure levels shall be selected such that at least four
observations will occur above 7 000 h and at least one above 9 000 h (see also 5.1.4). In the event of the
presence of a knee, a statistically adequate number of observations shall be collected for both branches, in
order to ensure sufficient precision of the result.

4.2.2 For all temperatures, failure times up to 10 h shall be neglected.

4.2.3 At temperatures < 40 °C, failure times up to 1 000 h may be neglected, provided that the number of
remaining observations conforms to 4.2.1. In that case, all points under the selected time and temperature
shall be discarded.

4.2.4 Test pieces which have not failed at the lowest internal pressure levels may be used as observations

in the multiple regression computations and for the determination of the presence of a knee. Otherwise, they
may be disregarded.

5 Procedure

5.1 Data gathering and analysis
NOTE The method is based on linear regression and calculation details given in Annex A. It requires testing at one or

more temperatures and times of one year or longer and is applicable whether or not indications are found for the presence
of a knee.

5.1.1 Required test data

Obtain test data in accordance with clause 4 and the following conditions, using two or more temperatures T,
Ty, ..., T,

n

a) Each pair of adjacent temperatures shall be separated by at least 10 °C.

© ISO 2003 — Al rights reserved 3
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b) The highest test temperature T; ., shall not exceed the Vicat softening temperature VST 5, determined
in accordance with ISO 2507-1:1995 minus 15 °C for amorphous or predominantly amorphous polymers,
or the melting temperature determined in accordance with ISO 3146:2000 minus 15 °C for crystalline or
semi-crystalline polymers.

c) The number of observations and the distribution of internal pressure levels at each temperature shall
conform to 4.2.

d) To obtain an optimum estimate of ojp|, the range of test temperatures shall be selected such that it
includes the service temperature or range of service temperatures.

e) The data obtained at the lowest test temperature may be used down to 20 °C below this temperature,
provided that there is no change of state of the material.

Any failures resulting from contamination shall be disregarded.

5.1.2 Detection of a knee and validation of data and model
Use the procedure given in Annex B to detect the presence of any knee.

After detecting a knee at any particular temperature, split the data set into two groups, one belonging to the
first branch, the other belonging to the second branch.

Fit the multiple linear regression as described in Annex A independently, using all first-branch failures for all
temperatures and all second-branch failures for all temperatures.

When only using one temperature, the problem is reduced to simple linear regression analysis. In that case,
the use of the extrapolation factor &, (see 5.1.4) is not applicable.

NOTE When studying the data for the occurrence of a knee, attention should be paid to the occurrence of a
degradative failure. Such data (usually characterized by a nearly stress-independent line and visually recognizable) should
be discarded for the calculation of the creep rupture branch.

5.1.3 Visual verification

Plot the observed failure points, the ojtng linear regression lines and the ojp_ curves as a graph on a
log4go/logyg(time) scale.

5.1.4 Extrapolation time limits and extrapolation time factor £,
Determine the extrapolation time limits using the following information and procedures.

The time limits ¢, for which extrapolation is allowed, are bound to temperature-dependent values. The
extrapolation time factor &, as a function of AT is based on the following equation:

AT=T,-T
where
T, is the test temperature to which the extrapolation time factor kg is applied, 7; < T pax in degrees
Celsius;

Timax is the maximum test temperature, in degrees Celsius;

T is the temperature for which the extrapolation time limit is calculated, T < T, in degrees Celsius;
Ty is the service temperature, in degrees Celsius;.

4 © 1SO 2003 — Al rights reserved
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Calculate the extrapolation time ¢, in hours, using the following equation:

te = ketmax

When 1, is equal to 8 760 h (1 year), k, represents the maximum extrapolation time z, in years, to be used
only for extrapolation downwards in the temperature range. Obtain the maximum test time ¢, in hours, by
averaging the logarithms of the five longest failure times, which are not necessarily at the same stress level,
but at the same temperature. Test pieces that have not yet failed may be considered as “failures” for this
purpose. All those points shall belong to the population with which all calculations are performed.

Examples of the application of the extrapolation time limits are presented in Figures 1 to 3. Figure 2
represents the case that a knee has been detected only at the highest temperature. Figure 3 refers specifically
to the case that a knee has been detected at higher temperatures. Values of the extrapolation factor &, are

assigned in 5.2 and 5.3.

©
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Figure 1 — Extrapolation time limits in the case of extrapolation
without a knee at the highest test temperature
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t max K et max logqot

Figure 2 — Extrapolation time limits in the case of extrapolation
with a knee only at the highest test temperature
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Figure 3 — Extrapolation time limits in the case of extrapolation
with knees at different test temperatures

5.2 Extrapolation factors for polyolefins (crystalline or semi-crystalline polymers)

For extrapolation of creep rupture data of polyolefins, the extrapolation time limits are based on an
experimentally determined lifetime at the relevant maximum test temperature and an Arrhenius equation for
the temperature dependence using the apparent activation energy calculated from the second branch of the
curve for stabilized polyolefins (which is 110 kd/mol, i.e. a conservative value for the activation energy from

the second branch). This yields the extrapolation factors kg given in Table 1.

Table 1 — Relationship between AT (= T} — 7) and &, for polyolefins

AT k,

°C
> 10 but< 15 2,5
> 15 but < 20 4
> 20 but <25 6
> 25 but < 30 12
> 30 but <35 18
> 35 but <40 30
> 40 but <50 50

> 50 100

5.3 Extrapolation factors for glassy, amorphous vinyl chloride based polymers

For extrapolation of creep rupture data for vinyl chloride based polymers, the extrapolation time limits are
based on an experimentally determined lifetime at the maximum test temperature, which is 15 °C below the
Vicat softening temperature, and an Arrhenius equation for the temperature dependence, which employs the
estimated activation energy calculated from the assumed second branch of the curve for vinyl chloride based
polymers (which is 178 kd/mol). This yields the extrapolation factors kg given in Table 2.

6 © 1SO 2003 — Al rights reserved



ISO 9080:2003(E)

Table 2 — Relationship between AT (= 7, — T) and &, for vinyl chloride based polymers

AT k,
°C
>5but<10 2,5
> 10 but < 15 5
> 15 but <20 10
> 20 but < 25 25
> 25 but <30 50
> 30 100

For modified PVC materials, the extrapolation factors given in Table 2 shall be used if the continuous phase of
the modified PVC material is a vinyl chloride based polymer.

5.4 Extrapolation factors for polymers other than those covered in 5.2 and 5.3

For the polymers mentioned in 5.2 and for polymers not mentioned in this International Standard, the
extrapolation factors given in Table 1 shall be considered to be minimum values. If experimental evidence can
be given showing that, for a specific polymer, higher extrapolation factors are justified, these factors shall be

incorporated in this International Standard and it shall be permissible to use them instead of the factors given
in Table 1.

6 Example of calculation for a semi-crystalline polymer, software validation

An example of the calculation of the regression curves (at 20 °C, 40 °C and 60 °C) and an example of knee
detection in accordance with the procedures described in clause 5 is given in Annex C.

The data set given in Clause C.1 is considered as the software validation data set. If a programme other than

that mentioned in Annex D is used, the calculations performed with the software validation data set given in
Annex C shall yield the same results as presented in Annex C, including the three places of decimals.

7 Testreport
The test report shall include the following information:
a) areference to this International Standard;

b) complete identification of the sample, including manufacturer, material type, code number, source and
previous significant history, if any;

c) the dimensions of the pipes used for testing;

d) the outside test environment and the pressure medium inside the pipes;

e) atable of the observations, including, for each observation, the test temperature (in degrees Celsius), the
pressure level (in bars), the stress (in megapascals), the time to failure (in hours), a physical observation

of the type of failure (ductile, brittle or unknown), the date of the test and any other observations which
could be relevant;

© ISO 2003 — Al rights reserved 7
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)]

h)

)
k)

the number of neglected data points under 1 000 h and the corresponding temperature, time to failure
and type of failure;

the model used to estimate o]t and o p| ;

the estimated parameters c; and their standard deviations s;, for each branch separately;

a graph presenting observed failure points, oj Tg linear regression line(s) and ¢ p| curve(s);
details of the software package used for the calculations;

any factors which may have affected the results, such as any incidents or any operating details not
specified in this International Standard.

© 1SO 2003 — Al rights reserved
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Annex A
(normative)

Methods of data gathering and analysis

A.1 General model

The general 4-parameter model used in this International Standard is the following:

logqgt = cq + col T+ c3log1go + c4(l0g1g0)/T + e (A.1)
where

t is the time to failure, in hours;

T is the temperature, in kelvins (°C + 273,15);

o is the hoop stress, in megapascals;

cqtoc, are the parameters used in the model;

e is an error variable, having a Laplace-Gaussian distribution, with zero mean and constant
variance (the errors are assumed to be independent).

The 4-parameter model shall be reduced to a 3-parameter model if the probability level of c5 is greater than
0,05. In that case, c3 =0, i.e.:

|0g10t = Cq + Cz/T+ C4(|Og100')/T+ e (A2)
A 2-parameter model shall be chosen if all the data points relate to the same temperature:

|0g10t = C1q + c3|0g100+ e (A3)
The calculations for the 4-parameter model are given below. The corresponding calculations for other models
can be obtained by removing the appropriate terms. Due to possible ill-conditioning of the matrices to be
inverted, it is required to perform the computations in double precision arithmetic (14 significant digits). The
inversion of the matrices is performed by the classical Gauss-Jordan approach described in reference [1] (see
the Bibliography).

The following matrix notations are used:

11/Ty logqgoq  (logigo4)/ Ty log1 14 e
X=|:: : : : :
11Ty logigon (0190 )/ Ty log1o 7 n en

where N is the total number of observations.
With ¢ = (¢4, ¢y, €3, ¢4)T, T being the transposition operator, model (A.1) can be written:

y=Xc+te

© ISO 2003 — Al rights reserved 9
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The least-squares estimates of the parameters are given by:
¢ = (XTX)1XTy

and the residual variance estimate is given by:
2= -X&)y- XN -q)

where ¢ is the number of parameters in the model.

The predicted stress value corresponding to a given time to failure r and temperature 7' is given by:
logqqo = (I0gqqgf — ¢q — col T)(c3 + c4/T)

To calculate oj p|, corresponding to a given time to failure ¢ and temperature 7, the inversion operation in the
following relationship is carried out:

|Og10t = Cq + Cz/T+ c3|Og100'+ C4(|Og100')/T— tStS[1 + x(XTX)‘1xT]1/2
where

tgy is Student’s t-value corresponding to a probability level of 0,975 and a number of degrees of freedom
of N-4;

x  represents the vector [1, 1/T, logqq o, (log4g o)/ T]

The result is:
_ —B-B* 4oy
logjgoipL = o
where

a = (c3 + eyl T)? — tg%s?%(Kag + 2K 3T + K4/ T?)

B=2(cq + col T —10gqot)cg + ol T) — 2tg2s2[Kgq + (Kgq + K3o)I T + Kyol T?]
7= (cq + el T = 10gq0t)2 — tg2s2(Kqq + 2Ko4/T + Kol T2 + 1)

K;; is the element with subscripts i,/ in the matrix (XTx)1

The value of gj p| can then be calculated from the following equation:

aipL = 10exp(log1ooipy)

A.2 Reduced models

In the case of a 3-parameter model (for example c5 = 0), we have:

T
|Og100= (|Og1ot —Cq - Cz/T)C—
4

and
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a= (c4/T)2 - tSt252K44/T2
B=2(cq + ol T —10gqgt)cal T — 2t52s2(K g/ T + Kyl T2)
7= (cq + el T—10g4ot)2 — t5i252(Kqq + 2Kp4/T + Kol T2 + 1)
tf2 corresponds to N — 3 degrees of freedom.
In the case of a 2-parameter model (for example ¢, = 0, ¢4 = 0), we have:
logqqo = (logqgt — ¢q)lc3
and
o= c3? — 15%5%K 33
B=2(cq —10gqot)cs — 2tgs2Kz
7= (cq —l0gq0t)? — tg?s2(K11 + 1)

tf2 corresponds to N — 2 degrees of freedom.

A.3 Calculation of o Tyg and o p| when a knee has to be taken into account

As outlined in Annex B, it is assumed that two failure mechanisms may be operating, each in its own range of
temperatures and failure times. The two data sets corresponding to each type of failure must be fitted
independently to the model. In order to do this, the available test data have to be subdivided into two groups,
one of the mechanisms being assumed to be operating in each group.

In each group, o s and o p. can now be calculated using the general procedure, provided sufficient data is
available and its distribution over the temperature range is suitable (see 4.2 and 5.1.1).

Apply the automatic knee detection method separately for each temperature as described in Annex B. By this

method, the data is divided into two groups. These two data sets are then fitted independently to the model, in
accordance with the general procedure described in this annex.

A.4 Test of fit

To test the fit of the model to the data, the following statistic is used:

(SSH—SSe)/ (vH —Ve)
SSelve

where

SS. is the sum of the squares of the differences between each individual observation and its
corresponding mean, i.e. the mean of the repetitions at the experimental conditions at which the
observations were made (the model being used does not affect this calculation);

SSy is the sum of the squares of the differences between each individual observation and the

corresponding prediction, i.e. the prediction made by the model for the experimental conditions at
which the observations were made;

© 1SO 2003 — Al rights reserved 11
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is the number of degrees of freedom for SS, i.e. the number of observations minus the number of
different experimental conditions;

vy is the number of degrees of freedom for SSy, i.e. the number of observations minus the number of
parameters in the model being used.

Under the hypothesis that the model being fitted to the data is correct, the above statistic will follow an
F-distribution with v, — v, degrees of freedom for the numerator and v, degrees of freedom for the
denominator.

Using the F-distribution, available as tables and computer programmes, the probability that 7 would exceed
the value calculated using the above formula is obtained. This probability is then compared with a significance
limit of 0,05. If this limit is exceeded, the hypothesis that the model is correct is accepted. If the limit is not
exceeded, the hypothesis is rejected.

NOTE This test can only be considered as an indication of the fit of the model to the observations.

An example of a test-of-fit calculation for the 20 °C observations given in Table C.1 is given below, assuming
a 2-parameter model:

S8, =2,377 78; Ve=31-15=16
SSy = 5,984 24; Ww=31-2=29

The value of F(13;16) is therefore 1,866 75.

The probability that the F-distribution with the given numbers of degrees of freedom exceeds this value is:
Pr[F(13;16) > 1,866 75] = 0,118 3

With the significance limit set at 0,05, the model is accepted, as the probability exceeds the limit.
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Annex B
(normative)

Automatic knee detection

B.1 Principle

This procedure detects the presence of any knee by means of calculations performed at each individual
temperature.

It is assumed that, for a given temperature and type of failure, a linear relationship exists between log, of the
hydrostatic stress to which the pipe sample is subjected and log, of the failure time of the pipe test pieces.
Furthermore, it is assumed that measurements of the failure time are subject to a random error.

The idea developed in this method is that the type of failure depends on the value of the hydrostatic stress.
Failure is of type B at stresses below the knee value, and of type A at stresses above it.

B.2 Procedure

The model expressing these assumptions and taking into account the types of failure is written as follows:
logqgt = cq + c3l0g1go + cq; + c3l0ggo+ e
with cq4 + cqp = c31 + 3o =0  (to avoid singularity)

where e is the error variable.

NOTE The errors are assumed to be independent and normally distributed with zero mean and constant variance.

In this expression, the parameters c4; and c5; express the effect of the qualitative variable “type of failure”; for
type A failures i = 1 and for type B failures i = 2.

To ensure that the knee separates the two stress ranges corresponding to the two types of failure, the
following constraint is added which expresses that, at the knee, the failure time does not depend on the type
of failure:

cq; + c3l0g1g0y = 0

where oy is the stress corresponding to the knee.

Taking into account this last relationship, the parameter c4; can be eliminated, and the model becomes:
logot = ¢q + ¢3l0g4g0 + c3;(l0g1go — l0g4g0%) + e
with ¢3q + ¢35, =0

A practical way of fitting this model to the measurements is to scan oy over the experimental range of stress
values and to calculate the residual variance for each corresponding linear fit. The minimum in the residual
variance, denoted by s,2, indicates the best fit and, therefore, the optimum value for .
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An F-test is then carried out to compare skz, the residual variance corresponding to the model with a knee, to
the residual variance obtained using a model without a knee (s2). The Fisher statistic F is calculated as:

= 2/ 2
Fy_p N-4 = 575

This statistic has, under the hypothesis of no knee, an F-distribution with N — 2 degrees of freedom for the
numerator and N — 4 degrees of freedom for the denominator, N being the number of measurements.

The hypothesis that no knee was present is accepted at a probability level of 5 % if the probability associated

with the calculated value of F is greater than 0,05. Otherwise it is rejected, and the presence of a knee is
accepted.

14 © 1SO 2003 — Al rights reserved



ISO 9080:2003(E)

Annex C
(informative)

Example of application of SEM to stress rupture data

C.1 List of observations

Stress rupture data at 20 °C, 40 °C and 60 °C for a semi-crystalline polymer are included in Tables C.1, C.2
and C.3.

Table C.1 — Stress rupture data at 20 °C

Temperature Stress Time Temperature Stress Time
°C MPa h °C MPa h
20 16,0 11 20 13,7 536
20 15,0 58 20 13,6 680
20 15,0 44 20 13,5 411
20 14,9 21 20 13,5 412
20 14,5 25 20 13,5 3 368
20 14,5 24 20 13,5 865
20 14,3 46 20 13,5 946
20 14,1 11 20 13,5 4524
20 14,0 201 20 13,4 122
20 14,0 260 20 13,4 5137
20 14,0 201 20 13,3 1112
20 13,9 13 20 13,3 2108
20 13,7 392 20 13,2 1651
20 13,7 440 20 13,2 1760
20 13,7 512 20 12,8 837
20 13,7 464
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Table C.2 — Stress rupture data at 40 °C

Temperature Stress Time Temperature Stress Time
°C MPa h °C MPa h
40 11,1 10 40 10,0 2076
40 11,2 11 40 10,0 1698
40 11,5 20 40 9,5 1238
40 11,5 32 40 9,5 1790
40 11,5 35 40 9,5 2165
40 11,5 83 40 9,5 7 823
40 11,2 240 40 9,0 4128
40 11,2 282 40 9,0 4448
40 11,0 1912 40 8,5 7 357
40 11,0 1 856 40 8,5 5448
40 11,0 1688 40 8,0 7 233
40 11,0 1114 40 8,0 5959
40 10,8 54 40 8,0 12 081
40 10,5 5686 40 7,5 16 920
40 10,5 921 40 7,5 12 888
40 10,5 1145 40 7,5 10 578
40 10,5 2 445 40 6,5 12 912
40 10,0 5448 40 6,0 11 606
40 10,0 3488
40 10,0 1488
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Table C.3 — Stress rupture data at 60 °C

Temperature Stress Time Temperature Stress Time
°C MPa h °C MPa h
60 9,6 10 60 7,5 351
60 9,5 13 60 7,0 734
60 9,5 32 60 7,0 901
60 9,5 34 60 7,0 1071
60 9,5 114 60 7,0 1513
60 9,5 195 60 6,5 1042
60 9,2 151 60 6,5 538
60 9,0 242 60 6,0 4 090
60 9,0 476 60 6,0 839
60 9,0 205 60 6,0 800
60 9,0 153 60 5,5 339
60 9,0 288 60 55 2 146
60 8,9 191 60 55 2 048
60 8,5 331 60 55 2 856
60 8,5 296 60 5,0 1997
60 8,5 249 60 5,0 1647
60 8,5 321 60 5,0 1527
60 8,5 344 60 5,0 2 305
60 8,5 423 60 5,0 2 866
60 8,5 686 60 4,0 6 345
60 8,5 513 60 3,5 15911
60 8,5 585 60 3,4 6 841
60 8,5 719 60 3,4 8 232
60 7,5 423 60 29 15090
60 7,5 590
60 7,5 439
60 7,5 519

C.2 Example of automatic knee detection
This example uses the set of observations given in Table C.2 for 40 °C.

Assume there is no knee and fit a single straight line through all the data points. The residual variance
obtained is equal to 0,409 1, with 36 degrees of freedom.

Then assume the presence of a knee and determine its position by scanning 50 stress values regularly
spaced over the experimental range of the logarithm of the stress. The value corresponding to the lowest
residual variance of the fit (constrained model involving two straight half-lines) is given by the data point
corresponding to a stress of 10,6 MPa and a time of 1 927 h. In this case, the residual variance equals 0,227,
with 34 degrees of freedom.

The Fisher statistic used to test for the absence of the knee is equal to 0,4091/0,227 = 1,802. The probability

that the Fisher statistic with 36 and 34 degrees of freedom is greater than 1,802 amounts to 0,043 8. As
0,043 8 < 0,05, it is decided that a knee is present.
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The resulting classification of the types of failure is given in Table C.4.

Table C.4 — Classification of types of failure

Temperature Stress Time Failure Temperature Stress Time Failure
°C MPa h °C MPa h
40 11,1 10 Type A 40 10,5 2 445 Type B
40 11,2 11 Type A 40 10,0 5448 Type B
40 11,5 20 Type A 40 10,0 3488 Type B
40 11,5 32 Type A 40 10,0 2076 Type B
40 11,5 35 Type A 40 9,5 1790 Type B
40 10,8 54 Type A 40 9,5 2165 Type B
40 11,5 83 Type A 40 9,5 7 823 Type B
40 11,2 240 Type A 40 9,0 4128 Type B
40 11,2 282 Type A 40 9,0 4448 Type B
40 11,0 1688 Type A 40 8,5 7 357 Type B
40 11,0 1114 Type A 40 8,5 5448 Type B
40 11,0 1912 Type A 40 8,0 7 233 Type B
40 11,0 1 856 Type A 40 8,0 5959 Type B
40 10,5 921 Type B 40 8,0 12 081 Type B
40 10,0 1488 Type B 40 7,5 16 920 Type B
40 10,0 1698 Type B 40 7,5 12 888 Type B
40 9,5 1238 Type B 40 7,5 10 578 Type B
40 10,5 1145 Type B 40 6,5 12912 Type B
40 10,5 5686 Type B 40 6,0 11 606 Type B

NOTE This example of automatic knee detection illustrates the methodology used. The calculation programme

presents these results in a different way.
C.3 Example of regression carried out on stress rupture data
C.3.1 Estimation (see Figure C.1)
C.3.1.1 Model used
l0g1gf = ¢q + col T + c4(l0g490) T + €

C.3.1.2 Type A failure

Residual variance 0,306 061
Number of points 50
Number of parameters 3

Number of degrees of freedom 47
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Figure C.1 — Graphical presentation of the results of the SEM analysis for a semi-crystalline polymer
as described in this annex

Details of the parameters and statistics for type A failure are given in Table C.5 (further details on the statistics
are given in reference [2]).

Table C.5 — Estimated parameters for type A failure

Parameter Value St:prci?rd t-value Pr(> 1)
cq —42,014 6,048 —-6,947 0,000
o 23 184,326 3 290,992 7,045 0,000
Cy -8892,575 1361,190 -6,533 0,000

Test of fit of model:  Pr[F(19;28) > 2,981] = 0,004
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C.3.1.3 Type B failure

Residual variance 0,048 413
Number of points 70
Number of parameters 3

Number of degrees of freedom 67

Details of the parameters and statistics for type B failure are given in Table C.6.

Table C.6 — Estimated parameters for type B failure

Parameter Value St::\rci::rd r-value Pr(> 1)
cq - 15,775 1,010 -15,619 0,000
cy 7 228,155 366,250 19,736 0,000
4 -1213,615 76,868 - 15,788 0,000

Test of fit of model:  Pr[F(20;47) > 0,751] = 0,753
C.3.2 Prediction

C.3.2.1 General
Predicted values of strength are given in Tables C.7, C.8, C.9 and C.10.
The extrapolation limits are given in Tables C.11 and C.12.

C.3.2.2 Type A failure

Table C.7 — Predicted values of strength for type A failure

20

Time
h
Temperature

oc 1 10 100 1 000 10 000 100 000

OLTHS

MPa
20 16,678 15,458 14,328 13,281 12,310
40 13,416 12,372 11,408 10,519 B
60 10,793 9,901 9,083 B B

o pL confidence level (one-sided) = 0,975

MPa
20 15,229 14,183 13,132 12,074 11,024
40 12,209 11,288 10,365 9,444 B
60 9,748 8,942 8,140 B B
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Table C.8 — Predicted values of strength for type A failure

Time
years
Temperature
0,5 1 10 50
°C
OLTHS
MPa
20 12,650 12,364 B B
40 B B B B
60 B B B B
o pL confidence level (one sided) = 0,975
MPa
20 11,398 11,084
40 B B
60 B B

C.3.2.3 Type B failure

Table C.9 — Predicted values of strength for type B failure

Time
Temperature "
oc 1 10 100 1 000 10 000 100 000
OLTHS
MPa
20 A A A A A 8,661
40 A A A A 7,132 3,937
60 A A A 6,336 3,368 1,790
opL confidence level (one-sided) = 0,975
MPa
20 A A A A A 6,550
40 A A A A 5,427 2,914
60 A A A 4,772 2,478 1,261
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Table C.10 — Predicted values of strength for type B failure

Time
years
Temperature
0,5 1 10 50
°C
OLTHS
MPa
20 A A 8,942 6,062
40 8,825 7,380 4,074 2,689
60 4,224 3,492 1,856 1,193
o pL confidence level (one sided) = 0,975
MPa
20 A A 6,770 4,510
40 6,748 5,621 3,022 1,937
60 3,142 2,575 1,312 0,811

C.3.2.4 Extrapolation limits

Table C.11 — Extrapolation limits for 7, = 40 °C, ¢,,,, =13 160,5 h

T AT ke fo ly
°C °C h years
20 20 6 78 963 9,01

Table C.12 — Extrapolation limits for 7, =60 °C, 7, =9 698,1 h

T AT ke fo ty
°C °C h years
20 40 50 484 907 55,35
40 20 6 58 189 6,64

C.3.3 Knee positions

The positions of the knees are given in Table C.13.

22

Table C.13 — Knee positions

Temperature Stress Time
°C MPa h
20 11,92 26 664
40 10,18 2515
60 8,70 315
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(informative)

SEM software

ISO 9080:2003(E)

A software package for SEM calculations can be obtained from the following supplier. This software package
complies with the specifications of this International Standard and has been tested and approved by the

Ad Hoc SEM working group of ISO/TC 138/SC 5.

BECETEL vzw
Gontrode Heirweg 130
B-9090 Melle

Belgium

Tel: +32(0)9 2725070
Fax: +32 (0)9 27250 72

e-mail: info@becetel.be

© ISO 2003 — Al rights reserved
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