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Foreword

ISO (the International Organization for Standardization) is a world-wide
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 establlshed has the rlght to be represented on

that commi

The main t
Standards.
the public

- type
public

- type
where
possib

- type
kind £
("state

Technical

of publica
Internatio
have to be
longer val

governmentill, in liaison with ISO, also take part in the wor IS0
collaborates closely with the International Electrotechnical Commission
(IEC) on alll matters of electrotechnical standardization.

psk of ISO technical committees is to prepare International
In exceptional circumstances a technical committee may propose
ation of a Technical Report of one of the following types:

1, when the required support cannot be obtained for.'the
ation of an International Standard, despite repeated efforts;

2, when the subject is still under technical deyelopment or
For any other reason there is the future but not immediate
L1ity of an agreement on an International Standard.

3, when a technical committee has collécted data of a different
rom that which is normally published as an International Standard
e of the art”), for example).

Reports of types 1 and 2 are subject to review within three years
Fion, to decide whether they . can be transformed into

hal Standards. Technical Reports of type 3 do not necessarily
reviewed until the data .théy provide are considered to be no

id or useful.

ISO/TR 908D, which is a Technical Report of type 2, was prepared by
Technical fommittee ISO/TC138 "Plastics pipes, fittings and valves for the
transport pf fluids".

This Technfical Reportlis the result of considerable discussion within task
group 10 of working/group 5 of technical committee 138 of the International
Organizatipn for\Standardization (ISO) (referred to hereafter as

ISO/TC138/
is an agre

5/TG10) which'was entrusted with generation of the Report and

Eg compromise which incorporates features of several accepted

National procedures.

Furthermore it is emphasized that these standard extrapolation methods
(SEM) are not intended to be used to disqualify existing procedures to
arrive at design stresses or allowable pressures for pipelines from
plastics materials nor to disqualify pipelines from materials proven by
such procedures which have shown to be satisfactory over long years of
experience. The SEM are generally meant to be used to qualify a material
for pipes by the introduction of such a material on the market.

At present the SEM are considered to be at a stage where they need to be
tested with real data. Therefore the publication as a Technical Report,
type 2, was considered to be justified.
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In most cases it is necessary to obtain a design value rather than the
ultimate value, therefore it is necessary to define an appropriate factor
taking into account other relevant material properties as well as aspects

of the spe

This techn

cific application envisaged.

ical report provides a definitive procedure incorporating

extrapolation by using test data at different temperatures, analysed by
curve fitting techniques in conjunction with linear regression analysis.

Those curve f
formula use

(see anne

itting techniques are of mathematical character, but the

G).

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 confidence
limit where the 97,5 % lower confidence limit is equivalent with the lower
confidence limit of the 95 % confidence interval. This convention is used
in the mathematical calculations to be consistent with literature./ ‘This
aspect hag necessitated the use of statistical techniques. It i8S

recognized
quantified
considera

convert

The metho
rupture c
from the ¢

These meth
effect, su
or anti-ox
programme.

It is esse|

i’

that such procedures previously have not been specifically
and it is presumed this will be accounted for within the
ion of the choice of the value of the factor to_be-used to
e ultimate circumferential stress to a design &tress.

can provide a systematic basis for the interpolation of stress
racteristics at working life temperature“conditions different
onventional 50 years at 20 °C.

ods are not applicable if any chemical attack or degradation

ch as oxidation or consummation of\‘additives such as stabilisers
idants, has been found to occur(during the pipe testing

ntial that the medium used-for pressurizing the pipe has no other

effect. Ih general water is considered to be such a medium. The effect of
chemical afttack on plastics pressure pipes is a subject of study by
IS0/TC138/BC3. :

The study pecessary to prepare a ’'standard extrapolation method’ (SEM) has

been under
as an ad h
individual
United Kin
deliberati
Larson Mil

taken by members of ISO/TC138/WGS5/TG10, which was first convened
bc group of \WG5 in March 1976. Membership included invited
experts (from France, Germany, the Netherlands, Switzerland, the
gdom arid)the United States of America. In the course of the

bns it has studied the relevance of procedures identified by

ler{ and the Goldfein derivation for plastics, National Standards,

published

technological papers from different countries including the

United States of America, the United Kingdom, Canada, Germany, Sweden, the
Netherlands, France, and Switzerland. In addition specific statistical
tasks have been commissioned from experts in France, the Netherlands, the
United Kingdom, the United States of America and Finland. A total of over
200 working documents, the majority of which have been highly
technological, have been examined in the course of this study.
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Long consideration has been given to resolve which variable should be taken
to be the independent variable to calculate the long-term hydrostatic
stress. The choice was between time and stress. The basic question to
which the method has to give an answer can be formulated in two ways as

follows.

This question is answered if time is chosen to be the independent
variable to calculate the long-teym hydrogtatic strength (gee

h\,
kiR Y Vi S X

b) How long will a pipe system last when subjected to a defined stress
(pressure) at a given temperature?

This question is answered if the stress (pressure) .is)¢hosen ds the
independent variable to calculate the long-term hydrostatic stfrength

( & mse )

‘“LTHS/ -
Both questions may be asked by users of existing-pipe systems and |by
intending users, and of new systems. Both ques$tions have equal validity.

When the test data on the pipe under study“\do not show any scattey and when
the pipe material can be described perfécdtly by the chosen empiri¢al model,
the regression with either time independent or stress independent |will be

identical. This is never so, becausé. testing circumstances are néver ideal
and the material will not be 100 % homogeneous, therefore the obsdrvations

will show scatter. Moreover, the 'model is an idealisation. The ¢alculated
regressions will not be identical and the difference between the ¢alculated
values will increase as the scatter increases.

It can be shown that the.regression of log time on log stress always gives
a lower, more conservative, result than the regression of log strdss on log
time, caused by the scatter of the data. The choice between the fwo

methods of carrying out the regression analysis (time-independent |or stress

independent) for—the SEM should not allow a possibly unjustified qptimistic
value.

Ir order tonachieve this all SEM calculations are made using stregs as the
independént variable.

0.2 Use of the methods

0.2.1 These SEM methods are designed to meet basically two requifements.

These are:

a) to estimate the mean hoop 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 as the test environment;

b) to estimate the value for the mean hoop stress at either shorter
life times, or higher temperatures, or on occasion both.
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0.2.2 There are several extrapolation models in existence, which have
different degrees of freedom or a different number of variables, as

indicated i

n figure 0.1. It was decided that the SEM will only consider

the models QI and QII, RI and RII as shown in figure 0.1.

In models RI and RII a fourth coefficient has been added.

this fourth

The addition of
coefficient inevitably leads to a better correlation

coefficient and lack-of-fit values, because of the additional degree of

freedom. I

been shown

t was necessary to add this fourth coefficient, because it has
that for certain materials (PVC, PVC-C) this leads to better

fit.

For other materials (PE and PP) however, good fit is already reached with

the model v
the correld
therefore 1

0.2.3 Meth
stress whetf]
RI and RII

This method
evaluated f

0.2.4 MetH
stress at §
variations
for water
application
applicable.

g

0.2.5 The
be applied.

0.2.6 The

the long-te
(orer) -
0.2.7 MHeth

design stre
Service fao

An estimate€
and estimat

jith three coefficients. To add more coefficients will improve

tion, but leads to more uncertain extrapolation and has
ot adopted.

od I of the SEM describes a method to estimate such a méan' hoop

ther a knee is found or not, in accordance with models (QI, QII,

of figure 0.1.

is intended for new materials or for materials{mot previously
or pipe production.

od IT of the SEM describes a method for estimation of the hoop
0 years at a chosen temperature for pipe.materials and

thereof already widely used and under. éonsideration in ISC/TC1

PR

3€

nd/or gas transport and for industrial pressure pipe

s. This method can only be used if’model QI has shown to be

materials have to be tested An pipeform to enable the method to

end result of the SEM.for a specific material is the value for
rm hydrostatic strergth (orys) and lower confidence limit

ods for use of\ the oprHs and/or oj ey, to arrive at allowable
sses still have to be considered.
tors or.safety factors have to be introduced.

forpa safety factor taking into account the effects of testing
ing\stress by extrapolation could be the ratio of the 97,5 *%

°©

lower confi

<

dence level (1. c.1. ) and the extrapclated mean hoopstres

=
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I. Models with II. Models with
constant slope discontinuous
change of
PI PII constant slope
* (1)
log 0
log f —e
o8 (N log t = -A, -8y logo
log t=-A-8logo
(2)log f =-A, B, logo
al Qll
s T
T
(1 7
73 T
(aN\r,
B C 8 C
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Fiqure 0.1: Scheme of material behaviour models
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Thermoplastics pipes for the transport of fluids —
Methods of extrapolation of hydrostatic stress rupture
data to determine the long-term hydrostatic strength of

thermoplastics pipe materials

1 Scope

This Technical Report describes methods for estimation of the long-term
hydrostati¢ strength of thermoplastics materials.

The method$ are applicable to all known types of thermoplastics and eross-
linked thermoplastics pipes at any temperature and to any practicable test
medium. The methods were developed on the basis of test data frompipes of
relatively|small sizes. The pipe sizes to be tested are specified in the

relevant p

roduct standard.

These methpds do not cover effects which are caused by oxidation,
hydrolysis| or exhaustion of additives such as anti-oxidarits within or
outside thé testing times. If such effects occur, then other test methods
may be appropriate.

2 Normatiye references

The follow
text, cons
the editio
and partie
investigat
standards

currently

ISO 1167 -
Determinat

ISO 3126 -

3 Definit

ing standards contain provisiong_which, through reference in this
fitute provisions of ISO/TR 9080. At the time of publication,
ns indicated were valid. All-“standards are subject to revision,
5 to agreements based on ISO/TR 9080 are encouraged to

the possibility of applying the most recent editions of the
listed below. Membersyof IEC and ISO maintain registers of
ralid international( standards.

2

1973: PlastiesTpipes for the transport of fluids -
ion of the resistance to internal pressure

1974: Plastics pipes - Measurement of dimensions

jons,' symbols and abbreviations

For the purposes of this Technical Report, the following definitions apply:

3.1 internal pressure (P):

the pipe.

3.2 stress (0):
direction due to internal pressure.

Force per unit area exerted by the medium in

Force per unit area in the wall of the pipe in the hoop
The stress is denoted as ¢ and derived

from the internal pressure using the following equation:

P
o

- e)

(D, max.

10

2€pin.
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where
Oy max. 1s the maximum mean outside diameter;
' .
€nin. is the minimum wall thickness.

3.3 test temperature (7):
have been determined.

— the factor o has g value of U,5 (see 3.67.

Ts

3.4 service temperature (T.): The temperature at which the pip€

used.

3.5 failure: Physical breakdown of pipe as manifested)by ductil
bursting, brittle cracking, splitting or weeping (seepage of liqu
the pipe wall) during testing.

3.6 time-temperature dependent hydrostatic strength (Otrus): A
with the dimensions of stress which can be‘«onsidered as a a prop
the material under consideration. It is)denoted as:

StTHS = 9(T, log t, a)
where

m

“

is a temperature, in kelvins;

t is a time, in hours;

a is a factor related to the chance that a pipe, made from thé
under study, will survive without failure during a time t wher

submitted tola‘'stress o, at a constant temperature.

NOTE - The orrys is derived from the available test data by uf

of the-methods I or II in accordance with clause 5.

3.7 _dong-term hydrostatic strength (orys): A quantity with the
dimensions of stress which represents the 50 lower confidence 1
for the long-term hydrostatic strength and can be considered as a
of the material under consideration. It equals the mean (average

©
°

The temperature at which stress rupture data

will be

=)

id through

muantity
erty of

b material
L

Eing one

imit (LCL)

property
strength
t when

B

or predicted (average) mean strength at a temperature T and a tim

It 1s denoted as:

9LTHS = 9(T, log t, 0,5)

1
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3.8 lower confidence limit long-term hydrostatic strength (ojcp): A
quantity with the dimensions of stress which represents the 97,5 % lower
confidence limit of the long-term hydrostatic strength and can be
considered as a property of the material under consideration. It equals
the mean (average) strength or predicted mean (average) strength at a
temperature T and a time t when the factor « has a value of 0,975 (see
3.6). It is denoted as:

9LcL T 9T, log t, 0,975)

3.9 knee:| The transition point between two probably different modes of
failure represented by a change of slope on a log stress versus log time
plot of hyfirostatic stress rupture data.

4 Acquisition of test data
4.1 Test ¢tonditions

The pipe stress rupture data shall be determined using the_jprocedure

described fn ISO 1167 - 1973 except that in the case of-conflict between
that standgrd and the provisions of this SEM, the provisions of this SEM
shall apply.

The pressufe medium inside the pipe shall be watex' or any other liguic.
The outside environment shall be air, water orsany other liquid. The
inside medjum and the outside environment shall be mentioned in the test
report. The inside and the outside environmént shall be maintained within
+ 1 °C, but preferably within + 0,5 °C of“the test temperature during a
conditioning period, extending from 15(min before the beginning of the
test, and @uring the test period.

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

4.2 Distrjbution of pressudre levels

For each s¢lected temperature a minimum of 25 failure stress-time points
above 10 h|shall beYobtained, spread over at least 5 pressure levels and
such that at each.pressure level at least one failure point is recorded.
(For statistical-reasons it is recommended that more failure points are
recorded atceach pressure level.) If possible, the pressure levels shall

be selecte eem 10— rand
100 h, at least eight failures between 100 h and 1000 h and at least nine
failures above 1000 h; however, one shall have at least four of these
points above 7000 h and at least one of these points above 9000 h.

Test pieces which have not failed at the lowest pressure levels shall be
used in the calculations as failure points if they increase the value of
OLTHS if not then they shall be deleted.

NOTE - To be able to take advantage of advanced statistical methods it is

recommended that the differences between successive pressure levels is
arranged to follow the relationship : (delta) log (stress) is constant.

12


https://standardsiso.com/api/?name=b58d51e386d095774459b20afb0c02f9

ISO/TR 9080 : 1992 (E)

S5 Procedure

5.1 Selection of method for data gathering and analysis

Select and perform a method of determination of a long-term hydrostatic

strength in the light of the following information.

Two methods for obtaining the long-term hydrostatic strength,

presented.
a flow chart is given in annex A, and method II, detailed in 5.3.

9LTHS ¢
They are designated as method I, detailed in 5.2 and for which

are

Both methods are based on linear regression and supported as applicable by

Teférence to appropriate calculation detalls given in annex B and
validation test for linearity given in annex C. The choice of me
be specified by a relevant product standard in reference to,this
Report, and depends on the indication of a knee in the data patte
which a statistical test is provided in annex D, and/or-0n the pu
the evaluation, as follows.

- Method I is the most complete and decisive method“\for determini
pressure characteristics. It requires observations at several te
and times over one year or longer and is applitcable whether or no
indications are found in the test data of the presence of a knee.

a

thod may
Technical
rn, for

rpose of

ng burst
mperatures
it

The

consequent procedural alternatives are selécted as indicated in ahnex A.

The risk that in the extrapolation range-‘the real behaviour will
from the predicted behaviour, e.g. because of another change of s
the burst pressure characteristics, @$'considered to be minimal,
not zero. Method I is the appropriate method for determining the
pressure characteristics of new materials.

- Method II is a method in whi¢h the required range of experiment
restricted in the number of temperature levels than in Method I &
observations shall not show any sign of a knee. This method is m
suitable for testing new varieties of well-known materials where
polymer itself has not‘changed.

5.2 Method I

(See also ,annex A.)

5.2.1 ¢Required test data
Obtain test data in accordance with clause 4 and using at least t

temperatures T, To, T3, .; wWhere T < T < T3< and the fo
conditions also apply:

Jo

ab £ a
T O A=y

deviate
lope in
a1lthough

burst

s 1s more
nd the
ore

the

hree
1lowing

at least

=\ o PN I = 4+ +* | W T | ) Y
=W ASA= =2 ¥y SA= ==y 5 arJactiTe LTipTl altul TS SIIdlr T DT STpadlatTla DYy

0 K;

b) the highest test temperature, Thax.r shall not exceed the

transition temperature minus 20 K in amorphous or predominantl

amorphous polymers, or the melting temperature minus 15 K in
crystalline or semi-crystalline polymers;

¢} the number of observations and the distribution of pressu
per temperature shall comply with 4.2;

glass
Y

re levels

13
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maximum test temperature, ITp.. , shall be selected taking into
for each material the maximum temperature at which the material

can be used and the highest possible test temperature;

e) the
annex B,

NOTE - To obtain an optimal estimation of a

number of observations of class 2 n,, as given in B.5.2 of
shall at least be 20.

o Hs Value, it is

recommended that the range in test temperatures is selected in such a
way that it covers the service temperature or range in service

temper
5.2.2 Detsd

5.2.2.1 Ap
temperature
the regress
predicted 4

For the pro

5.2.2.2 1If
is positive
temperature

5.2.2.3 Ap
presence of

5.2.2.4 If

temperature
test temper

bT min.

bT ma.

consider th

ion line and the stress at which 50
fter 50 years.

ply the test fcr a knee in accordance with“annex D.

tures-.
ction of a knee; validation of data and model

ply linear regression to the observations at every test

separately and determine at every test temperature the slope.bf

% and 2,5 failure is

o
©

cedure to calculate these values, see B.3 of annex B

at one or more temperatures the slope of the regression line b

, consider the test data at that temperature of )at those
S unsuitable.

If the

a knee is confirmed, apply 5.2.4. Otherwise apply 5.2.Z.4.

the ratio of the slope of the regréssion line at the lowest

+ bp min. and the slope of the regression line at the highest
ature, bp p.. , exceeds the value of three, i.e.:

is as the possible indication of a knee within the experimental

range and apply 5.2.4.

5.2.2.5 If
hydrostatic
log time, i
hydrostatic
temperature

n hours, beyoné the longe

the ratip-of the 97,5 % lower confidence limit long-term

strength, 9T, log t, 0,975) at a time, t;, of one increment in
st %esting time and the long-term

at that time, both at the highest

strength, (T, lo
low 0,85 j.e

has a value equa

§ £ 250

14
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oA Tpax.r log t, 0,975)

< 0,85
o(Thax.» log t, 0,5)

consider this as a possible indication of a knee within the exper
range of the highest test temperature data and apply 5.2.4.

5.2.2.6 Inspect, visually the time-to-failure/stress data points
plotted on a log (time)-log (stress) basis. If a knee appears to
present, apply 5.2.4.

5.2.2.7 1If the conditions given in 5.2.2.4, 5.2.2.5 and 5.2.2)6
fulfilled, assume that there is no indication of the presencelof
7ithin the experimental range and apply 5.2.3.

5.2.3 Calculation of log o, rys When no knee is found

5.2.3.1 In accordance with the relevant referring product specif
othervise based on the information given in 5.l1-and annex E, app]
linear regression to find the coefficients A, B C and D in one g
fcllowing equations where the procedure to calculate these values
equation (1) is outlined in B.4 and comparable calculations can H
aprlying appropriate mathematics to formula (la).

log t = -A - B log omus *+ € o |
T T

log t

]
]
R
|
lee
[
(]
n
S
3
<
in
+
30
+
e
H
(o]
Yo}
3
X
wn

If the values of A, B-and C are not positive, consider the data U
5.2.3.2 Calculate ‘the mean strength, (T, log t 0,5)r and the
’ el 14

lower confidence’ limit (LCL) of the mean strength, 9T, log t_»0
’ e 1

imental

when
be

were not
a knee

ication or
y multiple
f the

fer
e made by

1)

la)

nsuitable.

97,5 %

975)r at a

life time tg and a temperature T; and as outlined in B.4, and~ equation la

providingcthat extrapolation time limits given in 5.2.5 are compl

5.2.343) Apply the lack-of-fit test in accordance with annex C.
hypotdiesis of linearity is rejected, reject the model used.

Reject a model if F > 20, where F is the coefficient of lack-of-f{
model to the data.

—If—theTinmear modetr{models)Is tarey not rejected, appiy 5.2 3.4.

ied with.

If the

it of the

5.2.3.4 Choose the model with the lowest value for F (lack-of-fit) to

describe the experimental data.

With this model calculate the values for the o ,rys and o c1, @t various

times and temperatures.

15
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5.2.3.5 If the ratio of o1 (see B.3) and the mean strength, opgug, at
service temperature Tg and time tg is below 0,85, that is, if

9(Tg, log to, 0,975)

< 0,85
9(Tg, log t,, 0,5)

consider the mean strength oppys to be equal to

1

— X |o
T

0,85 (Ts

*

, log t,, 0,975)

5.2.4 Calqulation of o tys when a knee is found

5.2.4.1 Fdr the equation (based on equation (1) of 5.2.3: see annéx G)

{ By + By Cie &
log ft =% { -(A + A) - (—) log o qpys + (—)
T T
- | -(A - A) - By - B log gpyg+t G - & }
(————) {(—————) oo (2)
T T }

use the| procedures given in annexes E and' F, or equivalent, to choose
the coeffficients Ay, Ao, Blr 82, Gy, G in such a way that the equation
describps the observations optimally.

If the values of A; to (, are not all positive, consider the data
usuitable.

Alternativelly, for equivalent ‘eguations derived from egquation (la) of
5.2.3.1, perform analogous.calculations by applying appropriate mathematics
to equivalent equations with the fourth term, i.e. including also D; and
D,. 1If the| values of Ay,./to C, are not all positive, consider the data
unsuitable.

5.2.4.2 n a knee is found and the observations are divided into two

groups of ta on each side of the knee, verify that the class 2 group of

data, which| contains the failure times obtained at hoop stresses below the
ress f ici i

- the total number of class 2 data at a maximum test temperature (T3)
and the test temperature one step below (T5) shall be equal or greater
than 20;

- the number of class 2 points at T, shall be equal or greater than 2.

* This ’‘derating’ of the mean strength results in a pessimistic prediction
when data are showing a large scatter. By ‘derating’ the mean stress,
valuable information can still be used.

16
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If these conditions are not both fulfilled, consider the data unsuitable

for evaluation.

5.2.4.3 Apply the lack-of-fit test according to annex C on each
databody. If the hypothesis of linearity is rejected, reject the
used. Reject a model if F > 20 (lack-of-fit).

If the linear model (models) is (are) not rejected, than apply 5.

5.2.4.4 Choose the models that show the lowest F (lack-of-fit) t

the experimental data

Calculate the values for O THS and other stresses at variousctilmq
temperatures using this model.

If at temperatures above 20 °C and time shorter than 50\ years sti
to be calculated, use the relevant time and temperature in the ev

If such calculations are made with the single pafts of eguation I
5.2.4.1, then choose the lowest value for the $tresses.

5.2.4.5 Calculate the mean strength, 97169 t., 0,5)’ and the
r er r~
lower cornfidence limit of the mean stréumgth), o(T, log t 0,975) 1
14 el 4

time t. and & temperature T as outlimed in B.S5 of annex B provide
extrapolation time limits as stated in 5.2.5 are complied with.

5.2.4.6 If the ratio of o cp@and o pyg at service temperature T
Te is below 0,85, that is 1if:

91y, log ts, 0,975)
< 0,85
iTg, 103 teaa®,E)

consider the)mean strength to be equal to

1

.___.X o *
(T~, log t.r 0,975
a; 85 S I e )

class of
model

2.4.4.

o describe

s and

esses have

aluation.

, given in

97,5 %
at a life

d that the

and time

* This ’'derating’ of the mean strength results in a pessimistic prediction
when data are showing a large scatter. By ’‘derating’ the mean stress,

valuable information can still be used.

17
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5.2.4.7 1If the ratio of the ooy, and the mean strength at service
temperature Tg and time te is less than 0,5 then consider the data
unsuitable for extrapolation.

5.2.5 Extrapolation time limits

Determine the extrapolation time limits using the following information and
procedures.

The time limits t,, for which extrapolation is allowed are bound to

temperaturerdependent—values——The—time—{t7—includes—the—testing—times
Table 1 gives the extrapolation-time factor, K., as a function of (delta)T
based on the following equation

(delta)f = Tooyx. - Ts,

where
Thax. 1% the maximum test temperature;
T i the service temperature.

The extrapoflation time t, can be calculated using the foldowing equation:

€ tmax.

Obtain the paximum test time ¢;., by averaging the™t longest failure
times, wherg test pieces which have not yet failed may be considered as
"failures" [for this purpose.

Table 1 - Rplation between (delta)T (= Thaw’ - Ts) and K

delta I Ke
(K
> =
0 | C 1
1C L 5 3
15 o] 5
20 ) 9
25 RO 16
30 35S 28
35 10 50

In the case when t;., 1s equal to 8760 h (1 year), K. indicates the
maximum allowed extrapolation time te in years.
Table 2 indicates the extrapclation time limit, te, in vears as a function
of the maximum test temperature, Tmax.r and the service temperature, Tg,
from 20 °C inclusive up to 25 °C (not included), from 25 °C inclusive up to
30 °C (not included) and so on, provided the maximum test time, ;.. at

Thax.r 1s at least 8760 h.

18
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st

Table 2 - Extrapolation time limit as a function of the maximum te
temperature
Time in years
Thax. T, in degrees Celsius
°C 20 25 30 35 40 45 S0 55 60 65 70 75 etc.
50 16 9 5 3 1 1
55 28 16 9 5 3 1 1
66 56—28—16 5—5 3—% T
65 50 28 16 S 5 3 1 1
70 50 28 16 9 5 3 1 1
75 50 28 16 9 5 3 1 1
80 50 28 16 9 5 3 1 1
85 50 28 16 9 5 3 1
90 50 28 16 S 5 3
95 50 28 16 S 5
100 50 28 16 9 etd
105 50 28 16
110 50 28

5.2.6 Visual verification

Plot the observed failure poirfts, the 0, rys linear regression ling
Oyl curves in a diagram on. a (log o/log (time)) scale.

Verify the fit of the regression lines to the data by visual inspdg

5.3 Method II
5.3.1 Required’/test data

Obtain test“data in accordance with 4.1 and using two temperatures
T, where -temperature T, shall be at least 40 K higher than T, and
number’-cf observations and the distribution of pressure levels at
temperature T; and T, are in accordance with 4.2.

NOTE - To obtain an optimal estimation of the O, THs regression lin
T
max.

s and the

ction.

’ 7& and
the
both

es, it is
Té) in

recommended to select the maximum test temperature (which is

5.3.2 Validation of data and model

service

5.3.2.1 Apply linear regression to the test data at temperature T; and
determine the slope of the regression line, by; the predicted average

)
o

strength at 50 years, 0(7&’ 5,65, 0,5); and the 97,5

limit (LCL) at 50 years, G(Tl 5.65. 0 975) -

calculate these values see B.3 of anneyx B.

lower confidence

For the procedure to

19


https://standardsiso.com/api/?name=b58d51e386d095774459b20afb0c02f9

ISO/TR 9080

: 1992 (E)

5.3.2.2 Apply the linear regression to the test data at temperature T, and
determine the slope of the regression line, b,; the predicted average
strength at 10 000 h, a(T2, 4, 0,5) and the 97,5 % LCL at 10 000 h,

CT( T2’ 41 ol

annex B.

For the procedure to calculate these values, see B.3 of

975)

5.3.2.3 If the slopes of the regression lines, by and b, are not negative,
consider the data unsuitable.

5.3.2.4 Ag
presence of
obtain a tH

ply the test for a knee, in accordance with annex D. If the
a knee is confirmed, do not use this method but, if possible,
ird set of data, at a different test temperature and in

accordance [with 5.2.1, and apply method I to the dataset (see 5.2.4)\
5.3.2.5 If the ratio of the 97,5 % LCL at 50 years at temperatube Ty,
0(71’ 5,65 0,975) and the average strength at 50 years at te€mperature Ty,
0(71' 5,65/ 0,5) is not greater than 0,85 i.e. unless
9(ry, 9.65, 0,975)
> 0,85
9Ty, 9,65, 0,5)

consider th

5.3.2.6 1f
9T, 4, O

temperature

9T, 4

e data unsuitable.

°
°

the ratio of the 97,5 ICL at 10 000 h at temperature T,
975) and the averagesstrength, o pyg, at 10 000 h at

T2, U(T

4, 0,5)-1is not greater than 0,85 i.e. unless

’

9(1,, 4

consider t}

30,85
» 0,5)

je~data unsuitable.

20
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5.3.2.7 Confirm that the slopes of the regression lines, b; and
temperatures T; and T,, fulfil the relationship.

by

-—- < 3

b,

If not, consider the data unsuitable.

5.3.2.8 Apply the multiple linear regression, the lack-of-fit te
correlation test in accordance with 5.2.3 but with only data sets

test temperatures.
5.3.3 Extrapolation time limits

Ensure that the time limits t,, for which extrapolation(is applie
with 5.2.5.

5.3.4 Visual verification

Plot the observed failure points, the o,7ys lines and the o,c1, CM
diagram on log (stress)/log (time) scale.

d

Verify the fit of the regression lines €ovthe data by visual inspg

6 Test report

The test report shall include:the following.

a) Complete identification of the sample, including manufact
material type, code-“number, source and previous significant h
any.

b) Dimensyogs of the pipes used for testing.

c) Outside test environment and pressure medium inside the p
d) (Ay'table of the observations, including for each observati

test temperature, pressure level (in bars), stress (in megapal
fime of failure (in h), date of the test and other observatio
could be relevant.

e) The method and the model used to estimate the long-term h

b,, at

st and the
for two

d comply

rves in a

ection.

urer,

istory, 1if

ipes.
on: the

scals),
ns which

vdrostatic

strength, opqus.
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f) 1If method II has been used the o myg and opcp at 50 years as
o(r, 5,65, 0,5) @ad g 5 g5, 0,975) in megapascals, or if method I
has been used %o establish the oppyg, the o(p 5,65, 0,5) and the
o7, 5,65, 0,975) at the test temperatures and either

i) the three (four) coefficients A, B, C (and D) when no knee was
found; or

ii) the six (eight) coefficients 4, Ao By, Cy, Gy, (D) and Dy)
when a knee was found in the experimental range.

g) The|diagram representing observed failure points, oprys multiple
linear regression lines and op¢y, curves.

h) Any|unusual behaviour observed in the tests.

1) Name of the laboratory and person, responsible for carrying out“the
testing|procedures.

j) Date of the report.
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Annex A (normative)

Flow sheet for method I

A 1 ) AR P . U | T 1Vt rmatnc +hn €F£lArs chant Fawvm +ha nemmmnadiira €aem madsl a3 T
Nn.l LilYulcT N.d ddduolialco UWIT 1L1Uw olitcL 1UL LIt ploulcuulc 10l ne uiou 4
of the SEM.
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Failure points
in accordance
with 4.2

Generate
more data

Well-known
material

No

temperature Reject
in accordance
// Apply method II / with §. 2.1, data set
Apply linead-regression to the
data setfor each temperature
Catculate slopes and g mean
and UL(L
Any slope No
positive
2

24

Reject test data
at that temperature

1

Figure A.1: Flow sheet for method I of the SEM
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Quadratic
term present

N

Visual
indication
of 2
knee

'

Y Y \ e Apply 5.2.3.

!

Apply 5.2.4.

Figure A.1 (continued)
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Procedure if no Model Q1
knee is found
Apply multiple linear \\\“\\\N\\\\\\n
A
Calculate o, //7
ad 0, Model R1
vi 1333 ~7
* - R
2
Ty
Linear
hypothesis Reject models EE——
significant

Figure A.1 (continued)
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Procedure if a knee ¢4

is found

Apply mutiple linear
ion on divided
data sefs-at each temperature

ISO/TR 9080 : 1992 (E)

Lel:Clas 2220
T,: Class 2 22

Apply lack of fit fest
to each data set

Linear
hypothesis
significant

/

Caleulate @

mean
/ and Umaf 7, and f, /

No

~

(275
Datz yhsuitable
e
fo- ‘evaluation
Reject models F——————
(o] 100
LTHS= —8—5—' X0

Figure A.1 (concluded)
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Annex B (normative)

Calculation of linear regression

B.1 General

This annex
Report.

contains the outlines of all the calculations needed for the

In B.3 the

independent

equations are given to apply for linear regression with one
variable. These are used in all cases where a set of

observations at one single temperature has to be analysed and yield the

regression
(time) vers

B.4 gives {1
variables.
to be taker
family of 1]

B.5 gives
curves has
applies thd
observatior
B.S.

Derivation

regression

statistics

Wiley, New

B.2 Syvmbol

The follow3
n

fi ]

equation, which is in this case a single straight line in a log

us log (stress) plot o mys, 91 (0171’ te, 0’975)).

lthe equations to apply a linear regression with two ipdependent
These are used when observations at several temperatures have
into account and yield the regression equation, in this case a

ines and the g rys/ 0L (U(Te, te’ 0.975))'

<
o

the procedure for calculating the 97,5 % LCL when a family of
been established to describe the observations. In fact B.S
equations as given in B.4, but only to a part of the

s. The conditions for selecting thi$' procedure are given in

of the equations and theoretical backgrounds of linear
analysis can be found in many fundamental text books on

e.g. "Applied Regression\Analysis" by N R Draper and H Smith;
York (1966).

s
ng symbols are,used:

is the number of observations;

s thetlogarithm of stress (in megapascals) of observations i;
.'=lr .

oo

]

1

LM, a)

is the temperature (in Kelvin) of observation i;

LS the logarithm ol failure time (1in hours) of observation 1i;
[ 1, n;

cr

1 1;
is the Student’s t factor for N degrees of freedom and at
100 a % one-sided confidence level.
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B.3 Linear regression with one independent variable

B.3.1 We define:

ISO/TR 9080 : 1992 (E)

- 1 D
f=- 3 f
ni=1 -
n
-l <
- 4 i:I “l
1 2 -2
Sff = 1 z (fi - nr )
1 2 - 2
Shh = ;—l- z (hl - nh )
1 -
th = 1 z (f.lhl - nfh)

B.3.2 The regression equation of “log (time) on log (stress) is:

log (time) = a + blog (stress)
where
Stn
b= ;
o
“fr
a = H5 bf.

The slope of the regression line, b, shall be negative, otherwis¢ the data

arésunsuitable.

B.3.3 If 52 is the residual variance about the regression, then

2
-1 S£p

T w5
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The 97,5 % lower confidence limit (ojc1) for one future observation at a
given stress ¢ is derived from the following equation:

1 (log g - })2
-+ ) ... (B.1)
(n - I)Sff

log te = a + blog o - tS*/(l+n

where

t=tp2, 0,975)

In order to findastress—orr
will survive for at least the time t,;, equation (B.1) can be solved to
give:

at-which for at least 97 5 % of the pipnc

-+ (B - 4a)

log oy = 3
[o4

where

ae ——n - ¥

(n- 1) Sff

-

1 £
r=22 3 (1+-+—) - (lo§ ¢, - a)°
n (n - 1) Sff

- R - J (3 -(agn)

So if o > 0|then

log g cq =

and if a < ¢ then

log gy =
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B.4 Linear regression with two independent variables

ISO/TR 9080 : 1992 (E)

B.4.1 We define
- £;
X = | 1 X3 vy1 | where x; = --
| | Ty
I I
I 1 x  y |
| |
I | 1
} } and ¥y
I | T
I I
| |
I |
I I
[ 1 x5 vy |
[_ I
kj’is the transpose of X.
Z = where z, = h

<]

-
)

I
I
I
I
|
I
I
I
I
(.

Let K = (¥Tx)~

1

I
I
I
|
I
I
I
I
I
|

Z;

1

, So that the components of K are:

1 ) - 5

Kjp = 3 {EV)E ) - (2 x)7)

Kip @'~ {(Z y)(Z xy) - (2 x)(E )
1

Kz = 3 {2 ) xy) - (2 X)(E 9}
1 y2 2

K22 = ’b {n(Z ) - (Z <}

Kp3= D UE 0(E ¥ - 0z xp)
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1 x2 2
K33 =  {n(Z x¥) - (I X) }
K1 = K12, K31 = Ky3, K3y = K33
where
o) 2 2
D=n{(z ) ¥) - (Zx°) - (Z0{Z x(E ¥
- (T ) o+ (T (T (5 oxy) = (T ou)(r Py
B.4.2 The [regression equation is as follows:
1 , B log o C
= - -— “+ -
og (time) A T .
where
g = 9,THS

The least s

l I
| (-4) |
| (-B) |
| (+C) |
I _I

The coeffic
otherwise t

B.4.3 The r
degrees of

uares estimates (A, B, C) are given hy:

= cxfz
o Kll(Z z) + K12(2 XZ) + 3’13(2 yZz)
= Kzl(z Z) + K22(Z XZ) + KZB(Z yZz)
= K31(Z zZ) + Ryp(inyz) + K33(2 yz)

ents shall
ne data shall be’)considered unsuitable.

freedom, by the following equation:

A

psidual variance about the regression, 52

’

satisfy’ the conditions A > 0, B> 0 and C > 0,

is given, on n-3

2 -

1
n-3

32

I
| -4 |
—
{ 272 - 2T% -B | }
[ l
| |
[ +C |
o _l
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where

2Tz = 5 2,

-A
-B
+C)

T

I

I (-4)
Z° x| (-B)

I

I

_I

| = -A(Z z) - B(Z xz) + C(Z yz)
I

-

Thre—97, 5% tower contidence timit—for the predicted—vatue of togj(time) at
a given stress o and temperature T can be calculated using theyfgllowing
equation:

log o C -
log t = -A- B2 +--ch(1+xTc x ) ... lB.2)
T T 0“0

where

t = tp-2, 0,975);

1
(log.o)/T and xj i1s x c(transposed.
l/T 0 0

b
It

The matrix expression may be.‘expanded as:

2K13 K33 K23 log o log ag
X Kx = (Kjp + —+ )+ 2(Kpy + ) ) + Koy (-
0 i 7 T “

In order to find.-the stress for which the lower confidence limit |has a
certain value.t./ the equation (B.2) can be solved for (log o)/T go give

V7~ )
log o - Bt (2~ - 4al)

T 20
where
a = §t2K22 - Bz
Ky c
B =257 (Kjp + —) - 2(log ty + A - —)B
T T
2K13 K33 ¢
I'= 51+ Kjp + — + —) - (log to+ A - —)°
7 T
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So if o > 0 then

log o, -13—'/(/32—4a1")

T 2o

and if a < 0 then

logaLcL -/3’+\/(/3’2—4a1")
T 2
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B.5 Calculation of the lower confidence limit when a knee has to be taken
into account

B.5.1 General

As outlined in annex G, it is assumed that two failure mechanisms may be
active, each in its own range of temperatures and failure times. The
standard deviations of each mechanism must be calculated independently. In
order to do this, the available test data have to be sub-divided into two
groups; in each group one of the mechanisms is assumed to be active.

In each group, the lower confidence limit can now be calculated |With
standard methods, provided sufficient data are available and(theilr
distribution over the temperature range is suitable.

The procedure, outlined in this clause is divided into~two steps |as
follows:

a) the observations are classified in two classes and it is pecessary
to verify whether each group contains suffi‘eient data and thalt their
temperature distribution is suitable;

b) it is established which class has to be used to calculate| the lower
confidence limit at a temperature Tiand a life time te. This
calculation is carried out in accordance with B.4.3.

B.5.2 Classification of the obserwvations

A specific observation (T;, tgg, o5), belongs to class 1 when the following
relationship holds:

log ¢ log ¢ G
+ == -Ay - B, + -
T T T T

-Ap - By

where

Ay, Ay, (By, By, €y and C, are the coefficients of the regressfon
equation, in accordance with 5.2.4.

When, this relation is not obeyed the observation belongs to class| 2.
If n is the number of observations in class 1 and n, is the number of

observations in class 2, then if either ny or n, is less than 20 [the data
are not sufficient and are unsuitable for further evaluation.

Each class shall contain at least two observations of which the
temperatures are 10 K or more apart, otherwise if this is not the case and
one of the classes contains observations at only one temperature, then the
observation with the longest failure time at the next lower temperature
shall be taken as belonging to this class.
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B.5.3 Procedure for calculation
and time te

At temperature T and time te:

9CL T 9T, log te, 0,975)

when:

of lower confidence limit at temperature T

"Al’B

-~ | Sy - -
e the obs

is relati

(see B.
th

us ervations in class 1
th bnship is not obeyed, use
B = Bl and C =
when the ob

n = n2,

A2, E=B:) and C=C2

when the obgervations in class 2 have t

Take the summations as given in B.4.3
class under|consideration.

Calculate t
account onlj

he components of the matrix
) the observations in the cl

5.2) to calculate the oLt When

e observations in class 2.

(o)

with B.4.2 with

-

servations in class 1 have to be used, and with

o be used.

only over\the observations in the

C as'.given in B.4.3, taking into
ass- under consideration..
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ANNEX C (normative)
Test for lack-of-fit to validate linearity
C.1 General

We assume that at a certain temperature, using the common units,
valid to write

log (time) a + blog (stress).

it is

Clearly it is important to check the validity of this hypothesis
linearity. Let it be clear that it is not to be shown that the re
curve of log (time) on log (stress) really is a straight Iine, by
that the experimental facts do not justify rejection of~this hypo
linearity.

It is more or less evident that in reality such a.gurve is not st
straight:
we want to know, however, is whether the hypothesis of linearity
the advantage of simplifying the solution considerably) can be ac
a reasonable approximation, that is to sayy¥ if nothing is against

C.2 Test of linearity’!

It is always possible to form théj)equation of a linear regression

The question remains, whetherithis straight line takes into accou
correctly the variations of, the average response as a function of
(stress), or in other words: to verify the linearity of the regre

This verification cdn)be done either by visual inspection of the
carrying out a test .on linearity.

The principlesof/this test is to study whether the average respon
{= log (timey) ) for each of the x; (= log (stress)) values does no
too much from the estimated regression line, taking into account
precision,

To do{so, one calculates the weighted sum of squares of the "vert
distances from the average responses to the regression line.

We can write the regression line in the form:

there is no reason in general, why it'should be so simple.

f
ression
only
esis of

rictly
What
(which has
cepted as
it.

line.

Nt

log
5sion.
graph by
se Yy

t deviate
their

ical”

Tog (time) = I0Q (CIME)] ¥+ U (10g (Stress) - 1og (Stressy)

or

Vi = Yo * b(x - %)

1) In this annex the symbol ¢ is not used for stress, but 02 is used for

the variance y (independent of x).
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The weighted sum of squares (E) is given by the equation:

2

E = Zi“"ﬁ’i -y - b(Xl' - X)
where
W is a weighting factor
with
2 - -\ 2
SWy” =[ZiW;(V; - V)
and
Shhry
b= —1-
SHA

To test fo
sufficient

The quanti
responses

The weight
¥ {(indepen
The expres

1

E
A

It can be

to show that:

)

(Shxy)“
}2 - T

SWx*

r linearity implies a check on whether the expression for F is
ly small for the hypothesis ofi linearity to be accepted.

Ly £ measures the weighted.{by K) distances between the average
it each of the L stressylevels and the regression line.

ing factor W equals nL/a-z, in which 0'2 denotes the variance of

jent of x) and nis the number of data points at a stress level.
sion for F can _fow be written as:

E{Snl’}/z‘

(Snp xy) 2

—}

SDLX2

showri that, assuming linearity, the part between brackets of this

expression
of freedom

¥s) the numerator of an estimate of g,, based on (L - 2) degrees

If the hypothesis of linearity i1s not correct, the value of that numerator

tends to increase.
measuring the residual variance of log (time
(stress)

log

An estimate of the denominator of E is obtained by
when the effect of
with (N3 - L) degrees of

r

is eliminated. This variance

freedom, where Ny is the total number of data points, results from an
analysis of variance for the L values of log (stress).

The variance 52 is independent of the validity of the hypothesis of

linearity.
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Finally, the test on linearity is effected by calculating the coefficient
of lack-of-fit of the model to the data, F, using the following eguation
2
(Sny xy)
Sp—yz -
San2
F =
& (L - 2)

F is the ratio of two independent estimates of ¢ 2. It follows a Snedecor
distribution with (L - 2) and (N - L) deqrees of freedom

If the calculated F is lower than the value in the tablel) atythe
appropriate level of probability (i.e. 0,05), then the hypothesig of

linearity is accepted
n ted.

CoL a4y 4o Qb opy

1) This table can be found in textbooks.
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ANNEX D (normative)

Detection of the presence of a knee

D.1 General

This annex gives a method for testing the significance of the quadratic
term in the regression

log (tﬂme) =a + b (log (stress)) + c (log (stress))z

D.2 Procequre
D.2.1 Using n, f; and hj where

n is |the number of observations;

f; 1is |the logarithm of stress (in megapascals) of observatridén i,
i1, ..., n;
h; 1is |the logarithm of failure time (in hours) of ebservations I,

141, ..., m

Calculate tghe values of the following quantities:

* n 2
A =32| £,
i=1 72
* 3
B = I|f,
* 4
c =zl
D*-:Eflhl
* 2
E = |f/h;
A
* 2
G =2 |y
helion
- - P
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D.2.2 Calculate the following additional quantities:

* * -
K =D - nfth
» * w
L =E - Ah
* * W
M =B - ATf

U =G - nnt

V' = A - nP

(A )2

W =C-

n
Since the least squares equations are:

Vbo+ Mc =K
»* K * K *
Mb + Wec =1L
. . A* cw
a + fb + =
n

5

* *
use these quantities in the following equations to calculate b dnd ¢
respectively:

. WK -ML . MK - LV
b = c =

* W ¢

VW - (M)

»

(M )2 - VW

0

D.2.3 Calculate\ythe following sums of squares using the applicadie
equation as follows.

SS; (thie sum of squares due to quadratic regression), using
SS; = bK +clL

SS, (the residual sums of squares about the quadratic regressfion),
using

55, =U - b K -cL

553 (the sum of squares due to linear regression), using

553 =

41
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5S4 (the sum of squares due to the quadratic term), using

(K )2

* K * x
SS4 = bK +cL - —

%
D.2.4 Calculate the value of the following expression:

55,
— (n - 3)

Ss,

and compare| this with values of Fisher’'s F-statistic on 1, (n - 3) degrees
of freedom at the 5 % significance level.

If a signifjcant result is obtained, conclude that the quadratic term has-a
significant|effect in the regression.

Furthermore| if c¢* < 0, then this significant non-linear effect ig
consistent fith the presence of a knee.
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ANNEX E (normative)

Estimation 6f the equation coefficients for method I by curve fitting

E.1 General

There are several ways to find a reasonable fit of the equation as
mentioned in method I of this report, with the help of non-linear
estimation methods. Some examples are:

a) Taylor series method;
b) Steepest descent method;

c) Marquardt’s method.

A review of such procedures is given in "Applied Regréssion Analygis"”,
N.R. Draper and H. Smith; published by John Wiley!. and Sons Inc., New York

(1966).
All these methods are based on minimizatioriof the sum of squares.

However, in general the sum of squares; éxpressed as a function of

the

coefficients, shows numerous local minima and the methods mentiondd above

will in general yield a set of coeffic¢ients, which correlates with
these local minima.

A systematic procedure to find“the absolute minimum does not exist]
experience teaches that the methods mentioned above generally lead

one of

, but
to

ol

satisfactory fit, especially when reasonable realistic values of the
coefficients are used asStarting points for these iterative procedures.
Such realistic values~¢an be obtained by visual judgement of the data.

E.2 Example

As an examplea set of data on a certain type of polyethylene has |peen

chosen.

Data for’various aspects of an analysis in accordance with method [I and

presented in tables E.1 to E.4 as appropriate are derived from the

full set

of'data listed in table E.S and represented in figure E.1. Hence |an
example procedure for an analysis in accordance with method I is elxecuted

as follows.
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a) Detection of a knee (see 5.2.2)
As visual inspection of figure 2, in accordance with 5.2.2.6, clearly

indicates the presence of a knee and all validation arguments from
5.2.2 indicate the presence of & knee, conclude therefore that 5.2.4

shall apply.
b) Calculation of o pryg when a knee is found (see 5.2.4)

Since the table of coefficients in accordance with 5.2.4.1 gives

Ay = | 54,9231 Ay = 14,2182
By = 11019,4 E, = 1082,27
€] = 29402,5 C, = 6621,23

and since the number of class 2 data (behind the knee) in accordancé
with 5]2.4.2 is as follows:

52 |at 80 °C;
28 |lat 60 °C;
and 21 |at 40 °C;
conclude that the data are suitable for evaluation.
c) Ladk-of-fit test (see 5.2.4.3)
Since
i) the lack-of-fit test for class 1 (data gives F = 4,724; and
ii) | the lack-of-fit test for class'2 data gives F = 1,260;

conclude that the model is acceptéd.

d) TaHle of stresses at varidus’ times and temperatures (see 5.2.4.4
and 5.2.4.5)

Derive [a table such as table E.1 and indicate any observed differences
in models of failure.
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Table E.1 - Stresses at various times and temperatures

Stresses in megapascals

T (°C) 20 40 60 80

t(h) [ oyms | % | %ras | %o | %mus | %en | %ms | GcL

1 16,11 14,99 12,81 11,87 10,18 9,39 | 8,09 7,42
10 15,15 14,11 12,00 11,12 9,50 8,76 7,52 6,89

100 14,25 13,27 11,24 10,41 8,86 8,15 6,70 5,02

1 000 13,41 12,46 10,52 9,72 €,57 5,01 3,1 2,36
10 000 12,61 11,68 7,02 5,41 3,24 2,45
100 000 8,17 6,32 3,61 2,74 1,59 1,18
50 years 5,48 4,20 2,35 1,77

The o qyg and o0y above the lines at the variousctémperatures dive
failures cf ductile nature, the values below the-line give failyres of
brittle nature.

e) Detection of a knee; validation_{See 5.2.2)

For the relationships for linear regression at every temperatyre
separately (see 5.2.2.1), i.e.

E
log t= A+ -log o
T

the coefficients A and F; the OLTHS and the oy~ at 50 years; [and the
Student’s factor, t\/ on the quadratic term are given in table E.2.

Table E.2 - Coefficients, OLTHSr PLCL+ t' for linear regressign at
specific temperatures

T A B OLTHS OLCL(97,5) t !
(°Cj (MPa) (MPa) (h)
20 36,2848 -8676,81 10,85 9,65 1,21
40 15,9028 -4151,75 5,94 4,03 5,89
60 7,44795 -1917,43 2,06 1,06 3,60
80 5,04187 -1483,96 0,72 0,41 6,25

f) Slope of the regression line (see 5.2.2.2)

Since at all temperatures the slope of the regression line is negative,
conclude that the requirement is fulfilled.

g) The presence of a knee (see 5.2.2.3)

Since when t* > 5 a quadratic term cannot be excluded‘and this is the
situation at 40 °C and 80 °C, therefore apply 5.2.2.5.
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Ratio of slope of regression line (see 5.2.2.4).

Since the ratio of the slope of the regression line at 20 °C and 60 °C

is 5,14

and at 20 °C and 80 °C is 7,04, and therefore in both cases an

indication of the possibility of a knee is present, apply 5.2.4.

i)

Ratio of oLcL and oy mus (see 5.2.2.5)

Since the longest testing time is 16 000 h and the ratio between the
o,rHs and opcp, at 60 °C and 80 °C at 100 000 h and at 50 years are all

b I'c
Dei0wW

— 5 N £ o o N 3
700, CoUllClUude Uldt J.<-4. olldii apply.

j) Extrapolation time limit (see 5.2.5)
Abstragt data for consideration of extrapolation time limits for
complignce with 5.2.5, for example as shown in tables E.3 and E.4.
Table E.3 ~ Extrapolation time limits
Times irivhours
1 2 3.
T delta T Ke Y,max ) 2 max ) L3 max !
(°C) (°C)
20 > 40 > 50 5 137 4 343 3 378
40 40 50 16 220 14 240 " 13 281
60 20 5 15 911 134077 10 482
80 0 1 15 136 9 397 7 586
1) L1, mix is the single maximum failure time found;
2) tz,max is the average value of the largest three failure times;
3) 13, mdx is the average value of thelargest five failure times.
Table E.4 - Calculation extrapolation time in hours for the
possibillities 1, 2, and 3 (sée table E.3)
Data in hours
T 1 data 3 data S data
°C
20 > 256. 850 > 217 150 > 168 950
40 846 000 712 000 664 050
60 79 555 65 385 82 414
80 15 136 9 397 7 586

Since table E.4 indicates that with averaging over five longest failure
times at 40 °C extrapolation to 75 years is allowed, conclude that
therefore extrapolation at 20 °C up to 50 years is also allowed, even

though
longer-

the calculated time with five longest failure times is only
than-20 years.
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k) Ratio of ojry, and g qyg at Tg and at 50 years (see 5.2.4.6)

Since at 50 years and 20 °C the extrapolated A,THs is 5,48 MPa and the
oo is 4,2 MPa but the ratio between these extrapolated values is 0,77
and lower than 0,85, consider therefore the o g equal to

100
—— X 4,2 MPa
85

i 6. 4,94 MPa.
1) Ratio of g1 and o pyg at Tg and tg (see 5.2.4.7)

Since this ratio is less than 0,5, conclude that the.data is s$uitable
for extrapolation.

m) re. clause 6 Report

The data used for this example and presented-in table E.5 wer¢ handed
over by a manufacturer of pipe resin and most probably derived from
pipes of 25 mm diameter and 2 mm wall thickness extruded from|the same
batch of resin. The test was executed with water inside and ¢utside of
the pipe test pieces. The calculations were executed using a|computer
programme designed for the purposéyby a pipe manufacturer.
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Table E.5 - List of observations on polyethylene

Temp. Stress Time Log (stress) | Log (time)
(°C) (Mpa) (h) (MPa) (h)
20 16,0 11 1,2038 1,0298
20 15,9 9 1,2011 0,9547
20 15,0 58 1,1761 1,7819
20 15,0 44 1,1781 1,6474
20 14,9 21 1,1735 1,3151
20 14,5 25 1,1617 1,3909
20 14,5 24 1,1617 1,3874
20 14,3 46 1,1559 1,6818
20 14,1 111 1,1498 1,0455
20 14,0 201 1,1467 2,3042
20 14,0 260 1,1467 2,414¢6
20 14,0 201 1,1467 2,3040
20 13,9 13 1,1440 2,1072
20 13,7 392 1,1377 1,58233
20 13,7 440 1,1377 2,6435
20 13,7 512 1,1377 2,703
20 13,7 464 1,1377 2,6665
20 13,7 536 1,1377 Ry 1252
20 13,6 680 1,1345 2,8325
20 13,5 411 1,1313 2,613%
20 13,5 412 1,1313 2,6154
20 13,5 3368 1,13Q3 3,5274
20 12,5 865 141313 2,9370
20 13,5 946 1,1313 2,975S
20 13,5 4524 1,1313 3,65E55
20 13,4 122 1,1284 2,0864
20 13,4 5137 1,1284 3,7107
20 13,3 T IN2 1,1252 3,0461
20 13,3 2108 1,1252 33,3239
20 13,2 1651 1,1219 3,2177
20 13,2 1760 1,1219 3,2455
20 12,8 837 1,1089 2,9227
40 12,1 1 1,0820 0,0800
40 1252 2 10850 U, 2000
40 11,9 2 1,0750 0,2300
40 11,6 3 1,0630 0,4800
40 11,5 3 1,0590 0,5000
40 11,5 5 1,0600 0,7000
40 11,2 S 1,0500 0,9400
40 11,1 10 1,0440 0,9900
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