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ISO (the International Organization for Standardization) is a world-wide 
federation of national Standards bedies (ISO member bodies). The work of 
preparing International Standards is normally carried out through ISO 
technical committees. Esch 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. 

The main task of ISO technical committees is to prepare International 
Standards. In exceptional circumstances a technical committee may propose 
the publication of a Technical Report of one of the following types: 

- type 1, when the required support cannot be obtained for the 
publication of an International Standard, despite repeated efforts; 

- type 2, when the subject is still under technical development or 
where for any other reason there is the future but not immediate 
possibility of an agreement on an International Standard. 

- type 3, when a technical committee has collected data of a different 
kind from that which is normally published as an International Standard . 
("state of the art"), for example). 

Technical Reports of types 1 and 2 are subject to review within three years 
of publication, to decide whether they tan be transformed into 
International Standards. Technical Reports of type 3 do not necessarily 
have to be reviewed until the data they provide are considered to be no 
longer valid or useful. 

ISO/TR 9080, which is a Technical Report of type 2, was prepared by 
Technical Committee ISWTC138 "Plastics pipes, fittings and valves for the 
transport of fluids". 

This Technical Report is the result of considerable discussion within task 
group 10 of working group 5 of technical committee 138 of the International 
Organization for Standardization (ISO) (referred to hereafter as 
ISO/TC138/WGWTGlO) which-'was entrusted with generation of the Report and 
is an agreed 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 SEN are considered to be at a Stage where they need to be 
tested with real data. Therefore the publication as a Technical Report, 
u??e 2, was considered to be justified. 
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The Committee wishes to have comments which will be based on analysis of 
pipe stress rupture data using one or both of the procedures. By 
generating constructive criticism the SEM tan be improved and, if 
necessary, modif ied. 

Comments of a general nature, for exaxnple, pertaining to the theoretical 
basis for the concept of the SEM, are unlikely, at this Stage, to be 
useful. Many such submissions have already been considered within the 
study. The need is for pragrnatic appraisal of the proposals. 

This document is beirigg issued in the type 2 Technical Report series of 
publications (according to subclause G.6.2.2 of part 1 of the IEWISO 
Directives) as a "prospective Standard for provisional application" in the 
field of thennoplastics pipes for the transport of fluids because there is 
an urgent need for guidance on how standards in this field should be used 
to meet an identified need. 

This document is not to be regarded as an "International Standard*'. It is 
proposed for provisional application so that information and experience of 
its use in practice may be gathered. Comments on the content of this 
document should be sent to the ISO Central Secretariat. 

A review of this type 2 Technical Report will be carried out not later than 
two years after its publication with the Options of: extensions for 
another two years; conversion into an International Standard; or 
withdrawal. 

Annexes A to F ferm an integral part of this Technical Report. Annex G is 
for information only. 

Introduction 

0.1 General principles 

The suitability for use of a plastics pressure pipe is in the first 
instance 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 hoop stress to which a 
plastics pipe made of the material under consideration is expected to be 
able to withstand fifty years at an ambient temperature of 20 *C, using 
water as the test environment. 

In certain cases it is necessary to estimate the value for this hoop stress 
at either shorter life times or higher temperatures, or on occasion both. 

The methods given in this report are designed to meet the needs for both 
estimations. The result obtained will generally indicate the average 
expected value of hoop stress which tan Cause failure in the stated time at 
a stated temperature (the ultimate hoop stress). 
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In most cases it 1s necessary to obtaln a design value rather than the 
ultimate value, therefore it is necessary to def ine an appropriate factor 
taking into account other relevant material properties as weil as aspects 
of the specific application envisaged. 

This technical 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 fitting techniques are of mathematical Character, but the 
formula used is based on the Eyring deviation of so-called rate processes 
(see amex 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,s % 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 has necessitated the use of statistical techniques. It is 
recognized that such procedures previously have not been specifically 
quantified and it is presumed this will be accounted for within the 
consideration of the choice of the value of the factor to be used to 
convert the ultimate circumferential stress to a design stress. 

The methods tan provide a systematic basis for the interpolation of stress 
rupture characteristics at working life temperature conditions different 
from the conventional 50 years at 20 OC. 

These methods are not applicable if any Chemical attack or degradation 
effect, such as Oxidation or consummation of additives such as stabilisers 
or anti-oxidants, has been found to occur during the pipe testing 
Programme. 

It is essential that the medium used for pressurizing the pipe has no other 
effect. In general water is considered to be such a medium. The effect of 
Chemical attack on plastics pressure pipes is a subject of study by 
ISO/TC138/SC3. 

The study necessary to prepare a 'Standard extrapolation method' (SEM) has 
been undertaken by members of ISO/TC138/WG5/TGlO, which was first convened 
as an ad hoc group of WG5 in March 1976. Hembership included invited 
individual experts from France, Germany, the Netherlands, Switzerland, the 
United Kingdom and the United States of America. In the course of the 
deliberations it has studied the relevante of procedures identified by 
Larson Eiiller 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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Lang consideration has been given to resolve which variable should be taken 
to be the independent variable to calculate the lang-term hydrostatic 
stress. The choice was between time and stress. The basic question to 
which the method has to give an answer tan be formulated in two ways as 
follows. 

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

This question is answered if time is Chosen to be the independent 
variable to calculate the long-term hydrostatic strength (%T&. 

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 Chosen as the 
independent variable to calculate the lang-term hydrostatic strength 
(?LTHS)* 

Both Westions may be asked by users of existing pipe Systems and by 
intending users, and of new Systems. Both questions have equal validity. 

When the test data on the pipe under study do not show any scatter and when 
the pipe material tan be described perfectly by the Chosen empirical model, 
the regression with either time independent or stress independent will be 
identical. This is never so, because testing circumstances are never ideal 
and the material will not be 100 'i; homogeneous, therefore ;Zhe observations 
will show scatter. Moreover, the model is an idealisation. The calculated 
regressions will not be identical and the differente between the calculated 
values will increase as the scatter increases. 

It tan be shown that the regression of log timo on log stress always gives 
d lower, more conservative, result than the regression of log stress on log 
time, caused by the scatter of the data. The choice between the two 
methods of carrying out the regression analysis (time-independent or stress 
independent) for the SEI4 should not allow a possibly unjustified optimistic 
value. 

Ir, Order to achieve this all SEM calculations are made using stress as the 
independent variable. 

0.2 Use of the methods 

0.2.1 These SEM methods are designed to meet basically two requirements. 
These arc: 

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 OC using water as the test environment; 

b) to estimate the value for the mean hoop stress at either shorter 
iife times, or higher temperatures, or on occasion both. 
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0.2.2 There are several extrapolation models in existente, which have 
different degrees of freedom or a different nuxnber of variables, as 
indicated in 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. The addition of 
this fourth coefficient inevitably leads to a better correlation 
coefficient and lack-of-fit values, because of the additional degree of 
freedom. It was necessary to add this fourth coefficient, because it has 
been shown 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 with three coefficients. To add more coefficients will improve 
the correlation, but leads to more uncertain extrapolation and has 
therefore not adopted. 

0.2.3 Method I of the SEM describes a method to estimate such a mean hoop 
stress whether a knee is found or not, in accordance with models QI, QII, 
RI and RII of figure 0.1. 

This method is intended for new materials or for material5 not previously 
evaluated for Pipe production. 

0.2.4 Method II of the SEM describes a method for estimation of the hoop 
stress at 50 years at a Chosen temperature for pipe materials and 
variations thereof already widely used and under consideration in ISC/TU3& 
for water and/or gas transport and for industrial pressure pipe 
applications. This method tan only be used if model QI has shown to be 
applicable. 

0.2.5 The materials have to be tested in pipeform to enable the method to 
be applied. 

0.2.6 The end result of the SEM for a specific material is the value for 
the lang-term hydrostatic strength (oLTHS) and lotrer confidewe Limit 
(%CL)* 

0.2.7 kiethods for use of the q,llHs and/or %cL to arrive at allowable 
design Stresses still have to be considered. 

Service factors or safety factors have to be introduced. 

A.n estimate for a safety factor taking into account the effects of testing 
and estimating stress by extrapolation could be the ratio of the 97,5 & 
lower confidence level (1.~1.) and the extrapolated mean hoop stress. 
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Figure 0.1: Scheme of material khaviour models 
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TECHNICAL REPORT ISO/TR 9080 : 1992 (EI 

Thermoplastics pipes for the transport of fluids - 
Methods of extrapolation of hydrostatic stress rupture 
data to determine the lang-term hydrostatic strength of 
thermoplastics pipe materials 

1 scope 

This Technical Report describes methods for estimation of the lang-term 
hydrostatic strength of thermoplastics materials. 

The methods are applicable to all known types of thermoplastics cUld cross- 
linked thermoplastics pipes at any temperature and to any practicable test 
medium. The methods were developed on the basis of test data from pipes of 
relatively small sizes. The pipe sizes to be tested are specified in the 
relevant product Standard. 

These methods do not cover effects tiich are caused by Oxidation, 
hydrolysis, or exhaustion of additives such as anti-oxidants within or 
outside the testing times. If such effects occur, then other test methods 
may be appropriate. 

2 Normative references 

The following Standards contain provisions which, through reference in this 
text, constitute provisions of ISO/TR 9080. At the time of 'publication, 
the editions indicated were valid. All Standards arc subject ts revision, 
and Parties to agreements based on ISO/TR 9080 are encouraged to 
investigate the possibility of applying the most recent editions of the 
Standards listed below. Members of IEC and ISO maintain registers of 
currentl;l valid international Standards. 

ISO 1167 - 1973: Plastics pipes for the transport of fluids - 
Determination of the resistance to intemal pressure 

ISO 3126 - 1974: Plastics pipes - Measurement of dimensions 

3 Definitions, symbols and abbreviations 

E'or the purposes of this Technical Report, the following definitions apply: 

3.1 intemal pressure (P): Forte per unit area exerted by the medium in 
the Pipe. 

3.2 stress (cr): Forte per unit area in the wall of the pipe in the hoop 
direction due to intemal pressure. The stress is denoted as D and derived 
from the intemal pressure using the following equation: 

p (%,max. - e, 

*Sin. 
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where 

4n ,REU. is the maximum wean outside diameter; 

Sin. is the minimum wall thickness. 

3.3 test temperature ( T) : The temperature at which stress rupture data 
have been determined. 

3.4 
used. 

Service temperature (T,): The temperature at which the pipe will be 

3.5 fai1ur-e: Physical breakdown of pipe as manifested by ductile 
bursting, brittle cracking, splitting or weeping (Seepage of liquid through 
the pipe krall) during testing. 

3.6 time-temperature dependent hydrostatic strength (otTHS): A quantity 
trith the dimensions of stress which tan be considered as a a property of 
the material under consideration. It Ps denoted as: 

%THS = O(T, log t, a) 

where 

7' is a temperature, in kelvins; 

t is a time, in hours; 

CT is a factor related to the Chance that a Pipe, made from the material 
under study, will survive without failure during a time t when 
submitted to a stress O, at a constant temperature. 

NOTE - The atms is derived from the available test data by using one 
of the methocis 1 or 11 in accordance with clause 5. 

3.7 lang-texm hydrostatic strength (qTHS): A quantity with the 
dimensions of stress which represents the 50 % lower confidence limit (LCL) 
for the lang-term hydrostatic strength and tan be considered as a property 
of the material under consideration. It equals the mean (average) strength 
or predicted (average) mean strength at a temperature T and a time t when 
the factor ahas a value of 0,5 (see 3.6). It is denoted as: 

9n-E = O(T, log t, 0,s) 
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3.8 luuer confidence limit long-tem hydrostatic strength (wL): A 
quantity with the dimensions of stress which represents the 97,5 % lower 
confidence limit of the lang-term hydrostatic strength and tan be 
considered as a property of the material under consideration. It equals 
the mean (average) strength or predicted mean (average) strength at a 
temperature Tand a time t when the factor LT has a value of 0,975 (see 
3.6). It is denoted as: 

%L = *(T, 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 hydrostatic stress rupture data. 

4 Acquisition of test data 

4.1 Test conditions 

The pipe stress rupture data shall be detemined using the procedure 
described in ISO 1167 - 1973 except that in the case of conflict between 
that Standard and the provisions of this SEM, the provisions of this SR-1 
shall apply. 

The pressure medium inside the pipe shall be water or any other liquid. 
The outside environment shall be air, water or any other liquid. The 
inside medium and the outside environment shall be mentioned in the test 
report. The inside and the outside environment shall be maintained within 
2 1 OC, but preferably within -)- 0,5 OC of the test temperature during a 
conditioning period, extending from 15 min before the beginning of the 
test, and during the test period. 

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

4.2 Distribution of pressure levels 

For each selected temperature a minimum of 25 failure stress-time Points 
above 10 h shall be obtained, 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 at each pressure level.) If possible, the pressure levels shall 
be selected so that at least eight failures will occur between 10 h and 
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 
%rHs ' if not then they shall be deleted. 

NOTE - To be aMe to take advantage of advanced statistical methods it is 
recommended that the differentes between successive pressure levels is 
arranged to follow the relationship : (delta) log (stress) is constant. 
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5 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, %THS, are 
presented. They are designated as method 1, detailed in 5.2 and for which 
a flow Chart is given in annex A, and method 11, detailed in 5.3. 

Both methods are based on linear regression and supported as applicable by 
reference to appropriate calculation details given in annex B and a 
Validation test for linearity given in annex C. The choice of method may 
be specified by a relevant product Standard in reference to this Technical 
Report, and depends on the indication of a knee in the data Pattern, for 
which a statistical test is provided in annex D, and/or on the purpose of 
the evaluation, as follows. 

- Hethod 1 is the most complete and decisive method for determining burst 
pressure characteristics. It requires observations at several temperatures 
and times over one year or longer and is applicable whether or not 
indications are found in the test data of the presence of a knee. The 
consequent procedural alternatives are selected as indicated in annex h. 
The risk that in the extrapolation range the real behaviour will deviate 
from the predicted behaviour, e.g. because of another Change of slope in 
the burst pressure characteristics, is considered to be minimal, althouyh 
not Zero. Method 1 is the appropriate method for detennining the burst 
pressure characteristics of new materials. 

- Hethod 11 is a method in which the required range of experiments is more 
restricted in the number of temperature levels than in Method 1 and the 
observations shall not show any sign of a knee. This method is more 
suitable for testing new varieties of weil-known materials where the 
polymer itself has not changed. 

5.2 Hethod X 

(See also annex A.) 

5.2.1 Required test data 

Qbtain test data in accordance with clause 4 and using at least three 
temperatures TI, Tz, T3, . . . . where TI < T2 < T3 < . . . and the following 
conditions also apply: 

a) each pair of adjacent temperatures shall be separated by at least 
10 K; 

b) the highest test temperature, Tm,,-, shall not exceed the glass 
transition temperature minus 20 K in amorphous or predominantly 
amorphous Polymers, or the melting temperature minus 15 K in 
crystalline or semi-crystalline Polymers; 

c) the number of observations and the distribution of pressure levels 
per temperature shall comply with 4.2; 

13 
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d) the maximum test temperature, Tmax , shall be selected taking into 
account for each material the maximum temperature at which the material 
tan be used and the highest possible test temperature; 

e) the nurnber of observations of class 2 n2, as given in BA.2 of 
annex B, shall at least be 20. 

NOTE - TO obtain an optimal estimation of a %THS 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 
temperatures. 

5.2.2 Detection of a knee; Validation of data and model 

5.2,2.1 Apply linear regression to the observations at eveq test 
temperature separately and determine at every test temperature the slope of 
the regression line and the stress at which 50 % and 2,5 % failure is 
predicted after 50 years. 

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

5.2.2.2 If at one or more temperatures the slope of the regression line 3 
is positive, consider the test data at that temperature or at those 
temperatures unsuitable. 

5.2.2.3 Apply the test fcr a knee in accordance with annex D. If the 
presence of a knee is confirmed, apply 5.2.4. Otherwise apply 5.2.2.4. 

5.2.2.4 If the ratlo of the slope of the regression line at the lowest 
temperature, 4 min. and the slope of the regression line at the highest 
test temperature, 4 max , . exceeds the value of three, i.e.: 

er min. 
>3 

4 max. 

consider this as the possible indication of a knee within the experimental 
range and apply 5.2.4. 

5.2.2.5 If the ratio of the 97,5 “0 lower confidence limit lang-term 
hydrostatic strength, g(T log t 0 g75 
log time, in hours, beyona the lbng&st L 

at a time, tl, of one increment 
esting time and the lang-term 

hydrostatic strength, o(T l. t o 5 at that time, both at the highest 
temperature, has a value &ua 9 to 0; iie low 0,85 i.e.: 

in 
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dT*a.x f log t, 0,975) . 
5 0,85 

dTmax ’ log t, OS) . 

consider this as a possible indication of a knee within the experimental 
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 when 
plotted on a log (time)-log (stress) basir. If a knee appears to be 
present, apply 5.2.4. 

5.2.2.7 If the conditions given in 5.2.2.4, 5.2.2.5 and 5.2.2.6 were not 
fulfilled, assume that there is no indication of the presence of a knee 
r.:ithin the experimental range and apply 5.2.3. 

5.2.3 Calculation of log %THs when no knee is found 

5.2.3.1 In accordance with the relevant referring product specification or 
otherwise based on the information given in 5.1 and armer: E, apply multiple 
linear regression to find the coefficients A, B, C and D in one of the 
following equations PJhere the procedure tc calculate these values fcr 
equation (1) is outlined in E.4 and comparable calculations tan be made by 
applying appropriate msthematicr to fcrmula (Ia). 

log t = 4 - B log @WS + c . . . Ad A - (1) 
1 .- 1 

log t = -A - B log THS + c + D log <7LTHS . . . W) 
T r 

If the values of A, E and C are not positive, conrider the data unsuitabk 

5.2.3.2 Calculate the mean strength, qT r log t,, C,5)l and the 97s “u 

lotrer confidence limit (LCL) of the mean strength, o(T log t ,o g75), at a 
life time te and a temperature 7'; and as outlined in B14, ande e&uatlon la 
providing that extrapolation time limits given in 5.2.5 are complied with. 

5.2.3.3 Apply the lack-of-fit test in accordance with annex C. If the 
hypothesis of linearity is rejected, reject the model used. 

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

If the linear model (models) is (are) not rejected, apply 5.2.3.4. 

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 qdms and %cL at various 
times and temperatures. 
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5-2.3.5 If the ratio of WL (See B.3) and the mean strength, STEP at 
Service temperature Ts and time te is below Q,85, that is, id 

0 (T sf log tet o,975) 

< 035 

*( Tsr log tet 0,5) 

consider the mean strength %THS to be equal to 

1 
----lc qT 
0,85 

st 

5.2.4 Calculation of 0tTI-E when a knee is found 

5.2.4.1 For the equation (based on equation (1) of 5.2.3: see annex G) 

t B1 + B-3 cl + c2 
log t = +i t - (Al + AL? 1 - ( 1 log %THs + ( 1 

t T T 

- iA1 - A2) - Bl - BI log %THS + Cl -- C2 
( 1 i > 

T T 

) 
1 i . . . i ) L 
1 

use the procedures given in annexes E and F, or equivalent, to choose 
the coefficients Al, AZ, Bi, E$, Cl, C2 in such a way that the equation 
describes the observations optimally. 

If the values of Al to C2 are not all positive, consider the data 
usuitable. 

Altematively, for equivalent equations derived from equation (Ia) of 
5.2.3.1, perform analogous calculations by applying appropriate mathematics 
to equivalent equations with the fourth term, i.e. including also Dl and 
D2* If the values of AI, to C2 are not all positive, consider the data 
unsuitable. 

5.2.4.2 When a knee is found and the observations are divided into two 
groups of data on each side of the knee, verify that the class 2 group of 
data, Wich contains the failure times obtained at hoop Stresses below the 
knee-hoop stress for the temperatures, has sufficient data, i.e.: 

- the total number of class 2 data at a maximum test temperature (T3) 
and the test temperature one step below (T2) shall be eqxl or greater 
than 20; 

- the number of class 2 Points at Ti shall be equal or greater than 2. L, 

* 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 tan still be used. 
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If these conditions are not both fulfilled, consider the data unsuitable 
for evaluation. 

5.2.4,3 Apphy the lack-of-fit test according to annex C on each class of 
databody. If the hypothesis of linearity is rejected, reject the model 
used. Reject a model if F > 20 (lack-of-fit). 

If the linear model (models) is (are) not rejected, than apply 5.2.4.4. 

5.2.4.4 Choose the models that show the lowest F (lack-of-fit) to describe 
the experimental data. 

Calculate the values for TTHS znd other Stresses at various times and 
temperatures using this model. 

If at temperatures above 20 OC and time shorter than 50 years Stresses have 
to be calculated, use the relevant time and temperature in the evaluation. 

If such calculations are made with the Single Parts of equation 2, given in 
5.2.4.1, then choose the lowest value for the Stresses. 

5-2.4.5 Calculate the mean strength, otT ? log 1 o 5), and the 97,5 S et rd 

lower corifidence limit of the mean Strength, D(T r log t e, C),975)1 Zz. a life 

time t, and a temperature T as outlined in EV.5 
extrapölation 

of arme>-: E provided that the 
tlme limits as stated in 5.2.5 arc complied crith. 

5.2.4.6 If the ratio of slcL 
Te IS belo\,; 0,85, that is if: 

and %THS at Service temperature Ts md time 

"rT,, log t,, 0,975) 

< 035 
G, m lcru + \ 'S? 2 c 5) yt Lr I 

consider the mean strength to be equal to 

-’ G(T 
@,85 

sf log Ce' 0,975)* 

* This 'derating' of the mean strensth results in a pessimistic prediction 
when data are showing a large scattk. By 'derating' the mean stress, 
valuable information tan still be used. 

17 
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5.2.4.7 If the ratio of the m and the mean strength at Service 
temperature T’ and time t, is less than O,5 then consider the data 
unsuitable for extrapolation. 

5.2 l 5 Extrapolation time limits 

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

The time limits te, for which extrapolation is allowed are bound to 
temperature-dependent values. The time Cer includes the testing time. 
Table 1 gives the extrapolation-time factor, Ke, as a function of (delta)T 
based on the following equation 

(delta)T = Tmax - Ts, . 

where 

T max. is the maximum test temperature; 

TS is the Service temperature. 

The extrapolation time te tan be calculated using the following equation: 

Obtain the maximum test time h,ay by averaging the 5 lor,gec;t fdhre 
times, where test pieces which have not yet failed may be considered as 
"failures" for this purpose. 

Table 1 - Relation between (delta)T (= Tmax - T,) and & . 

> 
< 

1 

0 10 1 
1c 15 3 
15 20 5 

t 20 25 9 
25 1 30 16 
30 35 28 
35 40 50 

4 

In the case when hax is equal to 8760 h (1 year), Ke indicates the 
maximum allowed extrapolation time Ce in years. 

Table 2 indicates the extrapolation time limit, t,, in years as a function 
of the maximum test temperature, Tmax , and the skvice temperature, Z., 
from 20 OC inclusive up to 25 OC (not'included), from 25 *C inclusive up to 
30 OC (not included) and so on, provided the maximum test time, hax at . 
T max.' is at least 8760 h. 
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Table 2 - ExUapolation time liait as a function of the m *st 
eeaperam 

Time in years 

T max. Ts t in degrees Celsius I 

T 20 25 30 35 40 45 50 55 60 65 70 75 etc. 
. 

J 50 16 9 5 3 1 1 
55 2816 9 5 3 1 1 1 
60 50 28 16 9 5 3 1 1 

65 50 28 16 9 5 3 1 1 
70 t 50 28 16 9 5 3 1 1 
75 50 28 16 9 5 3 1 1 

1 7 
80 50 28 16 9 5 3 1 1 
85 50 28 16 9 5 3 1 
90 50 28 16 9 5 3 

. 

E) 

5.2.6 Visual verification 

Plot the observed failure Points, the %THS linear regression lines and the 
QL curves in a diagram on a (log &log (time)) scale. 

Verify the fit of the regression lines to the data by visual inspection. 

5.3 Method 11 

5.3.1 Required test data 

Obtain test data in accordance with 4.1 and using two temperatures, Tl and 
T2 where temperature T2 shall be at least 40 K higher than Tl and the 
number of observations and the distribution of pressure levels at both 
temperature Tl and T2 are in accordance with 4.2. 

m- To obtain an optimal estimation of the slnis regression lines, it is 
recommended to select the maximum test temperature Tmax (which is T2) in 
accordance with table 2 using the required extrapolation time and Service 
temperature. 

5.3.2 Validation of data and model 

5.3.2.1 Apply linear regression to the test data at temperature Tl and 
determine the slope of the regression line, bl; the predicted average 
strength at 50 years, o T ( I, 5,65, o,5); and the 97,5 9 lower confidence 

Limit (XL) at 50 years, o(T lI 5,65, 0,975)’ For t.he procedure to 

calculate these values see B.3 of annex B. 
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5.3.2.2 Apply the linear regression to the test data at temperature T2 and 

detemine the slope of the regression line, $; the predicted average 
strength at 10 000 h, vb, 4, 03)' and the 97,5 % KL at 10 000 h, 

a( 51 4, 0,975). For the procedure to calculate these values, see B.3 of 

annex B. 

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

5.3.2.4 Apply the test for a knee, in accordance with annex D. If the 
presence of a knee is confirmed, do not use this method but, if possible, 
obtain a third set of data, at a different test temperature and in 
accordance with 5.2.1, and apply method 1 to the dataset (see 5.2.4). 

5.3.2.5 If the ratio of the 97,5 % LCL at 50 years at temperature Tl, 
? qt 5,65, 0,975)' and the average strength at 50 years at temperature Tl, 

O( Tl, 5,65, 0,5)f is not greater than 035 i.e. unless 

"(Tl, 5.65, 0,975 

> 0,85 
O( Tl, 56% 03) 

consider the data unsuitable. 

5.3.2.6 If the ratio of the 97,5 % LCL at 10 000 h at temperature T2, 
w-5, 4, 0,975P and the average strength, qTHS, at 10 030 h at 

temperature T2, 

*c Tz r 4, 0,975) 

4, 0,5p is not greater than 0,85 i.e. unless 

> 0,85 

consider the data unsuitable. 
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5.3,Z.T Confinn that the slopes of the regression lines, $ and %, at 
temperatures TI and Tz, fulfil the relationship. 

bl 
-- < 3 
bl 

If not, consider the data unsuitable. 

5.3.2.8 Apply the multiple linear regression, the lack-of-fit test and the 
correlation test in accordance with 5.2.3 but with only data sets for two 
test temperatures. 

5.3.3 Extrapolation time limits 

Ensure that the time limits Ce, for which extrapolation is applied comply 
with 5.2.5. 

5.3.4 Visual verification 

Plot the observed failure Points, the %THS lines and the %cL curves in a 
diagram on a log (stress)/log (time) scale. 

Verify the fit of the regression lines to the data by visual inspection. 

6 Test report 

The test report shall include the following. 

a) Complete identification of the Sample, including manufacturer, 
material type, code number, Source and previous significant history, if 
any. 

W 

Cl 

Dimensions of the pipes used for testing. 

Outside test environment and pressure medium inside the pipes. 

6) A table of the observations, including for each Observation: the 
test temperature, pressure level (in bars), stress (in megapascals), 
time of failure (in h), date of the test and other observations which 
could be relevant. 

e) The method and the model used to estimate the long-term hydrostatic 
strength, 0~~~. 

21 
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f) If method 11 has been used the %m and Q-L at 50 years as 
=(Tr 5,65, Q,5 
has been used t 

and otT, 5,65, 0,975) in megapascals, or if method 1 
o establish the %m, the O(T 5 65 o 5) and the 

O(T, 5,65, 0,975) at the test temperatures ans ekhk ' 

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

ii) the six (eight) coefficients Al, AZ, 4, Cl, C->, (Dl and 4) 
when a knee was found in the experimental range. 

g) The diagram representing observed failure Points, %TE multiple 
linear regression lines and Q-L curves. 

h) Any unusual behaviour observed in the tests. 

i) Name of the laboratory and person, responsible for carrying out the 
testing procedures. 

j) Date of the report. 

22 
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Annex A (normative) 

Flow sheet for methoci 1 

A.1 Figure A.1 illustrates the flow sheet for the procedure for method 1 
of the SEM. 
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Yes Modei 0 1 

r 

Reject 

- data set 
b I 

ff0 

c 1 

Rejed test data 

I 
at bt temperatun2 

4 
l 

Figure AA: Flow sheet for method 1 of the SEM 
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Graphical verif ication Graphical verif ication 

Apply 52.4. 
1 

Figure A.1 (continued) 
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Procedure if no 3 
knee is found Q 

/ 
Appty mltipte iinear 
wd / 

Appty lack of fit tat ’ 

Yes 

Model R I 

Reject models Rejed models 

Figure A.1 (continued) 
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Psocedure if a knee 
Ps found tlockl an 

(( 
.Y 

Tl 5 (2) 4 
Model RH 

t>> T, 

TZ 

(2) 7-3 Appiy bck of fit test 
to each data set 

Data wuuitable 

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

Calculation of linear regression 

EL 1 General 

This annex contains the outlines of all the calculations needed for the 
Report. 

In B.3 the equations are given to apply for linear regression with one 
independent variable. These are used in all cases where a set of 
observations at one Single temperature has to be analysed and yield the 
regression equation, which is in this case a Single straight line in a log 
Wme) versus log (stress) Plot 3~~s~ %CL (o(T1, ce, 0,975))~ 

B.4 gives the equations to apply a linear regression with two independent 
variables. These are used.when observations at several temperatures have 
to be taken into account and yield the regression equation, in this case 3, 
fmily of lines and the %“J’-jSt %CL @(Te, ce’ 0.975)). 

B.5 gives the procedure for calculating the 97,5 "0 LCL trhen a family of 
curves has been established to describe the observations. In fact B.5 
applies the equations as given in E.4, but only to a part of the 
observations. The conditions for selecting this procedure are given in 
B.5. 

Derivation of the equations and theoretical backgrounds of linear 
regression analysis tan be found in many fundamental text books on 
statistics, e.g. "Applied Regression Analysis" by N R Draper and H Smith; 
Wiley, New York (1966). 

B.2 Symbols 

The following symbols are used: 

n is the number of observations; 

f i is the logarithm of stress (in megapascals) of observations i; 
i = 1, . . . . 22; 

h i is the logarithm of failure time (in hours) of Observation i; 
i = 1, . . . . n; 

Ti is the temperature (in Kelvin) of Observation i; i = 1; . . . . n; 

t(M,cr) is the Student's t factor for N degrees of freedom and at 
100 M % one-sided confidence level. 
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B.3 Linear mgression with one independent variable 

B.3.1 We define: 

1 n 
r=- c f. 

n i=I. * 

n 

1 3 

Sff = n-1 c (f; 
-2 

- nf ) 

1 2 -2 
shh = x c (hj - fit; ) 

-- 
SL = Lh x c ( fjhi - nfh) 

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

log (time) = a + blog (stress) 

where 

S fh bz--- 
sff 

; 

- 
a = 7i - bf. 

The slope of the regression line, b, shall be negative, otherwise the data 
are unsuitabk. 

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

s2 
n-1 'fhL = - (shh-y) n-2 44 
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The 97,s % lower confidence limit (m) for one future obsenration at a 
given stress o is derived from the following equation: 

log te = a + blog c7 - tS (1 + - + ) . . . (B.1) 
n 

(n - 1)srr 
where 

t = qn-2, 0,975). 

In Order to find a stress wL at which for at least 97,5 % of the pipes 
will survive for at least the time reif equation (B.l) tan be solved to 
give: 

where 

a= 

l3= 2b(lOg te - 

-2 
(n - 1) Sff 

2f+2s! 
a) - 

(n - 1) Sff 

-2 

r = t2 s2 (1 + t + f ) - (log t, - a)* 

fl (n - 1) Sff 

So if o > 0 then 

andif CI < 0 then 
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EL4 Linear regression with tue independent variables 

B-Q.1 We define 

I 1 
1 . . . l 
I I 
I I 
I . . . l 
1 l 
1 I 
1 1 % Yn I 

1, ,I 

XT is the transpose of X. 

where 
f i 

xi = -- 

Ti 

1 
and yi=- 

3 

%= 1 "1 l where "i= i h 
I l 

I 7 
‘J7 l 

1, - I 

Let K = (X*Xjwl, so that the components of hc arc: 

K11 = 5 L {(E J+(L 2) 

%2 = ; w YW w) 

1 
Kl3 = 6 w WZ w) 

K22 = L) t (n(r 91 - 

(C XYIL} 

(X WC Al 

(X AG YH 

3 

1 
K23 = 5 w WC y) - 

(c Y)“) 
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K33 = D 1. {n(Z 2, 

KZ1 = Kp K31 = 

where 

D= du Ji))o J? 

- (C Y)(C xv) 

t\i3f K32 = K23 

E3.4.2 The regression equation is as follows: 

log c7 c 
log (time) =-A- B ----+-- +T 

where 

c7= %THs 

The least squares estirrrates (A, B, C) are given hy: 
- I 1 l b-m 1 1 (-3) 1 = cxr, 

I (+C) 1 
I - -1 

i.e. -A = q11c 2) + q2G Ja + Kl3(i; yz) 

-B = +p a + K22(C xz) + K23G YZ) 

c = K31(c 2) + K32G xz) + K33G ya 

The coefficients shall satisfy the conditions A > 0, B > 0 and C > 0, 
otherwise the data shall be considered unsuitable. 

B.4.3 The residual variance about the regression, s- , is given, on n-3 
degrees of freedom, by the following ecpation: 

I I 
I -A I 
1 1 
l 1 

z*q 43 1 } 
I I 
I 1 
l +C 1 
t - - I 

32 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 90

80
:19

92

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


IS 9080 : 1992 (E) 

where 

- - 
1 I 
I (-Al l 

&I(-B) 1 = -A(C z) - B(Z xz) + C(C yz) 
I (+C) I 
I- -1 

The 97,s % lower confidence limit for the predicted value of log (time) at 
a given stress o and temperature T tan be calculated using the fallotring 
equation: 

log 0 c 
log t = -A - B - 

T 
+,-tSJJ 

where 

= t +-3, 0 975); . ? 

x. = 
1 

- 1 

(log a)/T 
l/T L 

and A$ is xO transposed. 

The matrix expression may be expanded as: 

XT 2K13 
Kx = (Kl1 + -+ 

0 0 T 

K33 K23 log 0 
-' + 2(K12 + - - 

T2 
, 1 ( 1 

*Y T 

. . . (B-2) 

log 0 
+ K-92 k----- l2 

T 

In Order to find the stress for which the lower confidence limit has a 
certain value Ce the equation (B.2) tan be solved for (hg a)/T to gwe 

log 0 - J3 2 %l/G 
- c 

T 2cr 

where 

c 
te+A-- IB 

T 

C 
J2 1 - (log t,+A- 

T 
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So if a > 0 then 

log Q-L - ß - Bf7-Lz 

and if er < 0 then 

log %cL - ß+iZ 
= 

T 2cr 

34 
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B-5 Calculation of the lower confidence lit uhen a knee has t~ 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 tan now be calculated with 
Standard methods, provided sufficient data are available and their 
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 necessary 
to verify whether each group contains sufficient data and that their 
temperature distribution is suitable; 

b) it is established which class has to be used to calculate the lower 
confidence lirnit at a temperature T and a life tim- te. This 
calculation is carried out in accordance with B.4.3. 

B.5.2 Classification of the observations 

A specific observatioE (Ti, tfi, Q, belongs to class 1 when the following 
relationship holds: 

log 0 Cl 
-Al - BI- 

log CI c2 
+ -- s -A? - F-,- + -- 

L i 
T T T T 

where 

Al, 41 qt Bz, Cl and C2 are the coefficients of the regression 
equation, in accordance with 5.2.4. 

When this relation is not obeyed the Observation belongs to class 2. 

If IQ is the number of observations in class 1 and n2 is the number of 
observations in class 2, then if either q or n2 is less than 20 the data 
are not sufficient and are unsuitable for further evaluation. 

Esch 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 Proceme for dculation of lmer confidence limit at texuperature T 
andtimet, 

At ttamperature T and time Ce: 

%cL = *Cf’, log fe, 0,975) 

when: 

log 0 Cl log 0 c2 
< -Al - BI---- + - _ -AZ - Bz---- + - 

T T T T 

use the observations in class 1 
this relationship is not obeyed, 

(see B.5.2) to calculate the wL: when 
use the observations in class 2. 

Calculate the lower confidence 1 

n = q, A = Al, 3 = BI and c = Cl 

when the observations in class 1 have to be used, and wlth 

imit in accordance with Ld.3 with 

n = n2, A = A2( E;’ = B-, and C = Cq L L. 

when the observations in class 2 have to be used. 

Take the summations as giv+w in B.4.3 only over the observations in the 
class under consideration. 

Calculate the components of the matrix C as given in B.4.3, taking into 
account only the observations in the class under consideration- 
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ANNEX C (nomative) 

Test for lack-of-fit to validate linearity 

C-1 General 

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

log (time) = d + blog (stress). 

Clearly it is important to check the validity of this hypothesis of 
linearity. Let it be clear that it is not to be shown that the regression 
curve of log (Urne) on log (stress) real& is a straight line, but only 
that the experimental facts do not justify rejection of this hypothesis of 
linearity. 

It is more or less evident that in reality such a curve is not strictly 
straight: there is no reason in general, why it should be so simple. What 
we want to know, however, is whether the hypothesis of linearity (which has 
the advantage of simplifying the Solution considerably) tan be accepted as 
a reasonable approximation, that is to say, if nothing is against it. 

C-2 Test of linearityl) 

It is always possible to fom the equation of a linear regression line. 

The question remains, trhether this straight line takes into account 
correctly the variations of the average response as a function of log 
(stress), or in otkier words: to verify the linearity of the regression. 

This verification tan be done either by visual inspection of thc graph by 
carrying out a test on linearity. 

The principle of this test is to study whether the average response jQ 
(= log (time)) for each of the Xi (= log (stress)) values does not deviate 
too much from the estimated regression line, taking into account their 
precision. 

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

We tan write the regression line in the ferm: 

log (time) = log Wirne) + b (log (stress) - log (stress)) 

yi = yc + "(Xi - Xi) 

1) In this annex the symbol o is not used for stress, but 2 is used for 
the variance y (independent of x). 
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The weighted sum of squares (6) is given by the equationr 

E= Zi[Wiyi - 7s b(Xi - X)2 

where 

Wis a weighting factor 

with 

swxy = yyxi - X) (yi - j-q 

SW2 = CiWi(Xi - 3i)2 

SWJ! = CiWi(Yi - y,’ 

and 

Sh’lYJ~ 
bz- 

SW2 

it is easy to show that: 

E= swj2 - 
( SWxy) 2 

SW2 

To test for linearity implies a check on whether the expression for E LS 
sufficiently small for the hypothesis of linearity to be accepted. 

The quantity E measures the weighted (by W) distances between the average 
responses at each of the L stress levels and the regression line. 

The weighting factor W equals L++I~, in which gY2 denotes the variance of 
y (independent of x) and q, is tkje number of data Points at a stress level. 
The ex-Pression for E tan now be written as: 

It tan be shown that, assuming linexity, the pa t between brackets of this 
expression is the numerator of an estimate of % 5 , based on (t - 2) degrees 
of freedom. 

Xf the hypothesis of linearity 1s not correct, the value of that numerator 
tends to increase. An estimate of the denominator of E is obtained by 
measuring the residual variance of log (time , when the effect of 
log (stress) is eliminated. This variance SJ with (hrd - t) degrees of 
freedom, where Nd is the total number of data Points, results from an 
analysis of variance for the L values of log (stress). 

The variance s' 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 fo%lowing equatim. 

F 
L, 

= 

2 (L - 2) 

F is the ratio of two independent estimates of oY2. it follotrs a Snedecor 
distribution with (L - 2) and (N - L) degrees of freedom. 

If the calculated r is lower than the value in the table') at the 
appropriate level of probability (i.e. 0,05), then the hypothesis of 
linearity is accepted. 

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

Detection of the presence of a hee 

D. 1 General 

This annex gives a method 
temt in the regression 

for testing tie significance of the cpadratic 

log (time) = Zu* + b* (log (stress 

XI.2 Pmcedure 

D.2.1 Using n, fl ad hi where 

)) + c* (log (stress))2 

n is the number of observations; 

fi is the iogarithm of stress (in megapascals) of Observation i, 
i = 1, . . . . n; 

hi is the logarithm of failure time (in hours) cf observations i, 
i = 1, . . . . n; 

Calcuiate the values of the following quardties: 

n 
A* =C fi’ 

i=l 

c* = c fj4 

E* = C fi2hi 

G* = C hi2 

h= 1 
- C hi 
n 
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DJ.2 Calculate the following additional quantities: 

* 
K =** -- - nfh 

L* = E* - Ah 

U* = G* - s2 

w* 
(A*12 

=c-- 
n 

Since the least squares equations arc: 

I/*b + )f*g = f 

n*5* + p{*Cf = L* 

A*c* 
a* + fb* + - = h 

n 

use these qmntities in the following equations to calculate b* and c* 
respectively: 

WK -ML 
b* = 

J-f K -LV 
c* = 

v*w* - (Nl)t (!iy2 - v*w* 

D.2.3 Calculate the following sums of squares using tfie appliccioie 
equation as follows. 

SS1 (the sum of squares due to quadratic regression), using 

ss1 = &* + c*L* 

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

SS2 = u* - b*jF - CfL* 
SS3 (the sm of squares due to linear regression), using 

(Kl2 
SS3 = - 

V* 
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SS4 (the sum of squares due to t.he quadratic term), using 

[XI2 
ss4 z b*K* .+ Cup* - - 

G 

D.2.4 Calculate the value of the following expression: 

ss4 
(n - 3) 

ss2 

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

If a significant result is obtained, 
significant effect in the regression. 

conclude that the quadratic term has a 

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

Estimation of the equation coefficients for method 1 by curve fitting 

E.1 General 

There are several ways to find a reasonable fit of the equation as 
mentioned in method 1 of this report, with the help of non-linear 
estimation methods. Some examples arc: 

a) Taylor series method; 

b) Steepest descent method; 

Cl Marquardt's method. 

A review of such procedures is given in "Applied Regression Analysis", 
N.R. Draper and H. Smith; published by John Wiley and Sons Inc., New York 
(1966). 

All these methods are based on minimization of the sum of squares. 

However, in general the sum of squares, expressed as a function of the 
coefficients, Shows numerous local minima and the methods mentioned above 
will in general yield a set of coefficients, which correlates with one of 
these iocüi minimz. 

A systematic procedure to find the absolute minimum does not exist, but 
experience teaches that the methods mentioned above generally lead to a 
satisfactory fit, especially when reasonable realistic values of the 
coefficients are used as starting Points for these iterative procedures. 
Such realistic values tan be obtained by visual judgement of the data. 

E.2 Example 

As an example a set of data on a certain type of polyethylene has been 
Chosen. 

Data for various aspects of an analysis in accordance with method 1 and 
presented in tables E.1 to E.4 as appropriate are derived from the full set 
of data listed in table E.5 and represented in figure E.1. Hence an 
example procedure for an analysis in accordance with method 1 is executed 
as follows. 
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a) Detection of a knee (See 5.22) 

As visual inspection of figure 2, in accordance with 5.2.2.6, clearly 
indicates tie presence of a knee and all Validation arguments from 
5d.2 indicate the presence of a bee, conclude therefore that 5.2.4 
shall apply. 

b) Calculation of 3% when a knee is found (see 5.2.4) 

Since the table of coefficients in accordance with 5.2.4.1 gives 

Al = 54,9231 A2 = 14,2182 
BI = 11019,4 9 - = 1082,27 
5 = 29402,5 % = 6621,23 

and since the nurnber of class 2 data (behind the knee) in accordance 
with 5.2.4.2 is as follows: 

52 at 80 OC; 
28 at 60 OC; 

and 21 at 40 OC; 

conclude that the data are suitable for evaluation. 

C) Lack-of-fit test (see 5.2.4.3) 

Since 

iJ the lack-of-fit test for class 1 data gives L = 4,724; and 

ii) the lack-of-fit test for class 2 data gives F = 1,260; 

conclude that the model is accepted. 

d) Table of Stresses at various times and temperatures (see 5.2.4.4 
ancI 5.2.4.5) 

Derive a table such as table E-1 and indicate any observed differentes 
in modes of failure. 
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1 
10 

100 
1 000 

10 000 
100 000 
50 years 

ilSQ/TR 0 : ‘1992 (E) 

Table E-1 - Stresses at various times and temperatures 

Stresses in megapascals 

20 
l 

16,ll 14,99 
15,15 14,ll 
14,25 13,27 
13,41 12,46 
12,61 11,68 
8,17 6,32 
5,48 4,20 

1 

40 60 80 
I i 

%THs QL I %xs 9x13, ?ims %cL 
I I 

1 
. 
1 I 

12,81 11,87 10,18 9,39 
12,oo 11,12 9,50 8,76 
11,24 10,41 8,86 8,15 
10,52 1 9,72 6,57 5,Ol 
7,02 5,41 3,24 2,45 
3,61 2,74 1,59 1,18 
2,35 1,77 

The %THS and %CL above the lines at the various temperatures give 
failures cf ductile nature, the values below the line give failures of 
brittle nature. 

e) Detection of a knee; Validation (see 5.2.2) 

For the relationshipu for linear regression at every temperature 
separately (see 5.2.2.i), i.e. 

Et 
log t = A + -log cr 

T 

the coefficients A Pd P; the aLTfiS and the %CL at 50 years; and the 
Student's factor, t I on the quadratic term are given in table E.2. 

Table E.2 - Coefficients, ~FLTH~, m, t* for linear regression at 
specific temperatures 

. 
7 T 1 1 

T A B ?FrHs q&97,5) t* 
(“C) w-) ww (h) 1 

, 
20 36,2848 -8676,81 10,85 9,65 1,21 
40 15,9028 -4151,75 $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 OC and 80 OC, therefore apply 5.2.2.5.' 
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h) Ratio of slope of regression line (see 5.2.2.4). 

Since the ratio of the slope of the regression line at 20 OC and 60 OC 
Ps 5,k4 and at 20 uc and 80 *C is 7,04, and therefore in both cases an 
indication of the possibility of a k-nee is present, apply 5.2.4. 

i9 Ratio of oWL and %THS (sec 5.2.2.5) 

Since the longest testing time is 16 000 h and the ratio between the 
WHS and %CL at 60 *C and 80 T at 100 000 h and at 50 years are all 
below 0,85, conclude that 5.2.4. shall apply. 

j) Extrapolation time limit (See 5.2.5) 

Abstract data for consideration of extrapolation time limits for 
compliance with 5.2.5, for example as shown in tables E.3 and E.4. 

Table E.3 - Extrapolation time limits 

Times in hours 

T 
("C) 

20 
40 

delta T % tt 5 
("C) 

,m= 
l 

) 40 > 50 5 137 
40 50 16 920 

5 i5 911 
1 15 136 

k?,max 
2 

) j t3,max 'j 

4 343 3 379 
14 240 

. 
13 281 

13 077 10 ES 
9 397 7 586 

1) ‘i 
1 

) 5 
tl max is the 

%lrnax is the 
t3 max is the I 

Single maximum failure time found; 
average value of the largest three failure times; 
average value of the largest five failure times. 

Table E-4 - Calculation extrapolation time in hours for the 
possibilities 1, 2, and 3 (see table E.3) 

Data in hours 
i I 1 1 

I T I ldata 1 3 data 1 5 data 

20 1 ) 256 850 > 217 150 ) 168 950 
40 846 000 712 000 664 050 
60 79 555 65 385 52 414 
80 15 136 9 397 7 586 

Since table E.4 indicates that with averaging over five longest failure 
times at 40 OC extrapolation to 75 years is allowed, conclude that 
therefore extrapolation at 20 "C up to 50 years is also allowed, even 
though the calculated time with five longest failure times is only 
langer-than-20 years. 
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k) Ratio of QL and %m at Ts and at 50 years (see 5.2.4.6) 

Since at 50 years and 20 OC the extrapolated %m is 5,48 MPa and the 
otcL is 4,2 M?a but the ratio between these extrapolated values Ps 0,77 
and lower than 0,85, consider therefore the czTHs equal to 

100 
- x 4,2 M?a 

85 

i.e. 4,94 MPa. 

1) Ratio of ~CL and %WS at 2's and t, (see 5.2.4.7) 

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

m) re. clause 6 Report 

The data used for this example and presented in table E.5 were 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 outside of 
the pipe test pieces. The calculations were executed usinq a Computer 
Programme designed for the purpose by a pipe manufacturer. 
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Table E.5 - List of obsenrateons cm pdyethylene 

Temp. 
(“(3 

48 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
40 
40 
40 

40 
40 
40 
40 
40 

smss 
WPa) 

16,O 
15,9 
15,0 
15,O 
14,9 

14,5 
14,s 
14,3 
14,l 
14,0 

P4,O 
14,0 
13,9 
13,7 
13,7 

13,7 
13,7 
13,7 
13,6 
13,5 

13,5 
13,5 
13,5 
13,5 
13,5 

13,4 
13,4 
13,3 
13,3 
13,2 

13,2 
12,8 
12,l 
12,2 
11,9 

11,6 
11,5 
11,s 
11,2 
11,l 

Time 
(h) 

Lug (stress) 
w-1 

Log e-1 (h) 
11 1,2038 1,0298 
9 1,2011 0,9547 

58 1,176l 1,7819 
44 1,17&? 1,647G 
21 1,173s 1,3151 

25 1,1617 1,390Y 
24 lJ617 1,3874 
46 lJ559 1,6818 

111 1,1498 1,045s 
201 1,1467 2,3042 

260 1,1467 2,4146 
201 lJ467 2,304O 

13 1,144o 2,1072 
392 1,1377 1,5933 
440 1,137? 2,643s 

512 1,1377 2,70(33 
464 1,1377 2,6665 
536 1,1337 L,72%2 
680 1,1345 2,8325 
411 1,1313 2,613E 

412 lJ313 2,6154 
3368 1,1313 3,5274 

865 1,1313 2,937o 
946 1,1313 2,9759 

4524 1,1313 3,6555 

122 lJ284 2,0864 
5137 1,1284 3,7107 
1112 fr1252 3,0461 
2108 lJ.252 3,3239 
1651 1,1219 3,217-T 

1760 IJ219 3,2455 
837 lJO89 2,9227 

1 1,082O Op0800 
2 1,085O 0,200o 
2 1,075o 0,230O 

3 1,063O 0,480O 
3 1,059o 0,500O 
5 1,060O 0,700o 
9 1,050o 0,940o 

10 1,044o 0,990o 
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