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Foreword 

IS0 (the International  Organization for Standardization)  i s a worldwide federation of 

national  standards i nsti tutes (IS0 member bodies) .  The work of developing Inter-  

national  Standards i s carried out through IS0 technical  commi ttees.  Every member 

body interested in a subject for which a technical  commi ttee has been set up has the 

right to be represented on that commi ttee.  International  organizations,  governmental  

and non-governmental ,  i n l i ai son wi th ISO,  al so take part i n the work.  

Draft International  Standards adopted by the technical  commi ttees are ci rculated to 

the member bodies for approval  before thei r acceptance as International  Standards by 

the IS0 Counci l .  

I nternational  Standard IS0 6303 was developed by Technical  Commi ttee ISO/TC 1 7,  

Steel ,  and was ci rculated to the member bodies i n November 1 979.  

I t has been approved by the member bodies of the fol lowing countries :  

Austral ia 

Austria 

China 

Czechoslovakia 

Denmark 

Egypt,  Arab Rep.  of 

Fi nland 

France 

Germany,  F.  R.  

I ndia Romania 

I taly South Africa,  Rep.  of 

Japan Spain 

Korea,  Dem.  P.  Rep.  of Sweden 

Korea,  Rep.  of Swi tzerland 

Netherlands Uni ted Ki ngdom 

New Zealand USSR 

Norway 

Poland 

The member body of the fol lowing country expressed disapproval  of the document on 

technical  grounds :  

Bel gi um 

0 International  Organi zati on for Standardi zati on,  1 981  0  

Pri nted i n  Swi tzerland 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



INTERNATIONAL STANDARD IS0 6303-1 981  (E)  

Pressure vessel  steels not i ncluded in  IS0 2604,  

Parts 1  to 6 -  Derivation of l ong-time stress rupture 
properties 

0 Introduction 

In the IS0 rules for the construction of stationary boi lers 

( ISO/R 631 )  and the draft rules for the construction of unfi red 

pressure vessels,  mean stress for rupture in 1 00 000 h  i s l i sted 

as an al ternative design cri terion.  

International  Standards for pressure vessel  steels contain mean 

values for stress to give rupture in 1 00 000 h  and longer times 

which have been international ly agreed.  For products suppl ied 

to these International  Standards or national  standards con-  

forming wi th the relevant International  Standards,  the stress 

rupture values given in the International  Standards are val id 

provided that 

a)  the product has been manufactured strictly in  

accordance wi th the technical  requi rements of the relevant 

International  Standard;  

b)  where properties di fferent from those international ly 

agreed are being claimed (for example,  in  i nstances where a 

standard speci fies a restricted or extended composi tion or 

heat-treatment range) .  

The purpose of speci fying a standard procedure i s to minimize 

any di fferences in long-time estimates obtained in di fferent 

countries due to 

a)  di fferences in the quanti ty and duration of the data 

used to establ ish the estimates;  

b)  di fferences in the method of analysing the data.  

Detai ls of the method of extrapolation used in the analysis of 

creep rupture data are given in the annex.  

2 References 
b)  the manufacturer suppl ies a statement to this effect.  

In al l  other cases,  i t i s necessary to assure the manufacturer of 

the vessel  that the product suppl ied i s capable of meeting the 

values given in a national  standard or other speci fication 

a)  by adequate records of test resul ts on the type of steel  

concerned,  and 

b)  by a statement that the manufacturing processes have 

remained equivalent to those of the steel  for which the test 

resul ts were obtained.  

A method of extrapolation used in analyses of creep rupture 

data i s given in the annex.  

1  Scope and field of appl ication 

This International  Standard defines a procedure for obtaining 

and for assessing the data necessary to establ ish long-time 

stress rupture values of steels for pressure purposes 

a)  for a steel  not i ncluded in IS0 2604,  Parts 1  to 6;  

ISOIR 206,  Creep stress rupture testing of steel  at elevated 

temperatures.  

ISOIR 831 ,  Rules for construction of stationary boi lers.  

3 General  

The stress rupture strength of a steel  depends upon various 

factors,  i ncluding the thermal  history and the chemical  com-  

posi tion,  which includes residual  and trace elements.  Conse-  

quently,  a number of samples have to be tested in order to 

estimate both the average stress rupture strength and the scat-  

ter in  resul ts.  

The accuracy to which estimates of scatter and of average 

stress rupture strengths are made,  depend in turn upon the 

number of samples tested;  the manner i n which samples are 

selected for testing,  in  relation to permi tted heat treatment and 

composi tional  ranges in speci fications;  the influence of testing 

technique and the extent and method of extrapolation.  I t i s 

necessary,  therefore,  to give attention to these factors when 

considering the val idi ty of data and long-time estimates.  

1  
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



I S0 6303-1 981  (E)  

4 Procedure 4.3 Test  condi tions 

4. 1  Selection  of  samples 

4.1 . 1  Except as provided in  4. 1 .2,  test samples shal l  be taken 

from finished products manufactured and heat treated com-  

mercial l y and shal l  be representative of the material  as speci fied 

and suppl ied.  I t i s preferable for the programme to include 

samples in  the condi tion in which  the product goes into service.  

4. 1 .2 I f ci rcumstances are such that the above condi tions 

cannot be compl ied wi th in part or in  ful l  (for example,  in  the 

case of a new steel) ,  then this shal l  be made clear and ful l  

detai ls of the manufacturing processes and heat treatment,  in-  

cluding cool ing rates,  shal l  be recorded.  An  adequate supply of 

the material  selected shal l  be held in reserve to enable further 

tests and/or metal lographic investigations to be made at some 

time in  the future,  i f desi red.  

I t i s important to ensure that the test programme as a whole 

produces data that are representative of the major metal lurgical  

variables al lowed for in  the speci fication for the steel  con-  

cerned.  Test  samples shal l  therefore be selected to take ac-  

count of the fol lowing variables.  

a)  Chemical  composi tion :  The effects of variations in  

chemical  composi tion wi th respect to the l imi ts permi tted 

by the speci fication(s) ,  taking account of those elements 

known to be important.  Consideration shal l  also be given to 

those elements which  are known to be important,  but which 

are not speci fied.  

b)  Heat treatment :  The effects of variations in  heat treat-  

ment,  i ncluding austeni tising temperature and tempering,  

wi th  respect to the l imi ts permi tted by the materials 

speci fication(s) .  Consideration should also be given,  where 

appl icable,  to variations in the rate of cool ing from the 

austeni tising temperature.  

cl  Room temperature tensi le properties :  The samples 

tested shal l  cover the range of tensi le strengths permi tted 

for the steel  in  the speci fication(s) .  I t i s l i kely that this re-  

qui rement may be satisfied by those samples meeting  the 

requi rements of a)  or b) .  

I t i s recognized that a)  and b)  may not require equal  emphasis,  

and that the factors requiring the most  attention may depend 

upon the type of steel .  

4.2 Number of  samples 

Samples are required from a mi n imum of three casts from each 

manufacturer.  

An  individual  manufacturer may include two or more suppl iers 

provided that 

a)  they have a common  relationship,  i .e.  are part of the 

same commercial  organization or technical  association;  

b)  each suppl ier has contributed to the pool  of data.  

4.3. 1  Method of test 

Stress rupture tests shal l  be carried out in  accordance wi th the 

requi rements of I SO/R 206.  

4.3.2 Duration of test 

At  each temperature of testing,  test pieces from each cast shal l  

be tested at constant loads chosen to cause rupture at t imes 

approximating  to those shown in table 1 .  

Table 1  

Test  series 

A 

B 

C 

Approximate test 
duration 

h  

1  000 

3 000 

1 0 000 

30 000 

50 000 

4.3.3 Temperatures of test 

At  least three test temperatures shal l  be chosen covering the 

temperature range wi thin which the stress rupture properties 

are l ikely to be the main  basis of design.  The temperatures of 

testing shal l  be mul tiples of 25 OC or 50 “C,  preferably the 

latter.  

4.4 Long-term values 

Avai lable test resul ts shal l  be assessed in accordance wi th the 

procedure given in  the annex.  

The ini tial  assessment  shal l  be made after series A has been 

completed and assessments made on completion of test series 

B and C of 4.3.2.  

4.5 Val idi ty of  estimates 

4.5. 1  The extent to which test data can be rel iably extra-  

polated depends on the number and duration of the tests.  

Three basic factors are involved :  temperature,  t ime and stress.  

4.5.2 Estimates shal l  be regarded as tentative unti l  data are 

avai lable on the appropriate numbers of casts and durations 

required by 4.5.3 and 4.5.4.  

4.5.3 Experience suggests that rel iable extrapolations may be 

made,  covering  a range of + 25 ‘C about each test 

temperature,  on the basis of a series of tests from at least five 

casts of steel ,  the longest test of each series exceeding  a cer-  

tain mi n imum duration.  A proportion of these five casts shal l  

satisfy the requi rements of 4. 1 . 1 .  

4.5.4 The confidence which  can be placed upon such  proper-  

ties wi l l  be related to the extent of extrapolation and,  for the 
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IS0 6303-1 981  (El  

purpose of this International  Standard,  extrapolations ex-  

ceeding approximately three times the above min imum dura- 

tion are described as “extended time extrapolations”.  Stress 

rupture properties are normal ly l isted at the time-intervals 

shown in  table 2,  which  defines where “extended time ex-  

trapolation” shal l  be appl ied.  

Values which  have involved “extended time extrapolation” are 

marked wi th  an asterisk in  the tables of estimated average rup-  

ture stresses.  Such  values are recommended,  but their use 

should take account of the quanti ty and duration of the test 

data on which  they are based.  

4.5.5 “Extended stress extrapolation” shal l  apply where 

values have been obtained by extending  the parametric master 

curve to stresses beyond the range for which  tests were carried 

out.  Such  values,  which  are subject to greater uncertainty 

compared wi th  other values,  are shown in  parentheses (  1 .  

4.5.6 A scatter of greater than + 20 % in  the test resul ts 

indicates that the speci fication to which  the samples have been 

suppl ied i s not sufficiently precise.  

4.6 Presentation  of resul ts 

The resul ts of the stress rupture tests shal l  be recorded and,  in  

addi tion,  the report on each  series of tests shal l  contain detai ls 

of 

a)  steelmaking  processes,  including  deoxidation practice;  

b)  chemical  analysis,  including  residuals and trace 

elements;  

c)  the form of product wi th  detai ls of sizes;  

d)  heat treatment,  temperatures,  times and cool ing  rates;  

e)  posi tion and orientation of test samples in  relation to 

the component;  

f)  tensi le properties at room temperature.  

Table 2  

Values in  hours 

80 000 50000 )  30000 1  20000 

I  I  

1 0 000 

7 30000 
Durations beyond which  the term 
“extended time extrapolation” 250 000 1 50000 )  1 00000 / 50000 

L 

I )  Unbroken points may be included i f above the lower 20 % scatter band l imi t at the appropriate duration.  
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IS0 6303-1 981  (E)  

Annex 

Method of extrapolation used in  analyses of creep rupture datarl l  
(This annex forms part of the Standard. )  

The method makes use of a modi fied form of the general ized 

form of the time-temperature parameter due to Manson. [21  

P= 
n-4 log  t -  log  ta 

.  .  .  
(T -  T, ) ’  

(I )  

I t i nvolves the use of a computer programme for the opti -  

mization of parameter constants by a least-squares technique 

devised by Mendelson,  Roberts and Mansonfsj ,  modi fied by 

setting the stress exponent q = 0 and the temperature 

exponentr = +l  or -1 .  

The procedure fol lows the fol lowing  steps :  

a)  Log stress/log  time graphs are plotted for individual  test 

samples and mean isothermal  curves are constructed through 

the data points at each temperature,  but not extrapolated 

beyond the range of data.  Any apparently erroneous data for 

which  there i s no satisfactory explanation may be el iminated at 

this stage.  

b)  Values of stress for rupture in  speci fic times ranging from 

1 00 h  or 300 h  at roughly equal  logari thmic time increments up 

to the maximum possible are determined from the isothermal  

curves and recorded.  Such  values are the most convenient 

form of creep rupture data for any statistical  studies that may 

be necessary.  

c)  Prel iminary examinations of scatter in  creep rupture pro-  

perties are made,  where appropriate,  wi th  the objective of sub-  

grouping.  Mul tiple regression analysis i s one of the techniques 

used,  the response variables studied being 1  000 and 1 0 000 h  

creep rupture strengths,  usual ly obtained from step b) .  

d)  For each sub-group of the steel  resul ting  from step cl ,  log  

stress/log  time scatter band graphs are plotted.  Mean isother-  

mal  curves are then fi tted through,  but not beyond,  the test 

data,  the objective being to extrapolate these using  a time-  

temperature parameter.  There are two al ternative methods of 

deriving  mean isothermal  curves.  

I )  Mean values of stress for rupture in  1 00,  300,  1  000,  

3 000,  IO 000 and 20 000 h  (or higher)  at each  temperature,  

are calculated from the distribution of these values,  ob-  

tained from step b) .  The values so determined are used as a 

basis for constructing  a series of i sothermal  curves.  

2)  By the method of least-squares fi tting,  curves of the 

fol lowing  general  form,  and examining  up to fourth degree 

polynomials.  

log  t = b,  + 6,  log  (7 + b2 (log  a)2 + .  .  .  + b,  (log C71 n  

The problem of weighting,  which  can be important wi th  

data of the kind being considered,  can  be dealt wi th  much  

more effectively by method I ) .  I t i s mainly for this reason 

that method 1 )  i s preferred.  

e)  For most steels i t i s found that tests have been made (col-  

lectively)  at several  temperatures,  so that step d)  may produce 

several  mean isothermal  curves.  I t i s frequently found that there 

are large discrepancies in  the amounts of data at di fferent 

temperatures.  These influence the relative accuracies of 

estimates of the true,  population means and influence the ac-  

curacy of estimation of parameter constants.  Whi l st i t i s not 

possible to el iminate this problem,  certain  min imum re-  

quirements are imposed on the isothermal  data to be used for 

extrapolation purposes .  

I )  The range of rupture times (i .e.  min imum to maximum)  

shal l  be at least 5 000 h.  

2)  The number of casts tested shal l  be at least 3.  

31  Rupture times shal l  extend to at least 5 006 h.  

4)  The number of data points shal l  be 1 0 or more.  

f)  From each of the isothermal  curves obtained from step d)  

and meeting  the selection requirements of step e) ,  a series of 

log  stress/log  time values are determined at log  time intervals 

of not greater than 0,25 along the curves.  

g)  The values derived from step f)  are used to compute op-  

timized values of constants T,  and log t, .  The computer pro-  

gramme used i s a modification of that used by Mendelson,  

Roberts and Manson. [sj  Use of the system has been described 

by Harvey and May. fal  The stress and temperature exponents 

are set at q = 0 and r = + 1  and a series of trial  values of T,  
ranging from 0 to 600 OK in  steps of 50 are considered.  I f the 

chosen value of T,  i s zero,  then i t i s most l i kely that the 

associated value of r i s -  1 ,  i .e.  Larson-Mi l ler.  I f i t i s + 1 ,  then 

the standard deviation for this estimate shal l  be compared wi th  

the standard deviation for Larson-Mi l ler.  I f these are simi lar,  i .e.  

wi thin  20 %,  Larson-Mi l ler shal l  be chosen.  

I f the chosen value of T,  i s 600,  the range shal l  be extended up 

to the value to r,  which  causes (T -  TJ to go negative.  I f the 

standard deviation achieves a minimum before (T -  T, )  
becomes negative,  then this can be used for a Manson-Haferd 

form of the equation.  

h)  The output from the computer wi l l  i nclude optimized 

values of constants,  parameter values for the stress and time-  

temperature data used and the coefficients of the equation 

relating stress wi th  parameter.  

The master curve i s constructed from the output of the com-  

puter programme as a graph of log  stress against the parameter 

value.  Each  data point used in  developing  the master curve i s 
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IS0 6303-1 981  (E)  

plotted on this graph along  wi th  the curve,  in  order to assess be used di rectly to calculate optimized values of the constants and 

the degree of fi t.  master curve fol lowing  g)  and h) .  

NOTE -  The data obtained in  accordance wi th  clause 3 wi l l  normal ly Where computer faci l i ties are not avai lable,  i t wi l l  general ly be 

be few in  number and are unl ikely to require sub-grouping,  so that the sufficient to use one of the standard forms of the parameter,  

ini tial  procedure in  stages a)  to f)  may be omi tted.  The data may then the simplest being the Larson-Mi l ler method.  
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