
5524/MC/30 [Issue 5]
11/5/01

ECCC RECOMMENDATIONS - VOLUME 3  Part I [Issue 5]

DATA ACCEPTABILITY CRITERIA AND DATA
GENERATION:  GENERIC

RECOMMENDATIONS FOR CREEP, CREEP
RUPTURE, STRESS RUPTURE AND STRESS

RELAXATION DATA

ECCC



5524/MC/30 [Issue 5]
11/5/01

blank page





5524/MC/30 [Issue 5]
11/5/01

blank page



5524/MC/30 [Issue 5]
11/5/01

A GUIDE TO ECCC RECOMMENDATIONS - VOLUME 3 Part I

ECCC Volume 3 Part 1 defines the material pedigree and testing practice information required to
accompany existing and new creep, creep rupture, stress rupture and stress relaxation data for assessment
by ECCC.  The following guide indicates the location of the key information contained within Part 1.

ASSESSMENT DATA:  MATERIAL PEDIGREE INFORMATION REQUIREMENTS

Table 1 Minimum material pedigree information requirements for EXISTING creep rupture and stress
relaxation data

Table 2 Minimum material pedigree information requirements for NEW creep rupture and stress
relaxation data programmes commenced after 1.1.96

ASSESSMENT DATA:  TESTING PRACTICE INFORMATION REQUIREMENTS

Uninterrupted and Interrupted Creep Rupture Testing

Table 3a Minimum testing information requirements for EXISTING creep rupture data

Table 4 Minimum testing information requirements for NEW creep rupture data generated after 1.1.96 -
Information (a) common to test series and (b) unique to individual test

Uniaxial and Model Bolt Stress Relaxation Testing

Table 6a Minimum testing information requirements for EXISTING stress relaxation data

Table 7 Minimum testing information requirements for NEW uniaxial stress relaxation data generated
after 1.1.96 - Information (i) common to test series and (ii) unique to individual test

Table 7b Minimum testing information requirements for NEW model bolt stress relaxation data generated
after 1.1.96 - Information (i) common to test series and (ii) unique to individual test

TESTING PRACTICES:  REVIEW AND RECOMMENDATIONS

App. 1 Review of Creep, Creep Rupture and Stress Rupture Testing Standards and Practices

The results of this review are used to define the current lowest common testing practice specification
(Table 3b) and recommended minimum requirements for the future (Table 5), ie.

Table 3b Lowest common testing practice specification based on requirements of current standards for
EXISTING data

Table 5 Recommended minimum requirements for FUTURE (a) uninterrupted and (b) interrupted creep
rupture testing

App. 2 Review of Stress Relaxation Testing Standards and Practices

The results of this review are used to define the current lowest common testing practice specification
(Tables 6b,6c) and recommended minimum requirements for the future (Table 8), ie.

Table 6 Lowest common testing practice specification based on requirements of current standards for
EXISTING data - (b) uniaxial stress relaxation tests, (c) model bolt stress relaxation tests

Table 8 Recommended minimum requirements for FUTURE (a) uniaxial and (b) model bolt stress
relaxation testing

A formal list of recommendations concerning creep and rupture testing practices are given in Section 6.
These form the basis of  ECCC recommendations to ECISS.
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ABSTRACT

ECCC Recommendations - Volume 3 Part I defines the material pedigree and testing practice
information required to accompany (i) existing and (ii) new creep, creep rupture, stress rupture
and stress relaxation data for consideration by ECCC.  The acceptability criteria for existing test
results have been set to make full use of the available data.  Those defined for new results are
the consequence of a comprehensive review of current testing standards and laboratory
procedures (Apps.1,2), and are aimed at improving the quality and homogeneity of data in the
future.  A number of recommendations are listed as part of the strategy to achieve this goal.

ECCC Recommendations Volume 3 Part I user feedback is encouraged and should be sent to:

Dr S R Holdsworth [ECCC-WG1 Convenor, Document Controller]
ALSTOM POWER,
Willans Works, Newbold Road,
Rugby CV21 2NH, UK.
Tel:  +44 1788 531138
Fax: +44 1788 531469
E-mail:  stuart.holdsworth@power.alstom.com

ECCC may from time to time re-issue this document in response to new developments.  The
user is advised to consult the Document Controller for confirmation that reference is being made
to the latest issue.

This document shall not be published without the written permission of
the ECCC Management Committee
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1. OVERVIEW

Prior to the assessment of creep, creep rupture, stress rupture1 and stress relaxation
properties, there is a need to confirm the integrity of the input data, both in terms of the pedigree
of the material used and the testing practices adopted to generate the information.  ECCC
Volume 3 Part I considers the minimum material and testing pedigree information requirements
for existing and future creep property data.

In formulating the acceptability criteria for assessment input data, one potential course of action
would have been to recommend that all test results are accompanied by (i) a comprehensive list
of material details and (ii) evidence to confirm that testing has been performed to conform with
an acceptable modern specification.  This would give complete confidence in the relevance and
quality of the data, but could exclude a significant fraction of the currently available test
information (some of which extends to very long durations).

The compromise has been to define minimum requirements to ensure the acceptability of
existing data which have traditionally been regarded as reliable, but to recommend tighter
acceptability criteria for the future.  The basis for the recommendations relating to material
pedigree and testing practice acceptability criteria are detailed in [1a], and Appendices 1 and 2 to
this Volume.  Appendix 1 covers creep and rupture testing, while Appendix 2 considers stress
relaxation testing.

ECCC Volume 3 also recommends methods of determining the intermediate data used in
assessment from raw laboratory test results (eg. tfε, tpε)

2.  The background to these
recommendations is considered in detail in Appendix 1 for creep testing and Appendix 2 for
stress relaxation testing.

2. MATERIAL PEDIGREE

The data acceptability criteria covering material pedigree are an integral part of the ECCC
Terminology Document [1a].

2.1 Minimum Information Requirements for Existing Data

The minimum material pedigree information required for existing creep rupture and stress
relaxation data is summarised in Table 1.  These details are mandatory and essentially provide
confirmation that the cast of material to which the data relate conforms to the requirements of
the alloy specification under consideration in terms of chemical composition, product form and
processing history.

When other information is available [1a], it should also be collated, in accordance with the format
recommended in [2].

2.2 Minimum Information Requirements for New Data

The metadata requirements for the definition of material pedigree for new data3 are more
comprehensive (Table 2).  The list provides a more complete description of the material and an
opportunity for the effects of certain manufacturing variables on creep rupture properties to be
evaluated.

                                                
1 creep, creep rupture and stress rupture data are referred to as creep rupture data for brevity in the following

text
2 the symbols, terms and terminology used throughout are as defined in the ECCC Terminology Document

[1a]
3 data generated for materials tested after 1.1.96
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Testpiece location/orientation are considered in two different ways, both of which are regarded
as acceptable.  One approach is to allocate different material identifier codes to testpieces of the
same material from different locations and with different orientations.  In such circumstances,
information concerning testpiece location/orientation is reported as part of Table 2.  The
alternative practice is to use one material identifier code and to identify different
location/orientation information at the test description stage (ie. as part of Table 4).  For new
data, the requirement for information concerning location/orientation is mandatory, but may be
reported as part of either Table 2 or Table 4.  It is the responsibility of the databank supervisor to
ensure that testpiece location/orientation information is entered in the appropriate section of his
database.

As in the previous section, other information [1a] should be recorded, if available, in the format
recommended in [2].

3. CREEP AND RUPTURE TESTING

Unlike material pedigree for which target requirements are set by the instigator of the
assessment, the data acceptability criteria relating to testing practice are determined by the
national/international standards and codes of practice adopted by the test houses (Apps.1, 2).

The minimum testing practice requirements for existing creep rupture data (Table 3) and the
minimum requirements for the future (Table 4) are based on a comprehensive review of the
content of nine national/international standards (Tables 1/1-16 of App.1) and the practices of ten
prominent creep laboratories from six European countries (Tables 2/1-16 of App.1).

3.1 Minimum Information Requirements for Existing Data

It is assumed that the source laboratories for the existing data have followed the testing
practices defined in one of the national/international standards reviewed in App.1 (ie. [3-11]), and
every effort must be made to confirm that this is indeed the case.  The minimum requirements
defined in Table 3 are therefore set to ensure that the data generated according to any one of
these standards are regarded as acceptable.  The review of testing practices adopted by a
number of laboratories indicates that these minimum requirements are generally exceeded by a
comfortable margin (Tables 2/1-16 of App.1).

Table 3 is split into two parts.  Table 3a defines the minimum testing practice information which
must be supplied with existing creep rupture data before it can be considered for use in any
ECCC assessment.  When additional information is available it should be collated according to
the format defined in [2].

Table 3b summarises the minimum testing practice specification to which existing data will have
been generated if it has been gathered according to the requirements of [3-11] (Tables 1/1-16,
App.1).  It must be demonstrated that testing performed according to an unlisted standard/code
of practice at least meets the minimum requirements tabulated in Table 3b.

3.2 Review of Existing Testing Standards

The review in App.1 collates the common features and identifies the inconsistencies between
existing creep rupture testing standards.  As a generality, these reflect the state-of the-art at the
time the standards were written and differences in national practices.  The publication dates of
the standards reviewed range from 1969 to 1991.  During this time there have been significant
improvements in temperature and strain measurement technology and a greater understanding
of the sources and influence of errors in these parameters.  In addition, while a number of the
creep testing standards only consider the continuous measurement of creep strain using
extensometry in uninterrupted tests (Section 2.3, [1a]), others are specifically written to also
cover the measurement of total plastic strain by means of a measuring microscope during
planned test interruptions in interrupted tests [3,5 -8].  The minimum requirements for new data
recognise these considerations.
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3.3 Minimum Information Requirements for New Data

The minimum testing practice information requirements for new creep and rupture data are
given in Table 4.  The table lists the new information requirements which should be regarded as
mandatory for new material data generated for use by ECCC after 1.1.96 (ie. for test
programmes started after this date).  Table 4 is split into two parts.  Table 4a contains the
information requirements common to the test series, whereas Table 4b contains the information
requirements unique to each test.

In practice, the scientist/engineer performing a creep rupture data assessment requires
(i) certain basic testing information to hand (Table 4), (ii) an assurance that sensing device
calibration and the tests have been conducted in accordance with an acceptable standard, and
(iii) an assurance that the quality and consistency of the test data have been critically evaluated
by the testing laboratory prior to release4.

The comprehensive review of existing testing standards and laboratory practices in App.1 led to
the formulation of a list of minimum requirements for (a) new uninterrupted (continuous
measurement) and (b) interrupted creep rupture tests (Tables 5a and 5b respectively).  When
the recommendations were first formulated, a single testing standard/code of practice specifying
the proposed requirements was unavailable.  However, with the recommended amendments
listed in Sect.6.1, ISO/DIS 204 [11] would provide an acceptable minimum standard for
uninterrupted creep testing.  Moreover, an equivalent standard was urgently required for
interrupted creep testing.  In the meantime, a new European Standard for uninterrupted and
interrupted creep testing has been published which incorporates many of the recommendations
listed in Sect.6.1 [12].

The consequence on the level of experimental uncertainties of adopting the proposed
specification for creep rupture testing is considered for some typical examples in App.1.  For
example, the improvements in accuracy which may be achieved in the measurement of low
creep strains (ie. εp≤0.2%) in both uninterrupted and interrupted tests are quantified (Tables 4-
10, App.1).  Moreover, it is clear that in future, every effort should be made to maintain the
tightest possible tolerances on applied load, temperature and strain measurement, irrespective
of test method.  In this respect, times to rupture and specific creep strains are particularly
sensitive to relatively small variations in test temperature.

While every effort has been made to accurately estimate the uncertainties associated with
various testing practices (App.1), there is a real need to establish the actual levels associated
with high and medium sensitivity, uninterrupted and interrupted creep tests when used to
determine the long duration properties of engineering steels at their normal operating
temperatures (and the range of testing parameters and test results to which these uncertainties
apply).

4. STRESS RELAXATION TESTING

The minimum testing practice requirements for existing stress relaxation data (Table 6) and the
minimum requirements for the future (Table 7) are based on a review of the contents of five
national standards (Tables 1/1-6 & 2/1-6 of App.2) and the practices of nine prominent creep
testing laboratories from four European countries (Tables 3/1-11 of App.2).

4.1 Minimum Information Requirements for Existing Data

It is assumed that the source laboratories for existing stress relaxation data have followed the
testing practices defined in one of the national standards reviewed in App.2 (ie. [13-17]), and
every effort should be made to confirm that this is indeed the case.  As for the minimum creep-
                                                
4 The validation of test data integrity in terms of quality and consistency with associated results (prior to

reporting) should be an integral part of any future testing standard - see App.1.
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rupture testing practice requirements (Sect.3.1), the conditions defined in Table 6 are set to
ensure that existing data generated according to [13-17] are regarded as acceptable.  The
review of testing practices adopted by the laboratories surveyed, indicates that these minimum
requirements are generally exceeded by a comfortable margin (Tables 3/1-11 of App.2).

Table 6 is split into three parts.  Table 6a defines the minimum testing practice information which
must be supplied with existing stress relaxation data before it can be considered for use in any
ECCC assessment.  When additional information is available, it should be collated according to
the format defined in [2].

Table 6b summarises the minimum testing practice specification to which existing uniaxial
stress relaxation data will have been generated if it has been gathered according to the
requirements of [13-16] (Tables 1/1-6 of App.2).  It must be demonstrated that testing performed
according to an unlisted standard/code of practice at least meets the minimum requirements
tabulated in Table 6b.

Table 6c summarises the minimum testing practice specification to which model bolt stress
relaxation data will have been collected, and is based on [17].  The SEP 1260 standard covers
the testing of single material model bolt assemblies (those with component parts of different
materials are regarded as special cases).

4.2 Review of Existing Testing Standards

The existing uniaxial and model bolt stress relaxation testing standards are reviewed in App.2.
The common features in the four uniaxial testing standards [13-16] are collated and the
inconsistencies identified (Tables 1/1-6 of App.2).  In the case of model bolt testing there is only
one draft standard [17] (Tables 2/1-6 of App.2).

The publication dates of the existing standards concerned with uniaxial stress relaxation testing
date between 1969 and 1984 and reflect the state-of-the-art at the time they were prepared.  The
improvements in recent years in temperature and strain measurement technology and the
greater understanding of the sources and influences of error in these parameters have already
been acknowledged in Sect.3.2.  The impact of these advances on the quality of stress
relaxation data is potentially greater than on creep rupture data, and there is an urgent
requirement to incorporate these into a state-of-the-art standard5.

4.3 Minimum Information Requirements for New Data

The minimum testing practice information requirements for new stress relaxation data are given
in Table 7a (uniaxial) and Table 7b (model bolt).  The tables list the new information
requirements which should be regarded as mandatory for new material data generated for use
by ECCC after 1.1.96 (ie. for test programmes started after this date).  Table 7a and 7b are split
into two parts.  Tables 7a(i) and 7b(i) contain the information requirements common to the test
series, whereas Tables 7a(ii) and 7b(ii) contain the information requirements for each test.

As for creep rupture data analysis, the scientist/engineer performing an assessment of stress
relaxation data requires (a) a knowledge of certain basic test information (Table 7), (b) an
assurance that sensing device calibration and the tests have been performed in accordance with
an acceptable standard, and (c) an assurance that the quality and consistency of the test data
have been critically evaluated by the testing laboratory prior to release.4

The comprehensive review of existing testing standards and laboratory practices in App.2 has
led to the formulation of a list of minimum requirements for new uniaxial and model bolt stress
relaxation tests (Tables 8a and 8b respectively).  There is an urgent requirement for modern

                                                
5 New codes of practice for uniaxial and model bolt stress relaxation testing have been prepared and

validated in BCR Project No.3127 [18].
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standards covering both uniaxial and model bolt stress relaxation standards, and the
recommendations listed in Sects.6.2 and 6.3 provide a basis for these.6

5. PRE-ASSESSMENT DATA PROCESSING

5.1 Creep Strain Results

The output from a creep test comprises a series of displacement-time co-ordinates,
displacement readings being converted to strain values using the reference length, Lr.

Reference Length

In certain circumstances, the reference length is coincident with the extensometer gauge length
and strain is determined with minimum error, eg. when the extensometer is fitted directly to the
testpiece gauge section by pin or knife edge contact.  Significant errors are possible if the
reference length is not coincident with the extensometer/fiducial mark gauge length and no
correction is made in the calculation of strain, eg. when the measurement points are located on
shoulders or gauge length ridges with blend radii [20].

A simple approximate method of converting extensometer gauge length to reference length is
given in [8,11].  The standards recommend that the reference length of a testpiece with ridges or
shoulders is determined using the expression:

L L l d d for L L lr c i o i
n

i=1

N

o c i
i=1

N
= + − =∑ ∑2 22( / )        (1)

where Lc is the parallel length, Lo is the gauge length, do is the diameter of the parallel length and
di is the mean diameter of the ith length increment, li, between the end of the parallel length and
the end of the gauge length.  In [8,11], the Norton stress exponent, n, in &ε σmin

nC=  is taken to be
equal to 5.

A WG1 evaluation of the sensitivity of the Lr calculation to n has highlighted the importance of
using the exponent value specific to the material and temperature/stress conditions under
consideration (App.1).  In the absence of specific information for n, the following approach is
recommended.  Initially, values of n derived for other casts of the same alloy class may be used,
or if these are unavailable, assume n equal to 5.  Acceptable estimates of n are obtained from
nfε = ∂(log tfε)/∂(log σo) or npε = ∂(log tpε)/∂(log σo) values derived from the appropriate creep
strength versus time diagram, where the creep strength is for a creep strain in the secondary
regime7.  As this information becomes available during the course of the test programme, the
preliminary strain values should be recalculated using the appropriate value of n.

Creep Deformation Data

The analysis of creep strain data for the determination of constitutive equations to form the basis
of models used in design/remaining life assessment will be considered in a future issue of
Volume 5 [21].  This section of Volume 3 is concerned with the evaluation of experimental creep
strain-time records to provide time to specific plastic strain or time to specific creep strain data
for assessment (ie. tpε or tfε).  This is usually a process of interpolation between directly
measured strain readings.

For uninterrupted (continuous measurement) creep tests, the accuracy of tpε or tfε is generally
determined by the accuracy of the measured strains since the time intervals between recordings
are normally small (ie. typically no more than a few hours, prior to data reduction, compared with
a test duration of thousands of hours).

                                                
6 prEN 10319 has been produced in response to this requirement [19]
7 The use of npε is only recommended when initial plastic strains are <0.1%
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In interrupted tests, the interruption interval also becomes important (App.1).  Practices vary
from linear interpolation between [log εp,log t] co-ordinates to curve fitting.  It is demonstrated
analytically in App.1 (Tables 4-7) that for interrupted tests performed in accordance with [8],
accurate tpε may be determined using the DIN 50 118 linear interpolation approach, providing the
recommended interruption frequency is adopted.

5.2 Stress Relaxation Results

Uniaxial Testing

The output from a uniaxial stress relaxation test comprises a series of stress-time co-ordinates.
The main problem in interpretation occurs if there are steps in the stress relaxation curve.
These may be the result of (i) a furnace or laboratory temperature transient, (ii) ineffective
extensometer performance at low relaxation rates or (iii) a test interruption.  It is necessary to
know the factor(s) responsible for individual steps since this (these) could influence the strategy
adopted to smooth the curve in the vicinity of the discontinuity.

Steps due to (i) and (ii) should be relatively uncommon in laboratories implementing tight control
over testing practice.  The consequence of a test interruption on the stress relaxation curve can
be minimised when it is feasible to off-load under controlled conditions. However, advice on the
procedures to follow during an off-load/on-load interruption is not given in any of the existing
standards, and it is strongly recommended that any new standard provides comprehensive
guidance on this matter5.

As for the determination of creep strain, the maintained total strain in a uniaxial stress relaxation
test is determined on the basis of reference length.  An n value equal to unity is recommended
for the calculation of Lr using Eqn.1 for stress relaxation testing purposes.

Model Bolt Testing

A single [σR,t] co-ordinate is obtained from one model bolt test; a full relaxation curve being
derived from the results of a number of tests.  The remaining stress is determined from a
knowledge of the elastic strain measured cold during bolt un-loading and the elastic modulus
determined at the test temperature.  Traditionally, the elevated temperature modulus used has
been a 'static' value determined at a relatively low strain rate in a standard tensile test (ie. ET(S)).
Elastic modulus is strain rate sensitive at elevated temperatures due to recovery effects [22],
and it is now accepted that a high strain rate (dynamic) value, ET(D), should be used in the
determination of σR (App.2).

For a given Type (a) model design, Lr should be validated by comparing strain measurements
determined from the mechanical extensometer and strain gauges located on the shaft.

6. RECOMMENDATIONS

The main recommendation concerning creep rupture [and stress relaxation] testing practice is
that every effort should be made to maintain the tightest possible practical tolerances on
temperature, applied [or measured] load and measured [or applied] strain (Apps.1,2).  In this
respect, times to specific events are particularly sensitive to temperature tolerance.  The
following recommendations target this overall goal.
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6.1 Creep and Rupture Testing

6.1.1 Following the publication of Issue 4 of Part I, the recommendations contained in 6.1.2 to
6.1.12 have largely been incorporated into the new European creep testing standard,
EN 10291 [12].  Those which have not been adopted are identified in Table 5a.  New
uninterrupted (continuous measurement) creep rupture data generated for use by ECCC
should at least meet the requirements of EN 10291.  Ideally, they should fully meet the
requirements identified in 6.1.2 to 6.1.12.

6.1.2 For testpieces with 5≤do≤10mm, a shape tolerance of ±0.02mm and a measurement
accuracy of ±0.005mm is recommended for do.  The reference length should be ≥3do

(≥∼5do preferred), with a tolerance, ∆Lo, of 0.01 Lo.

Guidance for the determination of Lr for creep testpieces is given in Sect.5.1.

6.1.3 Maximum total-temperature deviations of ±3/4/5/6/7/8°C must be set for temperatures up
to 600/800/1000/1100/1200/1350°C (where total-temperature deviation is true testpiece
temperature minus specified test temperature).

As a guideline, measured-temperature deviations shall not exceed ±2°C up to 1000°C
and ±3°C for 1000<T<1350°C.  Measured-temperature deviation is the difference
between the testpiece temperature and the temperature specified for the measurement
equipment.  The temperature specified for the measurement equipment is the specified
test temperature corrected for all systematic errors which can be determined (refer
App.1).

6.1.4 Base metal thermocouples should only be used at temperatures below 400°C or for
times less than 1,000h, and should not be re-used.  Above 400°C, rare metal
thermocouples should be re-calibrated8 after 4 years continuous service at temperatures
up to 600°C, after 2 years for temperatures in the range 600 to 800°C, and after 1 year for
temperatures in the range 800 to 1350°C or at the end of test when these periods are
exceeded during the test9.

Experience may dictate that the recommended re-calibration periods have to be reduced
when thermocouples are used repeatedly for short duration tests.

Re-calibration periods for other types of thermocouple must be defined on the
temperature drift criteria defined in Footnote 9.

                                                
8 Two thermocouple recalibration strategies are available.  The objective of both is to ensure that the emf

indicated by the thermocouple at the calibration temperature (corrected, where necessary, for all
systematic errors) equates as closely as possible to the emf defined by the appropriate IEC 584-1
reference table for that temperature.  Both strategies employ the use of reference thermocouples which are
directly traceable to a National Standard.  A pre-requisite is that the calibration tolerance of the new
thermocouple is in accordance with IEC 584-2, Class 1 or an equivalent standard.
Strategy 1 is based on in-situ-recalibration of the thermocouple, ie. thermocouple recalibration either in the
actual testing furnace or in a calibration furnace with the same depth of immersion and temperature
gradient along the thermocouple wires.  The error determined during in-situ-recalibration is used to correct
the specified temperature of the thermocouple.  Reference thermocouple drift due to variable immersion
depth during active and passive service is surveyed and minimised.  If the error exceeds the limit
associated with the uncertainty relating to immersion depth, the thermocouple is scrapped.
Strategy 2 involves recalibration of the thermocouple in a calibration furnace in which the depth of
immersion is similar to that in the testing furnace.  If, on recalibration, the IEC 584-2 Class 1 tolerance is
exceeded, the thermocouple is cut back/re-welded at the hot junction and/or annealed and re-calibration
repeated.

9 The recommended re-calibration times for Type S and Type R thermocouples are based on well
established experience of the performance of these types of sensor and the observed times for which
maximum thermocouple drift errors are maintained within the limits ±1/1.5/2/3/4/5°C for temperatures up to
600/800/1000/1100/1200/1350°C (App.1).
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6.1.5 The combined heating and soaking time should be less than 24h (but ≤4h heating and
≤3h soaking following interruptions in interrupted tests).

6.1.6 Loading times should be limited to ≤10min, the load being applied as quickly as possible
without shock.

6.1.7 The maximum bending stress due to misalignment on loading should be as small as
possible.  A limit of ±20% of the axial stress is a goal for the future.

6.1.8 Times should be known to an accuracy of better than ±1%.

6.1.9 The maximum deviation in laboratory air temperature should be limited to ±3°C when
extensometers are used for uninterrupted (continuous measurement) creep testing.  The
temperature should be maintained to within ±2°C in the strain measurement laboratories
used for interrupted test specimen inspection.

6.1.10 Average uninterrupted creep strain measurements should be made such that the total
displacement error does not exceed ±max[0.01∆L, 3µm].  Initial plastic strain and creep
strain must be determined on the basis of reference length (Sect.5.1)10.

6.1.11 It is recommended that cold and hot elastic modulus checks are performed on load-line
assembled uninterrupted creep testpieces, prior to the start of test (to a fraction of σo), to
confirm the integrity and accuracy of displacement extensometry.  The measured values
of ES and ES(T) should be within ±10% of the expected value for the material.

6.1.12 The validation of test data integrity in terms of quality and consistency with associated
results, prior to reporting, should become an integral part of any future testing standard.

6.1.13 Following the publication of Issue 4 of Part I, a procedure for interrupted creep rupture
testing was incorporated into the new European creep testing standard, EN 10291 [12].
A number of the requirements relevant to interrupted testing in 6.1.2 to 6.1.12 and in
6.1.14 are included.  Those which have not are identified in Table 5b.  New interrupted
creep rupture data generated for use by ECCC should at least meet the requirements of
EN 10291.  Ideally, they should fully meet the requirements identified in 6.1.2 to 6.1.12
and 6.1.14.

6.1.14 For interrupted creep rupture testing, there is the need for an accompanying hot tensile
test performed at approximately the same loading rate to provide ε i.  The total error on
the displacement measurement used to determine total plastic strain should not exceed
±max[0.01∆L, 10µm].  Permanent strain11 must be determined on the basis of reference
length (Sect.5.1).

6.1.15 The uncertainties associated with strain determinations in high and medium sensitivity,
uninterrupted and interrupted creep tests on engineering steels at normal operating
temperatures should be established in a testing programme devised to quantify
measurement repeatability and reproducibility.

6.1.16 Laboratory accreditation is recommended as a means of ensuring that testing standards
are applied and that the results of testing are adequately documented.

6.1.17 The introduction of a scheme to encourage regular comparison testing is recommended
to encourage high quality and homogeneity of test results.

The recommended minimum requirements for future uninterrupted and interrupted creep rupture
testing are summarised in Tables 5a and 5b respectively.

                                                
10 The reference length may be different for the two measurements.  However, until the results of further

studies are available, it must be assumed to be the same, ie. that determined on the basis of creep
deformation (Sect.5.1)

11 Plastic strain (εp) is the sum of the permanent strain (εper) and the anelastic strain (εk), Table 1/16, App.1.
Usually, εk is negligible and εp ≈ εper.
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6.2 Uniaxial Stress Relaxation Testing

6.2.1 It is recommended that the approved version of the Standard, prEN 10319 [19] should
incorporate the guidance contained in 6.2.2 to 6.2.13.

6.2.2 Testpieces with do≥5mm are permitted, although do≥8mm are preferred.  A shape
tolerance of ±0.02mm and a measurement accuracy of ±0.005mm are recommended for
do.  The reference length should be greater than 10do (≥100mm preferred), with a
tolerance of ±1%.

Guidance for the determination of Lr for stress relaxation testpieces is given in Sect.5.2.

6.2.3 Maximum total-temperature deviations of ±3/4/5°C must be set for temperatures up to
600/800/1000°C (where total-temperature deviation is true testpiece temperature minus
specified test temperature, see 6.1.3).

6.2.4 The guidance given on thermocouples in 6.1.4 is also recommended for stress relaxation
testing.

6.2.5 The combined heating and soaking time should be less than 24h with >1h at temperature
before the start of test.

6.2.6 Loading times should be limited to ≤10min, the load being applied as quickly as possible
without shock.  The loading rate should be consistent with that applied in any associated
hot tensile and creep tests, as appropriate.

6.2.7 The maximum bending stress due to misalignment on loading should be as small as
possible.  A limit of ±20% of the axial stress is a goal for the future.

6.2.8 Times should be known to an accuracy of better than ±1%.

6.2.9 The maximum deviation in laboratory air temperature should be limited to ±3°C when
extensometers are used for stress relaxation testing.

6.2.10 Total strain should be controlled by maintaining the displacement across the reference
length within the limits ±max[0.01ε t.Lr, 0.000025Lr].  The total strain achieved should be
within ±max[0.01ε t, 0.002]% of the target strain.  The control strain must be pre-
determined on the basis of reference length.  Guidance for the determination of Lr for
uniaxial stress relaxation testpieces is given in Sect.5.2.

6.2.11 A new uniaxial stress relaxation standard should contain comprehensive guidance on the
procedures to adopt during off-load/on-load test interruptions.

6.2.12 The recommendations contained in 6.1.11 and 6.1.13-15 are equally applicable to
uniaxial stress relaxation testing.

6.2.13 It is recommended that cold and hot elastic modulus checks are performed on the load-
line assembled stress relaxation testpiece, prior to the start of test (to a fraction of σo), to
confirm the integrity and accuracy of displacement extensometry.  The measured values
of ES and ET(S) should be within ±10% of the expected value for the material.

The recommended minimum requirements for future uniaxial stress relaxation testing are
summarised in Table 8a.

6.3 Model Bolt Stress Relaxation Testing

6.3.1 It is recommended that the approved version of the Standard, prEN 10319 [19] should
incorporate the guidance contained in 6.3.2 to 6.3.11.

6.3.2 Bolts with do≥8mm are permitted, although do≥12mm is preferred.  A shape tolerance of
±0.02mm and a measurement accuracy of ±0.005mm are recommended for do.

The length to diameter ratio should be Lr/do≥10 for model bolts of Type (a) and Lc/do≥5 for
Type (b) [17], with a tolerance of ±1% on Lr(Lc).
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6.3.3 Maximum total-temperature deviations of ±3/4/5°C must be set for temperatures up to
600/800/1000°C (where total-temperature deviation is true testpiece temperature minus
specified test temperature, see 6.1.3).

6.3.4 The guidance given on thermocouples in 6.1.4 is also recommended for stress relaxation
testing.

6.3.5 Heating and cooling rates for model bolts should be controlled within the range 50 to
100°C/h to minimise thermal stresses.

6.3.6 The maximum bending stress due to misalignment on loading should be as small as
possible.

6.3.7 Times should be known to an accuracy of better than ±1%.

6.3.8 The variation in laboratory air temperature should be maintained to within ±2°C when an
extensometer is used to determine extension (ie. Type (a)).

6.3.9 Total initial strain should be applied within the limits ±0.01ε t.  When an extensometer is
used, the initial total strain must be pre-determined on the basis of reference length within
the limits ±max[0.01ε t.Lr, 0.000025Lr].  Guidance for the determination of Lr in these
circumstances is given in Sect.5.2.

6.3.10 The new standard should recommend the use of dynamic elastic modulus to determine
the relaxed stress (ie. ET(D)).

6.3.11 The recommendations contained in 6.1.11 and 6.1.13-15 are equally applicable to model
bolt stress relaxation testing.

The recommended minimum requirements for future model bolt stress relaxation testing are
summarised in Table 8b.

7. SUMMARY

ECCC-WG1 Volume 3 Part I defines the material pedigree and testing practice information
required to accompany (i) existing and (ii) new creep, creep rupture, stress rupture and stress
relaxation data for consideration by ECCC.  The acceptability criteria for existing data have been
set to make full use of the available results.  Those defined for new data are the consequence of
comprehensive reviews of current testing standards and laboratory procedures (Apps.1, 2) and
are aimed at improving the quality and homogeneity of data in the future.  A number of
recommendations are listed as part of the strategy to achieve this goal.

It is strongly recommended that the new standards defining procedures for (i) uninterrupted
creep rupture testing, (ii) interrupted creep rupture testing, (iii) uniaxial stress relaxation testing
and (iv) model bolt stress relaxation testing should fully adopt the recommendations listed in
ECCC Volume 3 Part I.
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Table 1 MINIMUM MATERIAL PEDIGREE INFORMATION REQUIREMENTS for Creep
Rupture and Stress Relaxation Data EXISTING before 31.12.95

CATEGORY MINIMUM INFORMATION REQUIRED(a)

Material Codes - cast/heat number and/or material code used by testing
laboratory(b)

- country code(c)

Material Pedigree - alloy name(d)

- chemical composition (product or cast/heat)(e)

- product form (with dimensions if available)
- heat treatment time(f)/temperature/cooling medium

Table 2 MINIMUM MATERIAL PEDIGREE INFORMATION REQUIREMENTS for NEW
Creep Rupture and Stress Relaxation Data Generated after 1.1.96

CATEGORY MINIMUM INFORMATION REQUIRED(a)

Material Codes - cast/heat number
- material code used by testing laboratory
- country code(c)

- laboratory code(g)

Material Pedigree - specification and/or grade name
- chemical composition (product or cast/heat)(e,h)

- supplier/material manufacturer (country code)(c,f)

- primary melt process(f)

- deoxidation practice(f)

- secondary melt process (if appropriate)(f)

- ingot or continuous cast(f)

- cast/heat weight(f)

- product form
- product dimensions (and heat treated size if different)(g)

- processing route(g)

- product manufacturer(g)

- heat treatment time(f)/temperature/cooling medium
- testpiece location/orientation(g,i)

- RT tensile properties(g,h)

- HT tensile properties(g,h,j)

- impact energy(g,h,j)

- hardness(g,h)

- microstructure(g,k)

NOTES: (a) the reporting of additional information is not precluded, see [1a]

(b) unique cast/heat number is preferred, but may not be known

(c) country of test laboratory (same code as used for country of supplier/material manufacturer)

(d) alloy type, specification/grade or Trade/proprietary name

(e) mandatory elements depend on alloy type and are defined in Table 1.5 of Issue 3 of [1a]

(f) it is not practical for this information to be mandatory, but highly recommended that the it is reported when known

(g) additional requirements for tests started after 1.1.96

(h) the origin of the properties shall be traceable via the testing laboratory

(i) testpiece location/orientation information is mandatory either as material pedigree or testing information (see
Table 4b)

(j) if specified in the material standard

(k) the laboratory shall be in a position to supply a micrograph on request
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Table 3a MINIMUM TESTING INFORMATION REQUIREMENTS for Creep Rupture Data
EXISTING before 31.12.95

CATEGORY MINIMUM INFORMATION
REQUIRED(a)

COMMENTS

Test - type of test - uninterrupted/interrupted2 creep, creep
rupture, stress rupture

Standard - testing standard(s) obeyed - eg. [3-11](b)

Testpiece - details if not uniaxial smooth round
bar

- notch geometry & dimensions

- if appropriate

- if appropriate
Temperature - specified value
Stress - applied stress (σo)
Test Results - test duration (t)

- continuing, broken, unbroken
- total plastic strain εp(t) and/or

creep strain ε f(t)

- as appropriate

- as appropriate

NOTES: (a) the reporting of additional information is not precluded, see [1a]

(b) it should be demonstrated that testing performed according to an unlisted standard at least meets the minimum
requirements listed in Table 3b

Table 3b Lowest Common Testing Practice Specification Associated with the
Requirements of [3-11] (see Tables 1/1-16 of App.1), ie. for Data EXISTING
before 31.12.95

Testpiece - diameter (do)
- reference length (Lr)
- shape tolerance for do
- measurement tolerance for do

- ≥3mm
- ≥3do

- ±0.04mm
- ±0.01mm

Machine - types - all, if load controlled
Temperature - thermocouple

- number of thermocouples
- calibration
- measurement equipment
- permitted deviation

- frequency of measurement
- laboratory ambient limits

- base metal or rare metal
- sufficient
- error of thermocouple determined
- accuracy/resolution sufficient
- ±3/4/6/8°C up to 600/800/1000/1100°C

[measured]
- sufficient
- sufficiently constant

Load - permitted uncertainty
- time of load application

- ±0.01σo

- as rapid as possible without shock
Displacement - total error – uninterrupted

- total error – interrupted
- ±max[0.0001Lr, 10µm]
- ±max[0.0002Lr, 20µm]
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Table 4 MINIMUM TESTING INFORMATION REQUIREMENTS for NEW Creep
Rupture Data Generated after 1.1.96

(a) Information Common to Test Series(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Test - type of test - uninterrupted/interrupted2 creep, creep
rupture, stress rupture

Standards - testing standard/code(s)
obeyed, (including those for
temperature & displacement
calibration, if not specified in testing
standard/ code(c))

- requirements of EN 10291 with
recommended amendments, as a
minimum for uninterrupted testing (see
Table 5)

- equivalent minimum requirements for
interrupted testing (Table 5b)

Testpiece - reference length(c)

- notch geometry
- special features(c)

- method of determination, refer to
standard/code

- if appropriate
- if appropriate

Machine - environment(c) - if not air
Test Results - assurance of integrity - confirmation that results are subject to

internal audit of integrity (if not required
by standard/code)

(b) Information Unique to Individual Test(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Testpiece - location in source & orientation(c,d)

- diameter(c)

- reference length(c)

- details if not uniaxial round bar
- notch geometry

- if appropriate
- if appropriate

Machine - environment(c) - if not air
Temperature - specified value

- heating/soaking time(s)(c,e)

- laboratory ambient limits(c,e)

- if outside minimum requirements
(Tables 5a,5b)

- if outside minimum requirements
(Tables 5a,5b)

Stress - applied stress (σo)
Test Results - test duration (t)

- continuing, broken, unbroken
- initial plastic strain ε i

(c)

- total plastic strain ε p(t) or creep
strain ε f(t)

- rupture ductilities(c)

- test integrity

- date or clock duration(c)

- from hot tensile or creep test
- ε p(t) = ε i + ε f(t)

- Ar & Zr, or cannot be measured
- reference to details of non  standard

incidents(f)

NOTES: (a) when Table 4a information is not common to every test in series, it must be reported in Table 4b

(b) the reporting of additional information is not precluded, see [1]

(c) additional information requirements for test programmes started after 1.1 96

(d) testpiece location/orientation information is mandatory either as material pedigree or testing information (see Table 2)

(e) it is not practical for this information to be mandatory, but highly recommended that it is reported when known

(f) eg. non standard interruptions, significant scaling, flaws on fracture surface or within gauge length
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Table 5a Recommended Minimum Requirements for Uninterrupted Creep-Rupture
Testing performed after 1.1.96

Testpiece - diameter (do)
- shape tolerance for do
- measurement accuracy for do
- reference length (Lr)
- length tolerance (∆Lo)
- transition radius (R)

- ≥5mm(a,b)

- ±0.02mm (5<do≤10mm)(a)

- ±0.005mm (5<do≤10mm)(a)

- ≥3do (≥∼5do preferred(a)) Lr≤1.1Lc
(c)

- ±0.01 Lo

- do/2≥R≥do/4(a,d)

Machine - types - all, if load controlled
Temperature - thermocouple

- number of thermocouples

- calibration
- re-calibration

- measurement equipment

- heating/soaking time
- permitted deviation

- frequency of measurement
- laboratory ambient limits

- new base metal to <400°C or <1,000h,
else rare metal to IEC 60584-2, Class 1

- single tp m/c: - 2-3/testpiece,
- multi tp m/c: - 1-2/testpiece or
               - ≥1/heating zone(e)

  (with regular control measurements)
- by method traceable to International Unit
- base metal; only new
- rare metal; in situ(f), after 4yr (<600°C), 2yr

(600-800°C), 1yr (800-1350°C) or at the
end of test when scheme times
exceeded(g)

- uncertainty: ±0.5°C,
- resolution: ±0.1°C(a)

- re-calibration annually
- ≤24h with >1h at T
- ±3/4/5/6/7/8°C up to 600/800/1000/1100/

1200/1350°C [total](a)

- sufficient recording
- ±3°C (creep laboratory)

Loading - permitted uncertainty
- pre-loading
- time of load application
- allowable bending
- torsion

- ±0.01σo

- ≤10% of applied load(a)

- ≤10min, without shock
- minimised, future goal of ±20%(a)

- minimised
Displacement - total error

- measurement
- ±max[0.01∆L, 3µm]
- average from two sides(a)

Test Results - time – uncertainty - ±0.01t(a)

NOTES: (a) proposed amendments to EN 10291

(b) do<5mm may be acceptable when source material thickness is limiting and testing is to be performed in inert
environment;  do≥6mm preferred at higher temperatures when oxidation is a problem or when weldments or large
grain size materials are being tested

(c) the action of ridges and shoulders and the stress exponent (n) should be considered when calculating Lr

(d) R≤do may be needed for extremely notch brittle materials

(e) in these circumstances, regular control measurements are required to determine the temperature differences
between the thermocouple(s) of each heating zone and a significant number of testpieces within a given zone;
both the systematic and non-systematic components of the temperature differences must be considered (see
Section 6.1.3 and App.1 for more details);  the non-systematic component shall not exceed ±2°C up to 800°C and
±3°C above 800°C

(f) see Footnote 7

(g) experience may dictate that re-calibration times may have to be reduced when thermocouple are repeatedly used
for short duration tests
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Table 5b Recommended Minimum Requirements for Interrupted Creep-Rupture
Testing performed after 1.1.96

Testpiece - diameter (do)
- shape tolerance for do
- measurement accuracy for do
- reference length (Lr)
- length tolerance (∆Lo)
- transition radius (R)

- ≥5mm(a,b)

- ±0.02mm (5≤do≤10mm)(a)

- ±0.005mm (5≤do≤10mm)
- ≥3do, (≥∼5do preferred) Lr≤1.1Lc

(a,c)

- ±0.01 Lo
(b)

- do/2≥R≥do/4(a,d)

Machine - types - all, if load controlled
Temperature - thermocouple

- number of thermocouples

- calibration
- re-calibration

- measurement equipment

- heating/soaking time(s)
- permitted deviation
- frequency of measurement
- laboratory ambient limits

- new base metal to <400°C or <1,000h,
else rare metal to IEC 584-2, Class 1

- 1-2/testpiece or
- ≥1/heating zone(e), with regular control

measurements
- by method traceable to International Unit
- base metal; only new
- rare metal; in situ(f), after 4yr (<600°C), 2yr

(600-800°C), 1yr (800-1000°C) or at the
end of test when scheme times
exceeded(g)

- uncertainty: ±0.5°C,
- resolution: ±0.1°C(a)

- re-calibration annually
- ≤4h heating, ≤3h soaking
- ±3/4/5°C up to 600/800/1000°C [total]
- sufficient recording
- ±2°C (inspection laboratory)

Loading - permitted uncertainty
- time of load application
- allowable bending
- torsion

- ±0.01σo

- ≤10min, without shock
- minimised, future goal of ±20%(a)

- minimised
Displacement - total error

- measurement
- ±max[0.01∆L, 10µm]
- average from two sides(a)

Test Results - time – uncertainty - ±0.01t

NOTES: (a) proposed amendments to EN 10291

(b) do<5mm may be acceptable when source material thickness is limiting and testing is to be performed in inert
environment; do≥6mm preferred at higher temperatures when oxidation is a problem or when weldments or large
grain size materials are being tested

(c) the action of ridges and shoulders and the stress exponent (n) should be considered when calculating Lr

(d) R≤do may be needed for extremely notch brittle materials

(e) in these circumstances, regular control measurements are required to determine the temperature differences
between the thermocouple(s) of each heating zone and a significant number of testpieces within a given zone;
both the systematic and non-systematic components of the temperature differences must be considered (see
Section 6.1.3 and App.1 for more details);  the non-systematic component shall not exceed ±2°C up to 800°C and
±3°C above 800°C

(f) see Footnote 7

(g) experience may dictate that re-calibration times may have to be reduced when thermocouple are repeatedly used
for short duration tests
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Table 6a MINIMUM TESTING INFORMATION REQUIREMENTS for Stress Relaxation
Data EXISTING before 31.12.95

CATEGORY MINIMUM INFORMATION
REQUIRED(a)

COMMENTS

Test - type of test - uniaxial (ε t control method), model bolt
Standard - testing standard(s) obeyed - eg. [16-17](b)

Testpiece - details if not smooth round bar or
model bolt options 1a or 1b [17]

- as appropriate

Temperature - specified value
Strain - maintained total strain (ε t)
Test Results - test duration (t)

- continuing, discontinued
- initial stress (σo)
- stress at time t - σR(t)

- as appropriate

- as appropriate

NOTES: (a)  the reporting of additional information is not precluded, see [1]

(b) it should be demonstrated that testing performed according to an unlisted standard at least meets the minimum
requirements listed in Tables 6b,c

Table 6b Lowest Common Uniaxial Testing Practice Specification Associated with the
Requirements of [13-16] (see Tables 1/1-6 of App.2), ie. for Data EXISTING
before 31.12.95

Testpiece - diameter (do)
- reference length (Lr)
- shape tolerance for do
- measurement tolerance for do

- ≥4mm
- ≥min[5do, 20mm]
- ±0.04mm
- ±0.01mm

Machine - types (control mode) - dead weight, lever weight, electro-
mechanical, hydraulic (manual, servo-)

Temperature - thermocouple
- number of thermocouples
- calibration
- measurement equipment
- permitted deviation

- frequency of measurement
- laboratory ambient limits

- base metal or rare metal
- ≥2/testpiece
- error of thermocouple determined
- accuracy/resolution sufficient
- ±3/4/6°C up to 600/800/1000°C

[measured]
- sufficient
- sufficiently constant

Displacement - control band
- time of load application

- ±0.015ε t.Lr µm
- <30min

Load - permitted uncertainty - ±0.01σ

Table 6c Lowest Common Model Bolt Testing Practice Specification Associated with
the Requirements of [17] (see Tables 1/1-6 of App.2), ie. for Data EXISTING
before 31.12.95

Testpiece - diameter (do) - ≥8mm
Temperature - thermocouple

- number of thermocouples
- calibration
- measurement equipment
- permitted deviation

- frequency of measurement

- base metal or rare metal
- sufficient
- error of thermocouple determined
- accuracy/resolution sufficient
- ±3/4/6°C up to 600/800/1000°C

[measured]
- sufficient

Displacement - total error - ±0.01∆L
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Table 7a MINIMUM TESTING INFORMATION REQUIREMENTS for NEW Uniaxial
Stress Relaxation Data Generated after 1.1.96

(i) Information Common to Test Series(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Test - type of test - method of ε t control
Standards - testing standard/code(s)

obeyed, (including those for
temperature & displacement
calibration, if not specified in testing
standard/ code(c))

- recommended minimum requirements
(Table 8a)

Testpiece - reference length(c)

- special features(c)

- method of determination, refer to
standard/code

- if appropriate
Machine - environment(c) - if not air
Test Results - assurance of integrity - confirmation that results are subject to

internal audit of integrity (if not required
by standard/code)

(ii) Information Unique to Individual Test(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Testpiece - location in source & orientation(c,d)

- diameter(c)

- reference length(c)

- details if not uniaxial round bar - if appropriate
Machine - environment(c) - if not air
Temperature - specified value

- heating/soaking time(s)(c,e)

- laboratory ambient limits(c,e)

- if outside minimum requirements
(Table 8a)

- if outside minimum requirements
(Tables 8a)

Strain - maintained total strain (ε t)
- loaded to ε t or σo

- displacement (loading) rate to ε t
(c)

Test Results - test duration (t)
- continuing, discontinued
- initial stress (σo)
- plastic strain on loading
- stress at time t - σR(t)
- test integrity

- date or clock duration(c)

- reference to details of non standard
incidents(f)

NOTES: (a) when Table 7a(i) information is not common to every test in series, it must be reported in Table 7a(ii)

(b) the reporting of additional information is not precluded, see [1a]

(c) additional information requirements for test programmes started after 1.1 96

(d) testpiece location/orientation information is mandatory either as material pedigree or testing information (see Table
2)

(e) it is not practical for this information to be mandatory, but highly recommended that it is reported when known

(f) eg. non standard interruptions
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Table 7b MINIMUM TESTING INFORMATION REQUIREMENTS for NEW Model Bolt
Stress Relaxation Data Generated after 1.1.96

(i) Information Common to Test Series(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Test - type of test - matching/non-matching bolt/flange
materials

Standards - testing standard/code(s)
obeyed, (including those for
temperature & displacement
calibration, if not specified in testing
standard/ code(c))

- recommended minimum requirements
(Table 8b)

Testpiece - reference length (for method with
mechanical extensometry)(c)

- special features(c)

- method of determination, refer to
standard/code

- if appropriate
Machine - environment(c) - if not air
Test Results - assurance of integrity - confirmation that results are subject to

internal audit of integrity (if not required
by standard/code)

(ii) Information Unique to Individual Test(a)

CATEGORY MINIMUM INFORMATION
REQUIRED(b)

COMMENTS

Testpiece - location in source & orientation(c,d)

- diameter(c)

- So[flange]/So[bolt]
 (c)

- reference length or cylinder
length(c)

- details if not Type (a) or (b) in
[17]

- if appropriate (Type (a) or (b) to be
stated)

Machine - environment(c) - if not air
Temperature - specified value

- heating/cooling rate(s)(c,e)

- laboratory ambient limits(c,e)

- if outside minimum requirements
(Table 8b)

- if outside minimum requirements
(Tables 8b)

Strain - initial total strain (ε o)
Test Results - test duration (t)

- initial calculated stress
- stress at end of test - σR(t)
- test integrity

- σo* = ε t.ET(S)

- reference to details of non standard
incidents(f)

NOTES: (a) when Table 7b(i) information is not common to every test in series, it must be reported in Table 7b(ii)

(b) the reporting of additional information is not precluded, see [1a]

(c) additional information requirements for test programmes started after 1.1 96

(d) testpiece location/orientation information is mandatory either as material pedigree or testing information (see Table
2)

(e) it is not practical for this information to be mandatory, but highly recommended that it is reported when known

(f)) eg. non standard interruption
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Table 8a Recommended Minimum Requirements for Uniaxial Stress Relaxation Testing
performed after 1.1.96

Testpiece - diameter (do)
- shape tolerance for do
- measurement accuracy for do
- reference length (Lr)
- length tolerance (∆Lo)
- transition radius (R)

- ≥5mm (≥8mm preferred)
- ±0.02mm
- ±0.005mm
- ≥10do (≥100mm preferred(a)) Lr≤1.1Lc

(a)

- ±0.01Lo

- do/2≥R≥do/4
Machine - types (control mode) - dead weight, lever weight, electro-

mechanical, hydraulic (manual, servo-)
Temperature - thermocouple

- number of thermocouples
- calibration
- re-calibration

- measurement equipment

- heating/soaking time
- permitted deviation
- frequency of measurement
- laboratory ambient limits

- new base metal to ≤400°C or <1,000h,
else rare metal to IEC 584-2, Class 1

- 3/testpiece
- by method traceable to International Unit
- base metal; only new
- rare metal; in situ(b), after 4yr (<600°C),

2yr (600-800°C), 1yr (800-1000°C) or at
the end of test when scheme times
exceeded(c)

- uncertainty: ±0.5°C,
- resolution: ±0.1°C
- re-calibration annually
- ≤24h with >1h at T
- ±3/4/5°C up to 600/800/1000°C [total]
- sufficient recording
- ±3°C (creep laboratory)

Displacement - control band - total error
- attainment of target
- pre-loading
- time of application
- allowable bending
- torsion
- measurement

- ±max[0.01ε t.Lr, 0.000025Lr]
- ±max[0.01ε t, 0.002]%
- ≤0.01σo

- ≤10min, without shock
- minimised, future goal of ±20%
- minimised
- average from two sides

Load - permitted uncertainty
- measurement frequency

- ±0.01σ
- sufficient

Test Results - time - uncertainty - ±0.01t

NOTES: (a) the action of ridges and shoulders and the stress exponent (n) should be considered when calculating Lr

(b) see Footnote 7

(c) experience may dictate that re-calibration times may have to be reduced when thermocouple are repeatedly used
for short duration tests



5524/MC/30 [Issue 5] 23
11/05/01

Table 8b Recommended Minimum Requirements for Model Bolt Stress Relaxation
Testing performed after 1.1.96

Testpiece - diameter (do)
- shape tolerance for do
- measurement accuracy for do
- So[flange]/So[bolt]
- length to diameter ratio

- cylinder length (Lc)
- length tolerance (∆Lo, ∆Lc)
- transition radius (R)

- ≥8mm
- ±0.02mm
- ±0.005mm
- ≥5 (f)

- Lr/do ≥10 for Type (a) (a)

- Lc/do ≥5 for Type (b) (b,f)

- ≥50mm(b)

- ±0.01Lo (or ±0.01Lc)
- do/2≥R≥do/4

Temperature - thermocouple

- number of thermocouples

- calibration
- re-calibration

- measurement equipment

- heating/cooling rate(s)
- permitted deviation
- frequency of measurement
- laboratory ambient limits

- new base metal to ≤400°C or <1,000h,
else rare metal to IEC 584-2, Class 1

- ≥1/heating zone(e), with regular control
measurements

- by method traceable to International Unit
- base metal; only new
- rare metal; in situ(c), after 4yr (<600°C), 2yr

(600-800°C), 1yr (800-1000°C) or at the
end of test when scheme times
exceeded(d)

- uncertainty: ±0.5°C,
- resolution: ±0.1°C
- re-calibration annually
- 50-100°C/h
- ±3/4/5°C up to 600/800/1000°C [total]
- sufficient recording
- ±2°C (inspection laboratory)

Displacement/
Strain(a,b)

- total measurement error

- allowable bending
- torsion
- measurement

- Type (a) ±max[0.01ε t.Lr, 0.000025Lr]
- Type (b) ±0.01ε t

- minimised
- minimised
- dependent on method (ie. Type (a) or (b))

Test Results - time - uncertainty - ±0.01t

NOTES: (a) for models with mechanical extensometry, the action of nut and flange shoulders should be determined by a
comparison test (Lr at RT)

(b) for models with strain gauges

(c) see Footnote 7

(d) experience may dictate that re-calibration times may have to be reduced when thermocouple are repeatedly used
for short duration tests

(e) in these circumstances, regular control measurements are required to determine the temperature differences
between the thermocouple(s) of each heating zone and a significant number of testpieces within a given zone;
both the systematic and non-systematic components of the temperature differences must be considered (see
Section 6.1.3 and App.1 for more details);  the non-systematic component shall not exceed ±2°C up to 800°C and
±3°C above 800°C

(f) ≥4 is acceptable when material is limited
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