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ABSTRACT

ECCC Recommendations Volume 5 Part IIb provides guidance for the assessment of weld
creep data sets to give long time strength values and weld factors.

Guidance is based on an extensive review of European experience and the outcome of a work
programme involving the evaluation of various assessment procedures by several analysts
using a number of working data sets for matching and dissimilar metal welds.  The results of this
exercise highlight the risk of unacceptable levels of uncertainty in predicted strength values
without the implementation of well defined assessment strategies including critical checks during
the course of analysis.  The findings of this work programme are detailed in appendices to the
document.

ECCC Recommendations Volume 5 Part IIb - 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This document shall not be published without the written permission of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. INTRODUCTION

Weld creep rupture datasets are typically sub-size, in terms of the number of weldment
sources, the number of tu(W)(T,σo) data points and tu(W),max(T).  In addition, they may be the
consequence of iso-thermal and/or iso-stress test matrices.  Iso-stress testing is a relatively
common way of characterising the creep rupture properties of weldments [1,2].  The
consequent tu(W)(T,σo) data point distributions may restrict the candidate procedures which
can be adopted for assessment.

In addition to creep-rupture strength values for a given time and temperature, Ru(W)/t/T,1 the
associated weld reduction factors are also usually required from the assessment of weld
creep-rupture datasets.  Four factors are defined in [3c], these being weld strength factor
(WSF), weld time factor (WTF), strength reduction factor (SRF) and time reduction factor
(TRF), i.e.
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These weld reduction factors may be defined with respect to the properties of the specific
parent material(s) to which the tu(W)(T,σo) data relate or to the alloy mean properties of the
parent material(s).  Where possible, comparison with heat specific properties is preferred, in
particular for datasets comprising results from a small number of weldments.

The tu(W)(T,σo) data from cross-weld tests may be assessed using the same procedures as
those available for parent materials [4a,b].  In Part IIa, four strategies are identified for the
assessment of sub-size tu(S)(T,σo) datasets, i.e. (i) the use of data factors, (ii) the application
of statistical modelling, (iii) the complementary use of creep strain data, and (iv) the
complementary use of reference Ru/t/T curves.  Of these, option (iv) is the most applicable to
the assessment of weld-creep data.

An important consideration is that the tu(W)(T,σo) data comprises information collected for the
fracture location relevant to the application for which the strength values are required [5b].
For example, if the fracture location in service is in the Type IV region of the weldment, the
tu(W)(T,σo) data leading to the determination of Ru(W)/t/T should originate from tests involving
specimen failure in the ICHAZ of the test weld or an appropriately simulated microstructure
(e.g. [6]).  Fracture location and the acceptability of simulated microstructures are therefore
important additional considerations in the post-assessment of weld creep-rupture data.

The weldment property characteristics of ferritic steels are shown schematically in Fig. 1 in
terms of strength reduction factor.  Typically for such materials, fracture occurs in the parent
material at high applied stresses, and rupture times are coincident with PM tu*(T,σo)
                                                
1 The terminology used in Part IIb is as defined in [3]
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properties, i.e. WSF(t,T) and WTF(σ,T) are close to unity.  With reducing stress, the fracture
location shifts to the ICHAZ and tu(W)*(T,σo) rupture times reduce with respect to parent
material tu*(T,σo) and the magnitudes of WSF(t,T) and WTF(σ,T) reduce to a lower relatively
constant value.  With increasing temperature, the magnitudes of, and the time to achieve
WSF(t,T)min and WTF(σ,T)min reduce.

In practice, it is unlikely that WSF(t,T) and WTF(σ,T) attain a constant minimum value in
ferritic steels, since it is unlikely that metallurgical change will occur in the ICHAZ at exactly
the same rate as that in the parent material.  Nevertheless, if it can be demonstrated that
WSF(t,T)min and WTF(σ,T)min do attain an essentially constant value, the basis for
extrapolated Ru(W)/t/T strength values is possible if reliable long term Ru/t/T data are available
(e.g. [7,8]).

Methods available for assessing the creep rupture properties of weldments are introduced in
Sect. 2.2.  The quantity of data for a specific weldment type/configuration is usually limited.  It
may be possible to expand the size of the dataset for assessment by also considering
'comparable' data.  Guidance on 'comparability' is given in Sect. 2.3.  Specific
recommendations for weld creep-rupture data assessment (WCRDA) are given in Sect. 2.4.

2. WELD CREEP-RUPTURE DATA ASSESSMENT

2.1 OVERVIEW

The ECCC recommendations for the assessment of weld-creep data are based on a review
of WCRDA procedures (Appendix A) and an evaluation of their effectiveness in Appendix B.

2.2 ASSESSMENT METHODS

The options for assessing weld-creep data are invariably determined by the scope of
available observations and the position in the weldment at which fracture occurs (the fracture
location being inextricably linked to the metallurgical constitution of the weldment).  In certain
circumstances and with care, it is possible to apply the same procedures available for parent
material (i.e. Part I), either to assess:
- all weld creep tu(W)(T,σo) data (irrespective of the fracture location), or
- only weld creep tu(W)(T,σo) data for a given fracture location (invariably the anticipated in-

service fracture location): this being the preferred of these two options.

The ultimate objective of a WCRDA is invariably to determine one or more of the weld factors
defined in Eqns. 1 and 2, e.g. WSF(t,T).2  Consequently, two further options are to examine:
- all tu(W)(T,WSF) data, determined using tu*(T,σo) properties for the specific heat(s) of parent

steel(s), this being the preferred WSF based option, or
- all tu(W)(T,WSF) data, determined using the alloy mean tu*(T,σo) properties.

Potentially the biggest problem associated with the assessment of weld creep data is
extrapolation to determine long time Ru(W)/t/T strength values.  In circumstances where the
fracture location shifts from the parent material to the ICHAZ, the weldment properties of
ferritic steels are assumed to have the WSF(t,T) characteristics represented by the
schematic given in Fig. 1.  With a knowledge of reliable WSF(t,T)min, it is possible to
extrapolate with reference to the long term Ru/t/T strength values of the parent material
relating to the ICHAZ in which long term fracture occurs.

                                                
2 The text focuses on the use of WSF(t,T) for brevity.  It is not the intention to preclude the use of

WTF(σ,T), SRF(t,T) and TRF(σ,T).
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In dissimilar metal welds (DMWs), the fracture location may be adjacent to one fusion
boundary, either just inside the HAZ or the weld metal and associated with a compositional
gradient between the parent and weld metals.  If the compositional differences are
significant, the combined use of WSF(t,T)min and PM or WM reference Ru/t/T strength values
may be inappropriate.

For weldment data, for which creep fracture is in the main weld metal, it may be possible in
pre-assessment to demonstrate that the properties of the weld metal are comparable to
those of a parent material grade of the same pedigree for which there exists long duration
Ru/t/T strength properties (e.g. [7,8]).  In these circumstances, extrapolation may be made with
reference to the Ru/t/T properties of the 'comparable' reference material.

2.3 COMPARABILITY

The quantity of data for specific weldment types/configurations is usually limited.
Nevertheless, it may be acceptable to expand the scope of the dataset to be assessed by
including 'comparable' data.

At a simple level, weldments constructed from parent material(s) procured to the specified
requirements with the specified filler metal(s), but with different welding procedures, may be
regarded as 'comparable' if (i) the consequent thermal histories result in properties which are
contained within a Ru(W)/t/T±20% scatterband and (ii) fracture locations are in the same
metallurgical region of the weld.

It is therefore possible that weld metal pedigree and welding process may be relatively
unimportant for weld-creep data for which fracture is in the inter-critical HAZ (e.g. in ferritic
weldments).  However, this must be verified during pre-assessment using the Ru(W)/t/T±20%
rule.

The concept may be extended in certain circumstances.  For example, parent material
pedigrees can be relatively unimportant for weld-creep data for which fracture occurs in the
main weld at a significant distance from the fusion line (e.g. certain austenitic weldments).  In
such circumstances, it may be appropriate to use data determined using testpieces removed
from 100% weld metal samples.  However, there is potentially less scope for combining data
from welds produced by different welding processes when the fracture location is in the weld
metal.  As above, the recommended test for comparability is that the data can shown in pre-
assessment to occupy a databand within ±20% of Ru(W)/t/T.

When the creep fracture location is in the vicinity of a fusion boundary (e.g. in DMWs), there
is usually little scope for extending the dataset with 'comparable' data.  In these
circumstances, properties are sensitive to parent material / welding consumable composition,
welding process and heat treatment details.

A common source of comparable tu(W)(T,σo) data is that determined from simulated material.
Ideally, microstructures should be Gleeble simulated with input parameters based on direct
measurements from target weldments.  Where this information is unavailable, computer
modelling techniques may be used which have been validated for the weldment materials in
question and an appropriate range of weld geometries/dimensions [5b].

2.4 RECOMMENDATIONS

The ECCC-WG1 WCRDA evaluation activity reported in Appendix B has led to the following
recommendations.  The following are specifically aimed at assessments leading to strength
values to be externally published by ECCC, but may be used for other purposes.
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1) At least two WCRDAs should be performed by two independent weld-metallurgical
specialists using their favoured proven methodology.

2) Prior to the main-assessment, a pre-assessment should be performed which takes
cognisance of the guidance given in Sect. 2.5.

3) The results of the two WCRDAs should predict Ru(W)/t/T to within 10% at Tmin[10%], Tmain and
Tmax[10%] at the maximum test time for each temperature.1,3

4) Whenever possible and in particular when the variation in WSF(t,T) from cross-weld data
is ≥10% between 0.8.tu(W),max and tu(W),max, long duration test data for well qualified
simulated material with an appropriate weldment microstructure should be used to
support long time Ru(W)/t/T strength and WSF(t,T) predictions.2

The appropriate weldment microstructure is that in which rupture occurs after long times
of design life magnitude at the main application temperatures

5) Long time Ru(W)/t/T strength and WSF(t,T) predictions should not be based exclusively on
simulated weldment microstructure test data.

6) Test data for simulated weldment microstructures should only be used when material
comparability has been confirmed by hardness and microstructure integrity checks of
hardness, transformation product and grain size.

7) The following guidance is given for the extrapolation of Ru(W)/t/T beyond tu(W),max for a given
temperature.  The results of the assessment should be plotted as WSF(T) versus log tu.
With reference to Fig. 2,
- if the variation in WSF(t,T) between 0.8.tu(W),max and tu(W), max is ≤10%, Ru(W)/t/T may be

extrapolated to 3.tu(W),max

- if the variation in WSF(t,T) between 0.8.tu(W),max and tu(W),max is >10%, extrapolation is not
advisable

8) The results of the main-assessment should satisfy the requirements of the post
assessment acceptability criteria given in Sect. 2.6.

9) During subsequent use of the master equation derived from the WCRDA, strength
predictions based on extended time and extended stress extrapolations must be
identified.

Extended time extrapolations are those beyond 3.tu(W),max at temperatures within ±25°C of
that specified.4  Results from tests in progress may be included when above the -20%
scatterband limit at the appropriate duration.

Extended stress extrapolations are those in the ranges '0.9.σo,min to σo,min' and 'σo,max to
1.1.σo,max '.

Quantification of the uncertainties associated with extrapolated strength values and those
involving extended extrapolations should be a goal for the future.

                                                
3 Tmin[10%] and Tmax [10%] refer to the minimum and maximum temperatures for which there are greater

than 10% data points.  Tmain is the temperature with the highest number of data points.
4 Note the significant difference between this requirement and that for full-size datasets in Part I [4a].
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2.5 PRE-ASSESSMENT

Where possible, pre-assessment should be performed according to the guidance given in
Part I [4a].  However, there are important additional considerations for weld-creep data.

An evaluation of the 'comparability' of weld-creep data is an integral part of pre-assessment
and will consider factors such as fracture location and whether the data are consistently
contained within a Ru(W)/t/T±20% databand.

Pre-assessment should include:

(i) confirmation that the data meet the material/process pedigree and testing information
requirements recommended in ECCC Volume 3 Part II [5b].

(ii) confirmation that the material/process pedigree of all weldments and/or heats of
simulated HAZ meet the specification set by the instigator(s) of the assessment.

It may be permissible to use data for welds in which the weld metal pedigree and
welding process are not exactly as specified when fracture is in the inter-critical HAZ
(e.g. in ferritic weldments).  However, such data must fall within ±20% of Ru(W)/t/T.

Similarly, it may be permissible to use data for welds in which the parent material
pedigree is not exactly as specified when fracture is in the main weld at a significant
distance from the fusion line (e.g. certain austenitic weldments).  As above such data
must fall within ±20% of Ru(w)/t/T.

When the fracture location is close to the fusion line (e.g. for DMWs), there is rarely
scope for considering data for which the material and process pedigree are not exactly
as specified.

When data is used for welds which do not specifically meet all material/process pedigree
requirements, the evidence for data acceptability should be clearly stated.

(iii) an evaluation of the distribution of broken and unbroken testpiece data points with
respect to temperature and time (e.g. Tables B?); identifying tu(W),max, σo,min, and the
temperatures for which there are (a) ≥5% broken specimen test data (T[5%]) and
(b) ≥10% broken specimen test data (T[10%]).

If the assessment is performed only on data for which the fracture location is in the
target microstructural constituent, a data distribution table should be prepared
specifically for the assessed observations.  The table heading should clearly state
whether it covers (a) all data or (b) data for a specific fracture location.

It is acceptable to consider data for temperatures within ±2°C of principal test
temperatures to be part of the dataset for that principal test temperature (e.g. test data
for 566°C may be considered together with data for 565°C).

(iv) an analysis of the distribution of welds at each temperature, specifically identifying
(a) the main weld, i.e. the weld having the most data points at the most temperatures,
and (b) the best-tested welds.

(v) a visual comparison, in isothermal log σo versus log tu diagrams, of all broken and
unbroken data points for all relevant available parent material, weld metal, cross-weld
and simulated-microstructures.  Each cross-weld data point should be identified with
respect to fracture location.

(vi) a re-organisation of the data if the results of the first assessment identify the need.
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The reason(s) for excluding any individual data points which are acceptable in terms of (i)
and (ii) above, should be fully documented.  In practice, it should not usually be necessary to
remove data meeting the requirements of [5b], providing the material specification is realistic.

2.6 POST ASSESSMENT

It is unlikely that the results from the main assessment of a weldment dataset will meet all the
requirements of the post assessment tests defined for full-size datasets. 5  Of the three main
categories listed in Part I, only tests associated with PAT-1 and PAT-2 are applied, i.e. those
covering:
- the physical realism of the predicted isothermal lines, and
- the effectiveness of the model prediction within the range of the input data

These are investigated in the following post assessment tests.6

Physical Realism of Predicted Isothermal Lines

PAT-1.1a Visually check the credibility of the fit of the isothermal logσo versus log tu* lines to
the individual tu(T,σo) data points over the range of the data

PAT-1.1b Visually check the credibility of the shape and the relationship of the isothermal
log σo versus log tu* data lines with respect to available relevant reference lines,
ideally established according to the requirements of Part I.

Predicted Ru(W)/t/T values should never exceed Ru/t/T values for the specific parent
material or the alloy mean Ru/t/T+20%.

It is unlikely that Ru(W)/t/T will fall below x0.4 the alloy mean.

PAT-1.2 Produce isothermal curves of log σo versus log tu* at 25°C intervals from 25°C
below the minimum temperature to 25°C above the maximum application
temperature.7

For times between 10 and 10.tu,max and stresses ≥0.8.σo,min, predicted isothermal
lines must not (a) cross-over, (b) come-together or (c) turn-back.

PAT-1.3 Plot the derivative ∂(log tu*)/∂(log σo) as a function of log σo with respect to
temperature to show whether the predicted isothermal lines fall away too quickly at
low stresses (i.e. σo ≥0.8.σo,min) (e.g. …..

The values of -∂(log tu*)/∂(log σo), i.e. nr in tu*∝(σo)nr, should not be ≤1.5.

It is permissible for nr to enter the range 1.0-1.5 if the assessor can demonstrate
that this trend is due to the material exhibiting either sigmoidal behaviour or a
creep mechanism for which nr =1., e.g. diffusional flow.

Effectiveness of Model Prediction within Range of Input Data

PAT-2.1 To assess the effectiveness of the assessed model to represent the behaviour of
the complete dataset, plot log tu* versus log tu for all input data (e.g. Fig

                                                
5 The underlying background to the development of the original post assessment tests for parent

material CRDA
6 The post assessment tests may be conveniently performed in a spreadsheet such as MS-Excel
7 The maximum application temperature for which predicted strength values are required
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The log tu* versus log tu diagram should show
- the log tu* = log tu line (i.e. the line representing an ideal fit),
- the log tu* = log tu ± 2.5.s[A-RLT] boundary lines,8,9

- the log tu* = log tu ± log 2 boundary lines,10 and
- the linear mean line fit through the log tu*(log tu) data points for 100< tu < 3.tu,max.

The model equation should be re-assessed:
(a) if more than 1.5% of the log tu*(log tu) data points fall outside one of the

±2.5.s[A-RLT] boundary lines,11

(b) if the slope of the mean line is <0.78 or >1.22, and
(c) if the mean line is not contained within the ±log 2 boundary lines for

100< log tu <100kh.

PAT-2.2 To assess the effectiveness of the model to represent the behaviour of individual
weldments, plot at temperatures for which there are ≥10% data points (at least at
Tmin[10%], Tmain and Tmax[10%]):
(i) log σo versus log tu* with individual tu(T,σo) data points

(ii) log tu* versus log tu, with
- the log tu* = log tu line (i.e. the line representing an ideal fit),
- the log tu* = log tu ± 2.5.s[I-RLT] boundary lines,
- the log tu* = log tu ± log 2 boundary lines, and
- the linear mean line fit through the log tu*(log tu) data points for

100 < tu < 3.tu,max (extrapolated to 100kh).

and identify the individual weldments.

(a) Log tu* versus log tu plots for individual weldments should have slopes close to
unity and be contained within the ±2.5.s[I-RLT] boundary lines.12  The pedigree
of weldments with -∂(log tu*)/∂(log tu) slopes of <0.5 or >1.5 and/or which have
a significant number of log tu*(log tu) data points outside the ±2.5.s[I-RLT]

boundary lines should be re-investigated.

If the material and testing pedigrees of the data satisfy the requirements of [5b]
and the specification set by the assessment instigator (e.g. WG3.x), the assessor
should first consider with the instigator whether the scope of the weldment
specification is too wide.  If there is no metallurgical justification for modifying the
specification, the effectiveness of the model to predict individual weldment
behaviour should be questioned.

                                                
8 s[A-RLT]  is the standard deviation of the residual log times for all the data at all temperatures, i.e.

s[A-RLT] = √{∑i(log tu, i - log tu*)
2/(nA - 1)}, where i = 1,2, …. nA, and nA is the total number of data points

9 For a normal error distribution, almost 99% of the data points would be expected to be within
log tu* = log tu ±2.5.s[A-RLT] boundary lines.

10 i.e. the tu* = 2.tu and tu* = 0.5.tu boundary lines
11 Experience has shown that the ±2.5.s[A-RLT] boundary lines typically intersect the tu = 100h grid line

at tu*≤1kh and tu*≥10h respectively [4a].  The explanation for those which do not is either an
imbalance in the model fit (and hence the PAT-2.1a criterion) or excessive variability in the data set.
In the latter case, consideration should be given to the scope of the material specification (in
conjunction with the assessment instigator, e.g. WG3.x)

12 s[I-RLT] is the standard deviation for the nI residual log times at the temperature of interest, i.e.
s[I-RLT]  = √{∑j(log tu, j - log tu*)

2/(nI - 1)}, where j = 1,2, …. nI.
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The distribution of the log tu*(log tu) data points about the log tu* = log tu line reflects
the homogeneity of the dataset and the effectiveness of the predictive capability of
the model.  Non uniform distributions at key temperatures should be taken as a
strong indication that the model does not effectively represent the specified
material within the range of the data, in particular at longer times.

The model equation should be re-assessed if at any temperature:
(b) the slope of the mean line through the isothermal log tu*(log tu) data points is

<0.78 or >1.22, and
(c) the mean line is not contained within the ±log 2 boundary lines for

100 < log tu <100kh

Repeatability and Stability of Extrapolations

PAT-3 is not regarded as a viable post assessment test for weld creep data, in particular for
observations associated with a change in fracture mechanism.  For such circumstances,
guidance is given in recommendation 7 (Sect.2.4).

3. SUMMARY

ECCC Volume 5 Part IIb provides guidance for the assessment of weld-creep datasets.  The
recommendations are specifically aimed at assessments leading to strength values to be
externally published by ECCC, but may be used for other purposes.  The principal objective
is to minimise the uncertainty associated with strength predictions by recommending a
rigorous pre-assessment, the implementation of post assessment acceptability criteria and
the performance of duplicate assessments.
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Fig. 1 Schematic representation of weldment property characteristics of ferritic steels
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If ∆WSF( t ,T ) ≤0.1.WSF( t ,T ) between 0.8. t u(W),max  and t u(W),max

- R u(W)/ t /T  may be extrapolated to 3. t u(W),max

If ∆WSF( t ,T ) >0.1.WSF( t ,T ) between 0.8. t u(W),max  and t u(W),max

- extrapolation is not advisable

Fig. 2 Extrapolation criteria for weld-creep data
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APPENDIX A

REVIEW OF WELD-CREEP ASSESSMENT PROCEDURES
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APPENDIX B

REVIEW OF WG1 WELD-CREEP DATA ASSESSMENT EXPERIENCE

S R Holdsworth
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