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ABSTRACT 

Creep rupture life prediction for the A231 T91 alloy steel 
has been optimized using the Kriging surrogate model. 
Creep rupture data published by NIMS data sheet was used 
in this optimization, and isothermal creep rupture life-stress 
and TTP(Time-Temperature Parameter)-stress curves were 
optimized with Kriging model. The creep rupture data 
having the rupture life of less than 10,000 hours was 
interpolated with the K海ing surrogate model and the 
Kriging extrapolation to the creep life of 100,000 hours was 
verified by comparing with experimental data. It was found 
that the Kriging model could fit to the data within 3% of 
relative error. Furthermore, the Kriging surrogate model was 
compared to Wilshire, Manson-Brown, Manson-Haferd, and 
MCX models. It can be found that the creep rupture stress 
extrapolated to 100,000 hours by Kriging surrogate showed 
a relatively good accuracy and uncertainty of 4% - 16%. 

1. INTRODUCTION 

In order to develop high temperature power plants or 
manage the life of the plant, analysis of creep properties has 
been carried out. In general, most of the creep properties, 
which are known to be dependent on time, would be 
determined by accelerated test within a reasonable time 
frame considering the time and economic reasons. So, to use 
these properties in design and life management of the plants, 
reliable data analysis, including modelling the creep rupture 
data and extrapolation of the data, may be required. 

A231 T91 (P91) steel was commonly used for steam 
generator applications in fossil-fuel and nuclear power 
generating industries. Recently, this steel also is a promising 
candidate materials for steam generators of Pulverised Coal 
Combustion (PCC), Circulating Fluidised Bed Combustion 
(CFBC) plant. 

Reliable analysis for obtaining creep properties through 
optimum creep curve modelling and creep rupture 
extrapolation has been tried to be established. Classically, 
the creep data was modelled with the temperature 
parameters (TTPs), and then fitted to a suitable polynomial 
stress function. The Larson-Miller and the Manson-Haferd 
models were the most commonly used ones. Extensive work 
for the assessment of creep data was carried out in European 
Creep Collaborative Committee (ECCC) by arranging inter
comparison round robins. The ECCC assessment rules 
included the least squares (DESA)(Feher et al., 2009) or 
maximum likelihood (PD 6605) (BS, 1998) data fitting 
procedures. In these procedures, three generalized models, 
such as the Minimum Commitment model (Manson, S. S. 
and Ensign C. R.. 1978) and two Soviet models (Trunin et 
al., 1971), were supported. These models has been known to 
be more stable than the polynomial TTPs and not easily 
produce tum-back and sigmoidal behavior. 

In this study, Kriging surrogate model was adopted in 
optimizing and extrapolating creep rupture data published in 
NIMS Data sheet for A231 T91(P91) steel. Kriging 
surrogate model has been designated as the efficient global 
optimization algorithm. It estimates the deviations between 
the model and sample data, and the expected improvement 
is maximized to determine the location of the new data. In 
this study, the creep rupture data were fitted and optimized 
with this Kriging surrogate model and the creep rupture 
strengths at 100,000 and 200,000 hours, respectively, were 
determined at various operating temperature ranging from 
450 °C to 700 °C. Furthermore, the Kriging surrogate 
models were compared with the Wilshire, Manson-Brown, 
Manson-Haferd, and MCX models. 
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3.3. Extrapolation of the creep rupture 

Design of the high temperature power components is 
required to be able to be sustained without creep failures 
within 100,000 hours at the service temperature. So, the 
100,000 hour creep rupture properties are necessary to be 
determined from the well-designed creep rupture test 
programme or relatively reliable estimate from the short
term rupture data. The reliable optimal creep rupture data 
assessment procedure had been proposed by 
ECCC(European Creep Collaborative Committee). 
According the procedure, the extrapolation was 
recommended to be limited in time to three times the 
longest testing time. In addition, several models were 
proposed in PD6605 and ECCC procedure. In this study, the 
isothermal creep rupture stresses were determined by 
extrapolating the NIMS data with the Kriging surrogate 
model, as shown in Fig. 1. The stress extrapolated by the 
Kriging surrogate model were verified with comparison of 
the creep-rupture data ranging 40,000 to 200,000 hours in 
rupture time. Fig. 3 represents the stress extrapolated by the 
Kriging surrogate model determined at the rupture time of 
100,000 hours. It can be found that the Kriging 
extrapolation showed a relatively good accuracy and 
prediction interval ranging from 4% to 16%. The relative 
error of the stress extrapolated to 100,000 hour was less than 
about 7 % at the temperature of less than 600 °C, while the 
error became 30% at 650 °C of testing temperature. The 
Kriging extrapolation has been demonstrated to be safer 
than the other surrogate models. (Zhang et al, 2005) 

determined by fitting the NIMS data into the respective 
model. 

Fig. 4 represents 
interpolation 

the comparison of the Kriging 

Table 1 Creep rupture models 

Model Trend Equation Ref 

Wilshire 
tr = (n(존)

)

1/u 

u= 7.5 - 10.7, 
Qc*=360 kJ/mol 

k=0.18 
1 

·exp(志)
k=0.09 0.57 

MH03 P(cr) 
(Manson- = B1 + B2 logu + B3 (logu) 2 

Haferd, 3rd 
+ B4(logu) 3 

degree) 
log(tr) = B。 + P (u) · T 

MB 
(Manson
Brown) 
Model 

(4th degree) 

P(cr) 
= -22.907 - 0.8010"0 ·75
- 0.022(u0·7학 + 5.1461
. 10-4cu0 .75) 3 - 5.857
. 10-6cu0 .75) 3 

log(tr) 

B。=80.2534
B1

=-0.0694 
B2

=-0.0146 
B3

=0.0163 
B4

=-0.0058 

Stefan 
(2010). 

H., 

= P(u) · (��『）
2

0
5

+ 9.62

MCX P(cr) = B1 + B2 lnu - B3 u 

ln(tr) = B。 · T + P(u) 

B0
=-0.093 

B1
=117.437 

B2
=-4.776 

B3
=0.339 
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Fig. 3 Comparison of the stresses extrapolated with the 
Kriging surrogate model and existing rupture models 

3.4. Comparison of the optimization models 

Several models for fitting and extrapolating the short-term 
creep rupture data were proposed. In this study, the creep 
rupture models, which were compared to the Kriging 
surrogate model in this study, are listed in Table. 1. Here, 
constants and exponents used in the respective models were 
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