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Table1l Chemical composition results of Incoloy800H alloy tubes («/%)

Reference code

Element ASME SB163

fcA fcB fcC fcD fcE fcF

C 0.071 0.06 0.05 0.05 0.05 0.055 0.05~0.10

Si 0.71 0.43 0.52 0.56 0.5 0.56 <1.0

Mn 1.28 1.12 1.14 1.2 1.34 1.19 <15

P 0.019 0.011 0.009 0.018 0.014 0.015 -
0.005 0.008 0.014 0.005 0.007 0.005 <0.015

Ni 32.43 32.34 32.48 32.48 31.76 32.08 30.0~35.0

Cr 20.75 21 21.06 20.65 21.05 20.65 19.0~23.0

Mo 0.03 0.002 0.005 0.03 0.012 0.03 -

Cu 0.1 0.09 0.02 0.09 0.06 0.06 <0.75

Al 0.39 0.25 0.39 0.33 0.52 0.25 0.15~0.60

N 0.0206 0.022 0.0162 0.0231 0.0114 0.024

Co 0.32 0.54 0.32 0.24 0.028 0.37 -

Ti 0.32 0.49 0.42 0.32 0.45 0.29 0.15~0.60

Fe Bal. =39.5
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Fig.1 Distribution of creep data from Incoloy800H alloy tube in various batches: (a) steady creep rate, (b) creep rupture time, and (c) initiation
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Table 2 Optimized parameters in different creep equations

Optimized parameters

Creep equation

Ta lgta q ao a a as
g, 773.20 11.772 1.00 -1.2461x10° -3.2959x10 3.4224x10% -1.3174x10"
t; 581.38 10.156 1.02 -1.2333x10° -1.7988x107 1.2200x107 -3.9861107
ts 731.54 9.645 1.00 1.6985x10° -2.7342x107 2.0942x107 -7.5694x107
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Fig.2 Comparison of predicted creep curves and experimental data of Incoloy800H alloy tubes: (a) steady creep rate, (b) creep rupture time, and

(c) initiation time of tertiary creep
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Table 3 Test results and calculated parameters in different creep equations

Normality test

Calculated parameters

Creep equation

Statistic P Decision at level (5%) z /=10
£ 0.481 0.221 Obey 1.446x10™ 8.237
tr 0.565 0.141 Obey -1.990x10° 2.943
ts 0.268 0.668 Obey 1.098x10® 8.454
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Fig.3 Comparison of actual experiments and predicted data of Incoloy800H alloy tubes by different creep equations: (a) steady creep rate,

(b) creep rupture time, and (c) initiation time of tertiary creep
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Table 4 RMSE values of creep equations at different temperatures

Creep equation

Test temperature/ 'C

600 700 800 900 1000 1050 600~1050
& 0.2731 0.2874 0.2208 0.2831 0.3099 0.1010 0.2621
tr 0.1577 0.1630 0.1196 0.0868 0.1582 0.2120 0.1433
ts 0.3264 0.1707 0.2243 0.2836 0.4236 0.6013 0.2992
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Fig.4 Validation for reliability prediction of creep property of Incoloy800H alloy tubes: (a) steady creep rate, (b) creep rupture time, and

(c) initiation time of tertiary creep
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Table5 Comparison of allowable stresses for Incoloy800H tubes in ASME BPVC (boiler and pressure vessel code)

Creep stress at £,=10"h™/

Creep rupture strength at 10° h/

Stress to cause initiation of tertiary creep

Temp%ature/ MPa MPa in 10° h /MPa AIIEWZEJSIT,\ASItzress
Or0.95 0.67 0 g5 0.8 0p_ogs Y
621 109.2 57.2 66.5 55.4
649 78.4 43.7 46.8 445
677 58.7 33.3 33.6 35.6
704 45.0 25.3 24.4 28.0
732 34.6 19.1 17.6 22.6
760 26.2 14.3 12.6 17.9
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Fig.5 Evaluated results of [4]-T curves and calculated stresses in ASME codes for Incoloy800H alloy tubes in different creep criteria:
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Analysis on Creep Property of Incoloy800H Tube by Reliability Concept

Li Ang, Zhang Yi, Gao Wei, Wu Fu, Chen Kaiyuan
(Science and Technology on Particle Transport and Separation Laboratory, Innovation Center of Nuclear Materials for National

Defense Industry, Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin 300180, China)

Abstract: In order to take full advantage of Incoloy800H alloy, the creep behavior of Incoloy800H alloy tubes at temperatures ranging from
600 °C to 1050 °C was investigated based on creep character-temperature parameter models. The reliability equations of steady creep rate, rupture
time and initiation time of tertiary creep were obtained by multiple linear regression. The effective relationships among allowable stress, service
temperature and reliability were established. The results demonstrate that the creep reliability equations make the prediction for creep behavior of
Incoloy800H alloy tubes more accurately. The long-term creep data are completely located in the 0.997 confidence band of predicted results by
corresponding reliability equations. In comparison with recommended allowable stresses by ASME, the creep reliability equations can provide
more reasonable evaluated results.
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