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Creep Damage Estimation based on the Softening Behavior of 10Cr—1Mo—1W-VNbN Steel

Ryuichi 1811, Yoichi TSUDA, Kazunari FUnYAMA, Kazushige KIMURA and Kiyoshi SAITO

Synopsis : Microstructural observations were carried out on 10Cr—1Mo—1W-VNbN steels artificially deteriorated by ageing, creep and creep interrupt-

ed tests under various conditions. Martensitic lath structure was collapsed during high temperature exposure regardless of stress. The quanti-

tative analysis of lath structure was performed by measuring lath width. The mean lath width increased with time and the increasing trend

corresponded to both the creep strain and softening. The theoretical formulation of the softening was designed based on the kinetics of the

dislocation structure. The formula gave quantitative correlation among the creep stress, temperature, time and hardness. The creep damage at

any given condition was estimated by this formula, and the estimated result was in good agreement with the experimental value of the hard-

ness at any creep time fraction t/tr.
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Table 1. Chemical composition of steels studied.

C Si  Mn Ni Cr Mo \ W Nb N
Steel A1|0.14 0.03 0.52 0.73 10.4 1.05 0.21 1.06 0.07 0.04
Steel A2[0.15 0.03 0.64 0.69 10.0 099 0.19 1.01 0.05 0.04

Table 2. Heat treatment condition of steels studied.

Normalizing Ist tempering 2nd tempering
Steel Al |1,323K x 33h—0.Q. | 843K x 33h—F.C. | 933K x 49h—F.C.
Steel A2 | 1,323K x 5h—0.Q. | 843K x 14h—A.C. | 923K x 17.5h—A.C.
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Fig. 1. Creep rate vs. time curves of Steel A2 at 873K~

196 MPa and 903K-127.5 MPa.
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Fig. 2. TEM thin-foil micrograph of as tempered Steel A2.

Fig. 3. TEM thin-foil micrograph of Steel A2 crept at
873K-196 MPa, tr=6579.0 h.
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Fig. 4. Measurement result for lath width of as tempered
Steel A2.
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Fig. 5. Measurement result for lath width of Steel A2 crept
at 873K-196 MPa, tr=6579.0 h.
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Fig. 6. Creep curves and measurement results of lath
width for crept specimens.
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Fig. 7. Creep curves and Vickers hardness for crept speci-
mens.
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Fig. 8. Hall-Petch plot of Vickers hardness for as tem-
pered, aged and crept specimens.

b) Creep interrupted at
873K-196 MPa,
ti=1326h.

a) As tempered.

Fig. 9. Carbon extracted replicas of Steel A2.
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Fig. 10. Change of the number of fine precipitates in lath
during creep.
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Fig. 11. Result of regression analysis.
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curves and test results.
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Fig. 14. Creep damage assessment curves at several creep
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Fig. 15. Creep damage assessment curves for several ini-

tial hardness.
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