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Influence of dynamic strain aging on material strength behavior of
virgin and service-exposed Gr.91 Steel
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ABSTRACT

This study investigates the effects of temperatures and strain rates on the strength and ductility of Gr.91 (ASME
Grade 91) steel which is widely being used as a heat-resistant material in Generation IV nuclear and super critical
thermal power plants. The tensile behavior of modified 9Cr—1Mo (Gr.91) steel was studied for the three strain rates of
6.67x10"/s, 6.67x10™*/s and 6.67x10-3/s over the temperature range from room temperature (RT) to 650 C . Experimental
results showed that at specific combinations of temperatures (300~400C) and strain rates, serrations appeared in the
stress—strain curves. Concurrently, abnormal behaviors such as a plateau in yield strength and tensile strength, a minimum
in ductility and negative strain rate sensitivity were observed. These phenomena were analyzed as significant characteristics
of dynamic strain aging (DSA). Since this abnormal behavior in Gr.91 steel affects the material strength, it is judged that a
correlation analysis between DSA and material strength should be crucial in the design and integrity evaluation of Gr. 91
steel pressure vessel and piping subjected to high—temperature loading.
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Fig. 1 Gr.91 steel plates sampled in a thermal power plant

Table 1 Chemical composition of Gr.91 steel (wt.%)

RCC-MRx | 0.08- | 0.30— < < 0.20- | 8.00—
(Tom 2) 0.12 0.60 | 0.020 | 0.005 | 0.50 9.50

ASME 0.08- | 0.30— | 0.020 | 0.010 | 0.20- | 8.00—
(II-PartA) | 0.12 0.60 max max 0.50 9.50
Gr91

0.08 038 | 0.018 | 0.003 | 0.34 8.75

(Virgin)
Aged Gr.91 <
0.11 | 042 | 0.008 025 | 832
(73,716h) 0.003

= 0.85— | 0.03— | 0.18- | 0.06— Cu
0.20 1.05 0.07 0.25 0.10 | 0.040 | <0.10
Ti0.01
0.85- | 0.03— | 0.18= | 0.06— | 0.02 max

1.05 0.07 0.25 0.10 max | Zr0.01

IA

0.40 max

0.29 0.875 | 0.038 | 0.242 | 0.079 | 0.014
0.18 0.93 0.21
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Fig. 2 Dimensions of Tension test specimen

Table 2 Test matrix of the tension tests for Gr.91 steels

Material Strain rate(1/s) Test temperature(‘C)
ol 6.67%107
” 67x107
(Virgin) 22; » 12,5 RT, 200, 300, 350, 400, 450,
2oed GrO1 . 500, 550, 600, 650
ged Gr. <107
(73.716h) 6.67X 10
RT
400°C
650°C

Before After
Fig. 3 Specimen shapes before and after experiments
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Fig. 5 Magnified view with serrated flow for the strain rate on
virgin Gr.91 steel
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Fig. 6 Magnified view with serrated flow for the strain rate of
6.67x10s on aged Gr.91 steel
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Table 3 Different types of serrated flow(SF) with temperatures
and strain rate combination

. SR Temperature (C)
Material
(15 250 300 350 400 | 450
_ SF SF
%107 -— |-
6.67X107°| x a+D) | (a+D)
Gr91 B SF SF SF
S 16.67x107 | -—— -—
(Virgin) (TypeD) | (A+D) | (TypeD)
} SF
X107 -— -—= -—
6.67x107 | x (Type D)
Aged ” SF SF SF
« .
Grot [O67X10T1 X o) | (a+B) | (a+D)
——— Smooth flow, x—test not performed.
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Table 4 Microstructure analysis points (circled) in test matrix
of the tension tests for virgin Gr.91 steel
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Fig. 11 Observation results with SEM for Gr.91 steel specimens
of three different temperatures
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