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Thermal-Mechanical and Low Cycle Fatigue Characteristics of 12Cr
Heat Resisting Steel with Hold Time Effects

ABSTRACT

Isothermal and thermal-mechanical fatigue characteristics of 12Cr heat resisting steel used for high tempe-
rature applications were investigated including hold time effects. Isothermal low cycle fatigue test at 600C

and in-phase, out-of-phase thermal-mechanical fatigue test at 350 to 600C: were conducted using smooth
cylindrical hollow specimen under strain-control with total strain ranges from 0.006 to 0.015. Regardless
of thermal-mechanical and isothermal fatigue tests, cyclic softening behavior was observed and much more
pronounced in the thermal-mechanical fatigue tests with hold times due to the stress relaxation during
the hold time. The phase difference between temperature and strain in thermal-mechanical fatigue tests
resulted in signiﬁcantly shorter fabigue life for out-of-phase compared to in-phase. The differences in fatigue

hves were dependent upon the magnitudes of plastic strain ranges and mean stresses. During the hold
time in the strain-controlled fatigue tests, the increase in the plastic strain range and the stress relaxation
were observed. It appeared that the increase In plastic strain range per cycle and the introduction of
creep damage made important contributions to the reduction of thermal-mechanical fatigue life with hold
time, and the hfe reduction tendency was more remarkable in the in-phase than in the out-of-phase thermal-
mechanical fatigue. Isothermal fatigue tests performed under the combination of fast and slow strain rates

at 600C showed that the fatigue life decreased as the strain rate and frequency decreased, especially
for the low strain ranges.
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Table 1 Chemical composition of 12Cr steel(%sweight)

C gl
| 0.16 .24

‘Table 2 Mechanical properties of 12Cr steel

MD
) 0. 58 11 01 O 02

| Mechanical property 250C ECH
Elastic modulus, E(GPa) 226.1 1989
02% offset yield strength, o,.(MPa) 7776 660.1
Strain hardening exponent, n | 0.045 0.062

| . Strength coefficient, K(MPa) 1022.7 969.7

600C

126.0
370.7
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Table 3 Cyclic stress-strain properties of 12Cr
steel

Type n ~ K'(MPa)

[sothermal | 0140 6037 |
In-phase 0.180 1164.8
Qut-of-phase 0.196 1365.7 |
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Table 4 |sothermal and thermal-mechanical fatigue test results
fy N; O max O min Ac/e
B e (min) [(Cyee)| 2 | 2% | 2% | ovpa) | (upa) | (MPD)
0 328 | 0015 | 00035 | 00115 | 2074 | 2937 | 2955
Isothermal 0 560 | 0.012 | 00029 | 0.0071 ; 2703 | 2795 | 2749
| (05cpm) 0 065 | 0010 | 00032 | 0.0048 | 2552 | 2534 | 2543
L |0 | 1271] 0008 | 0.0029 | 0.0031 | 2456 | 2511 | 2487
0 680 | 0.015 | 0.0062 | 0.0088 | 3120 | 5653 | 436.7
0 1382 | 0.012 | 0.0057 | 0.0063 | 2910 | 5408 | 4159 |
0 2586 [ 0.010 | 00062 | 0.0038 | 2548 | 9000 | 3776
In-phase 0 8566 | 0.008 | 0.0063 | 0.0017 | 2000 | 4521 | 3290
3 731| 0012 | 00052 | 00068 | 2531 | 5243 | 3887
10 A00 | 0012 | 00043 | 0.0077 | 2712 | 5243 | 3978
Thermal- 30 396 | 0012 [ 0.0043 | 0.0077 | 2532 | 5062 | 3798
Mechanical 0 252 | 0.015 | 00041 | 0.0109 | 5929 | 400.1 { 496.5
0 428 | 0010 | 00034 | 0.0066 | 5479 | 3342 | 4411
Out-of-phase 0 738 | 0.008 | 0.0031 | 0.0049 | 5250 | 309.0 | 4130
0 1026 | 0.006 | 0.0026 | 0.0034 | 5094 | 2929 | 4011
| 3 349 | 0010 | 00023 | 00077 | 5114 | 2932 | 2046 |
10 318 [ 0.010 | 00025 | 0.0075 | 509.6 293.2 401 4
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Table 5 Coefficients and exponents of plastic
strain-life equations

Type | C | m
D )
[sothermal 2.729 —0.939
In-phase 0.727 —0.668
Qut-of-phase 0.914 —0.803
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Table 6 Isothermal fatigue test results with different types of strain waveforms

N; O max O min Ac/2
type (Cycle) - Ac. Ac (MPa) (MPa) (MPa)
0.0042 0.0108 3800 3855 3828

().0044) 0.0060 352.5 356.2 3o4.4

0.0037 0.0043 338.1 346.3 3422

0.0033 0.0027 316.5 314.7 315.6

0.0030 0.0120 3249 297.0 290.9

0.0026 0.0074 312.3 2466 2794

Fast-Slow

0.0027 0.0053 278.9 233.3 256.1

_ 0.0027 0.0033 260.2 225.6 242.9

186 3015 316.2

Slow-Fact 412 325.1 295.0
806 3172 - 3017

1082 . 280.3 267.9

| 270 0.0027 233.1 2294 231.3
Slow-Slow 496 0.0028 246.6 246.6 246.6
710 0.0026 224.2 - 233.3 2284
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