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Correlation Between Fatigue Life of 2.2Ni-0.1Cr-0.5Mo Steel
Accompanying Mean Stresses with Cyclic Strain Energy Density
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Abstract

Fatigue damage of 2.2Ni-1Cr-0.5Mo steel used for high strength pressure tubes and vessels was
evaluated using uniaxial specimens subjected to strain-controlled fatigue loading. Based on the fatigue
test results from different strain ratios of -2, -1, 0, 0.5, 0.75, the fatigue damage of the steel was
represented by using a cyclic strain energy density. Mean stress relaxation depended on the magnitude
of the applied strain amplitude. The high pressure vessel steel exhibited the cyclic softening behavior.
Total strain energy density consisting of the plastic strain energy density and the elastic tensile strain
energy density described fairly well the fatigue life of the steel, taking the mean stress effects into
account. Compared to other fatigue damage parameters, fatigue life prediction by the cyclic strain
energy density showed a good correlation with the experimental fatigue life within a factor of 3.
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Table 1 Chemical composition of 2.2Ni-1Cr-0.5Mo
steel

Mn P S Si Cu

0.332  0.629 0.009 0.011 0205 0.097

Ni Cr \% Mo Fe

2.22 1.15  0.126  0.643  base
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Table 2 Monotonic tensile properties of 2.2Ni-
1Cr-0.5Mo steel

Young's modulus, £ (GPa) 168
0.2% offset yield strength, g, (MPa) ; 1158
Ultimate tensile strength, g, (MPa) 1264
%Reduction in area, %RA 46
Strength coefficient, K (MPa) 1483
Strain hardening exponent, # 0.037
True fracture strength, gy (MPa) } 1861
True fracture strain, & 0.617
Rockwell hardness, HRc [ 42

Table 3 Cyclic and low-cycle fatigue properties

from R=-1
Cyclic strength coefficient, K (MPa) 1612
Cyclic strain hardening exponent, »’ 0.0742
Fatigue strength coefficient, g/ (MPa) | 2426
Fatigue strength exponent, b -0.1298
Fatigue ductility coefficient, &' 0.5582
Fatigue ductility exponent, ¢ -0.8207
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Fig. 1 Monotonic and cyclic stress-strain curves
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Fig. 3 Elastic and plastic strain energies for
a uniaxial stress state
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Fig. 4 Plastic strain energy density
versus cycles to failure
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Table 4 Comparison of correlation coefficients
for all fatigue damage parameters

Damage parameter | Correlation coefficient, r

Morrow 0.959
SWT 0.974
Strain energy 0.933
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