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Bi-linear Stress-Strain Curves for Considering Cyclic Hardening
Behavior of Materials in the Nonlinear FE Analysis under Seismic
Loading Conditions
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ABSTRACT

This study compares true stress-true strain curves obtained by tensile tests of various piping materials with bi-linear
stress-strain approximation suggested in the JSSME Code Case(CC) Draft, a guideline for piping seismic inelastic
response analysis. Based on the comparisons, the reliability of the bi-linear approximation is evaluated. It is found
that bi-linear stress-strain curve of TP316 stainless steel is in good agreement with its true stress-true strain curve.
However, Bi-linear stress-strain curves of TP304 stainless steel and carbon steels determined by the approximation
cannot appropriately estimate their stress-strain behavior. Accordingly new bi-linear approximations for carbon steels
and low-alloy steels are proposed. The proposed bi-linear approximations for carbon and low-alloy steels, which include
the temperature effect on strength and hardening of material, estimate their stress-strain behavior reasonably well.

Key Words : Bi-linear Stress-Strain Curve (©]% 418 -58-:43E =), Beyond Design Basis Earthquake (2A17 &%
A7), Cyclic Hardening Behavior (FH573445), Structural Materials (7-227%)
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Table 1 Comparison of C, and Cj; of austenitic stainless steels given by JSME CC and those obtained from

experimental data

5 Design code(12) JSME CC(11) Experimental data
Materials Temp.[C]
E[GPa] S, [MPa] C, G, Y5, [MPa] c C,
RT 195.1 205.0 1.2854 75 263.5 1.2804 70
SA312 TP316 SS
316 174.4 130.0 1.3483 75 175.3 1.1938 74
RT 195.1 205.0 1.2457 69 255.4 1.1039 66
SA312 TP304 SS
316 174.4 127.0 1.3124 69 166.7 1.1197 61
RT 195.1 207.0 1.28547/1.2457" 7569 263.5 1.3749 73
SA312 TP347 SS - - —
316 174.4 147.0 1.3483"/1.3124 75169 198.2 1.6109 73
RT 195.1 240.0 1.2854"/1.2457" 75°/69™ 299.0 1.1575 55
CF8A CASS . - —
316 174.4 148.0 1.3483%71.3124 75169 194.0 1.1939 63
*SA312 TP316 SS, **SA312 TP304 SS
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Table 2 Comparison of € and C}; for carbon steels given by JSME CC and those obtained from the experimental

data
5 Design code(12) JSME CC(11) Experimental data
Materials Temp.[C]
FGPa] | S, [MPa] of Gy YS,[MPal of Gy
RT 203.4 241.0 1.2 100 2954 1.2255 137.9
SA106 Gr.B CS
289 186.0 191.0 1.2 100 195.8 1.0270 25.6
RT 203.4 275.0 1.2 100 334.8 1.2175 92.5
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289 186.0 218.5 1.2 100 226.5 1.0366 21.5
RT 201.0 250.0 12" 100™ 3252 1.3008 103.5
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Fig. 5 Comparison of Bi-linear stress-strain curves of
carbon steel determined by JSME CC and
true stress-strain curves of SAS508 Gr.la
low-alloy steel
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