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/| ABSTRACT /

The demand for high-strength steel is rising due to its economic efficiency. Low-cycle fatigue (LCF) tests have been conducted to investigate
the nonlinear behaviors of high-strength steel. Accurate material models must be used to obtain reliable results on seismic performance
evaluation using numerical analyses. This study uses the combined hardening model to simulate the LCF behavior of high-strength steel.
However, it is challenging and complex to determine material model parameters for specific high-strength steel because a highly nonlinear
equation is used in the model, and several parameters need to be resolved. This study used the particle swarm algorithm (PSO) to
determine the model parameters based on the LCF test data of HSA 650 steel. It is shown that the model with parameter values selected

from the PSO accurately simulates the measured LCF curves.
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Table 1. Chemical compositions of HSA650 steel

Table 2. Mean values of mechanical properties
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Fig. 1. Coupon test dimension of HSA 650 steel
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Fig. 2. Stress-strain curve for monotonic tensile test
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Table 3. Summary from LCF test for HSA650
Ae F o'l ots) Ao
S ecimen Y max max max
P [%] | [MPal | [MPa] | [MPa] | [MPa]

HSA650-C-1 2 762 863 868 +5
HSA650-C-2 3 762 916 866 -50
HSA650-C-3 4 758 923 885 -38
HSA650-C-4 5 764 958 884 -74
HSA650-C-5 6 773 956 863 -93
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Fig. 3. Stress-strain curve for LCF test
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Fig. 4. Schematic of combined hardening model
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Table 4. Combined hardening model parameter values for HSA650

State parameter unit values
yield criteria k [MPa] 423.21
isotropic Q [MPa] -153.13
hardening b [ 214
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Fig. 7. Measured and simulated LCF curves for HSA650
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Table 5. Error values for toughness of HSA650

specimen Ue.mea Htopre Eirror
[MPa] [MPa] [%]
HSAB650-C-1 119.99 119.99 0.00
HSAB50-C-2 243.98 239.83 1.70
HSAB50-C-3 313.19 312.73 0.15
HSAB50-C-4 427.40 419.56 1.83
HSAB50-C-5 698.57 703.71 0.74
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