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COMPARISON STUDY ON CONSTITUTIVE RELATIONSHIP OF
LOW YIELD POINT STEELS, Q345B STEEL AND Q460D STEEL
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Abstract: In order to investigate the effect of constitutive behaviors on mechanical performance of members
and structures, the constitutive relationship tests of LYP100 low yield point steel were carried out firstly. The
monotonic behavior, ductility, hysteretic behavior, energy-dissipation capacity and cyclic constitutive model were
analyzed. Based on these results, the constitutive relationship of low yield point steel, normal strength steel
(Q345B) and high strength steel (Q460D) were fully compared. Finally, the predicted hysteretic behaviors of
different steels with both cyclic constitutive model and ideal elastic-plastic model were compared to further
discuss the significant effect of constitutive relationship on members and structures. The results show that the
monotonic and cyclic tensile-to-yield ratios of low yield point steels are more than 2.0~3.0, 2.0~3.0 times of
normal strength steel and high strength steel. Meanwhile, low yield point steels have better ductility and energy
dissipation capacity. Because low yield point steels have obvious isotropic behaviors, significant difference is
observed between the calculated results using cyclic constitutive model and ideal elastic plastic model. Therefore,
for structural analysis, an appropriate constitutive relationship should be adopted according to different steels.
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Table 1 Mechanical properties of YLP100 steel
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Table 2 Chemical compositions of YLP100 steel
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Fig.2 Monotonic curves of YLP100 steel
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Table 3 The monotonic properties of specimens
e EJGPa f/MPa f,/MPa f,/f, f,/MPa f,/f, &/(%)

M100-1 192 70 244 3.49 78 0.32 29.5
M100-2 201 80 256 3.20 90 0.35 28.0
M100-3 191 83 254 3.06 92 0.36 29.9

Mean 195 78 251 3.22 87 0.34 29.1
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L160-3 72 236 3.28 8 3.2 2.4
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Fig.3 Typical hysteretic curves of YLP100 steel
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Table 5 Parameters of cyclic constitutive model
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Table 6 Comparison of monotonic parameters of different

steels
Rt E,/GPa  f,/MPa  f /MPa  f,/f, & 1 (%)
LYP100 195 78 251 3.22 29.1
LYP160 205 129 273 212 28.6
Q345B 205 429 589 1.37 10.1
Q460D 201 466 568 1.21 12.4
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Table 7 Cyclic hardening parameters of different steels

ipas EJ/GPa K’ /MPa n’
LYP100 195 162.42 0.3960
LYP160 205 171.70 0.3725
Q345B 205 828.39 0.0973
Q460D 201 736.01 0.0776
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Table 8 Parameters of cyclic constitutive model
ﬂXH‘T Qoo IMPa blso Ckin,1 /MPa V41 Ckin‘2 IMPa 72

LYP100 134 6 12000 733 1200 200
LYP160 118 4.5 18667 1133 1267 233
Q345B 21 1.2 7993 175 6773 116
Q460D 16 1.1 4924 154 3101 120

#kt Cung IMPa  y3 Cyy IMPa — —

LYP100 833 75 — — — —
LYP160 2730 127 50 9 — —
Q3458 2854 34 1450 29 — —
Q460D 2730 31 1450 26 — —
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