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Damage coefficient identification of micromechanical fracture prediction
models for steel Q235B

XING Jihui', GUO Changlan®, LI Yanyu’, CHEN Aiguo'

(1.School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;2.Beijing Huafu Engineering Co.,Ltd.,
Beijing 100013, China; 3.China Architecture Design Group, Beijing 100044, China)

Abstract: In order to obtain the damage coefficient of Cyclic Void Growth Model ( CVGM ) and Degraded
Significant Plastic Strain ( DSPS) model for Steel Q235B widely used in China, taking four types of steel Q235B
materials extracted from the hot-rolled seamless pipe and the matrix, heat affected zone as well as welded zone of
cold-welding pipe respectively, twelve smooth specimens and eight notched specimens were machined. A series of
low-frequency cyclic loading material tests were carried out to acquire the combined hardening parameters. The
UVARM subroutines of CVGM model and DSPS model were developed in FORTRAN language and embedded in
ABAQUS. The calibration of the damage degradation coefficients of CVGM model and DSPS model of four kinds of
steel materials was performed. Based on the UVARM subroutine and identified damage coefficients, fracture
initiation for the notched specimens can be predicted and simulation results match well with experimental results.
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Fig.1 Dimensions of specimens for the low-frequency cyclic test (mm)
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Tab.l Name of specimens for the low-frequency cyclic loading test
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Fig.2 Stress-strain curve of smooth circular specimen
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Fig.3 Load-displacement curve of notched specimen
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Tab.2 Summary of material mixed enhancement parameters

JERERLES WERE E/10° MPa JE SR JE o)/ MPa 0 b C, 7 C, Y, Cs o
SR BB 2.08 320 100 2.5 9 131 89.0 601 5.0 3.7 0.7
SRERNYY) 2.04 325 110 2.8 12000 103.0 1253 6.5  363.4 1.8
P X 1.92 345 130 1.3 3 000 52.0 2673 42.0 1587.0 33.0

KE5E 1.94 409 75 2.0 5200  43.4 1038 82  276.0 2.3
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Fig.4  Finite element model of notched speciment under low-
frequency cyclic loading
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Tab.3 Calculation results of damage coefficient of CVGM model

R Neyelie n D Aevew  Aove
CWR2-1 2.27 2.77 3.68 0.05
CWR2-2 2.47 2.77 3.94 0.03 0.04
CMR2-1 1.01 1.99 1.92 0.35 031
CMR2-2 1.06 1.99 2.31 0.27
CRR2-1 1.28 1.85 2.11 0.19
CRR2-2 1.56 1.85 2.48 0.08 0-14
CHR2-1 0.89 1.86 1.61 0.44 036
CHR2-2 1.05 1.86 1.97 0.28
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Tab.4 Calculation results of damage coefficient of DSPS model

PENE RS e & SF;MMI Apsps Apses
CWR2-1 0.306 3.677 0.630 0.196 0.184
CWR2-2 0.321 3.940 0.630 0.171
CMR2-1 0.196 1.927 0.400 0.370
CMR2-2 0.211 2.308 0.400 0.280 0-330
CRR2-1 0.258 2.115 0.365 0.160 0.120
CRR2-2 0.304 2.490 0.365 0.070
CHR2-1 0.191 1.616 0.355 0.380 0.320
CHR2-2 0.212 1.970 0.355 0.260
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Fig.5 Comparison of the test values for load-displacement curve

with the prediction of CVGM and DSPS model
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Tab.5 Analysis of model prediction results for each specimen

jERLs ]y CVGM  CVGM i  DSPS  DSPS i
R 2R WIME OMREE/%  WINE R2E/ %
CWR2-1 32 32 0 28 ~12.50
CWR2-2 33 32 -3.03 28 -15.15
CMR2-1 25 25 0 25 0
CMR2-2 27 25 -7.41 25 -7.40
CRR2-1 27 25 -7.41 27 0
CRR2-2 29 25 -13.79 27 -6.90
CHR2-1 22 24 9.09 24 9.09
CHR2-2 24 24 0 24 0
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