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Study on micro mechanism-based ductile fracture criteria for Q460 steel
LIAO Fangfang, WANG Ruizhi, LI Wenchao, ZHOU Tianhua

( School of Civil Engineering, Chang’an University, Xi'an 710061, China;)

Abstract: Micromechanical facture models can be used to predict ductile fracture in steel structures. In order to calibrate the
parameters in the micromechanical models for Q460 steel, material tests, their corresponding finite element analyses, and scanning
electron microscope tests were conducted. The test specimens were made from round bars of base metal and deposit metal extracted
from welded connections of Q460 steel plates. The VUMAT subroutine edited by the author was employed. Taking the calibrated
stress modified critical strain (SMCS) model and void growth model (VGM) as fracture criteria, the whole cracking processes of
eighteen circumferentially smooth-notched tensile specimens were simulated, the post-fracture load displacement curves were
obtained, which are close to the test results. The results verify the feasibility of using SMCS and VGM models in the post fracture

path analysis of connections.

Keywords: Fracture; Micromechanical model; Parameter calibration; Post fracture path
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Tab.1 Number of the specimens

Q460 #itt ER55-G RlE44
R ERe # EiRe #
& &
23 N i Ra WBS-1—
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BUAFE 0es B WBN-4—
MOk Reazs Do BN6 3 WBN-6
Oz WBN-7—

BN-7—BN-9 3
R=1.5 WBN-9

ATABR BT Q460D IR < e 3 L 45 A4 AN
M B A IRA FIR At X% b A B
PES R BES 36 mm ] Q460D HAL A = 3 A A L
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R2 Q460D ILFR TSR/ %
Tab.2 Chemical composition of Q460D steel (in wt/%)

C Si  Mn P S Al Nb \4 Ti

0.13 03 1.4 0.014 0.002 0.03 0.031 0.043 0.014
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Fig.2 Welding steel plate used for
machining round bar specimen
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Fig.3 Smooth round tensile specimen
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Tab.3 Uniaxial tensile test results

Ly %5  oy/MPa o,/MPa  E/MPa
BS-1 413.8 568.7  202697.6
BS-2 4415 573.8 2445198
Rz BS-3 436.8 570.0 221 058.7
SEHME 4307 570.8 222 758.7
WBS-1 5727 6372 22899471
WBS-3  537.6 601.2 201 839.59
BBER  wess 5382 614.6  211955.54
SEHE 549.5 617.7 214 263.28
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Tab.4 The true stress and strain of uniaxial tension specimen

R HS O REBER do/mm BRERd mm W) P KN ot gl
BS-1 12.56 6.80 47.48 130742  1.227
BS-2 12.46 7.06 42.29 108032  1.136
B g3 12.60 6.36 42.95 123293 1367
XA 12.54 6.74 44.24 120689  1.243
WBS-1 12.40 6.58 4728 139043  1.267
WBS-3 12.76 6.80 47.30 130247  1.259
WHMER  wes-s 12.50 6.68 47.62 135881 1253
SEHME 12.55 6.69 47.40 13 50.57 1.260
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Fig.4 True stress-strain curve.
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Fig.5 Smooth notched round bar specimen
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model of smooth notched round bar uniaxial tensile
specimens (R=1.5 mm)
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Fig.8 Test and finite element force - deformation curves of typical smooth notched round bar tensile specimens
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Tab.5 The calculation results of & and 7}

e iR E e v.-1=3 WEBEHRZ FRLER Af gcritical O, (o a n

/mm /mm /mm /fmm °© /MPa MPa

BN-1 12.49 6.32 243 0.81 1058.80 687.19 216 2.21

6.25 BN-2 12.54 6.38 1.96 0.63 932.41 753.25 2.02 1.97

BN-3 12.52 6.34 245 082 106228 69027 2.17 223

BN-4 12.57 6.38 1.68 0.65 960.82 730.04 2.03 2.28

ESy 3 3.125 BN-5 12.63 6.38 1.68 0.65 959.81 730.03 2.03 2.28

BN-6 12.61 6.38 1.70 0.63 950.22 806.37 226 247

BN-7 12.55 6.60 1.22 0.50 836.73 924.00 237 2.76

1.5 BN-8 12.66 6.66 1.10 0.42 817.02 909.95 223 243

BN-9 12.53 6.66 1.09 0.42 808.84 978.40 249 2.88

SESE 220 239

% 13% 21%

WBN-1 12.66 6.34 2.29 0.84 1131.81 87429 2.66 2.65

6.25 WBN-2 12.67 6.36 191 0.71 1060.25 793.93 218 2.27

WBN-3 12.78 6.36 196 073  1069.57 807.47 225 232

WBN-4 12.73 6.18 1.16 0.50 934.77 908.38 2.16 241

Y48 3.125 WBN-5 12.58 6.32 0.97 0.41 877.59 877.14 1.82 1.97

WBN-6 12.54 6.30 1.22 0.52 947.31 862.48 2.05 2.33

WBN-7 12.60 6.28 0.69 0.35 844.08 1045.00 2.23 2.60

1.5 WBN-8 12.61 6.28 0.66 031 819.68 1121.55 240 2.76

WBN-9 12.49 6.48 0.70 0.34 831.25 1102.92 2.39 2.78

SESE 224 245

% 19%  20%

e T2 RN RS B K 0l (5 T B 22 B R T 4
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FERIR SHA P53 ) o (0 7 ARBEE , %0 o Fn
7 RFAERDEHT R RS 2. MR B 4
TR o R B . (BN-2 Ak i T
R BLRE, SECHO SRR, RIS
SEHEATIR) . B B FIAAEEH OO AL R
28007 A B0 Q4608 455 £ i FF 38 B AN
%
2.4 B SRS

% Q460 H-EA I I 48 R b T B0 79
H 00 BT R R IRRIT  6 AR PEE I D
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RERHR A 7 0 B 5 7E V5 22 3008 K WL i
R4 TARERE SRR SE, W34 R A H o
SUS010 U 543 P R S H L 7 A, ik
HLF 43R | nm. ERS55-G BUEAHR LR 11 Hids
PRI AR 2R AR S TR L R S,
SR 545 3% F H 5% SU4800 #1357 % 5148 v 7 4%
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IR B, bR AT P 2 A
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Tab.6 Characteristic length of each specimen
X FHEHK ) /mm
L
TR CFSE ER
BN-1  0.016 0.039 0.061
ey e o BN-4  0.071 0.118 0.169

E9 [EREEEEOR R ORER i) BN-7  0.053 0.098 0.212

Fig.9 Fracture electron figures of notched SEHIE 0.047 0085  0.147
round bar specimen

WBN-1 0.055 0.134  0.206

3 RN 0460 MEBEEMEMINE gy VO 006 019 oo
‘ KGR BT 009 0167 0386

HRIEELEL — ' '
= SEHIME 0072 0.143 0270

Kanvinde fil Deierlein TL2ohee 7PUtEmss Aol SMCS BRI I 24 o Fl VGM BLR
Fa AR = E A TG B g P EBIES B0 SHRHTE AR, MRHIELE
BOBED . BRI T Q345 GIEM. Kelra SN SRRRLHN IR T BB G ) 4 B R LA
TR X AR BRI 20 & R, /d, , BIRTRDL FRRRE R, o A
AR P R Q460 IR FIGE AR I PO UK, T o A 7 S5 R JR PSR B AR
A R LA B B R B4 2 B IR RIBR R B e R K, BME KSR SRR
X MEMNSEOHTIR, SRmMFE TR, % Mk,

=7 AEEEIN R EME AN B R RS H 3T

Tab.7 Comparison of the parameters of the model parameters of
the monotonic loading of different structural steels

o d * * *

e Oy o, u 0 o n ! TR ! FHME ! 2]
/MPa /MPa Oy df /mm /mm /mm
Q460BM 430.7 570.8 1.33 1.86 220 239 0.047 0.085 0.147
Q460DM 549.5 617.7 1.12 1.88 224 245 0.072 0.143 0.270
Q345BM 320.8 5229 1.63 195 244 255 0.087 0.201 0.473
Q345DM 380.1 491.3 1.29 1.94 249 263 0.062 0.202 0.311
Q345HAZ 358.7 5202 1.45 1.91 243 253 0.072 0.329 0.671
AWS50 4227 4944 1.17 191 259 280 0.089 0.203 0.381
AP50 388.2 588.1 1.51 1.50 1.18 1.13 0.084 0.178 0.432
AP110 799.1 851.5 1.07 1.45 146 1.50 0.058 0.229 0.483
AP70HP 586.8 694.3 1.18 195 290 3.19 0.064 0.305 0.406
JP50 3282  515.1 1.57 1.87 289 287 0.071 0.229 0.356
JPSOHP 413.0 516.4 1.25 220 4.67 5.09 0.056 0.127 0.229
JW50 338.5 4758 1.41 206 423 461 0.061 0.229 0.356

1 "Q460BM=Q460 £}4f; Q460DM=Q460 1A H 4 )& ; Q345HAZ=Q345 LMl X ;A4 = [ K (A= [H; I=H &);
FLHE (W=98 22 H 4N, P=tR); HP=r P REMF 4L 45 44N

_ . e BRACA B (VOCT)\ K% B Cohensive)
4 ARTSMHUBHERRIAE  pprpnmem). saARGECPEM) (2

ERAIXTEL W AL £ UK B 53 57) i e 56

OGP e pa gy PTIRLREL, PILLRITEEUNEE S #00 T
ERRMRCETAT I RTE R ARGEsk e F RECORIREAT AL, Wl racen g
Jb 3 T ) b 4% A, Ho ABAQUS KT 4b 3 FERFFRTT ], BTl WA SRR . [
BRI, AT Ay e S XPEMOIRAR 9 OS5 25 V3 LT S P 2
1. ST RO R Sy BOER, MRS B A, (1
8 PR B R A 2R W RS, TR TG TR T W ORI B A B R T = Al By
MBI RSB R Ry, RO, TS RSP TGt
BRI . AR Rk s B ST ST IRICA AT R A
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Fig.10  Stress cloud images under different deformation of specimen BN-7(SMCS as the fracture criterion)
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Fig.11  Stress cloud images under different deformation of specimen BN-7(VGM as the fracture criterion)
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