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Fatigue crack growth of QSS0E high strength steel and welded joint

MA Yafei, CHENG Erxiang, WU Xianshun, HE Yu, WANG Lei
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, P. R. China)

Abstract: Welded detail is the weak part of steel bridges. The fatigue damage of the welded joint is becoming
one of key problems affecting the service safety of bridges under repeated vehicle loads. This study conducted
static tensile and fatigue crack growth (FCG) tests of the base metal and weld joint of Q550E high strength steel.
The FCG models of base metal and welded joint were established, and the effects of stress ratio on the FCG
rate of welded joints of high strength steel were revealed. The coupled simulation method of FRANC3D and
ABAQUS was performed, and the key influence parameters were determined by sensitivity analysis. The
results show that the FCG rate parameter m increases with the increase of stress ratio. The FCG rate parameter
lg C and the threshold stress intensity factor range decreases. The parameter m of butt weld specimen is about
twice that of base steel. The threshold stress intensity factor range of weld joint is larger than the base steel and
more sensitive to the stress ratio. The developed coupled simulation method can accurately predict the fatigue
life of high strength steel welded joints. The specimen thickness and initial crack depth have a significant impact
on the fatigue growth under high stress ratio.
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Table 1 Chemical composition of material
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Fig.1 The geometric details of welded joint
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Fig.2 The specimen size of static tensile test
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Fig. 4 The device of static tensile test
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Fig. 5 The failure morphology of tensile specimens
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Table 2 Mechanical properties of materials
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Table 3 Actual size and quantity of CT test specimens
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Table 4 Fatigue life of material under different stress ratios
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Fig. 9 The a-N curves under different stress ratios
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Table 5 The model parameter of FCG
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Fig. 11 FCG rate curves under different stress ratios
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Fig. 13 Finite element simulation of FCG
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AR o A BR T o A R A J2 AR BE 0 P A Al A

B WA AR S B i T rp A7 A TR R A R N T
i R 22, 5 BOA BROCOT JOH 5 5 45 R A —



% 14

LT, %5 .Q550E S RMAITHE LM R F LAY RAR

149

25 . WE 16 al A R R ) R BER S AR A
19 a-N & A R TR 45 138 550 EH W) & B,
9% 55 7% i T e KR 2240 5 R 5.0 Fl.2%6. X
HE— A UE I T 42 1 ABAQUS A FRANCSD BE &
175 . J7 15 % QS50E i 3 5K BE b B X 22 i 4 o 55 4
Sy A BT R AT AT P R TR T A R 55 R 8O
K3 BT 09 9% 55 77 am PEA o
3.3 SEHBRESH

BT A BRIC Ay B 4> M 4 9L, kiR 1 R R ) B

EGUIR AR O 189 71 28 S0 Al 5 1 il =2 T ) A i 2

BURBE S S HGHAT o 0 IR FE AN 6] 2 8000 1 77 [ A8
I BEOR A  F17 43 I g B T 0. 1 A0 5T Y
SHRCHURNE S T a5 5 o f I 17 A] g A R R K
X A 98 55 5 i 1 I 3, W) R LSO AR B A T 9%
57 5 iy 1 52 e /0N L ) B SR BOBR B 5 A 97 7
A ARG, [l R R B ) i R SOTR FE T
VAR AN R iR iR AL I s BT o s o
S5 R R W 5 BE ) Uh 2 BO0R BE R 9% 55 A i
OGBS e PR R, L3k T o 2 50T R I T L P R
L=

34 o 0.1-M B
° 010 . > 020
2 _iﬁm g . 29| —FEMM g ;
E g | o FEM-Q g
S 4 5 £ g
- b N 3
M <o WK &
5 0 5 4
B g 000 [ ._.~":>o
ub g0 e 00° uh BT oS
0o D.?.. O.‘ 2 .,..-...mgoooo
= gEU%‘d'é'é'éooooo = UO_O.cm.cyb"ooooo
90 35000 70 000 105 000 140 000 9() 45 ;)()0 Qobm 135‘ 000 18(‘) 000
ERREN TEIRUEN
(a) R=0.1 (b) R=0.2
B o 03w ¥rog osm
0 03Q o 0 05Q
29F —FEM-M g, | 29| ——FEM-M s
...... FEM-Q 8 o 2
g 5 £ g
Enut af » S ]
S 4/ b e q
B u] I X o
K9 3/ & gt
& S {
= 568 &
14 o0 14 3
D00 <
% @000 120000 180000 240000 %0 135000 270000 405000 540000
TEIRUREN TEIRUREN
(c) R=0.3 (d) R=0.5
El16 EFHRUEKFRTHOMER
Fig. 16 Finite element analysis results of FCG
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