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Predicting extremely low — cycle fatigue crack initiation life
of thick — walled steel bridge piers

CHI Shi - liang, GAO Sheng - bin
(School of Naval Architecture, Ocean and Civil Engineering,Shanghai Jiaotong University,
Shanghai 200240, China)

Abstract : To obtain the extremely low — cycle crack initiation life of thick — walled steel bridge piers,
numerical analysis of the thick — walled steel bridge piers is carried out. The hysteretic behaviors of
thick — walled steel bridge piers under three different kinds of cyclic loading patterns are predicted by
using combined hardening model as constitutive law of steel. Crack initiation life of steel bridge piers
corresponding to different mesh sizes is determined by using both local and non —local damage meth-
ods in Ge model. Then, some parametric studies are carried out to investigate the effect of radius —
thickness ratio and slenderness ratio of the piers on crack initiation life by employing Ge model. The
analytical results show that the combined hardening model of steel can accurately predict the hysteretic
behavior of thick — walled steel bridge piers, and non —local damage method can be employed to ac-
curately predict the crack initiation life of steel bridge piers. On the basis of parametric analytical re-
sults, empirical formulas for predicting the crack initiation life of steel bridge piers are proposed.

Key words: bridge engineering; steel bridge pier; parametric study; Ge model ; extremely low — cycle

fatigue ; fatigue crack initiation life
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Fig.1 Sketch of the tested specimens
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Tab.1 Ceometrical parameters of tested specimens

nNGE R, A h/mm B/mm D/mm ¢/mm

UB25-35 0.26  0.37 570 112 94 9.02
UB35-35 0.37 0.37 769 152 134 9.02
UB35-45 0.37 0.47 998 152 134 9.02
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Fig. 2 Loading patterns
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Tab.2 Material parameters of steel

oo/MPa o, /MPa b C,/MPa Y,

C,/MPa Y,

C,/MPa Y, C,/MPa Y,

380 21 1.2 7 920 175
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Fig.4 Comparisons of analytical results with test results
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Tab. 3 Crack initiation life prediction results by local and nonlocal modes

UB25 -35C1P1

UB25 -35C3P1

Il mmx1 mm 0.5 mmx0.5 mm 2 mm X2 mm

Il mmx1 mm 0.5 mmx0.5 mm

ki
2 mm X2 mm
SR ik (R %) 11(8%) 10(17% )
e JRib ik (R22/% ) 11(8%) 11(8%)

I E 12

8(33%)
9(25% )

23(12% ) 23(12% ) 16(38% )
24(8% ) 24(8% ) 20(23%)
26

UB25 -35CCP1

UB35 -35C1P1

Il mmx1 mm 0.5 mmx0.5 mm 2 mm X2 mm

I mmx1 mm 0.5 mmx0.5 mm

ERES
2 mm X2 mm
itk (1R %/%)  6(0%) 4(33%)
EREBIE (R %) 6(0%) 5(17% )

I E 6

2(67%)
2(67% )

9( -13%) 8(0% ) 7(13% )
9( -13%) 8(0% ) 8(0% )
8

UB35 -35C3P1

UB35 -35CCP1

Il mmx1 mm 0.5 mmx0.5 mm 2 mm X2 mm

Il mmx1 mm 0.5 mmx0.5 mm

R
2 mm X2 mm
SRR (IR /%) 20(9% ) 16(27% )
ML (R22/% ) 20(9%) 18(18% )

I E 22

14(36% )
17(23% )

3(25% ) 2(50% ) 2(50% )
3(25%) 2(50% ) 2(50% )
4

UB35 -45C1P1

UB35 -45C3P1

Bt 2mmx2mm I mmx]l mm 0.5 mmx0.5mm 2mmx2mm | mmx1 mm 0.5 mmx0.5 mm
Jard it (R 22/% ) 10( -25%) 8(0% ) 7(13% ) 20( -11%) 16(11% ) 14(22% )
eI (8 2%2/% ) 10( -25%)  9( -13%) 8(0%) 20( -11%)  19( -6%) 18(0% )

R {E 8 18

UB35 -45CCP1

B 2mmx2mm 1 mmx1 mm 0.5 mmx0.5 mm
SRR (R 22/ % ) 3(25%) 2(50% ) 2(50% )
Aot (IR2/% )  3(25%) 2(50% ) 2(50% )

A 4
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Fig.5 Comparison of crack initiation life prediction results
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Tab. 4 Crack initiation life prediction results under C1P1

R
! 0.20 0.25 0.30 0.35 0.40 0.45
A

0.25 14 13 13 13 12 12
0.30 14 13 12 12 12 12
0.35 14 13 12 12 12 12
0.40 13 13 12 12 12 12
0.45 13 13 12 12 11 12
0.50 13 13 12 12 11 12

x5 RIGEIE Pl MBARX THREFES

Tab. 5 Crack initiation life prediction results under C3P1

R,
0.2 0.25 0.3 0.35 0.4 0.45
A

0.25 29 29 27 26 25 25
0.3 29 28 26 26 25 25
0.35 29 28 26 26 25 25
0.4 29 28 26 26 25 25
0.45 29 28 26 26 24 25

6 RINHEIE CCP1 MBEA TR BFEFG
Tab. 6 Crack initiation life prediction results under CCP1

Rf
0.2 0.25 0.3 0.35 0.4 0.45
A
0.25 10 9 7 7 6 6
0.30 10 9 7 7 6 6
0.35 9 7 7 6 6
0.40 9 7 7 6 6
0.45 9 9 7 7 6 6
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N=0.103 xR "' +11.32 (4)
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N=3xR*™+19.2 (5)
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Fig. 6 Fitting formulas under 3 different loading
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