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Fig. 1 Portal crane finite element model and sub-model
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Fig. 2 Finite element calculated value of stress intensity factor for cracks on the lower surface of the lower cover

at mid-span of the main girder without corrosion pits
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The main girder cross-sectional structure of

Fig. 3
portal crane and the first principal stress
nephogram of the lower cover at mid-span in

sub-model
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Tab.1 Type [ crack stress intensity factor for the
lower smooth surface of the lower cover at
mid-span of the main girder without corrosion
pits

e 28Rt K1 /(MPa » mm!'/?) X2/ %
R mw owmE yRA WE PRA

a/mm R Bk ook BUArE FRoC %
0.1 56.00 56.13 53.44 0.23 —4.57
0.2 79.19 79.41 75.49 0. 28 —4. 67
0.3 96. 99 97.16 93. 56 0.18 —3.54
0.4 111.99 112.19 110. 35 0.18 —1.46
0.5 125. 21 125.02 122.75 —0.15 —1.96
1.0 177.08 176. 21 169.36 —0.49 —4, 36
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Fig. 4 3D model of an ellipsoidal corrosion pit
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Fig.5 Stress concentration coefficients at the shoulder and

bottom of corrosion pits under different sizes
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Fig. 6 Corrosion pit-crack finite element model and

singular mesh at the crack front
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Fig. 7 The impact of corrosion pits size and precast crack

depth on stress intensity factor (r=8 mm)
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Tab.2 Type | stress intensity factor for cracks at
the bottom of corrosion pits under different
depth to radius ratios

K| /(MPa+ mm!?)
R
r=2mm r=4 mm r=8 mm r=16 mm r=32 mm

0.5 88.18 90. 33 90. 66 92. 45 94. 84

1.0 106. 26 108. 90 111.70 113.97 116. 66

1.5 115. 90 119. 87 122.10 125.92 129. 56

2.0 124.76 126.99 129. 65 133. 88 141. 26
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The variation trend of type [ stress intensity

Fig. 8
factor for cracks at the bottom of corrosion pits

under different depth to radius ratios
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3534.1100 3164.1200

(a) =32 mm, d=64 mm (b) r=32 mm, d=48 mm
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-29.4885 I -23.6371
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922.3270 751.0280
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2191.4100 1783.9100
1 2508.6900 1 2042.1400
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(¢) r=32 mm, d=32 mm

(d) »=32 mm, d=16 mm
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Fig.9 The first principal stress nephograms of cracks at the bottom of corrosion pits with different depths and

radii (deformation magnified by 30X)
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Fig. 10 Comparison diagrams between the finite element calculated value K| and the theoretical calculated value K,
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Tab. 3 Theoretical calculated value Ky,
Ki,/(MPa * mm!/?)
AR M
r=2 mm r=4 mm r==8 mm r=16 mm r=32 mm
0.5 91. 66 91.99 91.72 91. 87 92.21 0.97
1.0 110.71 111. 24 112.48 113.97 114.13 0.98
1.5 120. 45 121. 05 121. 41 123.27 124. 40 1. 01
2.0 129.55 131.17 132.91 135.53 136.95 1.02
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Fig. 11  Stress intensity factors at different locations

of precast crack under different depth to

radius ratios ( = 8 mm)
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Study of stress intensity factor of corrosion pit-crack model for main girder of portal crane

WANG Xin"', ZHANG Feng'. GUO Xiaoguang’, WANG Yuanyou’s, TENG Rumin'

(1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China;
2. Dalian Shipbuilding Industry Co. , Ltd., Dalian 116000, China )

Abstract: Shipbuilding portal cranes have been in long-term service in the coastal humid, salt and
mist environment, and corrosion pits caused by corrosion fatigue in many places affect the structural
strength of the main girder. Corrosion fatigue crack nucleation is a local damage evolution process, the
stress intensity factor criterion is one of the critical conditions to discern the crack initiation at the
corrosion pits, a corrosion pit-crack model is established based on the finite element model of the
portal crane, and the stress intensity factor under complex boundary conditions is simulated and
calculated using ANSYS software. The results show that the precast crack depth and depth to radius
ratio of the corrosion pits affect the value of the stress intensity factor, the stress concentration
phenomenon may be the main factor causing the crack initiation; and with the increase of the depth to
radius ratio of the corrosion pits, the stress intensity factor of the corrosion pit-crack model is significantly
increased. The change in the radius of the corrosion pits does not have a significant impact on the stress
intensity factor. According to the hypothesis of semi-ellipsoidal pitting, the relationship between the
stress intensity factor and the stress concentration coefficient at the corrosion pits is proposed, and it
is found that the effect of the corrosion pits on the stress intensity factor is positively related with the
stress concentration coefficient. With the increase of the depth to radius ratio of the corrosion pits, the

location of crack initiation will change with the change of the stress concentration location.

Key words: portal crane; corrosion pits; finite element; stress intensity factor



