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Abstract: In this paper, ANSYS finite element software is used to study the shear capacity of pitted steel plate, and the
accuracy of established numerical model is verified through previous experimental results. Based on this model, the
influence of parameters such as opening position, opening shape, diameter to depth ratio and material strength on the
reduction of the shear capacity of steel plate is studied. And the change rule of its reduction factor is studied. The
results show that the opening shapes have an effect on the shear strength, but the effect is small. The degradation of
the shear strength of specimens with different opening shapes is the same. The reduction factor of the shear strength of
the models will change with the opening position. The center of the models is the most dangerous opening position

with the smallest reduction factor, and the opening position at the four corners of the models result in the largest
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reduction factor. The ratio of diameter to depth can not clearly represent the degradation law of shear capacity of the

models, but the opening volume rate can better represent the effect of opening degree on the degradation of shear.

The reduction factor of shear capacity is independent of material strength. Through the response surface method, a

regression analysis is carried out to fit an equation relating the transverse and longitudinal coordinates of the

normalized opening position, the ratio of the opening area and the reduction factor of the shear capacity of the steel

plate. The research results can provide a reference for evaluating the degradation degree of shear properties of steel

plates with openings.
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Fig. 1 The true stress-strain curves of the constitutive

model of the material
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Table 1 Comparison of shear capacities between the test and FEA

N L R T T
SJ-2-1 ki 250 1 1.7 0.19 85 83 h,/1 000 2.5%
SJ-2-2 4B T 220 1 1.7 0.19 96 93 h,,/3 000 3.0%
SJ-2-3 & 7% 18 196 1.7 0.19 91 87 hy/2 500 4.0%
SJ-2-4 & 7% 142 3 1.7 0.19 79 85 hy/2 500 7.0%
SJ-2-5 7 142 3 1.7 0.19 105 105 hy/250 0.2%
SJ-2-6 b7 124 4 1.7 0.09 83 85 h,/2 000 2.0%
SJ-2-7 ki 120 2 1.7 0.09 109 110 h,/2 500 0.9%
SJ-2-8 ki 120 2 1.7 0.09 103 100 h,/1 000 2.0%
SJ-2-9 & 7% 120 2 1.7 0.09 119 115 h,/2 500 3.0%
SJ-2-10 & 7 120 2 1.7 0.09 186 189 hy/3 000 1.6%
SJ-4-1 7 142 3 4.0 0.19 198 196 hy/250 1.0%
SJ-4-2 i 142 3 4.0 0.19 120 120 hy/250 0
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Fig. 13 Reduction factor of slotted opening at different

positions of models
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Table 3 Coding table of RSM design for reduction factor

of models with different opening positions
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Table 4 Experiment results of response surface
TE "R L AR T v 5t AR
N A B C AW AR w A B C I AEA

¥ B T Irom A F
1 —0.31 0.31 0.045 236 0.870 05 15 0.31 0 0.044 944 0.846 02
2 0 0.31 0.045 236 0.863 96 16 —0.31 —0.31 0.044 944 0.857 87
3 0.31 0.31 0.045 236 0.870 83 17 0 —0.31 0.044 944 0.841 48
4 —0.31 0 0.045 236 0.859 35 18 0.31 —0.31 0.044 944 0.857 58
) 0 0 0.045 236 0.854 03 19 —0.31 0.31 0.045 428 0.867 15
6 0.31 0 0.045 236 0.860 44 20 0 0.31 0.045 428 0.856 35
7 —0.31 —0.31 0.045 236 0.869 71 21 0.31 0.31 0.045 428 0.865 36
8 0 —0.31 0.045 236 0.865 02 22 —0.31 0 0.045 428 0.861 21
9 0.31 —0.31 0.045 236 0.872 55 23 0 0 0.045 428 0.845 37
10 —0.31 0.31 0.044 944 0.857 48 24 0.31 0 0.045 428 0.861 09
11 0 0.31 0.044 944 0.844 39 25 —0.31 —0.31 0.045 428 0.867 92
12 0.31 0.31 0.044 944 0.857 69 26 0 —0.31 0.045 428 0.856 05
13 —0.31 0 0.044 944 0.845 83 27 0.31 —0.31 0.045 428 0.867 13
14 0 0 0.044 944 0.827 40
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Table 5 Analysis of variance of reduced factor regression model

&R T A= B WA ¥ F1a P& B &M%
BEA 0.002 8 9 0.000 3 33.23 <20.000 1 @)
A 3.155X1077 1 3.155X1077 0.0337 0.856 5 *
1.389x 1077 1 1.389 <1077 0.014 8 0.904 5 *
C 0.000 7 1 0.000 7 73.98 <20.000 1 O
AB 5.058 1077 1 5.058 X107 0.054 0 0.8190 *
AC 2.479X10°7 1 2.479x1077 0.026 5 0.8727 *
BC 2.476<107° 1 2.476X107° 0.264 4 0.613 7 *
A’ 0.000 8 1 0.000 8 84.81 <20.000 1 @)
B’ 0.000 6 1 0.000 6 69.16 <20.000 1 @)
(o 0.000 5 1 0.000 5 52.81 <20.000 1 @)
& E R 0.000 2 17 9.326<10°°
i 0.003 0 26
7 &3 0.356 6% 20.980 1 *=0.946 2 R*,7=0.917 7 R%,.=0.874 5
Z:0,P<C0.001, AR F ;% , FREH.
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Fig. 14 Contour map of the influence of opening positions and opening area
ratios on the reduction factor of shear bearing capacity
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Table 6 The shear capacities of models of different

steel strengths with or without openings
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Fig. 16 Load-opening aperture depth ratio scatter

diagram
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Fig. 17 Load-opening depth scatter diagram
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Fig. 18 Load-D, scatter diagram
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Fig. 19 Reduction factors of different steel strengths

AR AR A AT FILAR /KN kI FLM /KN MR B T
Q235 14.158 124.840 0.113
Q345 20.007 180.819 0.111
Q390 22.293 204.170 0.109
Q420 23.819 219.074 0.109
Q460 25.869 239.794 0.108
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