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Analysis of deformation characteristics of soil subjected to lightning impulse

RAO Pingping, XIANG Yuanbing, CUI Jifei, WU Zhilin, OUYANG Peihao

(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The deformation characteristics of soil under lightning impulse were studied. The shock wave theory was
used to describe the lightning impulse pressure, and the expression for the electromagnetic force generated by
lightning in the soil was derived based on Maxwell’s equations. Using Drucker-Prager elastic-plastic criterion, the
finite element model of dynamic deformation characteristics of soil under lightning impulse pressure and
electromagnetic force was established. The transient computation was performed to investigate the deformation
characteristics of soil during lightning strikes, and the dynamic analysis of the deformation was carried out by
combining the stress distribution characteristics in the soil. With the orthogonal analysis method, the influence of
soil mechanical parameters on the model results and the ranking of primary and secondary factors were studied, and
the influence of critical factors and lightning current peak was analyzed. Results show that under the action of
lightning impulse, the deformation of soil increased sharply at first, then slowed down gradually, and tended to be
stable after partial springback. In this process, the stress distribution in the soil was similar to the stress wave
propagation. The internal friction angle and elastic modulus within the soil had more significant effect on the
deformation, and a smaller value could cause a significant increase in deformation. The change in internal friction
angle also affected the distribution law of vertical deformation curve of surface soil. In addition, the influence of
electromagnetic force on soil deformation increased significantly with the increase in the peak value of lightning
current.
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force calculation
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Tab.2  Soil parameters at different levels

K- E/MPa w c/kPa o/(°)
I 10 0.25 10 10
I 20 0.30 20 20
I 30 0.35 30 30
Y 40 0.40 40 40
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Tab.3  Orthogonal analysis schemes and calculation results

FH%E  E/MPa o c/kPa o/(°) A H?j@ri
J&/mm

1 [(10) 1(0.25) 1(10) 1(10) I 62.49
2 | M(0.30) 1(20) 1(20) I 36.07
3 I IM(0.35) 1(30) 1M(30) I 24.07
4 | IV(0.4) IN(40)  IV(40) NV 21.97
5 1(20) I Il Il NV 23.10
6 I || 1 v I 13.68
7 I I \% I I 44.58
8 Il \1 Il | I 2534
9 1I(30) 1 I v I 12.28
10 I || \% m I 15.79
11 I mm I I vV  27.31
12 I \ 1 I I 47.41
13 IV(40) 1 v I m 27.72
14 \Y I Il I NV 46.28
15 v I I 1Y 1 6.51
16 \% v I m I 13.39
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Tab.4 Range analysis of maximum deformation

S BEL M2 HE3 M9E4 2z
E 36. 15 26.68 25.70 23.48  12.68
m 31.40 27.96 25.62 27.03 5.78
c 29.22 28.27 27.00 27.52 2.23
¢ 50.19 29.11 19.09 13.61  36.58

2[5 27.53 26.58 28.22 29.67 3.09
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Tab.5 Variance analysis of maximum deformation

WE W2 FIrf AmE B F{& B E
E 375.82 3 125.27 18.58 *
m 72.69 3 24.22 3.59 ENTES
¢ 11.23 3 3.74 0.56 ENTE
®  3120.53 3 1040.18  154.31 *ow
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