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Effect Forecast of Projectile Penetrating Underground Arched
Structure Based on IGWO-LSSVM

ZHANG Yue, SUN Huixiang, FENG Shenghui, LIU Shaoliu, HAN Bo
(Airport Construction Engineering Department, Air Force Engineering University, Xi’an 710038, China)

Abstract: The great kinetic energy of penetration can cause damage to the structure. It is important to the
protection engineering that predicting the penetration damage effect of the underground caverns accurately.
In order to solve the problems of current method, an improved IGWO-LLSSVM model is put forward. This
model can form a mapping relationship between inputs and outputs by training the training samples. It can
get corresponding peak pressure of the vault according to the inputs, and predict damage effect of the un-
derground caverns with different spans and different burial depths. The results of ANSYS/LS-DYNA nu-
merical simulation show that the model has good prediction effect on penetration effect of the underground
caverns, which can meet the engineering requirements,
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Fig. 1 The simulation model
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Fig. 2 The numerical simulation
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Tab. 2 The peak pressure of each part of the chamber

PR/ MR/ T 12 #8K/ HUR/ Hefig/
m m 10'Pa 10*Pa 10*Pa 10*Pa

5 94. 32 24.48 13.18 16. 32

! 10 35.42 20. 08 14. 08 15.42
" 5 96. 75 16. 50 15. 15 22. 86
10 29.59 18.02 18.47 23.58

5 88. 68 12.55 22.41 14. 70

2 10 36. 40 18.91 26.90 16. 41
10 5 104. 55 13. 36 29. 68 17. 84

10 38. 28 13.18 19. 99 26. 81
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Fig. 3 Grey wolf algorithm sketch
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Fig. 5 The flow chart of IGWO-LSSVM model
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Tab. 4 The model of LSSVM forecasts and comparison

numerical simulation s/ M/ W SERRE/ s/
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5 94. 32 ; 6 49. 20 48.51 1.42
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8 45.91 14 6 58.62 56.13 4. 44
10 35.42 10 34.53 36. 07 4. 26
5 96. 75 24 6 61.28 59. 25 3.43
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Fig. 6 Optimization algorithm comparison
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