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[ Abstract] In order to predict perforation velocity of SCS ( steel-concrete-steel ) slab against missile impact and obtain influence
sequence of structural factors of SCS slab on the perforation velocity, a dimensionless equation of the perforation velocity was
established and a prediction model was obtained based on dimensional analysis and artificial neural network. Orthogonal experiment
design was used to determine finite element calculation, and the influence degree of 7 factors of SCS slab on perforation velocity was
quantitatively evaluated by variance analysis. The deviation between the predicted perforation velocity and the actual value is less than
12% , and the quantitative evaluation results of variance analysis show that the thickness of steel plate has a largest effect, followed by
the distance of tie bar and the thickness of concrete, the yield strength of steel plate, the yield strength of tie bar and the diameter of tie
bar have a smaller effect, and the concrete compressive sirength has a smallest effect. The established model solves the prediction
problem of perforation velocity from a new perspective with a good prediction effect, which can effectively evaluate the ability of SCS
slab against perforation failure of missile impact, and the order of the factors is beneficial to the optimal design of SCS slab resisting
perforation from missile impact.
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Table 1 Orthogonal design table for perforation velocity of finite element calculation

SR SR,/ AR e TREE+ TREE L Xﬁjﬁﬁﬂﬁﬁ X‘ﬂf/ﬁ’%ﬁlﬁﬁ Xof L0 177 e
51 &/ MPa 35 B/ MPa JEJE/mm HAE/mm [A] i/ mm JIR 38 &/ mm
1 8 250 30 175 10 50 307
2 8 307 40 250 13 75 345
3 8 345 50 300 16 150 400
4 10 250 30 250 13 150 400
5 10 307 40 300 16 50 307
6 10 345 50 175 10 75 345
7 14 250 40 175 16 75 400
8 14 307 50 250 10 150 307
9 14 345 30 300 13 50 345
10 8 250 50 300 13 75 307
11 8 307 30 175 16 150 345
12 8 345 40 250 10 50 400
13 10 250 40 300 10 150 345
14 10 307 50 175 13 50 400
15 10 345 30 250 16 75 307
16 14 250 50 250 16 50 345
17 14 307 30 300 10 75 400
18 14 345 40 175 13 150 307
300 o by U1 I R A i sl D N O A VO

150 mm

20 mm 280 mm
(a) BEARHUAE

(b) BB FRTAR A
B ARG K - M A FROTR R R B 14

Fig. 1 Overview of missile size and finite element

models of missle-slab
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Fig. 2 Comparison of SCS slab response( SCS-175-6T) Fig.3  Comparison of SCS slab response( SCS-250-6T)
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Table 2 Parameters of MAT003 ( steel)
HE/ Jot Ml 1/ FPER PIELS KSR
S YA H
R (kg-m™?) MPa MPa MPa I P ¢ FS
MR 7.8 x10° 307 2.1x10° 603 0.3 40 5 0.28
MET/ XU 7.8 x10° 345 2.1x10° 504 0.3 40 5 0.3
LTI 7.8 x10° 250 2.1x10° 502 0.3 40 5 0.3
x3 ARTITEMRELER I
Table 3 Result comparison of test and finite element calculation
TH TRkt R/ R R/ R/ WIRER FIARHE/ (m-s ")
mm mm (m-s™1) HIRICIHHE s HIRoTiHAE EN
SCS-175-6T 175 6 152.4 e B 31.1 33.9
SCS-250-6T 250 6 147.7 520 520 0 0
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Table 4 Finite element calculation results

of perforation velocity

HH 2%y HH 2%y Ay
O/ DR/ Do/
T s T e T
(mes™") (mes™") (mes™")
1 136 7 167.5 13 157
2 151 8 185.5 14 167
3 147 9 207 15 174
4 155 10 153 16 198
5 186 11 144 17 181
6 160 12 161 18 175.9
& Neural Network Training (nntraintool) - X
Neural Network
i gt —Hdlatgwa . Ovpmine
mput [ ) i ) i Output
C g g g R
16 L l L ) 1
- T 1
Algorithms
Data Division: Random (dividerand)
Training: Scaled Conjugate Gradient (trainscg
Performance: Mean Squared Error (i
Derivative: Default (defaultderiv)
Progress
Epoch: 0 43 iterations 5 000
Time: 0:00:00
Performance: 2.26 I— 0.000 500
Gradient: 681 [ 00352 | 1.00% 108
Validation Checks: 0 15 | 15

Plots

Performance (plotperform)

Training State (plo

Regression (plo

Plot Interval: ' 1 epochs

v Validation stop.

@ cancel

@ Stop Training

K4 NTARZMERI G R

Fig. 4 Training process of artificial neural network
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Fig. 5 Value comparison of perforation velocity between finite

element calculation and output of prediction model
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Table 5 Value comparison of perforation velocity between finite element calculation and output of prediction model

AR gL AROTIHE gL AT IS

e fH/(m-s™") fH/(m-s™") PR/ FH i/ (m-s™") fH/(m-s™") B/ JPE i/ (m-s™") fH/(m-s™") fe
1 135 144. 66 7.16 14 165 154.33 -6.47 27 136 138.95 2.17
2 127 135.74 6. 88 15 157 155. 45 -0.99 28 151 151. 08 0. 05
3 170 172.91 1.71 16 169 168. 27 -0.43 29 155 154. 60 -0.26
4 147 147. 18 0.13 17 177 174.77 -1.26 30 186 189.90 2.10
5 160 152.53 -4.67 18 150 149. 88 -0.08 31 167.5 174. 89 4.41
6 139 142.33 2.39 19 168 176. 60 5.12 32 185.5 183.76 -0.94
7 199 188. 94 -5.05 20 153 152. 69 -0.20 33 144 143. 44 -0.39
8 173 174. 82 1. 05 21 158 155. 46 -1.61 34 161 161. 19 0.12
9 178 178.25 0.14 22 160 163. 82 2.38 35 167 160. 52 -3.88
10 167 163. 18 0.11 23 170 167.27 -0.44 36 174 174. 69 0. 40
11 153 152. 80 -0.13 24 129 129. 94 0.73 37 181 181. 82 0.45
12 174 169.70 -2.47 25 159 158.22 -0.49 38 175.9 170. 34 -3.16
13 162 169. 44 4.59 26 146 154. 12 5.56

&6 BFEERRITITEEMNERNES

Table 6 Value comparison of perforation velocity between finite element calculation and prediction of prediction model

N | W |
o L R
1 151 155. 34 2.87 11 168 163. 63 -1.43
2 152 159. 51 4.94 12 174 159. 38 -8.40
3 183 164. 08 -10. 34 13 187 164. 62 -11.97
4 160 159.97 -0.02 14 147 133.10 -9.46
5 147 148. 85 1.26 15 160 152.10 -4.94
6 176 174.92 -0.62 16 207 199. 14 -3.80
7 138 145.97 5.77 17 153 156. 87 2.53
8 184 172.22 —-6.40 18 157 150. 79 -3.95
9 199 186. 81 -6.12 19 198 193. 12 —-2.46
10 159 159. 61 0.38
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Fig. 6 Value comparison of perforation velocity between finite

element calculation and prediction of prediction model
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