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Table 1 Description of sand liquefaction levels
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Table 2 Data of sand liquefaction potential collected by Tokimatsu Kohji and training results of RBF network

i M p/ % D, d,/m d/m  g'/MPa SPT-N /8 WALEER JIlZ5 B b RBF Il 25458
1 7.9 3.1 64 2.0 7.0 0.86 11.1 0.32  jwEyifk  (0.75,1.0)  (0.7599,1.000 0)
2 7.9 4.0 62 1.9 6.0 0.73 20.2 0.28  M&EWf  (0.75,1.0)  (0.7500,1.000 0)
3 7.9 8.3 83 4.0 7.0 0.95 10.3 0.20  hzERifk  (0.5,0.75)  (0.5000,0.750 0)
4 7.9 12.1 83 3.0 5.0 0.75 6.7 0.20  IERWiA  (0.25,0.5)  (0.249 8,0.500 0)
5 8.0 4.6 62 2.0 5.0 0.61 10.4 0.20  ®&EWA  (0.75,1.0)  (0.759 7,0.999 9)
6 8.0 2.9 63 2.5 3.0 0.46 2.9 0.20  j“EEifk  (0.75,1.0)  (0.7599,0.999 7)
7 8.0 3.7 67 2.0 7.0 0.83 11.1 0.16  M™@&EWfk  (0.75,1.0)  (0.7579,0.999 9)
8 7.3 13.6 83 0.8 8.0 0.72 34.7 0.35 Rtk (0,0.25) (0.000 0,0.250 0)
9 7.3 3.4 69 1.2 4.0 0.48 11.5 0.40  "Eyf  (0.75,1.0)  (0.7500,1.000 0)
10 7.3 10.1 75 0.9 7.5 0.65 25.2 0.40  IEAWifk  (0.25,0.5)  (0.2500,0.500 0)
11 7.3 5.6 61 1.0 7.0 0.73 9.8 0.16  &wyf  (0.75,1.0)  (0.7518,0.998 7)
12 7.5 4.3 66 0.0 4.3 0.39 2 0.16  M™@&EWifk  (0.75,1.0)  (0.759 8,0.999 7)
13 7.5 12.8 86 1.3 6.0 0.67 33.5 0.16 Rtk (0,0.25) (0.000 1,0.249 8)
14 7.5 5.1 64 0.6 4.5 0.47 8.7 0.16  @&wyf  (0.75,1.0)  (0.7509,0.999 9)
15 6.7 14.3 74 1.0 6.3 0.68 12.8 0.10 Fiifl (0,0.25) (0.000 2,0.248 9)
16 6.7 6.7 83 0.5 3.3 0.35 8.3 0.12  fZwifk  (0.5,0.75)  (0.5109,0.7500)
17 6.7 11.9 87 1.3 3.3 0.42 19.7 0.12 Fiifk (0,0.25) (0.012 1,0.246 7)
18 6.7 12.3 86 0.3 4.3 0.42 15.7 0.12 Kt (0,0.25) (0.001 0,0.238 8)
19 7.4 5.1 63 1.0 6.3 0.68 12.8 0.20 &M (0.75,1.0)  (0.7521,0.9899)
20 7.4 13.7 88 0.9 3.3 0.39 29.0 0.32 Fiifk (0,0.25) (0.000 2,0.247 7)
21 7.4 1.8 65 0.5 3.3 0.35 8.1 0.32  Mm&E@A  (0.75,1.0)  (0.7618,1.0000)
22 7.4 5.6 74 1.3 3.3 0.42 10.0 0.32  haEgifk  (0.5,0.75)  (0.5209,0.747 8)
23 7.4 5.9 76 0.9 4.3 0.80 25.8 0.24  hswdk (0.5,0.75)  (0.5107,0.743 8)
24 7.4 11.9 89 2.2 5.3 0.68 24.0 0.24 Kt (0,0.25) (0.012 1,0.249 9)
25 7.4 12.3 79 2.5 4.5 0.65 12.6 0.24  IERWifk  (0.25,0.5)  (0.2551,0.499 3)

F3 ERFRUERR T RLTBEIER RBF &4 R
Table 3 Data of sand liquefaction potential collected by Tokimatsu Kohji and testing results of RBF network

i M p/ % D, d,/m d/m  g'/MPa SPT-N /8 WALEER JIlZ5 B b RBF 451
1 7.0 4.1 63 1.0 7.0 0.33 1.2 0.25  j"Ewgfk  (0.75,1.0)  (0.7569,1.000 0)
2 6.1 3.7 84 1.0 14.0 1.68 3.8 0.10 FifL (0,0.25)  (0.0017,0.232 8)
3 8.3 4.2 62 0.0 6.0 0.54 4.9 0.15 =&k  (0.75,1.0)  (0.7569,0.998 1)
4 8.3 5.6 87 2.4 6.0 0.73 4.2 0.15  j“&myifk  (0.75,1.0)  (0.7539,0.999 7)
5 6.6 2.1 81 3.0 6.0 0.88 6.9 0.45  j“E®ifk  (0.75,1.0)  (0.7500,1.000 0)
6 6.6 2.9 78 4.5 6.0 0.98 1.4 0.40  jUE@ifk  (0.75,1.0)  (0.7599,0.998 1)
7 7.5 3.4 79 1.5 4.6 0.29 9.9 0.14  j“Euifk  (0.75,1.0)  (0.7587,0.9625)
8 7.5 4.9 81 2.6 4.6 0.35 9.3 0.14  IJWL  (0.25,0.5)  (0.2567,0.467 8)
9 7.5 3.8 88 3.3 7.0 0. 64 12.7 0.14 Kt (0,0.25)  (0.1257,0.236 8)
10 7.8 9.7 84 0.5 11.0 1.30 7.0 0.20  HEEWfL  (0.5,0.75)  (0.567 8,0.743 3)
11 7.8 11.6 88 0.5 11.0 1.30 8.0 0.20  IRWifk  (0.25,0.5)  (0.2566,0.498 8)
12 6.6  13.8 66 1.8 4.0 0.52 43.2 0.60 SRt (0,0.25)  (0.0178,0.2367)
13 6.6 1.4 65 1.8 4.0 0.52 5.6 0.60  jTE#f  (0.75,1.0)  (0.756 1,1.000 0)
14 6.6 4.8 78 1.8 4.0 0.52 15.3 0.60 AR (0.5,0.75)  (0.5576,0.749 3)
15 9.6 7.3 91 0.2 5.0 0.47 10. 1 0.20 WL (0.5,0.75)  (0.5327,0.7218)
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Table 4 Results of relative contribution of each factor
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Table 5 Fitting coefficients between evaluation index and a,,,, ,SPT-N, d, respectively

LD PIA REL M A B C D R?
6.6 0.522 3 1.140 1 .991 9
Ay y=Aln(a,,, ) +B 7.5 0.509 1 1.187 1 991 1
8.0 0.485 8 1.2857 997 1
6.6 1x107° -0.000 6 0.022 1 0.980 4 999 1
SPT-N y=AN® + BN* + CN + D 7.5 3x10°° -0.0018 0.001 0 0.970 7 .999 2
8.0 2x107° 0.001 8 0.009 6 0.984 9 .997 7
6.6 -0.068 0 0.912 9 .987 7
d, y=AN +B 7.5 -0.074 2 1.057 6 .995 8
8.0 ~0.065 6 1.132 1 .968 9
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Application of RBF Neural Network Model to Evaluating
Sand Liquefaction

GOU Li-jie', LIU Jia-shun’
(1. Department of Information, Liaoning Provincial College of Communications, Shenyang 110122, China;

2. School of Civil Engineering and Transportation, Liaoning Technical University, Fuxin 123000, China)

Abstract ;: The neural network toolbox of MATLAB7. 0 was used to train and test some sample data of sand liquefac-
tion collected by Tokimatsu Kohji. Eight eigenvectors: clay content (p, ), relative compaction(D,) , critical depth
of soil layer(d,) , vertical effective stress( '), groundwater level (d,,) , magnitude of earthquake( M) , maximum

horizontal ground acceleration(a,,, ) and standard penetration number ( SPT-N) were selected as input parameters

max

of the RBF neural network. Furthermore, the established RBF neural network model was used to analyze the effect

of each factor on the sand liquefaction. Results of the relative contribution of each factor showed that «,,, was the

max

biggest influencing factor on the evaluation index of sand liquefaction, followed by SPT-N and d,. The evaluation

index increased with the rise of « while reduced with the increase of SPT-N and d,. The evaluation index shows

max

a logarithmic relation with « cubic polynomial relation with SPT-N, and a negative linear relation with d. 1t s

max ?
revealed that the established RBF network model fully meets the requirement of evaluation accuracy for sand lique-
faction. It can simulate the complex nonlinear mapping relation between the input and output data and also gives

high prediction precision.

Key words:sand liquefaction; evaluation index; RBF neural network; liquefaction level
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