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Table 1  Coefficients of Bayes discriminant functions
PR EROT X,/ B X,/km X,/m X,/m X,/ X,/mm X, X,
W,(Y) -3405.511 1139.631 —3.994 -236.472  29.013 8.420 -92.843  2.365 —7987.276
W,(Y) —3973.353 1232.322 -4.717 -253.083  31.871 8.830 -78.645  1.589  —8579.428

MAEZE 1 Bayes F 51 ek B as 002 £, W] LU
SN AL | e B R TR X

W, (Y) =-3405.511 +1139. 631X, —3.994X, -

236.472X, +29.013X, +8.42X, —92. 843X, +

2.365X, — 7 987.276X;; (6)

W,(Y) =-3973.353 +1232.322X, -4.717X, -

253. 083X, +31. 871X, +8.83X; —78. 645X, +

1.589X, — 8 579. 428X, , (7)
Xrp: Wi (Y) L WL (Y) 23 Fonwb R b b ok
WAk; X0 X0 X0 Xy X XL XS L X I EROR
AV I | P EE L(km) | HiFKAL 4, (m) |
W RBRIREE d, (m) | AR Ny s (il7) 0
REF-BPRiAe dgy (mm) (ARYIE) R L C, FTT NSy L
T/ 0,0

Zead SPSS GEit B xS 4% 2 i) 21 HAEAEL
o, FAARTS B AD R B R (B 17. 215,
BRIAHSC R BN 0. 972, RITE BT 22 10 100%
Tl I I ) R B RE 58 4 A B3R 2 R Y 21 ZHAEAC B
ParOfE B s B XA ) e EEAT T R ROR RY
K, BARGEA Wilk #5555 4%, 45t Lambda {f
H0.055, ROFGEithily 43.534, WEMEM RN
0.000, FHIZH 51 ek KA F A SCR IR0 W%, IR
FIZRWILEUN, G55 VL B, KW Bayes #
VT B R B B et i S, W LA AT
I 2 ES Ml v

BARLEH] Bayes J] 51| e E Y 7 2 4 R FIREAS
AR BAAH B B (6) A1 (7) Hr, AT
DIFH3) 2 A BUE, @ 2 5 FU AR A Y
BRI SR 5 WA AN VAL 20 mh O 1 g A TR0
WIS DR S0 S 31 4 T P R A T TR — 2, &
AR AL R OE R 2. 496, AEALZE R Hre
{H R -6.240,

2.3 FRRBMRE

MR C A2 19 Bayes FIIELRY (6) F1 (7),
Xt 21 ARY M RR AL A ) REAS BT A AT
FRRAR, EDHZER (%2) aTUAEL, B
LhrE Ol oE A — B, RFIF 05 phsh, 53k
(5] HR RIS . Seed 34 1 H) I 45 e b 475 He
AR, Bayes JIGIASE T 73 2 25 RS2 B B0
SEAHE], MR ALTE % AN Seed 32 H 51 #B i BL T
ARV B o

T HERE— R R AR R A R R
A L3R T i ST 1 Bayes J 5 K280 X 12 4 [X H A% 9
HRRREAIAT S 0 (23), AL
4o WERATLIE Y, 9 AR RAEA R HIRE RS
LPMEOLTE AT . L, K Bayes J5 0 Hr ik H
TP LR AL R BN A R FIATHY

3 45

(1) R Bayes U5 70 #r 35 v F 100 + 5=
T, LR 5 SR M R AL I R Y
FLfti b, WIAPREH 3 RS 8 AN SN AR AR D H B
DT, FIRTA AR LD R M 3R P b - 3 5= A Y
SEMBERL, AL T Bayes M KB . SRS
5 KB RAUE W], Bayes H5 75 35 101
PEfj L, BREETTEE, X B kA 5 E
P EA 5ot 4 e

(2) Bayes J5IT7 % 0T T8Y £ 52 AL ) 7T
ik SR 2 MIHIZ DT ik AT BAR TR A
TEI, 2B 8 2 12 XA - R AR Y 52 B
ISV IEED SO P N 2 s i R PRy v d e 1
BIR AR T 52 491 Bty b, 52 D5t d Bk R0 AR
HEBAYERIR MR . NI, SRR TRENI A, RN 2
Wk TRESTINGERE, AW o8 36 B IR 12K BB,
ASE 52 AR A I

i



66 R N R D = 2014 4

£2 BIMBERUEIRERMLER

Table 2 Training samples and test results of sand liquefaction

bk b A A IS S
r%% XI Xz X3 X4 Xs X6 X7 Xs ilz/_ﬁ %/'4!47']14 Seed /ﬁ Biyes
JRE /km /m /m /i /mm ZhE A2 BT
1 7 83.3 1.2 2.45 8 0. 187 4 0.09 1 1 1 1
2 7 76.8 0.5 1.7 3 0. 166 1.65 0.1 1 1 1 1
3 7 83.3 0.8 1.35 6 0.111 2.02 0. 08 1 1 1 1
4 7 82.2 1.1 6.3 9 0.14 2.8 0.11 1 1 1" 1
5 7 91 0.7 2.3 1 0.07 4 0.1 1 1 1 1
6 7 68. 6 1.09 4.15 5 0.41 2.9 0.1 1 1 1 1
7 7 92 0.6 1.8 2 0.22 2.2 0.1 1 1 1 1
8 7 71 0.85 1.8 2 0. 145 8.5 0. 089 1 1 1 1
9 7 78.6 0.76 3.9 5 0.09 3.77 0.11 1 1 1 1
10 7 80.2 1.4 2.3 2 0.19 1.9 0.08 1 1 1 1
11 7 71 1.6 2.1 8 0.19 2.16 0.07 1 2" 2" 1
12 8 116.6 1.12 9.22 12 0. 105 2 0.225 1 1 1 1
13 8 117.4 3.2 7.2 8 0.134 2.23 0.172 1 1 1 1
14 8 44.2 3.1 4.3 15 0.25 2.38 0. 147 2 2 2 2
15 8 25 3.1 9.3 51 0.32 2.46 0.184 2 2 2 2
16 8 116.4 3.3 5.8 5 0.17 1.91 0.16 1 1 1 1
17 8 116.8 3 5.1 9 0.2 2.38 0.159 1 1 1 1
18 8 47 2 3.46 8 0.31 2.42 0. 163 2 1 1 2
19 9 14 4.9 9.38 61 0.16 2.25 0.318 2 2 2 2
20 9 11 4.5 4.5 22 0.16 2.76 0.248 2 2 2 2
21 9 14 5 13.52 64 0.13 2 0.34 2 2 2 2
e =7 FoRAL; 17 FoRmfe; 27 KRR
®3 WIMERLFEERRMNLER
Table 3  Forecasting samples and test results of sand liquefaction
o FOH B W PSS
S A AN G SR L1 S AR o
/B /km /m /m /i /mm WA ZhR

22 7 81.2 1.4 4.35 9 0.14 1.6 0.1 3 308. 081 1 1
23 7 81.2 1.25 1.8 4 0.11 2 0.08 3 390. 946 1 1
24 7 81.8 1.25 4.3 7 0.17 2 0.1 3 321.026 1 1
25 7 80. 8 1.1 3.3 7 0.17 1.7 0.1 3 330. 768 1 1
26 7 81 1.2 2.3 6 0.16 1. 89 0.09 3 350. 140 1 1
27 8 116.4 1.6 8.7 8 0.2 2.7 0.212 3 480. 072 1 1
28 8 70.9 2.3 12.3 13 0.3 2.43 0.203 3 720. 384 2 2
29 8 38.7 1.1 1.3 15 0.18 2.76 0.14 4393.516 2 2
30 9 9.6 3.5 8.35 31 0.21 3.15 0.347 3 743.993 2 2
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Table 4  Calculation process

HARFS  (6) Ml A7) REUE WAL | IR (2.496)  SARBACA 2 FOEBEE( -6.240)  HOR(E

22 3 310.577 33 3267.262 55 3 308. 081 3273.503 3 308. 081
23 3393.441 79 3 354.387 46 3 390. 946 3 360. 627 3 390. 946
24 3323.521 79 3 281.417 50 3 321. 026 3 287.658 3 321. 026
25 3 333.264 09 3291.749 25 3 330. 768 3297.989 3 330. 768
26 3 352. 635 63 3 311.679 19 3 350. 140 3317.919 3 350. 140
27 3 482. 567 688 3 448. 871 664 3 480. 072 3455.112 3 480. 072
28 3707.273 722 3 714. 143 986 3704.778 3 720. 384 3 720. 384
29 4 332.463 92 4387.275 72 4 329.968 4 393.516 4 393.516

30 3 704. 820 098 3 737.752 534 3702.324 3 743. 993 3 743.993
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Bayes discriminant analysis model for seismic sand liquefaction

ZHANG Zi-zhao'**, CHEN Ju-peng'”, CHEN Kai*, CUI Chun-lei’
(1. a. College of Geological and Mining Engineering; b. School of Civil Engineering, Xinjiang University, Uru-
mgqi 830046, China; 2. School of Resources and Earth Science, China University of Mining & Technology,
Xuzhou 221116, China; 3. Jiangxi Institute of Design & Research, Nanchang 330095, China)

Abstract: Based on the principle of Bayes discriminant analysis and the factors influencing the sand liquefac-
tion, the model was applied to the prediction of sand liquefaction with eight factors listed as following: seismic
intensity, epicenteral distance, groundwater level, sand depth, blow number of standard penetration test, mean
granular diameter, coefficient of nonuniformity, ratio of shearing stress to effective overburden stress. With 21
groups of typical sandy soil seismic liquefaction data during Tangshan earthquake as samples, Bayes discrimi-
nant analysis model of predicting earthquake liquefaction of sandy soil in Tangshan area is established. Then the
model is applied to predict the sand liquefaction through other 9 samples. The results show that the prediction
Model of Bayes discriminant analysis has excellent performances with high prediction accuracy. It is an efficient
method for the prediction of sand liquefaction and could be applied to practical engineering.

Key words: sand liquefaction; Bayes discriminant analysis; discrimination index; discrimination model



