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Study on prediction model to estimate stability of high loess dope
consdering water content

GAO Jiaryong ,DAN GJin-gian ,CHEN Yanrxia,WU Zhi-gang

(College of Water Resources & Architectural Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abdgract : Water content is the major factor influencing the stability of the high loess sopes. If the
safety coefficieut and safety state of the slope can be predicted based on the changes of water content ahead
of time ,peope will take effective and active measures in time ,then the loss caused by the sope instability
can be decreased and even avoided. This paper used numerous cases of high loess dopes,considering thein-
fluencing factors formed the data sets for training and testing based on the geometry ,physics, mechanics
parameters of the dopes,and established prediction model to estimate stability of high loess dope by BP
neural network based on Levenberg-Marquardt Algorithm ,then fitted the relationship between strength
parameters and water content of loess by experimental data,and presented the system model to predict the
stability of high loess dopes by measuring water content ,finally took one Loess dope in Guanzhong area
for example ,briefly introduced the application of system model. The result showed that the sope would be
instable when the water content reached more than 13. 4 % ,which was cons stent with the practical stua
tion. So ,it’ sproved that this model had strong practicability with high precison in Guanzhong area.

Key words: water content ; high loess dope;prediction model to estimate stability ;L M algorithm;BP
neura network
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Fig.1 System model of the prediction of loess dope stability with water content
1 W ( k) L
2
k :
2.1 BP ; '

BP ,



204 ( ) 35
2.2
LM : 2.2.1 (515381
M, 71 , 6
H ) (1 5 ), 65
Gauss-Newton ; M , (19 46 )
Y c o
(2] BP LM H Yu q
, , F s, ,
, , (1
LM , ) ,
: , LM : :
) : [0.1,0.9]
( ) x* =228 5 0.840.1, (1)
, MATLAB Xmex = X
trainim( LM ), :X [ Xmin, Xmax ] , Xmin , Xmax
1
Table 1 Values and ranges of samples and parameters
/ / A /m _
No. iimeweght Coheson _ange SoPe Ao LR T e ety codfigen J0pe Sale
14 10 10 0.5 30.47 -1 0 0.899 0
Scale 19.63 110 39 1.8 105 0.5 9 2.287 1
1 16.80 59.73 22.48 1.00 52.00 0.00 0 1.183 1
2 15.10 85.00 19.18 0.60 46.88 0.00 7 1.191 0
3 17.00 100. 00 28.00 0.50 100.00 0.25 0 1. 460 1
4 14.00 11.97 26.00 0.98 88.00 - 1.00 9 1.020 1
5 18.00 90.00 29.00 1.33 50.00 0.50 7 0.924 0
6 19.63 47.90 20.00 1.80 30.50 0.00 0 1.512 1
1 0
Note:if s = 1, dopeis stable;if s = 0, dopeisinstable. Its the same asfollows.
2.2.2 , “T7-18-2" ,
F S LM , . net.
, \% c (0] trainParam. mc = 0. 90; net. trainParam. mem_re-
m H Yu q ANN duc=2; net. trainParam. goal =1E- 5, 72 ,
, (F,s) =f{y ,cO,m HYu, 9.7E- 6,
9, . : :
4.45%, 6 (1
: 5 ) : :
ANN ANN(7,1,18,2) , 2 2
1 , 18 , , F 1.6%,
7 , 2 , 3%,

purelin
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2
Table 2 Comparison of network outputs with practical values

/ /

/ /'m . "
. m-3 © Safety coeff t Stahility stat
(kN-m=%) o © Sope Sope Pore Ssismic y codfiden ability state
Data Volume Cohesion Friction ratio height pressure intensity
sets welght angle ratio Practical _ Prediction _ Practical _Prediction
1 16.00 90.00 35.00 1.04 50.00 0.25 9.00 1.387 1.401 1 0.967
2 15.00 45.00 30.00 1.00 36.00 0.25 0.00 1.228 1.246 1 0.970
3 18.00 90.00 29.00 0.80 50.00 0.50 7.00 0.940 0.951 0 0
4 18.30 75.00 27.00 0.80 45.00 0.00 8.00 1.243 1.263 1 0.913
5 14.00 45.00 30.00 1.15 36.00 0.25 0.00 1.401 1.423 1 0.975
6 17.70 110.00 28.00 1.00 70.00 0.00 0.00 1.564 1.587 1 0.974
F>1.1, cF<1.1, 1>2s20.9, :0<s<0.1,
Note: if F > 1.1, dopeisstable;if F< 1.1, dopeisinstable. if 1>s2>0.9,dopeis stable;if 0<s<0.1,dopeisinstable. It’ sthe same
asfollows.
2.3 3
i : [12] , y =
16.8 KN/ m® , c=59.73 kPa , ¢ =
, [18] 22.48 m=1.0, H=52.0m,
Yu =0, g=0, F=1.158,
, s=1,
12.0% :
_ - 0.104 5w 0, 0, 0, 0, 0,
c=209. 3e , (2) 20 % ,40 % ,60 % ,80 %,100 %,
¢ =23.8- 0.109 6w, (3) 14.4%,16.8%,19.2%,21.6% 24.0%,
[18] 15 vy c 0] ,
kN/ m® | y W , ’ (18]
y =15(1+ w) (4) , 3 3 ,
, (2)
(3) (4) : 3 ,
, 13.4%
3
Table 3 Stability prediction table of dope with water content changing
/ / L. -
0, 0,
! % ' | % (kN - m-?) I kPa ©) SHfety codficient Sahility state
Water Adding . S
Volume Coheson Friction ’ .
content percentage : Network Diagram Network Practicle
weight angle S -
prediction method prediction state
12.0 0 16.80 59.73 22.48 1.158 1.183 0.904 1
14.4 20 17.16 46.48 22.22 1.067 1.075 0.007 0
16.8 40 17.52 36.17 21.96 0.966 1.008 0.012 0
19.2 60 17.88 28.14 21.70 0.884 0.884 0.029 0
21.6 80 18.24 21.90 21.43 0.827 0.818 0.022 0
24.0 100 18.60 17.04 21.17 0.785 0.790 0.036 0

(1) : (2 :
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