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Prediction of mud fluid properties in rockfill based on LS-GEP

YU Jianyou', ZHU Yingjie*, CHEN Liying’
(1. Hebei Expressway Yanchong Management Center, Zhangjiakou 075400, China;
2.North China University of Technology, Beijing 100144, China)

Abstract: In order to predict the filling mud strength and fluidity of highway subgrade with rockfill
method quickly and accurately, the least square fitting is introduced into traditional GEP algorithm,
and the LS-GEP efficient function mining model is established. Based on the analysis of the key
characteristics and influencing factors of the large particle size filling mud, three key parameters of
lime soil ratio, water soil ratio and plastic-solid ratio are put forward. Through 30 groups of mud
performance tests with different mix ratios, learning samples were obtained, and LS-GEP efficient
function mining model was used to predict the strength and fluidity of the filling mud , The results
indicate that the two prediction formulas are accurate and reliable, and can provide effective guidance
for the design of the mix ratio of the filling mud. In the actual engineering of the Hebei section of
Yanqing to Chongli Expressway, the intelligent prediction formula of mud characteristics is applied to

determine the mud mix quickly. During the construction process, various performance indicators of the
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filling mud have reached the expectations. The abutment subgrade constructed by using large particle

size rockfill roadbed filling technology presents excellent performance, and no significant settlement

has been observed, which the problem of vehicle jumping at the abutment has been solved effectively.

Key words: subgrade engineering; intelligent prediction; gene expression programming; mud

properties; rockfill
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Fig.2 Flow of LS-GEP algorithm
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Table 1 Test scheme and results

ﬁﬁ? B | Ak | S 3§§ ﬁif’ ﬁg;’ Pt A | Kt Hff | 987 g aﬁi ﬁi?
1 0.22 0.36 0.01 1.53 170 16 0.25 0.44 0.02 1.76 246
2 0.22 0.40 0.01 1.40 205 17 0.25 0.36 0.03 1.90 211
3 0.22 0.44 0.01 1.28 221 18 0.25 0.40 0.03 1.85 241
4 0.22 0.36 0.02 1.58 201 19 0.25 0.44 0.03 1.83 262
5 0.22 0.40 0.02 1.45 236 20 0.25 0.42 0.02 1.78 236
6 0.22 0.44 0.02 1.40 252 21 0.28 0.36 0.01 2.16 160
7 0.22 0.36 0.03 1.62 219 22 0.28 0.40 0.01 1.98 194
8 0.22 0.40 0.03 1.50 250 23 0.28 0.44 0.01 1.85 204
9 0.22 0.44 0.03 1.48 270 24 0.28 0.36 0.02 2.20 183
10 0.22 0.42 0.02 1.42 242 25 0.28 0.40 0.02 2.03 220
11 0.25 0.36 0.01 1.91 164 26 0.28 0.44 0.02 1.89 241
12 0.25 0.40 0.01 1.78 198 27 0.28 0.36 0.03 2.22 206
13 0.25 0.44 0.01 1.62 213 28 0.28 0.40 0.03 2.06 237
14 0.25 0.36 0.02 1.88 193 29 0.28 0.44 0.03 1.95 258
15 0.25 0.40 0.02 1.80 229 30 0.28 0.42 0.02 1.96 232
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Fig.3 Sample manufacturing
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Table 2 Parameter settings in LS-GEP model

e HfE
FHHER /N 50
%A 1
—f&
S JE 12
HEARIREL 5000
RAZH 0.1
LIRSS R 0.5
AR R3S LA 0.1
IS HJEE R 0.1
RIS % JiE ¢ 0.1
K 8
[EEie Sl TE R
ES GRS JEFRHURUETE [-10,10]
CEICIEIIESI TR RHL
ORI (0,1]
S, 0.5
8 o JEE I 1
s, 0.0

24 HFEREEBEN
1) Yo 5 BE RN sk e A =X .
FH LS—GEP A5 7415 21 g 3% 5 B AL sh M B0 2y



%148

T, 5 A T LS—GEP # 3 & R 70 R R AF W4 sk TRl

SO L 3 R 245 B M R +—c, =X/ Xe, 7 g+ X ayg s
QX+t €4 Vg €5 CeX €4 }/“,_O,L(j\j —+XX ¢, €, Y. €™ X Cy, Cs
Voo Qoo FoH, My H & 7T AN BT 5 ¢, ~ ¢, 5391 M
0.169.0.272 . 0.205.3.914.2.832, 0.667.0.356; L, ]
B SAERIN 5 ¢, ~ 50924 0.102 0. 0.101 0,0.223
6.0.900 0. 2.409 0. K PHEER =47 Ep e Ak Ry B 3k
R AR (1) ~ (12),
M, = a, + 2.832y
3.914(0.356y, , + 0.667)

- 0.205a,, -

0.272y,, + 0.169 (11)

L, =0.2236[2409(y, , + )] +0.101 -

0.102y,, (12)
o M, R RS B

Ly MBI E 5

oy, PR LU AR ;

Voo WK A LUAH ;

Yoo NK A FUAE .

My Ly @ion Yo Yoo 330 MIN-MAX #5 #E Ak 5
HUFI=R

AR 5 R e/ MEDRE BRI e 11 Ry JsU R B 8 5

S EE U 3 (ELFTEB [ LA 22 ) A 56 R W (13) , K
T E AR - A Z [ R O &R WX (14) B

_ 47a, + 44368y, - 10.231

M
17417y, - 3.659

- 9.635a, —

4261y, + 2473 (13)

0.90

~ 187y, + 212.25
(14)

oy B o3 A S e B SR A TR

2) BERITEAL

TR 285 5 53R 6 25 R (MINMAX brvfE 1L A %L
) X LLAn & 4 B o AL 4 0T LA T 2 =X
A LLZE R AT SE A 45 5 BRI R By E s~ 3
(BRI 1 22 55 22 P G2 T 48 B X 55 280 T &5 SR R4
PEH, T 25 44 ARG (E 2 L (MINMAX B o AL 5
BRI A SR AR T R A R LR 3. R 3 W[
ST, B U i R A Sl T A R
YEB PR R AT SE P, 1T S O AR ORI Ay 1A I3 70 78
BeA iR A A =

L=5269(y, +4a, - 0.4)

1.27 Ve

7
> 7
1.0r FAE R o,
e
>
0.8+ 7«7
@ /6
= o
= L
EOﬁ /@g%
= 04l e
| i gk
o o YITR
02f 0 oo
/,83 ° s MRAE
0.0z ‘
00 02 04 06 08 10 12
MALHE
(a) 5RJE
127 //
7
e
LOf T R o
leld
. P
0.8 v
o P
= 0.6+ 20/208
B “%
~ 'Nd
04Ff e
0,2 o Lk
02 7 & kg
0.0 . : : : : :
00 02 0.4 0.6 0.8 1.0 1.2
LRI

(b) Ji sk
B4 AL Fe X B A 3 bl
Fig. 4 Comparison between predicted values and test values
R3  TRMAEEA 6§ L3t 35 AR

Table 3  Statistical indicators of prediction models

fi el | P4 | BIOTiR

A b FH | xR | R K| bz
M YIZE | 0965 | 0.057 | 0.072 | 0.961 | 0.202
M MK4E | 0924 | 0.074 | 0910 | 1.035 | 0.245
L YIZAE | 0986 | 0.039 | 0.046 | 0971 | 0.235
L MRS | 0934 | 0.067 | 0.075 | 0.992 | 0.240
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