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Abstract: As the construction of highways extend to the mountainous areas in the central and western regions in
China, a large number of high—steep slopes have been generated. The construction process not only broke the geo-
logical and ecological balance of the original mountains, but also easily to induce geological disasters such as land-
slides, collapses and debris flows, which seriously threaten people’ s lives and property safety. Therefore, some
problems of high—steep slopes in mountainous areas have always been the key and difficult points in geotechnical en-
gineering, including stability analysis, design, treatment and monitoring. However, due to the characteristics of
high uncertainty, strong nonlinearity and dynamic evolution of high—steep slopes, it is difficult to obtain reasonable

answers to the above problems based on analysis and calculation methods of classical theory. Artificial intelligence
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technology has the unique advantage of dealing with nonlinear complex systems, and it has become an effective
means lo solve slope engineering problems in highway. Therefore, this paper summarizes the main research progress
in several fields of slope engineering of highway in mountainous areas in the past 10 years, including intelligent
analysis calculation and evaluation method of slope stability, calculation method for intelligent design of slope pro-
tection and reinforcement, intelligent monitoring technology of slope, intelligent identification and prediction of
landslides, intelligent inversion of rock and soil parameters, intelligent identification of rock slope structural
planes, and so on. Furthermore, the further development direction of intelligent construction of slope engineering in
highway is briefly explained in the fields of slope stability analysis and reinforcement design, on—site monitoring and
landslide prediction.

Key words: slope;artificial intelligence ; intelligent algorithm ; machine learning; deep learning; neural network ;

stability ; protection and reinforcement of slope ; monitoring and prediction of slope

A T e S A B BN T ) 32 2 o B e L
LA PP PG AR L DI, AN ] i M 7 B A TR ER
2, NI SR iR i 1 R BE I . s B IH4Z
it T AT 1 MR A A i TR A 250, R 20
T ] 10 1) J R A 255 7 A T B ) T EL A 5
ek 0 i 2 A 280 P i B0 M 5 5 4 i e
B Ve TR AR TR T E UM N R A i R 2
. R, [ A B R L X A B 22 4 A3
b ¢ ekli o IINIE ARSI s a s ik 70 Rl ke e bl
ST ST REERIBIETE I HUS T -FAR R

IR RE V3 BT ) S B 2 3 e A S T 3l T
2. SR, L DX2N i 30 TR 52 31 52 2% i b Joe
AAEANAS Bl TR AE N Z A 2R3 R, HA w8 AN
TEVE SRARLAE N SIS AL R RAL X P EUE ek
T Sl R 2R 0 e b 22 T I 22 4 R RO TR A U B
pRER L H b ok SR e A HLHAT 2R A AR R K
S5 M TR, SR FH 22 LA 23 A 353 0 vk LASK i
PEAER  BEE N TR e (AD BRIy Pt & e, B e
VAL g TR 2 N B e TR R AR E
Srfeb, AL TR BRI SRE 5 T RORE R e R
HRE PR B 42 SRy e A 0k A R R S 2R
S PRI SE I 0 A R 16 6 T 0 5 2% ) A

X PR AR B2 R AR ), PR E T
LA LN AT N AL B 7T AR D, il T
ARG B N R AR 2 EBEIRE T RE A, T &
HRE A AR T 2OF R AT Ak et
PAFEGEE M SR AR R A E ot r %, — |
JE ARG 0 B RFIHE . D, — 2 R TR
REFIET HLas A 20 RO T | 1 3 Nk 2 A5
B AR GE A N TR RE DT 18, W T SBAR YA BEA TR e

Bt B T RARIBOR

TR BERIE AT L DX B A ol A S o K B 9
PIATAS AR B R H S5 FR A oA A R ST 50
LTI KR I B R . B AL AT A
PRI KR BT BT A B B, I
G R L A sl R REAL R T A R
Rl I PN A 5 8 Bl WIS o, ik dh
JERBEE T K SRR Z ISR . B RE N
IR AR ARZMERY R PR A 2
iRl € TN SRR L ATE A €/ SR IPS 3 SN
ARSI BOARME L. WAL g7 ) 7 1% nT LATE S 2%
AR P S ARG RS TR PRI 22 18] (9 5 R AEZE 5
BREFIL AT LML S8 R i RSy, NI, &
TR T2 L0 35 8 RE DU 5 T T AR
Hy T AR BEAFR AR ST R O HBGU

N JEE 7S TR A AR L X2 6 i 58 RE o M AN BE 5
T ) Fie AT 2 0 R , AR SO A D) K SCRIR B 2Rl L
L R IR 10 AR AR R 2N I RS E PR RE S T S
BRI AR RE BT T ik A
REAL B W R BE T e AR S B R
T8 DA R o T 3 4 R TR RE VR 01 25 D77 T A9 F S o
PEATER RGBS R N TR e T pe il X 2
¢ O 24 S IR RE P i S N TR 7 M 5 9
SBCTITIN A5 [PV RR ) A D7 1) 2 T e B2

1 WRABSHIEEEH S B AR

1.1 #Eif
DI RGP AT I 2N 0 B U At T BRI
Femt . HAT, ¥ AR e AR L Ho oy



557 4=

H}

A5 I DX B S TR e M S5 BT i 17

FEaFR s . AR FR G H BN TR R T 1
P 1 38 60 0 5 1 - B R R B M CRT SR ) 23 #
DL AR A B i B o i e
R1 DWEREESMFESE
Tab.1 Classification of slope stability analysis methods
FeAl Tk
- ST SR A B 5 TRRS L i 5 Pk i R RS IR AR T
PZ ) s B R ARG SMR 1 546
W A A B P A7 32 (i ML 5% 43 % L Bishop 5 | Sarma ¥ |
Janbu 7% | Spencer ¥ . Morgenstern—Price % . Lowe—
— Karafiath 3% 3% bl 42 TR0 AT Gl 45000k G &
R ORIt Jr ik PO ARBER 37 B4 1
55 s BB A Mk s iz s vk s Ul o3 i (A R
2 RAR BT H ook CBSRUROCE GO R oT ik BUERIE
2 RIE Tk AT BRITH R A B4R ) A4
@ e AL HTIE 5 AT 58 BE A3 BT s s BORIBC =1 s IR BB R B8k
SR R M 5

12 WRARBIFIREEEEINHIE

TIERS A3 BT R S8 BT 2 TR — SR Al 1 22
4 R/ INE I B BE AR | X AR B AR AT RO S S B v
i (IR A Bhin ) . Tl R G 41k,
I 551 20 T80 4 B A pRBSGE = — 2 2% BN AT i
Z W sRER, R AL 38 0998 2 07 i By B R il B A0
fift. AR, G2 E T N TR IR AL
LB T A Z WS T m A RRE R 2 R IR
ST R SR L I3 I S Sl A R AR
PE. FER BRI T I, A AR AT BRI R
PRI o = B SN i A L 2] = R £ I A 4 R
ChLFRERE Y O i A B A AT
WA g R AR A R A TEAL
s 2 7 AT SRR (I S A L) R
e AR i 8 ) 4% 5 R B A 21 AR AR )
A5 TR RN B . BR AN TR RERL R AT
Sy FH T A U S e RS PR I L (H A & R e 2
b, BRI 2 25 G X e AT AT AN R 7 N A G
[ R o B LS IA i L SO i R
1.2.1 A T3 AF %k (GA) W A8 =M 7

F XL Geast B 52 (GA) I JR i TR RE I A A2
Sy PR 6 e g e R i = A e O S5 [l A Zha
Il Chen'™ 4 Jay BB A% S48 2R 5 WA A 358 4% 378 (1)
HAPEI 3w TR . Cen 520K 35
P AR AELAR KB AR & % A B AT
A7 R FHBADR AR S8 T PO Y 8. Zhou %512
A AE b — AR O A DX IR S A T R I S )
U ot A% F AL Y O SN R AR 2 A e Tl

SIGARE . Xu 22 4 Btk i i AR L A AL AR
ARIETYA T3 , 388 ek 20 250 8 SR ol o R ) S A
T3 15 2 4 Je SR Uik , A7 A0t e 1 RNl

B L AP

HREALMIR K BT

BEALSEIE

LR R B FEE

LSRR R P WORERGE, A
SIS NGRS 5
s FORMAL S IRE)

o R Rt
IR
_— Zﬂ{ RN =R

VS
B LR
fEE k-meansE &
e %%ﬁ&{%&%%
R
AN D3
HE 2% A5 A { DUy ) 24
R Al REE SRR
C NTHZEME (ANN)
R 22 Ui 28 [ 26 (BPNN)
WLegaE>] ] 2H 2R 1 22 R 2% (SOM)
A1 R $ M 4% (RBF)
"y AL 2% (RNN)
R4 5
ey WML (RNN)
Elman[ 4
Hopfield % &
BRI M 2% (CNN)
JRAEFRAE 4% (DN)
KA AZ 0 T 2% (LSTM)
BEALARAR S0
ﬁﬁrﬁ%ﬂgim(eaoﬂ
gz 22 5 . AdaBoostHi
R ] XGBoostH. 1%
LightGBM %1%
- CatBoost#.i%:

A1 #2kTEPEROATTRT &

Fig.1 Artificial intelligence methods used in slope engineering
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