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Abstract: Loess landslide hazards in Northwest China is gradually gaining attention, especially loess-mudstone landslides, their destabilization
mechanism and mechanical model have become a hot spot for research in the direction of geotechnical engineering. Using sliding deformation
as an indicator, we studied the progressive instability model of loess-mudstone landslides, which can better serve the monitoring and early
warning of loess-mudstone landslides. Direct water infiltration at the sliding interface was used to simulate the characteristics of progressive
sliding instability of loess-mudstone landslides under the action of rainfall infiltration. Miniature pore water pressure and soil pressure sensors
were arranged at the sliding interface and macroscopic deformation observation points were arranged at the sides and surface of landslide, to
reveal the progressive sliding instability characteristics of the loess-mudstone landslide. The results show that the loess-mudstone landslide
forms tension cracks at the top or middle of the landslide, and then the cracks gradually expand and divide the landslide, forming a three-stage
instability model of "sliding - pulling - pushing". The modelling for progressive sliding instability of loess-mudstone landslides provided
important scientific value for its monitoring, early warning, and engineering defense.

Key words: loess-mudstone landslide; progressive sliding instability; physical model test; deformation characteristics; instability model

BHTE: N5 AL R 2RI A R i Ik A8 7 22 W3R 5% R H TR 1% (DC2200000913) 5 N 583t [ 3A X BHEE 7R 51 H A0 5 28 %
X35 - -1 5 AR T AR T 6 b 1) 3 2 S R R R LRV 7 4 Jr 2 A L 18] 33 (2022 YFSHO0047)

TEE BT =R (1985—), 5, 4, YRR, =2 F5 TR M T 9¢ & B 5% , E-mail: lishuanhu@imut.edu.cn

BIRAEE: EBe(1983—), L, W+, BIE#, TENGAE - TR W A5, E-mail: wangxiaorong@imut.edu.cn

W #s B #A: 2022-08-25; BX[E HER:2022-11-25. RIS 4



43 5 2

AR IE, A B YR TR I 2 B R AR A R A IR B Y 201

LT VG A M XY -8 s T S — R R
WU B S B, H G AR BB B AR S R AT S B R A
HARR R AR . PUALHIX B E A, B - i oAk
TRUEIRES, HI, 5 R 4 R sl B 4 P i i A
B U WO R B R R R AR — A B -
Y8 T 3 DA Jrd 08 24 2 2 B AR AR IR — A 2218
W R R, RS2 BIRETE | MR B TR S Sh AR R K
(50 T3 A T, 3 SR e B AR AR 2 i, KRB R
TRAEIE SRR

BRI B DA I R RUZ S5, R 9
A b, NERIA, — B S e A K
AR R e e o T AR R, 3 e B 3 M 0 Ak A
=X A B RC, TA o R R M 7 X - 3
WA RS E PEAT foe B AR R, A I A o
BORFRZE IR KA B RS IR
1EAFA BB BB, A B E
PEERZZ , [T B 5 16 1 shafi s B 2R, ARk i gl
A7 BB R R, T TR A A T S, ok RO -
e o W 3 e e A A [ R A ) B L O R,
PN Ah 3 2 B e B -8 S i Sl AR Y i R
S A AR R R U R (LR S5 T
VAN ST T 0 8 -8 T R AR B AL B . WF
FENT, 3 -V A AR A L, —
FBE s AR 35 TP T 7 3K AR 7= AR ORI, (R AN e
7R R B A SR, X I I Sl T R B R AR
SRR, 4 Sl B B — G K R I AR B A gl
Ko Pk, A2 MR R p R gon 28 - h
T 38 SR AR A F 5 Fp UL, P A A R e T A R A 2
t-Tem AR

— M A B 2 PN R Y BT S A R
T s AR R B W] 0 R B R AE 3 Bl
JR ¥R AR Hhy 3 4 H T 2 A B e 58 B, B S
T A LA AL EL R BT UIREIR o I o A AN T 1 T Bl
A7 AR Y XSRS 2, B EI I RS 1 98 3
A7, B AU AR AR G A R i B
TETH A R B A RS e M AR B, TR — R
AR ey e 5 70 5 B2 i e A 0 0 2, O (B B0 9
oy TA7 [ I 38 20 95 U AR S . BT SR R 2 0
BEAT ] A =5 i 07 728 A M 1 O R B8 2 A, SRS
e R BT T BERY R . R, X 2 -
e T S 1) ¥ 2 2 RRURRAIE, A B A7 B0 b R ) A 9
PR R BEAT BT AT, ARG R B -
T 3 0 ¥ 2 2R AR R A RS TR AIE

ARSCEE R B T A W, ZR ke T/ A e
SPEEE AT ST R, 2 R Sl A I AR R A Ak

o7, 4 5% 3B - 0 i B i R G AR R O AN
[ B4 B B, S S7 1 R L T 0 T Bl R AR R, A
P48 Ry B R 30 HEAT B0 UE o 4 B R 3 4
U Mo PR B T D0 T A T B AR R M
FLOAG I 7 v 1 Sl A B0 T 0 o B AR A R, X
B RN B - DA T AR LR (AT TS S i

1 ki sh R AL

55 P D T 00 1L % e BRI R S B 2
A b A ELAT I B RS LR, % -
Y B0 34 3 0 2 R R R R N 1 R B O
1102705 R, O B K R B 0 9 4 S 1
WNRRAGE 3 AW BE . 4 4 52 5 K AR T
b e 2 A A, HC B B R R % e 2
(RS W (EL 38 1 () ISR ARSI () BN, o7 8 2
(5, F16,) Pk

2 REEARS A

21 RIEF R

Y K 56 Fir FH 25 = 1 RURE B g7 57 F P T ARy
7 ¥ 7K T B (40.06°N ., 111.62°E), i T L8 + 55
JEACER A 2 P IR, HORE EE  R JR AR, H
Pe o BE LB I AE LAY Y U - M SRER A S A, R Y
W EEIE Q. QM Q¥ £ ARREUEEA Qs B
T RIRZIE N 1.4 g/em’<p<1.6 g/en?’, J& T 8% + 5
J e B R b R Xk, BE DU RS (0.05~
0.005 mm) > =, H F& 5 2 5 55 A 50%~ 70%,
B WUk (<<0.005 mm) J8 43 24 o R Y 10%~
25%, b+ ORL (> 0.05 mm) & 4> 2 5 B R Y
10%~30%. HUFE 8 19 1% B8 1.56 g/em?, FLFR
Fb A 0.55, BB R E0CR 145107 em/s, N EE 2 /1

N |

: L i 7.9, W
; T, : o
- "E 4 Loy 5
. 7 i i
ield=]
’ BKH BKE
Ty :
(s
) 0, J

P

BIT KR R 3 b -ve i v 3804 3k i 2 R R Y
Fig.1 The model for progressive sliding instability of loess-

mudstone landslides under the action of rainfall
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Fig.2 Main structure and geometry of the physical model test of loess-mudstone landslide
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Fig.3 Water supply system for the sliding zone of loess-mudstone landslide model

TAL A, VA HR5E R R B RE A 1 PR % 2R
KR T3t o SR FL B K e ) A% I8 A 132 07 8 A
P T0 10 cm ZbTF 4R, BEBE 30 cm BLE 145 G008 + %
AL BEAR A T 0 TR ER 20 em Ab T 45, B F%
20 em BCE 1A ; R 5% 4 FE 3T FTIR 5% 7K TR AR 13
£ 160 cm H 7 (K 4) .

25 ERNERFIERIZE

T S G MWL B A e i S R R R R, AR
WY EA R T AR R 2 W hRag, 72 AR iC 4
BEAE AR SMER R 2em MR A EBK, B
(149 2 XL AR 2 s 12 42 =2 1] 1 & % s R X 67 7%, DK
11T A Tt B A it M AE 9 3 AR Y AR TR AR AT

TV Y 0] TR BB A kS A7, R B RS T Bl A
2915 cm WAL B - AR AR R, B 5 Z R A
15 cm; [F) B 7E T B 35 T 55 30 30 42 M 100 67 4 A
KB, AR B — PR EETE LR, 5L,
A ZEIBE B 15 om0 BRL RS 7E T B AR Y
FA, A IF A AR 3 A R /N R, NER Z ]
FE BG4 10 om, /K5 PN BE5S AUBE 2524 5 em, 2L 1]
B AN R /NER, B HE/ N R Z ] Y R S R 10 em,

ILPE 9 HECIE 5) o ATEKTIT Uy, S I 9 3 44 1
) AR FE AR FIAR 1 W) 1 07 B A2 AR RRAE SR A7 4 %)
BEA%, HHX RS B A L AU S5 7 T TE 5%

3 R MHE

HIRE RN

W RS S BEBR 10 min 38 5% — IR, W SR LE I
KI5 60 min Y B 4 R R IR (181 6) o FF 1R T KT,
T 1 AR T BB AR T 2, PR A% R i S 3 Y
B RS AR E . i T PVC A B AR W 3h
WK, FLBRK R 1 %l BT 6 S LB
K T A% R Bl — BB, R R A A T 4 AR i
A K, YR G T B KB Him 6 5 L., 4%
H1 5 5 A FL R K R g Bl T 7K e 0 484 Jon i 32 347 1
PR A B3 U R K, #0 2 f 0 Bl e - R ) 5 KR BE
FLBRAK HE I Bl 2 34

HIZE, 1. 281 35 fL K s J7 5 0 A5 7F 40~
50 min B JF 45 H UG 3T T BRI A4, L HOE 35 44
T AR R R A, a3 2 PR A i 4 -1 25 o 3 A AT

31

AV 4 50 120 160 200 em
1
25 om T+ AR e T)&?Ziﬁiﬁﬁﬂ@%\»
T FLBR K A7 1 I3 Pr5% K E F1#E K2 \
@ @) ©) ©) ©) ® @ O® @
©) ® ©) @ ® ®
5 cm BAE+L x
1 1 1 1 >
0 40 80 120 160 200
Aii ¥ B B /em

4 3 A T SO T ) A% AR AT BT R

Fig.4 Monitoring sensor deployment scheme for loess-mudstone landslide model
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