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Study on the mechanism of typical rainfall induced

accumulation layer landslide
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Abstract The Luozhuang Group 3 landslide in Xiaoling Town, Zhashui County, is the focus of the present
study. Geotechnical tests are performed indoors based on the geological survey in the field. By means of large-
scale direct shear test and numerical simulation, the shear mechanical properties of sliding zone soil under dif-
ferent water content conditions are analyzed and studied. On this basis, the formation mechanism and deforma-
tion process of rainfall-induced accumulation landslide are revealed. The large-scale direct shear test shows: in
the early stage of the test, the shear stress and shear displacement are linear, and the curve shows nonlinear

characteristics with the increase of shear displacement. When the other test conditions are the same, the shear
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stress is negatively correlated with the water content. When the water content is the same, the shear stress in-
creases with the increase of the normal load. The numerical simulation results show that the accumulation layer
slope is prone to instability under the action of rainfall factors, with the continuous increase of rainfall intensity
and duration, the soil moisture content increases or is prone to damage after saturation, and the slope stability
coefficient decreases continuously. Under the condition of rainfall, the deformation of the landslide body of the
accumulation layer is relatively strong, and its deformation process generally undergoes three stages, creep de-
formation - accelerating deformation - sliding failure. The form of failure movement is mainly push-type, which
has a destructive effect on the threat object through the pushing effect, resulting in personnel and property los-
ses. The research results have certain reference significance for the mechanism research and disaster preven-
tion and mitigation of colluvial landslides in Qinba Mountain area.

Keywords accumulation layer landslide; rainfall ; large direct shear; numerical simulation; landslide mech-
anism
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Basic physical property parameters of loess

Tab. 1
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Fig.6  Shear stress displacement relationship curve under different water content conditions



MG, 25 TR g T 55 e TRUME R I SR HLBR A 5 - 105 -

(2)100 kPa

B 7 k3 10% R 8Y b) H
Fig.7  Shear plane of sample with a moisture content of

10%

P8 st s B Ul e A

Fig. 8 Photos of shear surface after test

R 6 mT LA H, IR A il A
56 Fir SR S DI, 500 g B T 157 8% 1 3 i
HER R AN R AR s AR T VIR A 1k 3 —E
RERERY, BTYIR T 5 35 YI7 A% 56 28 1 B AR Lk
KF, BESTUINLRG 1R KM et s, e & 8 )
Jynl RS AR, SR 5 S 4R (i, 2l BT 1)
AL TNIEBEE 38

FEARIR] SRR E AR R S5 AR ] — T 00 T,
U5 1Ay B3N W38 DRI, BD1) W g AR R 2
K AE BIRR—TO0F , & /K5 51 5T 5 B2 A4
A BRI R
3.3 mBEEESH

ARYEA R T8 T BT U150 A5t B0 97 o B
2 s,

2 RAVH KSR
Tab.2 Large Direct Shear Test Protocol

ES O By 11/ kPa
/kPa DJ-1 DJ-2 DJ-3 DJ4
100 104.51  92.41  81.79  57.84
200 181.12  150.42  134.18  102.48
300 255.38  213.69  187.57 134.12

M2 HE] AT D e DI-1,DJ-2\DJ-
3 R DJ-4 AT LLAT Y, 2435 10 0 7 A TR A DL T
PO 5 L BE 5 K A 3 g/ (WL 9) , K 4y
XA Y 8 BE R I AR, 12 R R K ok
IRIEAR 1 HERRZ 08 7 L J0RE 22 8] F) B 45 7, [] ik
LR AORLAR HL 22 (8] A 15 )RR . @28 —
FHNAE , G RAUE T 1 W A7 P05 55k S5 Bl A 5 )
N3 R 3G K. @ DJ-1,DJ-2,DJ-3 FiI DJ4

FIRB AT N LE AT LA Y Bl ) 17 g 3
R HPUBT 3 BB 238 K, HAEAR K B 1 A2
IR, PO 5 JRE 2 Bk 1) 7 A7 4 O S A TR G
EPNRIEE Sy & SUPNI NI UL SN S Y
W IZAE SRR T SR BT A F N 2 A A R

250 —=—100 kPa
—=—200 kPa
200 | —+—300 kPa

#1398 5 /kPa

46 8 10 12 14 16 18 20 22
EIKE /%

B9 HUoy i bl & /K A Al 2 P
Fig.9 Curve chart of shear strength changing with mois-
ture content

(=]
<

50F

3.4 BEEERSSKEXRIFME

I B A A B R AR B A2 20
b B I RE ), 32 B R EORL I e A VR Y
M) , 25 PRI Ay JEE 5 B T ek %

10 B X/ NG BB — 20 W 4
() N B A1 I B3R 1 5 BRI e R AR . I
B 10 Hn] DA Bl S KR I, 265 71 Fn N B
PR LA I T R R, F R e
BTG oh X B, 1T P EE A AR ) S R AL T
iOFEE

1) M EIRBIE 5% ~20% (i) 2B 4LET,
HZE R J17E 30.9 ~ 21.8 kPa AZfk, B K& Ny
29.4% , HAEE KN 5% ~10% W}, 541 1 Fh
BT BE KRS/ IR T, SR 5 Bl B K SR B 5t
GRS/, SR a2 R/ FE IR AE S KRN
15% ~20% i, 58 77 M\ 28.7 kPa F[% %] 21. 8
kPa, 5 JI IR K 24% o | ] T, A KRN
15% ~20% [N, F 5 7 i o5 SR 1Y) 75. 8% A2
A7, BB T8 A1 1 255 7 A5 i 2E X A Bk
RIX AR B IC A .

2) X TN M S O, L KSR
(IR FTTAFLRI/ N SRR ) T B B R TR 1)
FREBREE A 1 BR 36. 3 kPa RS TR 20. 8 kPa,
FEORZIoN 42. 7% , H 576 1A R 2, R iR
FESIKEE R 15% ~20% B T Rl B de R, A 27. 8
kPa R3] 20. 8 kPa, (5 Bl 45. 1% .

A EIRELE R R A R ) &
BEAZ WA AR 43 T s ), ELAAR 2 30k SR
ZIRIAHE S| S KRGS A 142 0 S8 KR M



- 106 - PHALR A4 (AR %54 %
SN 10% B, TR Z MRBES 4K TIHRHRER 1~5 d,

Z (LRI R T SEEE AN o

WK 4 SRR, LKL M m s
KR A R 2 1 1 1K L B 5 B s
SRR PR

PN BE A 2 T b PR OR8] ) AR EL AR
JEEIEI S /SR 2 RO R DR s WA =g/ 8
R UKL Z 18] 458 45 6 7K It 728 S L ] 2 11
AR B B, AR BT AL I BLGE , B LA A EE
B RER S KR IR RN o

35 F [ | ®/A 135
2R
30 + 30
g 251 25 &
= o
@ 20t 20_‘5
féﬁls- 15 &
A
g 10 *&
= 10
35 5
0

5 10 1.5 20
EIK E/%

BI10 AN KR Mo L BRSNS T AL AR
Fig. 10 Variation characteristics of friction angle and co-
hesion in gravel soil under different moisture con-
tents

4 BEEYMSEEIESH

AHHFFEBEH GeoStudio 75 BRICELE AR R,
PIFE K EL/NE D E = 2118 3 A58 5 42, 6 )
I TR b T 3 v AL, P S BB R
FEAN RN 00, 8 i 13840 B 45 00 T ALY
AEAAE B , T8 7R 1 3 1) AB TR LB
4.1 JUERER TRAEL

MR A T b 5 5 T B, R GeoStudio K
HATEUEAAL, B 50 m, K 82 m, 2 154
AR, 2 054 ST, BARGALE R U A
11 R, SRR 5 i s . TRCE . i
A AR SRR . BRI AR
Sy BRI XY J5 1l )R8 By, AR A R i Xy
B, ARIEFEK B 9. 23 F5 K 5 1 il [k i
WEBAIK I, FIRZEG R, E il
KT NI FFE X2 = SRR i T 45
RIFASC S (L 3) , DAL ARAS KR 2 3
ALK 7 A2TE L I ) B 7% SR AIE 1Y) K e
AT FE o AHEFEAR SR IE X AR RN 00, 8
BET 4 PPN SRR . 0.02 m/d(/NFR) ,0. 08 m/d
(KF),0.12 m/d () ,0.16 m/d(KEE) , [

K 11  GeoStudio 7 BRJTH=
Fig. 11  GeoStudio finite element model

23 GeoStudio FEFREI S S

Tab.3 GeoStudio model parameters

Fim g/ S H FEER S R PR
B N-m ) 0 /kPa f8/(°)  HE/MPa
WE 25.0 0.27 1100 45 1100
THE  21.8 0.32 60 28 435
A+ 18.5 0.2 30 20 20
kg 14.1 0.2 15 22 15
B

4.2 BWERESW

FEREM AT AR R Z0 A LZH TBE
PELE  FRVK B, S T B85S THRCEHE
SR, 2 B o 38 5 0 M 22 5 B A A X355
I 5% T ] A K FLB /K T A R K, A X
SRR Z 3 R CILIE 12 (a) , (b) ) 510 T #B 2
BB K BHMEEE | 2RI IA 5] — & I [H]
i, FLBRK =) A H R 18 A8 A . Sl BRI,
20 LL0.02 m/d [ EEFETR 4 d AL 0. 08
m/d BYSRBERETR 1 d B, R R A
Jei R DX s AR L B K s T m N [ UL L 12
(b),(c))o ZrHral45, Xt F 2 mhF R I 5, 24 F
TIN5 B /INT AR IR I8 80 B B A T 58 B A, AL
BKRREZ 5 XY R 5 R 08 K, 2T R b
AR5 /N A3 M R AR, MR 3P4 45 5 ik 3]
PRURILRZS: T AR 58 K BT 4 W 9T T2 Jok P 30 T 48 9 AR
NGRS NB BN FES, AT AN 12 (d) g2
B, THCE S )2 5 HCE 3¢ A E A B LR K
T2k, PR T A RAR AL X
4.3 BEAUBHSN

B =4I AR TR R A P b
TR 2 N SIS &R B I RAE R G
TSRS 1AL A% A o W I, B A T B




1

MG, 25 TR g T 55 e TRUME R I SR HLBR A 5 - 107 -

AR, FEAL RS B R R, SRR A T d 3 m
213 d i AR RO L. 6 m HNE] 3.4 m
(WP 13(a,b) Jo

20 FLIRAKIE )

M -25 ~-15kPa
M -15~-5 kPa
M -5~5 kPa

M 5~15kPa

920

B 15~25kPa
910 [ 25 ~35 kPa
[ 35 ~45 kPa
11 45~55 kPa
[155~65 kPa
[ 65~75 kPa
B 7585 kPa

#/m

[

900

890

880
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

[ /m
(2)0.02 m/df#™1d

220 FLBRKIE 7y

M -25 ~-15 kPa
M -15~-5kPa
M -5~5 kPa
M 5~15kPa

: B 15~25kPa
910 M 25 ~35kPa
[71 35 ~45kPa
[ 45 ~55 kPa
[1 55 ~65 kPa
[T 65 ~75 kPa
M 75 ~85kPa

920

F/m

1)

890

880
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85

K /m
(6)0.02 m/dfE NI 4 d

0 LB K & 71

B -25~-15 kPa
B -15~-5kPa
20 M -5~5kPa
M 5~15kPa
B 15~25 kPa
g 910 [l 25 ~35 kPa
= (13545 kPa
il [145~55 kPa
Piig [0 55~65 kPa
[ 65~75 kPa
M 7585 kPa

890

880 |
0 5 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 80 85

KE/m
(c)0.08 m/d &1 d

gl TLIK I 71
B 25~-15kPa
M -15~-5kPa
B -5~5 kPa

M 5~15kPa

M 15~25kPa
[ 2535 kPa
[0 35 ~45 kPa
[1 45~55 kPa
[ 55~65 kPa
[ 65~75 kPa
M 7585 kPa

920

890

880
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

KJE/m
(d)0.16 m/dIETT 1 d

B 12 fLBK R 153 A

Fig. 12 Cloud map of pore water pressure distribution
WIS 13 Ha] AT H , Bl 9 TR I 18] /03 7R
JERIRE I, PR R, A 13 (b)), (¢)
A LA Y 2 R R B e A [ I e i S 5 Oy

BF L E I,

930 =
Xrv-fr#%
W <0~02m
g2 M 02~04m
M 0.4~0.6m
[10.6~08m
g o0 [ 0.8~1m
H Mi~12m
l L 12~14m
Ry O 14~1.6m
900 E>16m
890
880
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 &5
KB /m
(a) 0.08 m/df$Mi 1 d
930
XY-fr#%
B <0~05m
% [705~1m
[FI~1.5m
E1.5~2m
g 910 [2~25m
£ [125~3m
gﬁ E>3m
JEE 900
890
880 |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
KJ%/m
(b) 0.08 m/dfF I3 d
930
XY-fr#
H<0~07m
= W07~14m
H 1.4~21m
M2.1~28m
g o0 H28~35m
& [135~42m
5l 042~49m
bl [149~56m
900 H>56m
890
880
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
K /m
(c)0.12 m/df#/i2d
930
XY-fi#%
W <0~09m
2 T 09~1.8m
B 18~27m
W27~3.6m
g 90 H3.6~45m
= T 45~54m
2 C154~63m
Pz H63~72m
900 HW>72m
890
880 I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

K /m
(d) 0.16 m/d[£TH2 d
P13 XY Jy [ 3 B8 b R (] 4R 5 ) A8 A1 20
Fig. 13 The continuous variation of displacement in the XY

direction over time



- 108 - VUL R 2F 240 HARBRE AR

554 &

4.4 AREMEWEKTEEEEES T

P 14 FrR A AS R T80 R W 3 e e 1k 2R 80
AERL, I 14 AT IE Y, ROIRES T, W
BRGE , BB KT 15 B TR B 3 1A 7 R AR,
PR E MEIR S £ 2 2 W 3 5 B A R ), AR e
PERECSTERT— Fy Be Dt gl IN , 1 J5 it
. WHELL0.02 m/d PR 5 d,0.08 m/d [&F 4
d,0. 12 m/d [ 3 d,0. 08 m/d [ 2 d i, gk
FaEtE R B8/ N 1 LR S RS, &
A RN

12 |
1.1

&

[

o 1.0 |

@

"= —u— 0,02 m/d
D2r e /08

[ —A— 0.12 m/d
0.8 —v— 0.16 m/d
1 1 1 1 1

1 2 3 B S
B [R)/d
Pl 14 TSR R 1 AR SRR R 1 22 1
Fig. 14 The variation of landslide stability coefficient with

rainfall

TEALBL T - JFURBIE WP 15 (a) B,
T EASHERUR AT RA L, B R, T R R
— BB BRI , YR AR, LA 2 B KR
BRIACIE T, AR R, I 23 7 AR R s [
T KO A B8 38 T T, A6 8 T R 3 FE 8
KRS (), Sl 19 6 I R T
Tyt A AR 7 HE I RN B A o A
MR KRB N AR S B 7 AR BOR, AR
B AN, AR i R — e D B A — g AR I
W BIIR 3 BB MR GBI ASER , AR
WA T /N ) AR A R R (LA 1S
(b) ) s BB FERN 52, LR G BIK, fe&ff B
LARUT RS AR T A R AT B (LA 15 (¢) D,
TE B e — RS IR AR AR (1B 15 (d) T 57
KT I DL T S Ais 2 ki 3

()R 4 TE

()R IR 8 T ETE

P15 diL RIS A T ME AR 2 i ORI
Fig. 15 Comparison of stress state at one point in the slope

before and after excavation
5 g

1) FE R B B A Y, 87900 g 5 5 Ul Ao
M LM S AR, J 0 BT D) 1z 7 Bl BT V)57 7% 1)
SR MM 3E NN, e R B I ) KR 73 H BUIEAE,
W EL i i 2 S B LR /IR e 2l T v 2k SR B
BTYIRE 1IN BESE

2) 4 KA R I, BE 3 1% 1w e 2 AN W7 4
R, BTN T AR R I 2 58 K 5 24 3% 1) 1V A [
I, BTYIRL A7 B 5 KA AR sk, BTYIR A
5 E KBTI E A E RIS R . He
FR7K 3 ROR AR 1 HERUZ A7 b UL [1] ) B 45
77, [ L5 FURLAR EL 2 (8] f8 W5 65 RO sss , m]
LA KRR AT e AR 5 B R RO

3) K 5 R0 HE AR i SR AL L AT A4 U A
N RAEKE ABARZ G, SR BER I, HTit
RE 180535 5 B R T P8, R R KSR
N TR R IR IR B & s 7, bk 7
S35 5 R T SR 47 R 28 3l v ) B B ik
B A AT A R LR R AR Bl R AR T R
IR

4) SR PR TE A WIS DX A 2R,
WO SBEA T S M, X 3 S A 7 B A0
HI 75 s FE S R R A, DA PR R O R A
2 A

S 3k

(1] JESLR b 5 25 A7 . 23 B 1L XT3k 3 ML A
FELT]. I M 9 T L5 B it 2741, 2004(1) +47-51.



LUl MG, 25 TR g T 55 e TRUME R I SR HLBR A 5 - 109 -

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

FAN L M, HE J J, LI C G. Study on development
patterns of landslide in Qinling-Bashan Mountains[ J].
The Chinese Journal of Geological Hazard and Control,
2004(1) . 47-51.

CHEN H X, ZHANG L M. A physically-based distrib-
uted cell model for predicting regional rainfall-induced
shallow slope failures [ J ].
2014, 176(13) ; 79-92.
ST A R A PR X K
WELTE RASRE TR [ ] K AKiE TR,
2019,41(2) :16-24.

ZHANG L F, YANG H W, LI Y N, et al. Influence

Engineering Geology,

of reservoir water and rainfall on the Liangshuijing
landslide deformation and stability[ J .
and Engineering, 2019, 41(2) . 16-24.
MR HE , VP80 B AR [T BUME R 2 T BURRIE K
Rt ], 47177 ,2005,26 (S2) :6-10.
CHEN S X, XU X C, XU H B. Features and stability

Hydro-Science

analysis of rainfall-induced colluvial landslides [ J ].
Rock and Soil Mechanics, 2005, 26(S2) ; 6-10.

HE K Q, SUN L N, WANG S J. Displacement fractal
parameter hurst index and its application to prediction
of debris landslides[ J]. Chinese Journal of Rock Me-
chanics and Engineering, 2009,28(6) : 1107-1115.
EARWE. B YA SRR 1], #iseB g S
HiE, 1990,10(4) :25-33.

WANG C H. Approach to deformation and mechanism
of Xitan landslide[ J]. Crustal Deformation and Earth-
quake, 1990, 10(4) . 25-33.

VEREHE, 0I5 4, BROLAR , 55 S BERIAE T B0k 2
WEYAEME T[], A 12 5 TR, 2005,
24(18) :3246-3251.

XU J C, SHANG Y Q, CHEN K F, et al. Analysis of
shallow landslide stability under intensive rainfall[ J].
Chinese Journal of Rock Mechanics and Engineering,
2005, 24(18) ; 3246-3251.

VPRI, 1 05 4. BRI T R R Y
L] a4 e 5 TR AR, 2006,25 (11)
2264-2271.

XU J C, SHANG Y Q. Influence of permeability of
gravel soil on debris landslide stability [ J ]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25
(11) . 2264-2271.

VEREE, ¥ 5 4. BEFTVE IR B 18 AR R A2 TE
WRHLRBFFE[J]. & 1 J7%%,2008,29 (1) : 106-
112.

XU J C, SHANG Y Q. Study on mechanism of disinte-

gration deformation and failure of debris landslide un-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

der rainfall[ J]. Rock and Soil Mechanics, 2008, 29
(1) 106-112.

PNELHT, A e 3 Bl 8 i PRI 5 B3 9 %o 5
[D]. BUJH WL K+ ,2000.

e, M4, B, 80 LI LR G BT
Wk S IpE LT ] MR 2R (M BRRL 22 1)
2011,41(2) .484-492.

XU X H, SHANG Y Q, WANG Y C. Comprehensive
treatment and evaluation decision method of gravel soil
landslide[ J]. Journal of Jilin University ( Earth Sci-
ence Edition) , 2011, 41(2) . 484-492.

(7 AL B N T 7] 8 N L < ) 8 i W5 o
FERFPERIFEL D] AEaT: b R, 2012.
PRS2 I, ML, 5. B A7 L3 B8 i R SRR AE
R BiiatEisELT]. a4 Ji°7, 2016, 37(3) :813-
818.

CHEN Z C, LUO X, LIU K, et al. Seepage character-
istics and mitigation measures of a gravel soil landslide
[J]. Rock and Soil Mechanics, 2016,37(3): 813-
818.

BABGAR, 220, £, 45 B ARG R TR LT ) o
Rt SOHES R RO FE [ ) ] TR sy 4, 2020,
28(2) :255-281.

HU R L, LI X, WANG Y, et al. Research on engi-
neering geomechanical and structural effect of soil-rock
mixture [ J]. Journal of Engineering Geology, 2020,
28(2) : 255-281.

W7, 2, e, 5. AR A R Y YR
M D 2% B R HOOC R 9T [0 ] D M o 2 4
2020, 28(1) :39-50.

YANG Z P, TIAN X, LEI X D, et al. Particle dis-
crete element numerical study on factors of shear
strength characteristics for soil-rock mixture[ J]. Jour-
nal of Engineering Geology, 2020, 28(1) ; 39-50.
e A S U, 45 H A e T e
e (O3 AR )2 T S PR L At F 5 B MG o B P
LV A e 5 TR o 4, 2023, 42 (4) £ 1003-
1018.

WANG G F, LI H, TIAN Y T, et al. Study on the fo-
emation mechanism and risk prediction of high-level
accumulation landslides in Bailongjiang River Basin,
Gansu Province[ J]. Chinese Journal of Rock Mechan-
ics and Engineering, 2023, 42(4) . 1003-1018.
TR, M T 4. A1 ET R TR 2% 1 0 A 3 i 265 7K TR K AR
FHRTHERRUZ 00 82 00 73 B FVECELAE LT ). 7K £
{4353 4% ,2020,40(5) :141-145,151.

WANG L, SHANG Y Q. Analysis and numerical sim-

ulation on influence of external rainfall conditions and



- 110 -

(LBl QSR S)

554 &

[18]

[19]

internal transient confined water on accumulation land-
slide[ J]. Bulletin of Soil and Water Conservation,
2020, 40(5) ; 141-145,151.

2, 0, JE B, A5 A HE R AR 3 T A E
PES AR E PN [T ] PU-bh 5T, 2022,55 (1)
262-273.

WANG H Z, WANG S, ZHOU ], et al. Dynamic sta-
bility analysis and ultimate bearing capacity evaluation
of Zhangmu Landslide Depite[ J]. Northwest Geology,
2022, 55(1) ;: 262-273.

FEfzE, /P, BO7, 55, 8. 127 1 P S5 A0 1)
SR LR T]. PEAEHET, 2018 ,51(3) :232-239.
WANG J Y, SHIX Y, WU L, et al. Formation mech-
anism of apparent dip slide in the Shanyang " 8. 12"

[20]

[21]

[J]. Northwest Geology, 2018, 51(3) . 232-239
W, AR, W ER AR, 4F. BT OR R Y 6 Y L
ARG RS I R BRI R [T ). A 1%
5T H#117,2018,37(3) :766-778.

HU F, LIZ Q, HU R L, et al. Research on the de-
formation characteristics of shear band of soil-rock mix-
ture based on large scale direct shear test[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2018, 37
(3): 766-778.

PR I E LML ARt iR AL,
2004.

(&% B/ FRHK)



