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Model test study on retrogressive and sliding mechanism of
reservoir-reactivated landslide
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Abstract: To further explore the failure mode and mechanical mechanism of reservoir-reactivated landslide, a new
test device was designed and developed, the main body of which is composed of several permeable boxes, and it
can simulate sliding surfaces with different geometric shapes. The sliding zone can be multi-stage softened by
injecting water into different permeable boxes, so that the retrogressive-slide process between adjacent sliders
caused by the rise of the reservoir water level can be realized. Through the techniques of digital photography,
digital image processing, and transducers measurement, a series of important test data were obtained, such as
volume water content, pore water pressure, horizontal displacement of slope, and evolution characteristics of the
trailing edge surface. Moreover, the failure mode of the landslide body was discussed. Test results show that the
significant decrease in shear strength of sliding zone soil after saturation was an important reason for the occurrence
of landslide. The pore pressure variation at the sliding surface was the main inducing factor for the revival of the old
landslide. The increase in pore water pressure at the sliding zone occurred simultaneously with the increase in the
landslide displacement, and there was a good correlation between the strength degradation of sliding zone soil and
the deformation of sliding body. The slope deformation area was divided into three parts: strong and weak
deformation area and traction area. The slope deformation range was about 1 to 1.5 times the length of the unstable
sliding zone. With the increase in the length of unstable sliding zone, the deformation zone of the slope increased,
and the influence on the traction deformation of the back stable slope decreased. The trailing edge rupture surfaces
were mostly in the shape of folded slip surface, and the experimental values of the inclination angle of the trailing edge
surface were significantly affected by the position of the unstable sliding section and the thickness of the sliding body.
The research results provide important basis for the understanding and controlling of landslide disasters in reservoir area.
Keywords: reactivated landslide; sectional sliding surface; retrogressive slide; digital image processing; slope
deformation zone; inclination angle of the trailing edge
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Fig. 1 Test device of "

segmental sliding surface bottom
penetration method"

1.2 RIGHEE

J2F R U 3 A2 VA S R A R A A T S
FELEZ Rl BT SR AR X, AR S 32 BRI S0 % J2 04 3
R SRR JRAT B, = e I S T M BB N AT
22 R UV AR TR A AR T RS B SR o AR LA
RRAE BT T A SO IR0 7 1 1 MRk R I S Y
H AT, A 22 Hop 70 358 56 4 B0 ) AR DL LE 8 22 A2 1 b
JUfAT HE Rl o V8 % B, 4 I 28 0 g B o
10 ~60 m HUE, A< 3C Ay 3 56 A5 A 5 FE A T 12 ~
20 em, HIL, A BJUTAHLIEE S €, =1:100, 24 78
% &R ATEER T W s g m, 5 £k
MR EEARLLE S €, = 10 1 AR PEAR IS o) 15

C,=C,C =1:100 (1)
C,=C,=1:100 (2)
C,=C,=C,=1:1 (3)
C,=C =1:100 (4)

Xb:C AR ABILE, €, S B EEARILL , €, U]
FARLEL, C R RBARLLG , C, R IAFA LEAR L, C, 2
BAEARLLE , C, o A EE S A AL LL , € o PR A5 B
FHEALE, C BRI

560 R H 0.3 mm A7 FERPAN0. 023 mm#E 40 +
VENBERDRE, AR LR IS L 20 1 A LB BC .,
A R P2l R WO E, WAl R0 RS K A 10% 22
fio it 6 dliks, 32 B R R AR I A KR
IR VRS B0 T S AR A B A 52 ), T BBt W

1, MAERIFE Ao B9 1 O EXT B E & THm S,
METE G A 1,23 -+ 10, BEARLH AR R I
2. P2 PAUR B A LT A 5 ) T T R R
T L, IF DA K T .
Fz1 KEAHFRET
Tab.1 Test scheme design

Bl WS WEIHBE (K TH)
R W WL B (LBIBESS)

2:1 0:1 PLRA PERZR 1+2+3/4+5/6 +7/8 +9
201 0:1 HERA PR
201 0:1 HLRM WL 1+2+3+4+5+6+7+8/9+10
201 01 HERR P
2:1 01 PHLRM BB
2:1 001 HLKM PIBk

1+2+3+4+5/6+7+8+9

1+2+3/4+5/6 +7/8+9

1+2+3/4+5/6 +7/8 +9

(= N B " N \° T

1+2+3/4+5/6+7/8+9

T

275

T

10 kA3
& 9 ¢ v kA2
7 6 5 -z kful
- 3% i‘r’é
~—
R
! 1
35 30 20 10 10| 15 |
120 J

(a) No.1~35Bribig s

Kir4
kA3
K2
KA1

80
K KKK

fe—30 ]

(b) NoA~6A[FMEAERE
B2 TiRi&it(cm)
Fig.2 Working condition design (cm)

DA 20 T A 1 A E B 2 240, W
K2, Hp,y WRAAEE E R, c HER
J1,0 HNEESES . SR ERS B RECH (3 ~5) x
107" m/s, S AW 43508 A K it AR ] 1 5t
b SRR [ TERLBUARIE R B AR
BRI b, PR A A ] i B LU
M J5 TERBURE B AR b 3 J2 R 2k, JF 2 il iR ke



511 3

PISLIE, 55 ARSI R 22 5 0 ShHL B B A 9 AT - 165 -

FRER . Jeti R 2 em JRRETTRIAT L IR S
S, 4 MR B ALY . FHE IR 10 em R
TR RPN R L, 22858, &2 R B A
BB B8 IR HIBAR B BT . A ek A S
PP 1] ) R4, 7 2 i s DX S e FEE 51 i J
TERSETRIRR PR 73 531 22 TR T DI B9 e R A, 757 35
PR SE IR R B 2 & il o e, B
T oA B I 5, R B Ml 1 {00 v 2 B
SN , BT PR o
x2 #EEITYBEAESH

Tab.2 Physical and mechanical parameters of model soil

No. y/(kN-m~%) e E./MPa ¢/kPa o/(°)

1 16.14/12.15 0.76/1.05 8.45/4.12  1.12/4.09 32.88/18.80
2 14.26/10.87 0.98/1.17 8.57/4.54  1.51/4.04 26.60/18.81
3 14.26/11.47  0.97/1.13  8.66/5.11  1.64/4.66 27.61/15.02
4 15.34/10.08 0.85/1.12 7.45/4.31 1.36/4.01 23.37/17.66
5 15.07/11.31 0.88/1.17 7.68/4.27  1.42/4.14 25.55/18.24
6 13.18/12.24 1.18/1.22 8.96/5.31  1.53/4.31 24.68/17.64
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Fig.7 Inclination angle « of trailing edge
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Tab.3 Test values of inclination angle « of trailing edge

No. Gk; a/(°) Gky o/(°) Cky /(%) Cky  a/(°)
1 1-3 8 4-5 8 6-7 78 8-9 89
2 1-5 79 6-9 80
3 1-8 72 9-10 72
4 1-3 78 4-5 15 6-7 65 8-9 77
5 1-3 8 4-5 8 6-7 8 8-9 88
6 1-3 90 4-5 90 6-7 90 8-9 84
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Fig. 10  Horizontal displacement cloud of the slope
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Fig. 11  Grading evolution characteristics of reservoir-reactivated old landslide
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LRSI IT Iy, K A2 3 B 38 W A i A HIL
ERERIUOS R -SSR o SRR BT, WA
JRITIRIR K, Hi Gk A AR K 58 1 , 05T 5 JBE B i PRI
T i — BBy VIR, ROv s + 8 R A BT IR
17T J T B A I, W SR R A I E A, S B
[ PANPAE S U SE U S VAT 971 E TR, 22N
X o FEE SRR XM W O, 5T B B,
IEEN 0NN EE TR I 4N 3 N o B A

TRA RIS ZE A 7E A i DX IR, 2 1 R A
DU R, A K AT B A B
TUHT 8% L) K BTN E X ) 3P o 27K 2 AN L
Th BT RIS M PARE R KA, e Wt 225 |
WA

4 2 @

1) T 5 B S W AR I B A R AF Y
FHORIEZR o WA AR P Y o B R e
TS B A o W Sl AR i FLIR AL B R
EW YR RGN o WAl b AL UK T 3R
SRS BRI A R A o fLHRREE E T 5
BOR R RRVEIL BB SR, 51 & AR BIR
1M1 )i , Bt FL I S g A28 1 1, 280 ey s —
Bl By e TAE

2) Jr SR B AR X0 /N T 90° i BEMBI AR,
BEOMGTE 65° ~90°, {i T+ 80° ~ 90° B 24 L F- Ky, il
RIS B, 5 S w2 . BEE
SBEAAC TS JRE DR/ | R T R ) i 45 TG AT A1 2 A8 R

3) AR R ASE AT BE o i 0] N B 5k R4k, B BT
A R, HRT I 4B T UL I 3] — 2% SR 4 5 R
XA 5 S BR T h B 2 R, A2 BT RS
S, IR REE R B IHA L

4) J5 G R AEAE N WA N R 23 (A 50 F A B
—, BRI | (f8]) IR0 L T Y e A
A&, Hoh R R R 245 R L



- 170 -

T SN AN

553 &

5) [l — 2R A B B 3 T AF 2 A% 1] 73 R 5
SR X A 5| X, 5 AR XA RS fE e Ko Bl 2%
Tl B BRI, 3 i A A DX A, % i AR S
IRIZES IR AL /N, SR A 1~ 1.5 f5 /Y
RAGHAFRE

6) JAE 7K S35 TR S A B AL ) = 2 B o it —
SRV IALE] . i 3 2k AR B U RIR, S if
WY 30368 S FE FSCRLIE T R DX, 2 i A o DX ek 32
APBREER X . KA BTV, 5 T Bk
A= 75| A SR .

%% Xk

(1A, 20 tE4d LIk b [ i R B0 3 R R AL [T ], A A
J12E 5 TREAEA, 2007, 26(3) : 433
HUANG Rungqiu. Large-scale landslide and their sliding mechanisms
in China since the 20th century [ J ]. Chinese Journal of Rock
Mechanics and Engineering, 2007,26(3) . 433. DOI.10. 3321/j.
issn: 1000 - 6915.2007.03. 001
[2]WANG F W, ZHANG Y M, HUO Z T, et al. The July 14, 2003
Qianjiangping Landslide, Three Gorges Reservoir, China [ J ].
Landslides, 2004, 1(2): 157. DOI.10. 1007/s10346 — 004 —0020 —6
[3] GENEVOIS R, GHIROTTI M. The 1963 Vaiont Landslide [ J].
Landslides Types, 2005, 1(1) . 41
(412482, KNAPPETT J A, MBI RE. PR LT B A5 10 T i3 e g
BOEANRT ST (V] A s 5 TR AR, 2008, 27(8):
1586
LI Shaojun, KNAPPETT J A, FENG Xiating. Centrifugal test on
slope instability influenced by rise and fall of reservoir water level
[J]. Chinese Journal of Rock Mechanics and Engineering, 2008 ,27
(8): 1586. DOI.10.3321/]. issn:1000 - 6915.2008. 08. 007
[STUEA, FERE, BRa Bl 7R PRI X 1 A8 52 1 5 i () A2 4
RIEWFELT]. A A 01 5 TR, 2009, 28(9) : 1798
JIA Guanwei, ZHAN Liangtong, CHEN Yunmin. Model test study of
slope instability induced by rapid drawdown of water level [ J].
Chinese Journal of Rock Mechanics and Engineering, 2009, 28(9) .
1798. DOI.10.3321/j. issn:1000 - 6915.2009. 09. 009
(6] M a0, XEE, MmN, % =W X TH5 HRE S T ) #4
BRI [)]. A %S TR, 2010, 29(5) : 1023
XIAO Shirong, LIU Defu, JIANG Fuxing, et al. Geomechanical
model experiment on Qianjiangping Landslide in Three Gorges
Reservoir area [ J ]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(5) . 1023
(TI9NSEIE, %%, WURAL, 5. 25| A EBibE iU i a2
[J]. VURsCil R4, 2018, 53(4) : 762
SUN Lijuan, YANG Tao, CHENG Qihang, et al. Experimental
study on course of processive formation of retrogressive landslide[ J].
Journal of Southwest Jiaotong University, 2018, 53(4) . 762. DOI.
10.3969/j. issn. 0258 —2724.2018.04.014
[8 ] International Commission on Large Dams. Committee on reservoir
slope stability reservoir landslide: investigation and management
[R]. Paris: International Commission on Large Dams ( ICOLD),
2002
[9TIREIN, Hoete, sl it, % i L 80 F R S Rk
PR HAR s P S B e [ ]. & 12, 2016, 37
CHTI2); 43
ZHANG Yucheng, YANG Guanghua, ZHANG Youxiang, et al.
Influence of mechanical properties of sliding zone and water level
changes on ancient landslide stability and its reinforcement measures
[J]. Rock and Soil Mechanics, 2016, 37(S2) ; 43
(10T BRIGET-. FET A o 5 R (0 7K 3 25 /K5 R T S o 43034
[J]. JRADKRH LR, 2010, 30(3) : 77
CHEN Xiaoping. Over-view of landslides due to reservoir
impoundment based on shear strength properties of sliding zone soils
[J]. Advances in Science and Technology of Water Resources,
2010, 30(3): 77. DOI:10.3880/j. issn. 1006 —7647. 2010. 03.
020
(1A=, BRitl, sk5, % 8 LBUK K R 5 R B K F i
WRRZ BT[] TR =4, 2016, 24(5) : 732
ZHOU Yuntao, CHEN Hongkai, ZHANG Yong, et al. Failure of
super-huge landslide in collapsed debris deposits with nearly

horizontal sliding surface induced by excess pore water pressure[ J | .
Journal of Engineering Geology, 2016, 24(5) ; 732

[12] 258, B, EIE. RG2S WSR2 T a3 )
FRLRIOTTEL]. A1, 2016, 37(9) - 2645
MIAO Haibo, YIN Kunlong, WANG Gonghui. Dynamic mechanism
of intermittent reactivation of deep-seated reservoir ancient landslide
[J]. Rock and Soil Mechanics, 2016, 37(9) : 2645

(13 ] W, KPR 2 2 T Bl O 1 e i v b R KA LRI BT [ D .
D P EMBETR, 2010
ZENG Yao. Research on the mechanism of groundwater in
reactivating of old landslides onreservoir bank[ D]. Wuhan: China
University of Geosciences, 2010

[14]F 88, B0 R TAEB LR M]. st HFh
Rt 2004 . 1
WANG Sijing, HUANG Dingcheng. Centurial achievements of
engineering geology in China[ M ]. Beijing: Geological Publishing
House, 2004 : 1

(151250, e, RE1, 55 TR B AR T SR i 5
WEFELI]. EAA i TR, 2005, 24(14) : 2476
LUO Xianqi, LIU Defu, WU Jian, et al. Model test study on
landslide under rainfall and reservoir water fluctuation[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2005, 24(14) . 2476

(16 ] EMAE, 25l KRR KIEREEAEmTELT]. A+
F1%+, 2007, 27(12) . 2722
WANG Minghua, YAN Echuan. Study on influence of reservoir
water impounding on reservoir landslide [ J ]. Rock and Soil
Mechanics, 2007, 27(12) . 2722. DOI. 10. 3969/j. issn. 1000 —
7598.2007. 12. 046.

(17 IBREY-, BRI, REM, &5 FE i s OB A G oh R
[J]. &L TR, 2011, 33(10) : 1496
CHEN Xiaoping, HUANG Jingwu, WU Hongwei, et al. Centrifugal
model tests on ancient bank landslide [ J ]. Chinese Journal of
Geotechnical Engineering, 2011, 33(10) . 1496

[18]JARE, FREETL, Wik, 4. 25\l ]. &
+ TR, 2014, 36(10) ; 1855
ZHOU Yuefeng, GONG Biwei, HU Bo, et al. Evolution mode of
retrogressive landslide [ J ]. Chinese Journal of Geotechnical
Engineering, 2014, 36 ( 10 ). 1855. DOI. 10. 11779/
CJGE201410013

C1O1Beuh, ARG, ASCHS. =Wk PR LR X B 38 2 1
SRS ALHIRF R L] KA ARIERL:, 2019, 37(4) : 127
TENG Shuai, WANG Shimei, YU Wenpeng. Research on
mechanical mechanism of soil slope bank collapse for Three Gorges
Reservoir under water level fluctuation condition [ J]. Water
Resources and Power, 2019, 37(4) . 127

(20197 Wi, Z5pimk, VFom, S5 56T B O BRI Y e 1 0 8
JERERFR L], H 1%, 2020, 41(3) : 755
TANG Minggao, LI Songlin, XU Qiang, et al. Study of deformation
characteristics of reservoir landslide based on centrifugal model test
[J]. Rock and Soil Mechanics, 2020, 41(3) : 755

[21 JWHITE D J, TAKE W, BOLTON M. Soil deformation measurement

using particle image velocimetry ( PIV) and photogrammery [ J].
Geotechnique, 2003, 53(7) : 619. DOI;10. 1680/ geot. 53.7. 619.
37383

[22]STANIER S A, BLABER J, TAKE W A, et al. Improved image-

based deformation measurement for geotechnical application [ J].
Canadian Geotechnical Journal, 2015, 53 (5). 727. DOI. 10.
1139/¢gj - 2015 - 0253.

(23] )1 R YLK SCHBTBN , AT 3 5T 25 g TRl B o0 . FLBK
Fe 3 S B WG B — A T S DU )1 = BB I 1 B
AL FIFRE AT ()], M, 1985, 2. 172
Nanjiang Hydrogeological Party of Sichuan Province and Engineering
Geological Research Section of Chengdu College of Geology. A
typical case history of landslide revival induced by pore pressure:
mechanism and stability analysis of the Jipazi landslide, Yunyang,
Sichuan Province[ J |. Acta Geologica Sinica, 1985, 2. 172

(24 TGy, A2 PR S0 T A 00 B2 ol R M R RR ML B DS [ D ]
B E L BT R, 2018
YU Zhang. Study on strength attenuation characteristics of slip soil
and failure mechanism of Shanshucao Landslide [ D ]. Wuhan:
China University of Geosciences, 2018

[25] 23 0. =k XM ZIE I R IE ML AR E PEDEFE [ D] Ak
AR UHEL T K2, 2016
LI Shouwei. Research on revival mechanism and stability of
Hujiatuo landslide in the Three Gorges Reservoir[ D]. Chengdu:
Chengdu University of Technology, 2016

(HE K W)



