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Elastic-viscoplastic parameter feedback of Wujiang river landslide
cor responding to measured defor mation

HUANG Yao-ying', SUN Guan-hua?, LI Chun-guang®, LI Xiang-hong®, ZUO Quan-yu®, ZHANG Ru-giang®
(1. College of Hydraulic & Environmental Engineering, China Three Gorges University, Yichang, Hubel 443002, China; 2. State Key Laboratory of
Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, Ching;

3. Hunan Centian River Construction Investment Co. Ltd., Yongzhou, Hunan 425500, China)

Abstract: The Wujiang landdlide at right bank of Wujiang Canyon is located at the entrance region extension project of Centian river
reservoir., The distance from the downstream slope to dam is only 300 meters, which isatypical ancient landslide with atotal volume
of 1.327x10" cubic meters. The stability of Wujiang landslide significantly affects the operation and safety of the dam and discharge
structure. The observed displacement of landslide is analyzed in this paper. The strength parameter of landslide is determined by limit
analysis method with an assumption of safety factor of 1.0 during slow creep. The interna displacement of landslide is observed
creep annualy in the borehole observation. Assuming that the landslide satisfied Mohr-Coulomb yield criterion, viscoplastic strain
rate is calculated using based on the assumption of Perzyna, the finite element calculation program of elasto-viscoplagtic is adopted to
analysis the landslide combined with the finite element model of typical profile of landdide, thus the elastic modulus and viscosity
coefficient of landslide and sliding zone are obtained with inversion by the combination of orthogonal design and optimization
algorithm, the results can provide the basis for stable deformation analysis and monitoring of the landslide and offer reference for
similar projects.
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Fig.1 Planeview of Wujiang landdide
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Table3 Annual creep rate of typical boreholes with
different elevations
- EL266.38 EL362.88
Eqm/MPa Eg/MPa 7/10*Pa:d u/(cm/a) uo/ (cmi/a)
a1 1 100 5 2 16.715 5.654
2 100 15 4 7.564 2,659
3 100 25 6 5.139 1.799
4 100 35 8 3.970 1.372
[9-11] 5 100 45 10 3272 1.118
6 125 5 4 8.368 3195
7 125 15 6 5.261 1811
1.0 1 8 125 25 8 3.967 1.347
9 125 35 10 3.237 1.084
10 125 45 2 14.801 5.241
A1=0.840 253.3m
1 150 5 6 6.069 2503
[ 12 150 15 8 4,098 1.422
2 13 150 25 10 3.256 1.088
14 150 35 2 12.730 5.157
2 15 150 45 4 7.034 2,608
Table2 Inversion resultsof strength parameter for 16 175 5 8 4911 2152
Wujiang landdlide 17 175 15 10 3.402 1197
18 175 25 2 12,919 5.232
19 175 35 4 7.267 2,618
3,
 (kN/m) [ KPa. 20 175 45 6 4829 1724
0.32 217 0521 3125 2 200 5 10 4197 1930
034 91 0469 2604 22 200 15 2 13.745 5.350
23 200 25 4 7.953 2,661
0.35 22.1 0420  5.00
24 200 35 6 4.855 1.717
) 0.36 21.9 0396 25.00 25 200 5 8 3709 1971
0.37 22.3 0344 2084
0.31 0550  15.00 422
0.22 22.3 13
5 2643
4.2 1885 674
- 84
[12-13]
2.3 2533 m
421
E E >
sm By Fig.5 Thefinite element model of Wujiang landdide
n

E, €[5 45|MPa 7€ [2,10] x10* Pa-d

5

E,, €[100, 200] MPa

25

3
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Table4 Annual creep rate of key points

EL266.38 EL285 EL322.368 EL362.88 EL390 EL433.9

/ (c/a) 4.348 2.875 2.500 2267 2073 0.938

VL1C EL 362.88 m Im
2267 cm VL3C EL 266.38 m
Im 4.348 cm
256cm  4.55cm

1.0

- Perzyna

E,, =228.462 MPa
E, =3.363 MPa 1 = 10.952x
10* Pa-d

(1] , :

[J. , 1996, 27(4): 392

395.
WANG Wen-xing, ZHANG Ji-ye. creep test and integral
creep equation of clay on the diding surface of Wujiang
River landside-massJ]. Journal of Central South
University of Technology, 1996, 27(4): 392 395.

(2] : , .

[J.
2002, 17(1): 65 68.
WANG Xiang-giu, GAO Wen-hua, YANG Lin-de, et d.
The test of weak interlayer for time effect and character
on the diding surface[J]. Journal of Xiangtan Mining
Institute, 2002, 17(1): 65 68.

[3] KAVANAGH K T, CLOUGH R W. Finite element
application in the characterization of elagtic solidg[J].
International Journal of Solids Sructures, 1971, 7(1):
11 13

1780



1780

2017

[25]

[26]

[27]

Computersand Geotechnics, 2015, 65: 147  163.
ANDERSON T B, JACKSON R. A fluid mechanical
description of fluidized beds[J]. Equation of motion,
Industrial and Engineering Chemistry Fundamentals,
1967, 6: 527 539.

ISSA R. Solution of the implicitly discretised fluid flow
equations by Journal  of

Computational Physics, 1986, 62(1): 40  65.

operator-splitting[J].

[J1. , 2008,
25(4): 568 573.
LIU Jun, YU Gang, ZHAO Chang-bing, et al. 2D DEM
simulation on the sandpile formation for granular
materials

with different grain size distributions[J].

1745

[J1. , 2010, 29(
2993.
TAN Wan-peng, ZHENG Ying-ren. Study of displacement

1): 2988

back analysis of elasto-viscoplasctic parameters of rock

slope[J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(Supp.1): 2988 2993.
) , K108
. , 2011

7(3): 485 490.
CHEN Wei-bing, SONG Feng-bo, GAO Peng. Intelligent
back analysis on rheological parameters of weak
intercalation in K108 slope of Jingzhu expresswayl[J].
Chinese Journal of Underground Space and
Engineering, 2011, 7(3): 485 490.
OWEN D R J, HINTON E. Finite elements in
plasticity[M]. Swansea U K: Pineridge Press, 1980.
[M].

, 2000.

ZHU Bo-fang. The finite element method theory and

application[M]. Beijing: China Waterpower Press, 2000.

[D]. : ,2007.
HUANG Yao-ying. Forward and back analysis methods
of time-dependent effect in high dam and rock foundation
and its application[D]. Nanjing: Hohai University, 2007.
, . M].
,2013.

[29]

[10]

(1]

[12]

[13]

Chinese Journal of Computational Mechanics, 2008,
25(4): 568 573.

ZHOU Y C, XU B H, YU A B, et al. An experimental and
numerical study of the angle of repose of coarse
spheres[J]. Powder Technology, 2002, 125: 45  54.
DASGUPTA P, MANNA P. Geometrical mechanism of
inverse grading in grain-flow deposits: An experimental
revelation[J]. Earth-Science Reviews, 2011, 104: 186
198.

ZURIGUEL I, MULLIN T, ROTTER J M. Effect of
particle shape on the stress dip under a sandpile[J].
Physical Review Letters 2007, 98: 028001-1-4.

ERGUN S. Fluid flow through packed column[J].
Chemical Engineering Progress, 1952, 48(2): 89 94.

FENG Shu-rong, PENG Tu-biao. Slope engineering and
geological disaster prevention and control[M]. Beijing:
China Water & Power Press, 2013.
. SL386-2007
[S]. : ,2007.
The Ministry of Resources of the People’s Republic of
China. Water RSL386-2007 Design code for engineered
slopes in water resources and hydropower projects[S].
Beijing: China Water & Power Press, 2007.
. DL/T
5353-2006 [S].
, 2006.
National Development and Reform Commission. DL/T
5353-2006 Design specification for slope of hydropower
and water conservancy project[S]. Beijing: China Electric
Power Press, 2006.
, . [M].
,2001.

FANG Kai-tai, MA Chang-xing. Orthogonal and uniform
experimental design[M]. Beijing: Science Press, 2001.

[J]. ;
2007, 26(9): 1737 1744.
FENG Xia-ting, ZHOU Hui, LI Shao-jun, et al. Integrated
intelligent feedback analysis of rock mechanics and
engineering problems and its application[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007,
26(9): 1737 1744.



