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Computational accuracy of stability analysis based on 3-D multi-grid method

YANG Qiang, ZHU Ling, XUE Li-jun
(Department of Hydraulic and Hydropower Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The conception and method of multi-grid is brought forward; the mesh of finite element analysis and the sliding surface’s
mesh are deal with as two unattached mesh, and the sliding surface’s mesh can go across any finite elements. In this way,
discretionary sliding blocks’ analysis can be done with a set of finite element mesh and a set of stress results. The calculation
efficiency of multi-grid method is emphatically analyzed. The 3D multi-grid method is applied to a typical 3-D quadrangular and
Jinping Project high slope. Numerical results show that the properly adjusting the mesh of the finite element models and sliding

surfaces can effectively improve the precision and calculation efficiency of this method; especially for the large scale structure.

Finally, the stability of Jinping Project high slope is analyzed using the second way of multi-grid method.
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Fig.5 Mesh of sliding surface A
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Table 1 Multi-grid method results of different sliding
surfaces meshes of sample 1
y o N
?JEJ - FKAkT5 1] Ji RZER
K ! m n /MN /%
a0 0.000 0.000 -1.000 6.003 0
i Higfi# 0.000 -0.625 0.781 4.687 0
Yl 1a) 0.000 -0.781 -0.625 3.749 0
a0 0.001 0.009 -1.000 5.912 1.52
%m 8X10 0.000 -0.625 0.781 4.647 0.86
Yl 1a) 0.001 -0.781 -0.625 3.653 2.57
a0 0.000 0.008 -1.000 5.971 0.52
%m 10X12 0.000 -0.625 0.781 4.692 0.09
Yl 1a) 0.001 -0.781 -0.625 3.693 1.49
a0 0.000 0.012 -1.000 5.940 1.05
| 15X20  0.000 -0.625 0.781 4.680 0.15
Yl 1) 0.000 -0.781 -0.625 3.656 2.50
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Table 2 Multi-grid method results of different sliding
surfaces meshes of sample 2

palil] KA 7 RER
Eayt] ks / m n /MN /%
&0 -0.002  0.018  -1.000  5.921 1.36
P 8X10  0.000  -0.625  0.781 4.688 0.02
b -0.003 -0.781  -0.625  3.616 3.57
&0 -0.001  0.015  -1.000  5.882 2.01
PR 10X12 0 0.000  -0.625  0.781 4.649 0.82
bl -0.001  -0.781  -0.625  3.604 3.87
&0 -0.001  0.017  -1.000  5.907 1.59
PR 15X20 0.000  -0.625  0.781 4.673 0.30
V) 1) -0.001  -0.781  -0.625  3.613 3.64
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Table 3 Multi-grid method results of different sliding
surfaces meshes

KA M RAETT &l wER
! m n /MN /%
iR 0.000  0.000 -1.000  5.940 0
JjZg 1. 06X10  0.001  0.000 -1.000  5.899 0.69
F) 10X15  0.004  0.000 -1.000  5.939 0.02
M 15x20 0001 0000 -1.000 5905  0.59
JjZg 2. 06X10  -0.001  0.000 -1.000 5.954 0.24
AR 10X15  -0.004  0.000 -1.000  5.895 0.76
M 15x20  -0.002 -0.001 -1.000 5973 0.6
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Table 4 Total force of slide block of different sliding
surfaces meshes
fi=E s W%/ 10°N Hh5EHE
M iRt yliG S Zig s TIEA(C)
BB — 0 0 — 0
L 17442 2417857 1519180 20837449 7.80
JE2 97645 1363428 232457 19914090 3.97
T3 339536 226441 234956 21917472 0.85
Ji%4 1485632 159508 81170 21206702 0.48
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Fig.8 FEM model of left bank of Jinping
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Table 5 Parameters of left slope blocks

s S USUES RS ks 2
oM .
EA AR X ¢/MPa s
NW18° A3 0.45 0.625
1 NNW [ 3 RN
SE65° A2 0.35 0.575
NES0° B3 0.426 0.58
2 W2 fa20
SE48° B2 0.02 0.30
NE10° Al 0.60 0.70
3 IV #Hik
SE15° Bl 0.60 0.70

R 6 JHEERETERBEATIIRE ZEREATR

Table 6 Safety factors of slide block during excavation

TR ‘J"%Zﬁji &7 R ji &7 ?gﬁfzfm%”
/10*N /10*N e LRI
KIFHE 9897 961 12 946 084 1.308
THZ AT 8 046 160 11707 859 1.455
SERTIE 6 568 481 7315734 1.114
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