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THREE-DIMENSIONAL VECTOR SUM METHOD EMPLOYED IN SLOPE
AND DAM FOUNDATION STABILITY ANALYSES AND ITS
APPLICATIONS TO PRACTICAL ENGINEERING

GUO Mingwei, GE Xiurun, LI Chunguang, WANG Shuilin, DENG Qin
(State Key Laboratory of Rock and Soil Mechanics, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan,
Hubei 430071, China)

Abstract: Based on two-dimensional vector sum method(VSM), the determination of the whole sliding direction
of slope with 3D vector sum method is put forward; and initial sliding direction can be obtained by current stress
state. Then the whole sliding direction and the factor of safety with this method is solved. This method is used in
several 3D examples; and the results demonstrate that the factors of safety are in good agreement with that of the
limit equilibrium method, and the results are not sensitive to element sizes of the slip surfaces. Finally, this new
method is applied to the foundation stability analysis of dam section No.26 in the Three Gorges Project. Four slip
paths designated through detailed investigation are analyzed with the plane vector sum method and the 3D vector
sum method. The calculating results with the 3D vector sum method show that the factors of safety with the 3D
vector sum method are larger than that with the 2D method; and the factor of safety of the deep slip paths is larger
than the shallow ones, greater than 1.0. Therefore, the dam section No.26 under the current loads in the Three
Gorges Project is safe. This new method is clear in physics and mechanics, and only one time elastic calculation or
elastoplastic calculation, and the 3D factor of safety of potential sliding mass can be achieved without too many
artificial assumptions. The process of this new analysis method is simple and easy to use in practical engineering
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Fig.1 Stress state of any point on potential sliding surface
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Fig.2 Sketch of anti-sliding shear stress at point B
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Fig.3 Calculating process of 3D vector sum method
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Fig.6 Variation laws of factors of safety of VSM with

different element numbers in case 1
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Table 1 Calculation process of 7 094 elements on sliding

surface under plastic state with VSM for case 1

AT AR N RO d e
AL ;ﬁﬁk O
- a B 7
EILGEIEN 2.302 —16.56 —89.99 —73.43
e 2.041 —21.33 —90.00 —68.68

R2 B REANEILSAEAR T G5 R A B e H
AR A A
Table 2 Variation laws of whole sliding trend directions of
slope with different element numbers on sliding

surface in case 1
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3136 —2133 90 —68.68
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4184 —21.33 90 —68.68
4912 —21.33 90 —68.68
5864 —21.33 90 —68.68
7094 —21.33 90 —68.68
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Fig.7 Cut sliding surface of ellipsoidal model for case 2
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Fig.8 Variation laws of factors of safety of VSM with

first-order element numbers for case 2

BRSO d /)

HUERA R A R k
a B 14
YILATH 1.929 —1630 89.70 —73.7
A 1.592 —27.67 89.94 —62.3

RS5O 2 RKEMVEILBAEAR G5 1 A B e H
AR A A
Table 5 Variation laws of whole sliding trend directions of
slope with different element numbers on sliding

surface in case 2
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Table 6 Factors of safety with different methods for case 2
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Fig.11 Geometric model, 3D distribution of the structures,
3D meshes, and main faults, joints and potential slip
paths for section of dam foundation No.26 in the
Three Gorges Project
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Table 8 Parameters of the structures in 3D dam foundation
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Table 10  Calculating results with the 2D VSM
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Table 9 Calculating parameters of the materials
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Fig.12 Four 3D sliding surfaces in dam foundation No.26
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