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Abstract: Under cyclical reservoir water-level effect, strength parameters of the rock and soil mass
gradually deteriorate year by year in the reservoir slope. The slope continuously deforms and slides,
exerting long-term lateral force on the pile foundation, causing cumulative damage and even failure.
To investigate the long-term performance of slope pile foundations in reservoir areas, a theoretical
model of the slope pile-soil coupled system was established, considering the deterioration effects of

rock and soil mass under cyclical reservoir water-level conditions. A FEM-SPH (Finite Element Mod-
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el-Smooth Particle Hydrodynamics) coupling algorithm was proposed to establish a three-dimensional

slope pile-soil finite element model. Based on an engineering case study, the theoretical model and the

FEM were compared and analyzed. The results showed that both prediction models could evaluate the

long-term performance of pile foundations, with good agreement between their calculation results.

The average error in pile displacement prediction was about 14% , and the bearing capacity prediction

error did not exceed 12% . The theoretical calculation model can well reflect the pile foundation perfor-

mance in the elastoplastic stage, but demonstrates limited applicability in the failure stage. The FEM

can more intuitively and accurately reveal the instability evolution process of the reservoir bank slope,

the damage and failure mechanisms of pile foundations, and the long-term pile-soil interaction effects.

Keywords: cyclical reservoir water-level effect; slope pile; long-term performance; prediction model;

finite element model; FEM-SPH coupling algorithm
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Fig.1 Slope pile-soil coupling model
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HE X RO TR, At R B

Ey=FE.0[0.671e " +(1—0.671)]

Com=C [ 1—0.270 9¢ " In(m + 1) ] ; (40)

00 =@, [0.386¢ 1 +(1— 0.386) ]
K p, o B HUR 15 kPas

AL LA KA T B 8 0~20 IR AT 5T, %
K (40)THH S w5 2 S50 2, bF B BH W B i
I HE 1 pR AR S p—y M S S B4R B B AH B R
PR 22 ik [ Bt p—y il 4k 28 T 4 o ARk AH B4R
FEPERE .

®2 EBEZIESBFEUR

Table 2 Degradation of overburden parameters

WHm/ LIREH

% PR TR P R 4% £
E.../MPa ¢/ kPa 0o/ ()

0 60 56 21
1 52.08 46.95 19.78
2 45.72 41.66 18.74
3 40.61 37.9 17.86
4 36.51 34.99 17.12
5 33.21 32.6 16.48
6 30.56 30.59 15.94
7 28.43 28.85 15.48
8 26.72 27.31 15.09
9 25.35 25.93 14.76
10 24.25 24.69 14.48
11 23.36 23.55 14.24
12 22.65 22.51 14.04
13 22.08 21.54 13.87
14 21.62 20.64 13.72
15 21.25 19.8 13.6
16 20.95 19.01 13.49
17 20.71 18.26 13.4
18 20.52 17.55 13.33
19 20.37 16.88 13.26
20 20.24 16.25 13.21
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Fig.8 Three-dimensional bank slope-pier pile model
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