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Study on Slope Stability under Loads Induced by Pile Foundations

Based on Finite Element Limit Analysis

PENG Wenzhe,ZHAO Minghua’, YANG Chaowei
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: This paper aims to investigate the general law of slope stability under pile foundation—induced loads
and propose a calculation method of corresponding stability coefficients. Firstly, the finite element limit analysis
method is introduced and verified by the case for the pile foundation in sloping ground. Next, some factors (e.g. lateral
load atop the pile, cohesion, and the relative position between pile and slope) are normalized, and the calculation
method of stability coefficients of the slope subjected to pile foundation—induced loads under various conditions is
presented and expressed in tabular form. Then, the load impact factor is presented to characterize the effect of lateral
loads atop piles on slope stability factors, while slope failure modes are explored, and the semi-experiential and
semi—theoretical method of slope stability coefficient under loads induced by pile foundations are presented. Finally,
the effect of lateral loads atop piles, the slope inclination, internal friction angle of soils, cohesion, and pile position
on slope stability factors are discussed. The results show that the slope stability factors are positively correlated with

internal friction angle and cohesion, and negatively correlated with lateral loads atop the pile. These above—
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mentioned analyses can provide references for bridge engineering design in the sloping ground, which are of certain

theoretical and engineering application value.

Key words: bridge engineering;pile foundation ; slope ; stability coefficient; finite element limit analysis
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R3 HEEMEHTHHBEERB(V  H=1:2)
Tab.3 Stability coefficients of slope under pile foundation—induced loads(V : H=1 : 2)

clyD clyD
al% sIH /(%) /(%)
0.25 0.5 0.75 1 0.25 0.5 0.75 1
1/4 0.84 1.10 1.36 1.62 1.04 1.31 1.57 1.83
172 0.92 1.21 1.50 1.80 1.14 1.44 1.74 2.04
15 20
3/4 1.03 1.35 1.67 2.00 1.28 1.60 1.92 2.25
1 1.20 1.56 1.92 2.28 1.50 1.86 2.22 2.59
3
1/4 1.26 1.53 1.79 2.05 1.49 1.77 2.03 2.29
12 1.38 1.68 1.98 227 1.64 1.94 2.24 2.54
25 30
3/4 1.54 1.87 2.20 2.53 1.83 2.16 2.49 2.83
1 1.81 2.18 2.55 2.92 2.10 2.49 2.88 3.27
1/4 0.55 0.71 0.87 1.03 0.70 0.85 1.00 1.16
172 0.65 0.84 1.04 1.24 0.81 1.01 1.20 1.40
15 20
3/4 0.75 0.98 1.22 1.46 0.94 1.17 1.40 1.64
1 0.91 1.19 1.47 1.76 1.15 1.43 1.71 1.99
6
1/4 0.85 1.00 1.16 1.31 1.02 1.17 1.33 1.48
172 0.99 1.19 1.38 1.58 1.18 1.37 1.56 1.76
25 30
3/4 1.14 1.37 1.60 1.84 1.36 1.59 1.82 2.05
1 1.39 1.67 1.95 2.23 1.65 1.93 221 2.50
1/4 0.43 0.53 0.64 0.74 0.55 0.65 0.75 0.85
172 0.51 0.65 0.79 0.93 0.65 0.78 0.92 1.06
15 20
3/4 0.59 0.77 0.95 1.13 0.75 0.92 1.09 1.27
1 0.74 0.95 1.16 1.39 0.92 1.13 1.35 1.57
9
1/4 0.68 0.78 0.88 0.98 0.82 0.92 1.02 1.12
172 0.79 0.92 1.06 1.20 0.95 1.08 1.22 1.35
25 30
3/4 0.92 1.09 1.26 1.43 1.10 1.26 1.43 1.60
1 1.12 1.34 1.55 1.77 1.34 1.55 1.76 1.98
1/4 0.37 0.44 0.51 0.59 0.47 0.54 0.62 0.70
172 0.43 0.53 0.64 0.75 0.55 0.65 0.76 0.86
15 20
3/4 0.50 0.63 0.77 0.91 0.64 0.77 0.90 1.04
1 0.61 0.78 0.96 1.14 0.78 0.95 1.13 1.30
12
1/4 0.59 0.66 0.74 0.81 0.71 0.78 0.86 0.94
172 0.67 0.77 0.88 0.98 0.81 0.91 1.01 1.11
25 30
3/4 0.78 0.91 1.05 1.18 0.94 1.07 1.20 1.33

1 0.95 1.12 1.29 1.46 1.14 1.30 1.47 1.64
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x4 DFEREERHM(V : H=5:8)
Tab.4 Stability coefficients of slope under pile foundation—induced loads(V : H=5 : 8)

clyD clyD
al% sIH /(%) /(%)
0.25 0.5 0.75 1 0.25 0.5 0.75 1
1/4 0.83 1.09 1.35 1.61 1.03 1.29 1.55 1.81
12 0.87 1.15 1.43 1.71 1.09 1.37 1.65 1.93
15 20
3/4 0.94 1.24 1.55 1.85 1.16 1.46 1.77 2.07
1 1.10 1.48 1.83 2.17 1.32 1.68 2.03 2.39
3
1/4 1.24 1.51 1.78 2.04 1.47 1.75 2.01 2.27
12 1.31 1.59 1.87 2.16 1.56 1.84 2.13 242
25 30
3/4 1.40 1.71 2.01 232 1.66 1.97 2.27 2.58
1 1.62 1.98 233 2.69 1.84 221 2.58 2.95
1/4 0.57 0.74 0.91 1.09 0.72 0.89 1.05 1.22
12 0.61 0.80 0.99 1.19 0.77 0.96 1.15 1.34
15 20
3/4 0.68 0.90 1.11 1.33 0.84 1.05 1.27 1.48
1 0.84 1.14 1.39 1.65 1.00 1.27 1.53 1.80
6
1/4 0.88 1.04 1.21 1.38 1.06 1.22 1.38 1.55
12 0.94 1.12 1.31 1.50 1.14 1.33 1.54 1.70
25 30
3/4 1.03 1.24 1.45 1.66 1.24 1.45 1.65 1.86
1 1.25 1.51 1.77 2.03 1.42 1.69 1.96 223
1/4 0.45 0.56 0.68 0.80 0.58 0.69 0.80 0.92
12 0.48 0.62 0.76 0.91 0.63 0.76 0.89 1.03
15 20
3/4 0.52 0.68 0.85 1.01 0.66 0.83 0.99 1.16
1 0.63 0.83 1.06 1.29 0.77 0.99 1.22 1.44
9
1/4 0.71 0.82 0.93 1.04 0.85 0.96 1.07 1.19
12 0.77 0.89 1.01 1.14 0.82 1.06 1.19 1.33
25 30
3/4 0.82 0.96 1.10 1.24 0.99 1.14 1.30 1.45
1 0.96 1.16 1.37 1.57 1.13 1.35 1.56 1.78
1/4 0.39 0.47 0.56 0.64 0.50 0.58 0.66 0.74
12 0.42 0.53 0.64 0.75 0.55 0.64 0.74 0.84
15 20
3/4 0.46 0.59 0.72 0.85 0.58 0.71 0.84 0.97
1 0.57 0.74 0.93 1.13 0.69 0.88 1.06 1.25
12
1/4 0.61 0.69 0.78 0.86 0.74 0.82 0.90 0.98
12 0.67 0.77 0.88 0.98 0.79 0.89 1.00 1.10
25 30
3/4 0.72 0.84 0.96 1.08 0.86 0.98 1.10 1.22

1 0.86 1.04 1.23 1.41 1.00 1.18 1.37 1.55




194 PN QR 2] 2022 4

x5 MEREGRBTERE(V H=3:4)
Tab.5 Stability coefficients of slope under pile foundation—induced loads(V : H=3 : 4)

clyD clyD
al% s/H /(%) /(%)
0.25 0.5 0.75 1 0.25 0.5 0.75 1
1/4 0.78 1.03 1.28 1.52 0.98 1.22 1.46 1.71
172 0.84 1.11 1.38 1.66 1.04 1.32 1.59 1.86
15 20
3/4 0.92 1.22 1.53 1.83 1.15 1.45 1.76 2.06
1 1.03 1.36 1.69 2.03 1.28 1.61 1.95 2.29
3
1/4 1.18 1.42 1.68 1.92 1.40 1.64 1.89 2.14
172 1.26 1.53 1.80 2.08 1.50 1.77 2.04 2.32
25 30
3/4 1.38 1.69 2.00 2.31 1.64 1.94 2.24 2.56
1 1.47 1.83 2.19 2.55 1.66 2.05 2.44 2.84
1/4 0.54 0.70 0.86 1.01 0.69 0.84 0.99 1.14
172 0.61 0.80 0.99 1.17 0.76 0.94 1.12 1.31
15 20
3/4 0.68 0.90 1.12 1.35 0.86 1.08 1.30 1.52
1 0.78 1.03 1.28 1.53 0.98 1.23 1.48 1.73
6
1/4 0.84 0.99 1.14 1.29 1.00 1.15 1.30 1.45
12 0.93 1.11 1.29 1.48 1.11 1.29 1.47 1.65
25 30
3/4 1.04 1.26 1.48 1.69 1.24 1.46 1.67 1.88
1 1.18 1.43 1.68 1.93 1.41 1.66 1.91 2.15
1/4 0.43 0.54 0.64 0.74 0.55 0.65 0.76 0.86
172 0.48 0.62 0.76 0.89 0.61 0.74 0.87 1.01
15 20
3/4 0.55 0.72 0.89 1.05 0.69 0.85 1.01 1.18
1 0.63 0.82 1.02 1.22 0.80 0.99 1.18 1.37
9
1/4 0.68 0.78 0.88 0.98 0.81 0.91 1.02 1.12
172 0.75 0.88 1.01 1.14 0.90 1.03 1.16 1.29
25 30
3/4 0.85 1.01 1.17 1.33 1.02 1.18 1.34 1.49
1 0.97 1.16 1.35 1.53 1.15 1.34 1.53 1.71
1/4 0.37 0.44 0.51 0.59 0.47 0.54 0.62 0.70
172 0.41 0.51 0.62 0.72 0.52 0.62 0.73 0.83
15 20
3/4 0.47 0.60 0.73 0.86 0.59 0.72 0.85 0.97
1 0.54 0.69 0.85 1.00 0.68 0.83 0.98 1.13
12
1/4 0.58 0.65 0.73 0.81 0.71 0.78 0.86 0.94
172 0.65 0.75 0.85 0.95 0.78 0.88 0.97 1.07
25 30
3/4 0.73 0.85 0.97 1.10 0.87 0.99 1.11 1.24

1 0.83 0.98 1.13 1.27 0.99 1.14 1.29 1.43
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Fig.4 Relationship between load impact

factors and lateral loads
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Tab.6 Fitting coefficients of load impact factor

€ &, Al Bl Cl A u Bu Cu

s/H=1 188.4 =2.1 -7.4 621.0 -101.1 -1.0

s/H=1/2  -4313 -1363 -162 -175.6 78.7 -12.3

sIH=1/3  -434.3 135.2 -15.8 -113.8 65.4 -12.0

sIH=1/6  -421.2 1415 -17.2  -3222 1162 -15.1
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