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Horizontal bearing capacity of pilefoundation in high-piled wharf with
inclined ground surface
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Abstract: For calculating the lateral bearing capacity of pile foundation, the existing high-piled wharf design method is always
based upon the hypothesis of horizontal ground surface of common natural foundation. However, there has been no mature
methods for the latera bearing capacity of pile foundation with inclined ground surface. In order to revea the working
mechanism of high-piled wharf pile foundation on slope, the lateral bearing behavior of a single pile on dope through
laboratory model testsis studied. Through anayzing the test results, a series of modified cal culation formulas are put forward to
confirm the lateral bearing capacity of different inclined grounds based on the pile performances with horizontal ground surface,
including the maximum moment of pile and its location, displacement of pile-top and ground surface. Meanwhile, a modified
formula of soil spring gtiffness considering both ground surface dope and pile depth is derived, and it provides a theoretical
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basis for designing and cal culating the foundation of high-piled wharf with inclined ground surface.

K ey wor ds: high-piled wharf; pile foundation; inclined ground surface; horizontal bearing capacity
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Fig. 1 Supposed ground surface of rock mound
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Fig. 2 Sketch map of single pile model test
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Table 1 Maximum moment of pile with different inclined ground surfaces and different loads
H/N B 5 K5 RE/(N-m)
tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
100 23.82 23.37 23.47 23.17 27.10
200 51.27 49.76 53.69 48.15 58.72
300 83.40 78.17 88.34 74.44 91.86
400 108.68 105.76 122.59 101.94 126.31
500 138.22 134.17 153.81 129.54 161.27
600 170.33 161.47 189.87 158.04 200.35
700 205.45 192.29 229.36 185.24 240.04
800 236.70 223.72 266.83 215.46 281.54
900 270.86 260.08 305.11 244.77 318.30
1000 304.79 291.30 343.38 277.81 364.03
1100 338.94 329.58 — 310.65 —
1200 374.28 366.35 — 344.49 —
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Table 2 Comparison of maximum moment of pile with different indined ground surfaces and different loads
H/N W B 5 KA RE/(N-m)
tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
100 1 0.98 0.99 0.97 114
200 1 0.97 1.05 0.94 115
300 1 0.94 1.06 0.89 110
400 1 0.97 1.13 0.94 1.16
500 1 0.97 111 0.94 117
600 1 0.95 111 0.93 1.18
700 1 0.94 112 0.90 117
800 1 0.95 1.13 0.91 1.19
900 1 0.96 113 0.90 118
1000 1 0.96 1.13 0.91 1.19
1100 1 0.97 — 0.92 —
1200 1 0.98 — 0.92 —
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Table 3 Location of maximum moment of pile with different inclined ground surfaces and different loads
H/N BE S B K R A B e TR B /em
tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
100 11.22 10.21 11.99 8.82 13.50
200 13.27 11.98 15.44 10.59 17.14
300 15.86 13.34 18.30 11.88 19.52
400 16.68 14.18 20.17 12.86 21.30
500 17.91 14.97 21.17 13.56 22.65
600 18.82 15.60 22.37 14.25 234
700 19.61 16.28 23.42 14.78 25.00
800 20.40 16.90 24.12 15.37 25.88
900 21.17 17.55 24.92 15.81 26.58
1000 21.79 18.08 25.63 16.31 27.45
1100 22.33 18.65 — 16.82 —
1200 22.90 19.24 — 17.25 —
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Fig. 4 Fitting curve of location of maximum moment of pile
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Fig. 5 Fitting curve of displacement of piletop
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Table 4 Displacement of pile top with different inclined ground surfaces and different loads

H/N PETAL A /mm
tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
100 0.52 0.53 0.41 0.47 0.75
200 142 1.32 1.50 1.18 1.97
300 2.60 2.26 2.95 2.00 3.42
400 3.81 3.26 4.54 2.96 5.12
500 5.19 4.38 6.08 3.94 6.89
600 6.73 5.53 7.96 4.99 9.02
700 8.50 6.85 10.08 6.05 11.32
800 10.18 8.16 12.17 7.30 13.84
900 1211 9.80 14.52 8.55 16.16
1000 14.10 11.26 16.93 9.94 19.21
1100 16.09 13.06 — 11.39 —
1200 18.25 14.74 — 12.93 —
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Table 5 Displacement of soil surface with different inclined ground surfaces and different loads

H/N V7% /mm
tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
100 0.22 0.19 0.27 0.03 0.33
200 0.64 0.55 0.85 0.30 0.93
300 1.20 1.00 161 0.64 171
400 1.86 1.47 2.47 1.07 2.62
500 2.62 2.03 3.33 153 3.61
600 3.45 2.62 4.39 2.03 4.83
700 4.43 3.33 5.63 2.55 6.17
800 5.37 4.02 6.85 3.17 7.66
900 6.47 4.93 8.26 3.80 9.06
1000 7.61 5.76 9.72 4.50 10.92
1100 8.75 6.75 — 5.27 —
1200 10.00 7.71 — 6.07 —
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Fig. 6 Fitting curve of displacement of soil surface
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Table 6 Soil spring stiffness for load of 600 N

+ BRI B/ (KN

Zlem tanqg =0 tanq=-1/4 tanq =1/4 tanqg =-1/3 tanq =1/3
-5 36.72 85.09 19.67 134.17 18.68
-10 68.88 124.47 41.87 205.46 36.53
-15 117.53 176.07 75.16 333.66 67.99
-20 184.14 234.68 119.31 648.27 115.87
-25 263.76 285.82 173.32 1086.59 185.63
-30 340.10 318.97 228.99 1413.98 284.73
-35 386.32 328.15 273.72 1274.26 430.87
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Fig. 9 Comparison of numerical simulation and actual measurement with different inclined ground surfaces
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