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Numerical analysis of bearing capacity of a foundation under strip footing
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Abstract: Based on the slip-line in plastic mechanics, equilibrium differential equations of a foundation in limit equilibrium state
under a strip footing are deduced. using the finite-difference method, the finite difference formula in limit equilibrium state is given.
Combining with the boundary conditions, a program for computing the bearing capacity is written that can compute the slip-line field
and the corresponding bearing capacity considering the depth of embedment, the unit weight, the internal frictional angle and the
roughness of the foundation at the same time. The calculating results of the bearing capacity factor N, are shown with the change of
the internal frictional angle. The influences of the depth of embedment, the unit weight, the internal frictional angle and the roughness
of the foundation on the shape of slip lines and the bearing capacity, are generally discussed; and some valuable conclusions are
drawn.
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Fig.1 The relationship of principal stresses
and slip lines in soil
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Fig.2 Sketch map of slip lines
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Fig.3 The resolution process of the ultimate bearing
capacity of a foundation
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Table 1 N, of the present method and of

Prandtl’s theory
0/ 5 10 15 20 25 30
AN, 157 247 393 636 1055 1810
T WIHRF IR N, 1.57 247 394 640 1066 1840
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Table 2 The bearing capacity calculated by the present
method and by Sokolovsky’s theory

A AR EPEM SN IE S AR Z A
?/O K Pu /kPa \Pu-Pasl | Pa | %
5 718 5922 2124
10 103.2 87.03 18.58
15 156.4 134.28 1647
20 2492 216.54 15.08
25 417.3 366.48 13.87
30 7375 650 13.46
35 1389 1231.1 12.83
40 2836 2526.8 12.24
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Table 3 N, of the present method and of

Sokolovsky’s theory
o/ (°) 5 10 15 20 25 30 35 40
AL 035 1.10 2.61 5.68 12.08 26.03 58.54 141.57

RERNS R 017 056 140 3.16 6.92 1532 35.19 86.46
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Table 4 N, of the present method and of
classical theories

p/(®) AKX W.F.Chen  Terzaghi Meyerhof ~ Vesic
2 0.11 0.16 0.01 0.01 0.15
4 0.26 0.35 0.05 0.03 0.34
6 0.46 0.60 0.14 0.08 0.57
8 0.73 0.91 0.27 0.15 0.86
10 1.10 1.31 0.47 0.26 1.22
12 1.58 1.84 0.76 0.42 1.69
14 2.22 2.52 1.16 0.64 2.29
16 3.06 3.42 1.72 0.96 3.06
18 4.19 4.61 2.49 1.38 4.07
20 5.68 6.20 3.54 1.97 5.39
22 7.69 8.32 4.96 2.76 7.13
24 10.39 11.17 6.89 3.83 9.44
26 14.06 15.05 9.53 5.29 12.54
28 19.08 20.35 13.13 7.29 16.72
30 26.03 27.66 18.08 10.05 22.40
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Fig.4 The relationship between the roughness of the
foundation base and the bearing capacity coefficient 1V,
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Fig.5 Shapes of slip lines with variation of
the unit weight of the foundation
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Fig.6 Shapes of slip lines with variation of the internal
frictional angle (without embedment)
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Fig.7 Shapes of slip lines with variation of the internal
frictional angle
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