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Nonlinear ground settlement calculated by
hyperbolic curve tangent modulus equation

LI Ren-ping
(College of Civil & Hydropower Engineering, Three Gorges University, Yichang 443002, China)

Abstract: A new technique is proposed to calculate final settlement for non-isotropic, nonlinear elastic subsoils by using the data of
in-situ tests. Firstly, hyperbolic curves are fitted out from the data of load tests or screw plate tests on stratified, undisturbed soils.
Secondly, the relationships between additional stresses and tangent modulus of the soils are established; and additional stress factor is
added to consider the influences of foundation depth, non-isotropic and nonlinear elastic character. Finally, the total final settlement is
calculated by using hyperbolic curve tangent modulus equation and additional stresses. After fitting hyperbolic curves from the data
of load tests, different equations of hyperbolic curve tangent modulus for soils are obtained to find the settlements under different
loads. The calculated results show that, the predicted settlements are well in agreement with those from load tests. This technique may
be potential to calculate settlements with its simple principle, reliable parameters and accurate results.
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Fig.1 Influence of test type on settlement curve
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Table 1 Data explanation of various load test curves
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Fig.2 Hyperbolic curve fitting of load test data and
calculated settlements
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Table 2 Curve fitting parameters and tangent
modulus equation
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® 00319 00012 0.888 14.6 X (1-0.001 0P.)*
@ 00328 0.0023  0.921 28.0X(1-0.002 1P.)*
® 00468  0.0025  0.881 132X (1-0.002 2P.)°
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Fig.3 Soil tangent modulus of ® varied with depth under
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Fig.4 Curves of circular plank under different loadings
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Table 3 Curve fitting parameters and tangent modulus
equation for circular plank test curve
- B D)L E,
/kPa ¢ b F /MPa
0~20 0.1041 0.0094 0.870 16.8 X (1-0.008 2P.)’
20~30 0.0995 0.0102 0.870 17.1 X (1-0.008 9P.)
30~40 0.0990 0.0103 0.870 17.2%X(1-0.009 0P.)’
40~50 0.0903 0.0111 0.870 18.1 X (1-0.009 6P.)
50~60 0.1036 0.0101  0.870 16.4% (1-0.008 8P.)
60~70 0.0985 0.0105 0.870 173X (1-0.009 1Pz’
70~80 0.1061 0.0102 0.870 16.0 X (1-0.008 8P.)
80~90 0.1990 0.0081 0.870 8.6X(1-0.007 1P.)’
90~100  0.2949 0.0067 0.870 5.8X(1-0.005 8P.)
100~110 0.3118 0.0065  0.870 5.5X(1-0.005 7P.)*
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