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Behavior of Bearing Capacity for Shallow Foundation on a Sand overlying Clay Depending
on Bearing Capacity Ratio
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Abstract

When a structure which has relatively low load constructs on soft clay, the bearing capacity of the ground will be
improved by sand overlying clay. In this condition, verifying the bearing capacity is difficult from the P.B.T etcetera in
the in—situ. So, it is needed to estimate precise bearing capacity in the design process.

In this study, 2—dimensional chamber tests and FEM analyses are conducted to evaluate behavior of bearing capacity
for shallow foundations on a sand overlying clay. Because depth ratio H/B and bearing capacity ratio q./qs are selected as
main factors, height of a sand, undrained shear strength of a clay and width of a loading are designated as variables.
Results from chamber tests are very similar with those of FEM analyses. And it shows that punching shear mechanism is
more suitable than the equation of Okamura et al.(1998). To make continual application of load spread mechanism, the
equivalent load spread angle is proposed for H/B and q./qs. Also, the linear regression equation of critical depth ratio Hf

is suggested for q¢/qs.

Keywords : Bearing capacity, Depth ratio, Bearing capacity ratio, Equivalent load spread angle, Critical depth ratio
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Fig. 3 Failure of soil below footing on sand layer above soft clay
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Fig. 4 Punching shear coefficient K, (Hanna and Meyerhof, 1980)
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Table 1 Properties of samples

Gs LL (%) PI (%) #200 (%) USCS

Clay 2.70 41.01 19.55 95.66 CL

Sand 2.65 NP NP 4.00 SW

Table 2 Strength parameters of samples

e ()| ¢ &®Pa) | cu &Pa) | wn (%) | rt GN/m)
Sand 41.7 0.7 - 7.0 16.5
Clay 1 - - 3.53 54.2 16.5
Clay 2 - - 10.79 454 17.0
Clay 3 - - 13.83 42.5 17.2
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(b) Upper shape of chamber

Fig. 6 Figures of chamber
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Fig. 7 Stress—Strain curves of tests
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Table 3 Results of bearing capacities of tests

Table 4 Input parameters of FEM analysis

cu(kPa) B(m) a./qs H/B a.(kPa)
0.5 20.9
1.0 28.7
2.0 44.2
0.1 0.161 3.0 69.2
4.0 98.2
4.5 107.6
5.0 116.7
3.53
0.25 16.2
0.5 22.2
0.75 26.8
0.2 0.081
1.0 30.3
1.5 40.5
2.0 65.0
0.3 0.054 0.5 24.1
0.5 54.5
1.0 67.1
0.1 0.492
2.0 100.6
3.0 119.7
0.25 51.6
10.79 0.5 59.1
0.75 68.3
0.2 0.246
1.0 80.6
1.5 97.9
2.0 120.5
0.3 0.164 0.5 63.6
0.5 67.8
1.0 83.4
0.1 0.631
1.5 99.8
2.0 115.1
13.83 0.5 74.1
1.0 98.9
0.2 0.315
1.5 124.6
2.0 149.9
0.3 0.210 0.5 80.4
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Fig. 8 Schematic of FEM analysis
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Table 5 Results of bearing capacities of FEM analysis

cu (kPa) B (m) a/qs H/B qu (kPa)

0.5 24.5

1.0 30.3

2.0 45.6

0.1 0.161 3.0 70.0
4.0 101.1
4.5 116.0

5.0 123.1

0.5 26.3

1.0 33.4

1.5 45.2

3.53 0.2 0.081 20 63.2
3.0 104.0
4.0 154.5
5.0 218.5
5.5 232.0

0.5 28.1

1.0 39.4

2.0 74.2
0.3 0.054 3.0 131.2
4.0 206.8
4.5 251.6
5.0 352.0

0.5 69.0

0.1 0.492 LO 769
2.0 106.4
3.0 112.5

0.5 67.3

1.0 80.7

0.2 0.246 Lo 102.4
1079 2.0 121.0
3.0 171.8

4.0 224.8

0.5 71.9

1.0 93.0
03 0.164 2.0 138.7
3.0 217.3

4.0 310.1
4.5 370.5

0.5 88.2
0.1 0.631 LO 1007
1.5 113.2
2.0 130.4

0.5 90.5
1.0 105.5
02 0.315 1.5 1254
13.83 2.0 156.5
3.0 214.7
3.5 223.7

0.5 91.5
1.0 111.3
0.3 0.210 20 174
3.0 253.6
3.5 297.2
4.0 349.7
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Fig. 9 Comparison with FEM analysis and test for strain—
displacement (B=0.1m, c¢,=10.79%Pa)

Table 6 Regression equations of ultimate bearing capacity for

H/B (x=H/B)
Experiment FEM
QC/QS ; P R P
Equation (kPa) R? Equation (kPa) R?
0.054 - - qu=23.027¢"* | 0,995

0.081 qQu=14.476"™™ 10984 | qu=21.999¢*"*™ | 0.989

0.161 qu=18.535¢""1"" | 0988 | qu=20.515e"*" | 0.998

0.164 - - qu=60.031""* | 0.998

0.210 - - qQu=76.935¢"** | 0.996

0.246 qQu=47.011*** | 0990 | qu=58.463e"** | 0.993

0.315 qu=60.155¢"*"* | 0.990 | qu=75.168""* | 0.997

0.492 qu=44.534e"* | 1.000 | qu=58.660e"** | 0.992

0.631 qu=57.702¢""* | 0993 | qu=78.056e""™ | 0.999
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