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High-pressure cone penetration tests in silica sand using
calibration chamber and large deformation analysis
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(Shandong Provincial Key Laboratory of Marine Environment and Geological Engineering, Ocean University of China,
Qingdao 266100, Shandong, P. R. China)

Abstract: The previous data interpretation equation for medium and low stress is no longer applicable when in-
situ tests are carried out in deeply seated soils. In order to explore the mechanical properties of sand under high
stress conditions, in this paper, the cone penetration test in silica sand with different relative densities and
confining pressure levels was performed in a self-developed high-pressure calibration chamber, and the
Arbitrary Lagrangian-Eulerian method, a large deformation finite element approach, was used to study cone
penetration in silica sands. Frequent mesh generations were conducted to avoid the distortion of soil elements
around the cone tip. A modified Mohr-Coulomb constitutive model was introduced to describe the internal

friction and dilatancy angle varied with the plastic shear strain in silica sands. A method for determining shear
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modulus by correcting the bending element tests was proposed. Numerical results of cone tip resistance agree
reasonably well with calibration chamber tests. An empirical equation for cone tip resistance varied with different
relative densities was established under high stress condition, and the comparison with the existing low stress
test results show that the established equation can predict well the relative density of sand by the cone tip
resistance.

Keywords: calibration chamber; cone penetration test; cone tip resistance; deep soils; methanical properties;

sand
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Fig. 1 Particle size distribution curve of a silica

Qingdao sand
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d's/MPa D./%
0.5 45.2.59.8
1.0 46.2.58.1
2.0 46.6.62.1
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Fig.3 Variation of friction and dilation angles of
modified Mohr-Coulomb model
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Fig. 4 Small-strain shear modulus of a silica Qingdao sand
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Table 2 Scheme and results of drained triaxial tests
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Fig. 6 Comparison of finite element simulation results

and calibration chamber test results
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