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Large-strain numerical simulation for cone penetration and analysis
of influence factors for the cone factor
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Scientific Research Institute, Wuhan, Hubei 430010, China; 3. Faculty of Engineering, China University
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Abstract ; Simulation of static penetration of cone in the undrained clay and analyses of its influence factor are
taken as the research objectives. It is assumed that the soil is idealized as a homogeneous elastic and perfectly
plastic material obeying the Von-Mises yield criterion. An Arbitrary Langrangian-Eulerian ( ALE) technique is
adopted to preserve the quality of mesh under the condition of large-strain for performing large strain finite
element numerical simulation. The influences of the rigidity index, in situ stress state and the cone roughness
on the radius of the plastic zone and the cone factor under steady-state conditions are analyzed and a theoretical
correlation for the cone factor is developed in this study. The simulation results show that the plastic zone
increases with the increasing rigidity index, the radial expansion of the plastic zone around the cone tip is
between the cylindrical cavity expansion and the spherical cavity expansion, which is closer to the spherical
cavity expansion. The cone factor increases with the increasing rigidity index and the cone roughness while the
cone factor decreases with the increase of in situ stress state parameter. The formula for the cone factor
proposed in this article can be used to quantify the effects of the soil rigidity index, in situ stress state and the
cone roughness with reasonable accuracy. The research results are helpful to understand the mechanism of CPT

and improve the calculation accuracy of the undrained shear strength.
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Fig.1 Relocation of a node during a mesh sweep

FISE N RS ALE J7 % 51 A6 8l & S i 75 #2 5
Jot e AR 5 A, X i S BT g S R A AN s
Abaqus St 238 1 HE & ¥ 512 2l AR S Gz Bl ok % 25 1B
BRI, TR RUAS 5L LLIG , 75 208 i 2 AR 2
AR MTH ) A% A% i 21 87 R A% Lo Abaqus £2 43 W 1%
f 77k, —J& Van Leer $2 I 9 Z B J5 %, —J2& donor
cell $2 A9 — B J5 3k o Hevb B J5 35 68 o i 25 1) AL
W i 2l g ol 0 LU BOE o Pl T 0 3 24 £
YA 2 )BT T L AR DR Sk 9 BT 7 R ZE AT A
T R R o3, BT LR B O vk . Hofl i U X
Wi 2 fros, FEA LN 4 4

(1) ARG B SO0 2 A A AR F o0 B AR o B A8

—_— R
-——— O IREHK

N\
N
N\
N\
N\
J
\

f— BTG —fe— B0 —fe— B5E3 —
B2 ZHfEwmaE

Fig.2 Second order advection
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Fig. 3 Model boundary conditions and loading
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Fig. 4 Model grid before and after cone penetration
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Fig. 5 Scatter diagram for the cone factor vs penetration depth
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Fig. 6 Variation curves for the cone factor vs rigidity index
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100 — — — — — — — — — 8.6 10.9
150 8.0 10.0 — 17.0 9.8 15.0 11.3 12.7 10. 1 11.8 — —
300 8.9 10.9 — 17.7 10. 6 15.8 12. 4 13.8 11. 4 13.3 10. 8 13.3
500 9.6 11.6 — 18.2 11.2 16. 4 13.2 14.5 12.3 14. 4 11. 8 14.3
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