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A decoupled ALE method of implicit stabilizednede-based smoothed finite element and
its applications to large’deformation analysis
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Abstract: Large deformation of soil masSshas been often encountered in geotechnical analysis. When the small deformation
assumption-based finite element methad \is/applied to such large deformation analysis, the computational errors can be
accumulated or the computationals process. may be terminated due to mesh distortion. In the decoupled arbitrary
Lagrangian-Euler (ALE) method with/Separated mesh deformation and material deformation, the updated Lagrangian (UL) step
is implemented followed by\the Euler Step to overcome the reduced computational accuracy or the computational termination
caused by mesh distortion By cembining the stabilized node-based smoothed finite element method (NsFEMstab) with the
ALE method, a novel NsFEMstab-ALE method is proposed, and furthermore a dynamic placement approach of nodes for the
adaptive remeshing’strategy is developed. Based on a rigid footing resting on ground involving large deformation, the method
of NsFEMstab-ALE. is‘examined, and numerical results show that: (1) by applying the dynamic placement method of nodes, the
mesh distortion caused by large deformation can be effectively resolved, the smooth mesh transition from fine-mesh area to
coarse-mesh area can be realized, and the good element quality in the whole mesh during the entire deformation process can be
guaranteed. (2) the load-displacement curves predicted by the NsFEMstab-ALE method agree well with those in the literatures,
and the equivalent plastic strain contours and deformed meshes calculated by the NsSFEMstab-ALE method are rational.

Key words: large deformation of soil mass; stabilized node-based smoothed finite element method; implicit finite element

framework; adaptive remeshing; arbitrary Lagrangian-Eulerian
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Table 2 Comparison of mesh.quality. in different calculation

methods after/the final*ealculation step

W Rd max_A;  max_Sq
FEM(T6) 9.62 37.74 0.97
NsFEMstab 865 246.7 0.99
FEM-UL(T6) 6.25 41.66 0.97
NsFEMstab-Uk 10.10 18.39 0.94
FEM-ALE(T6) 0.12 3.78 0.67
NsFEMstab-ALE 0.25 3.31 0.61

equp
Lo
0.9
0.8
0.7
0.6
. 0.5
04
0.3

FEM(T6) NsFEMstab I o

eqp
10
09
08
07
0.6
. 05
04
03

FEM-UL(T6) NsFEMstab-UL IZ?

(©) (d)

Lo
I 09
0.8
0.7
0.6
| I
FEM-ALE(T6) NsFEMstab-ALE | i

— - - 0.0

(€) ®

9 FRIGETERGHFHEENTRE
Fig.9 Contours of the equivalent deviatoric plastic strain calculated

by different methods
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