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Abstract: The material point method (MPM) adopts the dual description of Lagrangian particles and Euler
grids, so it can deal with large deformation and contact problems conveniently. The large deformation problem
of thin shell structures was analyzed based on the framework of the convected particle domain interpolation ma-
terial point method (CPDIMPM). The quadrilateral mesh was used to discretize the shell structure. The basis
function was calculated by the double mapping from the material point to the shell element node and then to the
background grid node. The momentum equation was solved on the background grid, and the internal force of
the material point was updated based on the Belytschko-Tsay ( BT) shell element theory. In the numerical ex-
ample, the comparison of large deformations of the shell structure with reference solutions verifies the accuracy
of the proposed method.
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Fig. 1 The 2-step mapping process from material points to background grids
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(a) A cantilever subjected to a end shear force
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tip deflection Ulip
(b) ASSCAF BN 55 0L 5 17 A 4] L (e) AR T RS T AL 7Y
(b) The comparison between the results with (¢) Deformed configurations under different loads

this method and the exact solution
2 BEWNZIIRER A SRS TR

Fig. 2 The force diagram, deformation process and calculation results of the cantilever
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tip

Table 1 The comparison between the result obtained with this method and the exact solution of Uy,

P/P,, Wy, Uy, this papaer solution 8 /%
0.1 1.309 0.103 0.100 2.9
0.2 2.493 0.381 0.374 1.8
0.3 3.488 0.763 0.749 1.8
0.4 4.292 1.184 1.167 1.4
0.5 4.933 1.604 1.585 1.2
0.6 5.444 2.002 1.981 1.0
0.7 5.855 2.370 2.345 11
0.8 6.190 2.705 2.678 1.0
0.9 6.467 3.010 2.978 11

1.0 6.698 3.286 3.259 0.8
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THEZE R 5 TV & T
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400 .
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300¢

200+

radial force P

100+
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radial displacements at point 4 ¥
(b) *EERGEMAILEE R (¢) AR BIREER ST X LE
(b) The deformed configuration of (¢) The comparison between the results with
the spherical shell this method and the exact solution

B3 RERkemZn B ARSI SRR

Fig. 3 The force diagram, deformation process and calculation results of the spherical shell

R2 V, BIBHTIR S A S LS R

Table 2 The comparison between the results with this method and the exact solution of V,

P/P Up Vy this papaer solution 8 /%
0.1 1.840 1.499 1.472 1.8
0.2 3.261 2.321 2.287 1.5
0.3 4.339 2.819 2.791 1.0
0.4 5.196 3.158 3.104 1.7
0.5 5.902 3.406 3.372 1.0
0.6 6.497 3598 3.523 2.1
0.7 7.006 3.750 3.701 1.3
0.8 7.448 3.875 3.872 0.1
0.9 7.835 3.976 3.944 0.8

1.0 8.178 4.067 4.050 0.4
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(a) The steel box beam model

(b)t =5ms

(e¢)t = 10ms

(d)t = 15ms
4 JrERRIA SR D (ZEM) 5 LS-DYNA (A ) M4 2R3 [
Fig. 4 The steel box beam model and the comparison between the results with

this method (left) and the LS-DYNA (right )
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5 4 1w
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