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In this paper, dynamic impact collapse behavior of thin-walled structures is analyzed

using the distinct element method (DEM). For this, the bending and torsional springs

are newly introduced into the distinct element method to calculate bending and torsional

moments with single layer elements. In addition, the elastoplastic constitutive equation

and the fracture criterion are employed for the normal and bending springs to take into

account the nonlinear behavior of materials. Using the proposed method, the numerical

demonstration aiming for application to large-scale structures is performed and validity of

the method is investigated through the impact buckling analysis of thin-walled cylinders.
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Fig. 1: Conventional and proposed methods.
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spring

Fig.2: Spring models.
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Fig. 3: Airplane model.

Table 1: Material parameters of A2024-T4.

Young’s modulus E 70.3 [GPa]
Poisson’s ratio v 0.345
Yield strain ¢, 0.0046
Fracture strain 0.20
Density p 2700 [kg/m?]

Table 2: Parameters of collision analysis.

Length of fuselage 64.0 [m]
Diameter of fuselage 6.0 [m]
Wingspan 60.0 [m]
Number of elements 2894
Weight of airplane 126000 [kg]
Velocity of airplane 80.0 [m/s]
Time increment At 10.0 [us]
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Fig.4: Deformation history of airplane.
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Fig. 6: Elastoplastic constitutive model.
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Fig. 7: Calculation of stress distribution.
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Table 3: Material parameters of A6063-T6(%).

Young’s modulus E 69.7 [GPa]
Poisson’s ratio v 0.3
Yield stress oyieia 195 [MPa]
Work-hardening coefficient K 142 [MPa]
Work-hardening exponent n 0.2
Density p 2690 [kg/m?]

Table 4: Parameters of buckling analysis.

Dimensions of cylinder 100 x 17 x 0.6 [mm?3]

Number of elements 2652
Weight of rigid wall 55 [g]
Velocity of rigid wall 60 [m/s]
Time increment At 10.0 [ns]
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Fig. 8: Deformation history of cylinder.
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