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The present paper reports further algorithmic refinements and numerical experiments of an 
explicit time integration algorithm [1, 2] for discontinuous wave propagation phenomena, 
occurring in shock and impact-contact loadings in solids. 
 
The resulting algorithm traces different waves with different intermediate time steps, which 
makes use not only of the different critical time steps for different waves. In addition, the 
partition of unity properties of the finite element shape functions is exploited to realize the 
component-wise partition of equations of motion to longitudinal and shear parts such that the 
partitioned equations for each wave component can be integrated in accordance with their 
different wave speeds. The algorithm is implemented with a diagonal mass matrix, second-
order accurate, and conditionally stable.  It should be remarked that the algorithm produces 
excellent histories not only of displacements, stresses and velocities, but also of accelerations 
unlike the central difference method [1]. 
 
A predictor-corrector form of the present algorithm, its implementation details, and 
performance of the three-time step scheme, as an extension of previously published versions 
of Park et al. [1] and Cho et al. [2], is reported in [3]. In that paper, we describe how we have   
implemented the algorithm in terms of an equivalent predictor-corrector form into standard 
finite element codes exploited quadrilateral and hexahedral finite elements. The algorithm has 
been successfully implemented into an open source research code Tahoe [4].   
 
Dynamic and contact problems of elastic and elasto-plastic solids under small and finite 
deformations are considered in numerical tests. As an example, normal stress distribution in 
an impact of thick elastic plates is shown in Fig. 1. For numerical solution of contact 
problems, the penalty and augmented Lagrangian methods with the node-to-segment strategy, 
implemented in the Tahoe, are exploited. Note that the results obtained by the central 
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difference method (shown in Fig. 1a) exhibit significant spurious oscillations compared with 
the present results shown in Fig. 1b. 
 
 

 
a)                                                                b) 

 

Fig. 1. An impact problem of thick elastic plates: Stress distributions of ��� at the plate at the 
time � � 29 30	 
 ��⁄⁄  after the impact: (a) the central difference method, (b) the proposed 
time scheme [3]. 2
 is the thicknes of plates and �� is the speed of longitudinal wave. 
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