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ABSTRACT: A numerical simulation of concrete failure at high impact loading rate will be presented. The 

contact/impact analysis is performed on the mechanical interaction between two bodies. Following the 

standard notations in contact mechanics, the contractor body is described with the hyperelastic material 

model using the second Piola-Kirchoff stress tensor conjugated with the Green-Lagrange strain tensor. 

Adopting the well known update Lagrange formulation (UL), the stress and strain are calculated with respect 

the referent system which is successively updated. During the contact time, the contact constrains are 

satisfied with the Lagrange multiplier method adapted for the explicit time integration. At the contact 

interface, the frictional energy dissipation is simulated by the constitutive Coulomb frictional law. On the 

implementation level, the frictional law is introduced by the relaxation of tangential nodal displacement. To 

simulate the mechanical behavior of the concrete body (target body), the stress-strain relationship is carried 

out via the rate sensitive microplane material model with relaxed kinematic constraint. The macroscopic 

strain measure is performed with the left logarithmic strain tensor (Henky strain). By including and 

excluding the rate effect from the numerical formulation, the influence of the rate sensitivity will be 

demonstrated on a concrete beam failure caused by impact loading. Also, an impact velocity influence will 

be presented. The numerical results predict the beam failure patters investigated with the experimental 

methodology. Namely, the type of beam failure is directly related to the rate of impact loading. For relative 

low impact velocity the numerical results coincide with the experimental results providing the expected 

bending failure mode (MODE I). For relative high impact loading, the crack trajectory describes the typical 

mixed mode of failure. 


