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ABSTRACT 
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Main features: In this work, an advanced coupled damage-plasticity constitutive model has been 

used for analysing the failure of concrete structures due to high-velocity impact [1-3]. According to 

the special characteristics of damage-plasticity constitutive models for concrete, updating the stress 

and strain tensors in return mapping algorithms is highly nonlinear and can cause numerical 

difficulties, especially in the regions close to the singular apex of the yield surface. In high-velocity 

impact problems, the stress values on the contact surface increase in a very short period of time, 

which leads to severe convergence problems in return mapping algorithms and decreases the time step 

size dramatically. In this study, a robust numerical algorithm for updating the stress and strain tensors 

is proposed which increases the efficiency of the simulation of high-velocity impact to concrete 

structures. Using this algorithm, the fully damaged response of concrete structures in such problems 

can be modelled. Consequently, the appropriate design for reinforcing the structure can be provided. 

Results: In order to evaluate the efficiency of the proposed algorithm, several numerical examples 

have been simulated. For instance, the impact of a hyper-elastic ring with GPaE 2 and 3.0v  to a 

single-edge notched concrete beam is simulated. The initial velocity of the ring is 40 m/s downward. 

The material properties of the beam are chosen as GPaE 30 , 3.0v , MPafc 40 , MPaft 5.3 . 

 
(a) t = 0.0 sec 
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(c) t = 2.0 mili- sec 

Figure 1 Impact to concrete beam; (a) problem definition. (b) Normal stress contour (MPa). (c) Damage contour.  

Conclusions: Using the proposed numerical algorithm, the highly nonlinear impact to concrete 

structures with coupled damage-plasticity constitutive model, in which the stress and strain values 

increase rapidly, can be simulated efficiently and severe numerical difficulties and consequent 

convergence problems can be extremely reduced. 
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