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The present study aims at numerically investigating the performances of various failure criteria to 

reproduce the crack initiation, propagation and arrest in impact-loaded shock-resistant PMMA. Impact 

tests on Kalthoff and Winkler (KW)-type double notched plates made of RT-PMMA are taken as 

example, see [1]. 

Numerical simulations were conducted using the commercial code LS-DYNA employing the smooth 

particle hydrodynamics (SPH) based spatial discretization and the explicit time integration scheme. 

The total Lagrangian formulation with renormalization was used to alleviate the well-known tensile 

instability effects [2]. In order to be as close to the experimental conditions as possible, both notched 

RT-PMMA plate and steel projectile were discretized using three-dimensional SPH, with 356,400 and 

144,312 particles for the plate and projectile, respectively. A J3-dependent thermo-viscoplasticity 

model was used to reproduce the strength asymmetry and the rate and temperature dependence of the 

RT-PMMA in question. 

Various stress and strain controlled criteria were considered. Through a numerical design of 

experiment (Central Composite Design consisted of 15 different combinations of stress and strain 

levels), parametric studies were then performed to investigate the effects of these criteria on the 

overall crack pattern and on the crack arrest conditions, by first considering each criterion 

individually, and by then combining some of them. For the best combination of criteria, the simulated 

crack propagation patterns are evaluated against the corresponding experimental results. The crack 

propagation speeds are computed and the evolutions of stress and strain at the notch tip throughout the 

fracture process are analysed. 

Once the failure criterion constants calibrated considering (low) impact velocity configurations 

involving crack arrest, the methodology is verified on (high) impact velocity configurations involving 

full crack propagation. 
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