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strain rates, but corresponding to the stress values the strain increase as well, so
the damage depends on plastic strain [4].

Among other problems to be solved such like building discrete model of such
simulation, the fundamental importance has been focused on constitutive mod-
eling [12]. Due to highly nonlinear, rate-dependent behavior of plain concrete,
adoption of any model in the analysis is relatively complex and its application to
finite element computer code is difficult [1]. Some comments and considerations
concerning various aspects of numerical simulations of such phenomena were
presented by CICHOCKI et al. [9]. To investigate complex engineering concrete
structures under impact loading it is necessary to formulate proper constitutive
model of the material [5]. This model should depend on the strain rates and
include the failure criteria [3]. The only way to verify the constitutive relations,
in case when we cannot carry out any experimental research, is to examine this
material model in simple tests. These tests can also serve for calibration of the
constitutive parameters.

In this paper, a new rate-dependent elastic-plastic (including tensile failure
criterion) constitutive model for concrete was proposed. The basis for estimating
rate-dependent characteristics for concrete were static characteristics given in
paper [8] and experimental equations given in [19]. The rate-dependence was
taken into consideration as an increase of strength, elastic modulus and strain
dependent on the strain rate. This model was used to investigate the response
of plain concrete in uniaxial compression test carried out by BISCHOFF and
PERRY [8].

Results for two different concrete classes: 30 MPa and 50 MPa and three rates
of strain: 9 s™!, 5.2 57! and 5.6 s™! of experiment [8] and numerical simulation
were compared. The results of static test were also compared.

2. EXPERIMENTAL MOTIVATION

The laboratory tests of impact compression of the concrete specimens carried
out by P. H. BISCHOFF and S. H. PERRY 8] were the experimental motivation
for our study. The experiment was interesting because the authors reported the
measured strain rates in specimens, velocity of the impacting mass, gave the
characteristics o — ¢, and other values that are possible to calculate in numerical
simulation. The report was a valuable basis for comparisons. The dimensions
for concrete cylinders were 101.6 mm of diameter and 254 mm of height. The
authors [8] used two mixes of concrete: 30 MPa and 50 MPa. In impact tests
the specimens were loaded up to failure in the drop hammer machine shown
schematically in Fig. 1, [16]. The 31.6 kg mass was dropped in impact tests
at velocities 8-8.35 m/s and the 78.3 kg mass was dropped at velocities of 5
5.5 m/s. The deformation of concrete specimens was measured with strain gauges



















































