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Strain rate dependent plasticity-based damage model for predicting the behaviour of
concrete under dynamic loads

Overview:

To develop the pressure and strain rate dependent plasticity-based damage model for
concrete. The proposed rate-sensitive damage model is able to incorporate the key
experimental evidence on the effects of strain rate and damage rate. With increasing strain
rates, the model is able to capture the decrease in the rate of damage evolution due to
artificial stiffening effects, and the final level of damage is higher. The model has four
parts, the incremental effective stress-strain relationships are defined in terms of rate of
damage, accumulated damage and viscosity parameters reflecting the inherent physical
inertial, thermal and viscous mechanisms respectively. The stress-strain relationship also
accounts for stress reversals that occur due to interference of an incident and reflected
wave, by including a Heaviside function. The equation of state gives the pressure versus
volumetric strain relationship. The failure surface is enhanced by the strain rate
experienced by the material and is provided with the limiting value rather than assuming
that the strength of the material increases indefinitely. Along with the tension and
compression damage, hydrostatic damage is considered. Verification, validation and
parameterization of the developed model have been made through several numerical
analyses. The application of the model is done for the structural characterization of
reinforced cement concrete (RCC) slabs subjected to blast, impact and combined dynamic
loading.

Objectives:
The objective of the current study is to predict the key experimental evidence on the effects

of strain rate and damage rate on the material.

e To propose a strain rate-dependent plasticity-based model for predicting damage in
concrete under dynamic loading.

e To propose a modification to the above model to include the effect of strain rate,
pressure and damage rate to the plasticity-based damage model for predicting the
behaviour of concrete under dynamic loading.

e The model will include a constitutive relation to account for the tension and
compressive stress state, damage rate and viscosity behaviour of the material, the
pressure versus volumetric strain relationship and failure surface.

0] To develop a UMAT subroutine in LS-DYNA for this purpose.

(i)  To carry out the material calibration and validation of the proposed model
using compression, tension and Split Hopkinson Pressure Bar (SHPB)
analysis.

(ili)  To apply the developed model to predict the behaviour of RCC slabs under
combined dynamic loads of blast and impact analysis.



(iv)  To perform a detailed parametric study by considering a) Sequence of
loading b)Scaled distance c) Reinforcement ratio d) Velocity of Impact
load e) Concrete strength

The scope of the current study is defined below.
e The scope of the developed model is limited to constant dynamic Young's modulus
value with increasing strain rate.
e The parameters of the developed model is given only for 40 MPa concrete.
e There are many parameters in the developed model but there is no unique way to
determine the input parameters.
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Relevant diagrams, flowcharts and results

Flow chart showing UMAT implementation of the plasticity-based model in LS-DYNA.
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Application of proposed model for analysis of RCC slabs under the blast, impact
and combined impact and blast loading
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Fig: (a) Comparison of Von Mises stress fringes component at maximum central deflection with experiment for
a reinforcement spacing of 700mm and 0.13kg TNT explosive (b) Comparison of Von Mises stress fringes component
at time t=0.35s and post processed damage plot at t=0.37s for a 75mm reinforcement spacing under impact loading
(Bottom surface).
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Fig: (1)(a) Yield surface in hydrostatic axis (b) The typical stress versus strain plot (¢) Yield surface in
deviatoric axis (2) Pressure versus volumetric strain relationship.



Parametrization and validation of developed model
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Fig:  (a) FE modeling (b) Numerical plot of stress wave using developed model (¢) Stress-strain plot when

sticker bar is subjected to different incident velocity using developed model (d)compared with plasticity and CSCM

model.
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Fig: (1) Effective stress to understand the damage mechanism of concrete under SHPB analysis- Experimental
results when sticker bar is given different incident velocity (a),(d) 11.32m/s (b),(e) 15.02m/s (d).(f) 20 m/s. (2)
Comparison of stress plot to understand the damage mechanism of the plasticity and developed model to that of
experimental results for 700mm reinforcement spacing.
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