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ABSTRACT

Nowadays, due to the increase in blasts by terrorist activities worldwide, there is a necessity to
build blast-resistant structures. For blast resistant design of a structure, understanding the behavior
of construction materials under dynamic loading conditions is essential. In recent years, fiber
reinforced concrete (FRC) has been used as an impact-resistant material. However, under dynamic
conditions, FRC behaves completely different than plain concrete (PC) due to the inclusion of
fiber. Hence, finding out the properties of FRC and PC corresponding to varying strain rates is of
utmost importance.

Split Hopkinson Pressure Bar (SHPB) is primarily used for the dynamic characterization of
materials. In brittle material like concrete, the deformation of the specimen is minimal when
subjected to impact loading. Hence in the specimen, it is challenging to obtain the prerequisites of
valid SHPB tests like force equilibrium and constant strain rate. Thus, to overcome these issues,
the effect of pulse shaper in the dynamic characterization of concrete using SHPB is considered.
Parameters such as the effect of the copper pulse shaper’s diameter and thickness on the loading
pulses are studied, and appropriate dimensions of the pulse shapers are found out. In addition,
numerical simulation is also performed, and results are validated with the experimental data.
SHPB device is used to dynamically characterize basalt fibre reinforced concrete (BFRC) for the
30 MPa characteristic compressive strength of concrete to study specimen size effect and its effect
on dynamic behavior. For this purpose, plain concrete (PC) and basalt fiber reinforced concrete
(BFRC) with a fiber content of 1 % and 2 % are investigated. For dynamic behavior, two different
diameters, i.e., 76 mm and 54 mm samples, are prepared with varying slenderness ratios of 0.3
and 0.5. The behavior of PC and BFRC is experimentally studied at different strain rates ranging

from 164 /s to 796 /s, with gas gun pressures up to 0.38 MPa. Based on this investigation, it is



observed that the strength of the concrete increases with the increasing strain rates, and the
dynamic increase factor (DIF) is ranges from 0.91 to 3.58.

Based on the above study, an appropriate specimen size is found, and further investigation is
continued using this specimen size of 76mm diameter and 0.5 slenderness. Dynamic
characterization of PC and FRC is carried out to understand the stress-strain response of PC and
(BFRC) for 30, 40, and 50MPa grades of concrete for 0.5%, 1%, and 2% with the inclusion of
9mm length basalt fiber. Further, numerical validation of the SHPB test on (BFRC) is performed
in the finite element software LsDyna®. Material model Elastic-Plastic Hydro is implemented for
the BFRC material, and parameters are calibrated. The blast analysis of a door is then conducted
using the obtained parameters, considering that doors are the most vulnerable element in the blast-
resistant structure

Keywords: split Hopkinson pressure bar, basalt fiber reinforced concrete, slenderness ratio, strain

rate, high strain rate behavior, pulse shaper, blast resistant door
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