
Chapter 23
Experimental Study of the Dynamic Properties
of Concrete under Compressive Load
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and Vladimir Vl. Balandin

Abstract The report presents a study of the deformation and fracture of concrete
under dynamic loads using the Kolsky method. Presented on the main technological
method of manufacturing concrete samples for dynamic testing. The purpose of the
test is to study the high-speed deformation and destruction of fine concrete. This
article presents the results of tests of concrete for compression at deformation rates
ranging from 4 · 102 s−1 to 2 · 103 s−1.

The conducted dynamic test of fine concrete for compression consisted of 35 test
shots. Concrete was tested at 7 different speeds. Each test mode consisted of 5 test
shots. 3 modes were carried out using copper pulse shapers.

Copper pulse shapers were used for research purposes. It is assumed that the
pulse shaper improves the quality of the basic premise of the Kolsky method on the
homogeneity of the intensely deformed state in a sample. The results of dynamic tests
with pulse formers were compared with the results of tests without pulse formers.

The verification of the uniformity of the stress-strain state in the sample is per-
formed using the formula εI + εR = εT , where εI - is the incident pulse, εR - is the
reflected pulse, εT - is the transmitted pulse.
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23.1 Introduction

Currently, the study of the properties of brittle materials such as concrete and its
varieties is relevant. This is due to the fact that concrete is a heterogeneous mate-
rial. This article presents a study of the deformation and fracture of concrete under
compressive dynamic loads using the Kola method. Periodic dynamic tests of con-
crete complement and expand the overall picture of the deformation and fracture of
concrete at high speed loads.

The relevance of the study of the dynamic properties of brittle materials is as-
sociated with impact and explosive effects. Impacts include natural disasters such
as earthquakes, hurricanes, landslides, meteorite falls. This is largely due to climate
change on our planet. Also shock and explosive impacts include civil and industrial
disasters, man-made disasters. Today, there is also the threat of terrorist acts, the
blasting of various explosive devices.

The studies were carried out using the Kolsky method using a Split-Hopkinson
pressure bar and its modifications (Bragov A.M., 2015, 2017, 2018; Bragov and Lo-
munov, 1995; Lindholm, 1964; Davies and Hunter, 1963; Placidi et al, 2018; Placidi
and Barchiesi, 2018; Scerrato et al, 2016; Giorgio and Scerrato, 2017; Scerrato et al,
2014).

In order to obtain dynamic characteristics and deformation diagrams during com-
pression, fine-grained concrete of class B22.5 with a filler fraction of 1− 5 mm was
tested. Directly tested samples of circular cross section, with a diameter of 20 mm
and a thickness of half less than 10 mm. Fine-grained concrete was tested to avoid
large-scale effects due to the small diameter of the measuring rods equal to 20 mm.

23.2 The Method of Manufacturing Concrete Samples

At the beginning of the experiment, the test sample is installed between two precisely
located and coaxial measuring rods (Figure 23.1). In this regard, a number of high
requirements are imposed on the samples, such as: homogeneity of the material,
accuracy and uniformity of the diameter and length of the sample; the parallelism of
two faces of the sample and their smoothness (the presence of a plane), verticality,
that is, the absence of eccentricity that causes bending.

Thus, the sample should be a geometrically accurate cylinder with a diameter to
length ratio of 1 to 2. The optimal length of the sample should be half its diameter
to reduce the effect of inertia and friction. In a compression test, the diameter of the
sample shall not exceed the diameter of the measuring rods (Figure 23.2).

For self-production of samples, a technique was developed in our laboratory,
which consists in drilling samples from pre-cut concrete plates of the required
thickness. Rectangular or cubic samples of fine-grained concrete, in our case of
class B22.5, are fixed with clamps on a stone-cutting machine Cedima CTS − 57
G and cut into plates of the required thickness (Figure 23.3). Next, the plates are
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Fig. 23.1 Photo of experimental installation by the Kolsky method.

Fig. 23.2 Requirements for geometric parameters of samples

mounted on a NS − 12M drilling machine and a concrete sample is drilled using a
diamond crown at low speeds (Figure 23.4)

Fig. 23.3 Stone cutting machine Cedima CTS-57 G
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Fig. 23.4 Bench Drilling
Machine

23.3 Test Results of Samples of Fine-Grained Concrete under
Compressive Load

The performed dynamic compression test cycle consisted of 35 test shots. Before
testing, the samples were sorted, measured and numbered (Figure 23.5).

Fig. 23.5 Sample preparation
for testing
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Concrete was tested at seven different speeds. Each mode consisted of five shots.
Three modes were performed using copper pulse shapers. The strain rates ranged
from 400 to 2000 s−1 (inverse seconds). Copper pulse shapers were used to study
and compare results. The reason for using copper formers is to check the higher
quality fulfillment of the basic premise of the Kolsky method on the uniformity of
the stress-strain state in the sample. Thus, it can be seen that the equality of forces
at the ends of the bars is performed more qualitatively when a pulse shaper is used
(Figure 23.6, 23.7).

Fig. 23.6 Diagram pulses at a
strain rate 1100 s−1 without
the use of a pulse shaper

Fig. 23.7 Diagram pulses at
a strain rate 1250 s−1 using
pulse shaper

The loading was performed using a cylindrical striker. The striker accelerated
with a gas gun. The loading rate was regulated by various pressures in the gas gun
chamber. Below are the test diagrams of concrete samples according to the Kolsky
method. The diagrams show that the initial sections of the obtained diagrams are
linear. The falling down branch of the deformation diagram and the inspection of the
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sample indicate that the sample was destroyed during the experiment. In mode n.1
(Figure 23.8), the average speed of the striker corresponds to 14 m/s. The pressure
in the chamber is 1.5 atmospheres. As the average strength, we can take the value of
75 MPa. The average strain rate is 700 s−1.

Fig. 23.8 Stress and strain
curve for mode n.1

In mode n.2 (Figure 23.9), the average speed of the striker corresponds to 18m/s.
The pressure in the chamber is 2.0 atm. As the average strength, we can take the
value of 90 MPa. The average strain rate is 1000 s−1. In mode n.3 (Figure 23.10),
the average speed of the striker corresponds to 26 m/s. The pressure in the chamber
is 3 atmospheres. As the average strength, we can take the value of 100 MPa. The
average strain rate is 1700 s−1.

In mode n.4 (Figure 23.11), the average speed of the striker corresponds to 31
m/s. The pressure in the chamber is 4 atmospheres. The average strength can be
taken as 110 MPa. The average strain rate is 1900 s−1.

In mode n.5 (Figure 23.12), a copper pulse former was used. The average speed
of the striker corresponds to 19 m/s. The pressure in the chamber is 2 atmospheres.
The average strength can be taken as 60 MPa. The average strain rate is 500 s−1.

In mode n.6 (Figure 23.13), a copper pulse former was also used. The average
speed of the striker corresponds to 36 m/s. The pressure in the chamber is 5 atmo-
spheres. The average strength can be taken as 70 MPa. The average strain rate is
800 s−1.

In mode n.7 (Figure 23.14), a copper pulse former was also used. The average
speed of the striker corresponds to 61 m/s. The pressure in the chamber is 20
atmospheres. The average strength can be taken as 80 MPa. The average strain rate
is 1200 s−1.
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Fig. 23.9 Stress and strain
curve for mode No 2

Fig. 23.10 Stress and strain
curve for mode No 3

The nature of the destruction of concrete samples after dynamic testing in accor-
dance with the test mode can be seen in Figure 23.15.

23.4 Conclusion

The report presents the main method of making concrete samples for dynamic tests
according to the Kolsky method.
Requirements for samples were considered. The used instrumental installations, such
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Fig. 23.11 Stress and strain
curve for mode n.4

Fig. 23.12 Stress and strain
curve for mode n.5

as a stone-cutting machine and a drilling machine, are considered.
The results of a series of experiments show that the samples obtained are useful for
conducting dynamic tests using the Kolsky method.
This article presents the results of tests of concrete for compression at strain rates
ranging from 400 to 2000 s−1. Dynamic strength is in the range from 60 to 110 MPa.
With increasing strain rate increases the dynamic strength of concrete.
The use of a copper pulse shaper, which improves the uniformity of the stress-strain
state in the sample, is investigated. However, the pulse shaper reduces the strain rate.
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Fig. 23.13 Stress and strain
curve for mode n.6

Fig. 23.14 Stress and strain
curve for mode n.7
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