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1. Introduction

Nowadays, because of the rapid expansion of the
construction industry in Iran and the extensive
human and financial losses that can be heard from
time to time from the corners of the country due to
natural disasters such as earthquakes, boosting
accuracy and safety in production and then
execution of engineering structures is essential.
Concrete is known as one of the most widely used
building materials in the world. With the
expansion of the use of concrete, properties such
as durability, quality, density and optimization get
special importance. Self-compacting concrete is
very fluid and smooth and a homogeneous mixture
that solves many problems of ordinary concrete
such as separation, watering, water absorption,
permeability, etc. and in addition without the need
for any internal vibrator or body vibration, the
mold compresses under its own weight.

2. Specimens

The reinforced specimens were made in such a
way that two sheets at the top and bottom of the
specimen were used during the construction. Also
to investigate the effect of sheet thickness one
sample was made with 0.8 mm thick sheet and the
other sample was made with 1 mm thick sheet. For
better bonding and adhesion of concrete and sheet,
4 g of Dezobuild D-10 lubricant is used per kg of
cement. Samples were placed in water for 28 days
after fabrication for fabrication. Figure 1 shows the
construction and concreting steps.

3. Drop Hammer Test Machine 7500 J

The device used for impact testing is DH-TM-
7500J. The maximum adjustable height of this
device is 3 meters and the impact mass can be
adjusted from 180 to 250 kg. The height of the fall
in this study was considered to be 25 cm. The
impact mass of four concrete samples in this study

was 180 kg. The impact tester consisted of several
parts: the central control unit of the device, the
system for measuring and recording information
(accelerometer with accurate measurement of
microseconds and used as WiFi), engine impact
support bases, impact weights (180-250 kg) and
impact head in different shapes (flat, conical,
hemispherical). This device is made in Iran and
belongs to Lorestan University. Figure 2 shows a
view of this device and accelerometer sensor.

Figure 1. Stages of construction and concreting of
samples

(b)

Figure 2. a) Impact testing device, b)
Accelerometer sensor
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4. Experimental Method

In the experimental method, sheetless samples
have more acceleration than reinforced samples.
Moreover, samples reinforced with sheets have
less displacement than samples without sheets,
which clearly shows the effect of the presence of
sheets on the fabrication of samples. On the other
hand, samples reinforced with sheets of 1 mm
thick due to greater thickness compared to the
sample reinforced with 0.8 mm thick sheet, have
less displacement, which indicates that with
increasing the thickness of the sheet, the
displacement of the sample decreases after the
impact.

5. Numerical Modeling

In order to numerically investigate the behavior
of concrete samples under impact due to free fall
and compare it with laboratory data, finite
element modeling was performed using Abacus
software for all four samples. For modeling
concrete, the properties of self-compacting
concrete and modeling of mesh sheet are
considered as the characteristics of st37 steel.
Acceleration-time  and  force-displacement
diagrams of the samples are extracted by
applying the reference point in the striking ball,
which can be seen as a black line in Figure 3.

Figure 3. Sphere and sample modeling

In the numerical method, it is observed that, like the
experimental method, the acceleration of sheetless
samples is higher than that of reinforced samples.
Moreover, the acceleration in the sheetless
specimen under the conditions of double-trapped
support is more than the acceleration of the sheetless
specimen in the quadrilateral position. The
acceleration of a sample reinforced with a 1 mm
thick sheet is higher than that of a sample reinforced
with a 0.8 mm thick sheet, which indicates that a
thicker sheet increases the acceleration.

6. Results and Discussion
Comparing the acceleration-time and force-

displacement diagrams of the specimens, it can be
seen that the experimental values are higher than
the numerical values and this difference is less than
7%, This value is due to reasons such as friction
between the impactor bearings, the weight-bearing
rods, as well as the presence of damping, which is
not applied in the numerical model. However, it
should be borne in mind that the support conditions
and possible errors in the construction of samples
are important factors affecting results.

7. Conclusion

In this research, laboratory study and numerical
simulation of the behavior of two concrete samples
without sheets with dimensions of 15x15x10 cm
and two reinforced concrete samples with
dimensions of 15x15x5cm under low-speed
impact due to free fall of weight were performed.
Based on the results of this study, in both methods
of analysis, the acceleration of sheetless specimens
was higher due to the greater thickness of the
specimen compared to the reinforced specimens
with smaller dimensions. The higher the
acceleration of the samples, the greater the amount
of force. The deformation of the reinforced
specimens was less than that of the specimens
without sheets, which shows the importance of
sheets in the fabrication of specimens. Moreover,
the thickness of the sheet has a significant effect
on the deformation of the samples as the sample
made with a thicker sheet has less deformation and
displacement than the sample made with a thinner
sheet. The acceleration of the sample made with 1
mm sheet is higher than the acceleration of the
sample made with 0.8 mm sheet. Also, the
comparison of the graphs obtained from numerical
and laboratory analysis of all four samples also
shows a difference of less than 7%, It shows the
appropriate accuracy and close to the experimental
method with the numerical method.
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