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Abstract. High compressive strength concrete is desirable in the construction industry.
The valuable e�ect of high-power ultrasonic in the manufacturing industries is the
motivation of this research in the construction industry. For this purpose, high-power
ultrasound was employed to increase the compressive strength of concrete. Also, the
e�ect of these waves on the water absorption of concrete has been studied. Ultrasonic
waves were tested in two modes, one independently and the other in combination with
the conventional concrete compaction method. The results did not show a signi�cant
change in the improvement of mechanical properties of concrete when using ultrasonic
waves independently. However, in combination with the conventional method, the e�ect of
waves on improving mechanical properties was signi�cant. In this way, the results showed a
12.5% reduction in water absorption for cubic samples and illustrate a 15.5% for cylindrical
samples. Furthermore, the results showed that the use of ultrasonic waves as an auxiliary
process in the conventional method of concrete compaction increases by 12.5% and 15%
in the compressive strength of cubic and cylindrical specimens, respectively. The results
showed that high-power ultrasonic waves have great potential to be added to 3D concrete
printer accessories for further research.
© 2024 Sharif University of Technology. All rights reserved.

1. Introduction

Recent research illustrates that the construction in-
dustry is gradually engaging robotic and automated
systems, mostly in the university and development Step
with very limited practical usage in the construction
industry [1{4]. There is a potential for material waste
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reduction, fast production, and decreasing labor costs
when 3D printing is employed in the construction
industry [5{9]. A very important point in 3DCP is the
lower strength of concrete. The strength of concrete
is a key factor that should not be sacri�ced in new
technologies such as 3DCP. One way to reduce the
porosity and water absorption in concrete is to properly
compact the concrete [10]. One of the most important
challenges to increase the quality of concrete is choosing
the right methods for compacting fresh concrete [11].
In this regard, mechanical vibrators are the common
methods for compaction. Furthermore, elimination of
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the vibration weaknesses such as physical and mental
damage because of sound (noise) pollution is desirable
for construction industries [12]. In this study, concrete
quality improvement by using high power ultrasonic
hammer as a new method in compaction of concrete
is the novelty of the present study. Previous studies
have shown that high-power ultrasonic waves are very
e�ective in increasing the density and re�nedness of
material [13]. High-power ultrasonic waves are often
used as an auxiliary technology in most common
production methods [14,15]. Research shows that the
use of ultrasonic waves can reduce internal structural
friction due to the increase of internal kinetic energy. It
is for this reason that in production processes such as
machining, turning, welding, shaping, and compression
the forces required for shaping are reduced. [16{
19]. Increasing the density of powder in the powder
metallurgy process before sintering is very similar to
compacting fresh concrete. In this regard, Abedini,
Abdullah, and Alizadeh showed that ultrasonic waves
increase the density of the powder during sintering and
ultimately improve the mechanical properties of the
manufactured product [20]. Unlike high-power ultra-
sonic, which has not been used in the concrete industry,
low-power ultrasonic has been used in this industry
for a long time. Recently, ultrasonic waves have been
used to study the properties of fresh concrete in 3D
printers. At the time being, high-power ultrasound is
employed to mix concrete in pre-processing treatment.
The ultrasonic mixing of cement paste o�ers great
advantages for precast moulding, dry cast, and concrete
plants [21]. Micro silica is widely used in the concrete
today, leading to higher compressive strength than
water and chemical-resistant concrete. The use of
micro-and nanosilica or nanotubes leads to improve-
ments in the compressive strength of high-performance
concrete. Ultrasonic is very e�ective for the wetting,
mixing, and dispersing of nanomaterials in cement or
concrete. New nanomaterials, such as nano-silica or
nanotubes lead to further improvements in resistance
and strength [22]. Novel techniques such as Power
Ultrasound (PUS) are currently under consideration to
improve the hydration of cementitious materials and to
promote the e�ectiveness of replacing supplementary
cementitious materials. In this regard, Ganjian et al.
outlines the possible mechanisms involved in the e�ects
of PUS as a method to promote cement hydration
kinetics of Portland cement and binary blends [23].
In the �eld of concrete microstructure, studies have
been performed on the e�ect of high-power ultrasonic
waves on fresh concrete. Serelis et al. created a binder
that was adapted for 3D printers and the developing
process was analyzed in detail. According to their
research, early setting time and strength are gained due
to ettringite crystal growth. Their results showed that
the �nal setting time of developed binders varied from

5 min up to more than 20 min. Density, exural and
compressive strengths were investigated and compared
to ordinary Portland cement. Compressive strength of
� 1 MPa at 20 min and � 50 MPa at 28 days can be
expected of 3D concrete printed samples [24].

Utilize glass powder in ultra-high performance
concrete. Their results revealed, that high-frequency
ultrasonic dispersion can signi�cantly increase the hy-
dration degree of binder and the compressive strength
up to 16% [25].

In a conclusion, based on the similarity of the
behaviour of waves in material environments, it can
be expected that the replacement of conventional
vibrators with ultrasonic waves by coupling to the
head of a 3 DCP directly as an accessory tool can
reduce many of the weaknesses and problems such as
detachment, waterlogging, porosity, etc. Also, another
positive side e�ect is noise pollution reduction, since
it is beyond the range of human hearing. Therefore,
since the strength of the concrete prepared by the
3D printers is less than the conventional methods, the
use of technologies that can increase the strength will
be very useful and e�ective. In this study, concrete
compaction strength has been investigated using high-
power ultrasonic waves.

2. Speci�cations of materials and equipment

2.1. Concrete
2.1.1. Aggregates
The sand and gravel depot sampling was performed
based on Standard No. 11267. The sand and gravel
grading curves used in Figures 1 and 2 are presented.
The sieves used in the gravel granulation test are the
numbers 1/200, 100, 3=400, 3=800, and scores 4 and 8,
and the sub-sieve tray and sieves used in the sand
granulation test were 3=800 and the scores of 4, 8, 16,
30, 50, and 100 were sub-sized, respectively.

Figure 1. Fine-grained aggregate granulation curve used
in concrete.
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Figure 2. Coarse-grained aggregate granulation curve
used in concrete.

As can be seen, the aggregates are within the
standard range. It should be noted that the maximum
size of coarse aggregate used in concrete is 12.5 mm and
the �neness modulus is 3.42. Furthermore, the speci�c
gravity was determined as 2449 kg/m3 for coarse-
grained and 2381 kg/m3 for �ne-grained materials in
the saturated state with the dry surface.

2.1.2. Cement
The material speci�cation of the cement is presented
in Tables 1 and 2.

2.1.3. Sound power transmission to the load medium
In order to the maximum sound power transmission
into the concrete environment, a suitable impedance
matching between the transducer and the concrete
should be done. to determine the appropriate acoustic
impedances for matching the actuator source Piezo-

Zirconate-Titanate (PZT) to the load medium (con-
crete), it is necessary to calculate the input mechanical
impedance for each set of proposed matching layers. If
the input mechanical impedance of the set of matching
layers is close to the acoustic impedance of the PZT,
then this set of matching layers is desirable, otherwise,
it should be changed to another one. Hence, calcu-
lating of the input mechanical impedance of a bar is
determined at �rst. Afterward, the input mechanical
impedance of the multi-layers is derived. The input
mechanical impedance for one degree of freedom system
is [26]:

Zm = Rm + jXm; Xm = (!m� k/!) ; (1)

where Zm is the complex mechanical impedance (Rm
and Xm are the real and imaginary parts, respectively).
Also, !, m, and k are the angular frequency, mass and
sti�ness, respectively. If this system is added to the end
of an exciting simple bar (see Figure 3) the mechanical
impedance at the interface Zm can be calculated from
Eq. (1), and the general solution of wave displacement
and the boundary condition can be written as [26]:
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where A and B are the amplitude of incident and
reected waves, respectively, F is the force and s and�c are the cross section and complex speed of sound of
layer. � is the density of the layer material.

Table 1. Chemical characteristics of cement used.

Subject Na2O SO3 MgO CaO Fe2O3 Al2O3 SiO2 K2O C3S C2S C3A C4AF
Permissible
percentage

{ < 3 < 5 Nonlimited < 6 < 6 > 20 Limited { { 8 > {

Percentage
in cement

0.37 1.89 3.22 62.28 3.86 4.76 20.79 0.86 52.59 20.03 7.16 10.87

Table 2. Physical characteristics of cement used.

Subject Autoclave
expansion (%)

Catch time (min) Speci�c
area (cm2/gr)

Compressive strength
(kg/cm2)

Permitive Final 3 days 7 days 28 days
Permissible
percentage

0.8> 45< 360> 2800< 100< 175< 315<

Percentage
in cement

0.21 153 212 3081 208 333 492
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Figure 3. Damped oscillating system at the end of an excited cylinder layer.

by considering the boundary condition the solu-
tion can be written as:

u (x; t) =(A1 + jA2)ej(!t�(k1+jk2)x)

+ (B1 + jB2)ej(!t+(k1+jk2)x)

=(A1 + jA2)ek2xej(!t�k1x) + (B1 + jB2)

e�k2xej(!t+k1x) = A1ek2x cos (!t� k1x)

�A2ek2x sin (!t� k1x) +B1e�k2x

cos (!t+ k1x)�B2e�k2x sin (!t+ k1x)

+ j[A1ek2x sin (!t� k1x) +A2ek2x

cos (!t� k1x) +B1e�k2x sin (!t+ k1x)

+B2e�k2x cos (!t+ k1x)]; (3)
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Particle velocity of wave is the time derivative of
displacement (u).
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Therefore, the input mechanical impedance of the
system can be given by Ref. [23] as follow:
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Figure 4. Excited cylinder layer connected along an
in�nity length cylinder layer.

If, Zm = �s
�c, put in Eq. (6) then Zint0 = �s

�c. It means
that the behaviour of the system is completely the same
as the force vibration for an in�nitive bar which is
excited at one end. Indeed, the expressed equations can
be used for the system shown in Figure 4.

2.1.4. Ultrasonic power
Based on the following simpli�ed high power ultra-
sonic equation which shows the direct correlation of
ultrasonic power with the amplitude of vibrations, the
amplitude of vibrations can be changed by changing
the power:

P (W ) = ZS!2u2; (7)

where, P , Z, S, !, and u are the ultrasonic power
(Watt), the speci�c acoustic impedance (Rayl), trans-
ducer cross section, angular frequency (Hz), and vibra-
tion amplitude (m).

2.1.5. Ultrasonic transducer
To hold out the experiments, one ultrasonic trans-
ducer was designed and made to get the ultrasound
energy needed for the experiments. To fabricate a
transducer for pure one dimensional wave propaga-
tion, it's enough to model the vibration actuator
for the PZT and matching and backing layer (s)
within the Abaqus/ANSYS software to have a pure
longitudinal resonance frequency are understood by
changing the backing, PZT, and matching layer(s)
thicknesses. As an example, Figure 5(a) illustrates
an ultrasonic PZT actuator designed employing the
Finite Element Method (FEM) after natural frequency
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Figure 5. Transducer layers dimensions: (a) Calculated by ANSYS to have only plane wave; (b) Manufactured according
to simulation.

analysis and determination of the matching layers
to guaranty pure one-dimensional wave propagation.
The ultrasonic actuator was manufactured consistently
with the FEM recommendations, which is observed in
Figure 5(b), and 20 kHz was selected because of the
working frequency in all tests. The ultrasonic actuator
consists of an aluminum matching, PZT actuators,

and steel backing Figure 5(b) and Table 3, which
are clamped together by applying 170 N-m torque
to screw fasteners. The whole system must work at
the resonance; Hence, to match the circuit to assist
make sure that the transducer always works within the
resonance situation, an electrical corresponding system
is employed. The analytical estimations of the model
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Table 3. Characteristics of a designed transducer.

Material Role
Diameter (mm) Thickness

(mm)
Quantity

Inner Outer

Lead Zirconate Titanium
(PZT)

Vibration source 23 50 6 6

Titanium First matching layer 22.6
Smaller Bigger

90 1
42 53

Al 7075-T6 Second matching layer 22.6
Smaller Bigger

110 1
42 90

Steel 304 Backing 22.6 51 { 50.6 1

Brass Connection electrode for 2 PZT 22.8 51 { 0.5 3

High strength steel screw Mechanical connecting parts { { { 73.15 1

Table 4. Concrete characteristic used in research.

Soft
modules

Ballast
(kg)

Sand
(kg)

Water
/cement

Water
(kg)

Cement
(kg)

Maximum
aggregate
size (mm)

Concrete
mix design

3.42 1060 642 0.6 243 405 12.5 B.S

Table 5. Type and number of specimens needed for test.

Specimen type Test type

Specimen number

Standard
method

Ultrasonic
(30 s)

Ultrasonic
(60 s)

Ultrasonic
(90 s)

Standard+
ultrasonic

(60 s)

Cylinder
Water absorption 3 { 3 { 3

Compressive strength 3 { 3 { 3

Cubic
Water absorption 6 3 6 3 3

Compressive strength 6 3 6 3 3

were compared, with experimental results. The used
equipment is in Table 3. The ultrasonic generator
provides vibration amplitudes at between zero and 20
micrometers.

3. Test method and requirement

3.1. Preparation of specimens
All samples were provided according to British Stan-
dard (B.S) which is presented in Table 4.

Based on B.S 1881 (British Standard), all tests
have been run in two Steps, in the �rst step, 24 cubic
specimens (with dimensions of 10� 10� 10 cm3) were
produced, and in the second step, 36 specimens (18

cylindrical with dimensions of 10 cm in diameter and 20
cm in length and 18 cubic specimens) were prepared for
compressive strength and water absorption tests (Table
5). For each test, 3 specimens (based on B.S 1881) are
employed. Furthermore, a cylinder steel rod with an
approximate diameter of 16 mm and length of 600 mm
is used as the standard method. In this regard, concrete
is poured into three layers in moulds and each layer is
compacted by applying 25 strokes. After compaction
of each layer, the outer surfaces of the mould are
gently hammered to reduce the porosity. In specimens
that are employed ultrasonic waves, each specimen is
compacted in 3 layers by ultrasonic waves instead. In
the compound method, in each specimen, �rstly, the
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Figure 6. Images of the steps of making cubic and cylindrical tests under standard.

Figure 7. Images of the steps of making cubic and cylindrical tests under the inuence of ultrasonic waves.

compaction is done with the standard method and then
the specimens are compressed using ultrasonic waves
(Figures 6 and 7). The moulding process has been
�nished in 45 minutes due to having the same quality
of concrete in all tests.

3.2. Production and processing of specimens
After compaction of concrete in the mould, the speci-
mens are kept in the mould for 24 hours, the specimens
hold at a temperature of 20 � 5�C and are protected
from any shock, vibration, and loss of hydration water
during this keeping time. Afterward, the specimens
are pushed out from the mould and locate in the water
bath at a temperature of 20�2�C until the test starts.
Since the water absorption test should be performed
when the specimens are at the age of 28 to 32 days,
the specimens drying process should be started at the
age of 24 days and the specimens should be held in the
furnace with the temperature 105�5�C for 72�2 hours.

3.3. Experimental test
3.3.1. Determination of the specimen's water

absorption
The specimens are cooled in a desiccant container
for 24 � 0:5 hours after getting out of the furnace.
Immediately after cooling, each specimen is weighed
and recorded. The specimens are then immersed in a

water tank for 30� 0:5 minutes. After this immersion
time, the specimens are immediately picked out of the
bath, and quickly dried with a clean and dry cloth.
Each specimen is then carefully weighed and recorded.
The water absorption of each specimen is calculated
based on the weight gain due to immersion in water
(m � m0) and the dry specimen mass by using the
percentage of water absorbed: [m�m0=m]�100 where,
m and m0 are the moisture and dry specimen mass,
respectively.

3.3.2. Compressive strength test of specimens
The 28 life days specimens are candidates for com-
pressive strength. For this purpose, the specimens are
taken out of the water bath and directly placed in the
test compressive machine. Afterward, the test samples
are adjusted in the test compressive machine so that
the applied load is perpendicular to the surface of the
specimens. Also, the specimens were placed right in
the center of the lower clamp. The constant loading
rate was forced to the specimens without shock in the
range of 0:6� 0:2 MPa.

4. Results

To �nd the optimal power, di�erent powers are exam-
ined as a primary test to �nd the optimum ultrasonic
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Table 6. The results of the water absorption tests of cubic specimens for tests in Step 1.

Average
Percentage of sample
water absorption (%)

Samples weight
(kg)

Condition Densi�cation
methodS3 S2 S1 S3 S2 S1

5.683 5.665 5.679 5.707
2.030 2.025 2.015 Dry weight

Standard
2.145 2.140 2.130 Wet weight

6.015 6.000 6.030 6.015
2.000 1.990 1.995 Dry weight

Ultrasonic 30 s
2.120 2.110 2.115 Wet weight

5.617 5.568 5.673 5.611
2.040 2.035 2.030 Dry weight

Ultrasonic 60 s
2.155 2.150 2.145 Wet weight

5.665 5.615 5.675 5.665
2.035 2.030 2.020 Dry weight

Ultrasonic 90 s
2.150 2.145 2.140 Wet weight

power. Therefore, some primary tests have been carried
out to determine the power required for the ultrasonic
transducer. In this regard, several pre-tests performed
at 200, 400, 600, 800, and 1000 watts. The results
showed that capacities of less than 1000 watts did
not have a signi�cant e�ect. Therefore, the ultrasonic
power was �xed at 1000 watts during the main tests.
Also, the tests have been carried out in two steps:

Step 1: 24 cubic specimens used for both water
absorption and compressive strength tests (12 for
each test). In this step, we concentrate on the
determination of the optimum time of ultrasonic
wave transmission.
Step 2: 36 specimens (18 cubic and 18 cylindrical)
for both water absorption and compressive strength
tests. In this step, the e�ect of specimen shape in
the optimum time of ultrasonic wave transmission
was investigated.

4.1. Water absorption test

The results of the water absorption test of cubic
specimens at the age of 28 days are presented in
Tables 6 and 7 and Figure 8. As shown in Table 6, the
minimum water absorption occurs at 60 s ultrasonic
wave transmission continuously when ultrasonic is ap-
plied alone. The results illustrate that the ultrasonic
has no signi�cant e�ect in less time (the 30 s) rather
than the standard method. Also, there is not much
gain in higher time of ultrasonic wave transmission due
to the waste of electrical power. The phenomenon,
the name \cavitation" is the reason. when the time
of ultrasonic increases, some of the water starts to
evaporate. Therefore, as result, 60-second ultrasonic
wave transmission is used for the rest of the tests
(tests in Step 2). As shown in Table 7, the water
absorption of concrete reduces by about 12.5% for
cubic specimens when the ultrasonic is used as an

Figure 8. Comparison of water absorption test results of cubic and cylindrical specimens (step 2).
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Table 7. The results of the water absorption test of both cubic and cylindrical specimens for tests in Step 2.

Average
Percentage of sample
water absorption (%)

Samples weight
(kg) Condition Densi�cation

method
Specimen

typeS3 S2 S1 S3 S2 S1

4.453 4.470 4.433 4.455 2.025 2.030 2.020 Dry weight Standard

Cubic

2.115 2.120 2.110 Wet weight

3.902 3.902 3.912 3.893 2.050 2.045 2.055 Dry weight Ultrasonic 60 s
2.130 2.125 2.135 Wet weight

4.354 4.333 4.360 4.370 2.035 2.045 2.035 Dry weight Ultrasonic 60 s
2.130 2.130 2.125 Wet weight

4.132 4.130 4.135 4.130 3.390 3.385 3.390 Dry weight Standard

Cylindrical

3.530 3.525 3.530 Wet weight

3.493 3.498 3.493 3.488 3.430 3.435 3.440 Dry weight Standars+ultrasonic 60 s
3.565 3.570 3.560 Wet weight

3.964 3.936 3.942 4.016 3.410 3.395 3.420 Dry weight Ultrasonic 60 s
3.485 3.455 3.540 Wet weight

auxiliary process. Besides, in cylindrical specimens
where the cross-sectional shape of the test mould and
the transducer are the same, the reduction in water
absorption is about 15.5%.

Ultrasonic waves convert the static friction co-
e�cient to the dynamic friction coe�cient, which is
about 10 times less than the static friction coe�cient.
This phenomenon makes it easier for sand and cement
particles to move on top of each other. Therefore,
these results may be due to the fact that high-power
ultrasonic waves have the ability to vibrate at very high
frequencies and can help move particles inside fresh
concrete in empty spaces. In fact, ultrasonic waves
move inside fresh concrete, reducing friction between
particles and helping them glide over each other to
better �ll voids. Waves can also help air bubbles escape
into the concrete to make the concrete more compact,
which ultimately reduces water absorption.

4.2. Compressive strength test
The results of the compressive strength test of cubic

specimens at the age of 28 days are presented in
Tables 8 and 9 for tests and Figure 9. As shown in
Table 8, the maximum compressive strength reaches
when the 60 s ultrasonic wave is applied continuously.
The ultrasonic has no signi�cant e�ect in less time (the
30 s) in comparison with the standard method. Also,
the results show that ultrasound using is not economic
due to the cavitation e�ect as explained in the previous
step. Therefore, In the combined method (Ultrasonic+
standard), 60-second ultrasonic wave transmission is
used for tests in Step 2. The results show that the
compressive strength of concrete for cubic specimens
increases by about 10% when ultrasonic is used as an
auxiliary process. Also in cylindrical specimens where
the cross-sectional shape of the used mould and the
transducer are the same, the increase in compressive
strength is about 14%.

As explained in the previous section, ultrasonic
waves help reduce the structural friction of the con-
crete. This makes the particles inside the fresh concrete
slide and moves more easily, �lling in the gaps and

Table 8. The results of the compressive strength of the cubic specimens at the age of 28 days (in tests of Step 1).

Average
( kg/cm2)

Compressive strength
of specimen (kg/cm2)

Samples
weight (kg) Densi�cation

methodS3 S2 S1 S3 S2 S1

305 303 307 305 2.240 2.240 2.230 Standard
271.66 274 269 272 2.200 2.220 2190 Ultrasonic 30 s
311.33 309 312 313 2.250 2.250 2.245 Ultrasonic 60 s
307.66 306 309 308 2.240 2.245 2.235 Ultrasonic 90 s
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Table 9. The results of the compressive strength of the cubic and cylindrical specimens at the age of 28 days (in tests of
Step 2).

Average
(kg/cm2)

Compressive strength of
specimen(kg/cm2)

Samples weight (kg)
Densi�cation

method
Specimen

typeS3 S2 S1 S3 S2 S1

305 303 308 305 2.220 2.230 2.220 Standard

Cubic336 333 336 339 2.230 2.240 2.240 Standard+ultrasonic 60 s

312 310 312 314 2.230 2.235 2.230 Ultrasonic 60 s

252 251 254 250 3.750 3.770 3.760 Standard

Cylindrical288 288 287 290 3.780 3.790 3.800 Standard+ultrasonic 60 s

259.66 260 258 261 3.760 3.785 3.785 Ultrasonic 60 s

Figure 9. Comparison of compressive strength test results of cubic and cylindrical specimens (step 2).

helping to increase the density of the concrete. This
increase in concrete density and decrease in voids helps
to increase the compressive strength of concrete.

5. Conclusion

Increasing the quality of concrete and reducing costs is
always very important for the construction industry.
Concrete 3D printing has been introduced recently
by some technology developers. Unfortunately, this
method has not been able to �nd its place in the con-
struction industry due to its low compressive strength.
In this research, high- power ultrasonic waves have been
employed to show that these waves can be useful and
e�ective to increase the strength of concrete. High-
power ultrasonic waves applied in the compaction of
fresh concrete and their e�ect on compressive strength
and water absorption of concrete were investigated
and the shape of test moulds in ultrasound wave
performance was examined as well. Di�erent time
intervals (30, 60 and 90 seconds) were used for trans-
mitting ultrasonic waves, and it was shown that the
optimal time to transmit ultrasonic waves to concrete
was 60 seconds. Although the compressive strength
increased lowly for a longer transmission time, it
is not economical due to more energy consumption.

Therefore, there is no economic interest in more than
60-second ultrasound use. In general, the results can
be summarized as follows:

1. The maximum e�ect of high power ultrasonic oc-
curs when the ultrasonic transducer shape (cross-
section) and mould are the same;

2. The use of ultrasonic waves as an auxiliary process
shows a 12.5% increase in water absorption tests for
cubic specimens;

3. The use of ultrasonic waves as an auxiliary process
shows a 15.5% increase in water absorption tests for
cylindrical specimens;

4. The results showed that using of these waves (in
optimal time) as an auxiliary process could increase
the compressive strength by almost 10% for cubic
specimens;

5. The results showed that using of these waves (in
optimal time) as an auxiliary process could increase
the compressive strength by almost 14% for cylin-
drical specimens.

Ultrasonic waves convert the static friction coe�cient
to the dynamic friction coe�cient, which is about 10
times less than the static friction coe�cient. This
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phenomenon makes it simpler to move sand and cement
particles. High-power ultrasonic waves are able to
vibrate at very high frequencies and help particles
move inside fresh concrete. Ultrasound waves can also
help air bubbles escape into the concrete to make the
concrete more compact, which ultimately reduces water
absorption.

Preliminary results of this study show that in the
next research, high-power ultrasonic waves can be used
in the heads of 3DCP and the strength obtained from
this combination of technology can be examined. This
study aims to pave the way for research into the use of
high-power ultrasonic waves in the 3DCP industry.
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