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ABSTRACT

In this research, the engineering characteristics of self-compacting lightweight concrete (SCLWC)
containing carbon nanotubes and steel micro-fiber were evaluated. The variables included the amount of
carbon nanotubes (0, 0.02, 0.04, and 0.06% by weight of cement) and steel micro-fiber (0, 0.5, and 1%
by volume). Lightweight expanded clay aggregate was used as lightweight aggregates. The experimental
tests were self-compacting tests, compressive, splitting tensile, and flexural strengths, ultrasonic pulse
velocity, electrical resistivity, water penetration depth, and scanning electron microscope. Adding 0.02
to 0.06 percent of carbon nanotubes to SCLWC reinforced with steel micro-fiber increases the
compressive strength by about 33 to 64 percent. The use of 0.06% carbon nanotubes and 1% steel micro-
fiber increased the splitting tensile strength by 36%. The use of carbon nanotubes and steel micro-fiber
has the effect of influencing the filling of empty spaces and reducing concrete porosity. This can be
attributed to the growing process of cement paste hydration and the filling of pores and capillary pores
with the products of cement reactions, resulting in concrete compaction. Adding 0.02% carbon nanotubes
to SCLWC samples containing 0.5% and 1% steel micro fibers increased the 28-day compressive

strength by 36%, 34% and 33%, respectively.

doi: 10.5829/ije.2023.36.05b.12

1. INTRODUCTION

The use of old materials and traditional construction
methods no longer meets the desired speed and design
needs. Therefore, the use of new and effective materials
along with new techniques in construction is inevitable
[1-3]. Researchers are trying to produce desirable
structures by reducing the weight of concrete structures,
easing their construction, using high-strength materials,
and increasing durability in destructive environments.
Lightweight concrete (LWC) has attracted the attention
of researchers as a suitable option for building concrete
structures [4-7]. Fiber concrete with high strength has
many structural applications [8]. The strength of fiber
concrete under static and dynamic loads is increased and
the propagation of cracks and crushing is reduced [9, 10].
In recent years, extensive research has been done for the
advancement and innovation in the use of micron fibers
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and nanoparticles to improve the mechanical behavior of
cement and concrete compounds [11, 12]. According to
these micron-scale research studies, it is very important
to pay attention to nanoparticles with the help of
knowledge and nanotechnology and study their effects on
concrete properties.

Afzali and Mazloum [13] investigated the fresh and
hardened properties of LWC-containing nano-silica. The
results showed that the combined use of silica fume and
nano-silica had a more effective role in improving the
characteristics of LWC.

Abd Elrahman et al. [14] investigated the effect of
silica nanoparticles on the characteristics, durability, and
microstructure of LWC. Silica nanoparticles modified
the structure of fine pores and thus improved the transfer
characteristics. Wu et al. [15] investigated LWC
reinforced with steel and carbon fibers. The water-to-
cement ratio and the characteristics of the aggregates can
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have a role in influencing the results. Badogiannis et al.
[16] evaluated LWC reinforced with steel and
polypropylene fibers. For this purpose, pumice was used
as a filler. The use of fibers improves the mechanical
properties of LWC and significantly increases the
compressive and flexural strengths. It was also shown
that the use of fibers improves the cracking resistance of
concrete. Yeganeh et al. [17] investigated the
characteristics of fiber LWC. For this purpose, three
types of high-density polyethylene fibers, rubber crumbs,
and polyvinyl alcohol were used. The fibers decreased
the crack width in the failure stage. Lan et al. [18]
investigated carbon nanotube-modified concrete. They
showed that carbon nanotubes improved the
characteristics of concrete by improving crack resistance.
Liu et al. [19] evaluated the effect of carbon nanotubes
on reactive powder concrete performance in a sulfate dry-
wet cycling environment. Carbon nanotubes limited
concrete cracks.

Considering the advantages mentioned about the use
of steel fibers, and carbon nanotubes, in the present study,
self-compacting  lightweight  concrete  (SCLWC)
containing different volume ratios of steel micro-fiber
and carbon nanotubes was investigated. Finally, an
optimal combination of the mentioned additives was
determined.

2. MATERIAL CHARACTERISTICS AND METHODS

2. 1. Material The materials used in the present
laboratory study included sand, lightweight expanded
clay aggregate (LECA), cement, water, superplasticizer,
carbon nanotubes, and steel micro-fiber. The sand used
was natural sand. According to ASTM-C33 [20], the
grading curve of the used sand is illustrated in Figure 1.
Natural sands are river sands that are extracted from
riverbeds. The characteristics of these sands are their
rounded corners. The sand was obtained from the Joben
Rudbar mine located in Gilan province, Iran. This sand
was free of harmful particles and dust. The specific
gravity, fineness Modulus, and water absorption of the
sand used were 2627 kg/m?®, 2.89 and 3%, respectively.

The specific weight of the used LECA is 660 kg/m?
(Figure 2(a)). The LECA granulation curve is presented
in Figure 1. The LECA granulation curve is within the
permissible range of ASTMC33 [21] standard.

The specifications of the carbon nanotubes are listed
in Table 1. They were prepared by the Iranian oil industry
research institute and have a specific surface area of 3200
g/cm?® and a density of 15.3 g/cm?. Carbon nanotubes are
cylinders of carbon whose wall diameter is about
nanometers. These tubes are seamless and made of one
or more carbon layers. They are available in single-
walled (SWCNT) and multi-walled (MWCNT) forms. In
these tubes, carbon atoms with a hexagonal and hollow
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Figure 1. The grading curve of the sand and LECA
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Figure 2. Material used (a) LECA (b) Carbon nanotubes

TABLE 1. The properties of carbon nanotubes

Characteristic Quantity
External diameter (nm) 20-30
Length (mm) 10
Ash percentage (%) 0.2
Purity (%) 95
Specific surface (m?/gr) 250-280
Amorphous carbon (%) 3

ring structure were placed together, giving a cylindrical
shape to the structure (Figure 2(b)).

The fibers used in this research were of the straight
type and had micro dimensions (diameter 0.15 and length
14 mm). (Table 2). Despite the advantages of
microfibers, some considerations should be made to
distribute the fibers uniformly prevent separation or the
phenomenon of lumping and create an effective mixture
for concreting, densification, and polishing of concrete,
sieving is one of these methods.

The pH of the water is about 7.5. The Polycarboxylate
superplasticizer was used in order to achieve the desired
workability.

2. 2. Experimental Methods The tests related to
fresh concrete according to EFNAC [21] method
included V-funnel, T50, L-box, and slump flow tests.
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TABLE 2. The properties of steel micro-fiber

Characteristic Quantity
Length (mm) 20-30
Diameter (mm) 10
Tensile strength (MPa) 0.2

Self-compacting concrete measurement parameters were
used to measure the workability of self-compacting
concrete containing carbon nanotubes and steel micro-
fiber.

The compressive strength (CSt) test was performed in
accordance with ASTM C39 [22]. The tensile strength of
concrete was determined using the split tensile strength
(SPTSt) test according to ASTM C496 [23].

The ultrasonic pulse velocity was measured using a
non-destructive ultrasonic device according to ASTM
C597 [24]. This test is proposed based on the theory of
ultrasound transmission inside the material, which is
generally used to obtain information about concrete
porosity [25, 26].

Electrical resistivity (ER) is considered an indicator
of communication between holes. This index determines
the resistance of concrete against the penetration of liquid
or gas through the concrete surface which is in contact
with the outside environment. This parameter is
considered one of the most key parameters related to the
durability of concrete. Electrical resistance is one of the
intrinsic properties of materials, which mainly depends
on the nature and topography of the cavity structure,
humidity conditions, temperature, and concentration of
dissolved ions in the environment [27-29]. In order to
perform this test, an electrical resistance measuring
device with a variable frequency of 10 to 10000 Hz was

used. ER was calculated using Equation (1).

p="2 1)
In this regard, p is specific ER, R is Electrical resistance,
A is the surface area of the concrete in square meters and
L is the distance between the positive and negative poles.

Estimating the probability of corrosion of
reinforcements buried in concrete based on ER is
presented in Table 3.

The water penetration depth (WPD) in the SCLWC
samples was determined according to DIN 1048-5.
According to this test underwater pressure at a certain
time, the WPD in concrete is determined. The cubic
samples were taken out of the water pool for 28 days and
kept inside the oven for 20 hours at a temperature of
111°C to dry completely. For one day (24 hours), the
samples were placed in the device for determining the
WPD, and under a pressure equal to 10 bars after the test,
they were split in half using a cutting device and divided
into two halves, and the WPD was measured [30].

2. 3. Mixed Design The specifications of the
mixing plant and the amounts of each of the consumables
are presented in Table 4. The desired mixing design was

TABLE 3. Estimating the probability of corrosion of
reinforcements buried in concrete based on ER [31, 32]

ER (kQ-m)

Possibility of corrosion

50< Very high
50-100 High

100-200 Moderate
200> Very low

TABLE 4. Mixture design

Mix code W/B Cement (kg/m®) CN SMF w Sand LECA SP

CNTsO0SFO 0.4 405 0 180 950 393 1.15
CNTSs0SF0.5 0.4 405 0.5 180 950 393 1.20
CNTsO0SF1 0.4 405 0 1 180 950 393 1.25
CNTs0.02SF0 0.4 396.9 8.1 0 180 950 393 1.17
CNTs0.02SF0.5 0.4 396.9 8.1 0.5 180 950 393 1.23
CNTs0.02SF1 0.4 396.9 8.1 1 180 950 393 1.30
CNTs0.04SF0 0.4 388.8 16.2 0 180 950 393 121
CNTs0.04SF0.5 0.4 388.8 16.2 0.5 180 950 393 1.27
CNTs0.04SF1 0.4 388.8 16.2 1 180 950 393 1.35
CNTs0.06SFO 0.4 380.7 24.3 0 180 950 393 1.26
CNTs0.06SF0.5 0.4 380.7 24.3 0.5 180 950 393 1.34
CNTs0.06SF1 0.4 380.7 24.3 1 180 950 393 1.40

W: Water B: Binder CN: Carbon nanotubes MSF: Steel micro-fiber
LECA: Light Expanded Clay Aggregate SP: Superplasticizer
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obtained using past experimental studies and by trial and
error in accordance with ACI [30]. The variables include
carbon nanoparticles (0, 0.5, 1, 1.5, and 2% by weight of
cement) and steel micro-fiber (0, 0.5, and 1% by volume
of concrete), respectively. After making and molding, the
samples were kept in the mold for 24 hours. Then, it was
taken out of the mold and subjected to moisture treatment
until the tests were performed.

3. EXPERIMENTAL RESULTS

3. 1. Examining the Properties of Fresh Concrete
The concrete should be workable but not excessively
bleeding. Concrete bleeding is the movement of water
toward the surface of freshly poured concrete, which is
caused by the settling of solid materials including
cement, sand, and gravel inside the concrete mass. The
settling of solid particles is the result of the sum of the
effects of shaking and the weight of the particles [33].
Figure 3 shows the values of concrete slump flow in
seconds and the formation time of 500 mm diameter in
seconds (T50). The slump flow of the control sample was
found to be 782 mm. The use of 0.5% and 1% steel
micro-fiber caused the slump flow to be 768 and 756 mm,
respectively; that is, the addition of 0.5% and 1% steel
micro-fiber reduced the slump flow of LWC by about
1.8% and 3.3%.

Also, the slump flow of LWC samples without fibers
and containing 0.02, 0.04, and 0.06 % of carbon
nanotubes are 751, 752, and 691 mm, respectively.
Adding 0.02, 0.04 and 0.06 % of carbon nanotubes
reduced the slump flow by 4, 3.8, and 11.6 %,
respectively. Also, the combined use of carbon nanotubes
and steel micro-fiber reduced the slump flow. For
example, the combined use of 0.06% of carbon nanotubes
and 1% of steel micro-fiber reduced the slump flow of
SCLWC by about 15%.

The slump flow range is by the EFNARC standard in
the range of 650 to 800 mm. All SCLWC samples are in

1000 5.0
900 1 S Slump flow (mm) ——T50 (sec)
800 A 4.8
'E\ N N N N - 4 W 3 = =
m{IN N N N 8 888N §8 4.6
ENNNNABRNNNRE R 5l™2
:oIN NN NN NNNNNN Nfw?
3 N MY N N NN NNNNHNNI[ITY 2
= 501N BN NN NN N NNNN
N A § N N N N NN N N N =
= NN N NN NN NNNN NP ®
i NN NN N HHHBHHEHNHN BN &
NN N NN NN AR NNNN ’
E 1 N N N NNNRKNRRNRNWNNBN
Zz31N NN NN RNNNRNAN NNHN RN
N N N NNNRNGRNGANWNHNN
01N N NN NNRKRHANNNRNNRNN
N N NN R NN NN HN-NNR
N N NN NNNRNWRNWNI N N3
miIN N N N NNNHNNUNRNWGRKNN
"IN N NN NNKNNNNNN,
Q@ ) @ﬁ; @5\ &QQ 55“‘. Q’5‘\ & éw': gé\
13

Mix ID
Figure 3. Comparison of slump flow values and T50 times
of SCLWC samples

this range. Although the addition of steel micro-fiber and
carbon nanotubes reduces the slump flow of LWC, it is
possible to overcome this problem by using a
superplasticizer and achieve concrete with permissible
slump flow. Of course, excessive use of polycarboxylate-
based superplasticizers leads to an increase in concrete
aeration and affects the mechanical and reliability
characteristics of concrete.

By increasing the percentage of carbon nanotubes, the
amount of slump current also increases. The reason for
this can be attributed to the roughness of the mixture and
its tendency to flow. Concretes with carbon nanotubes
and steel micro-fiber have the lowest amount of slump
flow.

In Figure 3 in addition to the slump current, T50 values
are also compared with each other. The use of both types
of proposed materials has increased the T50 time and
reduced the fluidity of concrete. So that the T50 time of
the control sample is equal to 1.4 seconds and the T50
time of the sample containing 0.06% carbon nanotubes
and 0.5% steel micro-fiber is 4.9 seconds. Also, the
allowed range introduced for T50 is between 2 and 5
seconds, and all the samples made are in this range.

Figure 4 compares the concrete discharge time from
the V-shaped funnel and the blockage ratio in the L-box
test. The results of the V-funnel and L-box tests are in
agreement with the slump flow and T50 tests; because in
these two experiments, the addition of steel micro-fiber
and carbon nanotubes affected the workability of
concrete and led to a decrease in the flowability of LWC
samples.

According to the EFNARC recommendation, the time
for concrete discharge from the V-funnel is between 6
and 12 seconds. As it is known, the time related to the
emptying of the witness concrete from the V-shaped
funnel is equal to 2.8 seconds. Meanwhile, the time for
emptying the concrete containing 0.06% carbon
nanotubes and 1% steel micro-fiber is equal to 10.9
seconds. On the other hand, the diagram related to the
blocking ratio of the L box test in Figure 4 is descending.
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Figure 4. Comparison of the concrete discharge time from
the V funnel and the blockage ratio in the L box test
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Steel micro-fiber reduces the flow of concrete by creating
friction in LWCs containing LECA and carbon
nanotubes. To overcome this problem, you can use super
lubricant within the allowed range. The allowed
occlusion ratio introduced by EFNARC is between 0.8
and 1. All the samples made are in this range.

3. 2. Mechanical Characteristics

3.2.1.Cst Figures 5 and 6 compare the CSt of 7
and 28 days of SCLWC samples, respectively. The use
of carbon nanotubes has a role in increasing the CSt of
SCLWC samples with and without steel micro-fibers. In
SCLWC samples without steel micro-fibers, the addition
of 0.02, 0.04, and 0.06% of carbon nanotubes has
increased the 7-day CSt by 35, 57, and 62%, respectively.
In SCLWC samples containing 0.5% of steel micro-
fibers, the addition of 0.02%, 0.04%, and 0.06% of
carbon nanotubes increased the 7-day CSt by 34%, 58%,
and 64%, respectively. Also, in SCLWC samples
containing 1% steel micro-fibers, the addition of 0.02%,
0.04%, and 0.06% carbon nanotubes has increased the 7-
day CSt by 32%, 53%, and 62%, respectively. Therefore,
it can be stated that the addition of 0.02 to 0.06 carbon
nanotubes to SCLWC reinforced with steel micro-fibers
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Figure 5. Comparison of 7-day CSt of SCLWC samples
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increases the 7-day CSt by about 32 to 64%, depending
on the amount of microfibers.

Figure 4 compares the 28-day CSt of SCLWC
samples. The addition of carbon nanotubes to all samples
has led to an increase in the 28-day CSt.

The 28-day CSt of SCLWC samples containing 0,
0.5, and 1% of steel micro-fibers, in which without
carbon nanotubes were 22.2, 225, and 22.9 MPa,
respectively. The addition of 0.02 to SCLWC samples
containing 0, 0.5, and 1% steel microfibers has increased
the 28-day CSt by 36, 34, and 33%, respectively. Adding
0.04 to SCLWC samples containing 0, 0.5, and 1% steel
microfibers increased the 28-day CSt by 58, 59, and 54%,
respectively. Also, the addition of 0.06 to SCLWC
samples containing 0, 0.5, and 1% steel microfibers
increased the 28-day CSt by 63, 64, and 63%,
respectively.

3.2.2.SPTSt The addition of 0.02, 0.04 and 0.06%
of carbon nanotubes increased the SPTSt by 13, 20 and
27%, respectively (Figure 7). Also, the addition of 0.5%
and 1% steel micro-fibers increased the SPTSt by 15%
and 19%. The combined use of 0.06% of carbon
nanotubes and 1% of steel fibers increased the SPTSt by
36%. Therefore, it can be stated that the use of carbon
nanotubes and steel micro-fibers together has a more
effective role compared to the single use of each of them.

ACI 318-99 [34] and EN 1992-1 [35] regulations
introduce a range for tensile strength based on cylindrical
CSt. These ranges are presented in Figure 8.

Since these relationships are between cylindrical CSt
and tensile strength, and the strength results of the
upcoming study were obtained on cubic samples based
on the test results, first, the CSt results obtained from the
cubic sample were converted to cylindrical CSt. Figure 8
shows the relationship between the tensile and CSts
values of the upcoming study and the aforementioned
regulations, as well as the studies of Coquillat [36] and
Berg [37]. The results of the present study are very close
to the experimental curves introduced by ACI318-99
[34].
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Based on Figure 8, Equation (3) presented.
fe=04x(f) %% ®)

3. 2. 3. Ultrasonic Pulse Velocity This test can be
done at a low cost and quickly, which confirms its
suitability from every point of view for evaluation. In this
research, the trend of changes in the ultrasonic pulse
velocity was investigated in different designs at the age
of 28 days for 10x10x10 cm samples. In Figure 9 the
results of ultrasonic pulse velocity against the CSt of
cubic concrete samples are presented. Whitehurst [37]
classified concrete into five categories based on the speed
of ultrasonic waves: excellent (greater than 4500 m/s),
good (3500 to 4500 m/s), questionable (3000 to 3500
m/s), poor (2000 to 3000 m/s) and very weak (less than
2000 m/s). According to this classification, all designs
are in the “good” range. More porosity results in a lower
pulse velocity.

The use of carbon nanotubes and steel micro-fibers
together leads to an improvement in concrete density.
The carbon nanotubes fill the fine pores of the cement,
and the steel micro-fibers prevent the development of
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Figure 9. CSt and ultrasonic pulse velocity

micro cracks. The rate of increase in ultrasonic pulse
velocity was observed to be slower than the compressive
resistance. The steel micro-fibers increased the ultrasonic
pulse velocity.

3. 2. 4. Microstructure of the Concrete Samples
Four samples were selected to represent the
manufactured samples and their SEM images were
prepared (Figure 10). These samples include CNTsOFO,
CNTsOF1, CNTs0.04F0 and CNTs0.04F1, respectively.

The purpose of choosing these SCLWC samples was
to evaluate the effect of steel micro-fibers and carbon
nanotubes individually and in combination on the
microstructure of SCLWC. The use of carbon nanotubes
in combination with steel micro-fibers is effective in
making SCCLWC contain LECA. The steel micro-fibers
prevent the crack from spreading and the carbon
nanotubes fill the holes created by the microfibers. Also,
carbon nanotubes lead to improvements in the
mechanical properties and durability of concrete by
filling the very small holes in the cement.

3. 3. Durability Characteristics
3.3.1.ER In Figure 11, the ER of the SCLWC
samples at 90 days of age is compared with each other.
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Figure 10. Microstructure examination of concrete samples

The higher the electrical resistance, the more durable and
desirable concrete will be, and its corrosion will be less.
Song and Saraswathy [29] and Alki and Selevold [30]
divide concrete into four categories in terms of corrosion
probability. Adding carbon nanotubes to SCLWC
samples containing steel micro-fibers has been effective
and has increased the electrical resistance by 87-173%
compared to the control sample. As a result, concrete
corrosion is reduced. In other words, the resistance of
concrete against corrosion increases. The electrical
resistance of all samples with fibers is lower than the
control sample. This issue is due to the fact that the
presence of fibers in concrete increases the air content of
the concrete, and in this way, the electrical resistance
decreases in samples reinforced with fibers.

3. 3. 2. Water Penetration Depth (WPD) The
addition of carbon nanotubes to SCLWC samples
containing steel micro-fibers significantly reduced the
WPD (Figure 12). Adding 0.02, 0.04 and 0.06 percent of
carbon nanotubes to samples without steel micro-fibers
reduced the WPD by 4, 19 and 24 percent, respectively.
Adding 0.02%, 0.04% and 0.06% of carbon nanotubes to
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Figure 11. ER of samples in different states
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the SCLWC samples containing 0.5% steel micro-fibers
reduced the WPD by 6%, 21% and 25%, respectively.
Also, adding 0.02, 0.04, and 0.06 percent of carbon
nanotubes to the SCLWC samples containing 1 percent
of steel micro-fibers reduced the WPD by 8, 20, and 24
percent, respectively. The powder effect and pozzolanic
reaction speed of the used carbon nanotubes are among
the reasons for the reduction of water infiltration inside
the investigated SCLWC samples.

4. CONCLUSIONS

In this study, the rheological, mechanical, durability, and
microstructure characteristics of concretes containing
steel micro-fibers and carbon nanotubes by performing
slump flow, T50, L box, and V funnel tests, CSt, SPTSt
strength, speed of ultrasonic waves, electrical resistance,
water absorption, determination of water penetration
depth and microscopic photography were evaluated.

- Although the addition of steel micro-fibers and
carbon nanotubes reduces the slump flow of LWC; it
is possible to overcome this problem by using
superplasticizer and achieve concrete  with
permissible slump flow. Of course, excessive use of
polycarboxylate-based superplasticizers leads to an
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increase in concrete aeration and affects the
mechanical and reliability characteristics of concrete.
By increasing the amount of carbon nanotubes, the
amount of slump current increases. The reason for
this can be attributed to the roughness of the mixture
and its lower tendency to flow. Concretes with carbon
nanotubes and steel micro-fibers have the lowest
amount of slump flow.

The addition of steel micro-fibers and carbon
nanotubes affected the workability of concrete and
led to a decrease in the flowability of SCLWC
samples.

Steel micro-fibers reduced the flow of concrete by
creating friction in LWC containing LECA and
carbon nanotubes. To overcome this problem, a
superplasticizer within the allowed range can be used.
Adding carbon nanotubes from 0.02 to 0.06 to LWC
reinforced with steel micro-fibers increases the 7-day
CSt by about 32 to 64%, depending on the amount of
steel microfibers.

Adding 0.02% carbon nanotubes to SCLWC samples
containing 0.5% and 1% steel microfibers has
increased the 28-day CSt by 36%, 34%, and 33%,
respectively.

Adding 0.04 percent of carbon nanotubes to SCLWC
samples containing 0, 0.5, and 1 percent of steel micro
fibers has increased the 28-day CSt by 58, 59, and 54
percent, respectively.

The addition of 0.06 percent of carbon nanotubes to
SCLWC samples containing 0, 0.5, and 1 percent of
steel micro-fibers has increased the 28-day CSt by 63,
64, and 63 percent, respectively.

The addition of 0.02, 0.04, and 0.06 carbon nanotubes
has increased the SPTSt by 13, 20, and 27%,
respectively. Also, the addition of 0.5% and 1% steel
micro-fibers has increased the SPTSt by 15% and
19%, respectively. The combined use of 0.06% of
carbon nanotubes and 1% of steel fibers has increased
the SPTSt by 36%. Therefore, it can be stated that the
combined use of carbon nanotubes and steel micro-
fibers has a more effective role compared to the single
use of each of them.

The combined use of carbon nanotubes and steel
micro-fibers has the effect of influencing the filling of
empty spaces and reducing concrete porosity. This
can be attributed to the growing process of cement
paste hydration and the filling of pores and capillary
pores with the products of cement reactions, resulting
in concrete compaction.

The addition of carbon nanotubes to the SCLWC
samples with and without steel micro-fibers causes a
great increase in electrical resistance. The resistance
of concrete against corrosion increases. The electrical
resistance of all SCLWC samples with fibers is lower
than the control sample. The resistance decreases due
to the presence of metal particles.

Adding 0.02, 0.04, and 0.06 percent of carbon
nanotubes to SCLWC samples without steel micro-
fibers reduced the WPD by 4, 19, and 24 percent,
respectively. Adding 0.02%, 0.04%, and 0.06% of
carbon nanotubes to the SCLWC samples containing
0.5% steel micro-fibers has reduced the water
penetration depth by 6%, 21%, and 25%,
respectively. Also, adding 0.02, 0.04, and 0.06
percent of carbon nanotubes to the samples
containing 1 percent of steel micro-fibers has reduced
the depth of water penetration by 8, 20, and 24
percent, respectively.

5. REFERENCES

10.

Faez, A., Sayari, A. and Manie, S., "Mechanical and rheological
properties of self-compacting concrete containing al 2 o 3
nanoparticles and silica fume", Iranian Journal of Science and
Technology, Transactions of Civil Engineering, Vol. 44, No.,
(2020), 217-227. doi: 10.1007/s40996-019-00339-y.

Heidarzad Moghaddam, H., Lotfollahi-Yaghin, M. and Maleki,
A., "Durability and mechanical properties of self-compacting
concretes with combined use of aluminium oxide nanoparticles
and glass fiber", International Journal of Engineering,
Transactions A: Basics, Vol. 34, No. 1, (2021), 26-38. doi:
10.5829/ije.2021.34.01a.04.

Ghanbari, M., Kohnehpooshi, O. and Tohidi, M., "Retrofitting of
reinforced concrete beams using lightweight rc jacket containing
silica nano particles and glass fiber", International Journal of
Engineering, Transactions B: Applications, Vol. 35, No. 11,
(2022), 2164-2175. doi: 10.5829/ije.2022.35.11b.11.

Zhang, S., Liu, L., Tan, K., Zhang, L. and Tang, K., "Influence of
burning temperature and cooling methods on strength of high
carbon ferrochrome slag lightweight aggregate”, Construction
and Building Materials, Vol. 93, No., (2015), 1180-1187. doi:
10.1016/j.conbuildmat.2015.04.045.

Ghanbari, M., Kohnehpooshi, O. and Tohidi, M., "Experimental
study of the combined use of fiber and nano silica particles on the
properties of lightweight self compacting concrete",
International Journal of Engineering, Transactions B:
Applications,  Vol. 33, No. 8, (2020), 1499-1511. doi:
10.5829/ije.2020.33.08b.08.

Asil, M.B. and Ranjbar, M.M., "Hybrid effect of carbon
nanotubes and basalt fibers on mechanical, durability, and
microstructure properties of lightweight geopolymer concretes”,
Construction and Building Materials, Vol. 357, No., (2022),
129352. doi: 10.1016/j.conbuildmat.2022.129352.

Perez-Garcia, A., Villora, A.G. and Pérez, G.G., "Building's eco-
efficiency improvements based on reinforced concrete multilayer
structural panels"”, Energy and buildings, Vol. 85, No., (2014),
1-11. doi: 10.1016/j.enbuild.2014.08.018.

Zhao, C., Wang, Z., Zhu, Z., Guo, Q., Wu, X. and Zhao, R,,
"Research on different types of fiber reinforced concrete in recent
years: An overview", Construction and Building Materials, Vol.
365, No., (2023), 130075. doi:
10.1016/j.conbuildmat.2022.130075.

Wu, H., Shen, A, Ren, G., Ma, Q., Wang, Z., Cheng, Q. and Li,
Y., "Dynamic mechanical properties of fiber-reinforced concrete:
A review", Construction and Building Materials, Vol. 366, No.,
(2023), 130145. doi: 10.1016/j.conbuildmat.2022.130145.

Hasan, R., Sobuz, M.H.R., Akid, A.S.M., Awall, M.R., Houda,
M., Saha, A., Meraz, M.M., Islam, M.S. and Sutan, N.M., "Eco-



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Y. Mohammadi and M. Bagheripour Asil/ IJE TRANSACTIONS B: Applications Vol. 36, No. 05, (May 2023) 955-964 963

friendly self-consolidating concrete production with reinforcing
jute fiber", Journal of Building Engineering, Vol. 63, (2023),
105519. doi: 10.1016/j.jobe.2022.105519.

Coskun, S. and Oztiirk, B., "Analysis of longitudinal vibration of
nanorods via homotopy perturbation method", 5th International
Conference on Advances in Mechanical Engineering (ICAME
2019), December 2019, Istanbul, Turkey.

Coskun, S. and Oztiirk, B., "Stability of nanobeams via homotopy
perturbation method", 5th International Conference on Advances
in Mechanical Engineering (ICAME 2019), Istanbul, Turkey.

Afzali-Naniz, O. and Mazloom, M., "Assessment of the influence
of micro-and nano-silica on the behavior of self-compacting
lightweight concrete using full factorial design”, Asian Journal
of Civil Engineering, Vol. 20, (2019), 57-70. doi:
10.1007/s42107-018-0088-2.

Abd Elrahman, M., Chung, S.-Y., Sikora, P., Rucinska, T. and
Stephan, D., “Influence of nanosilica on mechanical properties,
sorptivity, and microstructure of lightweight concrete",
Materials, Vol. 12, No. 19, (2019), 3078. doi:
10.3390/ma12193078.

Wu, T., Yang, X., Wei, H. and Liu, X., "Mechanical properties
and microstructure of lightweight aggregate concrete with and
without fibers", Construction and Building Materials, Vol. 199,
(2019), 526-539. doi: 10.3390/ma12193078.

Badogiannis, E., Christidis, K. and Tzanetatos, G., "Evaluation of
the mechanical behavior of pumice lightweight concrete
reinforced with steel and polypropylene fibers", Construction
and Building Materials, Vol. 196, (2019), 443-456. doi:
10.1016/j.conbuildmat.2018.11.109.

Ehsani Yeganeh, A., Kouroshnezhad, F., Dadsetan, S., Hossain,
K.M. and Lachemi, M., "Experimental investigation on
mechanical properties of fiber reinforced lightweight self-
consolidating concrete”, in Rheology and Processing of
Construction Materials: RheoCon2 & SCC9 2, Springer. (2020),
536-543.

Lan, Y., Zheng, B., Shi, T., Ma, C., Liu, Y. and Zhao, Z., "Crack
resistance properties of carbon nanotube-modified concrete",
Magazine of Concrete Research, Vol. 74, No. 22, (2022), 1165-
1175. doi: 10.1680/jmacr.21.00227.

Liu, G., Kan, D., Cao, S.C., Chen, Z. and Lyu, Q., "Effect of
multi-walled carbon nanotube on reactive powder concrete (rpc)
performance in sulfate dry-wet cycling environment"”,
Construction and Building Materials, Vol. 342, (2022), 128075.
doi: 10.1016/j.conbuildmat.2022.128075.

Standard, A., "C33/c33m-18", Standard specification for concrete
aggregates. ASTM International, West Conshohocken PA,
(2018).

EFNARC, F., "Specification and guidelines for self-compacting
concrete”, European federation of specialist construction
chemicals and concrete system, (2002).

Concrete, A.I.C.C.0. and Aggregates, C., "Standard test method
for compressive strength of cylindrical concrete specimens,
ASTM international, (2014).

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Concrete, A.l.C.C.0. and Aggregates, C., "Standard test method
for splitting tensile strength of cylindrical concrete specimensl,
ASTM international, (2017).

Astm, C., "597, standard test method for pulse velocity through
concrete”, ASTM International, West Conshohocken, PA,
(2009).

Vasconcelos, G., Lourenco, P.B., Alves, C. and Pamplona, J.,
"Ultrasonic evaluation of the physical and mechanical properties
of granites”, Ultrasonics, Vol. 48, No. 5, (2008), 453-466. doi:
10.1016/j.ultras.2008.03.008.

Sayyadi, A., Mohammadi, Y. and Adlparvar, M.R., "Mechanical,
durability, and gamma ray shielding characteristics of
heavyweight concrete containing serpentine aggregates and lead
waste slag”, Advances in Civil Engineering, Vol. 2023, (2023).
doi: 10.1155/2023/7873637.

Ramezanianpour, A.A., Pilvar, A., Mahdikhani, M. and Moodi,
F., "Practical evaluation of relationship between concrete
resistivity, water penetration, rapid chloride penetration and
compressive strength”, Construction and Building Materials,
Vol. 25, No. 5, (2011), 2472-2479. doi:
10.1016/j.conbuildmat.2010.11.069.

Sengul, O. and Gjarv, O.E., "Electrical resistivity measurements
for quality control during concrete construction”, ACI Materials
Journal, Vol. 105, No. 6, (2008), 541.

Song, H.-W. and Saraswathy, V., "Corrosion monitoring of
reinforced concrete structures-a", International Journal of
Electrochemical Science, Vol. 2, No. 1, (2007), 1-28.

Akers, D.J., Gruber, R.D., Ramme, B.W., Boyle, M.J., Grygar,
J.G., Rowe, S.K., Bremner, T.W., Kluckowski, E.S., Sheetz, S.R.
and Burg, R.G., "Guide for structural lightweight-aggregate
concrete”, ACI 213R-03. American Concrete Institute (ACI),
Michigan, (2003).

Elkey, W. and Sellevold, E.J., "Electrical resistivity of concrete"”,
Norwegian Road Research Laboratory, Oslo, Norway, (1995).

En, B., "12390-8," depth of penetration of water under pressure",
British Standards Institution, (2000).

Bartos, P., "Fresh concrete: Properties and tests, Elsevier, Vol.
38, (2013).

Concrete, S.-C., "American concrete institute; farmington hills,
mi, USA: 2007", ACI 237R-07.[Google Scholar].

Code, P., "Eurocode 2: Design of concrete structures-part 1-1:
General rules and rules for buildings", British Standard
Institution, London, (2005).

Coquillat, G., "Influence des caractéristiques physiques et
mécaniques des granulats légers sur les propriétés des bétons
legers de structure”, Arnould, M.; M. Virlogeux, M.(eds.)
Granulats et betons legers-Bilan de dix ans de recherches, (1986),
255-298.

Berge, O., "Reinforced structures in lightweight concrete”,
PhDThesis, Stockholm, Publ, No. 47, (1973).



964 Y. Mohammadi and M. Bagheripour Asil/ IJE TRANSACTIONS B: Applications Vol. 36, No. 05, (May 2023) 955-964

Persian Abstract

PR LS

AU e Jals s ize (23,8 513 bl 50 53V S Sen 5 oS sl Jsb S-(SCLWE) (ST 5350 S o (oo sl S es c3kos 0al 5
G Olse 4 035 S ol e oy gla W 5L g (e o3 V500 ) 3V UL ST 5 (Olams S35 oz vtV g vt oY ) S
PSs Sen 5 O 35k e (S S e slie (Sl Aol W S (et 5 (S OIS (55l Caaglia (oST5 3 (sl gl A eslind S gl
il o3 N BT s 1y (g lis e slie (oY 5 LIy S b ods o5 SCLWC & 08 sla il doys VB v Y 058l Ln g sy s ,i)
5 S Sl 50 Sl estial sl il Ao TG | (Slla aiS el Ao ) 635 Ol Sen 5 doss v S sl 450 S eslial aas e
Bl 5 Ble 0 5 Oloms et Ogrlloion Ly a0 5, gy 0 Ol8 o 1y ol 3,108 o 36 o s 28l 5 Jbs lalias 0us o oY 5 SUIs S
S o3 ) 5 a3 00 ol SCLWC (ols w50 &0 oS sla sl dmss o0 Y 05380 315 Cod (2 o515 o 53 5 Ol (2ST5 SV g b S 50

sl Gl s s VY S YVE X Cl g a ) eis) YA (6lis Caslie oY 5 e




