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1- Introduction

A method of controlling the leakage of water stored behind
earthen dams is the use of watertight walls, in which plastic
concrete materials are used. The waterproof walls have the
characteristics of high flexibility, low permeability, and
compressive strength proportional to the applied pressure.
Therefore, they are used in areas with loose, weak, and
highly permeable soil. The strength and permeability of
plastic concrete are low, but its ductility is more than
ordinary concrete. In conventional concrete, which is a
semi-brittle material, failure occurs first at weak interfaces
between the mortar and the grain, where cracks exist even
before loading. For several decades, all kinds of fibers
have been used to fix this mechanical defect of concrete.
Moreover, due to low strength, cracks spread quickly in
ordinary concrete and lead to breakage. Fibers are used to
improve the breaking behavior of concrete. By using these
fibers in concrete, the speed of crack propagation
decreases and leads to ductility. Adding fibers improves
the properties of concrete in a way that the randomly
distributed fibers prevent the joining of microcracks to
form a large crack and delay this process. Fibers enhance
the strength of concrete to some extent and also mainly
improve fatigue resistance, ductility, energy absorption
capacity, and the life of concrete. These properties boost
the resistance of the structure against impact, explosion,
and earthquake. Fibers increase the fracture energy by
stitching micro-cracks and shortening their width. The
appropriate percentage of fiber addition in concrete, the
method of mixing, and the economic and practicality of the
methods need further investigation. Due to the presence of
plastic concrete in the soil environment and its constant
exposure to moisture, it is necessary to be careful in
choosing the type of fibers so that it has a less negative
impact on the efficiency and fluidity of concrete and can
be justified from an economic point of view. Among the
types of fibers [e.g., metal, glass, propylene, and
polypropylene (PP)], the PP fibers have the best
performance for adding to plastic concrete because of
being hydrophobic and having a very low specific weight.

Due to their high ductility, these fibers are well distributed
inside the concrete and perform well in not placing
materials next to each other and unfavorable compaction.
Considering the importance of plastic concrete and the
increasing role of fibers in structural issues, this article
examines the effect of macrosynthetic fibers in plastic
concrete. The innovation of this research is the study of
some characteristics of plastic concrete under the influence
of barchip macrosynthetic fibers compared to PP fibers in
plastic concrete, which has not been considered so far.

2- Materials

2-1- Cement. The cement used in the plastic concrete
mixing project of the waterproof wall was type two of the
Neka cement factory.

2-2- Bentonite. Bentonite plays an important role in
making plastic concrete and the specifications of the used
powder must be under the API standard.

2-3- Water. The quality of concrete mix water plays an
important role in the final quality of hardened concrete. In
this project, the drinking water of the city of Rahim Abad,
from the districts of Rudsar, was used.

2-4- Fibers. In the experiments, two types of fibers
manufactured by Nano Nakh Sirjan Company, PP with a
length of 12 mm, and MacroBarchip fibers with a length
of 30 mm were used.

3- Performed Tests

3-1- Determining the properties of fresh concrete. In the
concrete slump test, the flow rate of concrete is measured
in terms of being loose or stiff. The use of PP fibers
reduces the amount of slump. The results of the tests on
fresh concrete are shown in Table 1.

*Manuscript received February 5, 2023, Revised June 3, 2023, Accepted June 24, 2023.
1- Corresponding author. Associate Professor, Department of Civil Engineering, Faculty of Engineering, University of Guilan, Rasht,

Iran. Email: h.mosavi@guilan.ac.ir

2 MS.c. Student of Structural Engineering, Department of Civil Engineering, Faculty of Engineering, University of Guilan, Rasht, Iran.
3 Master of Structural Engineering, Department of Civil Engineering, Faculty of Engineering, University of Guilan, Rasht, Iran.



https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2024.80952.1215
mailto:h.mosavi@guilan.ac.ir
https://orcid.org/0000-0002-8023-7694

Seyed Hosein Ghasemzadeh Mousavinejad, Arian Darvishalinezhad, Masoud Saber Bazkiagourabi 100

Table 1: Test results on fresh concrete

Sample Slump Slump Specific Weight Specific

Reduction (%) (mc) Loss (%) Weight
C - 22 - 2.1
0.3PP12 9.1% 20 1.4% 2.1
0.7PP12 34.1% 145 5.1% 2
1PP12 52.3% 105 5.1% 2
0.3M30 4.5% 21 2.3% 2.1
0.7M30 15.9% 18.5 3.7% 2.1
1M30 43.2% 125 3.7% 2.1

3-2- Ultrasonic Test. Ultrasonic testing of concrete,
ASTM C597, is one of the non-destructive tests of
concrete. By presenting the quality and relative strength
and measuring the length and dimensions of cracks in
concrete, this test allows designers and experts to make the
right decision in the field of strengthening or verification
of operations.

3-3- Compressive strength. The compressive strength test
is performed to measure the quality of hardened concrete.
Due to the low strength of plastic concrete, this test is
performed according to the ASTM D4832 standard.

3-4- Determining the modulus of elasticity. This test was
performed according to ASTM C469 on standard
cylindrical samples with a diameter of 150 mm and a
height of 300 mm at the age of 28 days.

3-5- Stress-Strain results. Cylindrical samples with a
height of 300 mm and a diameter of 150 mm with fibers of
0.3%, 0.7%, and 1% were cured at a temperature of
20°C+2°C in a water tank for 28 days. A compression and
tension testing device with a capacity of 1000 kilonewtons
was used to compress the samples. According to ASTM
C469, a controllable loading speed with a constant strain
of 0.2 mm/min was applied.

3-6- Permeability. The permeability test was performed
according to the CRD-C48-92 standard [51] on cylindrical
samples with a diameter of 150 mm and a height of 300
mm.

3-7- Scanning electron microscopy. One of the methods
of producing microstructure images is scanning an
electron beam on the sample surface by a scanning electron
microscope (SEM). By this method, three-dimensional
images of the microstructure of the sample are obtained.

4- Conclusion

Based on our results, the effect of 12 mm PP fibers and 30
mm barchip macrofibers caused a decrease in slump values
and specific weight. The weight reduction of samples with
PP fibers is 14.5% in the PP12 sample and 74.3% in 30
mm macrobarchip fibers in the 1M30 sample. The
maximum slump reduction is 52.17% in PP fibers and 18%
in macrofibers. The results of the ultrasonic test on the
samples showed that the addition of fibers led to a decrease
in the wave speed. The maximum value of this decrease
was 9.47% in PP fibers in the 1PP12 sample and 14.17%
in macrofibers in the 1M30 sample. Examining the results

of the 28-day compressive strength tests shows that fibers
have a reducing effect on the compressive strength of
plastic concrete. In the case of PP fibers, the maximum
amount of this decrease is 27.20% in the 1PP12 sample
and 23.32% in macrofibers in the 1M30 sample. The
decline in the compressive strength results from the
increase in replacement and can be related to the rise in
porosity and weakness of the transfer zone. The results
showed that the use of 0.3% PP fibers reduced the
compressive strength due to the phenomenon of
flocculation in concrete. The modulus of elasticity test was
performed to determine the pre-peak stress-strain behavior
of fiber plastic concrete. The results revealed that with
increasing the amount of fibers, the modulus of elasticity
decreases. In the case of PP fibers, the maximum amount
of this reduction was 16.98% in sample 1PP12 and 24.70%
in macrofiber in sample 1M30. According to the results of
the stress-strain curve tests of plastic concrete, the change
of the axial shape of plastic concrete increased with adding
fibers. The normalized curves coincide regardless of the
fiber percentage. Compared to the control sample, PP
fibers raised permeability by 17% on average, while the
permeability of the sample containing macrobarchip fibers
was reduced by 30% on average compared to the control
sample. The permeability of PP fibers in plastic concrete
was higher than that of macrobarchip fibers. Therefore, the
application of macrobarchip fibers is more suitable due to
the low permeability in plastic concrete waterproof walls
compared to the control plastic concrete sample. In the
case of PP fibers, the maximum amount of increase in
permeability in the 0.7 PP sample rose by approximately
49% and in macrobarchip fibers in 0.30M sample
decreased by approximately 21%. The results of SEM
images showed the disruption of the uniformity of plastic
concrete and the creation of voids. As a result, it led to an
increase in permeability and a decrease in the compressive
strength.
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Effect of Polypropylene Fibers versus Macrobarchip on the Characteristics of Plastic Concrete

S. H. Ghasemzadeh Mousavinejad A. Darvishalinezhad M. Saber Bazkiagourabi

Abstract Plastic concrete is widely used in the construction of cut-off walls of earth dams. The mechanical properties
and behavior of the materials used in the construction of such walls are of particular importance due to the loads on the
foundation and the waterproofness of wall. Fracture energy is considered to be the most important influencing factor in
the description of fracture behavior, which actually describes the cracking mechanism of concrete. This research aims
to study the effect of adding 12 mm polypropylene fibers and 30 mm macrobarchip fibers to reinforce plastic concrete
of cut-off walls. The studied properties include: concrete mix slump determination test, concrete ultrasonic test,
modulus of elasticity, stress-strain curve, concrete permeability, scanning electron microscope (SEM) and compressive
strength at the age of 28 days. The results obtained from fresh concrete mixtures show that the specific weight and
slump are reduced for both types of fibers. The highest decrease in PP fibers was 52.27%. The results of the ultrasonic
test indicate a 9.47% decrease in wave speed for PP fibers and 14.17% for macro fibers. Based on the 28-day
compressive strength results, the addition of fibers have reduced the compressive strength_as much as 27.20% for PP
fibers and 23.32% for macro fibers. According to the results of the modulus of elasticity, adding fibers reduces this
characteristic of plastic concrete. such that the highest value for PP fibers is 16.98% and 24.70% for macro fibers.

Key words Polypropylene Fibers, Macro Fibers, Plastic Concrete, Permeability, Ultrasonic Wave Velocity.
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