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Abstract

Concrete is one of the most widely used building materials in developed and
developing countries. The performance of concrete depends on its ingredients.
One of the characteristics of concrete as a brittle material is its low tensile strength
and brittleness, so it needs to be strengthened to be used as the most basic building
material. The main advantage of fiber concrete is that it turns a brittle concrete
into a ductile material. The addition of fibers in concrete can stop the small cracks
that cause its gradual failure. In fiber-reinforced concrete, thousands of tiny fibers
are randomly scattered and distributed throughout the concrete during mixing,
this improves the properties of the concrete in all respects. In this research, the
aim is to investigate the role of Kevlar fibers in improving the compressive
resistance, tensile strength and permeability of Nano-silica concretes. The
concrete samples made have 4% of Nano-silica and the ratio of water to cement
in this design is equal to 0.32 and the amount of Kevlar fibers used is 0, 0.10,
0.20, 0.30 and 0.40% by volume of concrete. The results of the compressive
resistance test show that in these tests, by adding 0.10% of fibers (optimal
percentage), the compressive resistance improves by 28, 24, and 23% at the ages
of 7, 28, and 90 days, respectively. From the results of the tensile strength tests,
it was found that by adding 0.30% of fibers (optimal percentage), the tensile
strength of the samples increases by 64%. The permeability test was performed
using the Penetration Method, which showed a 30% improvement in water
permeability in samples containing 0.20% of fibers (optimal percentage).

1. Introduction

In recent years, the durability and service life of cementitious materials have been playing an important role
in their operation as construction and pavement materials. Fiber reinforced concrete is a cement-based
composite material that has been developed in recent years and is successfully used in construction due to
its high tensile and flexural strength, impact resistance, low permeability and frost resistance.

The purpose of this research is to investigate the effect of Kevlar fibers on the behavioral properties of
concrete under stress conditions caused by compressive and tensile loads and to study the permeability of
Nano-silica concretes in a wider range and to obtain their optimal percentage for use in the concrete of
hydraulic and construction structures.
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2.  Materials and Methods
Figure 1 displays Kevlar fibers used in concrete in the present paper. In the design of mixing fiber
concrete samples containing Nano-silica powder, the following were considered:

- The characteristic design strength has considered 65 MPa.
- The water-cement ratio in all mixing designs was considered constant and 0.32.
- The cement used is Portland type 1 (type 52.5N).

- The type of fibers used in concrete is Kevlar with a length and diameter of 19 and 0.01 mm,
manufactured by Fercofiber Company in Tehran, and the volume amount of the desired fibers was 0,
0.10, 0.20, 0.30 and 0.40%. Figure 1 shows Kevlar fibers used in concrete.

- Consumable Nano-silica powder manufactured by Isatis Tehran Company and 4 percent by weight of
cement was replaced. Figure 2 shows the Nano-silica powder used in concrete.

- The aggregates (gravel and sand) was ballast kind.

- The maximum size (diameter) of aggregates was 12 mm.

- The slump test range of specimens was 50 to 160 mm according to ASTM C143-78 standard.
- Glenium SKY 592 was used as super plasticizer.

- Mixing design of Nano-silica concrete containing Kevlar fibers has been carried out according to ACI
211 standard by weight method.

Fig. 1. Kevlar fibers used in concrete

Fig. 2. Nano-silica powder used in concrete
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3. Results
Compressive strength test results

Figure 3 shows the curve of changes in compressive strength for 7, 28 and 90 days of samples containing
fibers and without fibers. According to this curve, it can be concluded that the use of 0.10% of fibers
increases the compressive strength at the ages of 7, 28 and 90 days.
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Fig. 3. The variation curve of compressive strength of specimens at 7, 28 and 90 days with respect to fiber
percent

Tensile strength test results

Figure 4 shows that by adding 0.10 percent of fibers, a significant effect is created in increasing the
tensile strength of the samples, and in higher fiber ratios, the tensile strength increases with a lower
slope. Also, the use of fibers up to 0.30% increases the tensile strength of the samples, and with the
addition of fibers more than 0.30%, the tensile strength of the samples decreases.
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Fig. 4. The fluctuation curve of tensile strength of concrete samples with respect to fiber percent

Microstructures (SEM)

Studying the microstructure of cement paste and concrete using scanning electron microscope images
(SEM) has revealed a new horizon in concrete technology in recent years. Concrete characteristics
including specific gravity and all kinds of chemical reactions and hydration that are created in the initial
and final setting process of concrete have a direct and close relationship with the concrete microscopic
structure. Therefore, studying the microstructure of concrete in the process of cement hydration and the
placement state of concrete besides the various admixtures; materials added to concrete, including
various types of fibers and pozzolans using scanning electron microscope (SEM) which are very
important In this investigation, Kevlar fibers and Nano-silica were added to concrete and detailed
studies were done on their arrangement in the concrete structure.
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Figure 5 shows the microstructure of reference concrete samples (samples without fibers and Nano-
silica) and Figure 6 shows the microstructure of concrete samples containing 0.30% Kevlar fibers and
4% Nano-silica.
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SEM MAG: 10.0 kx | SEM HV: 15.0 kV
WD: 13.07 mm Det: SE &

Fig. 5. Microstructure (SEM), reference concrete samples, without fibers and Nano-silica

SEM MAG: 15.0 kx | SEMHV: 15.0 kV
WD: 15.01 mm Det: SE

Fig. 6. Microstructure (SEM), concrete samples containing 0.30% Kevlar fibers and 4% Nano-silica

4.  Discussion and Conclusion

In this research, by examining the advantages of using Nano-silica concretes containing Kevlar fibers,
concrete samples were evaluated in terms of compressive, tensile strength and permeability. The results
obtained are as follows:

The use of 0.10% of fibers increases the compressive strength at the ages of 7, 28 and 90 days. With
the increase of fibers more than 0.10%, the compressive strength of the samples decreases. The
reason for this behavior is that when the amount of fibers in concrete exceeds the optimal value, due
to the improper distribution of fibers, the compressive strength values decrease at all ages. Also, due
to the fixed of the super plasticizer in all the samples, with the increase in fiber percentage, the slump
of concrete decreases, which also affects the reduction of compressive strength of concrete.

By adding 0.10 percent of fibers, a significant effect is created in increasing the tensile strength of
the samples, and in higher fiber ratios, the tensile strength increases with a lower slope. Also, the
use of fibers up to 0.30% increases the tensile strength of the samples, and with the addition of fibers
more than 0.30%, the tensile strength of the samples decreases. In other words, adding fibers more
than 0.30% to the samples, there is a possibility of balling phenomenon, as a result of which the
effect of fibers in concrete will be practically lost.

The use of 0.20% of fibers reduces the depth of water penetration (reduction of permeability) in the
samples, and by adding more than 0.20% of fibers, the permeability of concrete increases. The cause
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of this concrete behavior is the porosity of most of the samples due to the addition of fibers more
than the optimal amount.

e The reason for the decrease in permeability in concretes containing fibers is due to the placement of
fibers between the communication channels of the pores and blocking them, as a result of which the
capillary property that is the factor of intensification of permeability is removed and the permeability
of concrete samples is reduced.

e According to the electron microscope images (SEM), fiber concretes containing Nano-silica have a
dense structure, which increases their compressive and tensile strength, and reduces their porosity
and permeability, which ultimately improves the mechanical properties of concrete.
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