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ABSTRACT: This research attempted to add low-cost, readily available iron wire fibre to the bituminous mixture.
Iron wire fibre was used to replace rubber and waste plastics, which have been extensively researched. However,
further research is needed to assess this material-reinforced asphalt concrete's performance. This study evaluated many
essential features of iron wire fibre reinforced asphalt mixtures. These qualities include tensile strength, abrasion
resistance, moisture susceptibility, etc. To achieve this, fibre intake was altered. However, the mix and fibres remained
practically unchanged. After the trials and thorough analysis of the results, precise conclusions may be reached. During
the course of this thesis investigation, an effort was made to add iron wire fiber that was not only inexpensive but also
very readily obtainable into the bituminous mixture. This was done with the purpose of utilizing the iron wire fibre as a
possible replacement for materials such as rubber and waste plastics that have previously been the subject of a
substantial amount of study. This was done with the intention of using the iron wire fibre as a potential replacement for
these materials. On the other hand, in order to assess the overall behavior of asphalt concrete that is reinforced with this
material, a significant amount of further research is still necessary. During the course of this study, an effort has been
made to analyze a selection of the essential qualities that are associated with iron wire fiber reinforced asphalt
mixtures. The primary focus of these characteristics is on elements like tensile strength, abrasion resistance, sensitivity
to moisture, and so on. In order to achieve this objective, an adjustment was made to the quantity of fiber that was
ingested. On the other hand, throughout the process, both the qualities of the fibers and the make-up of the mix were
maintained in a manner that was almost identical to how they were initially. In addition, certain conclusions might be
arrived at after the trials have been finished and the results of the testing have been properly analyzed. It is strongly
recommended that the asphalt mixes be strengthened if the pavement is going to be subjected to heavy traffic. Because
it is a solution that is feasible from a financial standpoint, using inexpensive iron wire fiber as reinforcement in the
bituminous mixture rather than using other, more expensive reinforcing additives is highly beneficial for society as a
whole. This is because the latter option is more expensive.
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1. INTRODUCTION

Stone aggregates have been used, both in the traditional and contemporary building practises, throughout the execution
of the construction of the roadways and parking lots. The technical properties of the aggregates determine the eventual
stability of the paved road after it is finished. Because of this, it is of the utmost importance to conduct appropriate
laboratory testing on aggregates in order to properly examine and evaluate their qualities before employing them for
usage in the building industry. When making homogeneous mixes, the aggregates are often held together in a pavement
component layer by using a variety of binding agents, the most common of which is bitumen. This is accomplished
during the process of preparing the homogenous mixes.

Bitumen is an all-encompassing phrase that may be used to refer to a very wide variety of hydrocarbons that have a
high molecular weight. These hydrocarbons are produced as a byproduct of the refining of crude oil. During the process
of fractional distillation, which is one of the processes that are used to refine crude oil, it is produced as a by-product. It
is also possible to discover it in deposits that have formed naturally. Its remarkable stickiness and strong water-proofing
qualities are the distinguishing features of bitumen that attach value to it as a trustworthy building material. These
features are what give bitumen its worth. According to the Indian standard institute, bitumen may be described as the
following: "A non-crystalline solid or viscous material having adhesive properties derived from petroleum, either by
natural or refinery process and substantially soluble in carbon disulphide."
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In order to determine whether or not bituminous mixes are suitable for the building task at hand, a series of preliminary
tests are carried out. These tests provide an accurate picture of the bitumen's consistency, gradation, viscosity,
temperature susceptibility, and safety regulations before they are used.

Through the expansive and intricately interwoven network of highways, a wide variety of transportation-related
activities are carried out all over the world. Now, bitumen and aggregates that are utilised in the building of highways
are very sensitive materials that have a high sensitivity against fluctuations in temperature and the occurrence of
recurring incoming traffic loads. As a direct result of this, the roadway pavements deteriorate much before the end of
their anticipated service lives. Specifically, bitumen has a lower melting point than other asphalt components. The
bituminous binder is a thermoplastic substance, and as a result, the degree to which it is stiff is directly proportional to
the temperature. The link between the temperature and the stiffness of the bitumen is dependent, not only on the
technology that is used to refine the crude oil. Because the construction of highways is a task that in and of itself
requires a significant amount of money, Significant cost savings might be realized via the use of cost-effective
engineering design solutions and the recycling of waste materials throughout the highway building process. Since it is
pertinent to the topic at hand, it is worth noting that the vast bulk of India's highway system is made up of flexible
pavements. The surface course (the top 100 to 150 millimeters of the pavement) is often where the permanent
deformation from the flexible pavement occurs. Multiple studies have resulted in this finding.

In more nuanced words, it contributes to the enhancement of the features of the pavement's strength. However, bleeding
can occur in bituminous pavements in hot climates, and cracking can appear in bituminous pavements in cold climates.
These also have a relatively lower load bearing capacity than similar products. has the potential to inflict significant
damage to the road surface. As a result, in recent years, strategies have been developed to improve upon these
undesirable qualities inherent in bitumen. The change of the rheological characteristics of bitumen is the overarching
theme that connects these various approaches.

The major strategy for preventing this degradation is enriching or improving the structural qualities of the bituminous
mixture via the use of various additives. This may be done in a number of different ways. This is the approach that is
employed the most often and has received the most research attention for the purpose of enhancing the qualities of
bitumen. Because plastics do not break down in the environment, using them in this way allows for easier disposal of
the material. It has been discovered that polymer that has been combined with bitumen has improved binding
properties. The softening point of the polymer-blended bituminous mix has increased, and the penetration value has
decreased, but the ductility value is adequate. If it were to be utilised in the building of roadways, it would be able to
endure temperatures and loads that are far greater.

II. LITERATURE REVIEW

Generally speaking, a roadway pavement will include many layers of material. The subgrade is the layer of soil under
the surface that provides support for the other levels. Asphalt concrete is a composite material used for a variety of
construction purposes. It is often used for highway surfaces, airport pavements, parking lot surfaces, and other similar
applications. It's made by mixing asphalt with mineral aggregates, stacking those layers, and then compacting the
whole thing.

The asphalt mixes include an incredible range of different kinds of fibres, all of which have been incorporated. Fibres
of synthetic polymers (such as polypropylene fibres and polyester fibres, among others), cellulose fibres, coir fibres,
basalt fibres, glass fibres, steel fibres, and other types of fibres are some examples. In addition, a wide variety of
unconventional fibres, such as recycled tyre fibres and carpet fibres, amongst others, have also been employed.

There have been a significant number of studies conducted in recent times on bituminous mixtures that have been
reinforced with a variety of fibre types. On the other hand, there is very little to no research available on the usage of
iron wire as a fibre in asphaltic concrete. This is because previous research focused on how additives affect the
properties of the bituminous mix.

Discussion

A preliminary investigation on the impact that steel fibres have on the performance of hot-mix asphalt was carried out
by Al-Ridha and colleagues. They investigated the findings using a range of temperatures and densities of compression.
According to the findings of the research, using steel fibres in the binder should only be done so in trace levels, with the
maximum quantity being 0.2%. Additionally, steel fibres were utilised by Guo in order to accomplish the goal of
enhancing the mechanical properties of asphalt and concrete. The findings of his experiments demonstrated that the
incorporation of steel fibres into asphalt concrete resulted in a significant enhancement in the overall performance of
the pavement. The influence that steel wool fibres had on the characteristics of thick asphalt concrete was investigated

IJMRSETM©2023 | AnISO 9001:2008 Certified Journal | 1674


http://www.ijmrsetm.com/

International Journal of Multidisciplinary Research in Science, Engineering, Technology & Management (IJJMRSETM)

| ISSN: 2395-7639 | www.ijmrsetm.com | Impact Factor: 7.580] A Monthly Double-Blind Peer Reviewed Journal |

ol
| Volume 10, Issue 5, May 2023 |

by Garcia et al. Extensive testing indicated that the ideal amount of fibre to include in the asphalt mixture need to be
somewhere around 6% or perhaps more for the purpose of producing outcomes that are satisfactory. It was discovered
that shorter length fibres dispersed very effectively in the combinations as well.

Additionally, Serin et al. investigated the impact of fibres on asphalt concrete mixtures in their research. As a result of
their experiments, they came to the conclusion that fibre may be used as an addition in the binder course of flexible
pavements. This was made possible by the increased stability it provided. According to the findings of this research, the
optimal amount of fibre to include is 0.75 percent of the total weight. This ratio was proven to provide the optimum
outcomes. They incorporated fibres derived from cellulose into bituminous mastics and then investigated the effects
that this had on the material's mechanical qualities. According to the findings, the behaviour of hot mix asphalts was
noticeably enhanced by the addition of fibres, most noticeably with regard to the incidence of rutting when subjected to
high service temperatures.

Apostolidis, Liu, and colleagues performed a nearly comparable experiment to study the fracture performance of
asphalt mixes that were reinforced with synthetic materials. Many different samples were used for analysis, all of which
had different fiber contents and fiber lengths. It was shown that the results achieved from lower doses of longer fibres
were comparable to those obtained from higher doses of shorter fibres.

Kar, Nagabhushana, and Jain conducted study on the functionality of hot bituminous mixtures that were combined with
synthetic fibres. In the research that was described earlier, considerable consideration was given to the consequences
that the inclusion of the fibre would have on the reduction in cost of the bituminous layers as well as the thickness of
the layers. It was constructed out of a combination of polypropylene and aramid fibres. The ultimate finding suggested
that the optimal fibre content for the mix would be 0.05% of the total weight. The inclusion of fibre led to an overall
2% increase in increased expenses.

Debashish Kar conducted research on the impact locally available sisal fibre has on the properties of stone mastic
asphalt and bituminous concrete mixes. Based on the overall weight of the mixture, the research found that the
percentage of fibre ranged from 0% to 0.5%, but the percentage of binder varied from 14% to 97%. The Marshall test
showed that the combination became more Marshallable with the addition of the fibre, and it also increased its indirect
tensile strength. The optimal amount of binder for IBC and SMA was determined to be 5.1% and 35.2%, respectively.
according to a further research that was conducted in this area by Bakiya and colleagues. It was determined that a
binder level of around 5.3% by weight of mix was optimal.

Using natural rubber powder, 80/100 penetration grade bitumen, dense graded bituminouse mix, cellulose fibre, stone
dust, and limestone as filler, Kamaraj et al conducted a laboratory study to determine the compatibility of the mixture.
The researchers used a variety of tests to determine whether or not the mixture was suitable. They used fibre
proportions ranging from 0.2 percent to 1 percent of the total, and they conducted their research.

In his mixture, Hardiwordoyo included some of the shorter coconut fibres. He began adding coconut fibres to the
mixture at a rate of 0.5% by weight, increasing the amount with consistent increments of 0.25 % at each stage, and
continued doing so until he reached 1.5%. Within the scope of this investigation, the fibre size ranged anywhere from 5
mm all the way up to 12.5 mm in diameter. According to the findings, when the Marshall stability was optimised for a
fibre content of 0.75 percent and a length of 5 millimetres, it improved by approximately 15 percent.

In this particular investigation, the mixture of bitumen was supplemented with carpet fibre, polyester fibre, and scrap
tyres. It was discovered that the inclusion of itirea and ecar pet fibre increased the tensile strength of stone mastic
asphalt. In a similar manner, Mustafa and Serdal experimented with using discarded marble dust as an addition and
found that it produced encouraging results. In a study that was almost comparable to the other, Jony Hassanet and
colleagues investigated the impact of waste glass powder on the qualities of stone mastic asphalt in comparison to SMA
with limestone in varied quantities (as filler). It turned out that a concentration of around 7% was the sweet spot for the
glass powder. The use of glass powder as a filler brought about a 13% improvement in the mixture's stability.

III. MATERIALICHARACTERISATION

The aggregate used to make the bituminous mix is first separated into various size fractions before being mixed with
the binder, which is typically bitumen. The mixture is then spread out and crushed to create a hard, inflexible mass.
Mix design analysis is performed to establish the correct aggregate-to-bitumen-to-other-additive ratios required by the
standards.
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As a result, conducting an in-depth investigation into the characteristics of both the binder and the aggregates is of the
utmost significance in order to be certain that the mix will have the intended effect. The success of using fibre
reinforcement is dependent, to a significant degree, on being able to establish a uniform distribution of the fibres
throughout the mix and on the subsequent interaction of those fibres with the matrix that is below them. Because of
this, one of the most important prerequisites to obtaining the acceptable level of performance is the careful selection of
materials that possess the appropriate characteristics.

AGGREGATES

General

The aggregate is the primary material that is used in the building of pavements, and as a result, it plays an essential role
in the bituminous mix. Compound materials (like asphalt and cement concrete) are made by combining several
components (like sand, gravel, and crushed stone) with a binding agent (like water, asphalt, cement, lime, etc.). The
pavements of highways and runways undergo stress because the aggregates must support the loads. When they are
utilised in the surface course of the pavement, they are expected to be able to withstand the abrasive action of vehicular
movement both when the circumstances are dry and when they are wet. The movement of wheel loads causes
aggregates in pavements to be exposed to impact, which may be felt by drivers and pedestrians alike.

IV. CONCLUSION AND RECOMMENDATIONS

In the course of this study, an attempt was made to incorporate low-cost and easily accessible iron wire fibre into the
bituminous mixture. This was done with the intention of using the iron wire fibre as a potential replacement for
materials that have already been the subject of a significant amount of research, such as rubber and waste plastics. On
the other hand, a substantial amount of further study is still required in order to evaluate the overall behaviour of asphalt
concrete that is reinforced with this material. In the course of this research, an attempt has been made to evaluate a
number of fundamental properties of iron wire fibre reinforced asphalt mixes. These properties primarily concern
aspects such as tensile strength, abrasion resistance, moisture susceptibility, and so on. The amount of fibre consumed
was changed in order to accomplish this goal. On the other hand, the composition of the mix and the characteristics of
the fibres were preserved almost exactly the same throughout. In addition, after the trials have been completed and the
findings of the tests have been carefully examined, specific conclusions might be drawn.
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