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ABSTRACT: It was extra challenging to compress the samples when there was a larger concentration of iron
wire fiber present in the material being tested. Once again, the size of the air gaps shown an increase in
proportion to the growing values of the fibre addition. As a direct result of this, an abnormally large amount of
binder was required for the samples, which had the potential to cause some severe consistency issues.
Additionally, since the combination has an unusually high number of air voids, it is prone to having problems
with its durability. This is because the combination is vulnerable to having problems with its durability. The
values of the samples' indirect tensile strength were about the same whether they were wet or dry up until there
was a content of 4% iron wire fibre. This was the case even when the samples included iron wire fiber. After this
limit was exceeded, there was a discernible rise in the Fig. s describing the indirect tensile strength. It was
discovered that the control specimen had the highest level of resistance to the deterioration brought on by water.
This demonstrates that the incorporation of fiber into the mixture helps to reduce the bleeding phenomena as well
as the drainage of the mixture. To put it another way, iron wire fiber shows promise as a stabilizing agent, which
means its potential may be investigated further. This is a conclusion that can be reached with complete and utter
self-assurance. The incorporation of fibers into the surface course layers of flexible pavement increases the
likelihood that drivers may experience an increase in their level of unease while driving, which has the potential
to result in a reduction in the level of overall road safety. A rise in the number of accidents is one of the potential
repercussions of this. Because of this, there have been discussions on the possibility of embedding the fibers into
the lower layers of the pavement, such as the base course.
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I. INTRODUCTION

The technique or methodology that will be used for this study will consist of adhering to the criteria that have been
outlined by a variety of Indian standard codes, as well as AASHTO and MORTH requirementsso that their individual
properties may be analyzed alongside those of other raw materials. The research results will be used to the creation of
best practices and utilized as a benchmark against which the current asphalt blend may be improved. Once the iron wire
fiber has been included into the mixture, the studies will determine whether or not the combination is enough to
produce a road surface that is suitable for safe and pleasant traffic operations.

II. METHODOLOGY

During the course of the research work, various methodologies and experimental works will be carried out. This section
will discuss those methodologies and experimental works. The Hot-Mix Asphalt, often known as HMA, is a
combination that consists of coarse and fine aggregates, bound together with asphalt. HMA is a mixture that is then
subjected to greater temperatures once its name has been given to it. The selection of the materials and the aggregate
gradations were carried out in accordance with the criteria that were outlined in the requirements. Extensive
experiments and investigations were performed on a bituminous mix that was reinforced with iron wire fibre dosed at
0%, 1%, 2%, 4%, 6%, and ultimately 9% by weight of aggregates. The results of these tests and investigations were
thoroughly analysed.

The flow diagram that is given in Fig. 1.provides an illustration of the technique that was used for the experimental
programme.
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Initial assessment of the raw materials

1. Selection of the raw materials for the preparation of the bituminous mix
2. Selection of additive

3. Performance of tests on bitumen, aggregates and iron wire fiber to establish

their properties

\ J
4 )
Analysis of the collected data
1. Determination of aggregate gradation
2. Study of hot mix design procedure
3. Optimum binder content
4. Sample preparation with different doses of iron wire fiber additive
1\ J
4 )
Examination of the mix after incorporation of the additive
1. Effect of iron wire fiber reinforcement on parameters such as Marshall
stability value, Flow value, Unit weight etc.

2. Effect of iron wire fiber reinforcement in terms of the already performed
tests, e.g. Cantabro test, Indirect tensile strength test etc.

. J

Conclusion and future scope of study

Fig. 1: Flow diagram of methodology
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III. RESULTS AND IDISCUSSION

i) Marshall Stability test results:

Marshall stability tests were performed to acquire stability values for the samples (and have been addressed earlier),
therefore their impact on the range of those values was studied. These results were achieved for both control and
reinforced specimens made with iron wire at percentages of 1%, 2%, 4%, 6%, and 9% by weight of aggregates. The
mixtures were labeled with the same names as the samples they were created from (Mixture Contents , Test mix 1, Test
mix 2, and so on up to TM9).
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Fig. 2: Stability values against iron wire fiber content

When iron wire fibre was introduced into the bituminous mixture, a subtle improvement in the material's stability
occurred almost immediately. This rise continued until the weight of the mixture's iron wire fibre component was
reduced to 4% of the total. The levels of the stability then began to decrease. In other words, the optimal level of
stability is reached when there is a composition of 4% iron wire fibre. The highest level of stability that could be
achieved was 1415 kg.

The tendency of the fibres to cluster together is the most important factor in understanding why there is a subsequent
decline in density once a specific peak has been reached. The non-homogenous distribution of fibres throughout the
mixture causes the contact points in the aggregate mass to disintegrate. These contact points are crucial for absorbing
the loads that are given to the aggregate. After reaching the point where there is an optimal increase in the amount of
iron wire contained, this ultimately causes the mixture's stability to decrease.

ii) Flow Value:
The value of the Marshallaflow was the next piece of real estate that was taken into consideration.

Fig. 3 presents a graph that compares flow value to the percentage of iron wire used in the reinforcement. This graph
shows that as the percentage of iron wire used in the reinforcement steadily increases, the flow value steadily decreases,
reaching its highest point in the Mixture Contents , which contains no iron wire fibre at all. To put it another way, flow
values dropped as the quantity of fibre in the mixture increased. This indicates that when the quantity of fibre in the
combination was increased, it got stiffer and less flexible. The rigidity of the fibres is responsible for causing this
phenomena to occur.
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Fig. 3: Flow values against iron wire fiber content
iii) Marshall Quotient:
Values of the Marshall Quotient were computed by dividing the mixture's stability by its deformation value and then
dividing that number by 1. The findings are shown in the following Fig.4 , which is numbered 5.3.

The Marshall Quotient values improved as a result of the addition of iron wire fibre as an ingredient to the mixture, as
can be seen from the bar chart. When compared to the baseline mix, this represents a near-1.4-fold improvement. There
is a notable increase in the mix's resistance to permanent deformation and stiffness when iron wire fibre is added at a
concentration of up to four percent. After 6%, structural fragility was evident in the samples, and the Marshall Quotient
values dropped as a result.
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Fig. 4: Marshall Quotient values against iron wire fiber content

iv) Unit weight:

The addition of iron wire fibre reinforcement was seen to result in a reduction of the unit weight, as this was observed
to record a lower value after the addition of the reinforcement. Fig. 5 illustrates the variation in unit weight values that
occurs with varying amounts of iron wire fibre composition.
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Fig. 5: Unit weight against iron wire fiber content

After an initial rise, there is a subsequent decrease in the unit weight of the mixture. This can take place due to the fact
that the fibres like to cluster together. When there is a greater concentration of iron fibre, the clump of fibre has a
greater propensity to exhibit segregation, and as a result, the unit weight begins to decrease.

v) Air voids:

The proportion of air spaces in the binder course must be between 4% and 6% in order to meet the specifications of the
Indian standard. Fig. 6 demonstrates how the addition of a certain amount of iron wire fibre reinforcement increased
the number of air gaps. Observing the graph makes this clear. Air gaps in the samples equaled up to 4% of the total iron
wire fibre content, as specified in the requirements. The samples showed an unacceptably high number of air gaps

beyond 4%, which might reduce the mixture's overall performance. Because more open regions in the atmosphere
means less durability.
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Fig. 6: Percent air voids against iron wire fiber content

Nevertheless, an increase in the number of air spaces is thought to be beneficial for the design of pavement in warm
regions where the bituminous mix is prone to bleeding. An enhanced void ratio may be a potential solution to these

issues under weather conditions like these. In spite of this, appropriate precautions need to be taken to guarantee that
the air gaps will fall within the specified parameters.

It is clear from looking at the Fig. that the air void values rose as the quantity of iron wire fibre added to the mixture

grew. An increase in the air void values might have implications for the mixture's compression, which would clearly
become more difficult as the air void values rise.
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Iv. CONCLUSION AND RECOMMENDATIONS

When the pavement will be exposed to heavy traffic, it is highly advised to strengthen the asphalt mixtures. utilizing
affordable iron wire fibre as reinforcement in the bituminous mixture rather than utilizing other, more costly
reinforcing additives is very advantageous for the society as a whole since it is a financially realistic solution. The
current study aims to characterize bituminous mixtures that have been strengthened by the addition of iron wire fiber.
The optimal binder percentage for the bituminous mixes was found to be 4.5% by weight of aggregate. Bitumen
mixture was averaged out to get this number based on the mix's best stability, highest unit weight, and 4% air voids.
This led to the discovery of this value. The findings of the Marshall stability test showed that there was an increase in
stability values of up to 4% when the additive level was raised. When this threshold was exceeded, the concoction took
on an unfavourable quality. The fact that the fibres are not dispersed in a same manner throughout the mixture is the
primary factor that may be credited with explaining this behaviour (decreasing stability particularly at high ratios).
Because of this, clustering occurs, which is one factor that leads to the decline in stability. This finding is supported by
the flow values that were measured.

When there was a higher concentration of iron wire fibre in the samples, it was additionally difficult to compress them.
Again, the extent of the air spaces indicated a rise in proportion to the rising values of the fibre addition. As a
consequence of this, an excessively high quantity of binder was necessary for the samples, which might lead to some
significant consistency problems. In addition, Because the combination has an abnormally high percentage of air voids,
it is susceptible to having difficulties with its durability.

Until there was a 4% iron wire fibre content, the values of the samples' indirect tensile strength were about the same
whether they were wet or dry. The values of the indirect tensile strength increased dramatically after this limit was
passed. The control specimen was determined to be the most resistant to the degradation caused by water.

This illustrates that including fiber into the mixture helps prevent the bleeding phenomenon and the drainage of the
mixture. That is to say, iron wire fibre shows promise as a stabilizing agent that may be fully explored.

This is a conclusion that can be made with 100% confidence. The inclusion of fibers into the surface course layers of
flexible pavement raises the chance that drivers may feel more uneasy on the road, which might lead to a decrease in
overall road safety. One possible consequence of this is an increase in accidents. This fact has led some to propose
incorporating the fibers into the pavement's lower layers, such as the base course.

REFERENCES

[1] AASHTO T 283, Standard method of test for resistance of compacted asphalt mixtures to moisture-induced
damage.

[2] Abtahi, S.M., Sheikhzadeh, M., Hejazi, S.M., Fiber-reinforced asphalt concrete — A review, Construction and
Building Materials 24 (2010), 871-877.

[3] Ahmedzade P., The investigation and comparison effects of SBS and SBS with new reactive terpolymer on the
rheological properties of bitumen, Construction and Building Materials (2013), 38: 285-291.

[4] Al-Ridha A.S.D., Hameed A., Ibrahim S.K., Effect of steel fiber on the performance of hot mix asphalt with
different temperatures and compaction, Australian Journal of Basic and Applied Sciences, 8 (6), 2014: 123-132.

[5] Arrieta, V.S., Maquilon, J.E.C., Resistance to degradation or cohesion loss in Cantabro test on specimens of porous
asphalt friction courses, XVIII Pan-American Conference of Traffic and Transportation Engineering and Logistics
(PANAM 2014), Procedia — Social and Behavioral Sciences 162 (2014), 290-299.

[6] ASTM D 1559, Test method for resistance of plastic flow of bituminous mixtures using Marshall Apparatus,
American society for testing and materials.

[71 ASTM D 6931, Indirect Tensile (IDT) Strength for bituminous mixtures, American society for testing and
materials, (2007).

[8] ASTM D 792, Standard test methods for density and specific gravity of plastic by displacement, American society
for testing and materials, (2008).

[9] Benedito de S. Bueno, Wander R. Da Silva, Dario C. De Lima and Enivaldo Minnete; Engineering properties of
fiber reinforced cold asphalt mixes, Journal of Environmental Engineering (2003), Vol. 129 (10), 952-955.

[10] Boyes, A.J., Reducing moisture damage in asphalt mixes using recycled waste additives, Diss. California
Polytechnic State University, San Luis Obispo (2011).

[11] Bradley J. Putman and Serji N. Amirkhanian, Utilization of waste fibers in stone matrix asphalt mixtures,
Resources, Conservation and Recycling (2004), Volume 42, Issue 3, 265-274.

[12] Caratelli A., Imperatore, S., Meda, A., Rinaldi, Z., Punching shear behavior of lightweight fiber reinforced
concrete slabs, Composites Part B 99 (2016), 257-265.

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


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 |
tﬂm | Volume 10, Issue 6, June 2023 |

[13] Chakroborty, P., & Das, A., Principles of Transportation Engineering, Prentice Hall of India, New Delhi, (2010),

pp 294-299.
[14] Chui-Te Chiu and Li-Cheng Lu, A laboratory study on stone matrix asphalt using ground tire rubber, Construction

and Building Materials, Volume 21, Issue 5, 1027-1033.
[15] Emon, M.A.B., Manzur, T., Yazdani, N., Improving performance of light weight concrete with brick chips using

low-cost steel wire fiber, Co Construction and Building Materials 106 (2016), 575-583.

IJMRSETM®©2023 | AnISO 9001:2008 Certified Journal | 2024


http://www.ijmrsetm.com/

mnosmcx el

—
SIF cenc ol it o cf
Impact Factor: c ro S sr

7.580

INTERNATIONAL JOURNAL
OF MULTIDISCIPLINARY RESEARCH

IN SCIENCE, ENGINEERING, TECHNOLOGY AND MANAGEMENT

[ ) +91 99405 72462 +91 63819 07438 [P ijmrsetm@gmail.com

WWwWw.ijmrsetm.com



	REFERENCES
	Page 1

