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Abstract - Asphalt mixtures often experience common
damages such as low temperature cracking, rutting,
moisture damage, and fatigue cracking. The main causes
of these issues are primarily an increase in the number of
large trucks utilizing the roads, errors in the design and
construction of the infrastructure, and the adverse impact
of environmental factors on the pavement's functionality
and durability. Adding fibers to asphalt has been
discovered in past investigations to promote increased
longevity and enhanced functionality of roads. This paper
examines the importance of incorporating lignin and glass
fiber into bituminous mixes. To evaluate specific
significant characteristics of a combination, we perform
examinations such as the bending at low temperatures, the
indirect tensile strength, and the tracking caused by wheel
loading. Employing a blend of different substances yielded
superior results in enhancing asphalt performance as
opposed to fiber usage alone. An explanation is provided
on how the asphalt industry can benefit from utilizing a
mixture of materials.
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I. INTRODUCTION

Incorporating asphalt roads when building highways is
highly recommended given the many advantages they bring.
They generate minimal noise, provide excellent traction,
require minimal maintenance, can be recycled, possess
durability and longevity, repel water damage, and enhance
driving comfort. Moreover, in warm weather conditions,
asphalt acts as a malleable substance while in cold weather, it
transforms into a rigid and inflexible material [1]. It is a fusion
of different components such as pebbles, adhesive substances,
and vacant areas. It is common practice to utilize bituminous
mixes in road pavement construction. The growing number of
vehicles on the streets continuously contributes to denser
traffic as the presence of large trucks and numerous wheels
exerts immense pressure on the road infrastructure, placing a
significant burden on the existing transportation system [2-3].
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Problems with the pavement can arise as a result of the
environment, construction mishaps, and the presence of
numerous heavy vehicles on the streets [5].

Instances of these problems involve the occurrence of
cracks, damage resulting from freezing and thawing,
deformations, and fissures during cold weather conditions.
Consequently, the maintenance expenses for the roads will
increase, leading to a decline in the quality of the pavement
[6]. Utilizing fibers in asphalt mixtures aids in enhancing the
overall functionality of asphalt roads. This makes the roads
last longer, which is a good thing because it saves money in
the long run [7-8]. Therefore, information from multiple
previous studies has shown the effects of fibers in asphalt
mixtures. This means that we are making bitumen mixes better
by improving how they handle moisture, resist damage from
being driven on, and can withstand cold temperatures and
constant stress. It has been demonstrated by recent research
that the addition of fibers to asphalt mixtures is a frequent
method used to bring about modifications [9-10].

There are different kinds of fibers, but this review will
focus on the impact of using two specific kinds of fibers.
These two types are used to make asphalt stronger when it is
in contact with water and to protect it from environmental
damage. We also want to see if using both of these modified
additives together will be a good idea in the future. Right now,
we are not sure how fibers will work together to improve the
asphalt. Incorporating materials such as rubber powder,
polyethylene, and basalt fiber into asphalt mixtures is a widely
used technique to enhance the durability and performance of
roads [11-12]. This also has advantageous effects on the
economy. The individuals conducting these studies discovered
that incorporating these additives proved beneficial in
enhancing the resistance of bitumen mixes against rutting.
Despite the presence of these additives, their impact on
improving the mix resistance to cold temperatures and water
damage was minimal [13-14]. It is a complex task to enhance
all the characteristics of bitumen mixes simultaneously
through the use of just one additive. The concept of employing
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a technology called double-adding
contemplated by scientists [15].

admixture  was

Fibers, which is artificially produced, possesses
exceptional strength and has stiffness level of approximately
70 GPa. The utilization of fiber in asphalt mixes boosts their
strength, longevity, and flexibility by capitalizing on the
fiber's formidable mechanical characteristics. Furthermore, it
enhances the mixture's strength and increases its durability
against cracking [16]. The ability of fiber to resist crack
formation enables it to withstand colder temperatures on
pavement. Incorporating fiber into asphalt mixtures with
various bitumen types has been demonstrated in numerous
literature reviews to enhance their resistance to moisture and
increase their resilience against cracking in cold weather
conditions [17]. Finding the optimum performance of bitumen
mixtures is challenging when relying solely on a single type of
additive. Moreover, previous studies predominantly centered
on the application of solely one additive for adjustment,
disregarding the potential of employing mixtures of additives.
At this point, the research is just getting started [18].

There are multiple advantages to utilizing fibers as a
stabilizer in bituminous mixtures. By incorporating modified
fibers into the mixture, the occurrence of reflective and fatigue
cracks is diminished, leading to a reduction in the overall
expenses associated with pavement maintenance and
construction. It also makes the bitumen amount and the
number of empty spaces in the mixture increase [19]. The
fibers change how sticky and stretchy the mixture is by
soaking up some parts of the material that makes it sticky.
This also helps to fix the problem of the sticky material
separating from the rest of the mixture. Some benefits of using
fiber modified mixtures in bituminous mixtures include:
reducing the risk of damage from moisture, making the
bitumen film thicker, and increasing resistance to rutting [20].

When it comes to dealing with fibers, there are two
options available: wet or dry handling. The initial step in the
wet process involves mixing the fibers with the asphalt
cement, after which the binder is introduced. The fiber is
combined with the aggregate first in the dry process, followed
by the addition of bitumen. The dry process is better than the
wet process for a few reasons: it is easier to use and helps
distribute fibers evenly in the mixture, the fibers don't melt in
the bitumen, and it prevents fibers from clumping together in
the mixture [21]. Nevertheless, it is essential to remove as
much moisture as possible from the fiber before incorporating
it into the mixture. By doing this, the bitumen binder will be
securely bonded, safeguarded against moisture-induced
detachment [22].
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Different types of fibers can be sorted into groups using
different methods. For example, one way is to separate them
into clothing and non-clothing categories, depending on how
the material will be used in the end. The clothes we wear are
made up of different types of materials. Some materials are
man-made, like nylon, polyester, and spandex. Others are
made from plants or animals, like cotton, jute, sisal, ramie, and
silk. Apart from clothing, there are other materials used for
different purposes [23-24].

These materials include aramid, polyethylene, steel,
copper, carbon, glass, silicon carbide, and alumina. The fibers
that are not used for clothes can be used to make cords, ropes,
geotextiles, and other things that help with structures. They
can strengthen different kinds of materials [25]. These fibers
are very rigid and powerful and rarely break, unlike the ones
used for clothing. Non-clothing fibers can also be identified by
complex methods and significant deterioration when they have
minor defects, making them typically not very strong. Another
way of categorizing fibers is based on their length [26].

They are divided into two types: continuous fibers and
staple fibers. Continuous fibers are very long, while staple
fibers are short and separate. Staple fibers can also be made
into yarn. This is especially true if the fiber is given a crimp or
waviness, which helps improve its ability to be spun into yarn.
So, staple fiber is the top choice for making things look big
and plump, for filtering things, and for other similar uses [27].
Typically, we mix natural materials like cotton and wool with
synthetic materials like nylon and polyester to create a fiber
that has the best qualities of both. Three key qualities that
form the foundation of fiber utilization in structural
engineering are their size, flexibility, and aspect ratio. With
these attributes in place, a substantial proportion of the load or
force can be effectively transmitted from the surrounding
material to the resilient and inflexible fibers embedded in a
fiber-reinforced composite [28].

Il. LITERATURE REVIEW OF UTILIZATION OF
ADDED FIBERS

Cristina Bonicaa, Emanuele Toraldoa, Luca
Andenab, Claudia Maranob, Edoardo Mariani (2016)
Various temperatures were used to conduct the lab tests,
which included practical experiments like Needle Penetration
and Ring and Ball temperature tests, as well as measurements
of movement and strength. According to the research, the
inclusion of fibers in hot mix asphalt results in improved
functionality. This is especially true in stopping the road from
getting damaged when it gets very hot.

Carlos J. Slebi-Acevedo, Pedro Lastra-Gonzélez,
Pablo Pascual-Mufioz, Daniel Castro-Fresno (2018) The
utilization of fibers in hot mix asphalt (HMA) has become a
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more appealing choice for constructing road pavements. Many
studies have found that adding fibers to a mixture makes it
better at withstanding tiredness, staying in its original shape,
and being stiff. The goal of this paper is to analyze and explain
how fibers in HMA affect its strength and performance, both
through a qualitative (explaining the concept) and quantitative
(measuring it) approach. This text talks about the features of
fiber and the tests used to study fiber-modified bitumen.
Different types of fibers are highlighted in this text,
specifically in relation to bituminous mixtures. It talks about
the amounts used, how they are mixed together, and how well
they perform. The improved mechanics are shown. Current
studies reveal that specific factors are more effectively
improved by certain types of fiber compared to others, with
the degree of improvement largely depending on the fiber's
characteristics and the composition it is included in.

Debashish Kar, Jyoti Prakash Giri, Mahabir Panda
(2019) The study employed VG 30 bitumen as an adhesive,
and fly ash, a residual substance, as a filler material.
Moreover, the pavement mixes underwent examination
through various testing methods in the laboratory, such as the
drain down test, moisture susceptibility test, and dynamic
modulus test. The mixes were made at their respective optimal
binder content (OBC) and optimal filler content (OFC). The
test results showed that adding 0. 3% of sisal fiber to a mixture
with fly ash as filler greatly improved the properties of both
mixtures.

Ahmed Khater, Dong Luo, Moustafa Abdelsalam,
Yanchao Yue, Yueqin Hou, Mohamed Ghazy (2021) The
tests found that adding 0.30% lignin fiber and 0.30% glass
fiber greatly improved the stability of water, resistance to low
temperatures, and overall quality of bituminous mix. Using
lignin fiber in the asphalt mixtures made them more resistant
to cracks caused by heat. On the other hand, using glass fiber
in the mixtures made them more likely to get damaged by
moisture. The mixture of different materials was better at
improving the way asphalt works compared to just using either
lignin or glass fiber on their own. This explains how using a
mix of composite materials is very helpful in the asphalt
industry.

Dong Luo, Ahmed Khater, Yanchao Yue, Moustafa
Abdelsalam, Zengping Zhang, Yuanyuan Li, Junnan Li,
David Thomas Iseley (2019) This study showed that adding
lignin fiber or glass fiber greatly improved the quality of
asphalt mixture. Other studies have shown that adding a small
amount of lignin fiber (0.2-04%) to asphalt mixtures makes
the pavement work better in cold temperatures. However, it
doesn't have much effect on how the pavement performs in hot
temperatures. On the other hand, adding 0.2-06% glass fiber to
asphalt mixtures greatly increased their ability to withstand
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high temperatures. Improving all aspects of the mixture is
difficult when only one admixture is used at a time. So, there
is a new method of changing asphalt called double-mixture
technology or composite modification. It helps improve the
overall qualities of the asphalt.

Altan Cetin, Burak Evirgen, Asena Karslioglu, Ahmet
Tuncan (2020) According to the department in charge of
highways. Altogether, 109 samples were made using a
machine called a gyratory compactor following a design
method called super pave. Sixty of these objects were samples
that contained basalt fibers added to them. The amount of
basalt fibers ranged from 0. 1% to 08% of the weight of the
object when it was dry. Adding basalt fiber increases the
stiffness and strength of the samples at a certain temperature.
Furthermore, when 0.4 percent of basalt fiber is added to the
samples, it demonstrates the highest ability to resist permanent
deformation, as observed in the static uniaxial creep test
conducted at a temperature of 40 degrees Celsius. Basalt fibers
do not have any good impact when the decrease in the
thickness of a substance called bitumen is greater than its
softening point after multiple tests that involve pressing it in
one direction. However, the bitumen drain and water damage
tests show that the results are okay.

Nuha Mashaan, Mohamed Karim, Farag Khodary,
Nikhil Saboo and Abdalrhman Milad (2021) The objective
of this paper is to clarify specific terminology and concepts
that are being discussed, with the purpose of enhancing
readers' comprehension of the experiments and discussions.
Research has shown that fiber helps improve the ideal amount
of bitumen in a mixture and prevents bitumen from leaking
because it absorbs the asphalt effectively. Fiber makes the
pavement stronger and more durable by improving its ability
to stretch and bounce back, making it less likely to be
damaged by water, preventing it from developing ruts in the
road, and reducing cracks caused by wear and tear.

G.B. Veeresh Kumar, R. Mageshvar, R. Rejath, S.
Karthik, R. Pramod, C.S.P. Rao (2019) In this study, we
looked at what happens when we combine E-glass fibers with
a mixture of coal tar and epoxy. We tested different amounts
of coal tar, ranging from 0% to 10% of the total weight. We
are examining and comparing the characteristics of Glass-
Fiber Bituminous Carbon Coal Polymer Composites (GBCPC)
that have been exposed to extreme cold temperatures to those
that have not been exposed. The density of the mixture
increased when bituminous coal tar was added. The toughness,
stretching strength, and bonding strength of the composite
materials increased when more of the main material was
added, and after being exposed to extreme cold temperatures,
the toughness and strength increased even more. However, the
bonding strength between the layers of the composite showed
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unusual behavior, which could be because of small cracks or
separation between the layers caused by remaining stress from
temperature changes. We tested how well something could
slide using a method called Taguchi L16. The object that was
exposed to cold temperatures showed more resistance to

getting worn out when it slid against something without any
lubrication or moisture.

Benan Shu, Lei Zhang, Shaopeng Wu, Lijie Dong,
Quantao Liu, Qing Wang (2018) In this study, a new type of
fiber with a healing substance inside was created using a
special technique called microfluidics. FT-IR, SEM, and EDS
techniques were used to confirm the successful production of
Ca-alginate/SiO2 self-healing fibers. Nano silica composites
were added to the Ca-alginate structure through physical
adsorption and interaction between molecules. The best
amount of SiO2 can be found by studying its shape and
structure. Thermogravimetric analysis and a test on long-term
thermal stability have proven that adding SiO2 greatly
enhances the ability of compartmented Ca-alginate self-
healing fibers to withstand high temperatures. Furthermore,
the Ca-alginate/SiO2 fiber with compartments does not release
any substances when exposed to a temperature of 180 C for
one hour in bituminous binder. The nanoindentation test
shows that adding nano SiO2 makes the Ca-alginate wall
stiffer and more rigid, while reducing its deformation. The
three-point bending experiment proves that the fibers can
withstand being mixed and compacted with asphalt mixture.
At the same time, the fibers make the asphalt mixture better at
fixing itself.

Serkan Tapkin (2007) In this research, we made asphalt
concrete pieces using polypropylene fibers with the best
amount of bitumen. It was noticed that the strength of fiber-
reinforced materials increased and their ability to flow
decreased quite a bit. The tiredness of these samples was also
made to last longer. The use of polypropylene fibers has a
positive effect on making asphalt concrete better. The asphalt
mixture with fibers is very strong and durable. It doesn't get
damaged easily from weight, lasts a long time, and has fewer
visible cracks. simple words: So, it is believed that when
polypropylene fibers are added to asphalt, it changes the way
the asphalt behaves.

N. F. A. A. Musa, M. Y. Aman, Z. Shahadan, M. N.
M. Taher, Z. Noranai (2019) The main purpose of adding
fibers to asphalt is to make the asphalt stronger and more
resistant to being stretched, getting worn down, and cracking
from repeated use. This article looked at how synthetic fibers
can change asphalt concrete. It talked about the main issues
with using fibers in asphalt, the process of mixing them in, and
how different fibers affect the asphalt. Findings from research
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indicate that synthetic fiber modified asphalt concrete exhibits
superior performance compared to traditional asphalt concrete.

Zhen Zhang, Hongliang Zhang, Yang Gao, Haonan
Kang (2020) The aim of this study was to evaluate the impact
of incorporating kapok fiber on the properties of natural
bitumen, focusing on the resulting changes in consistency. As
part of the research, the surface of the fiber underwent
treatment utilizing a substance called silane coupling agent
(KH-550). The surface of the fiber was then examined using a
scanning electron microscope (SEM) to study its structure. To
see how KF affects the way bitumen behaves, we did some
tests. We looked at how it flows when we spin it, how it
moves under different stress levels, how it recovers after being
stretched, how it bends, and how it responds to different
amounts of force. The findings showed that using KH-550
made the surface of the fibers rougher and increased the
ability of the fibers to stick to asphalt. By incorporating KF,
the properties of bitumen, such as thickness and resistance to
permanent alteration, were significantly enhanced. However,
using KF had a small negative impact on the ability of
bituminous binder to resist cracks at low temperatures and to
resist fatigue. This impact was relatively smaller as long as the
fiber content did not exceed 6%.

A.R. Pasandin, I. Pérez (2017) The current lab testing
looks at how well asphalt made with recycled concrete is able
to handle fatigue. A type of asphalt called HMA AC 22 bin S
was tested using different percentages of recycled concrete
aggregate (0%, 35%, and 42%) in the indirect tensile fatigue
test (ITFT) device. We tested three different levels of ongoing
pressure, which ranged from 150 kPa to 350 kPa. We made
mixtures using two types of bitumen: B35/50 and BC35/50.
B35/50 is a regular kind of bitumen, while BC35/50 is
bitumen with 10% waste tire rubber added to it. We made the
mixtures with just the right amount of bitumen for the best
results. This research shows that adding RCA improves how
long something can withstand fatigue. Furthermore, using
crumb rubber can result in RCA bituminous mixtures that last
longer in medium traffic roads.

M. F. Haque (2021) This study wants to find out how
different lengths of coconut fibers (8mm, 10mm, and 12mm)
mixed with different amounts (1. 5%, 175%, 20%, 225%,
25%) of a type of bitumen affect its softening point,
penetration value, ductility, and Marshall Stability. Marshall
Stability, softening point, penetration value, and ductility
show improved outcomes when the proportion of coconut
fiber is 2%. However, the penetration and ductility are
improved if the length of the coconut fiber is 12mm.
Similarly, a favorable outcome is observed in the Marshall
Stability and softening point tests at a coconut fiber length of
8mm.
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Hayder K. Shanbara, Sarah S. Musa, and Anmar
Dulaimi (2020) The strength of asphalt mixtures is an
important factor in the wearing out and breaking of flexible
roads. So, in this study, we looked at how adding
polypropylene fibers to asphalt mixtures affected how well
they worked. We did experiments to see what happened. We
made a group of cylindrical samples of asphalt mixtures and
tested them under different temperatures to measure their
stiffness when compressed. In the same way, we tested how
tiredness affects asphalt in a certain way and how cracks form
in another way. We did this for different asphalt mixtures,
some with and some without polypropylene fibers. We studied
how these fibers affect the characteristics of asphalt mixtures.
The test results showed that mixing polypropylene fibers in
the reinforced materials had a significant impact on how they
stretch, handle wear and tear, and develop cracks.

Stanistaw Majer, Bartosz Budzinski (2021) This helped
to prevent the scale effect, which could happen because of
differences between mixing in a lab and in a fixed location.
We tested the stiffness of materials using a method called IT-
CY, which involves applying tension to cylindrical specimens.
We conducted the tests at various temperatures between 0 and
30 degrees Celsius. We tested how well the object could resist
getting permanently deformed. The results we found show that
using aramid-polyolefin fibers makes mixtures more resistant
to permanent deformation. The importance of mixtures
employed on roads cannot be emphasized enough. The
findings have also demonstrated a big increase in the stiffness
of a material, regardless of the temperature range. The
experiments have shown that we can make the surface of the
road thinner if we strengthen the existing road structure. The
study found that using aramid-polyolefin fibers in road
surfaces can make the pavement better and more beneficial for
investors.

Disha Rajya guru, Rohit Kumar, Prof. C. B. Mishra
(2016) In this experiment, we prepared samples of bituminous
mixtures using the right amount of bitumen. To test how
different amounts of polypropylene fibers affect the volume of
a Marshall Mix design, we added 4%, 5%, and 6% of the
fibers to the bitumen content. In plain language, it was noticed
that the strength of fiber-reinforced specimens became better
and the flow became less. The properties of a type of material
called bituminous mixture can be improved by adding
polypropylene fibers. In simpler terms, using polypropylene
fibers can improve bituminous mixtures in a very helpful way.

Gandu Srikanth, Arpita Saha, Rajiv Kumar (2019) By
adhering to the aggregates, the polymer in the dry process
enhances both the ability to coat and the proportion of space in
the sample. Therefore, in both methods, the properties of the
material change because of its visco-elastic and
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thermodynamic characteristics, coating, and the amount of
empty space. It was discovered that the use of modified binder
yielded different outcomes compared to using neat bitumen
when comparing the results. Additionally, a comparison
between dry and wet mix control Marshall Test results
indicated that the dry process demonstrated superior
performance to the wet process. In this paper, we study how
things are mixed together, including the good and bad aspects.
We also talk about how adding chemicals to a substance can
change it, and the benefits and drawbacks of doing so.

Mohit, Er. Susheel Kumar (2023) By incorporating
geogrids into this particular soil, its stability and load-bearing
capacity are enhanced as a result of the partial interaction
occurring between the soil and the geogrid fabric. This is
beneficial for improving the quality of dark cotton soil.
Different things that are put on the street surface are passed
down to the ground under the street. In this project, we are
improving the soil on the street using a special fabric called
geogrid. We will put the geogrid in different layers starting
from the bottom layer and moving upwards. We will study the
best position for placing the geogrid. Geogrid has also been
used to study the changes in properties of large soils which has
also been analysed.

I1l. CONCLUSIONS

1) Altering the depth of the fibers appears to affect the
stability of the underlying ground.

2) The exam's findings reveal that the installation of fibers
at various depths in the soil can effectively homogenize
the subbase's characteristics.

3) The rigidity of fibers sheets contributes to enhancing the
resilience of soft soils, particularly in instances where the
CBR values are high.
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