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Abstract- Asphalt concrete (AC), a mixture of bitumen and aggregates is highly
temperature sensitive and an equally important material used in civil engineering due to
its utility and universal usage and thereby making it one of the highly researched area in
the field with a focus on improving the Asphalt concrete. Of the many approaches,
modification of the asphalt binder is one that focuses on addition of external agents for
improving Asphalt Concrete. Nowadays, different materials are used to reinforce asphalt
concrete. Fibers have made a reputation for themselves among the other modifiers used
mainly due to the promising results that they have shown. Steel fiber modified asphalt is
referred to as steel fiber-reinforced asphalt-concrete (SFRAC). This study investigates the
usage of steel fiber as a modifier and its results on the deformation resistance of the
Asphalt Concrete. The whole process was investigated carefully to observe the effects
steel fiber on the mixing procedure of Asphalt Concrete during the manufacturing phase,
and performance of asphalt concrete was inspected later using several laboratory tests.
Results showed that the Optimum Binder Content increases 4-6% however, the stability
of the steel fiber modified asphalt pavement decreases up to 20% and hence causes no
significant improvement in deformation resistance. This reduction in the stability is
mainly due to the insufficient bonding of the steel fiber with asphalt concrete. Whereas,
from the sustainability perspective, it leads to concept of the new market to utilize waste
fibers.
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INTRODUCTION

Intra-country transport acts as the lifeline for the trade and communication in a country. Different kinds of distresses can
develop in hot-mix asphalt (HMA) which affect the structural and functional performance of pavement. In hot summers,
bitumen becomes soft and when pavements are subjected to heavy loading of traffic vehicles, bitumen consolidation or
lateral movement of materials take place, causing development of stresses. Above scenario necessitates research for new
materials and innovations in pavement engineering to make the pavements more durable and more resistant to the distresses
leading to a lesser requirement for maintenance [1]. To minimize the drastic effects of weather and traffic, various
methodologies and techniques have been invented to make the performance of flexible pavements better, known as
‘modification of asphalt’ [2]. Various types of fibers and polymers are applied to the asphalt for this purpose [3].

It is imperative to have an idea of other research in this field before discussing the approach of this study. Nowadays, the
steel fibers are used to take the stresses at the top layer of pavement which is subjected directly to the effects of loading
and wear and tear [4]. Other studies on distribution of steel wool have revealed that a poor distribution is achieved when
long and thin fibers are used. On the contrary, short, and thick fibers have shown better dissemination in the mixture. The
impact of steel on properties like the porosity and electrical conductivity of dense asphalt concrete has also gained attention
of the researchers.With regard to the particle loss resistance and flexural strength of dense asphalt concrete, no relevant
improvement has been reported [5]. Recently, futuristic applications of electrically conductive asphalt concrete have been
studied with a great zeal. Although it can be achieved using both the steel fiber and graphite, steel fiber has been proven
to be more effective in improving the conductivity of asphalt concrete[6]. Steel fiber modified FRAP shows it as a
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promising material for highway pavement due to its high performance in crack regulation [7]. Cracking in low temperature,
bleeding in high temperature and water damage are major contributors towards the deterioration of the pavement. The test
results of rutting test, low temperature bending test, freeze-thaw splitting test have been compared with the stability in high
temperature, anti-cracking performance in low temperature and the water stability between steel fiber asphalt concrete and
the ordinary asphalt concrete. The conclusions drawn from these comparisons suggest that steel fiber addition in the asphalt
concrete can effectively contribute towards the performance of the road [8]. Recent researches have opened a way for other
promising prospects for fiber modification such as the electrothermal applications by incorporation of conductive fibres
(e.g. carbon and steel fibers). Adding electrothermal properties broaden utility scope of asphalt concrete in a more futuristic
way. Applications such as de-icing, snow and ice removal, self healing through induction heating, snow and ice removal
and energy harvesting are some key areas in this regard [9-13]. The current work focused on increasing the lifetime and
enhancing the performance of asphalt concrete roads by using steel fibers as additive material. For this purpose, Marshall
test is performed using different fiber percentages and binder contents.

1.1  Steel Fiber:

Steel fibers are filaments of wire, cut to defined length, and used for the preparation of fiber-reinforced concrete, mortar,
and other composite materials. Steel fibers generally have 0.3 to 1.1 mm diameter and 15 to 50 mm length. As compared
to polypropylene fibers, steel fibers have very high modulus of elasticity making it a superior choice in many applications.
Some of the properties of steel fibers are shown in Table 1.

Table 1 - Properties of commonly used steel fibers

Relative densit Diameter, Tensile strength, Modulus of elasticity, | Strain at failure,
Y | mm (0.0001 in.) MPa MPa %
7.8 100 - 1000 500 - 2600 210000 0.5-3.5

Although the work is still being done for developing the mixing methods of fibers with the asphalt concrete, yet the addition
of short random fibers in asphalt concrete does not require much additional effort. Along with the improvisation in the
mechanical performance of the asphalt pavements, the innovative prospects offered by the Steel fiber reinforced asphalt
concrete (SFRAC) make it a candidate for improving sustainability and lifecycle costs.

RESEARCH METHODOLOGY

Initially, aggregate to be used in the project was selected. For aggregate, Margalla stone quarry was selected, and material
was brought from there. Then bitumen grade was selected, and it was 60/70. Based on material properties, gradation was
selected which was NHA class B which is a fine gradation as compared to NHA class A gradation. Different tests were
performed for aggregates and bitumen. Next challenge was to prepare mix and select amount of fibers for Marshal Mix
Design. The methodology adopted for this work is shown the figure below:

Material

Material selection properties Mix preparation Results
L] ~ r e r L] ~ r Lo
Aggregate Aggregate Determination of Comparative
Selection ]l gradation ) OBC analysis
) o) . ) ) ) - T
Bitumen Selection Aggregate testing Volumetrics Conclusions
‘ ) L ) . o . 3
. : . ; Specimen .
Fibers selection ‘ Bitumen testing preparation Recommendations

Figure 1: Scope and Methodology of the Work

Literature was reviewed to get the optimum amount of fibers for Marshall Mix Design. After reading different studies, the
dosages of 0.5% and 1.0% were selected by weight to determine Optimum Binder Content through Marshal Mix Design.
Dry method was used to mix the fibers with aggregate and bitumen. In the end, a comparison was drawn for different
results obtained from unmodified, 0.5% steel modified and 1% steel modified asphalt concrete. A conclusion was drawn
through experimental results.
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EXPERIMENTAL DETAILS

Various type of tests performed on the aggregate, bitumen and asphalt concrete mixtures have been discussed. For this
study, Class B aggregate of NHA Specification was used because it is easy to make a comparison of the test results in case
of fine classifications. The physical properties of the aggregate and bitumen used are listed in Table 2.

Table 2 - Physical properties of aggregate and bitumen
Aggregate Bitumen

Source Margalla stone quarry Test name Value Standard
Type 100 % crushed Penetration (25°C) 60 - 70 ASTM D5
Los-Angeles Abrasion Value 24.92 % Flash point 146°C ASTM D92

Coarse aggregate 3.10 % Softening point 48°C ASTM D36
Soundness - — -

Fine aggregate 4.60 % Ductility (S5cem /min) | >100cm | ASTM D113
Elongation Index 2.90 % Specific gravity 1.034 ASTM D70
Flakiness Index 5.80 %
Sand Equivalent 72 %

Dry method has been used in this study to add the steel fibers into the asphalt concrete mixture. Reason to use the dry
method is that various researchers have used this method for addition of fibers into the asphalt mixture [1, 14]. Aggregates
and bitumen were pre-heated in accordance with ASTM-D1559. Steel fibers were then added gradually into the mixture.
Now Marshall mix design test is performed on unmodified and steel modified asphalt concrete samples. Main objective to
perform the Marshall mix design test is to select as suitable type of aggregate and corresponding economical asphalt binder
content. This recommended mixture is known as job-mix formula (JMF).

1.2 Sample Preparation.

NHA requires minimum 3.5% of asphalt content by weight of the total mixture for Class A and Class B. Normally, bitumen
in 3 to 6% by total weight of sample is added for the OBC determination. Mixture for fiber-modified and unmodified
mixtures was prepared for 3.5, 4.0, 4.5, 5.0, and 5.5% asphalt. Three samples are prepared. Two compacted samples, and
one loose sample. Total weight of each sample is 1200 g. 0.5% (6g) and 1.0% (12g) fiber by weight of the total mixture
were added. First, compacted samples were prepared. For this, mixture was prepared by the dry method and then it was
placed in the testing mould. Hammer of 4.5 kg was used for compaction dropped from a height of 18in. 75 blows are
applied on both sides of the specimen. Resulted compacted sample was cylinder having 4-inches inner diameter and 2.5
inches height. Mixture was prepared for the loose sample, and no compaction effort (Blows) was applied on it. Now
calculate values of different parameters by formulas listed in Table 3.

Table 3 — Different Parameters for Marshall Stability Test
P + P + .............. +P - - . G P
Bulk specific gravity of O — T XOIer n;tgglrs'r\ilA YMA =100~ %Xs
aggregates, Ggp 6 G on ggregates, sb
. o . Pym — P, Grm — G
Effective specific gravity of Gee = T _P_: Air voids, V, , = 100 x mm = Gmo
aggregate, G, rm  Go mm
. : Pyq Voids filled with 3 VMA -V,
Effective Asphalt Content, Py, Poe = Py =756 % Px asphalt, VFA VFA =100 x —7m

Figure 2: a. Steel fibers used. b. Steel fibers after addition. c. Steel-fiber modified sample being prepared. d. Compacted
and loose samples ready for Marshall Stability test
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RESULTS

The results that were obtained from various tests performed on the asphalt concrete mixtures and their analysis, have been
discussed. Results of three kind of asphalt concrete mixtures were tabulated in Table 4. Graphs between unit weight, VMA,
VFA, V,, stability and flow against asphalt content have been plotted. The results showed that with the addition of steel
fibers, volume of air voids (Va) and voids in mineral aggregates (VMA) increase with a decrease in the VFA values and
unit weight of the modified mixtures in comparison to control samples.

Table 4 - Optimum binder content of unmodified and steel modified mixtures
) Steel Fiber Modified
o Unmodified -
Criteria Fiber percent OBC
OBC 0.5 1 0.5 1
Bitumen-content against maximum stability 4.5 4.25 4.15
Bitumen-content against maximum unit-weight 4.7 4.57 5.5 5.5 4.75 4.85
Bitumen-content against 4% air voids 4.5 4.5 4.5

Graphs between asphalt content and various parameters of Marshall test for unmodified and steel fiber modified asphalt
mixtures have been plotted. It is also evident from the Figure 3 to Figure 5 that steel modification has negative impact on
the performance of asphalt concrete. The reason is that the stability values of steel modified samples are less as compare
to those of unmodified samples and flow is more than that of unmodified samples.

Unit Weight vs, Bitumen Content Air Voids vs. Bitumen Content Stability vs. Bitumen Content
2500.00 25.00 1300.00
2400.00 L 00 @ 1250.00
2300.00 2 1500 E 1200.00
2200.00 e T f 10.00 jg 1150.00 ‘/\
210000 < 500 \\\.\_ £ 110000
2000.00 0.00 1050.00
3 35 4 45 5 55 6 3 35 4 45 5 55 6 3 35 4 45 5 55
Bitumen Content Bitumen Content Bitumen Content
VFA vs. Bitumen Content Flow vs. Bitumen Content VMA vs. Bitumen Content
100.00 10.00 22,00
80.00 ~ 950 21.00
60.00 / E 9.00 § 20.00
40,00 g 8.50 »#19.00 \/
20.00 T 800 18.00
0.00 7.50 17.00
3 35 4 45 5 55 6 3 35 4 45 5 55 § 3 35 4 45 5 55
Bitumen Content Bitumen Content Bitumen Content

Figure 3 — Graphs for unmodified mixture
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Unit Weight vs. Bitumen Content

Air Voids vs. Bitumen Content

Stability vs. Bitumen Content

2500.00 25.00 1000.00
240000 2 2000 E 950.00
2300.00 51500 \ 5 90000
: £
2200.00 ~ 10.00 — 850.00
3 B
2100.00 * 500 g 800.00
2000.00 0.00 750.00
3 35 4 45 5 55 6 3 35 4 45 5 55 6 3 35 4 45 5 55
Bitumen Content Bitumen Content Bitumen Content
VFA vs. Bitumen Content Flow vs. Bitumen Content VMA vs. Bitumen Content
100.00 10.00 24.00
80.00 = 950 23.00
g J
60.00 5 9.00 § 22.00
=
40.00 _6“ 8.50 5 21.00 Py
20.00 =800 20.00
0.00 7.50 19.00
3 35 4 45 5 55 6 3 35 4 45 5 55 6 3 35 4 45 5 5.5
Bitumen Content Bitumen Content Bitumen Content

Figure 0 — Graphs for 0.5% steel modified mixture

Unit Weight vs. Bitumen Content Air Voids vs. Bitumen Content Stability vs. Bitumen Content

2500.00 25.00 1100.00
2400.00 , 2000 @ 1050.00
2300.00 7 1 \‘_. 3, 10000 /—\\
2200.00 * ~ 1000 = 95000
2100.00 < 500 T 90000
2000.00 0.00 “ 85000
3 35 4 45 5 55 &6 3 35 4 45 5 55 6 3 35 4 45 5 55
Bitumen Content Bitumen Content Bitumen Content
VFA vs. Bitumen Content Flow vs. Bitumen Content VMA vs. Bitumen Content
100.00 10.00 24,00
80.00 ~ 950 23.00
6000 E 9.00 / § 22,00
40.00 g 850 52100
20.00 /_. o800 20.00
0.00 7.50 19.00
3 35 4 45 5 55 6 3 35 4 45 5 55 & 3 35 4 45 5 55
Bitumen Content Bitumen Content Bitumen Content

Figure 5 — Graphs for 1.0% steel modified mixture
We can see in Figure 6a that, Steel fiber modified samples have shown lowest stability at the optimum binder content. It

is evident from the Figure 6b that, at optimum asphalt content, flow values in steel modified samples are comparatively
highest. Also, mix-design criteria at optimum binder content is not satisfied for steel-modified samples.
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Figure 6 — a. Stability of the control & modified samples at OBC. b. Flow of the control & modified samples at OBC
CONCLUSION

In this study, steel fibers were used as modification in asphalt concrete. Main purpose of this research was to study the
effect of the fiber addition using dry method in the asphalt mixture and the performance of hot mix asphalt. 0.5% and 1.0%
by weight steel fiber was added to asphalt mixture for the analysis. It is concluded from the results that steel modified
asphalt mixtures did not show good performance as the stability decreases up to 20%. Possible reason for this was the
incompatibility of the steel fiber with the asphalt mixture as adequate bonding could not take place, due to which stability
values of such mixture were found to be less than control samples. However, steel fiber is good for increasing electrical
conductivity of the pavement and applications related to it are prodigiously revolutionary.
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