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Abstract

The performance of asphalt concrete pavements (ACP) is greatly related to the rate of rutting. Stone dust is mostly used
as afiller in ACP. Bagasse ash being cementitious in nature, and costless waste can also be used as a filler. The overall aim
is to select a suitable filler for better performance of asphalt concrete pavements. The effectiveness of locally available
bagasse ash is examined as a filler for asphalt concrete in terms of its effect on job mix formula, stability, rutting depth,
the rise in temperature, and cost of asphalt concrete. All tests are performed as per AASHTO standards. The bagasse
ash asphalt concrete showed a reduction in rutting depth, temperature rise, and cost as compared to that of the stone
dust asphalt concrete without disturbing the job mix formula. Hence, bagasse ash can be helpful for the performance

enhancement of asphalt concrete pavements.

Keywords Asphalt concrete pavements - Performance - Bagasse ash - Depth of rutting - Rise in temperature - Cost

reduction

1 Introduction

As compared to other types of pavements, asphalt con-
crete pavements (ACP) are considered a better choice in
terms of its environmental friendliness [1]. The construc-
tion of asphalt concrete pavements is more common than
that of concrete pavements under normal circumstances.
One of the main flaws responsible for the serviceability
decline of the asphalt concrete pavement is an increasing
rate of rutting and cracking. Rutting is the primary meas-
ure of performance of the pavements in several pave-
ment design methods. The performance of ACP can be
enhanced by reducing its rate of rutting. Rutting loosely
is defined as longitudinal depressions in wheel paths
because of continued densification by the traffic load,
which is a type of structural distress in asphalt concrete
pavements. Rutting is a serious problem which is resulted

due to high thermal conductivity of asphalt and settle-
ment of subgrade material. Rutting causes tearing of tires
and affects the load capability of the road as well as the
journey feel uncomfortable. In the presence of rutting, the
rainwater could not dispose of to the side drains [2].
Mahan [3] and Choudhary et al. [4] reported that the
addition of filler to the asphalt mix modified its adhesion
and cohesion. It increases the stiffness of the asphalt con-
crete, enhances its inertia, and improves the rutting resist-
ance of pavements. Filler was found helpful in reducing
the asphalt content which increases the lifetime of the mix
[5]. The addition of fillers plays a significant role to stiffen
asphalt and produced significant improvement in the
wearing capabilities of the overall hot mix asphalt (HMA).
The wearing capabilities of HMA are enhanced by reduc-
ing the sliding movements of asphalt binder over coarse
aggregate with the help of an increase in internal friction

P4 Asad Zia, asad.zia@unich.it; asadzia005@gs.zzu.edu.cn; Ayaz Ahmad Khan, engrayaz50@gmail.com | 'Department of Engineering
and Geology, Universita, Degli Studi G. DAnnunzio Chieti - Pescara, Chieti, Italy. 2School of Civil Engineering, Zhengzhou University,
Zhengzhou, China. 3Department of Civil Engineering, Iqra National University, phase 2 Hayatabad Peshawar, Khyber Pakhtunkhwa,

Pakistan.

®

Check for
updates

SN Applied Sciences (2021) 3:502 | https://doi.org/10.1007/542452-021-04502-x

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-021-04502-x&domain=pdf
http://orcid.org/0000-0002-5528-929X

Research Article

SN Applied Sciences (2021) 3:502 | https://doi.org/10.1007/542452-021-04502-x

among them and therefore resist rutting. The filler has also
the chemical affinity toward asphalt mix, so it improves
the resistance to water access in bitumen [6]. It was inves-
tigated that the type of filler had considerable influence
on the durability of the bituminous mixtures [7-9]. Various
types of materials are investigated as a filler in pavements
[10-13]. The clinging nature of filler materials is suggested
to help increase the durability of bituminous pavements.
Thus, it is required to use such type of cheaper filler mate-
rial which possesses cementitious and binding properties.

Bagasse ash is disposed out of industries and dumped
invaluable lands nearby that mills which create many envi-
ronmental issues [14]. The bagasse is utilized as a fuel in
the sugar industry for the generation of electricity and
steam. The burning debris delivered in this procedure is
called bagasse ash which has the properties of a pozzo-
lanic material [15, 16]. It was investigated that the main
components of bagasse ashes were some of the mineral
oxides which were dominant mineral present in sugarcane
[17]. Improvement in mechanical and other properties had
been reported by various researchers due to the incorpo-
ration of different types of natural materials and their by-
products (fibers and ashes) in concrete and other types
of composites [18-21]. It was concluded that the bagasse
ash from the sugar industry of the Khyber Pakhtunkhwa,
Pakistan, contains unburned carbon, and all constituents
present in Portland cement [22]. Thus, the bagasse ash can
be used in cement manufacturing as a blend during the
process of the clinkerization.

Due to the pozzolanic and binder properties of the
bagasse ash, it could be used for the enhancement of the
engineering properties of soil [15]. Moreover, the thermal
conductivity of bagasse ash was found to be 0.046 W/m.K
(0.0265 BTU/(hr-ft-°F)) which was very low as compared to
stone dust having thermal conductivity as 1.7 W/m.K (0.98
BTU/(hr-ft-°F)) [23]. Hence, it can be considered as a filler
in asphalt concrete. It is also used as an engineering raw
material for different types of applications. Many authors
believed that it could be utilized for preparing lime ash
(pozzolanic), mortar, and other building materials, such
as blocks and bricks, especially in the water-logged areas
where the sugarcane was available at a negligible cost
[24, 25]. It was also reported that bagasse ash due to low
emission of carbon dioxide gas could be used in the pro-
duction of cement with less environmental pollution and
low production cost [26]. Moreover, it was reported that
bagasse ash might be used as a partial alternative of sand
in concrete [22]. Bagasse ash/fly ash-based geopolymer
mortar showed good mechanical properties. The compres-
sive strength was in the range of 30 to 50 MPa [28]. Somna
et al. [29] reported split tensile strength of 5 N/mm? for the
15% replacement of bagasse ash with ordinary Portland
cement. Chi et al. [30] and Ruan et al. [31] reported that
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inclusion of bagasse ash in concrete triggered a significant
amount of decrease in depth of penetration and water per-
meability. The use of bagasse ash as a construction mate-
rial solves the environmental pollution and decreases the
need of land requirement for dumping the waste bagasse
ash [32]. Nowadays, bagasse is normally utilized as a main
fuel in all sugar factories of Pakistan as well as in most of
the sugar industries of the world.

Researches related to the application of bagasse ash,
locally available in Peshawar sugar mills, Khyber Pakh-
tunkhwa, Pakistan, for asphalt concrete pavements are
not available. Therefore, there is a need to carry out an
in-depth evaluation of the suitability of local bagasse ash
for asphalt concrete pavement. No investigation has been
conducted so far, to evaluate the suitability of bagasse ash
as a filler for asphalt concrete by checking its effect at the
same time on the job mix formula, marshal stability and
flow, rutting depth, rise in temperature, and cost of asphalt
concrete. Hence, the present research is devoted to the
evaluation of the effectiveness of the local bagasse ash as
a filler for performance improvement of asphalt concrete
pavements. For this purpose, the effectiveness of incorpo-
ration of bagasse ash into asphalt concrete is evaluated
by investigating its effect simultaneously on the job mix
formula, marshal stability and flow, rutting depth, rise in
temperature, and cost of asphalt concrete.

2 Experimental procedure
2.1 Raw materials and test area

Nowshera Industrial Estate, Bara Banda, Nowshera, Khy-
ber Pakhtunkhwa, Pakistan, is selected as a test area. Bitu-
men and asphalt samples are obtained from the Durrani
asphalt plant located at Akora Khattak, Nowshera, Khy-
ber Pakhtunkhwa, Pakistan. On a small scale, it is very
difficult and time-consuming to collect a large quantity
of bagasse ash. Consequently, the best option for the
collection of bagasse ash is nearby sugar mills where a
huge quantity of bagasse is burnt to run boiler [22]. For
the research, locally available bagasse ash of the Khazana
sugar mill (KSM), Peshawar, Khyber Pakhtunkhwa, Pakistan,
is used. The chemical composition of the Khazana sugar
mill bagasse ash was explored by various researchers [27].
The outcomes of the chemical analysis of the bagasse ash
of the KSM are given in Table 1. The chemical analysis
showed that the KSM bagasse ash encompasses mainly
the SiO, (89.4% average) which plays an important role
in increasing the strength of the cement concrete by its
cementitious properties. Therefore, the considered KSM
bagasse ash is expected to perform well in improving the
bond strength of the asphalt concrete with the help of its
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Table 1 Chemical composition of the bagasse ash of the Khazana
Sugar mill [27]

Oxide name Amount in percentage (%)

Sample 1 Sample 2 Sample 3
Sio, 90.09 89.89 88.36
AlLO; 1.77 1.84 1.72
Fe,03 2.65 2.71 2.82
Cao 2.6 2.75 2.65
MgO 0.66 0.72 0.62
Na,O 0.28 0.27 0.25
K,0 0.32 0.35 0.32
SO, 0.16 0.15 0.12

98.61 98.68 96.86

clinging properties. The percentage of the SiO, observed
in the bagasse ash conformed with the percentage of the
silica reported in the previous studies. The proportions of
SiO, in various types of the bagasse ash reported in differ-
ent research studies vary from 50-92%. The percentage of
91.3%, 75.67%, 87.87%, and 87.40% of silica in the bagasse
ash were reported by Bahurudeen and Santhanam [33], Le
et al. [34], Katare et al. [35], and Jiménez-Quero et al. [36],
respectively.

Approximately 15 kg (33.06 Ibs) bagasse ash is col-
lected in plastic bags from the KSM sugar mill, and then,
it is passed through 0.074 mm sieve (No. 200) to bring it
within the specified size of the stone dust and to make it
free of dust and other impurities. The cohesion and stick-
ing power of a material are directly related to the plasticity
index up to a specified limit. Therefore, 0.074 mm sieve
(No. 200) passed bagasse ash is used to increase its plas-
ticity index by diminishing its size up to a possible limit.
Bagasse ash is stored in a dry place to keep it away from
the reach of moisture.

2.2 Test sample for asphalt concrete tests

Generally, asphalt concrete is composed of bitumen,
coarse aggregates, and stone dust as a filler. For this
research, the local bagasse ash (of KSM, Peshawar) is
used as a filler in asphalt concrete. To prepare samples
for extraction and sieve analysis tests, coarse aggregates,
bagasse ash, and bitumen of grade 60/70 are used in the
proportion of 90.70%, 5%, and 4.30%, respectively. The
selected proportion of the asphalt concrete is the feasi-
ble and commonly practiced proportion for the asphalt
pavements of the selected test area, having stone dust as
a filler. The above aggregates are mixed with bitumen at
110 °C (230 °F). Then, this hot mix asphalt concrete is used
for extraction and sieve analysis and marshal stability tests
[37].

A total of eight samples (four of bagasse ash and four
of stone dust) are prepared for wheel tracking tests. Four
samples S1, S2, S3, and S4 of asphalt concrete with the
coarse aggregates, bagasse ash, and bitumen of grade
(60/70) in the proportion of 90.70%, 5%, and 4.30%,
respectively, are cast, while four samples of S5, S6, S7,
and S8 are cast in the same proportion by replacement
of bagasse ash with the stone dust in the same ratio. The
above aggregates are mixed with the bitumen at 120 °C
(248 °F). Top and bottom plates of molds are heated,
and then, hot mix asphalt (HMA) is poured into circular
molds having 150 mm (5.90 inches) diameter and 62 mm
(2.44 inch) thickness. All the samples in molds are made
smooth by spatula, and edges are made flat. Then, sam-
ples in molds are compacted by standard hammer with 75
blows. Afterward cooling down, the samples are ejected
from molds and then submerged in water for 35 min. Next,
the external match faces of both specimens are cut such
that radius to face is equal to 60 mm (2.36 inch). All the
samples are cleaned with a cloth and are ready for the
wheel tracking test.

2.3 Testing procedure

The tests performed can be categorized into two classes,
i.e., i. preliminary tests on bitumen and ii. principle tests.

2.3.1 Preliminary tests on bitumen

All the preliminary tests are performed as per AASHTO
standards. Preliminary tests include grade penetration,
softening point, flash and fire point, ductility, maximum
specific gravity, and bulk specific gravity tests. Grade pen-
etration, softening point, flash and fire point, ductility,
maximum specific gravity, and bulk specific gravity tests
are performed as per [38-43], respectively.

2.3.2 Principle tests

Principle tests are conducted to investigate the effect
of bagasse ash on the job mix formula (JMF) of asphalt
concrete.

2.3.2.1 Extraction test and sieve analysis AASHTO T-164
[371is used to perform the extraction test and sieve anal-
ysis of asphalt concrete samples of 2.977 kg (6.56 Ibs).
Asphalt centrifuge extractor is used for separation of bitu-
men from asphalt concrete sample, and the set of sieves
are used for sieve analysis of aggregates.

2.3.2.2 Air voids, voids in mineral aggregate (Vma),
and voids filled with asphalt (Via) AASHTO T-166 [44] is
used for determining the bulk specific gravity (Gmb), air
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voids, voids in mineral aggregate (Vma), and voids filled -
with asphalt (Vfa) of asphalt concrete samples. Asphalt =
sample of 1.2+0.1 kg (2.64+0.2204 Ibs) is used for one 37 % ~
mold, and a total of nine samples are prepared. SER|2 RS
2.3.2.3 Marshal stability test This test is carried out as 2
per AASHTO standard T 245 [45]. The test aims to design E *;i
asphalt paving mixes for determining the economical % z o
blend of asphalt and gradation of aggregate to build 2R o 83T
a good pavement structure [45]. Asphalt sample of
1.2+0.1 kg (2.64 +0.2204 |bs) is used for one mold. A total B
of nine samples are prepared for this test. All nine molds g
are kept in a water bath in which three molds are kept for < © & T
20 min, three for 30 min, and the other three for 24 h at
60 °C (140 °F) to get average results. The marshal stabil- & g
ity is computed in terms of the stability in Kg (2.204 Ibs), é%\
percent loss of stability, and average flow in mm (0.039 NES P
inches). 2 & ~ o
=
2.3.2.4 Wheel tracking test Wheel tracking test is per- ;:J_
formed as per the AASHTO standard T-324 [46]. The “E
samples for wheel tracking tests are prepared as per the = g
AASHTO standard R-30 [47]. This test is used to determine %m E
rutting depth by applying a wheel track load with the help gz a
of the Hamburg wheel tracking device. The test is repeated <o © oo
for four samples (two samples are used combined) of each =
of the asphalt concrete samples having bagasse ash as a g %
filler and those having stone dust as a filler each time for a3
5000 passes to get average results [46]. The rutting depth gg
for each specimen along with the rise in temperature for e & N
the specific number of wheel passes is obtained from the 3 w52
wheel tracking test.
£
o
3 Test results and analysis s <V 3
3.1 Results and analysis of preliminary tests =
on bitumen =3
g5 ~
c | & U ™M
As per the results of the grade penetration test, for the test % - me n
area Nowshera Industrial Estate, Bara Banda, Nowshera, g "
Khyber Pakhtunkhwa, the bitumen of grade 60/70 is found 5|98
suitable. The results for preliminary tests of the selected § g2 o
bitumen are given in Table 2 from the first column to the :gj %’ 5 JNS) §
seventh column. The values of 48.50 °C (119.3 °F), 232 °C >
(450 °F), 415 °C (779 °F), 102 cm (40.15 inches), 2.51, 2.385, 2 5
4.9%, 14.51%, and 66.2% are noticed for softening point, % %:@ =
flash and fire point, ductility (in terms of rapture distance), E’- g % f E
average maximum specific gravity of bitumen, and aver- 2 <o - S v
age bulk specific gravity of the bitumen, respectively. The % .
results of the softening point test, flash and fire point test, g
ductility test (in terms of rapture distance), average maxi- % gi 2 2 g
mum specific gravity, and average bulk specific gravity S iS5 S
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of bitumen tests also conformed the grade 60/70 of the
selected bitumen.

3.2 Results and analysis of principle tests
3.2.1 Extraction and sieve analysis

This test is used to find the percentage of bitumen in
asphalt concrete [37]. An oven-dried asphalt mix of
2.9 kg (6.39 Ibs) is kept in the extraction machine, and the
amount of bitumen is calculated by the process of extrac-
tion. The bitumen percentage is found equal to 4.30%.
The coarse aggregates separated from bitumen are ana-
lyzed for sieve analysis. The passing of 100%, 85.40%, 71%,
51.70%, 33.5%, 11.90%, and 4.40% is observed for 19.0 mm
(3/4inch), 12.7 mm (1/2 inch), 9.51 mm (3/8 inch), 4.76 mm
(No. 4), 2.38 mm (No. 8), 0.297 mm (No.50), and 0.074 mm
(No. 200) sieves, respectively. The range set by AASHTO
T-164 is 100%, 75 to 89%, 63 to 77%, 41 to 55%, 28 to 36%,
7 to 15%, and 3 to 8% for 19.0 mm (3/4 inch), 12.7 mm
(1/2 inch), 9.51 mm (3/8 inch), 4.76 mm (No. 4), 2.38 mm
(No. 8),0.297 mm (No. 50), and 0.074 mm (No. 200) sieves,
respectively. The sieve analysis showed that the percent-
age passing of aggregates from a concerned sieve is within
the limits specified by AASHTO T-164.

The graph drawn between percent passing and sieve
sizes is shown in Fig. 1. The lower limit and upper limits
specified by AASHTO for each size of the sieve are also
shown by the curve. It is clear from the graph that the
actual passing of each sieve occurred between the lower
and upper limits specified by AASHTO T-164. Thus, the
compliance of bitumen extraction and sieve analysis test
confirms that the use of bagasse ash as a filler will not dis-
turb the job mix formula.

3.2.2 Airvoids, voids in mineral aggregate (Vma),
and voids filled with asphalt (Vfa)

The air voids, voids in mineral aggregate (Vma), and voids
filled with asphalt (Vfa) for the asphalt concrete specimens
are presented in Table 2. By using the values of Gmb and
Gmm, the percentage of air voids is computed as 4.9%,
which comply with the limits (i.e., 3% to 8% for wearing
course) specified by the AASHTO for air voids. The value
of Vma came out to be 14.51%, which is less than the
percentage (i.e., 16%) specified by AASHTO for wearing
course. Hence, the percentage of voids in mineral aggre-
gates can be reduced by the use of bagasse ash. Likewise,
the value of voids filled with asphalt (Vfa) that is 66.2% also
conforms to the range (65% to 75%) specified by AASHTO
for wearing course. Hence, it can be concluded based on
the results of air voids, Vma, and Vfa that the incorporation
of bagasse ash in asphalt concrete will not disturb its job
mix formula and can help make the asphalt concrete less
porous and compact.

3.2.3 Marshal stability of the bagasse ash asphalt concrete

The stability is defined as the maximum load carried by
the asphalt sample at a temperature of 60 °C (140 °C). The
stability of asphalt concrete should be equal to or less
than 1000 kg (2204 Ibs) [45]. The flow is measured as the
deformation in a sample from zero loadings to maximum
loading. The results obtained from the marshal stability
tests are shown in Table 3.

The average stability of a set of the three samples for
each of the soaking period of 20 min, 30 min, and 24 h is
1485 kg (3273 Ibs), 1352 kg (2980 Ibs), and 1288 kg (2839
Ibs), respectively. The average stability for every three

Fig. 1 Percent passing for each 120
sieve size B
%‘J 100
§ 80 —@— Upper limit
e"_. 60 —— Percent passing
§ 40 : \ Lower limit
5 ] ——
& 20 S
0
0.075 0.3 2.38 4.75 9.52 12.5 19
Sieve size (mm)
Table 3 Marshal stability of the Soaking period 20 min 30 min 24 h
bagasse ash asphalt concrete
samples Samples 1 2 3 4 5 6 7 8 9
Stability (kg) 1410 1490 1555 1401 1350 1305 1300 1267 1298
Avg. stability (kg) 1485 1352 1288
Flow (0.25 mm) 10 8 7 10 10 11 11 12 11
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samples falls within the range (equal or greater than
1000 kg “2204 Ibs”) specified by AASHTO T 245. The loss of
stability is 13.2%, which fulfilled the criteria specified by
AASHTO for a stable asphalt mix. The average of the flows
of all specimens is found “10”in 0.25 mm (0.0098 inches)
which also confirmed the range specified by AASHTO T 245
for stable mix design of asphalt concrete. Hence, all the
results of the marshal stability test supported the suitabil-
ity of the use of bagasse ash as a filler for asphalt concrete
pavements in terms of stability and flow. It can be con-
cluded that the addition of the bagasse ash into asphalt
concrete can help sustain the stability of the asphalt con-
crete pavements against the deformation due to applied
loads.

3.2.4 Rutting depth and temperature rise of asphalt
concrete pavement samples

The condition of asphalt concrete samples of a wheel
tracking test is shown in Fig. 2. Here, in this work, informa-
tion regarding the number, locations, and length of cracks
are noticed after performing the wheel tracking test. The
crack which extends to about total length and 80% of the
depth of the sample is observed in the stone dust asphalt
concrete sample as shown in Fig. 4, while in the case of
bagasse ash asphalt concrete samples, cracks are pro-
duced, and the samples remain uncracked for the same
number of passes with the separation of the slight number
of particles from the samples. The stone dust asphalt con-
crete samples showed shear failure, and some portion of
the sample bulged out when removed from the mold after
the test. The samples of bagasse ash that did not shatter
into pieces neither showed shear failure nor showed a rela-
tive ductile/tough behavior against the wheel passes. The
high ductility and good binding properties of bagasse ash
increased the capacity of the bagasse ash samples to resist
the cracks’ propagation without significant deformation.
The rutting depth and rise in temperature obtained
for each asphalt concrete specimen are given in Table 4.

Table 4 Rutting depth and temperature rise

Sample No of passes Rutting Initial Final
(Nos) depth temp temp
(mm) Q) Q)
Bagasse ash - - - -
samples
S1 5000 5 54 59
S2 10,000 8 54 64
S3 15,000 12 54 69
S4 20,000 15 54 75
Stone dust sam- - - - -
ples
S5 5000 7 54 60
S6 10,000 12 54 66
S7 15,000 16 54 73
S8 20,000 20 54 81

The rutting depth of the S1, S2, S3, and S4 having
bagasse ash as a filler is 5 mm (0.196 inches), 8 mm
(0.315 inches), 12 mm (0.472 inches), and 15 mm (0.590
inches), respectively, while the rutting depths of 7 mm
(0.275 inches), 12 mm (0.472 inches), 16 mm (0.630
inches), and 20 mm (0.787 inches) are observed for S5,
S6, S7, and S8, respectively.

The rutting depths of S1, S2, S3, and S4 are found
2 mm (0.0.078 inch), 4 mm (0.157 inches), 4 mm (0.157
inches), and 5 mm (0.196 inches), less than that of the
S5, S6, S7, and S8, respectively. The average value for
rutting depth of the samples of asphalt concrete having
bagasse ash as a filler is 10 mm (0.393 inches), while that
of the samples having stone dust as a filler is 13.75 mm
(0.541 inches). This showed that the average rutting
depth for asphalt concrete having bagasse ash as a filler
is 3.75 mm (0.147 inches) less than that stone dust sam-
ples. The decline in the rutting depth for bagasse ash
samples may be due to the high ductility of bagasse ash
as compared to that of stone dust.

b

Fig.2 Cracks in asphalt concrete samples of wheel tracking test a. stone dust sample and b. bagasse ash sample
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Fig. 3 Comparison of temperature rise of bagasse ash samples and
stone dust samples

H Bagasse ash i Stone dust

Percentage Rutting
depth

20000

15000
No of passes

5000 10000

Fig.4 Comparison of rutting depth of bagasse ash samples and
stone dust samples

The initial temperature for all asphalt concrete samples
is 54 °C (129.2 °F). The final temperature for the sample 1
(S1), sample 2 (52), sample 3 (S3), and sample 4 (S4) having
bagasse ash as a filler is 59 °C (138.2 °F), 64 °C (147.2 °F),
69 °C (156.2 °F), and 75 °C (167 °F), respectively. Thus, rises
in temperature of 5 °C (41 °F), 12 0C (53.6 °F), 15 oC (59 °F),
and 21 °C (69.8 °F) are noticed for the bagasse ash samples
of S1, S2, S3, and S4, respectively. The final temperatures
for the sample 5 (S5), sample 6 (S6), sample 7 (S7), and
sample 8 (S8) having stone dust as a filler are 60 °C (140
°F), 66 °C (150.8 °F), 73 °C (163.2 °F), and 81 °C (177.8 °F),
respectively.

Consequently, the rises in temperature are 6 °C (42.8 °F),
14 0C (57.2 °F), 19 oC (66.2 °F), and 27 °C (80.6 °F), for the
S5,56,S7, and S8, respectively. The rises in temperature of
S1,S2,S3, and S4 are lesser than that of the S5, S6,S7, and
S8 by an amount of 1 oC (33.8 °F), 2 0oC (35.6 °F), 4 0C (39.2
°F), and 6 oC (42.8 °F), respectively. The average value of
final temperatures of all bagasse ash samples is 66.75 °C
(152.15 °F) and that of stone dust samples is 70 °C (158 °F).
The average rise in temperature for bagasse ash samples
is 3.25 °C (37.85 °F) less than that of stone dust samples.
The small temperature rise of the bagasse ash asphalt con-
crete can be attributed to the low thermal conductivity of
bagasse ash.

The mutual comparison among the rutting depths of
bagasse ash samples and stone dust samples is displayed
in Fig. 3. As compared to rutting depth of stone dust

samples, the decrease of 29%, 33%, 25%, and 25% are
noticed in the rutting depth of corresponding bagasse ash
samples for the same number of passes of 5000, 10,000,
15,000, and 20,000, respectively. The largest decline (33%)
in the rutting depth of the bagasse ash sample as com-
pared to that of the stone dust sample occurred at 10,000
number of passes. In each case, the significant decline is
noticed in the rutting depth of the bagasse ash sample
than that of the stone dust sample.

The rise in temperatures of the bagasse ash samples
and stone dust samples is demonstrated in Fig. 4 for the
respective number of passes. The temperature rise for
bagasse ash samples is lower than that of stone dust
samples. The temperature rises of bagasse ash samples
reduced by 2%, 3%, 5%, and 7% for the number of passes
of 5000, 10,000, 15,000, and 20,000, respectively, as com-
pared to that of stone dust samples for the same num-
ber of passes. The reduced rutting depth and decrease
in the rise of temperature showed that the bagasse ash
as a filler has the potential to perform better than stone
dust in the performance improvement of asphalt concrete
pavements.

The significant amount of decline is observed in the rut-
ting depth and temperature rise of bagasse ash asphalt
concrete samples in contrast to their companions hav-
ing stone dust as a filler. The clinging and sticky nature of
bagasse ash may strengthen the bond among the ingre-
dients of the composite. As a result, resistance to rutting
of bagasse ash samples may be enhanced. The reduction
in the temperature rise of bagasse ash samples can be due
to less heat conductivity of the bagasse ash. This possibly
will be the combined effect of cementitious nature and
low heat conductivity of the bagasse ash, which imparted
strong bonds and enhanced heat conductance resistance
to the asphalt concrete samples. Thus, the serviceability
of asphalt concrete pavements can be improved by using
bagasse ash as a filler.

4 Discussion

4.1 Relationship between material properties
and asphalt concrete pavement performance

Better performance of asphalt concrete pavements (ACP)
greatly depends upon the properties and durability of
filler materials. Among the available types of filler materi-
als, stone dust is mostly used as a filler in the ACP [3]. Stone
dust is an inert material with negligible cementitious prop-
erties like fine aggregates. Due to this trend, the bond
between stone dust and aggregates in the asphalt pave-
ments is not much effective in resisting abrasion caused
by vehicle movement [48]. Thus, it is required to use such
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type of filler that has the potential to create a strong bond
with the aggregates. Hence, the effectiveness of available
low-cost cementitious material for better performance
of ACP needs to be explored in detail. Bagasse ash being
cementitious in nature can be helpful in this respect [49].

Therefore, in this pilot study, the application of local
bagasse ash for performance improvement of the asphalt
concrete pavements is considered. The effect of locally
available bagasse ash on the job mix formula, the rutting
depth, rise in temperature, and cost of asphalt concrete
samples having bagasse ash as a filler is experimentally
evaluated. Asphalt concrete having stone dust as a filler
is used for comparison purpose. As per the outcomes, the
addition of bagasse ash as a filler did not affect the job
mix formula. In addition to it, the asphalt concrete having
bagasse ash as a filler outperformed the companion hav-
ing stone dust as a filler in reducing the temperature rise,
rutting depth, and cost of asphalt concrete. Accordingly, in
the case of bagasse ash samples, the performance of ACP
can be better; conclusively, it is highly likely to improve the
performance of ACP.

4.2 Cost comparison of bagasse ash and stone dust

Costs of bagasse ash asphalt concrete (BAC) and stone
dust asphalt concrete (SAC) are given in Table 5. The
costs are calculated as per the local market rates of
Nowshera, Khyber Pakhtunkhwa, Pakistan, 2019. The
estimated cost of each material is computed with-
out considering the cost of labor and transportation.
Bagasse ash being waste and pollutant of the sugar mills
cost zero. The cost of stone dust is 2.1 US Dollar (USD)
per 2.83 cubic meters“100 ft*”. The 2.83 cubic meter (100
ft3) bitumen carries the highest cost of 3777.1 USD as
compared to other ingredients of the asphalt concrete.
The total cost of one cubic meter (35.28 ft3) of the BAC
and SAC is 60.82 USD and 60.86 USD, respectively. The
cost of 1 m3 (35.28 ft3) of BAC is 0.04 USD less than that
of SAC of the same volume. For one-kilometer (3280
foot) asphalt concrete road of width 6 m (19.68 foot) and

thickness 0.06 m (60 mm) “0.196 foot,” a total amount
of 14.4 USD can be saved using BAC. It showed that the
BAC pavements are more economical than that of SAC
pavements.

The percentage cost comparison of bagasse ash asphalt
concrete (BAC) and stone dust asphalt concrete (SAQC) is
shown in the last row of Table 5. The cost of BAC of 1 m3
(35.28 ft3) is about 0.1% less than that of the 1 m® (35.28
ft3) SAC. Accordingly, the idea of replacement of the stone
dust with the bagasse ash as a filler in asphalt concrete
pavements can also be supported by a considerable
amount of cost reduction of the BAC on a large production
basis. Thus, the BAC can be helpful in the cost reduction of
the asphalt concrete pavements.

5 Conclusions

The role of filler for the performance improvement of
asphalt concrete pavements (ACP) by decreasing the rate
of rutting, rise in temperature, and cost-effectiveness is
discussed. Stone dust is commonly used as a filler in ACP.
The cementitious and temperature resistant of filler play
a vital role in the better performance of ACP. The bagasse
ash being cementitious in nature with high resistance to
heat conductance is available in an abundant amount.
In this research, the experimental behaviors of asphalt
concrete having bagasse ash as a filler are evaluated to
check their suitability to control the depth of rutting, rise
in temperature, and construction cost. The properties of
asphalt concrete having stone dust as a filler are taken as
a reference. The bagasse ash samples of asphalt concrete
are prepared by the addition of 5% content of bagasse
ash, in the same mix proportion of stone dust samples of
asphalt concrete, i.e., coarse aggregates and bitumen of
grade 60/70 in a proportion of about 90.70% and 4.30%,
respectively. Following results are detected during the
investigation:

Table 5 Cost per 1 cubic meter

of stone dust (SD) and bagasse S.No Materials Quantity (m?) ;agt; rp:gr (Clj)ssltj)per 1 cubic meter
ash (BA) asphalt concrete (USD)
BA asphalt SD asphalt
concrete  concrete
1 Coarse aggregate  0.907 10.7 343 343
2 Bitumen 0.043 37771 57.39 57.39
3 Stone dust 0.050 2.1 - 0.04
4 Bagasse ash 0.050 0 0 -
Total cost (USD) 60.82 60.86
Percentage comparison (%) 99.9 100
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e The percentage of air voids, voids in mineral aggre-
gate (Vma), and voids filled with asphalt (Vfa) is 4.9%,
14.51%, and 66.2%, respectively. The air voids, Vma, and
Vfa complied with the limits specified by the AASHTO
for each of them. Hence, the use of bagasse ash will not
disturb the job mix formula.

e The average stability for every three samples falls
within the range (equal or greater than 1000 kg) speci-
fied by AASHTO and ASTM specifications. Moreover, the
loss of stability is 13.2%, which also fulfilled the criteria
specified by AASHTO specifications for a stable asphalt
mix. Also, the resulted average flow of 10 in 0.25 mm
(0.0098 inches) for the bagasse ash asphalt concrete
followed the range specified by AASHTO specifications.

e In contrast to rutting depth of stone dust samples of S1,
S2, 53, and 54, the rutting depths of bagasse ash sam-
ples of S5, 56, S7, and S8 are reduced by 29%, 33%, 25%,
and 25%, respectively, for the same number of wheel
passes of 5000, 10,000, 15,000, and 20,000, respectively.

e The temperature rise of bagasse ash samples is smaller
than that of stone dust samples. The temperature rise
of bagasse ash samples decreased by 2%, 3%, 5%, and
7% for the number of wheel passes of 5000, 10,000,
15,000, and 20,000, respectively, as compared to that
of stone dust samples for the same number of wheel
passes.

e The cost of bagasse ash asphalt concrete of 1 cubic
meter (35.28 ft3) is reduced by about 0.1% than that of
1 cubic meter (35.28 ft3) of stone dust asphalt concrete.

Based on the conclusions and studied properties,
bagasse ash as a filler in asphalt concrete pavement is
expected to help control the depth of rutting, rise in tem-
perature, and construction cost of asphalt concrete pave-
ments. The durability and optimized content of bagasse
ash need to be explored for additional improvement.
Further investigations are also required to compare the
effectiveness of bagasse ash as a filler with other types of
local fillers for asphalt concrete road.
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