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Abstract

A robust and heavy-duty road network is essential for national integration, socioeconomic growth, and industrial
advancement, particularly in developing countries like Bangladesh. Flexible pavements, which constitute 98% of
paved roads in Bangladesh, are favored due to their low initial construction costs. However, these traditional asphalt
pavements are prone to regular maintenance and are highly susceptible to moisture-induced damage. To address this
drawback, modification of conventional asphalt pavements is necessary. Utilizing waste materials, i.e., Rice Husk Ash
(RHA), offers a promising solution. Bangladesh produced 2.5 metric tons of RHA in 2020, which typically ends up
in landfills and creates environmental and health concerns. This study investigates RHA-modified asphalt to enhance
durability and manage waste. Tests on physical properties, water sensitivity, and retained stability were conducted,
demonstrating the potential of RHA in improving asphalt performance against moisture damage. The performed tests
reveal that the modified asphalt sample has a higher softening point, a lower stripping value, and a higher resistance
to moisture-induced damage than the conventional asphalt sample. Besides, RHA-modified asphalt has higher strength
due to higher bulk density and strong bonding with aggregates. Experimental results show that the OBC for the virgin
binder and RHA-modified asphalt are 5.25% and 5.33%, respectively, while the Marshall properties fully satisfy all
the required criteria. Moreover, the water sensitivity test results remain within the acceptable limit. These findings
indicate that Rice Husk Ash can be reused with asphalt as an alternative pavement material, as a sustainable approach
to utilizing RHA and reducing environmental hazards.
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1. Introduction:

Bangladesh is a major rice-producing country, and as a result, it generates a significant amount of rice husk ash (RHA)
as a by-product of rice milling. It’s an agricultural waste, and when waste is to be burned and disposed it in landfills,
it’s not an eco-friendly process as they pollute the land and the air (jain, 2018). The amount of RHA production is
anticipated to rise significantly due to the world's population growth and rising demand for rice. This abundance of
RHA in Bangladesh presents an opportunity to utilize this waste material effectively. Various studies show that waste
material can be used in pavement infrastructure for the purpose of cost minimization as well as generating stability
(Aditya Chowdhury, 2024). Bangladesh experiences a tropical monsoon climate with intense precipitation,
particularly during the monsoon season. During this period, constructing roads is complicated by water-related
problems such as rutting, stripping, and moisture-induced collapse, which reduce the durability of asphalt pavement
(Altan YILMAZ, 2012). To mitigate these challenges and enhance the water resistance of asphalt, RHA, an abundant
and sustainable resource, can be used as a modifier. Investigations were carried out to study the effects of RHA on
Asphalt rheology, adhesion, moisture susceptibility, and other relevant properties. Arabani et al., 2017 (Tahami, 2017)
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conducted a study using the addition of RHA to asphalt binder improves its rheological and physical characteristics,
lowering penetration grade and enhancing stiffness modulus, Marshall stability, and softening point. By strengthening
the binder's resistance to permanent deformation and mechanical damage, these modifications can improve the
asphalt's ability to prevent rutting. Ramadhansyah et al., 2019 (PJ Ramadhansyahl, 2019) investigated a study in
which the controlled mixture's stability was lower than that of hot mix asphalt, including black rice husk ash.
Depending on the amount of black rice husk ash used, the voids either increased or decreased. The optimal limit of
6% BRHA content was regarded as the best proportion. Lu et al., 2020 (Zhen Lu, 2020) investigated a study to
determine the characteristics of the Styrene-Butadiene-Styrene (SBS) /Rice Husk Ash-Modified Asphalt Binder and
Mixture. Incorporating rice husk ash with a tiny amount of SBS improved the asphalt binder's softening point and
rotational viscosity, while reducing penetration and marginally increasing ductility. According to the previous research
findings, RHA is an effective filler that improves the performance of asphalt mixes (Mohamed Mohiey, 2020). The
porous structure of RHA particles absorbs bitumen and fills the voids, reducing the interconnected pathways for water
to infiltrate the asphalt matrix. This property is beneficial in preventing moisture-related distress and increasing the
durability of asphalt pavements. The outcomes of this research have assisted in generating innovative and viable
options, emphasizing RHA as an asset for improving water-damaged roads. However, the previous studies conducted
their research based on RHA as a filler material. Here, the present study aims to investigate the effectiveness of RHA
as an asphalt modifier in enhancing water resistance and reducing moisture-induced damage. The purpose of the study
is to evaluate the properties of Rice Husk Ash (RHA) modified bitumen with those of neat bitumen and the moisture-
induced damage of both the neat and RHA-modified bituminous mixture. The ideal dosage for using RHA as a bitumen
modifier must be determined based on the desired bitumen qualities and RHA characteristics. This dose is usually
between 1% and 10% by bitumen weight. To make sure RHA mixes effectively with bitumen with no adverse effects
on performance, compatibility tests are required. Modification of asphalt with rice husk ash (RHA) improves its
rheological and physical characteristics (Tahami, 2017). It improves stiffness and rutting resistance by increasing
viscosity and softening point, reducing the probability of thermal cracking. Adjusting RHA dosage can modify
ductility and penetration. RHA's capacity to increase asphalt and aggregate adhesion is one of its main advantages.
The performance of RHA-modified asphalt compared with neat bitumen is conducted by doing laboratory tests,
including Marshall Mix Design, the determination of physical properties, and water sensitivity.

2. Materials and Methodology:

2.1. Materials:

The materials used for the study are natural aggregates, Mineral Filler, asphalt, and Rice Husk Ash (RHA).
Aggregate

Aggregates form the major portion of pavement construction and several aggregate properties need to be carefully
controlled during the pavement design and construction processes. Aggregates retained on a 4.75 mm sieve are termed
Coarse Aggregate. Fine aggregate was collected from coarse sand, which passed through a 4.75 mm sieve & retained

on a 0.075 mm sieve. They must adhere to the following characteristics:

Table 1. Properties of Road Aggregate

Properties Coarse Aggregate Fine Aggregate Specifications of CA (RHD,2016)
Apparent Specific Gravity 2.78 2.67 -
Los Angles Abrasion % 12 - <30%
Impact value% 6 - <24%
Water Absorption % 1.01 - <2% (IS: 2386-part iii)
Aggregate Crushing Value% 13.9 - <30%
Mineral Filler

Mineral filler, also known as fines or filler, is a finely divided inert material that is used in asphalt mixtures to fill the
voids between larger aggregate particles. It is an essential component in asphalt mix design as it helps improve the
performance and durability of the pavement. To ensure the optimal use of mineral filler in asphalt mix design, proper
particle size, chemical composition, and compatibility with the asphalt binder are significant factors to consider. These
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fillers should pass through the #200 (75um) sieve. Cement, fly ash, limestone, granite powder, silica fume, and stone
dust can be used as mineral fillers. The specific gravity of stone dust was found to be 2.32.

Bitumen

Refining is an effective way of manufacturing bitumen, a material made of petroleum that is extremely viscous and
sticky. Bitumen is produced from crude oil that is derived from plant and animal remains that have been left on the
ocean floor. Bitumen emulsions, which are mixtures of bitumen, water, and emulsifying agents, provided a more
practical and adaptable method of applying bitumen in road construction. They offered improved workability, reduced
energy consumption, and enhanced pavement performance. The mixture of aggregates, binder, and filler materials is
termed as Asphalt.

Rice Husk Ash

The rice husk is slightly larger than the rice grain, light in weight, yellowish in color, and convex in shape. RH typically
measures 8 to 10 mm in length, 2 to 3 mm in width, and 0.2 mm in thickness . During the milling process, it is separated
from the brown rice grain before the rice is polished. The result of burning rice husk is RHA. The silicates are the
main by-products of burning rice husk since most of its evaporation components are gradually lost.

2.2 Methodology
2.2.1 Gradation of Aggregates

The aggregates are gathered, sieved, and then kept individually based on size. The aggregate gradation used in this
experiment is selected from IRC’81. Among 1100gm weight of aggregates, Course aggregate, Fine aggregate and
Mineral filler are found to be 599.5gm, 456.5gm and 44gm respectively.

2.2.2 Mix design method

The virgin binder content is primarily determined by the mixed design. The size of the test specimen, compaction, and
other test requirements differ among the different methods for mix design. This approach is simple, compact, and cost-
effective. ASTM and other organizations have standardized the test. For designing Bituminous mix and determination
of Optimum Bitumen Content (OBC), the Marshall method (ASTM D 6927) was applied.

2.2.3 Sample Preparation

1100g of aggregate and filler are heated to a temperature of between 160°C and 170°C. Between 140°C and 150°C
was the temperature at which the bitumen was heated. The initial bitumen content used made up 4%—4.5% of the
whole mix by weight. It was then heated to between 120°C and 130°C, placed into a hot mold, and compacted with a
rammer using 75 blows on each side.

3.Result and Discussion:

3.1 Property Test of Virgin Binder & Modified Asphalt
The property test results of conventional Asphalt & modified Asphalt are shown in Table 2.

Table 2. Properties of virgin binder & Modified Asphalt

Name of Property Test Test Method Standard Value virgin binder Modified Asphalt
Penetration (1/10™ of mm) ASTM D5/D5M-13 60-70 63 45.67
Ductility (mm) ASTM D 113-17 100 min 100* 87
Softening Point (°C) ASTM D 36-06 46 min 46 47
Specific Gravity (gm/cm3) ASTM D 70-97 1.01-1.06 1.017 1.055
Loss on Heating (%) ASTM D 6-95 1 max .07 0.04
Stripping Value (%) 1S:6241-1971 <5% 0 0

3.2 Density-Void Analysis

For density-void analysis, the materials were weighed in both air and water to replace the air in the voids. However, a
small quantity of water will be absorbed by the aggregates during this process, producing false results. Before the
Marshall Test, the volumetric parameters must be checked using the Marshall.
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Table 3. Marshall Properties of Modified asphalt & virgin binder Mix

Max theoretical Density, Gt Bulk Density, Go | %Air Void,V,, VMA VFB
S5 . B 5 . B = = B = . B = = B =
TE B2 =i 52 ££ 58 =2 54 2 £2 52  EZ
<S5 &£ T E == B 2 EE | B & HE e & 5= G

- e =& -t =< 7% Z< 78 3< -
4.5 2.52 2.53 2.34 2.35 7.11 7.11 17.46 17.136 59.28 58.52
5.0 2.50 2.52 2.41 2.39 3.52 4.86 15.38 16.19 77.11 69.98
5.5 2.48 2.49 2.45 243 1.21 2.57 14.46 15.24 91.63 83.14
6.0 2.46 247 2.44 243 0.97 1.89 15.36 15.72 93.68 87.91
6.5 2.45 245 2.43 241 0.89 1.71 16.42 16.55 94.54 89.67

3.3 Stability-Flow Analysis

A performance estimation technique utilized in the Marshall Mix design methodology is the Marshall Stability. The
deformation that the specimen undergoes at its maximum load, which occurs when the failure happens, is known as
the Marshall flow. Table 4 displays the virgin and modified Marshall Stability and Flow Values for the Asphalt
samples.

Table 4. Marshall Stability & Flow Value for virgin binder & Modified Asphalt Mix

Asphalt Content Marshall Stability (KN) Marshall Flow Value
virgin binder Modified Asphalt virgin binder Modified Asphalt
4.5 9.2 14.785 3.46 3.495
5 11.79 15.827 3.24 3.1
5.5 13.2 14.975 3.57 3.24
6 8.88 13.395 5.03 3.77
6.5 7.8 8.549 6.11 5.62

The density-void analysis and stability flow analysis data are displayed in Figure 1 to determine the optimum binder
content.

Stability Vs asphalt Content Flow Value vs Asphalt Content
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Figure 1. Marshall Properties of Modified asphalt & virgin binder Mix
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3.4 Optimum binder content

With the density-void and stability-flow analysis graphs are plotted. Four asphalt contents are determined for OBC
from the plotted graphs:

a) Asphalt content (%) at maximum bulk density.

b) Asphalt content (%) at maximum Marshall Stability

c¢) Asphalt content (%) at average air void

d) Asphalt content (%) at 80% VFB (voids filled with bitumen)

The OBC for virgin binder is obtained from the graph,
5.4+5.6+4.95 5.4+5.6+4.95+5.05

OBC = =5.31% or OBC= =5.25%
The OBC for RHA- modified bitumen is obtained from the graph;
OBC= 5.1+5.7+5.2 =5.33% Or OBC=5.1+5.7+5.2+5.4 =535%

Therefore, the OBC for virgin binder and modified Asphalt is taken as 5.25% and 5.33 % respectively.

3.5 Matching Test Result with Marshall Criteria

According to the Marshall Criteria, the obtained OBC value has been matched (RHD Standard, 2016). Additionally,
Marshall properties were identified at OBC through a conducted sample for verification and were compared to the
Marshall criterion. Along with the Marshall criteria, the results of the Marshall properties for the OBC values are
displayed in Table 5.

Table 5. Marshall Properties for OBC of virgin binder & Modified Asphalt Mix

Asphalt sample Air Voids (%) VFB (%) VMA (%) Stability (KN) Flow (mm)
Neat From graph 3.05 82.89 15.15 11.90 3.51
Conducted OBC 3.22 77.47 14.78 11.32 3.42
Modified From Graph 3.43 78.20 15.74 15.85 3.1
Conducted OBC 3.16 77.28 15.33 15.11 2.95
Surface Course (RHD) 3-5 70-80 15-20 > 8 2-4

From Table 5, it can be concluded that the Marshall properties for the OBC values are within the specified Marshall
Criteria (RHD Standard, 2016). As the rice husk ash modified bitumen shows higher stability, RHA modified
bituminous pavements can bear higher traffic loads.

3.6 Water Sensitivity Analysis

An essential factor in assessing the effectiveness and durability of asphalt pavements is the measurement of water
sensitivity. It focuses on evaluating the asphalt mixtures' sensitivity to moisture damage, which might cause the
pavement to deteriorate and distress earlier than necessary. The three tests are used to measure asphalt's water
sensitivity: retained Marshall stability test, indirect tensile strength Test, and moisture-induced damage test.

I. Retained Marshall Stability

According to ASTM D107, for testing the Marshall stability value in unconditioned samples, the three specimens were
submerged in a thermostatically controlled water bath at 60 °C for 30 to 40 minutes. For conditioning purposes, the
other three specimens were placed in a water bath that was kept at 60°C for 24 hours before being tested for Marshall
stability value. The outcomes are presented as a percentage known as Retained Marshall Stability.
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Table 6. Retained Stability of Asphalt Samples
Bitumen type Marshall Stability Marshall Stability Retained Standard Value (%)
Unconditioned Sample (KN) = Conditioned Sample (KN) Stability (%) ASTM D 1075
Virgin binder 11.32 10.05 88.78 >65
RHA 15.11 13.67 90.53

I1. Water Sensitivity Test

According to the ASTM D6931 test technique, the Indirect Tensile Strength (ITS) test was run on both the control and
modified specimens. The tensile properties of asphalt mixtures can be established to assess the performance of the
pavement using the indirect tensile mode of testing. The ITS test is a performance test that is frequently used to assess
an asphalt mixture's susceptibility to moisture. Water sensitivity is quantified by the tensile strength ratio (TSR). The
tensile strength of both the water-conditioned and unconditioned specimens is then calculated. Tensile strength ratio
is calculated by using equation 3 and shown in Table 7.

Table 7. Indirect Tensile Strength ratio of asphalt samples

Bitumen type Average ITS Conditioned Average ITS Average Standard Value
(KPa) Unconditioned (KPa) TSR (%)
Virgin binder 607 735 .826
RHA Modified asphalt 681 797 .854 >0.80
4.Conclusion:

The present study focused on evaluating the performance of Rice Husk Ash Modified asphalt (RHAMA) compared to
conventional asphalt. Based on the experimental results, RHAMA demonstrates a higher softening point than
conventional asphalt, exceeding it by 1°C, which indicates improved thermal stability._ The RHAMA formulation
shows a 0% stripping value, highlighting its superior resistance to moisture-induced damage. Results from the
Marshall Stability test reveal that RHAMA has a stability value that is 25% greater than that of conventional asphalt,
reflecting enhanced firmness under tire pressure, and it exhibits a 1.93% increase in resistance to moisture-induced
damage, further confirming its durability. Additionally, RHAMA displays a 3.28% improvement in rutting resistance
compared to conventional asphalt, establishing it as a more effective choice for flexible pavement applications. Hence,
it can be concluded that Rice Husk Ash Modified Asphalt Road can handle more traffic than a regular asphalt road.
The bonding and adhesive properties of RHAMA are enhanced. Strength and stability are increased by greater
bonding. Stronger crack resistance is correlated with increased tensile strength. In contrast, mixes that can withstand
greater strain before failing are more likely to be crack-resistant. To replace 40/50 penetration graded asphalt in the
construction of roads, we can use RHAMA. Other significant performance factors like rutting, fatigue resistance, or
long-term aging qualities weren't fully covered in the present study. Financial viability and feasibility of its extensive
use in pavement construction by adding rice husk ash as a modifier to asphalt can also be thoroughly considered the
further studies.
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