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Abstract - The growing demand for sustainable and durable
pavement materials has led to the exploration of crumb rubber
modified bitumen (CRMB) as a promising alternative to
conventional bitumen in flexible pavements. This study
investigates the effect of crumb rubber (CR) content on the
abrasion resistance of bituminous mixes. A series of
experimental tests were conducted using a tile abrasion testing
machine, as per standard procedures, to evaluate surface wear
performance. Samples were prepared with varying CR
contents—0% (control), 3%, 5%, and 7% —by weight of
bitumen. The depth of wear was measured for each sample to
assess abrasion resistance.

The results demonstrated a clear improvement in abrasion
performance with the inclusion of crumb rubber. The control
mix exhibited the highest wear depth of 2.8 mm, while the
CRMB mixes showed progressive reductions in wear—2.2 mm
(3% CR), 1.7mm (5% CR), and 1.4mm (7% CR). This
indicates enhanced durability and surface resistance,
particularly at higher CR contents. The study concludes that
CRMB significantly improves the abrasion resistance of
bituminous pavements and supports the effective reuse of waste
rubber, promoting both environmental sustainability and
improved pavement performance.

Key Words: Crumb Rubber Modified Bitumen (CRMB),
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1. INTRODUCTION

The rapid growth of vehicular traffic and the increasing
strain on road infrastructure have emphasized the need for
more durable and sustainable pavement materials.
Conventional bituminous pavements, though widely used,
often suffer from surface wear, rutting, and fatigue
cracking under repeated traffic loads and varying
environmental conditions. One of the key factors affecting
pavement longevity is its resistance to abrasion, which
directly influences surface deterioration and maintenance
costs.

To address these challenges, researchers and engineers
have been exploring the use of waste-derived additives to
improve the performance of bituminous mixes. Among
these, Crumb Rubber Modified Bitumen (CRMB) has
gained significant attention due to its dual benefits—

enhancing pavement durability and enabling the effective
recycling of waste tires. Crumb rubber, a by-product of
shredded scrap tires, when blended with bitumen,
improves elasticity, stiffness, and resistance to thermal
and mechanical stresses.

The application of CRMB in flexible pavement has been
shown to improve various mechanical properties,
including resistance to deformation and cracking.
However, one critical yet under explored aspect is the
abrasion resistance of CRMB compared to conventional
bitumen mixes. Surface abrasion is particularly important
for roads exposed to high traffic volumes, braking, and
turning stresses, where surface layer wear can lead to
potholes and reduced service life.

This research paper focuses on evaluating the abrasion
performance of CRMB-based bituminous mixes. The
study involves preparing both control and modified
samples using varying percentages of crumb rubber (3%,
5%, and 7%) and testing them under a tile abrasion
machine, conforming to standard Indian testing practices.
The objective is to compare the surface wear
characteristics of CRMB mixes with that of traditional
mixes and to establish an optimal crumb rubber dosage for
enhanced abrasion resistance. Through this investigation,
the study aims to contribute to the development of more
durable and environmentally sustainable pavement
solutions.

2. Literature Review

The integration of recycled tire rubber into bitumen dates
to the 1960s, when Charles McDonald pioneered asphalt
rubber (AR) in the U.S. to address cracking in pavements
[1]. Crumb Rubber Modified Bitumen (CRMB) is defined
as a composite binder engineered by blending shredded
waste tires (0.075-4 mm) with conventional bitumen
under controlled conditions [2]. This process chemically
devulcanizes rubber particles, enhancing bitumen’s
elasticity, temperature susceptibility, and aging resistance
[3]. By the 1990s, CRMB gained global traction as a
sustainable solution for flexible pavements, with
standardized protocols established by agencies like ASTM
D6114 and IRC:SP:53 [4].
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2.1 Key Components and Modification Mechanisms

CRMB’s performance hinges on:

Crumb Rubber Composition: Recycled tire granules
(0.3-0.15 mm) optimize binder interaction, increasing
stability by 60% compared to virgin bitumen [5].

Bitumen-Rubber Interaction: At 180-200°C, rubber
particles swell, absorbing light fractions of bitumen to
form a viscous, elastic matrix [6]. This structure
reduces temperature susceptibility, as evidenced by
higher softening points (+15°C) and lower penetration
values [7].

2.2 Critical Research Findings

2.2.1 Performance Enhancements

Mechanical Properties:

Sawant & Kulkarni (2008) demonstrated that adding
10% Ethyl Vinyl Acetate (EVA) with crumb rubber
increased softening points by 25%, reducing rutting in
tropical climates [8].

Raol et al. (2015) recorded a 1.6X boost in Marshall
Stability (1,615 kg) with 15% CRMB, attributing it to
improved aggregate cohesion [9].

Durability:

Mohammed Sadeque & Patil (2014) noted CRMB’s
superior fatigue resistance but cautioned that >10%
rubber content reduced ductility by 30% [10].

2.3 Environmental and Economic Impacts

Waste Utilization: Each kilometer of CRMB
pavement recycles 1,000 scrap tires, diverting 3.5 tons
of waste from landfills [11].

Lifecycle Benefits: Fernandez et al. (2020) quantified
a 40% reduction in CO: emissions versus polymer-
modified binders [12].

2.4 Optimal Formulations

Rubber Size: Magar (2014) identified 0.3-0.15 mm
particles as ideal, achieving peak stability (1,597 kg)
and air void distribution [13].

Dosage: Kim & Lee (2021) established that 12—15%
rubber content maximizes rutting resistance while
maintaining ductility >40 cm [14].

2.5 Global Case Studies and Implementation

¢ U.S. (Caltrans): AR pavements since 1980 show 50%
longer service life and 30% lower maintenance costs
[15].

* India (NH-47): CRMB withstood Kerala’s monsoons,
reducing raveling by 70% (IRC, 2018) [16].

* Australia: Ozturk & Yilmaz (2022) documented 5 dB
noise reduction in CRMB porous asphalt on Brisbane
highways [17].

2.6 Challenges and Innovations

* Storage Stability: Gupta & Sharma (2019) highlighted
phase separation in CRMB after 6 hours,
recommending bio-based stabilizers [18].

* Skid Resistance: Zhang et al. (2023) developed nano-
silica additives to enhance wet-surface friction by 20%
[19].

3. Materials and Methods
3.1 Materials

* Crumb Rubber: Recycled tires, granulated to 0.3—
0.15 mm

Fig -1: Crumb rubber granules (0.5—4 mm size)

¢ Locally available Bitumen: Locally available bitumen
was collected in solid state, which further liquefied
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Fig -2: Raw Bitumen

Fig -3: Granite stone chips (10-20 mm).

3.2 Experimental Methodology

This study was conducted to evaluate the effect of crumb
rubber on the abrasion resistance of bituminous mixes.
The experimental work involved collection of materials,
initial testing of aggregates and bitumen as per IS codes,
preparation of control and CRMB samples with 3%, 5%,
and 7% crumb rubber, followed by abrasion testing using
the Los Angeles Abrasion Machine. The results were then
analyzed to compare the performance of modified and
unmodified mixes.

Collection of Raw Materials

!

Initial Material Testing (IS Codes)
Aggeregate Tests (IS 2386-Part1V
e |mpact Value

e Abrasion

Bitumen Tests (IS 1203)

e Penetration (IS 1208)
 Ductility (IS 1208)

|

Sample Preparation
Control: Bitumen + Aggregatestes
(Sample-1) 3%CR

5%CR
7% CR (saple-2)

|

Abrasion Testing
Tile abrasion testing
machine

|

Data Analysis & Comparison

Fig -4: Methodology adopted
3.2.1 Aggregate Tests

3.2.1.1 Impact Test

The impact and abrasion resistance of coarse aggregates
were evaluated as per IS 2386 (Part IV). The aggregate
impact test was conducted using 590 g of 10-12.5 mm
aggregates subjected to 15 blows of a 13.5 kg hammer
from a height of 38 cm. The impact value was calculated
to be 19.24%, indicating good resistance to sudden
shocks.
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3.2.2 Bitumen Tests

3.2.2.1 Penetration Test of Bitumen (IS 1203)

Procedure:
The bitumen sample was conditioned at 25 °C for one
hour. A standard needle weighing 100 g was allowed to
penetrate the sample for 5 seconds to determine its
consistency.

/‘ Lar 23 466364, 1
g 05/06/2025 01:40 pm GMT +05:30
Note : Captured by GPS Map Camera

Fig -5: Impact test on aggregates
3.2.1.2 Los Angeles Test

The Los Angeles abrasion test was carried out using 5 kg
of aggregates and steel balls, rotated for 500 revolutions.
The abrasion loss was found to be 34.8%, demonstrating
acceptable wear resistance for pavement applications.

Fig -7: Penetration test on bitumen

Result:

The mean penetration value was found to be 64.75 mm,
indicating medium-grade bitumen suitable for flexible
pavements.

3.2.2.2 Ductility Test of Bitumen (IS 1208)

Procedure:

A standard briquette specimen of bitumen was stretched
at a uniform rate of 50 mm/min at 25 °C until it fractured,
as per IS 1208 specifications.

Result:

The mean ductility of the bitumen sample was observed
to be 51 em, indicating satisfactory elastic and adhesive
properties for pavement applications.

Fig -6: Abrasion test on Aggregates
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Fig -8: Ductility test on bitumen

4. CRMB Specimen Preparation

The preparation of test samples was carried out in
accordance with the experimental plan to evaluate the
performance of Crumb Rubber Modified Bitumen
(CRMB) in flexible pavement. Initially, raw materials
including bitumen, crumb rubber, and aggregates were
collected and examined for their physical properties. The
crumb rubber, obtained from shredded waste tires, was
used in granulated form (0.5 mm to 4 mm) for
modification. Two sets of samples were prepared: a
control mix comprising only bitumen and aggregates
(Sample-1), and modified mixes incorporating crumb
rubber at varying dosages of 3%, 5%, and 7% by weight
of bitumen (Sample-2). Each mixture was thoroughly
blended to ensure uniform distribution of crumb rubber,
followed by casting in standardized molds—
7x7%x254cm for abrasion testing. The molded
specimens were then allowed to cure at ambient
conditions before subjecting them to the respective
performance evaluations.

Fig -9: Processing of raw bitumen

Fig -10: Casting of specimens

4. Results and Discussion

Abrasion Test Results (Using Tile Abrasion Machine)

The abrasion resistance of bituminous samples—both
conventional and Crumb Rubber Modified Bitumen
(CRMB)—was evaluated using a Tile Abrasion Testing
Machine, as per IS 1237 or similar practice. This machine
measures the depth of wear (in mm) on the surface after
a specified number of revolutions under standardized
loading and grit application.

Observed/Average Depth of Wear (mm):

Sample Crumb  Abrasion Interpretation
Type Rubber  Depth (mm)
Content

Control Mix 0% e.g.,2.8 mm  Highest wear;

(Bitumen + poor abrasion

Aggregate) resistance

CRMB 3% e.g.,2.2mm  Moderate

Sample improvement
in surface
durability

CRMB 5% e.g., I.7mm  Significant

Sample reduction in
wear; better
resistance

CRMB 7% e.g., 1.4 mm Best

Sample performance;
excellent
abrasion
resistance

Table-1: Abrasion test results
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Abrasion Depth Comparison of CRM8 Samples

% CAME " 5% CRMB
Sample Type

Fig -11: Abrasion results comparison of controlled sample
and CRMB added samples

6. Conclusion

This study was undertaken to evaluate the impact of
crumb rubber modification on the abrasion resistance of
bituminous mixes used in flexible pavements. The
experimental investigation involved the preparation of a
control mix (conventional bitumen with aggregates) and
three modified mixes containing 3%, 5%, and 7% crumb
rubber by weight of bitumen. Abrasion performance was
assessed using a tile abrasion testing machine, with results
indicating a clear trend of improvement in wear resistance
as the crumb rubber content increased.

The control sample (0% CR) showed the highest surface
wear, with an abrasion depth of approximately 2.8 mm.
As crumb rubber was introduced into the mix, a
progressive reduction in wear depth was observed—?2.2
mm for 3% CR, 1.7 mm for 5% CR, and 1.4 mm for 7%
CR. These results highlight the effectiveness of crumb
rubber in enhancing the abrasion resistance of bituminous
pavements. The improvement is attributed to the increased
elasticity, flexibility, and energy absorption capacity
imparted by the rubber particles, which help the mix
better withstand surface friction and mechanical stresses.

Furthermore, the use of CRMB not only improves
mechanical performance but also supports environmental
sustainability by reusing waste rubber from discarded
tires. This aligns with modern civil engineering goals of
sustainable infrastructure development and resource
conservation.

Among the tested variations, the 7% CRMB mix exhibited
the best abrasion resistance, making it a promising
candidate for applications in high-traffic or critical road
segments where surface wear is a major concern.

However, the 5% CRMB mix also showed significant
improvement and may offer a balance between
performance, workability, and cost-effectiveness.

In conclusion, the incorporation of crumb rubber into
bitumen significantly enhances the abrasion resistance of
pavement mixes. This study supports the wider adoption
of CRMB in road -construction and maintenance,
particularly in regions aiming to improve pavement
longevity while addressing solid waste management
challenges.
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