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Abstract - The application of paving fabric as an interlayer
in road construction has proven to be an effective method for
mitigating cracks and potholes, thereby enhancing pavement
durability. This study examines the effectiveness of Jute
Geotextiles (JGT) as a paving fabric in mitigating cracks and
potholes in rural roads. The case study focuses on the
"Thansara to Bhandarkona Road” in Haringhata Block,
Kalyani, Nadia, West Bengal, where JGT was applied under the
PMGSY program in association with the West Bengal State
Rural Development Agency (WBSRDA). JGT, a biodegradable
and eco-friendly material, was used to reinforce the pavement
structure, improve bonding between layers, and prevent
moisture infiltration. The methodology involved preparing the
damaged road surface, applying bitumen coats, and layering
JGT before the final asphalt overlay. Results indicate that after
1.5 years, the treated road remains in good condition with no
significant distress, demonstrating that JGT effectively arrests
reflection cracks and potholes while enhancing pavement
durability and reducing maintenance costs. This research
highlights the potential of JGT as a sustainable alternative to
synthetic geotextiles for rural road rehabilitation.
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1. INTRODUCTION

The Pradhan Mantri Gram Sadak Yojana (PMGSY) is a flagship
initiative by the Government of India aimed at providing all-
weather rural road connectivity to unconnected habitations,
thereby facilitating socio-economic development in remote
regions. While the program has successfully expanded rural
infrastructure, many of the constructed roads are susceptible
to premature deterioration due to factors such as increasing
traffic loads, adverse climatic conditions, inadequate
drainage, and weak subgrade soils. Common forms of distress
include reflective cracking, fatigue-induced rutting, pothole
formation, and surface erosion, particularly in high-rainfall
areas.

Flexible pavements, which are typically composed of multiple
layers of compacted granular material topped with a
bituminous surface, rely heavily on the integrity of the bond
between layers and the flexural strength of the top layers for
durability. However, over time, structural deficiencies,
especially in the form of cracks can propagate from the

underlying layers to the surface, leading to progressive
surface failure. This necessitates cost-effective and
sustainable rehabilitation techniques to extend service life
and reduce maintenance costs.

One promising technique for pavement reinforcement is the
use of paving fabrics, also known as asphalt overlay
geotextiles. These engineered materials serve as a stress-
absorbing interlayer (SAI) that inhibits crack propagation,
improves interlayer bonding, and functions as a moisture
barrier. When impregnated with bitumen, they form a
cohesive layer that reduces reflective cracking and surface
distress while enhancing the structural performance of the
pavement.

JGT, derived from natural plant fibers, offers several technical
and ecological advantages: it is biodegradable, thermally
compatible with bitumen, and cost-effective, making it
especially suitable for rural road applications in developing
countries. However, despite its potential, field-level data on
the long-term performance of JGT in high-rainfall rural
settings remain limited.

This study addresses this knowledge gap through a case study
on the "Thansara to Bhandarkona Road" in Haringhata Block,
Kalyani Subdivision, Nadia District, West Bengal, where a 292
gsm open-weave JGT was used as a paving fabric under the
PMGSY program. The objective is to assess the suitability of
JGT as a sustainable solution for crack and pothole mitigation
in rural pavements.

2. CONDITION OF DAMAGED ROAD

A preliminary visual assessment of the study area revealed
significant surface deterioration along multiple segments of
the PMGSY road between Thansara and Bhandarkona. Fig. 1
and Fig. 2 document representative sections exhibiting
various forms of pavement failure.

Fig. 1 illustrates a stretch of rural road exhibiting multiple
potholes filled with standing water. The damaged zones,
highlighted in red, reflect the cumulative effects of inadequate
drainage, poor slope design, and surface wear. The surface
layer, composed of gravel and bituminous material, had
disintegrated in several areas, exposing loose aggregates. The
accumulation of water in depressions suggests insufficient
cross-fall and poor lateral drainage, conditions that
exacerbate moisture infiltration into the subgrade and
accelerate progressive failure mechanisms.
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Fig. 2 captures a severely deteriorated section of the same
road, characterized by widespread reflective and fatigue
cracking, loss of bituminous surfacing, and substantial
aggregate displacement. These symptoms indicate advanced
pavement degradation, likely driven by a combination of
heavy vehicular loading, subgrade instability, and a lack of
timely preventive maintenance.

Such damage patterns are commonly observed on rural roads
constructed under the PMGSY scheme, especially in regions
with high rainfall and suboptimal drainage systems. If left
unaddressed, these issues can lead to further structural
weakening, increased maintenance costs, and compromised
road safety. Therefore, comprehensive rehabilitation

including crack sealing, pothole patching, drainage correction,
and structural reinforcement using geotextiles is critical for
restoring functional performance and prolonging pavement
life.

Fig.2: Damaged rural road with a large deteriorated section
3. MECHANISM OF CRACKING

Pavement surface failures in flexible road structures
commonly manifest as potholes and reflective cracking,
among other distress types. These forms of degradation often
originate from structural weaknesses in the existing
pavement layers and are exacerbated by environmental
exposure, repetitive traffic loads, and poor drainage
conditions.

3.1 Reflective Cracking:

Reflective cracks typically develop when a new asphalt
overlay is placed over a jointed or severely cracked pavement.
Over time, existing discontinuities in the underlying layers
propagate upward into the overlay due to movement at the
joints, thermal expansion, and traffic-induced stress cycles. If
not properly treated, these cracks become pathways for
water infiltration, which compromises the structural integrity
of the pavement system by weakening the bond between the
overlay and the base layers.

3.2 Pothole Formation:

Potholes are often the result of progressive failure initiated
by localized surface cracking, followed by material
dislodgement. The process begins with minor cracks or
surface fatigue, allowing water to infiltrate the pavement. In
areas with inadequate drainage, this moisture weakens the
subgrade and base, accelerating disintegration of the surface
layer. Repeated loading eventually causes fragments of the
top layer to break loose, forming depressions that expand
over time into full-fledged potholes.

These two mechanisms are interrelated and self-reinforcing;
reflective cracking facilitates water ingress, which leads to
potholing, and the presence of potholes introduces new stress
points that propagate further cracking. Without timely
intervention, this cycle results in widespread deterioration
and reduced service life of the pavement.

4. DETAILED OF SITE

The selected project site for this case study is the PMGSY
rural road connecting Thansara to Bhandarkona, situated in
the Haringhata Block, Kalyani Subdivision, Nadia District,
West Bengal, India. The rehabilitation intervention was
carried out in April 2023 under the technical and
administrative supervision of the West Bengal State Rural
Development Agency (WBSRDA). The initiative aimed to
demonstrate the effectiveness of Jute Geotextile (JGT) as a
sustainable paving fabric solution for improving pavement
performance under adverse climatic and soil conditions.

Prior to intervention, the road exhibited extensive signs of
pavement failure, including:

e Frequentpotholes and surface cracking (both fatigue
and reflective types),

e Progressive structural distress in bituminous layers,

e Erosion of road flanks and shoulders, particularly
after heavy rainfall events.

To address these issues, a 292 gsm open-weave jute
geotextile (JGT) was selected as the reinforcing paving fabric.
The total length of road treated under this intervention was
2.76 kilometers.
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The site is located in a region with high annual rainfall,
averaging approximately 3600 mm, which significantly
influences pavement durability and drainage performance.
The application of JGT was particularly suited for this climatic
zone due to its dual role in crack mitigation and moisture
control, making it an ideal choice for enhancing road
longevity in monsoon prone rural areas.

5. PURPOSE OF USING JUTE GEOTEXTILES AS
PAVING FABRIC

The incorporation of Jute Geotextiles (JGT) as a paving fabric
in flexible pavement structures offers a multifaceted
approach to enhancing road durability, sustainability, and
cost-efficiency, particularly in the context of rural
infrastructure development in resource constrained
environments. As a natural, biodegradable material, jute
provides both engineering functionality and environmental
compatibility.

The primary objectives for using JGT as a paving fabric in
rural road rehabilitation include the following:

5.1 Reinforcement and Crack Prevention:

JGT functions as a stress-absorbing interlayer (SAI) that
distributes vehicular loads more uniformly across the
pavement structure. This redistribution of stress helps reduce
the initiation and propagation of reflective cracking and
fatigue-related distress, thereby improving the structural
integrity and service life of the pavement.

5.2 Moisture
Protection:

Management and Subgrade

By acting as a moisture-retentive layer, JGT helps maintain
optimal subgrade moisture conditions, particularly in dry
seasons. This minimizes shrinkage-induced cracking and
prevents the weakening of the subgrade layer, which is
critical for the long-term stability of rural pavements.

5.3 Enhanced Interlayer Bonding:

When saturated with bitumen during installation, JGT
forms a cohesive bond between successive pavement layers.
This improved interfacial adhesion reduces the risk of layer
debonding and surface failures such as slippage,
delamination, and raveling.

5.4 Environmental Sustainability:

Unlike synthetic geotextiles made from petroleum-based
polymers, jute is fully biodegradable and decomposes
naturally after fulfilling its functional role. Its use reduces the
environmental footprint of road construction and aligns with
global trends toward sustainable infrastructure solutions.

5.5 Cost-Effectiveness and Local Availability:

Jute is an abundantly available natural fiber in India. Its
affordability and compatibility with local labor and supply
chains make it an economically viable option for large-scale
application in rural road projects under schemes such as
PMGSY.

6. METHODOLOGY:

The paving fabric reinforcement system comprises three
essential components: the paving fabric itself, a bitumen
binder, and the defined installation procedure. The following
methodology was adopted during the rehabilitation of the
"Thansara to Bhandarkona Road" under the PMGSY program,
located in Haringhata Block, Kalyani, Nadia, West Bengal.

6.1 Materials Used:

To ensure the structural reliability and performance of
the rehabilitated pavement, carefully selected materials were
utilized. All materials were chosen based on their suitability
for rural flexible pavement systems, compatibility with the
overlay technique. The key materials used are as follows:

e PavingFabric: 292 gsm open-weave Jute Geotextile
(JGT)

e Bituminous Binder: Viscosity Grade (VG) 30
bitumen, suitable for flexible pavement construction.

e Asphalt Mix: 20 mm nominal size aggregate with
6% bitumen content.

e Compaction Equipment: 10 MT tandem rollers.

e Temperature for Laying Premix: Approx. 110°C at
the time of placement.

The cross-sectional layout of the pavement reinforced with
JGT is depicted in Figure 3.

Figure 3 Cross section of pavement
6.2 Installation Procedure:

A stepwise and methodical approach was followed
for the installation of the paving system to ensure quality
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control and performance consistency. Each phase of the
construction process was carried out under standard
engineering supervision, maintaining field conditions
conducive to durable pavement construction. The installation
procedure is detailed below:

6.2.1 Surface Preparation

e  Existing potholes were excavated, cleaned, and filled
with compacted coarse stone material to restore the
road base.

e Earth was used to rebuild and compact damaged
shoulders, restoring full pavement width.

e The existing pavement surface was cleaned of dust,
debris, and loose particles using high-pressure air
jets to ensure proper bonding of subsequent layers.

6.2.2 Application of Bitumen Coats

e Aprime coat was applied at a rate of 0.250 kg/m? to
penetrate and seal the granular surface.

e  Atack coat was subsequently applied at 0.225 kg/m?
to promote adhesion with the paving fabric and
overlay.

6.2.3 Laying of Jute Geotextile (JGT)

e JGT sheets (132 cm width) were laid longitudinally
along the carriageway.

e Each subsequent strip overlapped the adjacent one
by 10 cm, ensuring seamless coverage.

e The fabric was mechanically fastened to the base
using 2-inch iron nails at 1-meter intervals, both
longitudinally and transversely.

6.2.4. Reapplication of Bitumen Coats over JGT

e Asecond round of prime and tack coats was applied
over the laid JGT at the same rates to fully saturate
the fabric and enhance bonding with the overlay.

6.2.5 Laying of Premix Carpet (PMC)

e A hot mix bituminous premix was placed directly
over the treated surface to achieve a 20 mm
compacted thickness.

e The temperature of the mix was maintained at
approximately 110°C during laying to ensure
effective compaction and bonding.

6.2.6 Compaction and Finishing

e Thenewlylaid surface was compacted usinga 10 MT
tandem roller to achieve the required pavement
density.

e A final surface treatment with hot stone grits was
carried out to improve surface texture, skid
resistance, and durability.

7. PROPERTIES OF JUTE GEOTEXTILE USED:

The selection of an appropriate geotextile is critical to the
performance of any reinforced pavement system. For this
study, an open-weave Jute Geotextile (JGT) was chosen due to
its proven field performance, eco-friendly composition, and
compatibility with bituminous materials. The JGT used in the
rehabilitation of the PMGSY road was sourced and tested in
accordance with established ASTM and Indian Standard (1S)
test methods to ensure compliance with quality benchmarks.

The selected JGT exhibited adequate tensile strength,
aperture size, and elongation characteristics suitable for
acting as a stress-relief and moisture-barrier interlayer. Its
biodegradable nature further adds value in rural
infrastructure development, where low environmental impact
and cost efficiency are crucial. The key physical and
mechanical properties of the JGT used in the project are
summarized in the Table 1

Table 1 Properties of Jute Geotextile (paving fabric)

Type of JGT Open weave JGT | Test Method

Weight (g/m2) at 20% | 292 ASTM D5261

M.R.

Ends x Picks / dm (MD | 12x12 IS 1963:1981

x CD)

Thickness (mm) 3 ASTM D5199

Width (cm) (site 132 IS 1954:1990

specific)

Aperture size (mm) 8x7 IS 2405 (Part 1
& 2):1980

Tensile Strength, min. 10x 10 ASTM D459

(kN/m) [MD x CD]

Elongation at break, 12x12 IS 1969: 1985

max.(%) [MD x CD]

Weight (g/m2) at 20% | 292 IS 2387: 1969

M.R.

8. FUNCTIONS OF PAVING FABRIC

The primary function of a paving fabric, particularly when
impregnated with bitumen, is to act as an impermeable
interlayer that mitigates moisture infiltration and reflective
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cracking within flexible pavements. This layer performs
multiple critical roles that collectively enhance pavement
performance and lifespan:

8.1 Moisture Barrier Protection

Bitumen-saturated paving fabric serves as an effective
waterproofing membrane that prevents surface water ingress
into the underlying base and subgrade layers. Moisture
infiltration can significantly reduce the shear strength of
granular base materials, leading to deformation such as
rutting, stripping, and eventual structural failure.

8.2 Stress Absorption and Crack Mitigation

Paving fabric functions as a stress-absorbing interlayer
(SAID). Itreduces tensile stress concentrations at the interface
between existing pavement and the new overlay, thereby
delaying or preventing the upward propagation of reflective
cracks originating from joints or fatigue in the underlying
layers.

8.3 Reinforcement of Pavement Layers

Jute Geotextile provides a reinforcing effect by
distributing traffic loads more uniformly across the pavement
structure. This helps enhance the overall stiffness and tensile
strength of the bituminous overlay, improving its resistance
to cracking and rutting.

8.4 Thermal Compatibility with Bitumen

Unlike synthetic alternatives, jute geotextiles exhibit
superior thermal compatibility with bituminous binders. This
ensures optimal adhesion and uniform impregnation during
installation, leading to a better-integrated composite layer
that resists delamination under thermal cycling and traffic
loading.

8.5 Eco-Friendly and Biodegradable Performance

While synthetic fabrics persist in the environment, JGT
offers abiodegradable and sustainable alternative. During its
functional lifespan, it effectively performs its mechanical
roles, after which it decomposes harmlessly, leaving no long-
term environmental burden.

9. ADVANTAGES OF JUTE PAVING FABRIC

One of its key advantages is its ability to prevent cracks and
enhance pavement durability by reinforcing the road
structure and evenly distributing loads. This significantly
reduces reflective and fatigue cracking, which are common
issues in asphalt pavements. Additionally, it improves
bonding between layers, ensuring better adhesion of asphalt
layers and reducing the chances of surface failure.

Jute paving fabric plays a crucial role in moisture retention
and regulation, preventing excessive drying and shrinkage of
the subgrade, which could otherwise lead to structural

instability. It also contributes to erosion control, particularly
in areas prone to heavy rainfall and water logging, by
stabilizing the pavement edges and preventing soil
displacement.

By mitigating early-stage cracks and reducing surface failures,
jute geotextiles lower long-term maintenance costs, making
them an economically viable choice. Their lightweight and
easy-to-install nature further adds to their practicality,
simplifying transportation and handling during construction.

Another significant advantage of jute is its sustainability and
local availability. As a widely grown crop in many regions,
jute supports local industries, reduces dependence on
imported synthetic materials, and promotes environmentally
responsible infrastructure development.

Jute paving fabric offers a range of benefits that make it an
excellent choice for sustainable road construction and
maintenance. As an eco-friendly and biodegradable material,
jute naturally decomposes over time, reducing environmental
impact compared to synthetic alternatives. Its cost-
effectiveness makes it an affordable solution, particularly in
developing regions where budget constraints are a concern.

12. GLIMPSES OF STUDY AREA:

The following images (Fig. 4 to 8) illustrate key stages of the
road rehabilitation process using Jute Geotextile (JGT) and
highlight the physical transformation of the PMGSY road from
a distressed state to a well-compacted, finished surface. These
field visuals serve to reinforce the practical feasibility, proper
installation methodology, and performance outcome of the
adopted technique.

Fig. 4 showcases the initial phase of surface preparation,
where visible potholes and cracks have been patched using
appropriate granular and bituminous materials. The photo
demonstrates how localized distress was addressed prior to
laying the paving fabric, ensuring a uniform base for effective
JGT integration.

Fig. 5 workers are shown placing the 132 cm-wide open-
weave JGT fabric across the carriageway with an overlap of
approximately 10 cm between successive strips. Proper
alignment and manual pegging using 2-inch iron nailsat 1 m
intervals ensure that the fabric remains securely positioned
during subsequent paving steps.

Fig. 6 captures the application of bitumen-based prime coat
and tack coat directly over the laid JGT fabric. This step is
critical for saturating the fabricand ensuring optimal bonding
with the bituminous overlay. The even spread of emulsion
signifies controlled application, essential for cohesive
layering.

Fig. 7 depicts the hot mix bituminous carpetbeinglaid on one
lane, directly over the treated surface. With material
temperature maintained around 110°C, the paving ensures

© 2025,IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page 1455



‘,/ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056

IRJET  Volume: 12 Issue: 05 | May 2025

www.irjet.net

p-ISSN: 2395-0072

proper adhesion to the JGT and desired compaction. This
image marks a transition from base preparation to structural
overlay.

Fig. 8 image illustrates the fully rehabilitated PMGSY road
post-compaction and surface finishing. The even texture,
absence of visible cracks, and compacted shoulders reflect
high-quality workmanship. The visual outcome strongly
supports the performance claim of JGT in reducing surface
distress and extending pavement life.

These field visuals not only document each step of the
methodology but also validate the field applicability,
durability, and aesthetic improvement resulting from the use
of jute geotextiles in rural road rehabilitation.

Fig -8: Finished Road

13. RESULTS AND CONCLUSIONS:

Field evaluations conducted 1.5 years after construction
demonstrate that the pavement section rehabilitated using
open-weave Jute Geotextile (JGT) has remained in stable
condition, exhibiting no significant signs of reflective cracking,

structural efficacy and functional longevity of JGT as a
reinforcing and moisture-controlling interlayer in flexible
pavement systems.

The incorporation of JGT has proven beneficial in multiple
ways:

e Mitigation of reflective cracking, achieved by
absorbing and redistributing tensile stresses at the
interface between the existing pavement and the
overlay,

e Reduction in surface deformation and rutting,
attributed to the additional tensile reinforcement
provided by the jute fabric,

e Improving bonding between pavement layers,
enhancing the durability and cohesion of the overlay

e Decreased maintenance frequency and cost, thereby
extending the pavement's service life and reducing
lifecycle expenditure.

Functionally, the JGT layer served a dual role as both a stress-
relieving interlayer and a moisture barrier, protecting the
subgrade and base layers from water ingress, one of the
primary causes of pavement failure in rural roads.

The successful outcome of this field implementation
underscores the technical and economic viability of using JGT
for rural road rehabilitation, particularly under programs such
as PMGSY, where sustainability, local material utilization, and
budget efficiency are paramount. The study provides
compelling evidence to support the broader adoption of
natural fibre-based geotextiles in road infrastructure,
especially in high-rainfall and erosion-prone regions.
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