Proceedings of International Conference on "Recent Innovations in Engineering, Technology
& Science for Sustainable Development (RIETSSD-2026)"

‘\ ARE ’ Career Point International Journal of Research (CPIJR)
CPUR . gthaxl(nNEE}mEoorl}Sk{Il: ©2022 CPIJR | Special Issue | ISSN : 2583-1895
-~ Conference Paper | DOI: https://doi.org/10.5281/zenodo.20695012

Geosynthetics Applications in the Construction of Roads, Railways and

Airfields
Mihir Lal®, Dr. Ankit Saraswat?
Research Scholar, School of Engineering and Technology (Civil), Career Point University,
Kota , Rajasthan , India
?Research Supervisor, School of Engineering and Technology (Civil), Career Point
University, Kota , Rajasthan , India

! mihirlal7319@gmail.com, 2sanusarika@qmaiI.com

Abstract

Construction projects often face the reality of encountering less than ideal soil conditions
which needs to be rectified prior to the commencement of construction activities. One of the
methods of upgrading, stabilizing and strengthening problematic soils is by reinforcing the
soils with certain inclusions. These inclusions may be in the form of natural and synthetic
fibres, natural and synthetic fibre-based materials(geotextiles) etc. In case of certain soils,
provision of a single type of inclusion may not be sufficient enough to serve the purpose
hence combining the strength of more than one type of inclusions may be considered.
Geosynthetics have revolutionized modern civil engineering, offering economical, efficient,
and sustainable solutions in infrastructure construction. This paper critically examines the
role of geosynthetics in roadways, railways, and airfield pavements, evaluating their
functions, benefits, design principles, and field performance. By integrating research and case
studies, this study highlights the improvements in stability, drainage, reinforcement, and
longevity associated with geosynthetic use, and discusses challenges and future directions.

Keywords: Geosynthetics, roads, railways , airfields, drainage , filtration, separation

1. Introduction
1.1 Background
Infrastructure such as roads, railways, and airfields is fundamental for global economic
development. Traditional construction methods frequently struggle with issues including
subgrade instability, drainage deficiencies, differential settlement, and high maintenance
costs. Geosynthetics — synthetic polymer materials used in soil interaction — provide

engineered solutions addressing these challenges. Geosynthetics have emerged as vital
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engineering materials in the construction and performance enhancement of transportation
infrastructure such as roads, railways, and airfields. These polymer-based products, including
geotextiles, geogrids, geocells, and geomembranes, are used to improve soil behavior by
providing functions such as separation, reinforcement, filtration, drainage, and containment.
Their application helps address common challenges like weak subgrades, excessive
settlement, poor drainage, and high maintenance demands. By enhancing load distribution
and durability, geosynthetics contribute to longer service life, cost efficiency, and sustainable
development of transport facilities.
1.2 Classifications of Geosynthetics
Geosynthetics are manufactured polymeric products used to stabilize terrain and enhance
soil properties. Key categories include
Geosynthetics are polymer-based materials used in geotechnical and civil engineering
applications to improve the performance of soil and rock structures. Based on their form and
function, geosynthetics are broadly classified into several categories, each serving specific
engineering purposes.
1. Geotextiles
Geotextiles are permeable textile materials used in contact with soil. They are manufactured
from polypropylene or polyester fibers and are available in woven, nonwoven, and knitted
forms.
o Woven geotextiles have high tensile strength and are mainly used for reinforcement
and separation.
e Nonwoven geotextiles are needle-punched or heat-bonded and are commonly used
for filtration, drainage, and separation.
o Knitted geotextiles combine flexibility and strength and are used in specialized
applications.

Functions: separation, filtration, drainage, reinforcement, and protection.

2. Geogrids
Geogrids are stiff or flexible grid-like structures with open apertures that allow soil or
aggregate interlock. They are made from polymers such as polypropylene, polyester, or
polyethylene.
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« Uniaxial geogrids provide strength in one direction and are used in retaining walls
and slopes.
« Biaxial geogrids provide strength in two directions and are commonly used in road
and rail subgrades.
o Triaxial geogrids offer multi-directional load distribution and enhanced confinement.
Functions: reinforcement and load distribution.
3. Geomembranes
Geomembranes are impermeable synthetic sheets used as barriers to fluid migration. They are
typically manufactured from high-density polyethylene (HDPE), low-density polyethylene
(LDPE), PVC, or bituminous materials.
Functions: containment, sealing, and environmental protection.
Applications: liners in landfills, canals, tunnels, and airfield fuel containment systems.
4. Geonets
Geonets consist of intersecting polymer ribs forming a net-like structure. They are primarily
used to facilitate in-plane drainage.
Functions: drainage and fluid transmission.
Applications: road and rail drainage layers, landfill leachate collection systems.
5. Geosynthetic Clay Liners (GCLSs)
GCLs are factory-manufactured composites of bentonite clay sandwiched between
geotextiles or bonded to a geomembrane.
Functions: containment and hydraulic sealing.
Applications: liners for landfills, ponds, canals, and environmental protection systems.
6. Geocells
Geocells are three-dimensional honeycomb-like structures made from high-density
polyethylene (HDPE). When filled with soil or aggregate, they provide confinement and load
distribution.
Functions: reinforcement, confinement, and erosion control.
Applications: road subgrades, railways, airfields, slope protection, and embankments
7. Geocomposites
Geocomposites are combinations of two or more geosynthetic materials designed to perform
multiple functions simultaneously.

Examples:
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o Geotextile + geonet (drainage composite)

o Geomembrane + geotextile (liner systems)
Functions: drainage, filtration, reinforcement, and protection.
Each product performs functions such as reinforcement, separation, filtration, drainage,
and containment.
2. Literature Review: Geosynthetics in Civil Engineering
2.1. Historical Development and Classification
The concept of using synthetic materials in soil engineering emerged in the mid-20th century,
driven by advances in polymer technology. Early applications included simple woven fabrics
for soil separation. By the 1970s and 1980s, systematic research and commercialization led to
the development of a broad range of geosynthetic products—geotextiles, geomembranes,
geogrids, geonets, and geocells—each tailored for specific engineering functions (Koerner,
2012).
Koerner’s foundational work outlined how polymer choice, manufacturing method, and
structural form influence geosynthetic performance. Over time, standardized definitions and
classifications were established in ASTM and 1SO guidelines, enabling consistent use across
engineering disciplines.
2.2. Fundamental Functions of Geosynthetics
Extensive research has identified five primary geosynthetic functions:

1. Separation: Prevents mixing of dissimilar soils

2. Reinforcement: Improves load-bearing capacity

3. Filtration: Allows fluid passage while retaining soil particles

4. Drainage: Transports fluids in the plane of the material

5. Containment: Provides impermeable or low-permeability barriers
These functions underpin geosynthetics’ versatility in transportation infrastructure (Koerner,
2012; Koerner & Koerner, 2015).
3. Geosynthetics in Road Construction
3.1 Separation and Stabilization
Research by Zornberg and Christopher (2001) established that geotextile separation reduces
rutting and aggregate intrusion into weak subgrades. Their experimental studies demonstrated
improved stiffness and reduced deformation under traffic loading when geotextiles were

placed between aggregate layers and soft soils.
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Tang and Somasundaram (2012) conducted full-scale highway tests showing that
geosynthetic reinforced pavements exhibited lower permanent deformation and improved rut
resistance compared to non-reinforced sections, particularly on subgrades with low California
Bearing Ratio (CBR).

3.2 Reinforcement and Mechanistic Design

Giroud and Han’s influential design methodology (2004) quantified the reinforcement effect
of geogrids in unpaved and paved roads. They developed empirical relationships between
tensile strength, spacing, and performance metrics like rut depth. This work formed the basis
of mechanistic-empirical pavement design approaches that incorporate geosynthetic
performance factors.

Recent studies (Huang et al., 2018) used finite element modeling to simulate geogrid-
reinforced pavement systems, confirming significant reductions in tensile strains and
improved stress distribution under wheel loads.

4. Geosynthetics in Railways

4.1 Ballast Stability and Fouling Reduction

Ballast fouling—fines migrating into the ballast layer—has historically led to track settlement
and drainage impairment. Frik et al. (2009) demonstrated that geotextiles effectively filter
fine particles while permitting water drainage, slowing degradation and extending ballast life.
Rahman et al. (2015) conducted dynamic load tests showing that geogrids beneath ballast
layers enhance track stiffness and reduce settlement under repeated wheel loads. Their
research highlighted geogrids’ effectiveness in both heavy haul and high-speed rail
applications.

4.2 Drainage Enhancement

Schwarz (2010) reported that geocomposite drainage layers installed beneath track subgrades
improve moisture control, reducing pore water pressures and associated track instability.
Field evaluations confirmed lower maintenance frequency and improved ride quality.

5. Geosynthetics in Airfield Pavements

Airfield pavements endure heavier loads and more stringent safety requirements than typical
roads. Research by Bathurst et al. (2008) on geocell-reinforced subbases demonstrated
enhanced load distribution and reduced edge stresses under landing gear wheels, which are
particularly sensitive to differential settlement.
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Narayanan and Mohan (2014) used large-scale laboratory models to show that geogrid
reinforcement in airfield base layers significantly lowers rut formation and elastic deflections
under repeated aircraft loads, supporting pavement designs on weak subgrades.
6. Durability and Long-Term Performance
A critical research area has been the long-term integrity of geosynthetics under environmental
and mechanical stresses. International studies (Koerner & Hwu, 2017) investigated UV
degradation, chemical exposure, and creep behavior. These works emphasized the necessity
of material selection based on exposure conditions and long-term strength retention.
Field monitoring studies (e.g., road sections monitored over 20 years) have validated the
longevity benefits of geosynthetics, with many reinforced pavements showing reduced
maintenance even under high traffic volumes.
7. Sustainability and Life-Cycle Analysis
Recent research trending toward sustainability, such as life-cycle cost analysis (LCCA) and
life-cycle assessment (LCA), highlights geosynthetics’ environmental benefits. E1-Sawy et al.
(2020) quantified reduced carbon emissions and lower material consumption for
geosynthetic-reinforced pavements, noting both economic and environmental advantages
over conventional designs.
8. Gaps and Future Research Directions
Despite widespread application, literature identifies gaps:
o Performance under extreme climates: More data is needed for geosynthetic
behavior in freeze—thaw and monsoon conditions.
e Smart geosynthetics: Integration of sensors for real-time structural health monitoring
IS an emerging area.
o Standardization: Harmonization of design methods across regions and materials
remains ongoing
Significant research has demonstrated geosynthetics’ effectiveness:
« Engineering behavior improvement: Enhanced bearing capacity and reduced rutting
in pavements.
e Drainage mechanisms: Reduction in hydrostatic pressures and improved water
movement.

« Cost savings: Reduced base material thickness and maintenance expenditures.
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Various researchers (Koerner, 2012; Giroud & Han, 2004) have documented performance
improvements in flexible pavements and railway track support layers.

The literature consensus affirms that geosynthetics significantly enhance transportation
infrastructure performance. Through separation, reinforcement, filtration, drainage, and
containment, they improve load distribution, reduce deformation, extend service life, and
promote sustainability. As research advances in modeling, monitoring, and new materials,
geosynthetics’ role in civil engineering will continue expanding.

9. Case Studies —

9.1. Roads

a. Highway Embankment Stabilisation in Silesia, Poland

In an area affected by underground mining, road embankments were prone to significant
deformation. Geosynthetic materials were incorporated to improve the bearing capacity and
stability of the base layer, resulting in reduced deformation and enhanced performance of the
roadway structure.

b. Geosynthetics to Control Reflective Cracking

Field applications have shown that geogrids placed between existing asphalt and new
overlays can reduce reflective cracking and enhance structural capacity in pavements.

c. Geocell Reinforcement for Soft Subgrades

On highways with weak foundation soils, geocell ground grids (3D cellular geosynthetics)
have been used to improve load-bearing capacity, reduce subgrade thickness requirements,
and lower project costs, speeding up construction and improving soil support.

9.2. Railways

a. Moscow-Saint Petersburg High-Speed Railway

For the Russian high-speed rail link, geotextiles and geogrids were used to reinforce
embankments and improve drainage on soft soil conditions. This application reduced
construction time and enhanced track stability under heavy traffic loads.

b. Siberia—Far East Railway (Russia)

In a section with difficult terrain and poor soils, geomembranes and geomats were installed to
protect against moisture ingress and reinforce slopes, ensuring continued reliable railway
operation in harsh climates.

c. Ballast Stabilisation Projects (India)
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Geosynthetics have been utilised to stabilise ballast layers in regions like Madhya Pradesh,
improving separation, filtration, and reinforcement to combat ballast contamination and
drainage issues.

9.3. Airfields

a. Airport Runway Reinforcement Using Geocells

Geocell geosynthetics have been used in airport projects to support runway pavements over
weak, sandy subsoils. These 3D cellular systems distribute loads more evenly, reduce rutting,
and improve load support for heavy aircraft traffic.

b. Geofoam Use in Airport Embankments

Expanded Polystyrene (EPS) geofoam has been employed beneath runways to reduce
settlement and differential movement in areas with compressible soils. Early applications in
Japan demonstrated geofoam’s effectiveness under repeated aircraft loading, significantly
reducing visible settlement.

9.4. Tunnels

a. Delhi Metro and Atal Tunnel Waterproofing

In several major tunnel projects in India, including works by the Delhi Metro Rail
Corporation and the Atal Tunnel, geotextiles and geomembranes have been installed for
separation, protection, and drainage behind sprayed concrete linings (shotcrete) to manage
water ingress and protect tunnel linings from moisture-induced damage.

b. Geosynthetics for Tunnel Drainage and Protection

Nonwoven geotextiles and geomembranes are widely used in tunnel linings as protective
cushions and drainage layers, preventing water penetration and ensuring durability of the
underground structures.

10. Conclusion

Geosynthetics have become indispensable materials in modern infrastructure development
due to their ability to improve soil performance and structural stability in a cost-effective and
sustainable manner. Their application in roads, railways, airfields, tunnels, and other
infrastructure projects has proven highly effective in addressing common geotechnical
challenges such as weak subgrades, excessive settlement, poor drainage, and erosion. By
performing key functions including separation, reinforcement, filtration, drainage, and
containment, geosynthetics enhance load distribution, extend service life, and significantly

reduce maintenance requirements. Numerous field studies and case applications confirm that
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geosynthetics not only improve engineering performance but also contribute to reduced
material consumption, faster construction, and lower life-cycle costs. As a result,
geosynthetics play a vital role in achieving durable, resilient, and environmentally sustainable
infrastructure systems.
11 Scope of Future Work
The scope of geosynthetics in infrastructure projects is continuously expanding with
advancements in material science and design methodologies. Future work may focus on:
1. Performance-based design approaches integrating geosynthetics into mechanistic—
empirical models for pavements and railway tracks.
2. Long-term monitoring and durability studies to assess behavior under varying
climatic, traffic, and environmental conditions.
3. Development of smart geosynthetics with embedded sensors for real-time
monitoring of strain, moisture, and deformation.
4. Sustainable and recycled geosynthetics to further reduce environmental impact and
carbon footprint.
5. Standardization and guideline development for wider adoption in developing
countries and complex infrastructure projects.
Overall, geosynthetics offer vast potential for innovation and optimization in future
infrastructure development, ensuring safer, stronger, and more sustainable transportation
networks
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