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Abstract:

The textile industry plays a vital role in global development, with technical textiles such as geotextiles and
geomembranes offering significant contributions to civil and environmental engineering. Geotextiles, made
from natural or synthetic fibers, are permeable fabrics that perform key functions including separation, filtration,
drainage, reinforcement, and protection. They are classified into woven, non-woven, knitted, and stitched-
bonded types and are applied in road construction, railways, erosion control, and environmental protection.
Geomembranes, on the other hand, are impermeable polymeric barriers used in landfills, reservoirs, and mining
to prevent fluid migration and ensure resource protection. Together, these geosynthetics provide durable, cost-
effective, and sustainable solutions for modern infrastructure. Current research emphasizes eco-friendly
alternatives, such as biodegradable fibers and smart geosynthetics, which are expected to expand their

applications and support sustainable engineering practices.

Keywords: Geotextiles; Geomembranes; Geosynthetics; Soil stabilization; Erosion control; Sustainable

engineering.
Introduction:

The textile industry plays a vital role in global economic development, employing millions and contributing
significantly to GDP in many countries. It encompasses a wide range of activities, from the production of natural
and synthetic fibers to the manufacture of apparel, home furnishings, and industrial fabrics. The industry has
witnessed transformative changes due to globalization, technological advancements, and shifting consumer
demands (Kadolph, 2007). With increasing pressure to adopt sustainable practices, many textile manufacturers
are investing in eco-friendly fibers and waste-reduction technologies (Shen et al., 2010). Additionally,
digitalization and automation have revolutionized production methods, improving efficiency and reducing

human error (Euratex, 2020)

Geotextile plays a vital role in technical textile. It is used in fields of building construction, railway sector,
agriculture, filtration etc .on classified into three categories like woven geo textile , non woven geo textile and
knitted geo textile. Geotextiles are permeable textile materials made from synthetic or natural fibers, which are

used in contact with soil, rock, or other geotechnical materials to improve engineering performance. They
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perform essential functions such as separation, filtration, drainage, reinforcement, and protection in civil
engineering and environmental applications. Geotextiles are widely used in roads, railways, retaining structures,

landfills, and erosion control systems due to their strength, durability, and cost-effectiveness.

Geotextile containment has been used to encapsulate sandy soils to permit their use as flexible, erosion-resistant,
mass-gravity structures in hydraulic and marine applications. More recently, geotextile containment has been

used as a means of disposing of, and dewatering, various waste streams and contaminated sediments. (Lawson,

2008)

Types of geo textile

There are four types of woven, non woven, knitted and stitched bonded
Woven geotextile

Woven geo textile are manufactured by interlacing polypropylene (PP) or polyester yarns, giving them high
tensile strength and durability. They are widely used in civil engineering for soil stabilization, separation, and
reinforcement, particularly in roads and embankments. Their low elongation and high load-bearing capacity
make them suitable for withstanding heavy stresses. In addition, woven geotextiles resist UV radiation,
chemicals, and biological degradation, ensuring long-term performance. Overall, they provide a cost-effective

and sustainable solution for geotechnical projects (Koerner, 2012; Rao & Balan, 2000).
Non woven geotextile

Non-woven geotextiles are a form of geotextile fabric that is manufactured from synthetic fibers usually
polypropylene or polyester that are held together by mechanical entanglement needle-punching, thermal
bonding, or chemical bonding instead of weaving yarns. Woven geotextiles have a regular interlaced pattern,
while non-woven geotextiles have a random, felt-like structure that makes them very flexible and permeable.
They are mostly utilized in places where you need to filter, drain, and separate things, including in road building,

subsurface drainage, erosion management, and landfill liners.
Knitted geotextile

Knitted geotextiles are a unique class of technical textiles produced by interlooping yarns, which provides higher
flexibility and extensibility compared to woven and nonwoven geotextiles. Their structure allows them to adapt
well to uneven soil surfaces, making them particularly effective in applications requiring high elongation, such

as reinforcement of slopes and embankments (Shukla, 2017).

Due to the inherent porosity of knitted structures, these geotextiles also provide excellent drainage and filtration
properties while maintaining soil stabilization (Das & Sivakugan, 2016). Recent studies highlight that knitted
geotextiles exhibit superior tensile strength in multi-axial directions, which enhances their performance in

erosion control and separation functions (Murali Krishnan & Rajkumar, 2014). Additionally, the ease of
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customization in stitch patterns allows engineers to design geotextiles with specific mechanical and hydraulic

properties suitable for diverse geotechnical applications (Bhattacharyya, 2019).
Stitch-bonded geotextiles

Stitch-bonded geotextiles are a type of nonwoven geotextile produced by mechanically bonding fibrous webs
using a series of continuous stitches. Unlike thermal-bonded or needle-punched nonwovens, this process
employs knitting or stitching threads (often polyester or polypropylene yarns) to interlock the fibrous layers,
creating a stable textile structure (Horrocks & Anand, 2016). The resulting fabric combines the flexibility of

nonwovens with the dimensional stability of knitted fabrics.

These geotextiles are known for their high tensile strength, resistance to deformation, and excellent load
distribution capacity. Since the bonding is achieved without the need for heat or adhesives, stitch-bonded
geotextiles retain higher porosity, which ensures efficient water permeability and soil filtration (Muralidhar,

2019). Their structure also minimizes fiber migration and improves durability under cyclic loading.

In geotechnical applications, stitch-bonded geotextiles are widely used for soil stabilization, drainage, erosion
control, and reinforcement in road construction, railways, and embankments. Their ability to resist damage
during installation makes them suitable for projects requiring long-term performance under dynamic loads.
Moreover, the reinforcement effect of the stitching threads enhances slope protection and provides additional

shear resistance in soil-geotextile systems (Shukla, 2017).

Type Manufacturing Method Properties Applications
W Interlaced yarns High tensile strength, low Soil reinforcement, road &
oven
(PP/Polyester) elongation, durable embankments
Non- Needle-punched /heat- ‘ Drainage, separation, erosion
Permeable, soft, good filtration
Woven bonded control

Specialized reinforcement,

Knitted Looping of yarns Flexible, moderate strength _
composites
Stitched- Added reinforcement, layered Landfills, composites with
Stitched fibers/fabrics
bonded strength geomembranes

Materials used for geo textile Geotextiles are made from natural and synthetic fibers that have the necessary
mechanical, hydraulic, and durability properties for civil engineering and environmental applications

Synthetic Fibers
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Polyamides (PA):

There are two most important types of polyamides, namely Nylon 6 and Nylon 6,6 but they are used very little
in geotextiles. The first one an aliphatic polyamide obtained by the polymerization of petroleum derivative e-
caprolactam. The second type is also an aliphatic polyamide obtained by the polymerization of a salt of adipic
acid and hexamethylene diamine. These are manufactured in the form of threads which are cut into granules.
They have more strength but less moduli than polypropylene and polyester They are also readily prone to

hydrolysis. (bipin,2011)
Polyesters (PET):

Polyester is synthesised by polymerizing ethylene glycol with dimethyle terephthalate or with terephthalic acid.
The fibre has high strength modulus, creep resistance and general chemical inertness due too which it is more
suitable for geotextiles. It is attacked by polar solvent like benzyl alcohol, phenol, and meta-cresol. At pH range
of 7 to 10, its life span is about 50 years. It possesses high resistance to ultraviolet radiations. However, the

installation should be undertaken with care to avoid unnecessary exposure to light.(bipin,2011)
Polyethylene (PE):

Polyethylene can be produced in a highly crystalline form, which is an extremely important characteristic in
fiber forming polymer. Three main groups of polyethylene are — Low density polyethylene (LDPE, density 9.2-
9.3 g/cc), Linear low density polyethylene (LLDPE, density 9.20-9.45 g/cc) and High density polyethylene
(HDPE, density 9.40 9.6 g/cc). (bipin,2011)

Natural Fibers
Jute:

In geotextiles, jute is one of the most popular natural fibers because of its high tensile strength, affordability,
and accessibility. The jute plant, which is mostly produced in Bangladesh and India, yields this ligno-cellulosic
fiber from its bark. Jute geotextiles are ideal for short-term uses like protecting riverbanks, controlling soil
erosion, and building rural roads since they are biodegradable, environmentally friendly, and have a high initial
strength. But because they biodegrade more quickly, they are typically used in situations that call for soil

stabilization and temporary reinforcement.
coir :

Coir fiber, which is derived from coconut husks, is renowned for its resilience to salty conditions and longevity.
Because it breaks down more slowly than jute, coir is better suited for medium-term geotextile applications.
Common applications for coir geotextiles include beach erosion management, road embankment protection, and
slope stability. Their porous nature allows roots to penetrate and stabilizes the soil, making them an ideal

medium for vegetation growth.
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Hemp:

The Cannabis sativa plant's stalks are used to make hemp fibers. Compared to sisal and jute, they are stronger,
lighter, and more resilient. Because of their high porosity and moisture absorption, hemp geotextiles are useful
for filtration, erosion prevention, and soil strengthening. Furthermore, hemp is regarded as sustainable because
of its quick growth cycle and little need for chemical fertilizers, which makes it a desirable option for

environmentally friendly geotextile applications.
Sisal:

Originating from the leaves of the agave plant, sisal is prized for its intermediate durability and great stiffness.
Because of their superior tensile strength and coarser texture compared to jute, sisal fibers can be used in
geotechnical applications to reinforce soil structures. Biotextiles made on sisal are utilized for low-load bearing,
drainage filtering, and slope protection, however they are less frequent than jute and coir. Temporary or semi-

permanent remedies are their only option due to their rapid rate of degradation.
Properties of Geo textile
Mechanical Properties

Geotextiles possess strength and durability that make them suitable for construction and soil applications. Their
tensile strength enables them to withstand high pulling forces without breaking, while tear resistance ensures
that they do not easily get damaged under stress. Additionally, puncture resistance allows them to perform well

when in contact with sharp objects or angular stones present in soil layers.
Hydraulic Properties

Geotextiles are designed to allow the controlled movement of water while restricting the passage of soil
particles. Their permittivity (ability to transmit water perpendicular to the plane) and transmissivity (ability
to allow water to flow within the plane) are essential in drainage applications. Proper pore size distribution

ensures that they act as effective filters, preventing soil erosion while maintaining water flow.
Characteristics if geo textile
Filtration and Separation Ability

A major characteristic of geotextiles is their ability to separate different soil layers while allowing water
movement between them. This prevents the mixing of fine-grained soil with coarse aggregates in road and

railway construction, thereby improving structural stability.
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Durability

Geotextiles are exposed to environmental conditions such as moisture, pressure, and microbial activity. Their
resistance to biological degradation, chemical attack, and UV radiation is crucial for long-term performance.
Synthetic geotextiles (like polypropylene and polyester) generally offer high resistance compared to natural

fibers.
Flexibility and Adaptability

Geotextiles are flexible and lightweight, making them easy to handle, transport, and install. Their adaptability
allows them to conform to ground surfaces without losing their functional properties, which is vital in

applications such as landfills, embankments, and slopes.
Permeability

One of the defining characteristics is the ability to permit liquid or gas flow across their structure. This ensures
proper drainage and prevents waterlogging in soil structures, which otherwise could weaken foundations and

cause failures.
Thermal and Weather Resistance

Geotextiles can endure a wide range of temperatures and weather conditions without significant loss of function.

This includes resistance to frost, heat, and wet-dry cycles that occur in outdoor environments.
Cost-effectiveness

Compared to traditional soil stabilization and drainage methods, geotextiles are cost-effective due to their
durability, ease of installation, and reduced maintenance requirements. This makes them attractive for large-

scale civil engineering projects.
Functions of Geotextile

Separation: Geotextiles prevent the mixing of different soil layers, which is essential in construction to

maintain the integrity of the materials used.

Drainage: They facilitate efficient water drainage by allowing water to pass through while retaining soil

particles, thus preventing clogging in drainage systems.

Filtration: Acting as a filter, geotextiles allow water to flow while trapping fine particles, which is critical in

applications like retaining walls and embankments.

Reinforcement: Heavy-duty geotextiles can reinforce earth structures by providing additional strength, making

them 1deal for use in roads and other constructions.
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Protection: Geotextiles protect against erosion caused by water or wind. They are used in coastal engineering
and for stabilizing slopes.

Road and Railway Construction

. Reinforcement of weak soils in highways, railways, and airfields to improve load-bearing capacity and

extend service life.
. Separation of different soil layers to prevent mixing of subgrade and aggregate during traffic loads.
. Drainage facilitation to prevent road degradation by enabling water flow from the subgrade.

Erosion and Sediment Control

. Used for erosion control on riverbanks, coastal areas, and slopes by preventing soil loss due to water or
wind.

. Armoring sand dunes to protect properties from storm surges and wave action.

. As part of silt fences on construction sites to keep sediment from entering water bodies.

Drainage Systems

. Geotextiles act as filters in drainage systems for roads, pipelines, and building foundations by allowing

water to pass through while retaining soil particles.
. Common in drainage layers of landfills, reservoirs, and dams.
Reinforced Earth and Retaining Walls

. Used for reinforcing embankments, retaining walls, and steep slopes due to their high tensile strength,

enhancing overall stability and longevity.
Environmental Applications

. Used as a protective layer for geomembranes in waste containment sites to prevent punctures and

improve durability.

. Help reduce soil contamination and improve land quality in reclamation and hazardous waste

containment.

Unique and Specialized Uses

. Protecting archeological sites from natural erosion (e.g., fossil footprints).
. Mitigating glacial melt by covering glaciers to reflect sunlight.
. In *building demolition, to contain debris alongside steel wire fencing.
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Geomembrane

Geomembranes are synthetic membrane liners or barriers that are used to control fluid or gas migration in a
wide range of civil engineering, geotechnical, and environmental applications. They are typically manufactured
from polymeric materials such as high-density polyethylene (HDPE), linear low-density polyethylene (LLDPE),
polyvinyl chloride (PVC), and polypropylene (PP) (Shukla, 2017). Unlike geotextiles, which are permeable,

geomembranes are essentially impermeable, making them highly effective as containment barriers.

Applications of geomembranes

Geo membrane include landfill liners and covers, where they prevent leachate from contaminating soil and
groundwater; water reservoirs and canals, where they minimize seepage losses; and mining operations, where
they serve as barriers for heap leach pads and tailings storage (Giroud & Bonaparte, 1989). Additionally,
geomembranes are widely used in hazardous waste containment, agriculture, aquaculture, and wastewater

treatment facilities due to their durability and chemical resistance (Koerner, 2012).

Key properties of geomembranes

Geo membrane include low permeability, chemical resistance, flexibility, weather resistance, and long service
life. HDPE geomembranes, in particular, are preferred for their high strength, puncture resistance, and UV
stability, making them suitable for outdoor applications (Rowe, 2005). Advances in manufacturing techniques
and quality control have improved their performance, while ongoing research emphasizes sustainable

alternatives and enhanced durability in extreme environments.

Geosynthetics

Geosynthetics are a broad class of synthetic materials used in geotechnical, environmental, hydraulic, and civil
engineering applications to improve the performance of soil and other construction materials. They are
manufactured primarily from polymeric substances such as polypropylene, polyethylene, and polyester, which

provide durability, chemical resistance, and stability under varying environmental conditions (Shukla, 2017).

The term "geosynthetics" encompasses several product categories, including geotextiles, geomembranes,
geogrids, geonets, geocells, and geo composites, each designed for specific engineering functions. These
functions include separation, filtration, drainage, reinforcement, fluid or gas containment, and protection
(Koerner, 2012). For example, geotextiles allow water to pass while retaining soil particles, geomembranes act

as impermeable barriers, and geogrids reinforce weak soils by improving load distribution.
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Geosynthetics are widely applied in roads, railways, embankments, retaining walls, landfills, mining, erosion
control, and coastal protection. Their advantages include cost-effectiveness, ease of installation, long service
life, and the ability to enhance sustainability by reducing the need for natural resources (Giroud, 2011).
Furthermore, advances in biodegradable and smart geosynthetics have expanded their role in sustainable

engineering solutions.

Conclusion:

Geotextiles have emerged as one of the most versatile and indispensable materials in modern civil engineering
and environmental management. Their multifunctional roles—ranging from separation, filtration, drainage, and
reinforcement to protection and erosion control—make them integral to the sustainability and durability of
infrastructure. By improving soil stability, enhancing load-bearing capacity, and extending the service life of
roads, railways, embankments, landfills, and hydraulic structures, geotextiles not only reduce construction costs
but also minimize environmental impacts. With the growing emphasis on eco-friendly and resilient engineering
solutions, the application of geotextiles continues to expand, offering a balance between technological
advancement and environmental stewardship. In the future, innovations in biodegradable fibers and smart
geotextiles will further enhance their performance, making them a cornerstone of sustainable construction

practices.
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