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ABSTRACT 

In the expanding market of geotextiles dominated by man-made varieties, Jute Geotextiles (JGT) has carved out a 
niche due to unique physical characteristics of jute fibres.  Effectiveness of jute as a flexible packaging material is 
now well established.  Excellent spinnability, high initial tensile strength, good permittivity and transmissivity, low 
extension- at-break, high roughness co-efficient, drapability are some of the properties that can match its man-made 
counterpart.  Admittedly, durability of JGT is far lower than man-made geotextiles.  But this is not technically 
discouraging in view of the fact that soil consolidation as a result of concurrent functioning of separation, filtration 
and drainage takes place within the effective life of JGT.  Considering the fact that jute is a renewable resource 
unquestionably eco-compatible and abundantly available backed by a rich experience of the jute industry located in 
India, Bangladesh and China makes JGT an ideal technical textiles for addressing a host of geotechnical problems. 
This paper highlights the technical reasons that score over its counterpart as geotextile. 

Keywords: Jute geotextiles, tensile strength, renewable resource, eco-friendly. 

INTRODUCTION

Jute has been in use for quite some time as 
geotextiles and has been able to create a niche 
market. The manufacture of Jute Geotextiles (JGT) 
was prompted by its unique inherent features. The 
credit of first discovering the uniqueness of jute fibres 
goes to the British in colonial India who was in 
search of finding a suitable fibre to make flexible 
packaging products. The confirmatory tests 
conducted at Dundee, Scotland paved the way for 
making jute sacks which are still in great demand for 
packaging of food grains all over the world. The 
effectiveness of jute sacks that demand both adequate 
tensile strength and suitable pore size for storage led 
to making of JGT commercially after successful 
trials.

The demand and importance of JGT is on the 
increase because of growing environmental 
awareness all over the world.JGT may be used in 
almost all the areas where man-made (synthetic) 
geotextiles (SGT) are used. Evidently the physical 
characteristics of jute and man-made fibres being not 
identical, application-wise separate standards for JGT 
are needed.  

The selection of JGT for a particular application 
in geotechnical engineering depends on adequacy and 

suitability of fabric properties and specific functional 
characteristics to meet end-use requirements. 

Considering the environmental prerequisites, the 
global emphasis is likely to shift towards natural 
fibres for making of geotextiles. This paper outlines 
the reasons for choosing Jute as geotextiles in 
preference to other types of geotextiles —both natural 
and man-made. 

RETROSPECTION

The earliest example of woven jute fabric—not 
known as geotextile at that time-- for sub-grade 
support was in the construction of a highway in 
Aberdeen in the 1930s. The British Army also used 
a special machine to lay canvas or fascines over 
beaches and dunes for the invasion of Normandy in 
1944. Jute Hessian was applied successfully on 
Strand Road at Kolkata in 1934 by Bengal PWD 
and in Mynamar during the Second World War. 

In the early 1960s, the excess capacity of 
synthetic products caused the manufacturers to 
develop additional outlets such as synthetic 
geotextiles (SGT) for the construction industry. 
The manufacturers refined their products to suit the 
requirements of the engineer, rather than the 
engineer using the available materials to perform 
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the requisite functions, because, to a certain extent, 
fibre fineness and cross-sectional area can be 
modified to determine satisfactory tensile 
properties in terms of modulus, rupture, creep, 
relaxation, breaking force and extension. This led 
to the prolific production of synthetic materials for 
use in the geotextile industry. These synthetic 
geotextiles have monopolized the market 
irrespective of the cost both in economical and 
ecological terms. 

In 1973, three fundamental applications were 
identified for the use of geotextiles, namely, 
reinforcement, separation and filtration, with 
drainage applications (in plane fluid transmission) 
also being a significant area. 

Although natural fibres have always been 
available, no one visualized their potential as a form 
of geotextile until synthetic fibres enabled diverse use 
and applications of geotextiles to emerge. 
Manufacturers are now attempting to produce 
synthetic fibres which will mimic the properties of 
natural fibres, but at a greater expense (Pritchard et al, 
2000).

CLASSIFICATION OF NATURAL FIBRES 

Natural fibres can be of vegetable, animal or 
mineral origin. Vegetable fibres, are extracted from 
plants and are classified into three categories, 
depending on the part of the plant they are extracted 
from, 

1. Fruit fibres extracted from the fruits of the 
plant, are light and hairy.  

2. Bast fibres are found in the stems of the 
plant providing the plant its strength. 
Usually they run across the entire length of 
the stem and are therefore quite long.  

3. Leaf fibres extracted from the leaves are 
generally rather rough and sturdy.   

While determining the properties of natural fibres, 
it has to be kept in mind that the properties of natural 
fibres are strongly influenced by the ambience in 
which they are grown. Temperature, humidity, 
composition of the soil etc affect growth, strength of 
fibres, density, etc. along with the way of harvesting 
and processing.  

SUITABILITY OF NATURAL FIBRES AS 
GEOTEXTILES 

The technical properties essential for making good 
geotextiles are tensile strength, spinnability and 
machine-weavability (for large scale production), 

drapability and retentivity of strength for at least two 
years.

Natural geosynthetics cannot match their man-
made counterpart in the upper range of tensile 
strength (>40 kN/m). Usually tensile strength of the 
order of 25 kN/m is sufficient to address the majority 
of the requirements. Most of the natural fibres can 
meet this requirement. 

Precise porometric features in woven 
geosynthetics depend on spinnability and weavability 
of the yarn. Coir for instance is a strong and 
somewhat rigid fibre and low in spinnability and 
weavability. As woven geosynthetics are designed in 
keeping with average grain size diameter of soil on 
which it is to be laid and may need to have pore size 
as low as 100 µ in some cases, only fine fibres can 
address the requirement.  

Drapability is flexibility of a fabric to shape itself 
to soil contours and is measured by the extent of sag 
of a geosynthetic fabric between a standard opening 
or gap in its finished structure. Rigidity of fibre 
makes it less drapable. Jute Geotextiles (JGT) has 
been found to be the most drapable among all types 
of geosynthetics (Ingold and Thomson, 1993). 
Because of the fineness of jute fibre, precise 
porometric features as low as 100 µ of a geosynthetic 
fabric can be ensured. 

Cotton is the most spinnable as well as weavable 
among natural fibres followed by jute in terms of 
spinnability and weavability. 

Durability of natural fibres is far lower than man-
made geosynthetics. Bio-degradability of natural 
geosynthetics is not a disadvantage if we look at the 
functioning of geosynthetics in strengthening of soil. 
While it is the general perception that geosynthetics 
need a long effective life, in reality however for all 
types the initial strength and its retention for an initial 
period of 2/3 years is the technical necessity. It is to 
be borne in mind that within the first 2/3 years soil 
consolidation usually optimizes leading to formation 
of ‘filter-cake’. Functions of separation, filtration and 
drainage take place concurrently aided by the initial 
tensile strength of the fabric. The process leads to 
gradual expulsion of pore water from the soil body 
generating effective stress that strengthens the 
capability of the soil to bear extra loads. Once filter-
cake is formed, the technical necessity of 
geosynthetics ceases. Natural geosynthetics need to 
retain tensile strength for at least 2/3 years to ensure 
optimization of soil consolidation. 

But the foremost concern in respect of all natural 
geosynthetics is about availability of fibres in 
sufficient quantities for bulk production of 
geosynthetics. Only cotton, jute and coir are available 
in abundance. Other natural fibres at the existing rate 
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of production are not in a position to meet the 
demand.  

It may be noted that the content of lignin is 
responsible for fibre-durability. while cellulosic 
content is indicative of a fibre’s spinnability. High 
lignin content in coir fibres makes it durable and 
strong. Lignin however lowers fibre-spinnability and 
weavability. Low lignin content of jute allows 
spinning and weaving with far greater felicity than 
coir.

Abundance of jute production in the eastern states 
of India, especially West Bengal and Bangladesh, 
makes it the most used fibre as geosynthetics.  

SPECIALITY OF JUTE FIBRE 

Jute is a long, soft, shiny vegetable fibre that can 
be spun into coarse, strong threads. It falls into the 
bast fibre category (fibre collected from bast or skin 
of the plant) along with kenaf, industrial hemp, flax 
(linen), ramie. It is produced from plants in the genus 
Corchorus, which has been classified in the family 
Tiliaceae, or more recently in Malvaceae. Two 
species of Jute which are commonly cultivated are 
Corchorus capsularis (White Jute fibre) and 
Corchorus olitorius (Tossa Jute fibre). The fibres are 
off-white to brown, and the average jute reed length 
1–4 metres (3–12 feet) long. Jute fibre is grown 
abundantly in India and Bangladesh. 

Jute is one of the most versatile natural fibres and 
is second only to cotton in availability and variety of 
uses among vegetable fibres. Jute fibres are 
composed primarily of the plant materials having 
cellulose (major component of plant fibre) and lignin 
(major components of wood fibre) It is thus a ligno-
cellulosic fibre that is partially a textile fibre. Along 
with polysaccharides and lignin a number of minor 
components, such as pectin inorganic salts, 
nitrogenous substance, colouring mater, wax etc. are 
also present in this fibre. The details of chemical 
composition of the jute fibre is given in Table 1 and 
the fibre properties of most widely used fibres as 
geotextiles like jute, polyester and polypropylene are 
depicted below in Table 2. 

Jute fibre may be considered to be a composite 
with the aniosotropic cellulose microfibrils acting as 
the load-bearing entity in an isotropic lignin matrix 
with hemicellulose acting as the coupling agent 
between the two. 

Table 1 Average chemical composition (in percent of 
bone dry weight of the fibre) of jute C. 
Capsularis (White jute) 

Constituent C. capsularis 
(White jute) 

C. olitorius 
(Tossa jute) 

Cellulose* 60.0 – 63.0 58.0 – 59.0 
Lignin 12.0 – 13.0 13.0 – 14.0 
Hemicellulose** 21.0 – 24.0 22.0 – 25.0 
Fats and waxes 0.4 – 1.0 0.4 – 0.9 
Proteins or 
nitrogenous 
matter etc. (% 
nitrogen 

0.8 – 1.87 0.8 – 1.56 

Pectins 0.2 – 0.5 0.2 – 0.5 
Mineral 
matter(Ash) 

0.7 – 1.2 0.5 – 1.2 

*Major constituents of jute-cellulose include glucosan 
(55.0 – 59.0%, xylan (1.8 – 3.0%) polyuronide (0.8 – 
1.4%) 
**Major constituents of jute-hemicellulose include 
xylan or pentosan (15.5 – 16.5%), hexosan (2.0 – 
4.0%), polyuronide (3.0 – 5.0%) and acetyl content 
(3.0 – 3.8%). 

COMPARISON OF SYNTHETIC AND 
NATURAL FIBRES 

The general properties of synthetic fibres 
compared to natural fibres still tend to fall into 
distinct categories. Natural fibres possess high 
strength, modulus and moisture uptake and low 
elongation and elasticity. Regenerated cellulose 
fibres have low strength and modulus, high 
elongation and moisture uptake and poor elasticity. 
Synthetic fibres have high strength, modulus and 
elongation with a reasonable amount of elasticity 
and relatively low moisture uptake. 

Vegetable fibres have the greatest potential for 
use in geotextiles because of their superior 
engineering properties. For example animal fibres 
have a lower strength and modulus and higher 
elongation than vegetable fibres. Mineral fibres are 
very expensive, brittle and lack strength and 
flexibility. Figure 1 shows typical strength, 
elongation and modulus values of natural fibres 
relative to those of synthetic fibres. It is relevant to 
compare the properties of jute fibre with man-made 
fibre in this context. 

The pertinent factor for a geotextile, especially 
for reinforcement, is that it must possess a high 
tensile strength.  It is known that the best way of 
obtaining this criterion is in the form of fibres 
which have a high ratio of molecular orientation.  
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This is achieved naturally by vegetable fibres, but 
for synthetic polymers the molecules have to be 
artificially oriented by a process known as 
stretching or drawing, at a higher cost. 

Nature thus provides ideal fibres to be used in 
geotextiles.  It is observed that vegetable fibre 
yarns have high strength, high modulus, low 
breaking extension and low elasticity.  These 
properties make them ideal to form reinforcing 
geotextiles. It is also important to note that 
vegetable fibre yarns and fabrics possess low level 
of creeps during use.  Such fibres deserve attention 
while developing strong, dimensionally stable and 
flexible geotextiles.  

Table 2 Properties of jute fibre in contrast with 
synthetic fibre 

Properties Jute Polyester Polypropylene 
Specific
gravity 1.48 1.38 0.91 

Tenacity, 
g/d 3 to 5 2 to 9.2 2. to 5.5 

Breaking
Elongation, 
%

0.8 to 2 7 to 37 17 

Elastic
recovery,
%

75 to 85 57 to 99 75 to 95 

Moisture 
regain, At 
65% R.H. 
and 27˚C

12.5 to 
13.8 0.4 0.01 

Effect of 
heat

Does not 
melt.
Retains 
tenacity 
& wt up 
to 180˚C

Sticks at 
180˚C
and
Melts at 
230˚C-
240˚C

Softens at 
143˚-154˚C,
melts at 
160˚C & 
decomposes at 
288˚C

Effect of 
acid/alkalis

Resistant
to dilute 
org & 
mineral 
acids.
Affected
by hot 
alkali 

Good 
resistant
to acids. 
Disintegr
-ates in 
conc. hot 
alkali 

Excellent 
resistance to 
cone. acid and 
alkalis 

Source : Ray et al (2004) 

ENVIRONMENTAL ASPECTS 

Jute and allied fibres are fully organic, eco-friendly, 
soil-friendly, biodegradable and annually renewable 
in nature as well as cost competitive as compared to 
synthetic fibres and some other bast and leaf fibres 
for producing cost effective geotextiles. The life cycle 
of jute is shown in Fig 2.

Following points are relevant in the context of 
eco-concordance and socioeconomic value of jute. 
a) During the 100 days of jute growing period, 1 

Hectare of jute plant can absorb about 15 MT of 
CO2 from atmosphere and liberate about 11 MT 
of O2 , the life supporting agent. Studies reveal 
that CO2 assimilation rate of jute is several times 
higher than that of trees (Inagaki, 2000; IJSG 
2003).  

                             

Fig. 1  Typical strength, elongation and modulus      
           values of natural fibres relative to those of  
           synthetic fibres. (Pritchard et al, 2000) 

�
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Fig. 2 Life cycle of Jute 

b) The main use of jute sticks (a retting output) is as 
fuel apart from other household uses. Yield of 
jute sticks is 2.5 times the fibre by weight. 
Taking overall production of raw jute / mesta 
fibre at 2.7 million tons (in India and 
Bangladesh), the total output of jute sticks comes 
to 6.75 million tons. Considering the other 
household use at 25 % level, jute sticks annually 
saves 5.06 million tons of forest wood and 
bamboo in these two countries and help in 
preserving ecological balance. 

c) Leaves which are left in the field are good 
manures and increase the fertility of land.  

d) Jute cultivation creates a large direct employment 
to the farmers, industrial workers and indirect 
employment to workers associated with ancillary 
industries. 

ADVANTAGES OF JUTE OVER OTHER 
NATURAL FIBRES 

When selecting the most suitable natural fibres for 
geotextiles, consideration must be given to the 
general properties of available natural fibres in terms 
of strength, elongation, flexibility, durability, 
availability, variability and their production forms, 
from the civil engineering, textile aspects and 
environmental consideration. Jute has emerged from 
its infancy in geotechnical engineering and has 
already found a potential market in the erosion 
control industry but its use in diverse geotechnical 
applications like rural road construction, river bank 
protection, etc. demands serious attention. 

The main factors affecting the 
production/extraction of natural fibres are: 
1. The quantity of the fibre yield from the plant 

must be adequate to make fibre extraction a 
viable proposition. 

2. There must be a practical and economical 
procedure for extracting the fibres, without 
causing damage to them, if they are to be of any 
value as a textile material. 

3. The pertinent properties of the fibre must be 
equivalent or superior to the existing chemical 
fibres used for the same given purpose in terms 
of both end production and machinability. 

4. The annual yield of the fibre must be 
'repeatable' and sufficiently large, i.e. if a plant 
has a high yield of fibre, say only every five 
years, then its marketability declines. 
Consideration must also be given to the time of 
harvest, i.e. late harvest yields lower quality 
fibres. 

5. Whether there is a demand for the fibre 
properties on the market. 

6. If there are problems of plant diseases and 
insect attack - protection from which has seen 
major improvements in the 20th century. 

Property-wise advantages of Jute Geotextiles 
(JGT) may be summarized as under. 
• high initial strength- withstands installation 

stresses 
• low elongation at break- induces membrane 

effect to support imposed loads 
• high transmissivity & permittivity – facilitates 

filtration & drainage 
• most hydrophilic (absorbs water by about 5 

times its dry weight)- provides better on-land 
storage 

• its 3-D construction helps reduce the velocity 
of overland flow and entrap detached soil 
particles thus facilitating control over surface 
soil erosion 

• higher roughness co-efficient than its man-
made counterpart- better load transference 

• drapability best among all geotextiles- touches 
soil contours at all points 

• increases hydraulic conductivity of soil and 
adds micro-nutrients to soil on bio-degradation 

• attenuates extremes of texperature, acts as 
mulch, ensures quick vegetation growth 

• eco-concordant and renewable resource – 
reduces carbon-foot print 

Commercial advantages of JGT are as follows-- 
• High spinnability –ensures customized 

manufacture of JGT 
• economical  
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• eco-friendly  
• yearly renewable resource, easily available. 

Second only to cotton in availability 
• increase in demand for the grower, 

therefore more money entering the country 
• additional use of byproducts  

Jute Geo-Textiles (JGT) finds its application in 
surface soil erosion control in slopes and plains, 
watershed management, stability of embankments, 
strengthening of sub-grade in roads, protection of 
banks of rivers & waterways, sub-surface drainage, 
soft soil consolidation etc. 

DISCUSSIONS 

The concern for environmental pollution as a 
result of unabated use of by-products of fossil fuel 
and mining of stones in construction has led to 
gradual shift from conventional materials to 
innovative less-polluting construction-ingredients. 
Adoption of materials and techniques that can reduce 
the quantity of polluting materials should be the 
appropriate approach. It will not be possible to 
eliminate the carbon foot print in construction 
completely but ways need be found to lower it 
without compromising with the essential technical 
requirements and the desired quality. This will 
necessitate attempts to use such a material that can 
address two pre-requisites viz., a) eco-sustainability 
of the material established through LCA (Life Cycle 
Assessment) of the material and b) suitability. 

Jute Geotextiles (JGT) could be the ideal material 
worth trying in this context. Jute is a renewable 
natural resource, eco-compatible and abundantly 
available. Jute Industry has the expertise to 
manufacture customized jute geotextiles. 
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