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Synopsis

Jute-based geosynthetics is finding increasing gatebility among geotechnical engineers primarily
because of its eco-concordance, facility of prodoot of tailor-made fabrics and price-
competitiveness. However civil engineers are stpprehensive about its long- term effectiveness on
account of its bio-degradability. The paper pointat that long life of geosynthetics is not a
technical necessity in view of the fact that timeken by a given type of soil to consolidate optiipal

is barely 6 to 7 months in the laboratory. A FS 4fto 5 is considered adequate for attaining the
condition in different types of soil under differédoading parameters. The paper also discusses the
mechanism of erosion control on surface and in thgerbanks followed by a case study in a river in
West Bengal. In another case study on strengthenifgsub-grade in a road also in West Bengal ,
the mechanism of functioning of Jute Geotextile hagen discussed. Both the case studies confirm

suitability of Jute Geotextile in such applications



1. INTRODUCTION

Two aspects that often elude attention of geoteeh®ringineers who recommend
and use geosynthetics for improved soil-performaree—

geosynthetics act as change agents of the soit onvehich they are laid
consolidation is a time-dependent process.

On the first aspect the commeparception is that the fabric has to stay on osaih
during the entire period of the expected life af Htructure. This idea has given 1
to the requirement of long durability of the fabriBut in reality the situation is a t
different. The impreed soil performance of the soil is brought abouyt the
efficiency of the geosynthetics to function asefiland drainage medium in the ini
stages for a limited period. Under extraneous lphdth the pore water and the 1
layer of the soil are faed out of their positions. With the right poronyeaind
tensile strength of the fabric, the soil layer rémean position and the pore watet
drained along and across it, helping the soil tasotidate naturally. Separation &
initial strength of the geosynthetics obviously play an important role.e
consolidated soil due to expulsion of water prityagxhibits improved bearin
capacity. Time taken for natural consolidation oil slepends on its characterist
and also on the nature, extent andtsnance of the external loads. Labora
studies have revealed that usually 6/7 months aeded to maximize sc
consolidation with woven Jute Geotextile (Ramaswd®§9). Considering th
probable variation in soil composition and the akiaf loadsa factor of safety of
or 5 is considered sufficient on the basis of figgduts. In other words, a period
two or three season cycles is deemed adequate stonima consolidation of soi
Durability of geosynthetics beyond three yearhié¢fore technically redundant.

In regard to the second aspect, it has been olibethat consolidation, beir
basically riddance of pore water from soil, depends only on the extent of lo:
that is principally dynamic, but also on its sustece. Applied stress@se converte
to effective stresses when pore water is totallyedied from soil. This conversic
depends, besides the applied stress, on soil cssipiley and the affected sc
volume. Understandably soil consolidation may awri for several yearsd with
the passage of time becomes gradually less deperatergeosynthetics. Th
phenomenon has been corroborated by case studies.



We present in this paper two field applicationse @n erosion contrah a river
bank and the other on strengthening of a road sattegdone with Jute Geotextil
the natural variant of geosynthetics made of fiboégute, that corroborate o
perception as stated hereinbefore.

2. MECHANISM OF EROSION CONTROL WITH GEOSYNTHETICS

Three types of erosion are controlled by applicatibgeosynthetics in general.
These are—

--soil erosion on ground surface
--soil erosion in slopes of embankments, granut@pis etc

--s0il erosion on river banks.

The first type is not given the importance it desstr It results in denutlan of soil
bereaving it of the vegetation that holds it. Intfthis is more aptly soil conservati
and is an integral part of watershed managementadded soil particles aft
erosion are transported to drainage channels, ynostérs, by overlandflow.
Incapacitated rivers fail to transport these saittiples that get deposited on -
riverbeds. Rivers as a result lose their capadigceretion continues unabated
bed. This happens to be one of the major reasorffoad. The remedy lies i
creating a vegetative cover on ground. Geosyntheti@de of natural fibres like ju
can immensely help not only in creation of greensdi the same time can cont
detachment of soil particles on bare ground cadsedo impact of precipitation al
confine them within the fabric grids. The worth oftdGeotextile (JGT) in creatic
of vegetation is well established. On liegradation open weave JGT adds nutri
to the solil, though at micrievels, exerts mulching effects on the denuded roi¢
attenuates extremes of temperature and reduceslihaty of surface rumff acting
as micro-barriers due its three dimensional strectu

One feature of open weave JGT deserves specialione@GT has the uniqt
property to absorb water up to nearly fiids its dry weight. This characteristic
jute helps in effecting storage. When soil is Iggsmeable and precipitation
heavy, soil erosion, especially in slopes, can sama¢ be controlled by overlar
storage and prevention of detachment of soilyoiihe situation calls for prop
selection of the JGT-type as well as species oétatmpn.

The mechanism of control of soil erosion in slopesio different from what we
indicated above. The mechanism will be better ustded through the followin
mathematical representation.



Fig : 1. Storage by OW JGT on slope

The figure represents a cross-section of an embanksiope inclined at an anglé to

the horizontal. ‘d’ is the diameter of the weft yarof the open weave JGT while

represents the base of the storage triangle osltipe. It is assumed that surface ofh-
will get hindered by the weft yarns and will take tshape of a triangle.

StorageS =% xIxd—-%x xd2x ¥

=4 xlxd—- xd2
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ForN wefts/meter,

S =Nx(4xlxd-=xd?)
8

Substituting = d x cot

S=Nx(4xd2cot— xd?
8
or, N xd? (4 cot — ) x10% mm3/ m?
8
Takingcot as n' i.e. with slope ad: n (1 vertical to h’ horizontal units)

S =N xd2 (4n—)x10% mm?3/ m?2
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With a slope ofl1:2, d= 4 mm & N=45, it can be deduced thatorage S is 0.43
litres/mz2.

The pre-condition of the theoretical detion is that JGT should be perfectly drapa
This is possible as JGT is the most drapable ajedksynthetics especially when it is \
(Report of Thomson & Ingold —1986- prepared foetnational Trade Centre).

The storage capacity of JGT is further enhanced tdugite’s inherent capability t
absorb water even to the extent of 485% of itsvdgight. It is assumed that 450% is
capacity of dry JGT to absorb water. When an opeawe JGT of 500 gsm is install¢
this would mean an additional storage d®4times 500 i.e. 2250 gms / sgm of wate
2.25 litres / sgm. In other words, the total voluofievater that can be stored overland
JGT stands theoretically at (0.437 +2.25) litres ggm or 2.687 litres per sqm wh
slope is 1:2, diameter afeft yarns is 4 mm and there are 45 yarns per sgtha wefi
direction. JGT therefore can claim to possess tighdst capacity of water stora
leading all other geosynthetics. And when stordgeaier on overland is high, there :
less chances of soil erosion for understandabkorea

Erosion of riverbanks has much to do with the tgp#he bank soil as well as fluctuati

in water level. Bank erosion is caused as a redult

* penetration of water into the bank soil and gatien of pore waterngssure therei
and

« outward thrust exerted by the pore-water aftentiater level recedes.

When the bank is full to the brim, pore water dneshave any chance to come out
to the counter pressure exerted by the river waitédng a balance. Oplwhen the leve
of water drops in the river, the balance is distpdegiving the entrapped pore watel
force its way out. The remedy lies in allowing there water to come out witho
dislocation of the bank soil. This is essentiatg ffiltration function that geosynthetis
are supposed to perform. It is necessary to demdie right pore size of the fabric tl
is capable of preventing migration of the mosth# soil particles on the one hand
allowing water to penetrate along and acrossmth@he two functions being
contrasting nature, porometry of the fabric requit@ be decided judiciously. Empiric
relations do exist for this purpose for man-madesgathetics, but for jutbasec
geosynthetics there is need to consider absenseamthness of its yarns along with 1
hygroscopic character of jute.

Bank soil is eroded also as a result of waves ieduzy ships and high wind. Curre
hugging a bank and vortices developed at the taehl#Enk are also responsible for b
erosion. Themagnitude of bank erosion depends, apart fromrigvef extraneou
factors, on the vulnerability of the bank soil. Wihenore than one factor @st,
regulation of flow by construction of guide walkpelling spurs and the like may
necessary concurrently with bank protective measwith geosynthetics.

The prerequisite for use of treated JGT in control of barksion is to enhance
durability against continuous exposure to watetuBen has been in use for quite sc
time with success for thipurpose. Bitumen however affects drapability ®TJWe are
looking for a better alternative that would enswater immiscibility and the desire
drapability without loss of strength and poromefriie research is in an advanced stage.



3. CASE STUDY WITH JGT FOR EROSION CONTROL

Location of the Site
Left bank of the river Phulahar in the district Mfalda, West Bengal, up stream
Sankharitala Ghat near Mathurapur (35 km from Madden).

Location map here

Problem

Flood during the monsoon as auk®f high precipitation caused rise in water ldveth
in the Ganga and the Phulahar connected with herd was a heaugp of the exces
water at the mouth of the narrower Phulahar tHetga bend at a distance of one ai
half kilometers from itsoutfall in the Ganga. The concave bank was utaedsbly
subjected to heavy erosion that was accentuatedtaustrong protective measui
undertaken on the opposite end for the stabilityt bfg landform (Bhutni Diara) that he
emerged within the Ganga.

On earlier occasions of flood also, the same d$iretas subjected to similar erosi
Irrigation & Waterways Department, Govt. of Westngal constructed earlier an api
of loose boulders to control of the bank. The aprould not stand the erosiforces an
gave in.

The problem is unabated erosion at the easterttlstdeiring the flood, engulfing chunks
of land every year.

Object
The object is to control erosion in the vulneradiletch of 750 meters (approximately)
of the river Phulahar by use of Jute Geotextile/andther measures.

Remedial concept

Erosion at the toe of the bank can be controlleddmstruction of submerged repelling
spurs or by construction of a toe wall. Irrigati@wWaterways Department adopted the
second option, presumably for avoiding flow reputsio the opposite end that could
destabilize the protective work around Bhutni Dialide bank slope measuring 12
meters in length was given a ‘break’ after 5 meteys the bank top, forming a berm of
a 1 meter.

Some features of relevance

The bank soil was made up of fine sand (averagiclgasize — 0.175 mm). Cefficient
of soil permeability was of the order of 4per sec. Thenonsoon discharge veers arol
9330 cumec while the maximum velocity of the cutneas of the order of 2 meters
second.

Implementation

Implementation of the remedial concept was dong0iod after the monsoon. A toe w
with crated boulders (900 X 1200 in size) was coreséd. The bank slope behind

toe wall was prepared and dressed to 2:1 slope lnonentreated woven Jut
Geotextile was laid over it. An armour of loosergra boulders (Rajmahal trap) two
layers having a thickness of 450 mm was placed theefabric.



Feature of Jute Geotextile used
The JGT used had the following features—

» Weight per unit area --760 gsm (1200 gsm afesattment with
bitumen)
 Tensile Strength (MDXCD) --minm. 20 kN/m x 20 kiNwhen grey

21 kN/m X 21 kN/m after treant
« Elongation at break (MDX CD) --maxm.10% X 10%
Porometry --150 microa 10%
Flow Rate at 50 mm constant water head---1ddlitrf/second
Permittivity at 50 mm constant water head—35(Dx° per sec.
Puncture Resistance --400 kN

Location Map of the River Phulahar









Performance evaluation
The treated stretch of the affected bank is inne §hape two years after remel
measured were taken with Jute Geotextile. Therlettthe Executive Engineer, Mal
Irrigation Division is confirmatory. The toe walllso played its desired role i
controlling erosion at the toe.

4. MECHANISM OF STRENGTHENING OF ROAD SUB-GRADE

One of the underlying principles for separation amthforcement function to k
effective by use of geosynthetics is not only tewa segregation and withstand
dynamt stresses respectively, but also to help genematabrane effect that exerts
upward thrust against the imposed loads. Initiakile strength of JGT and its Ic
extensibility certainly helps in this respect. Bubre important are the functions
filtration and drainage of geosynthetics that eesuatural consolidation of a road sub-
grade. Permittivity (flow across the geosynthetiaeyl transmittivity (flow along th
plane of geosynthetics) are two critical parametteais help maximize soil consdation
only when soil in the sulgrade is not allowed to migrate. Roadside drairagklatera
restraint of the pavement are two other technieaessities. All the requirements
indicated could be achieved if the fabric poromédryightly decidedDecision on por:
size of JGT or, for that matter, any geosyntheticritical.

Consolidation of soil, as already mentioned, isiraetddependent process and n
continue for a protracted period. In one of thddfiapplications on roads done
Kakinada Prt in Andhra Pradesh, an increase of CBR by aBdirmes were observe
after a lapse of 6 years of laying of woven JGTameverely damaged road! (Rao €
1993, Sreerama Rao 2003) This is again a poin&idhg term durability of JGT is n
a technical indispensability in all cases.

One of the difficulties faced in placement of JGider granular base/siliase is thi
probability of puncturing. The fabric may be punen by the sharp edges of cos
aggregates. The difficulty can be obviated byeagrof a thin cushion of sand above
under the fabric as necessary. In one of the Stldies, JGT was overlain by WB
comprising sharp-edged brick met@hickness of WBM was reduced and part of it
replaced by brick flat soling for prevention ofinrturing. Admittedly there wel
chances of inhibition of permittivity in such amrrangement. The difficulty we
overcome by keeping a gap of 10 mm in each jointehlity the extent of transmittivil
exceeds the magnitude of permittivity, the arrang@rnworked and the performance
the treated pavement was satisfactory.

5. CASE STUDY IN ROAD CONSTRUCTION

Location of the Site

Andulia-Boyratola Road is a 3.5 km long rural rdadatedunder Haroa block of tF
North 24 Parganas, West Bengal. dspes through three unconnected habitations ¢
close to agricultural fields, fishing ponds and Breeale industries. The area in futi
is expected to show up due to developmental progrsrbeing envisaged in the ar
The proposed road is likelp take on a larger traffic in future. It rests argrounc
higher than the ambient ground level by 725 mm.

The average annual rainfall in the area is 1500 mm.



Soil

The soil is basically organic silty clay (IS Solbssification-OL), Average L.L. is
46% while average P.L. is 27.5% (Pl is 18.5%). OM&s found to be 23.5% whi
MDD was observed to be 1.72 gm/cc. The averageesb@BR value of the sufprade
was found to be 3.22 % (4 days).

Traffic

Traffic census was carried out at the nearest @dltirer road (AWR) for the purpose
design , CVPD (Commercial Vehicles per day) hanldaken as 22, consideg 10%
of the traffic in the nearest all-weather road (AWR

Salient Features of the Project

The DPR was drawn up in accordance with IRC SPA22 Woven Jute Geotext
(JGT) was laid on the sub-grade to improve its CBRwement was designadth an
enhanced CBR value of 4.93% (1.5 times the exi@Bgr of the subgradecunded oft
to 5%). The total cost of the project worked cmtRs. 1.48 crores. The financ
component of JGT was 4.34% of the total projest.cd he thickness of theils base
the base and the wearing coarse was 200 mm, 15@&min26 mm respectively. (
per the relevant curve corresponding to the assuaigd, CVPD & average annu
rainfall).

Installation of Woven JGT

Woven untreated JGT (specifications given belowy Wad on the sulgrade afte
raising the road level to 1200 mm from G.L. (theeleof the subgrade). The to
width of the road was finished to 7500 mm with %:5ide slope while the actL
carriage way measured 3750 mm.

After the sub-grade waslted to OMC, the specified JGT was laid in taut @ition on
the prepared sub-grade, taking care to ensurethibeg was no gap between the sub-
grade and the fabric. Overlaps at sides (150 mmd)emds (300 mm) were provid
duly stapled at an interval of 300 mm with bro&gaded nails. A cushion of a tt
layer of local sand was provided on JGT to avoidgburing during rolling the sub-
base and the base of the pavement.

On laying the fabric, the pavement was finishedpas specifications stated in the
approved DPR which was vetted by the Civil engimgerDepartment, Beng
Engineering & Science University, Sibpur,West Bdnga

Specifications of Woven JGT

The specifications adopted for the woven untred@d were as under—
» Weight----- 810 gsm (untreated)
e Thickness--2 mm
* Width------ 76 cm
« Tensile Strength---minm. 30 kN/meter (both incmae & cross directions)
« Elongation at break---max. 10 % (both in MD & CD)
« Porometry--- 150 microri®%
« Permittivity at 50 mm constant water head---3500% per second
* Puncture Resistance ---0.600 kN



TYPICAL CROSS SECTION OF THE ROAD

ANDULIA — BOYRATALA ROAD BEFORE LAYING OF JGT



Inference-

Field CBR was ascertained by the Civil Engineeflepartment of Bengal Engineeri

& Science University (also the acdited State Technical Agency for the PMG
Programme). CBR was found to be 1@tigure double the enhanced design value o
sub-grade CBR estimated after laying of JGT.

The case study is a pointer that i) with JGT, thle-grade CBR could be improved b
around three times the control value even afteramtkhalf years and) i thickness of thi
pavement, reduced by 45 mm, almost compensatetbieon JGT. Evidentlthe desigr
was conservative and that further reduction in kidss would have been possible
entailing further cost reduction.

7. Conclusion

In the present realm of growing global emphasisadoption of bictechnical measure
Jute Geotextile deserves encouragement due tevera striking attributes. Of all tt
ingredients of nairal geosynthetics, jute happens to be the besinaple fibre tha
ensures making of customized fabric to meet sieeific requirements. JGT is also
most drapable of all geosynthetice—property essential for control of surficial <
erosion. Itslow extensibility and high initial strength helps eénhancing the bearii
capacity of soil. Woven JGT can now be made taailee strength of 40 kN / meter wi
a porometry as low as 100 micron. Its environmentaicordance is by far its mc
attractive feature along with its caostmpetitiveness. When we consider

environmental price of JGT, it matches with its rmade counterpart both in respeci
price and technical suitability in most of the gaabtnical applications. This is becal
long durability of geosynthetics is not a technigetessity in majority of applications.
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