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Abstract

Geotextiles are mainly made of man-made fibreskiote the last two decades natural fibre made
geotextilelike jute geotextile have been found ¢oefffective in improving geotechnical charactessf soil and are
being extensively used for various technical eresugke erosion control, management of slopesngthening of
roads, stabilization of embankments, protectiorivafr banks, consolidation of soft soil, etc. Tleekdrop of growing
global concern for environment concomitant with #ierming danger of carbon foot-print generatioralyamated
with non-biodegradability and higher toxicity gesigon from the use of synthetic fibres have createdirge to come
back to natural fibres, thereby opening new maokgtortunities.Jute Geotextiles (JGT), apart fresralvantages of
being eco-compatible and techno-economically viaidere proven to be among the most versatile astdeftective
ground modification materials which play a sigrafit part in modern pavement design and maintenance
techniques.Several varieties of Jute Geotextiles(both woven and nonwoven have since been desetlfqr a
number of geotechnical end uses e.g. improving mpawt performance, soil erosion, embankment, drairsygtem.
But, the use of JGT has been restricted mainly radenlay in road construction for strengthening fasement
structure by increasing the soil California BeariRafio (CBR) value apart from the other end useséfabrics are
also being used as interlayer for the preventiothefreflective cracking in the road. But the usd@T as overlay in
the road construction has not yet been tried saléae Paving Fabric which is a combination of wogad nonwoven
jute fabric impregnated with suitable type andgraflleitumen followed by its laboratory simulatiasting carried out
at the premiere Central Road Research InstitutdR{CRlew Delhi has great potential to be used aslay fabric for
strengthening the pavement structure as well asiapaubstitute of bitumen mastic commonly usedréad
construction. The focus of this paper is the désigiand engineering of Bituminized Jute Paving afBJPF)and
commercial application of the same on the roadiiftérent traffic volumes with assessment of itsfpenance based
on design consideration, selection criteria andalienactment.

Keywords: geotextile, jute geotextile, eco-compatible, taxgrbituminized jute paving fabric

Introduction

Geotextiles are textiles applied in soil to hetp i
engineering performanfdartin, Sarsby, Robert,
Anand, 2000). Geotextiles may be either man-made or
natural. Man-made geotextiles are made of artlficia
fibres like polypropylene, polyethylene and sombeot
petrochemical derivativéldorrocks, 1992). Natural
geotextiles, on the other hand, are made out afralat
fibres like jute, coir, sisal and the lijdaiti, 1979). Jute
Geotextile (JGT) is a natural technical textileeJut
Geotextiles (JGT) provides indigenous, available
technologies, which have got enough potential in
offering eco- friendly sustainable, cost effective

geotechnical solution to many ground engineering
problemgKusumgar, 1988). Although several varieties
of Jute Geotextiles both woven and nonwoven aragoei
used for a number of geotechnical end uses, itfech
that there is an urgent need to design and dewlagpse
fabric as overlay in the existing pavements ancemoth
emerging civil engineering applications if it has stay
technically and economically competitive in the ligb
markef{Jha and Mandal, 1988).To make effective use as
an overlay fabric on existing pavements, pavingitab
has to be water-proof and abrasion resi§Zamten,
1986).It has been reported that nonwoven Jute Geotextile
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is an extremely good receptor of hot bitumen, kesid
having thermal compatibility with bitumen in thenge

of 190c(Ghosh and Datta, 2006). Woven Jute
Geotextiles ensure durability against abrasion and
shea(Ranganathan, 1994). Hence Grey jute Paving
Fabric (GJPF) which is a combination of woven and
nonwoven jute fabric, smeared with suitable typel an
grade of bitumen can be used as overlay fabric for
strengthening of the pavements as well as partial
substitute of commonly used bitumen mastic in road
construction.Extensive research works are goingtaon
make a durable and cost effective smooth road piahs
system. The research works are mainly based on
construction of roads by using suitable geotextesy
recently, one such exhaustive research and
developmental work entitled “Engineering suitable
overlay fabric to serve as a cheaper substitutgtofmen
mastic’had been carried out by the Department ¢ Ju
and Fibre Technology, University of Calcutta, India
collaboration with Central Road Research Institute
(CRRI), New Delhi, India under the valued supenoiisi

of National Jute Board (NJB), Ministry of Textile,
Government of India. The prime objective of this
research work was to develop suitable grey jutengav
fabric with the combination of woven and nonwoven
fabric, followed by its bituminization by a suitabtype
and grade of bitumen. After bituminization the deped
product had been subjected to several field tratls
different high traffic volume roads across the he#the
major cities.Continuous monitoring of all those -ear
marked roads are going on at regular intervalépviohg

the Indian Roads Congress (IRC) guidelines and the
results obtained so far prolifically speaks abaaitth
satisfactory performance and techno-economic \igbil
of the developed bituminized jute paving fabric.

Material and Methods

The entire experimental operations for
preparation of different types of Grey Jute Pa\kiadpric
(GJPF) samples starting from selection of raw fibtes
and fibre-mixing (batch composition) to the prodaoict
of Bituminized Jute Paving fabrics (BJPF) has been
carried out under four stages - (a) the choiceaof Jute
fibre-mixing, i.e. batch composition, (b) the pregtaon
of woven fabric sample (c) the preparation of sngl
layered combined woven and nonwoven fabric sample
(d) the preparation of paving fabric samples (e)
bituminization of the grey jute paving fabric.

The Choice of Raw Jute Fibre for Mixing (Batch
Composition)

Based on experience and economic

considerations and as well as depending upon common

fibre quality criteria / attributes of Jute fibredifferent
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fibre-mixing (batch composition) have been useat, f
preparation of all the paving fabric samples. Kaggh
view the factor of techno-economic viability of $hiew
product, 10% — 15% Jute caddies/waste has been
judiciously used during manufacturing of Grey Jute
Paving Fabric.

Preparation of Woven Fabric Sample
Ten plain weave fabric samples of different gsm
(120 - 210 gsm) were prepared in the conventiouts J
Loom. After testing all of the developed woven fabr
samples related to the different geotechnical ptgpe
parameters, the specifications of the optimizeddsed
woven fabric sample selected as the woven component
for the production of the grey jute paving fabrie a
shown in Table 1.
Table 1 — Test Results of Woven Jute Fabric prepackein
conventional Jute Loom

Testing Parameters Values

1. Mass per unit area (gsm) 205.00

2.(a) Warp Grist (Ibs/spyndle) 6.90
(b) Weft Grist (Ibs/spyndle) 9.50

3. Thickness (mm) 1.10

4.(a) Ends/dm 38.00
(b) Picks/dm 33.00

5.(a) Wide -
Strength (kN/m),
(MD X CD)

Width Tensile 10.5 X 11.5

(b) Elongation- at- break (%)5.00 X 5.00
(MD X CD)

Preparation of Single Layered Combined Woven and
Nonwoven Fabric Sample

Ten cross-laid nonwoven batts of different gsm
(120-250 gsm) were combined with the selected woven
fabric sample in the Needle Punching Loomfor
production of single layered combined fabric. After
testing and analysis of all the single layered coedb
fabrics, the single layered combined fabric of the
selected woven fabric sample and the nonwovendfatt
210 gsm was selected for production of the pavagit.

Photo 1: Feeding of the carded slivers
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for Nonwoven Fabric preparation

Photo2: Combination of érss lapped
batt and Single layer woven fabric
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R -

Photo 5: Inspection of Finished Roll of GIPF

Table 2- Physical tests along with the standard tesnethods
of GJPF carried out at Geotextile Laboratory, Depatment
of Jute and Fibre Technology, India.

Photo 3: Comb ed: layer of Wéi/eh nd Nonwoven Fales

ﬁl(.). Test Parameters ASTM Test No.
1. Mass per unit area D5261-92(2009
2. Fabric Thickness D5199-01(2006)
3. Tensile Properties gfD4595-09
Geotextiles by Wide Width
Strip Method
4, CBR Puncture Resistance D6241-04(2009)
5. Bursting Strength — Ball D3787-07
7. Permittivity D4491-99(2009)
8. Apparent Opening Size (AOS D4751-04

Preparation of Grey Jute Paving Fabric Samples

Initially, ten numbers of Grey Jute Paving
Fabrics (GJPF) were produced by suitable combinatio
of single layered combined fabrics and woven fabric
samples (as shown in Photos- 1 to 5) with the loélp
needle punching machinein a commercial Jute Mill.
These produced fabric specimens have been testié in
Jute Geotextile Laboratory, Department of Jute Eibde
Technology, India as per National and International
Standards listed in Table 2, for assessing their
geotechnical property parameters as per the end-use
requirements.

5 T R
Photo 4: Combination of the combined
layers of fabric with woven fabric layer

Bituminization of Grey Jute Paving Fabric

Selected grey jute paving fabric samples,
physical properties of which had been furnishethbie -
3(annexure-1) have been sent to Central Road Résear
Institute (CRRI), New Delhi, India for selection tfe
right grade of bitumen such as Bitumen30/40, 60/70,
80/100, Polymer Modified Bitumen like PMB 40, PMB
70, PMB 120, Crumb Rubber Modified Bitumen CRMB
50, CRMB 55, CRMB 60 and Cationic Bitumen
Emulsion MS, S§ SSSPRAMUL (SSASTM and
CQS1H). After the laboratory testing as well
laboratory simulation testing of the bituminizedrgdes
it was observed by the CRRI scientists that theralve
tensile properties of the developed GJPFs treati#d w
emulsified Bitumen and specially emulsified Bitumen
had deteriorated. This could be due to the presefice
acidic base in the emulsion, which degrades the filute
while the other grades of Bitumen cause stifferohthe
Jute fabric. Moreover the tests carried out by CRRI
scientists revealed that excepting the polymer fremtli
bitumen (PMB) grades, coating GJPF with other typfes
bitumen did not have properinter- phasingresulting
peeling off of bitumen in some portions.

as
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Results and Discussions
Materials used in the study

The materials used in the study for preparation
of samples included aggregates, bitumen alongwitly g
jute paving fabric. It was necessary to conduct the
physical testing of the materials used to checkr the
suitability for use in the bituminous layétgihikari and
Zhanping, 2010).

Physical Tests on Aggregates

Aggregate forms the major part of the pavement
structuréMoRT&H, 2001) as they have to primarily bear
load stresses occurring on the pavement. So, figtura
they have to withstand the high magnitude of load
stresses alongwith wear and tear. The aggregates of
different sizes (20mm, 10mm, 6mm, stone dust and)i
were obtained from a hot mix plant near Delhi, éndnd
various physical tests were carried out on therohieck
their suitability for use.
Specific Gravity and Water Absorption Test

Specific gravity of an aggregate is considered to
be a measure of strength or quality of the material
Stones having low specific gravity are generallyakey
than those with higher with higher specific gravity
values. The specific gravity test helps in idea#fion of
stondASTM spl. Publication 508, 1971). Water
absorptiongives an idea of strength of rock. Stones
having more water absorption are more porous iareat
and are generally considered unsuitable unless dhey
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Table 5 - Gradation of Individual Aggregates

Sieve | Percent of Aggregates Passing through sieve
Size, size
mm
20 13.2 6 mm | Stone | Lime
mm mm Dust
26.5 100.0| 100.0| 100.0] 100.0 100
19 65.8 100.0 | 100.0f 100.00 100
13.2 4.7 84.1 100.0] 100.00 100
9.5 0.3 24.5 96.1 98.9 100
4.75 0.0 0.5 14.5 96.2 100
2.36 0.0 0.2 0.4 81.7 100
1.18 0.0 0.1 0.3 58.8 100
0.6 0.0 0.1 0.3 48.2 100
0.3 0.0 0.1 0.3 30.9 99
0.15 0.0 0.1 0.2 18.9 89
0.075 0.0 0.1 0.1 9.7 62
Impact Test

Toughness is the property of a material to
resist impadMarienfeld and Baker, 1999). Due to
traffic loads, the road stones are subjected to the
pounding action or impact and there is possibitify
stones breaking into smaller pieces. The road stone
should therefore be tough enough to resist fraatacer
impact. The impact test measures the resistandéeof
stones to fracture under repeated impacts. Thedsslts
are presented in Table 6.

Table 6 - Test results for Aggregate Impact Test

found to be acceptable based on strength, impadt an
hardness tegfShe Asphalt Handbook, 2007). The test
results are presented in Table 4. The gradation of
individual aggregates is presented in Table 5.

Table 4- Test Results for Specific Gravity & Water

Absorption
Type of | Specific | Water Permissible
aggregates | Gravity | Absorption| Limits as per
(%) MoRT&H, 2001
Coarse 2.62 0.50
aggregates
(20mm)
Fine 2.61 0.67 2 0% max.
aggregates
(13.2mm)
Fine 2.63 0.71
aggregates
(6mm)
Stone dust 2.68 - -
Lime 2.24 - -

Type of | Aggregate Permissible Limits

aggregates Impact Value| as per MORT&H,
(%) 2001 (For BC)

Coarse 19 % 24 % max.

aggregates

(20mm)

Fine aggregates13.35 %

(10mm)

Shape Test

The particle shape of aggregates is determined
by the percentage of flaky and elongated particles
contained in i S: 2386 (Part 1), 2002). The presence of
flaky and elongated particles is considered undbkiras
they may cause inherent weakness with possibilities
breaking down under heavy loads. Angular shape
preferred due to increased stability derived frame t
better interlocking. The flakiness index of the mag@tes
is the percentage by weight of particles whosetleas
dimension (thickness) is less than three-fifth 0o®
their mean dimension. This test is not applicablsites
smaller than 6.3 mm. The elongation index of the
aggregates is the percentage by weight of partlese
greatest dimension is (length) is greater than ane

is
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four fifth times (1.8 times) their mean dimensidrhe
elongation test is not applicable to sizes smalian 6.3
mm.
Stripping Test for Aggregates

The aggregates used in bituminous pavements
should have less affinity with water when companith
bituminous materials, otherwise the bituminous icmat
on the aggregate will be stripped off in presenfe o
watel(l S: 6241, 1971). To check the stripping properties
of the aggregates IS: 6241-1971 describes the guoee
for stripping test. The stripping test was done tha
aggregates with 60/70 bitumen. The retained coatiag
found to be more than 95 %, which conforms to the
requirements as per MoRT&H specifications, 2001
(Fourth Revision). So, the test for water sengitivias
not been carried out in the present study.

Physical Tests on Bitumen
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vertical) in the oven at 13% 2°C. This is followed by
hanging the specimen for 30 min from one end aed th
from the other for the same time. The asphalt cémen
coated, saturated test specimen is then allowetbb
for a minimum of 30 min and then trim off the exses
asphalt cement.The Asphalt retention is calculatethe
average of the asphalt retention observed for tadl t
specimens is as follows.aR (W - Wg)/ Ag,Where, R

is the Asphalt Retention in gfmWsyis the weight of
saturated test specimen in g,;\W the weight of
geotextile test specimen before saturation in d, Agis
the area of geotextile specimen before test fThmee
samples have been tested for asphalt retentioe&ohn
type of bitumen and the average value has beemtegho
The test results for asphalt retention are givehahle 7.

Table 7- Test results for Asphalt Retention of jutgpaving

Bitumen is a petroleum prod{bbn, 1982)
obtained by distillation of petroleum crude is ugsedhe
construction of road pavement especially in flexibl

pavement to withstand a relatively adverse coralitid

traffic and climate. Different physical tests likiectility

tes{IS: 1208, 1978), softening point te@tS: 1205,

fabric
SI. | Type of Bitumen used for Asphalt
No. | impregnation of jute paving fabric retention in
kg/n?
1. 60/70 Bitumen 3.4
2. PMB-40 Bitumen 3.6
3 80/100 Bitumen 3.7

1978), specific gravity te¢tS: 1202, 1978), penetration
tes{IS: 1203, 1978)and viscosity testhave been carried
out. However, the impregnation of the jute sampias
been done with three different binders viz., 60F7MB-

40 and 80/100, so the asphalt retention test hexs thene
with all the three binders.

Asphalt Retention Testing of bitumen treated jute
paving fabric

Asphalt retention is defined as the weight of
asphalt cement retained by paving fabrics peranmai& of
specimen after submersion in the asphalt cemerg. Th
test has been done as per ASTM D 6148tahdard
Method to Determine Asphalt Retention of Paving
Fabrics used in Asphalt Paving for Full-width
Applications. The test procedure for determining asphalt
retention is toselect a random four-machine dioectind
four cross machine direction specimens measuriry 10
by 200 mm (4 by 8 in.) forming the individual test
sample this is followed by conditioningof the indival
sample and weighingit to nearest 01 g. To prehgatailt
cement to 135 2°C.Then to submerge the individual
test specimen in the specified asphalt cement aiaizd
at a temperature of 1352°C in a mechanical convection
oven. The specimen will then be submerged for 30. mi
two clamps may be placed on the fabric, one on eadh
to facilitate handling of specimen.After the reguir

submersion, the coated asphalt cement to be removed

saturated test specimen and hang to drain (long axi

The procedure for asphalt retention test is shown i
Photos 6 and 7.

Photo 7: Jute samples after impregnation with bitunen

Marshall Mix Design Method

Bruce Marshall, formerly bituminous engineer
with Mississippi State Highway Department, USA
formulated Marshall Method for designing bituminous
mix. The test procedure has been standardizetiSmNI
D 1559). In this method, the resistance to plastic
deformations of cylindrical specimen of bituminous
mixture is measured when the same is loaded at the
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periphery at 5 cm per minute. The test proceduresé
in designing and evaluating bituminous pavementes
The test procedure is extensively used in routis
programme for the paving jobs. There are two m
features of the Marshall method of (gning mixes
namely density void analysis and stabil- flow tests.
The Marshall stability of the mix is defined as
maximum load carried by a compacted specimen
standard test temperature at 60 The flow value is th
deformation the Marshall Tesspecimen undergot
during the loading up to the maximum load, in Omh
units.
Design requirements of mix as per MoRT&H
Specifications

As per the MoRT&H specifications for BC mi
when the specimens are compacted with 75 blow
either face, the desigd BC mix should fulfil the
following requirements:

ISSN: 2277-9655
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Marshall stability value, kg (minimum) 900
Marshall flow value, mm 2-4
Voids in total mix, Vv % 3-6
Voids in mineral aggregates filled wi| 65 - 75
bitumen, VFB, %

Loss of stability on immersion in wat| > 75 %
at 60°C

Marshall Mix design and determination of OBC for
the present studyProportioning of aggregates

For the purpose of this study, the gradatior
BC mix was selected based upon the thickness o
layer. This study was carried out for 50 mm thiakdr
of BC as per clause of MORT&H specification (Fot
Revision, 2001). The individusgradation of selected
component aggregates and their proportioning aehli
by trial and error method is given iTable 8. The
designed gradation along with the specified linig:
shown in Graph 1.

Table € - Proportioning of Aggregates for BC Mix Design

Sieve | Percentage of aggregates passing through sie\

Size
Nominal size of aggregates Blend Proportion by wt| Specified Limits for
A B C D E of aggregate 50 mm BC
20 13.2mm| 6 mm | Stone Dust | Lime A:B:C:D:E (MoRT&H, 2001)
mm 31:10:17:39:3

26.5 100.0 | 100.0 100.0 | 100.0 100 100 100

19 65.8 100.0 100.0 | 100.0 100 89 79-100

13.2 4.7 84.1 100.0 | 100.0 100 69 59-79

9.5 0.3 24.5 96.1 98.9 100 60 52-72

4.75 0.0 0.5 14.5 96.2 100 43 35-55

2.36 0.0 0.2 0.4 81.7 100 35 28-44

1.18 0.0 0.1 0.3 58.8 100 26 20-34

0.6 0.0 0.1 0.3 48.2 100 22 15-27

0.3 0.0 0.1 0.3 30.9 99 15 10-20

0.15 0.0 0.1 0.2 18.9 89 10 5-13

0.075 | 0.0 0.1 0.1 9.7 62 6 2-8

100 1
90
20
70
&0
50
A0
30
20
10
26.5 13 132 55

475 235 L18 (06 0.3 015 0075

——Firal Blending ——Lpper Limit Lower Limit

Graph1l: Proportioning of Aggregates for BC Mix Desgn

Marshall Method of the mix design asr
ASTM D-1559 was carried out for determination of
optimum binder content. To determine the optin
binder content (OBC). Marshall samples were prap
at varying percentages of 60/70 paving grade bir
Volumetric and mechanical parameters obtaifor BC
with 60/70 paving grade bitumen such as Bulk dgn
Marshall Stability, Flow, and other volumetric pespes
were then obtained which are givenTable 9. The test
values obtained are plotted graphically and show
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Graph 2. Using the above pameters, Optimum Bindt
Content (OBC) was found to be 5.67 percent by wie
of aggregates.

Table 9-Volumetric and Mechanical Parameters
obtained for BC with 60/70 Bitumer

Binder Bulk Stability, Flow, Air Voids Filled | Voids in Mineral
Content. % | Density. Kg mm Voids, | with Bitumen. Aggregates
by weight of gm/cc % VFB, % VMA
Aggregate
3.0 2382 1047 28 5.37 67.67 5.0
35 2391 1160 31 434 74.00 55
6.0 2384 1093 33 3.95 7117 6.0
6.5 2371 984 4 3.82 7894 6.5
Binder V/s Bulk Density
2400
3 {—=t
E’A /// \\\\‘
2 | I~
£'2.380 N
2
a SN
=
5
@
2.360
5 5.15.25354555657585.9 6 6.16.2636465
Binder, %
BinderV/s Stability
1200
1150 = =
)
<1100
Z1050 N
H
© 1000
@
950
200

5 515253545556575859 6 6162636465
Binder, %

BinderV/s Air Voids

7.00
6.50
6.00
5.50
5.00
450
4.00
350
3.00

Air Voids,%
/

—

5 5156253545556575850 6 6162636465
Binder, %
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Binder V/s Flow
45
4.0
R 35
3 I
2 30
™ —
25
2.0
5 55 6 65
Binder, %
BinderV/s VFB
850
500 —
® ]
o 75.0
e
> /
700 =
650
5 55 6 65
Binder, %

Graph 2: Marshall Parameters obtained for BC with
60/70 Bitumer
The vdues obtained at the optimum binder con
5.67% are indicated in Table 18s can be seen they
are meet MoRT&H specifications for BC nr

Table 10 -Marshall Parameters Obtained at Optimum
Binder Content with 60/70 Bitumer

Parameters Values obtainel| Specified Valueg

at OBC as per MORT&H,
2001

Stability, kg 1160 > 900

Flow, mm 3.1 2-4

Air Voids, % 4.4 3-6

Voids Filled with| 73.8 65—-75

Bitumen, %

Density, gm/cc 2.390 -

Beam Fatigue Testing

The flexure fatigue te(Adhikari and
Zhanping, 2010)is conducted to evaluate the fatic
characteristics of an HMA mixture. Fatigue crackioift
pavement is considered to be more a structurallgmuo
than simply a material problem. Several externeldis
influence the fatigue cracking in pavements, sis poor
subgrade drainage, time of placement, and methc
compaction and placement of the asphalt mix.
specimens for this test are 63.5 mm by 50 mm by
mm beams. The test is conducted in accordanceet
procedures in AASHTO T 3i-07. In this method,
repeated haversine loads are applied at the tbirdgpof
the specimen. The beam fatigue test can be cortlit
controlled stress or controlled strain mo
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Table 11 - Beam Fatigue Testing Results

(A) beam samples (with no jute)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 5 10
Number of Repetitions t9 159440 | 58110 112100 44120 28250 17670
Failure (N)

(B) beam samples (with jute impregnated with 60/78inder)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 10 5
Number of Repetitions tgp 312320 | 153200 143640 131250 122590 55040
Failure (N)

(C) beam samples (with jute impregnated with pmb-4®inder)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 10 5
Number of Repetitions t0 429510 | 159900 376900 186430 160120 112090
Failure (N)

(D) beam samples (with jute impregnated with 80/108inder)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 10 5
Number of Repetitions t0 198110 | 115390 184060 82000 125910 70900
Failure (N)

It can be seen from the above table that thera immprovement in the fatigue life of the beam whigitamen impregnated
was used since they sustained more number of tiepsti

To evaluate the effect of bitumen impregnated jotthe fatigue life, a factor called “EffectiveneBactor” (EF) has been
calculated as given below:

Number of repetitions to failure for reinforced beams

Effectiveness Factor (EF)=
( )Numher of repetitions to failure for unreinforced beams

The effectiveness factors for the beams for diffetest conditions were calculated and are giverainle 12.

Table 12 - Effectiveness Factors for Beams for Défent Test Conditions
(A) beam samples (with jute impregnated with 60/7®inder)

Strain Level (microstrain) 300 400 500
Frequency (Hz) 5 10 5 10 10 5
No. of Repetitions to Failure (N | 1.96 | 2.64 1.28 2.97 4.34 3.11

Average value of Effectiveness Photo 8.1
Factor (EF) = 2.72
(B) beam samples (with jute impregnated with pmb-4®inder)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 10 5
Number of Repetitions to Failune2.69 | 2.75 3.36 4.23 5.67 6.34
(Ng)

Average value of Effectiveness Factor (EF) = 4.17
(C) beam samples (with jute impregnated with 80/108inder)

Strain Level (microstrain) 300 400 500

Frequency (Hz) 5 10 5 10 10 5
Number of Repetitions to Failunel.24 | 1.99 1.64 1.86 4.46 4.01
(Ng)

Average value of Effectiveness Factor (EF) = 2.53
Note: The reference beam for calculating the EF Ieesn taken as plain beam without jute.
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It can be seen from the above table that ave
value of Effectiveness Factor (EF) was found to
highest for PMB40 impregnated jute fabric. Also, PI-
40 gives higher values of EF for all the strainelsvanc
frequency loadings. So, it can be concluded the -40
is the most effective binder for increasing thegiae life
and will mitigate the prommtion of reflective cracking
However, field performance evaluation is a must
evaluating the actual behavior under ambient clir
conditions.

Wheel Tracking Test

Wheel tracking is used to assess the resisi
to rutting of asphaltic materialsnder conditions whic
simulate the effect of traffic. A loaded wheel kaca
sample under specified conditions of load, speed
temperature while the development of the rut peofd
monitored continuously during the test. The wt
tracking test cosists of a loaded wheel assembly ar
confined mould in which a 305x305x50mm specime
asphalt mix is rigidly restrained on its four sidéhe tes
specimen is mounted on a table which is recipraca
distance of 230mm on linear bearings at the fied
speed of 42 passes/minute along the length ofldie A
loaded rubber tyred wheel runs on top of the spew
and the resultant rut is monitored as the test quds
using a calibrated displacement transducer.
temperature during the test is mained by an insulate
closed chamber maintained at a constant test textuype
of 50 + 1°C. The specimens are subjected to 2!
cycles. Two specimens were tested for each mix
average data on rut depth was found out. The rpth
was recorded at migeint of the specimen length. T
slabs for this test were prepared by filling theutdowith
the bituminous mix and applying static load throl
UTM till the depth of 50 mm is achieved. Two ditéat
types of slabs were prepared for this test onééslab
with control mix (in which no jute was used) anc
other is the slab in which jute impregnated withB-40
was laid in the bottom oniitird height of the sample
The results for the wheel tracking test are plotie:
graph 3.
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Graph 3: Number of Passes Vs Rut Depth (in Whee
Tracking Test)
Discussions

After thorough laboratory testing of tl
compatibility of different typesnd grades of Bitumen
with grey ute fabric, the CRRI scientists obsenand
recommended thatuje was found to be effecti in
increasing the fatigue life of bituminous mixes.tel
impregnated with 60/70 bitumen was found to have
average Effectiveness Factor (EF) of 2.72, i.e.
increases the fatigue life by 172 % compared mples
where no jute was usedute impregnied with PMB-40
bitumen was found to have an average Effective
Factor (EF) of 4.17, i.e., it increases the fatigjte by
317 % compared to samples where no jute
used.Finally, yte impregnated with 80/100 bitumen v
found to have an average Efliveness Factor (EF) of
2.53, i.e., it increases the fatigue life by 153 &mparec
to samples where no jute was uA higher value of
Effectiveness Factor (EF) indicates higher pot¢ of
the developed fabric to be used for field trialpas the
objectives of the project.

Based on the laboratory testing and analysi
the results obtainedhe CRRI scientists recommenc
that ute impregnated with PNV-40 bitumen was found
to have the highest fatigue life and therefore,isi
recommended to be used fihe purpose of field trial:
Proper impregnation of the jute fabric as per ASGMO
should be ensured. It must be ensured that the
thickness of the jute fabric is impregnated withe
bitumen. However, any excess bitumen on the suidé
jute fabic should be removed immediately.The laying
jute fabric should be done with mechanized equigr
capable of providing a smooth installation with
minimum of wrinkling or folding. MORT&H
specifications, 2001 must be adhered to during
construction oprations and strict quality control must
ensured durig the bituminous constructioiThe laying
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of the bitumen impregnated jute fabric should beedm
accordance with the requirements of IRC: SP: 59-
20021 RC: SP: 59, 2002).

Table 13 - Test Results of the Properties of Bitumized
Jute Overlay Paving Fabric

Sl. Property Parameters | Values
No.
1. Mass per unit arep3500
(gsm)
2. Thickness (mm) 8.0
3. Bitumen Add-On% 240 (approx.)
4. Tensile Strength 38.50 x 40.00

(kN/m) [MD X CD]

5. Breaking Elongation 11.00 x 9.00

(%)[MD X CD]

6. Bursting Strength 43.00
(kg/cnt)
Field Trials

Field Trial of the developed Bituminized Jute
Paving Fabric (BJPF) has been carried outat theipes
of Department of Jute and Fibre Technology, Unitgrs
of Calcutta. The laying of the Bitumen impregnajede
fabric has been done in accordance with the reqpgirgs
of IRC: SP: 59-2002. Monitoring of the field trias well
as performance evaluation of the BJPF are going on
which will be under a constant observation for essk
two years. Close monitoring of the field trial isigg on
after every fifteen days and will continue for thext two
years to assess the performance of the road ureddr f
trial. In the course of physical observation during
monitoring of the road section under traffic sintath
condition there were no signs of cracks and pogesol
appearing on the surface of the road even after the
completion of ten months of traffic simulation.
Standardization and optimization of the product Wwé
made and disseminated to the manufacturers and end
users for commercial application after the completf
monitoring and performance evaluation of the produc

20 mm

BJPF
Mastic AsphaltExisting Riding Surface
Fig. 1 Sectional View of the Design of the Field Tal with
the Developed BJPF

Based on the pilot field trial performance, a full
scale commercial field trial has been carried ordroa
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stretch of lane of area -1000 sq. mts. approximaael
Uday Shankar Sarani, Golfgreen, Kolkata India to
evaluate both of the functional as well as strutur
contribution of the developed Bituminized Jute Ragvi
Fabric (BJPF) reinforcement to the pavement systea
full volume traffic road (Fig. 1).

Some Glimpses of the Commercial Field Trial at
Uday Shankar Sarani, Golfgreen, Kolkata- West
Bengal, India

Photo 10: Laying of BJPF
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.

Photo 11: La ing of Mastic on BJPF

; R A
3 b PR - ul b
Photo 13: Thermosealing of the joints

Monitoring

Physical appearance of the stretch is similar ® rfastic asphalt. Regular traffic is moving smoptbh the newly
prepared road at the above mentioned site. Closetonimg of the road is in progress and will congnfor the next two
years as per the guidance of CRRI, New Delhi, aatiodal Jute Board, Ministry of Textile, Governmaritindia, and

Indian Roads Congress (IRC)
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Conclusion

An effective grey jute paving fabric (GJPF) has
been designed and engineered in a conventional and
commercial Jute Mill followed by its bituminizatian a
bitumen treatment plant  to produce an
effectivebituminized jute paving fabric (BJPF). The
performances of the severalfield trials of the deyed
producttill date are satisfactory which reflectse th
efficacy of the same in restoring the ecologicdbbee
on one hand and battling the generation of carbon
footprint by curbing the tremendous consumption of
bitumen in road construction. The performance & th
developed product are being assessed on a reqaga b
through extensive monitorings as per the guidelofdse
premiere Central Road Research Institute(CRRI), New
Delhi in collaboration with Civil Engineering
Department, Bengal Engineering and Science Uniyersi
(BESU), Shibpur and National Jute Board (NJB),
Ministry of Textile, Government of India. No doubt,
the developed BJPF can prove its potentiality in
engineering solution to the road constructions ttiés
will not only open newer avenues to the class of
Technical Textiles but also will give a huge impeto
the Jute Sector and serve the society as a whble. T
developed fabric can be subjected to more number of
field trials of different scales under differeninchtic and
road conditions and can be evaluated for assesbing
performance at regular intervals for having better
understanding about the suitability of the devetbpe
product which will establish the acceptability oh a
innovative Jute Fabric-Mastic Asphalt road condtac
system.
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Table 3 — Test results of 10 numbers of Sandwich trifabrics produced at reputed Jute Mill, West Bengl.

SL No. Specifications GSM Thick- Tensile | Elongati CBR | Bursting Flow - Permittiv | Permeahi AOS
Strength on Punctu | Strength rate ity lity
(gm) at ness re (U/m?/sec) [D95]
8.5% (KN/m) (%) (kg / cm?) (/sec) (cm/sec) i
MR (mm) (o) (Micron)
(actual) MDXCD | MDX
cD
I 2layer woven (hessian 250 52 17.60 300 1809 2882 116.40 253 123 250
warp batch)+2 _
layemonwoven{hessian & 2.
W balchg 19.20 14.00
I 2 layer woven (hessian 1120 5.80 1990 5.00 212 3013 1003 201 1.16 190
warp batch, Shuttle less =
Loom ) + 3 layer X X
nonwoven{Sacking 17.25 1500
weft batch)
I 3 layer woven (hessian 1035 6.80 25.00 6.00 286 36.00 2440 1.69 0.948 170

warp batch) +2 layer

nonwoven{hessian warp X X
batehy 26.00 15.00
v 3 layer woven (hessian 1275 7.25 2385 6.00 323 4152 67.30 135 0970 180
warp batch, Shuttle less =
Loom ) - 3 layer = N
nonwoven(hessian warp 1835 16.00
batch)
v 3 laver woven (hessian 1408 1029 2885 3.00 3.76 6486 6434 125 128 135
warp batch) + 4 layer _
nonwoven(Sacking L %
el Yatoh) 3125 16.00

Continuation of Table-3

5L No. Specifications GSM Thickn Tensile Elongati CBR Bursting Flow-— Permitti | Permeahil A0S
€55 Strength on Punctur | Strength rate vity ity
(gm) at “ (Umfsec) [Oss1]
8.5% (mm}) (EN/m) (%a) (kg / (/sec) (em/sec) )
MR i i ) em?) (Micron)
(actual) MD X CD MD X
D
Vi 4 layer woven (hessian 1480 821 29.15 5.00 385 7752 63.50 131 107 140
warp batch, Shuttle less
Loom ) + 3 layer X X
nonwoven{Sacking 3150 16.00
weft batch)
VII 4 layer woven (hessian 1506 247 3148 6.00 398 6628 4832 0564 0818 110
warp batch, Shuttle less
ILoom ) + 4 layer X X
nonwoven {Caddies & 32.07 17.:00
waste batch)*
WVIII 3 layer woven (hessian 1520 84 30.83 6.00 428 50.60 5802 1.178 0.980 120
warp batch, Shuttle less
Loom ) + 4 laver X X
nonwoven{hessian 3235 17.00
warp batch)
X 3 laver woven (hessian 2030 003 36.10 T.00 368 8436 3476 0.693 0.691 93

warp batch) + 4 laver

nonwoven{hessian X% %
Wam batch) 3473 19.00
X Hlayer woven (hessian 2180 10.01 3883 6.00 589 5238 56.00 112 0.120 20
warp batch)+ 4 layer
nonwoven(hessian X X
v batoh) 3021 17.00
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