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EFFECTS OF WEAVE STRUCTURE ON TENSILE STRENGTH, IMPACT
STERENGTH AND WATER UPTAKE PROPERTIES OF JUTE FABRIC
REINFORCED POLYESTER COMPOSITES
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ABSTRACT

A study was conducted to investigate the effects of the weave structure on the tensile strength (TS), impact
strength (IS) and % water uptake (WU) behavior of six different jute fabric reinforced polyester composites at
the Department of Textile Engineering, Mawlana Bhashani Science and Technology University, Bangladesh;
and the Institute of Radiation and Polymer Technology, Bangladesh Atomic Energy Commission, Dhaka,
Bangladesh during 2015. The unsaturated polyester resin was used as the matrix material for the composite
preparation. The six structures of the jute fabrics: 2/2 twill, zigzag twill, diamond, plain, 2×2 matt and 4×4 matt
were used as the reinforcing materials. The composites were prepared using the hand layup technique
maintaining 75% resin and 25% jute fabrics. The TS, IS and % WU of the resultant composites were measured
as per the ASTM standards. The results clarified that, the composite from the twill fabric was better in both the
warp and the weft ways having the TS of 39 MPa and IS of 14.39 KJ/m2 in the warp way. Oppositely, it shows
the TS value of 42 MPa and IS of 16.80 KJ/m2 in the weft way. The % WU of the composites increased with the
rise in the immersion time in water: it varied notably with the weave structure variations of the reinforcing
fabrics. The composite from the zigzag fabric had the highest WU (6.56) while that from the twill had the
minimum (3.10%).
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INTRODUCTION

Modern technologies are looking for materials with
the unusual combinations of properties which cannot
be met with the conventional ones. It is very true for
the materials needed for aerospace, shipbuilding and
other uses in transport, e.g. aircraft engineers are
searching for structural materials having high impact
strength of light weight. But it is a formidable
mixture of material properties as strong materials are
relatively dense but it is hard to produce a light
weight material with dense ones. Material property
combinations and ranges have been, and yet are
being extended by the improvement of composite
materials (William 2006).
Nowadays,
synthetic
polymers
are
used
progressively in modern technologies to replace
conventional ones like metal, steel, alloys, concerts,
wood etc. (William 2006; Cambell 2000; Feldman
and Barlata 1996; and Karger-kocsis 1995). Much of
the industrial progress is embedded in the uses of
easily existing synthetic polymers: polypropylene,
polystyrene and polyvinyl chloride as insulators for
both heat and electricity (Cambell 2000; Feldman
and Barlata1996; Karger-kocsis 1995;Pukanszky and
in Karger-kocsis(1995). Those are also extensively

used as building materials and household appliances
for their good balance of mechanical strength
(Cambell 2000; Feldman and Barlata 1996; Kargerkocsis 1995;Pukanszky and In Karger-kocsis 1995).
For the increasing demand of the life-style, the
steadily increasing claim of plastic and plastic
products lead to the rapid growth of global plastic
industries resulting in decreasing the feedstock
energy resources in one hand and increasing the
environmental pollutions on the other hand too. So,
the existing pattern of resource use for the production
of plastic materials might lead to a collapse of the
whole eco-system within this century! Thus, it is the
high time to reduce the uses of stored natural fuels to
save the environment. Thus, approaches of
synthesizing and developing novel materials with the
blend of natural and synthetic polymers are searched.
It gives the knowledge of developing new
composites: bio-composites, and provides awareness
of the emission of vulnerable ingredients to the
environment. Natural polymers are bio-degradable
and do not possess the necessary thermal and
mechanical properties fit for the substitution of
engineering plastics; it limits their wide industrial
uses. Besides, natural polymers absorb moisture due
to their hydrophilic nature and the content of which
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reportedly reaches 8-13% (Pervaiz and Sain 2003)
resulting in the natural polymer based products less
durable. But synthetic polymers are hydrophobic and
exhibit poor compatibility if combined with natural
polymers. It also limits their uses in bio-composites.
Hence, natural polymers must be processed to
remove their inherent hydrophilicity and make
compatible with synthetic polymers to produce biodegradable polymers with desired properties.

A mylot paper with the similar dimension of the
glass plate was placed on the glass plate. The 500cc
polyester resin was taken in a plastic mug and 3.75cc
MEKP was added in the mug. These two chemicals
were mixed-up with an agitator. One third of the
mixture was poured onto the mylot paper and spread
over an area similar to the jute fabric with a plastic
spreader. One ply jute fabric was then placed onto
the polyester resin mixture and rolled with a hand
rolling machine. Again, 1/3rd of the mixture was
poured and spread on the jute fabric. Another ply of
the jute fabric was placed on the previous one and
then rolled. The rest of the mixture was poured onto
the 2nd ply and spread. The ply consisting of the two
lays of the jute fabrics was then covered with another
mylot paper and rolled with the hand rolling machine
and another glass plate was placed on it. The dead
weight of 20kg was loaded on the lay for 60minutes.
Finally, the dead weight was unloaded and the two
layers of the mylot paper were separated from the
composites. Thus, the said six jute reinforced
polyester composites were obtained (Figure 1).

Jute (Corchorus spp. L.) is the golden fiber and main
cash crop of Bangladesh and its survival over
synthetic fibers depends on its use as a preferred
textile material. To strengthen her agro-based
economy, the potential uses of jute fibres in
prospective applications are to be increased and
materialized with a great role by gradually
developing and enhancing its properties. Improving
the quality of jute products for mechanical, chemical
and electrical properties are also receiving extensive
attention in recent years (Mohanty and Verma 2006;
Mohanty et al. 2005; Khan et al. 2005; Mohantyet al.
2000; Bledzki and Gassan 1999; Khan et al. 1999).

The specimen for the TS measurement was prepared
as per the ASTM standard (ASTM Designation. D
638-03). The crosshead speed of 10 mm/min and the
gauge length of 50mm were kept. The load was
continuously applied using the UTM machine
(Figure 2) to the sample till it was fractured. The
loads and the resultant extensions were recorded
using a computer.The impact energy absorbed by the
composites was measured with the Izod Impact
Testing Machine (HT-8041B; Figure 3) as per the
ASTM standard (ASTM Designation. D 256-10).
The dimensions of the standard specimen for ASTM
D-256 were 63.5 x 12.7 x 3.2 mm. The impact was
applied to a test piece put on an anvil by a hammer
brought-up to a specified level and the absorbed
energy required for the fracturing was read from the
formula:

Natural fiber reinforcing thermoplastic composites
are suitable in use in buildings, automobiles,
electrical and packaging sectors due to their
availability, ease to process, fast production cycling
and low processing cost over traditional ones
(Pervaiz and Sain 2003; Karger-kocsis 1995). The
natural fibers (jute, sisal, coir, banana and hemp)
have many pretty traits: low density, less
abrasiveness, bio-degradability and renewability over
traditional glass and organic fibers (Santos, 2009;
Mohanty and Verma 2006; Arondoet al. 2005;
Mohanty et al. 2005; Brahmakumar, Pavithran and
Pillai 2005; Sombatsompopet al.2005; Khan et al.
2005). So, the uses of natural fiber reinforced
thermoplastic composites are increasing gradually. In
the present work, untreated jute fabrics having six
different weave structures (plain, 2×2 matt, 4×4 matt,
twill, zigzag twill and diamond twill) were used as
the reinforcing materials and unsaturated polyester
resin were compared as the matrix for preparing the
composites.

IS =

Energy absorbed by the specimen
Area of the specimen

The percentages of WU of the composites were
measured as per the ASTM standard (ASTM
Designation. D 570-81). The test specimen was cut
having the dimension of 10.4 X 0.9-1.0 cm. The cut
samples were kept in an oven at 80OC for 24hrs,
taken out and weighed immediately (Wi). Then the
specimens were immersed in a static water bath at
25OC for time interval of 5hrs (up to 25hrs). Then the
specimens were taken out from the water bath and
wiped with tissue paper and weighed-up (Wf). The %
WU was determined with the formula:

MATERIALS AND METHODS

The reinforced jute (C. olitorius) fabrics were
manufactured at a local handloom with 12 Ends per
Inch (EPI) and 16 Picks per Inch (PPI) using the 17
lbs/spindle grey jute yarn. The commercial grade
unsaturated polyester resin as the matrix material and
methyl ethyl ketone peroxide (MEKP) as the cross
linking agent were collected from Nasim Plastic
Industries Ltd., Dhaka. The composites were
prepared by the hand layup technique. Jute fabrics
with six different weave structures were cut having
the dimension of 40×30cm. A glass plate of the
dimension 50×40cm was placed on a wooden table.

WU % =

Wf − Wi
× 100
Wi

Each and every test was carried out by five
specimens and the mean values of the five numbers
of observations were then taken as the result.
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Figure 1.Photographs of the six composites.(a) Plain, (b) 2×2 Matt, (c) 4×4 Matt, (d) Twill,(e) Zig-zag and (f)
Diamond fabric

Figure 2.Universal Testing Machine (UTM)Figure 3. Image of IZOD impact strength tester
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RESULTS AND DISCUSSION

TENSILE STRENGTH (WEFT WAY)

TENSILE STRENGTH (WARP WAY)

The weft way TSs of the composites (Table 2. and
Figure 5) indicate the changes of TSs as the function
of the weave structure of the reinforcing jute fabrics.

The warp way TSs of the composites (Table 1 and
Figure 4) indicate the changes of the TSs as the
function of the weave structures of the reinforced jute
fabrics.

Table 2. Weft way TSs of the jute fabric reinforced
polyester composites
as per the weave structures
CV%
Weave structure of
TSs of the
the reinforced jute
composites
fabrics
(MPa)
Twill
42
1.88
Zigzag twill
35
1.08

Table 1. The Warp way TSs of the jute fabric
reinforced polyester composites
as per the weave structures
Weave structure of
the reinforced jute
fabrics
Twill
Zigzag twill
Diamond
Plain
2×2 Matt
4×4 Matt

TSs of the
composites
(MPa)
39
33
29
32
25
23

CV%

32

2.12

2×2 Matt

38

2.36

Plain

2.20
1.89
2.78
3.01
2.23
1.79

4×4 Matt

Tensile Strength (MPa)

The Figure 4 pinpoints that the weave structures of
the reinforced fabrics had great role on the warp way
TSs of the composites. The composite from the twill
fabric had the topmost but that from the 4×4 matt
fabric had the least values among those prepared
from the twill, zigzag twill, diamond, plain, 2×2 matt
and 4×4 matt fabrics.

Tensile Strength (MPa)

Diamond
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Weave structure
Figure 5. Effect of the weave structure of the
reinforcing jute fabric on the TSsof the composites
(weft way)

The figure 5 indicates that the weave structures of the
reinforcing fabrics affected the weft way TSs of the
composites. And the composite from the twill fabric
had the highest while that from the diamond fabric
accounted the lowermost TS values among the six
composites.

Weave structure

Figure 4. Effect of the weave structures of the
reinforced jute fabrics on the TSs of the composites
(warp way)
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Weave structure
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Figure 7. Effect of the weave structures of the
reinforced jute fabricon the ISs of the composites
(warp way)

Figure 6. Comparison of the warp and the weft way
TSs of the jute fabric reinforced polyester composites

The IS values also decreased in the plain and its
derivatives too. The composite from the plain fabric
gave the topmost IS among those from the plain and
its derivatives. The composites from the 2×2 matt and
4×4 mat fabrics had the in-between and the least IS
values, in that order.

The Figure 6 indicates that the weft way TSs of the
composites for all the weave structures of the
reinforced fabrics were higher than those of the warp
way. As the PPIs were higher than the EPIs, the weft
way TSs were also higher than the warp way TSs for
all the structures.

IMPACT STRENGTH (WEFT WAY

Table 4. Weft way IEs of the jute fabric reinforced
polyester compositesas per the weave structure

IMPACT STRENGTH (WARP WAY)

Table 3. Warp way IEs of the jute fabric reinforced
polyester compositesas per the fabric structures
IEs (KJ/m2)

CV%

14.39
12.30
10.83
8.74
7.89
7.20

2.34
2.34
3.67
1.78
1.99
2.01

Weave structure of the
reinforced jute fabrics
Twill
Zigzag twill
Diamond
Plain
2×2 matt
4×4 matt

Impact strength (MPa)

Weave structure of
the reinforced jute
fabrics
Twill
Zigzag twill
Diamond
Plain
2×2 Matt
4×4 Matt

16
14
12
10
8
6
4
2
0

The Figure 7 highlights that the weave structures of
the reinforcing fabrics had the profound control on
the warp way ISs of the composites. The composite
from the twill fabric accounted the greatest IS value
among those prepared from the twill, zigzag twill and
diamond fabrics.

IEs (KJ/m2)

CV%

16.80
15.53
10.85
14.05
14.43
16.16

1.22
2.09
2.33
3.02
2.11
1.76

20
16
12
8
4
0

Weave structure

The IS values decreased gradually in twill, zigzag
twill and diamond fabrics. The composites from the
zigzag twill and the diamond fabrics had the midway
and the least IS values, respectively.

Figure 8. Effect of the weave structure of the
reinforcing jute fabricon the ISs of the composites
(weft way)
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The Figure 8 indicates that the weave structures of
the reinforcing fabrics had profound influence on the
weft way ISs of the composites. The composite from
the twill fabric possessed the utmost IS value among
those prepared from the twill, zigzag twill and
diamond fabrics. The IS values decreased gradually
in twill, zigzag twill and diamond fabrics. The
composites from the zigzag twill and the diamond
fabrics had the intermediate and the least IS values,
respectively. The IS values increased in case of
composites prepared from the plain and its
derivatives as the EPIs increased. The composite
from the 4×4 matt fabric had the highest IS value
among those prepared from the plain and its
derivatives. The composites from the 2×2 matt and
the plain fabrics gave the intermediate and the lowest
IS values, respectively.

Impact strength TS (MPa)

20
16

higher than those of the warp way. As the PPIs were
higher than for those of EPIs, so the weft way IS
values were higher than the warp way IS values for
all the weave structures.
WATER UPTAKE (%WU)

The Figure 10 shows that the % WU of the
composites increased with the rise of the immersion
time in water. But the rate was different for the
composites. It varied notably with the variation in the
weave structures of the reinforced jute fabrics. The
composite obtained from the zigzag fabric had the
utmost % WU (6.56) while that one from the twill
had the least value (3.10%). The WU % curve of the
composites from the 2×2 matt and 4×4 matt were
very close to each other. Oppositely, the composites
from the plain and the diamond absorbed water in
almost the same way but for the composite from the
plain was slightly higher (4.28) than that of the
composite from the diamond (4.03%).

Warp way IS
Weft way IS

Twill
Diamond
2X2 Matt

12
8

Water up take (%)

4
0
Weave structure

Figure 9. Comparison of the warp and the weft way
ISs of the jute fabric reinforced polyester composite
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Figure 10. Water uptake % of the jute fabric
reinforced polyester composites as per the weave
structures
Table 5. Water uptake (% WU) of the jute fabric reinforced polyester composites as per the weave structure
Weave
Water uptake % after different hours
structures
5
10
15
20
25
30
35
40
1.01
1.34
1.73
1.87
2.32
2.62
2.96
3.10
Twill
1.95
2.97
3.87
4.25
4.96
5.57
6.28
6.56
Zigzag
1.14
1.68
2.25
2.43
2.94
3.38
3.83
4.03
Diamond
1.39
1.87
2.43
2.69
3.24
3.59
4.00
4.28
Plain
1.67
2.50
3.19
3.45
4.08
4.53
5.08
5.25
2×2 Matt
1.74
2.62
3.18
3.38
4.21
4.71
5.31
5.50
4×4 Matt
The Figure 9 indicates that the weft way IS values of
the composites for all the weave structures were

CONCLUSIONS

The results obtained from the present study paved the
way to conclude that that, the composite from the
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twill fabric was better in both the warp and the weft
ways having the TS value of 39 MPa and IS of 14.39
KJ/m2 in the warp way. Oppositely, it gave the TS
value of 42 MPa and IS of 16.80 KJ/m2 in the weft
way. The water uptake % of the composites increased
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with the rise in the immersion time in water: it varied
significantly with the weave structure variations of
the reinforcing fabrics. The composite from the
zigzag fabric had the highest water uptake % (6.56)
and that from the twill had the minimum (3.10%).
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