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Abstract—Work presented is interested in the characterization of
the quasistatic mechanical properties and in fatigue of a composite
laminated in jute/epoxy. The natural fibers offer promising prospects
thanks to their interesting specific properties, because of their low
density, but also with their bio-deterioration. Several scientific
studies highlighted the good mechanical resistance of the vegetable
fiber composites reinforced, even after several recycling. Because of
the environmental standards that become increasingly severe, one
attends the emergence of eco-materials at the base of natural fibers
such as flax, bamboo, hemp, sisal, jute. The fatigue tests on
elementary vegetable fibers show an increase of about 60% of the
rigidity of elementary fibers of hemp subjected to cyclic loadings. In
this study, the test-tubes manufactured by the method infusion have
sequences of stacking of 0/90° and + 45° for the shearing and tensile
tests. The quasistatic tests reveal a variability of the mechanical
properties of about 8%. The tensile fatigue tests were carried out for
levels of constraints equivalent to half of the ultimate values of the
composite. Once the fatigue tests carried out for well-defined values
of cycles, a series of static tests of traction type highlights the
influence of the number of cycles on the quasi-static mechanical
behavior of the laminate jute/epoxy.

Keywords—1Jute, epoxy rtesin, mechanical, static, dynamic
behavior.

I. INTRODUCTION

N a preoccupation of environmental protection and public

health, the composites tend to integrate an ecological
character. This study relates to the characterization of a
laminate containing natural reinforcement (a fabric of jute)
and of epoxy resin. Among all natural fibers, the jute has
interesting mechanical characteristics in terms of tensile
strength, with interesting properties in inflection [1]. The work
undertaken by C. Baley [2], [10], [38], [39], shows that the
properties of natural fibers change considerably, this
variability occur from their harvests by the identification of
the physiological and biochemical aspect on the species of
harvests of the jute stem [3]. Kholer et al. [4] show that the
genetic variability of jute fiber is related to nature even jute.
One of the principal problems in the manufacture of jute fabric
resides in the optimization of thread to use, indeed, the
optimization of the process of fiber opening is significant to
obtain fibers of good mechanical properties [5], [6].

The behavior of jute fiber is controlled by two parameters
the reorientation according to the axis of the request of the
fibrillate and the slip of those the ones compared to the others
[71-[9]. Hearle et al. [10] show that the angle microfibrillaire
characterizing the jute is influenced by the percentage of
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cellulose in the jute (61% to 71%). Work of [5] shows that this
angle microfibrillaire generally about 8° influences the
mechanical behavior of the jute.

For the improvement of the mechanical characteristics of
the jute, like its behavior in a wet medium, several works were
interested in the treatments of the surface of the jute [11]-[20].

These treatments that modify the interphase also produce
the morphological changes according to this one [12], [21].
They are carried out based on alkaline, of silane or of alkaline
and silane [12]-[18], the hemicellulose and lignin contained in
jute fiber are soluble in an alkaline solution, they will dissolve
during the treatment alkaline what will cause a reduction in the
mass of fibers. Other treatments are done under radiation UV
present an increase of 58% at the flexural strength [19], [20],
[22]. The mode of rupture of the reinforcement in the laminate
differs thanks to the treatments from fibers, the rupture of
untreated fibers is clear, on the other hand, that of fibers
treated with silane is less clear thanks to the cohesion of the
fibrillate [37]. The laminated plates containing jute are the
subject of a certain number of works. The most used matrices
are the thermoplastics such as polyethylene (EP) [23], [24],
polypropylene (PP) [25], [26], polystyrene (PS) [27], [28],
vinyl polychloride (PVC) [29], [30] and the polyester [31],
[32], [36] for economic reasons. The choice of a structural
polymeric resin does not pose a problem of provisioning but
constitutes a barrier to the recyclability of the unit. However,
the ecologically or naturally labeled resins do not answer the
schedule of conditions of the end product because of the weak
mechanical properties which characterize them. Moreover,
they are rigid and breakable like the polylactone, PLA with the
jute [33], dissolve in water like the natural polysaccharose,
TPS [34]. Moreover, the migration of water in the resin can
lead to a disturbance of the interface fiber/matrice [35]. The
influence of the sequences of stacking on the mechanical
properties (traction, inflection and of interlaminar shearing) of
the untreated woven hybrid composites jute/polyester was
studied in experiments by Sabeel et al. [31]. The results show
that incorporation of glass fiber can improve the mechanical
properties of the laminate. The tests of absorption of water
realized on a composite material containing jute-fiber
reinforcement of glass and an isophthalic resin polyester by
Sabeel [32] show that the absorption of water decreases with
the increase in the mass rate of glass fibers in material. This is
explained by the fact, that the impermeable glass fibers act as
barriers and prevent the direct contact between the jute and
water [32], [28]. Work of Alvarez et al. [36] show that the
studies relating to the thermal degradation of the composite of
the jute/vinylester type are still limited for these materials, and
this, in spite of their development in the field of the car. In
waiting for a more powerful ecological resin, our choice was
made on a thermohardening resin of epoxy type. The method
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of development of the laminate made by infusion presents
many advantages, it is simple of design, economic and not
very expensive, in addition to that makes it possible to
manufacture plates (laminated) large-sized.

The mechanical behavior reinforcement fabric of dry jute is
significant insofar as the temperature of polymerization of the
resins is likely to be done with values that can deteriorate the
mechanical characteristics of the jute. For that, tensile tests are
carried out on samples of the fabric of dry jute carried at
various levels of temperatures. The goal is to see the influence
of the temperature of heating on stress the rupture of dry jute
fabric. In the second shutter, we characterized the mechanical
properties in traction of the laminate before and after fatigue
tests to see the influence of the number of cycles on the
mechanical behavior of the material. The shearing and tensile
tests before fatigue tests defined the breaking stresses. We
consider 0.5 oy, for the fatigue tests. The rupture is carried out
with 21000 cycles for the specimens [0/90]4. Following the
directive of the European Parliament and Council of UE
(2002/95/CE) relating to the limitation and the use of certain
dangerous substances in the electric and electronic
components, we carried out an analysis of heavy metals in the
laminate through a non-destructive testing. This analysis
allows to quantify the substances accused (expressed as a
percentage limited) with knowing lead Pb, hexavalent
chromium Cr+6, mercury Hg, polybromobipheniles PBB,
cadmium Cd and polybromodipheylethers PBDE.

II. EXPERIMENTAL PROCEDURE

The tensile tests of the jute fabric samples are carried out on
a multipurpose machine Zwick of the type Z250/SNA
equipped with a sensor of the force of 2,5 kN. It is controlled
by a computer (Software TestXpert V12.0). Five test-tubes are
tested for each temperature of the reinforcement (20, 50, 80,
100, 150 and 180°C) with a speed of test of 2mn/mm (Fig. 1).

Fig. 1 Tensile test of the jute fabric

The development of the laminate jute/epoxy is carried out
by the method known as “by infusion', the fabric is prepared
and cut-out with dimensions 300x300mm, the studied
sequences of stackings are of type [0/90°]4, [+45°/- 45°],. Fig.
2 represents the laminate jute/epoxy plates are cut out with a
diamond saw following standard NF IN ISO 527-1.

A. Tensile Tests

For the identification of the mechanical properties of the
laminate jute/epoxy (Young modulus, Poisson's ratios and

breaking stresses), shearing and tensile tests are carried out in
accordance with the standard IN ISO 527-5. Fig. 3 represents
the shearing and tensile tests carried out on test-tubes of size
250 x 50 x 2.5mm provided with heels.

A

Fig. 2 Samples jute/epoxy reinforcement fabric of jute

Fig. 3 Tensile test of the laminate

B. Fatigue Tests

The fatigue tests on the samples [0/90°], are carried out on a
Zwick machine of the vibrophore type (Fig. 4). The static
force is equal to 0.5 o, and the dynamic force 5 kN. The
number of cycles which definite the rupture of the samples (21
000 cycles) is divided into seven equal parts. The fatigue tests
are done on samples from 3000 to 21000 cycles. Then, the
samples having sudden 3000 cycles are tested in traction until
the rupture, the same thing for those having sudden 6000,
9000, 12000, 15000, 18000, and 21000 cycles.

Fig. 4 Fatigue test of the laminate

C. Analyze Heavy Metals in the Laminate

One often thinks of conceiving systems, sets, subsets
containing materials generally answering constraints imposed
at the beginning and taking into account of the intrinsic
characteristics of these metals, unfortunately, generally one
does not think (or little) about how to make them disappear
once they will have fulfilled their functions. We carried out an
analysis of heavy metals in the laminate which we designed,
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so as to quantify and metals and their percentage to be able to
define the field of application, and this, through a non-
destructive testing. From an apparatus of the Axio type
colored (Zeiss), with an objective of 2.5, a clear bottom, a
considered light, with transmission by transparency, a
numerical camera IC3 (3 million pixels).

III. RESULTS AND DISCUSSION

The tensile tests carried out on the jute samples show the
influence of the temperature on the mechanical behavior of the
jute (Fig. 5). Two distinct zones arise: a zone of stability
thermal energy of the ambient temperature (20°C) until 150°C
with a variation of the maximum constraint of 10.8 to 12.2
MPa, and a zone of thermal degradation starting from 150°C
until the temperature of carbonization of the jute. With the
temperature of 180°C, the breaking stress falls of 57% of its
initial value to reach 5.3 MPa, the jute then changes color (of
clear brown with dark brown) and the wire constituting fabric
are fixed between them. This thermal stress is determining in
the choice of the resin to use; certain resins are polymerized at
high temperatures. Our choice is related to an epoxy resin of
type STR(R) with hardener STR(D). The reinforcement being
out of natural fiber, during the development of the laminate we
notice a good cohesion between the reinforcement and the
matrix due primarily to absorption in heart of the jute, from
where, total absence of presence of air pockets inside the
laminate. Fig. 6 below shows the regularity in the provision of
the reinforcement compared to the matrix.

[1] 3 5 8 10 13 15 18 20 23 25
L (mm}

Fig. 5 Influence temperature on the breaking stress of the woven jute

Resin

Jute

Fig. 6 Sight of profile of the laminate with reinforcement

Fig. 7 shows a real rupture of the laminate in traction. The
results obtained in traction show that the laminate jute/epoxy
samples have an identical linear behavior up to a value of 20
MPa. The behavior of the laminates is nonlinear until the
rupture which is in the vicinity of 42 MPa (Fig. 8).

Fig. 7 Rupture in traction of the laminate
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Fig. 8 Curves of the tensile tests

TABLEI
VALUES OF THE MODULUS OF ELASTICITY, THE MODULUS OF RIGIDITY, STRESSES THE RUPTURE, AND POISSON'S RATIOS
E (GPa) G (GPa) Poisson's ratio o rupture (MPa)
Warp Weft - Vi vV Warp Weft
Tensile test 4.5+0.6 4.8+0.8 - 0.24 0.27 4243 4344
Shearing test - - 1.45 - - 23

The results of the quasi-static mechanical tests are
represented in Table I.

The fatigue tests carried out on the laminate jute/epoxy with
different numbers cycles show the influence of the number of
cycles on mechanical behavior in tensile test and shearing. In
the tensile test, one notes a uniform degradation for the test-
tubes having undergoes a number of going cycle from 3000 to
12000 cycles. Follows we have a saturation starting from
12000 cycles until the rupture with 21000 cycles (Fig. 9). In

shearing, one notes a degradation of the breaking stress
according to the number of cycles. One also notes a breaking
stress of 35 MPa after 3000 cycles, then a fall with 24 MPa at
12000 cycles. Starting from this value, one notes a stagnation
of the ultimate stress from 12000 to 21000 cycles. This
difference between the values obtained in tensile test and
shearing are due to the provision of the reinforcement inside
the laminate. The provision of the fibers (0, 90) behaves better
than those with (+45, -45).
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Fig. 9 Influence of the number of cycles on the breaking stress: (a)
tensile test, (b) shearing

The European Parliament and the council of the UE
approved the directive 2002/95/CE relating to the limitation
and the use of certain dangerous substances in the electric and
electronic components. The accused substances are (expressed
as a percentage limited) Pb, hexavalent chromium (Cr'®,
mercury (Hg), polybromobipheniles (PBB), cadmium (Cd)

and poly-bromodipheylethers (PBDE) (Fig. 10).

Fig. 10 Analyze presence of metals doors in the laminate jute/epoxy

IV.ConcLUSION

On the basis of an approach of topicality based on a logical
of eco-design and of development of the renewable stock
management, the study of the natural reinforcement is juicy
initially enabled us to identify the influence of the temperature
on behavior in traction of fabric is juicy dry. Stress the rupture
of traction of dry fabric heated at a temperature higher than
150°C falls of 54% compared with that of a dry fabric at
ambient temperature. In the second time, thanks to the
mechanical tests (traction and shearing) carried out on
laminates of the jute/epoxy type, to show certain variability
mainly dependent on nature of fabric and its mode of weaving.
The tests tensile on the laminate is juicy epoxy showed an
identical behavior in two stages: a linear part up to 20 MPa
and a nonlinear part until rupture with 42 MPa. One notes a
clear rupture of the laminate in traction. One also notes the
influence of the number of cycles on the breaking stresses in
traction. We have a uniform reduction in the breaking stress
from 3000 to 12000 cycles, then a slow degradation until the
rupture. The analysis of the presence of metals doors in the
laminate shows that this last fulfills the requirements imposed

by the EEC in the field of the safety and health of the users of
these metals.

REFERENCES

[11  W.P. Schmidt, H. M. Beyer. 1998 Life Cycle Study on a Natural Fiber
Reinforced Component. SAE Technical Paper 982195.

[2] C. Baley. 2002. Analysis of the flax fibers tensile behavior and analysis
of the tensile stiffness increase. Composites 33A. 939-948.

[3] H.CH.Spatz, L.Kohler et K.J. Niklas. 1999 Mechanical behavior of plant
tissue: composite materials or structures. J. of Exp. Biology, 202. 3269-
3272.

[4] L. Kohler, H.C. Spatz. 2002. Micromechanics of plant tissues beyond
the linear-elastic range. Planta, 215. 33-40.

[51 L.J. Broutman Sahu S. 1972. Composites Materials, testing and design.
ASTM STP, 170-188.

[6] Ph. Boisse, B. Zouari, A. Gasser. 2005. A mesoscopic approach for the
simulation of woven fiber composite forming. Composites. Science and
Technology 65 429-436.

[71 S. Kawabata, M. Niwa, H. J. Kawai. 1973. The Finite Deformation
Theory of Plain Weave Fabrics Part I: The Biaxial Deformation Theory.
Textile Inst. 64-1, 21-46.

[8] J. Gassan, I. Mildner, and A. K. Bledzki. 1999. Influence of fiber
structure modification on the mechanical properties of Flax Fiber-Epoxy
composites. Mechanics of Comp. Materials, Vol. 35/ 5.

[91 K. Chaudhuri, M.A. Chaudhuri. 1998. Effects of short-term NaCl stress
on water relations and gas exchange of two jute species. Biologia
plantarum 40 (3). 373-380.

[10] J.W.S. Hearle. The fine structure of fibers and crystalline polymers. III.
Interpretation of the mechanical properties of fibers. Journal of Applied
Polymers Science, 7 1207-1223 (1963).

[11] R.Rao, N. Balas. And J. Chanda. 1981. App. Poly. Sci. Engg. 26. 9069.

[12] S.K.Garkhail, R.W.H. Heijenrath, T. Peijs. 2000. Mechanical properties
of natural-fiber-mat reinforced thermoplastics based on flax fibers and
polypropylene. Appl. Compos. Mater. 7. 351-372.

[13] D. Ray, BK. Sarkar, S. Das, AK. Rana. 2002. Dynamic mechanical and
thermal analysis of vinylester—resin— matrix composites reinforced with
untreated and alkali-treated jute fibers.Compos Sci Technol; 62:9 11-17.

[14] LY. Mwaikambo, M.P. Ansell. 2003. Hemp fiber reinforced cashew nut
shell liquid composites. Compos Sci Technol; 63:1. 297-305.

[15] M.A. Khan, F. Mina, L.T. Drzal. 2000. Influence of silane coupling
agents of different functionalities on the performance of jute—
polycarbonate composites. 3rd int. wood and natural fiber composite
symposium.

[16] J. Gassan, AK. Bledzki. Effect of cyclic moisture absorption desorption
on the mechanical properties of silanized jute—epoxy composites. Polym.
Composites, 20 (4):6. 04—11 (1999).

[17] LA. Pothan, S. Thomas. Compos Science and Technologie, 63:12. 31—
40 (2003).

[18] PJ Herrera-Franco, A. Valadez-Gonzales. 2004. Mechanical properties
of continuous natural fiber reinforced polymer composites. Composites
Part A.; 35:3. 39-45.

[19] M.A. Khan, M.M. Rahman, K.S. Akhunzada. 2002. Grafting of different
monomers onto jute yarn by in situ UV-radiation method: effect of
additives. Polym Plast Tech Eng;41(4):6. 77-89.

[20] M. Masudul Hassan, M.R. Islam, M.A. Khan. 2003Improvement of
physicomechanical properties of jute yarn by photografting with 3-
(trimethoxysilyl) propylmethacrylate. Adhes Sci Technol. 17(5):7. 37—
50.

[21] D. Plackett and A. Vazquez. 2004. Green Composites: polymer
composites and the environment. Woodhead Publishers, Cambridge.
123.

[22] M. A. Khan, N. Haque, A. Al-Kafi, M. N. Alam, M. Z. Abedin. 2006.
Jute reinforced polymer composite by gamma radiation: Effect of
surface treatment with UV radiation. ISSN 0360-2559 CODEN
PPTECT. vol. 45, 4-6. 607-613.

[23] R. G. Raj, B. V. Kokta and C. Daneault. 1990. Wood flour as a low-cost
reinforcing filler for polyethylene: studies on mechanical properties. J.
of Materials Science, 25.1851-1855.

[24] D. Harper and M. Wolcott. 2004. Interaction between coupling agent
and lubricants in wood—polypropylene composites. Comp. Part A:
Applied Sci. and Manuf. 35. 385-394.

185



[25]

[26]

[27]

[28]

[29]

[30]

(1]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

International Journal of Chemical, Materials and Biomolecular Sciences
ISSN: 2415-6620
Vol:8, No:2, 2014

Aranberri, T. Lampke and A. Bismarck. 2003. Wetting behavior of flax
fibers as reinforcement for polypropylene. J. of Colloid and Interf. Sci.
263. 580-589.

Karmarkar, S. Chauhan, M. Modak, M. Chanda. 2007. Mechanical
properties of wood—fiber reinforced polypropylene composites: Effect of
a novel compatibilizer with isocyanate functional group. Comp. Part A.
38(2).227-233.

J. B. Naik, S. Mishra, C. Esterification. 2007. Effect of Maleic
Anhydride on Surface and Volume Resistivity of Natural
Fiber/Polystyrene. Polymer-Plastics Techno. and engineering 46. 537—
540.

Sy Trek Sean. 2007. Composites from Newsprint Fiber and Polystyrene.
Technology and engineering, 46(4). 421 — 425.

T. Keener, R.Stuart, T.Brown. 2004. Maleated coupling agents for
natural fiber composites. C. Part A: Applied S. and Manuf. 35 (3).357-
363.

H. Jiang, D. P. Kamdem. 2004. Development of poly(vinyl
chloride)/wood composites. Journal of Vinyl and Additive Technology.
10 (2). 59-69.

K. Sabeel Ahmed, S.Viyayarangan. 2008. Tensile, flexural and
interlaminar shear properties of woven jute and jute-glass fabric
reinforced polyester composites. J. of mat. processing technology 207.
330-335.

K. Sabeel A, S.Viyayarangan and C. Rajput. Mechanical behavior of
isothalic polyester-based untreated woven Jute and glass fabric hybrid
composites. Journal of Reinforced Plastics & Composites, 25(15). 1549-
1569.

D. Placketta, T. Legstrup, W. Batsberg, L. Nielsenc. 2003.
Biodegradable composites based on 1-polylactide and jute fibers. C. Sci.
and T. 63. 1287-1296.

M. Wollerdorfer, H. Bader. 1998. Influence of natural fibers on the
mechanical properties of biodegradable polymers. Industrial Crops and
Products 8. 105-112.

K. Van de Velde, P. Kiekens, 2002. Biopolymers: overview of several
properties and consequences on their applications. Polymer Testing 21.
433-442.

V. Alvarez, E. Rodriguez, A. Vazquez. 2006. Thermal degradation and
decomposition of Jute/Vinylester composites. J. of Thermal A. and
Calori. 85 2. 383-389.

C. Hong, I. Hwang, N. Kim, D. Park, B. Hwang, C. Nah. 2008.
Mechanical properties of silanized jute-polypropylene composites. J. of
Ind. and Engineering Chemistry 14. 71-76.

Sakurada, Y. Nukushina, T. Ito. 1962. Experimental determination of the
elastic modulus of crystalline regions in oriented polymers. J/ Polym Sci,
57. 651-660.

G.C. Davies, D.M. Bruce. 1998. Effect of environmental relative
humidity and damage on the tensile properties of flax and nettle fibers.
Res. Journal, 68(9) 623-629.

186



