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Abstract. This paper discusses the results of an experimental investigation
on the shear properties of natural fibre composites using the V-Notch or
Iosipescu shear test. The natural fiber composites were made of jute and
hemp fibers reinforced epoxy polymer resin. The testing was conducted
using an MTS machine equipped with a 10 kN load cell in accordance with
the ASTM standard D5379M. The testing machine was set-up to apply a
load with a speed of 2 mm/min. It was found that the jute fiber composites
(JFC) have an average shear stress of 25.56 MPa, while the hemp fiber
composites (HFC) have an average value of 22.46 MPa. The load-
displacement graphs showed a nearly linear trend at the initial loading stage
that slightly deflected prior to reaching the maximum load. Most of the
specimens in both groups, JFC and HFC, showed fractures in a diagonal
cracking pattern, known as an off-axial failure mode. Only a few specimens
collapsed across the notched section. Both are customary failure modes for
this type of shear test.
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1 Introduction

Natural fiber composites (NFC) are one of the most emerging natural-based products that
recently have attracted more attention. As the name implies, NFC is a class of composite that
contains natural fibres mixed with synthetic or bio-resins that are inherently environmentally
beneficial. Other advantages of NFC are well documented in literatures, Suddel and
Rosemaund [1] highlighted some advantages of NFC include low density, low cost, high
toughness, acceptable specific strength properties and excellent acoustic properties thereby
reducing noise. More recently, Sari et al. [2] developed a composite based on corn husk fiber
that has superior acoustical properties. Initially, this emerging material was extensively
investigated in relation to mechanical engineering applications, but it now has extended to
other engineering fields such as in civil engineering. Many studies have also been focused
on developing building components, among these was the hybrid structures for structural
applications as reported by Fajrin [3] and Fajrin et al. [4-6].

* . . ~ e e < .
Corresponding author: jauhar.fajrin@unram.ac.id

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 195, 02004 (2018) https://doi.org/10.1051/matecconf/201819502004
ICRMCE 2018

Natural fiber composites are particularly valued for their tensile and flexural properties
[7], while shear and compressive properties are often ignored at the early stages of fiber
composite development. Almeida Jr et al. [8] stated that only a few papers in the literature of
fiber composite were linked to shear tests. One of the reason is probably due to the complexity
of running the test, ensuring the presence of pure shear within the specimen. Broughton [9]
stated that a shear test method should provide a region of pure shear stresses in the specimen
throughout the linear or non-linear response regime. Shear properties must be evaluated
particularly when the product is designed to carry a shear load. A comparatively low shear
or compressive strength of a fiber composite reduces their promising application although it
possesses high tensile or flexural properties [10].

One of the most commonly employed methods for shear testing is losipescu shear test,
which is also known as the V-notched shear test [8]. As the name implied, the test was
originally developed by losipescu [11]. Among the available shear test methods, the
Tosipescu test has been widely used due to its ability to propagate an almost pure shear stress
state within the notched section of the specimen [12]. As described in ASTM standard
D5379M [13], the losipescu or V-notch uses a rectangular beam with a symmetrical centrally
located v-notch. The beam is loaded by a special fixture, applying a shear loading at the v-
notch. The specimen is inserted into the fixture with the notch located along the line of action
of loading by means of an alignment that references the fixture. The two halves of the fixture
are compressed by a testing machine, while the load is monitored.

Until now, there are only a few reported literatures dealing with the characterization of
fiber composites using the V-notched shear test. Franco and Gonzales [14] used the V-
notched test to investigate the shear strength of henequen fibre reinforced polyethylene. It
was found that the shear strength of the composites ranges from 14 MPa to 19 MPa. Almeida
Jr et al. [8] investigated the shear strength of glass fiber reinforced epoxy composite using
the same method and found that the shear strength was approximately 22.3 MPa for 90s fiber
configuration and 70.4 MPa for a mat configuration. Almeida Jr et al. [15] also studied the
effect of hybridization the mechanical properties of composite made of curaua/glass fiber
reinforced polyester using the v-notched shear test. It was concluded that the hybridization
enhanced the mechanical properties of the resulted composite, where the shear stress
achieved was around 20-24 MPa. Fajrin [16] employed the same method to evaluate the shear
stress of sisal/epoxy composite and it was found that the shear stress of the resulted
composites ranged from 12 MPa to 15 MPa. The aim of this work was to investigate the shear
properties of two different types of natural fibers, jute and hemp fibers, when used to
reinforce epoxy resin polymer. The obtained results were compared to the results of previous
reported studies. The shear properties of those composites were provided using the V-notched
or losipescu method.

2 Materials and method

2.1 Sample preparation

Two different types of natural fibres were used in this study, that is, jute and hemp fibers.
The Jute fibres were provided in woven configurations, while hemp fibres were in the form
of a hemp mat that obtained from an overseas supplier (China). A modified low viscosity
epoxy resin (R180) with a hardener (H180) was used as the matrix with a composition ratio
of 100:20 by weight. The jute and hemp fibres were chemically treated using sodium
hydroxide (NaOH) with a composition of 2% by weight (2% wt). The fibers were also washed
with warm tap water and dried at room temperature for 12 hours, as pre-treatment. The
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chemical treatment was conducted by soaking the natural fibres in a 2% NaOH, purchased
with the commercial name of Formosoda-P at ambient temperature for 4 hours.

The treated fibres were then washed several times with warm tap water, neutralized with
acetic acid and washed with demineralized water as a post-treatment. The fibres were allowed
to dry for 3 days at room temperature. The samples were prepared using a vacuum bagging
process. The resulted composite laminates were labeled as JFC and HFC for jute and hemp,
respectively. The laminates are categorized as a transverse isotropic material since their
properties are similar in the parallel and transverse direction.

2.2 Testing method

The losipescu or V-notched uses a rectangular beam that is loaded by a special fixture,
applying a shear loading at the v-notch. The sample is inserted into the fixture with the notch
located along the line of action of loading by means of an alignment that references the
fixture. The testing machine compressed the two halves of the fixture while the load is
observed. In this test, five specimens provided from each laminate were tested. The testing
was conducted using an MTS machine equipped with a 10 kN load cell. The testing machine
was displacement controlled and set-up to apply a load with the speed of 2 mm/min. The test,
as shown in Figure 1 (A), was conducted until the fracture occurs within the tested specimen.
Figure 1 (B) shows the detail of the V-notched shear test configuration. According to the
reference standard, ASTM D 5379M [13], the shear strength is the shear stress carried by a
material at failure under a pure shear condition. The average shear stress is determined by
dividing the applied load by the area of the cross-section between the notches.

(A)

Fig. 1. Setting-up for the v-notched shear test.

3 Results and discussions

3.1 Shear stress

The tests results are tabulated in Table 1, which shows the deflections and shear stresses for
all the tested samples. The data were also presented in the form of dot-plot and bar chart
diagram in order to obtain more apparent information, as shown in Figure 2 (A) and Figure
2(B), respectively. The average shear stress of JFC is 25.57 MPa, which is 13.8 % higher
than the average shear stress of HFC, 22.46 MPa. It is visually shown in Figure 2 (A), that
the data spread is disproportionate, particularly for the data of JFC. The shear stress of JFC
ranges from 17.03 MPa to 29.83 MPa, with a coefficient of ratio (CV) of 14.46. The data of
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HFC has a much better distribution with a CV value of 11.75. Both are, however, within the
acceptable limit of CV values for experimental data, which is according to Patel et al. [17],
33% for the upper limit of CV value. It is also clearly shown in the dot plot diagram that each
data group has at least one or two outliers. The shear stress of sample 5 in JFC group should
be considered as outliers as the value was approximately 75.16% lower than the highest value
(29.83 MPa) or 50.14% lower than the average value of the JFC group. Likewise, the shear
stress of sample 4 within HFC group should also be considered as an outlier as it has the
lowest value, 18.51 MPa, which is 38.78% lower than the highest in its group. The shear
stress distribution of HFC appears relatively consistent, as seen in Figure 2 (A), although it
has lower average values as shown in Figure 2 (B). In order to provide more reliable data, it
is strongly recommended to do a normalization of the data by omitting the outliers.

Table 1. Shear properties of jute fiber composite (JFC) and hemp fibre composite (HFC).

Jute Fiber Composite Hemp Fiber Composite
Specimen - JFC) - (HFC)

Deflection at Peak Shear Deflection at Peak Shear
Peak (mm) Stress (MPa) Peak (mm) Stress (MPa)

1 1.71 29.83 2.08 22.94

2 1.64 28.90 2.25 25.69

3 1.99 29.68 1.98 23.48

4 1.31 22.39 1.66 18.51

5 1.66 17.03 1.89 21.69

Mean 1.66 25.57 1.97 22.46

(0\% 14.46 22.21 11.17 11.75

The data obtained in this study were closely approaching other previous studies. As
previously mentioned, Franco and Gonzales [14] found that composites made of henequen
fibre reinforced polyethylene has a shear stress of 14 MPa to 19 MPa. Almeida Jr et al. [8]
provided a composite with a value of average shear stress around 22.3 MPa, which is very
close to the shear stress of HFC in this study. In addition, a pretty similar average value was
given by the work of Almeida Jr et al. [15] which was approximately 20-24 MPa. Further, a
composite that is made of sisal/epoxy has a slightly lower shear stress, which was about 12
MPa to 15 MPa, and reported by Fajrin [16].
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Fig. 2. The dot-plot diagram (A) and bar-chart diagram (B) of the testing results.
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3.2 Load-displacement behaviour

Figure 3(A) shows typical load-displacement curves of hemp fiber composite (HFC). A quick
look at the graph gives an indication that the HFC laminate was properly and well prepared.
All the curves for the 5 samples showed a nearly linear trend at the initial stage of loading
and a slight deflection prior to reaching the maximum load. Four samples collapsed in an
abrupt mode, which is a common failure mechanism of brittle material such as natural fiber
composite. One sample, however, behaved just like a non-linear material, revealed a few
steps after reaching the maximum value, which is indicating a delamination process within
the sample. This particular behaviour was also reported by Almeida Jr et al. [8]. The typical
load-displacement curves of jute fiber composite (JFC) is depicted in Figure 3 (B). As clearly
shown in that figure, the load-displacement curves show a linear elastic behaviour at the
initial stage, and after some point a reduction of the material stiffness is shown until the final
failure. The graph also shows that three out of five specimens failed in a sudden failure mode,
while two specimens demonstrated non-linear behaviour after reaching the maximum load.
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Fig. 3. Load-displacement graphs of hemp fiber composite (A) and jute fiber composite (B) in shear.

3.3 Failure modes

Figure 4 (A) shows a typical failure pattern of HFC specimens. Four out of five specimens
were fractured in diagonal cracking, which also known as an off-axial failure mode, as shown
in the figure. Only one single specimen actually failed across the notched section, which is
strongly desired in this type of shear test. This specimen may be associated with a graph
shown in Figure 3(A), showing a non-linear behaviour beyond the maximum load. Similarly,
the failure mode of JFC specimens was also dominated by diagonal cracking, as shown in
Figure 4(B). It was detected that the crack initiated at the upper or lower notched surfaces.
The crack then developed in the direction close to 45° from the principal axis. A similar
failure mode was also reported by Yuan et al. [12]. Further, Yuan et al. [12] explained that a
uniform or pure shear stress is generated in the center of the notched section when the
specimen is under shear loading during the test. The shear stress distribution is parallel to the
loading path which is in a vertical direction. At the same time, the principal stresses in
compression and tension are also generated to the gage length of the sample in the direction
of + 45°. Furthermore, Archila et al. [18] explained that the pure shear stress between the
notched is propagating by the action of two applied loads of equivalent magnitude subjected
to the tested specimen.
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(A) (B)
Fig. 4. Typical shear failure pattern of HFC specimen (A) and JFC specimen (B) under shear loading.

4 Conclusions

The current reported experimental study was focused on evaluating the shear properties of
jute and hemp fiber composites using Iosipescu or the V-notched shear test. It was found that
the jute fiber composites (JFC) have an average shear stress of 25.56 MPa, while hemp fiber
composites (HFC) have an average value of 22.46 MPa. These values were very closely
approaching the shear stress of other natural fiber composites tested using the same method.
Regarding the load-displacement behaviour, both JFC and HFC specimens showed a nearly
linear trend at the initial stage of loading that slightly deflected prior to reaching a maximum
load. The majority of the specimens in both groups, JFC and HFC, were fractured in a
diagonal cracking, which is also known as an off-axial failure mode. Only a limited number
of specimens collapsed across the notched section. Both these failure modes are acceptable
under this type of shear test.
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