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Abstract. Fiber orientation plays a major role in controlling the mechanical properties of
natural fiber bio composites. An investigation into the impact of fiber direction variations on
the toughness and tensile strength of burlap waste composites for automobile bumpers was
carried out. This research was designed as a controlled experimental investigation. The factors
evaluated were fiber orientation, while the tensile strength and impact toughness were. Bio
composites were manufactured utilizing the hand lay-up procedure, and mechanical testing
included tensile (ASTM D638) and impact (ASTM 4812). The number of test replications was
fixed at three specimens for each variable. By improving interfacial adhesion, the
0°/+90°/0°/+90°/0° fiber orientation produces a tensile strength of 21.087 N/mm? and an
impact toughness of 0.0482 J/mm?, which is higher than a car bumper. These research show
proof that burlap sack waste-based composites can be used as an alternative material for
environmentally acceptable and sustainable bumpers. These findings complement SDG 12,
which focuses on responsible production and consumption.
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1. Introduction

The problem of garbage accumulation and solid waste is becoming an increasingly severe
environmental concern in Indonesia. According to the Kementerian Lingkungan Hidup Waste
Management Information System, food waste would account for 41.07% of national rubbish in 2022,
followed by plastic (18.08%), wood/twigs (13.44%), and paper/cardboard (11.05%) [1]. Burlap sack
waste is a sort of solid waste that is abundant but underutilized. To date, burlap sack trash has only
been utilized in the form of low-cost handicraft products, thus technological innovation is needed to
boost its added value and contribute to environmental sustainability.

In the context of developing environmentally friendly materials (eco-materials), using natural
fiber-based waste as a reinforcing material in composites is a possible solution [2,3]. Jute fiber has
excellent tensile strength, is abundantly available, decomposes naturally, and has comparatively
cheap production costs [4-6]. Jute fiber can be converted into biocomposite materials with
outstanding mechanical qualities and a low environmental impact using green technology. A
laminate composite is a type of material development in which numerous layers of natural fibers and
a polymer matrix are stacked in a certain orientation to obtain an optimal combination of mechanical
qualities [7,8].

Laminate composites are known to have a high Young's modulus to density ratio, making them
lighter and stronger than traditional metal materials [9]. Laminate composites have low shear
modulus values, leaving them vulnerable to shear stress [10]. As a result, modifying factors such as
layer thickness, fiber orientation, number of laminae, and fiber weight percentage are essential
aspects in boosting the material's toughness and strength [11,12]. The automobile industry is
spending a lot of work into researching alternative materials for car components in order to improve
energy efficiency and sustainability [13-15].

Car bumpers, being a structural component that absorbs impact energy, require materials with
high mechanical qualities, as well as being lightweight and environmentally friendly [16,17].
Although the impact of fiber orientation on natural fiber composites has been extensively studied,
there are still limited studies on the utilization of gunny sack waste with specific shape factors, its
processing path into laminated composites, and its performance evaluation based on the needs of
vehicle bumper applications. The utilization of waste jute bags as reinforcement in laminated
composites has a high potential to achieve these criteria. In addition to enhancing waste's economic
worth, this innovation also promotes waste reduction efforts and the application of green
manufacturing principles and Sustainable Development Goals (SDGs), particularly in the areas of
sustainable consumption and production. Based on these issues, the purpose of this research is to
investigate the effect of fiber orientation on the tensile strength and toughness of laminated
composites made from jute sack waste, as well as to expand their potential for structural applications
such as automobile bumpers.

2. Methods

2.1 Materials

Jute suck waste

The jute sacks utilized in this investigation came from Semarang, Indonesia. The jute bags are 90 cm x
100 cm and have a capacity of 70 kg. They are used for coffee powder/bean containers. Jute fiber is
eco-friendly, renewable, lightweight, has great thermal properties, is non-corrosive, cheaper than other
natural fibers, biodegradable, and non-abrasive [18]. Jute fiber is strong, thermally conductive,
lightweight, and inexpensive. Jute fiber has 3.5-4.5% elongation, a tensile strength of 393-723 MPa,
and a density of 1.3 g/cm® [19,20]. We used standard jute sacks. Plain weave has a distinct and basic
diagonal pattern, distributes weight more evenly, is easier to create and maintain, and is stronger. Jute
bags come in a variety of weave configurations, most often a 1/1 plain weave [21].
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Epoxy Resin

Colorchem epoxy resin from a chemical source in Semarang, Indonesia, was employed in this
experiment. This substance, with a resin-hardener composition of 1:1, serves as a matrix to attach the
fibers to the burlap sacks. Epoxy resin is a thermoset substance utilized in aerospace, automotive,
marine, coating, composite, biomedical, and electronics sectors [22]. Epoxy resin has the ability to
increase toughness, decrease shrinkage, and resist corrosion and heat [23]. Tensile strength is 85 MPa,
elongation is 5%, and density is between 1.11-1.23 g/cm? [24].

Creating laminate composites.

The biocomposite was created using a hand lay-up method. Alkalized hemp fibers with a thickness
of 0.6 mm were cut to the mold size, which was established by weighing and adjusting the thickness
five times for each variable. The molding process begins by combining epoxy resin and hardener in a
1:1 proportion. The fibers were inserted in orientation patterns of 0°/0°/0°/0°/0°, 0°/+30°/0°/+30°/0°,
0°/4+45°/0°/+45°/0°, 0°/+60°/0°/+60°/0°, and 0°/+90°/0°/+-90°/0°, following the approach employed
in prior research [25]. A brush is used to evenly wet each fiber layer with resin and hardener,
creating a smooth surface and preventing delamination. The mold is closed and a 5 kg load is given
to a 200 x 200 mm mold for 24 hours. Aluminum foil is used as a protective coating for the mold,
assisting in the composite removal process. The pressing process is carried out for a full day at room
temperature until the composite has fully solidified.

2.2 Mechanical Properties

Impact test

Impact testing is done to determine how much energy a laminated composite made of used jute bags
and car bumpers absorbs. The severity of material damage increases with the amount of energy
absorbed [26]. The toughness test was carried out at the Mechanical Engineering Laboratory of
Universitas Negeri Semarang utilizing a GOTECH GT-7405-MDH impact testing equipment. This
equipment has a swing speed of 3.46 m/s and an impact energy capacity of 25 Joules. Impact test
specimens utilizing the ASTM D4812 standard without notches [27]. Impact testing was conducted on
each research variable using three specimens (n = 3). The impact strength is determined by Equation 1.

15 = a (1)
IS = Impact strength (J/mm?)

E = Energy absorption (J)

A = Cross-sectional area (mm?)

Tensile test

Tensile testing was carried out to determine the maximum tensile strength of a laminated composite
manufactured from recycled jute sacks and automotive bumpers. The maximum tensile strength test
was used to determine how much force was required to hold the material until it broke [28]. The
tensile test was performed in the Universitas Muhammadiyah Semarang Mechanical Engineering
Laboratory using a Universal Testing Machine brand GOTECH model GT-TCS-2000 with a capacity
of 2.000 kg. The maximum load is the result of machine testing. The ASTM D638 standard [29]
defines specimen dimensions for tensile testing. Tensile testing was conducted with three specimens (n
= 3) for each variable. Equation (2) is used to determine the composite's maximum strength by
comparing the maximum load per unit area.

el

2
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o, = Tensile strength (N/mm?)

P, = Ultimate load (N)
A = Cross-sectional area (mm?)
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3. Results and Discussion

3.1 Tensile Test Results

Figure 1 depicts the results of tensile strength tests, which indicate how fiber orientation effects the
mechanical properties of jute fiber-based laminate composites as an alternative material for
automobile bumpers. The interaction of fiber orientation and matrix interface characteristics affects
tensile strength values, which in turn affects load transmission between layers. The tensile strength of
specimens with a fiber orientation of 0°/0°/0°/0°/0° was 16.997 N/mm?, a 25.38% drop from the
reference bumper tensile strength of 22.777 N/mm? Laminate composites with an orientation of
0°/+30°/0°/+30°/0° increased tensile strength to 19.31 N/mm?, which was still 15.22% lower than the
standard. Furthermore, the 0°/+45°/0°/+45°/0° orientation resulted in a tensile strength of 12.96
N/mm?, therefore the loss was minimal, accounting for only 43.10% of the reference value. When the
fiber orientation was altered to 0°/+60°/0°/+-60°/0°, the tensile strength dropped to 15.057 N/mm?, a
7.42% decrease from the bumper tensile strength result. In comparison, the specimen with a fiber
orientation of 0°/+90°/0°/+90°/0° demonstrated a rise in tensile strength of 21.087 N/mm?, or an
increase of 5.40% compared to the bumper reference value, making this configuration the most
optimal orientation in this study.

Overall, research findings show that fiber orientation is very important in determining the
mechanical performance of composites [30,31]. Fiber orientation is essential because the direction of
fiber arrangement in the matrix effects stress distribution and deformation patterns when the material
is loaded. The strength, stiffness, and toughness of the composite are increased by optimal fiber
organization, which facilitates more effective load transfer and resistance [32]. Conversely, improper
fiber orientation may lead to an uneven distribution of stress among layers, which could impair
structural performance and reduce mechanical load resistance. Among the several configurations
examined, the parallel fiber orientation of 0°/+90°/0°/+90°/0° was proven to have the best load
transmission performance. Meanwhile, intermediate orientations such as 0°/+30°/0°/+30°/0° and
0°/460°/0°/+60°/0° tended to diminish stress distribution efficiency, resulting in less than optimal
mechanical performance.
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Figure 1. Average tensile strength

Another study that studied the effect of fiber orientation on the tensile characteristics of jute-epoxy
laminate composites revealed that the 0°/90° orientation combination gave the maximum tensile
strength, 39.10 MPa [33]. This research demonstrates that appropriate fiber orientation is crucial for
improving the tensile strength and structural performance of flax fiber-based laminated composites.
This invention has the potential to serve as an environmentally friendly alternative automobile bumper
material.
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Fiber pull-out

a. Orientation 0°  b. Orientation 30° c. Orientation 45°  d. Orientation 60° e. Orientation 90°
Figure 2. Tensile test fracture cross-section

Figures 2(a)-2(e) depict the fracture cross-sectional morphology of jute fiber-based laminated
composites with varying fiber orientations. The fracture surfaces of all specimens show a failure
mechanism in the form of fiber pull-out, which is a condition where the fiber is dragged out of the
matrix when the composite is subjected to loading, notably tensile loading [34]. This mechanism
develops as a result of poor interfacial connections between the fiber and the matrix, resulting in an
inefficient load transfer process. This sort of fracture typically suggests poor fiber-matrix bonds,
which are distinguished by the appearance of several pulled out fibers and the absence of plastic
deformation in the composite. High shear forces acting on the fiber-matrix layer cause the fibers to
pull out, both during the debonding stage and after the delamination process occurs [35].

3.2 Impact Test Results

Variations in fiber orientation have a substantial effect on the impact strength of jute fiber
biocomposites, as shown in Figure 3. At the fiber orientation of 0°/0°/0°/0°/0°, the impact strength fell
by 30.74% to 0.0365 J/mm?, compared to the bumper's initial value of 0.0527 J/mm?. The orientation
of 0°/+30°/0°/430°/0° decreased by 35.48% to 0.0340 J/mm? whereas the orientation of
0°/+45°/0°/+45°/0° decreased by 25.05% to 0.0395 J/mm?. At a direction of 0°/+60°/0°/+60°/0°, the
impact strength fell by 30.36% to 0.0367 J/mm?. The 0°/+90°/0°/+90°/0° orientation outperforms the
original bumper, increasing impact strength by 8.54% to 0.0482 J/mm?.
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Figure 3. Average impact strength
These findings suggest that fiber orientation has a major impact on the material's ability to absorb
impact energy. When exposed to impact loads, fiber arrangements at low angles (0°-60°) provide less
equal stress distribution, resulting in simpler crack formation and faster damage propagation. A 90°
orientation, on the other hand, allows for a more efficient crack-resistance mechanism as well as a
more uniform load distribution across layers [36], resulting in better impact absorption. As a result, the
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0°/+90°/0°/+90°/0° design is the most promising orientation for car bumper component applications
that need strong impact toughness.

4. Conclusion

Several studies on the toughness and tensile strength of used jute sack laminated composites
as an alternative material show that composites with fiber orientations of 0°/+90°/0°/+90°/0°
have a maximum tensile strength of 21.087 N/mm?, an increase of 5.40% compared to car
bumpers, which have a tensile strength of 22.777 N/mm?2. Composites with the same fiber
arrangement have an impact strength of 0.0482 J/mm?, which is 8,54% higher than the automobile
bumper's value of 0.0527 J/mm? The increased tensile and impact strengths imply that fiber
orientation is significant in increasing interfacial adhesion between the fiber and the epoxy matrix,
directly affecting the composite's mechanical performance. Therefore, jute sack waste-based
composites can be considered a viable substitute material for sustainable and eco-friendly car
bumpers. These discoveries also provide an important contribution to the development of green
technology and sustainable composite materials by utilizing natural fiber waste. By maximizing waste
into value-added commodities, reducing reliance on new raw materials, and minimizing waste, this
approach is consistent with the objectives of the Sustainable Development Goals (SDGs), especially
SDG 12 on responsible production and consumption.
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