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Abstract – The development of natural fiber-based composite materials continues to increase due to their 

lightweight, environmentally friendly properties, and ability to provide good mechanical performance. Sisal fiber 
is one of the potential reinforcing candidates because it has high tensile strength and abundant availability; 
however, the performance of sisal fiber composites is greatly influenced by the lamination angle orientation, while 
research on lamination angle variations in epoxy composites is still limited. This study was conducted to examine 
the effect of sisal fiber lamination angle variations on the tensile strength of epoxy composites with orientations 
of 0°/90°/0°, 30°/-30°/30°, and 45°/-45°/45°. The composites were made using the hand lay-up method with a 
fiber volume fraction of 50%, while tensile testing was carried out in accordance with the ASTM D3039 standard. 
The results showed that the lamination angle had a significant effect on the mechanical properties of the 
composites. The 0°/90°/0° orientation provided the highest performance with a tensile strength of 98.403 MPa, 
strain of 9.457%, and elastic modulus of 1.061 GPa. The 30°/-30°/30° orientation produced a tensile strength of 
9.957 MPa and a modulus of 0.577 GPa, while the 45°/-45°/45° orientation achieved 30.662 MPa and a modulus 
of 0.722 GPa. These findings confirm that fibers aligned parallel to the tensile direction contribute most 
significantly to the increase in the mechanical strength of composites. This research is expected to serve as a 
reference in selecting the optimal lamination configuration and support the development of strong, lightweight, 
and more sustainable natural fiber composite materials. 
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1    Introduction 

Composites are one of the material engineering 

technologies currently being developed, as they are 

capable of combining several materials with different 

characteristics into new properties that are suitable for 

the planned design [1]. In polymer composite 

applications, the selection of the matrix and lamination 

configuration greatly affects the performance of the 

material. Sisal fiber (Agave sisalana) is one of the natural 

fibers with a rich chemical composition, consisting of 

approximately 78% cellulose, 8% lignin, 10% 

hemicellulose, 2% wax, and 1% ash. This composition 

gives sisal fiber high mechanical strength, with tensile 

strength reaching 268 MPa and an elastic modulus of 

approximately 15 Gpa [2]. Additionally, Epoxy is one of 

the most widely used matrices because it has superior 

mechanical and thermal properties, such as high tensile 

strength, stiffness, and good adhesion to various 

reinforcements. Additionally, epoxy is resistant to 

moisture, chemicals, and high temperatures, and is 

compatible with various fabrication methods, such as 

hand lay-up and resin transfer molding [3], [4]. 

Meanwhile, the lamination angle in composite materials 

affects stress distribution, where angles parallel to the 

direction of force produce greater stress, while angles 

further away can cause higher stress concentrations. 

Adjusting the angle and number of laminations optimally 

can also increase the impact strength of composite 

materials [5], [6]. 

PP-ABS is a synthetic material commonly used in 

automotive interior components, such as door panels, 
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due to its strength and ease of processing. However, its 

non-biodegradable and petrochemical-based properties 

make it less environmentally friendly. As a sustainable 

alternative, sisal fiber composites combined with 

polymer resins exhibit superior mechanical performance 

and low density, even surpassing PP-ABS [7], and 

biodegradable [8]. Therefore, sisal fiber has the potential 

to be an efficient and environmentally friendly solution 

for automotive doortrim applications. This study aims to 

determine the effect of sisal fiber lamination angle on 

mechanical properties, particularly tensile strength, with 

the hope of providing insight into the selection of the 

optimal angle to improve composite performance in 

industrial applications. 

2    Methodology 

The research began with a literature study as a 
theoretical basis, followed by calculations of the volume 
fraction of fiber and matrix, and then preparation of 
tools, materials, resin, and catalysts. Sisal fibers were 
processed through NaOH immersion to remove lignin and 
hemicellulose, then dried and arranged in specific 
orientations (0°/90°/0°, 30°/–30°/30°, 45°/–45°/45°). 
Sisal fiber composites were then fabricated, and tensile 
test specimens were prepared according to ASTM D3039 
standards. The specimens were verified for suitability 
before tensile testing. Test data were analyzed to draw 
final conclusions from the entire research process. 

2.1 Calculation of Fiber Volume Fraction and Matrix 

In the process of manufacturing sisal fiber–epoxy 
composites, a fiber volume fraction of 50% is used. 
Calculations are performed to determine the total mold 
volume, as well as the volume and mass of each 
component (fiber and matrix), including the mixing ratio 
of epoxy resin and hardener. 
The volume of the rectangular prism-shaped mold is 
calculated using the dimensions of length 27 cm, width 
17 cm, and thickness 0.5 cm: 

• Vc = 27 cm × 17 cm × 0,5 cm = 229,5 cm³    (1) 

With a fiber volume fraction (Fv) of 50%, then: 

• Fiber volume(Vf): 

Vf = 50% × 229,5 cm³ = 114,75 cm³       (2) 

• Fiber Mass (Mf): 

Mf = 114,75 cm³ × 1,26 g/cm³ = 144,58 g    (3) 

For a matrix (epoxy resin) with a volume fraction of 50% 
and a density of 1.16 g/cm³, the following is obtained: 

• Matrix volume (Vm): 

Vm = 50% × 229,5 cm³ = 114,75 cm³      (4) 

• Matrix mass (Mm): 

Mm = 114,75 cm³ × 1,16 g/cm³ = 133,11 g    (5) 

The epoxy resin and hardener are mixed in a 2:1 ratio 
according to specifications to ensure optimal 
polymerization. All calculations are adjusted to meet the 
requirements of the three layers of composite lamination 
used. 

2.2 Composite Manufacturing Process 

The process of making sisal fiber composites begins 
with alkali treatment of the fibers to improve their 
bonding quality with the resin matrix. The sisal fibers are 
soaked in a 5% NaOH solution for two hours, then rinsed 
with distilled water until clean and dried naturally in a 
shaded area. Next, the mold is prepared using PVC boards 
coated with mold release wax to facilitate specimen 
removal. The dried fibers are arranged in the mold 
according to three variations of lamination angles, 
namely 0°/90°/0°, 30°/-30°/30°, and 45°/-45°/45°, with 
neat and precise arrangement to avoid structural defects. 

After the fibers are arranged, the epoxy resin and 
hardener are mixed in a 2:1 ratio until homogeneous, 
then poured into the mold until all the fibers are 
completely submerged. The mold is then closed and 
pressed using a hydraulic press to eliminate trapped air 
and ensure the resin is evenly distributed. The curing 
process takes 24 hours. Once curing is complete, the 
composite is removed from the mold and cut using a 
grinder in accordance with ASTM D3039 standards, 
producing uniform tensile test specimens in terms of 
shape and size. The results of the specimen cutting can 
be seen in Figure 1. 

 

 
Figure 1. composite manufacturing results 

2.3 Tensile test 

Tensile testing is a mechanical testing method used to 
determine the mechanical properties of a material, 
including composites. This test is performed by applying 
a tensile load to a specimen until it undergoes 
deformation or fracture, thereby determining its tensile 
strength, strain, and elastic modulus [9]. In this study, 
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tensile testing was performed on composites reinforced 
with polymer fibers and sisal fibers, following the ASTM 
D3039 standard, which is designed to measure the tensile 
properties of balanced and symmetrical laminated 
composite materials related to the direction of the load 
[10]. The specimen dimensions can be seen in Figure 2. 

 

 
Figure 2. Tensile Test Specimen 

3 Result and Discussion 

Tensile testing was conducted to evaluate the 
mechanical properties of epoxy–sisal fiber composites 
with a fiber volume fraction of 50% and varying fiber 
orientations (0°/90°/0°, 30°/–30°/30°, and 45°/–45°/45°). 
The parameters analyzed include maximum tensile stress 
(MPa), tensile strain (%), and elastic modulus (GPa). This 
study aims to investigate the influence of fiber 
orientation direction on stress distribution, strain, and 
mechanical performance of the material. Through this 
analysis, it is hoped that an understanding of the 
contribution of each angle configuration to the tensile 
characteristics of the composite will be obtained. The test 
results are summarized in Table 1. 

 
Table 1. Tensile test results 

 
 

Based on the test results, the 0°/90°/0° orientation 
showed the best performance with the highest average 
tensile stress of 98.403 MPa and elastic modulus of 1.061 
GPa. This indicates that the fiber orientation parallel to 
the loading direction is able to withstand tensile forces 
optimally. Conversely, the 30°/–30°/30° orientation 
yields the lowest tensile stress of 9.957 MPa and the 
lowest elastic modulus of 0.577 GPa, indicating that the 
inclined fiber angle reduces the material's strength and 
stiffness. These findings confirm that the direction of 
fiber orientation significantly influences the mechanical 
response of the composite. 

3.1 Comparison of Stress and Strain Based on Angular 
Orientation 

To determine the mechanical characteristics of sisal 
fiber composites with varying lamination angles of 
0°/90°/0° 30°/-30°/30° and 45°/-45°/45°, tensile testing 
was conducted on three specimens. The test results were 
then processed into stress-strain curves to illustrate the 
deformation behavior of the material under tensile load. 

 

 
Figure 3. Stress-Strain Curve Orientation Angle 0°/90°/0° 

Based on Figure 3, it can be seen that the curves show 
a similar pattern between specimens, with a linear 
increase in stress against strain at the beginning of the 
test, indicating elastic behavior. Specimens 1 and 3 
reached maximum stresses above 100 MPa, while 
specimen 2 was slightly lower, possibly due to variations 
in fiber distribution or microdefects. The maximum strain 
is in the range of 9–10%, indicating that the material 
undergoes plastic deformation before failure. There is no 
sharp drop in stress after the maximum point, indicating 
that the damage occurs gradually. Overall, the 0°/90°/0° 
fiber orientation provides the best tensile strength 
because the fiber direction is parallel to the tensile force. 

 

 
Figure 4. Stress-Strain Curve Orientation Angle 30°/-30°/30° 

Based on Figure 4, the curve shows that the three 
specimens produced maximum stresses between 7 and 
12 MPa, lower than the 0°/90°/0° variation. Specimen 2 
had the highest stress, while specimen 3 had the lowest. 
The maximum strain of the three specimens ranged from 
3% to 3.5%. The curve shape tends to be non-linear and 
appears fluctuating, indicating uneven stress distribution 
due to the fiber angle being inclined relative to the tensile 
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force direction. This results in lower load transfer 
efficiency compared to parallel fiber orientation. In 
general, the 30°/−30°/30° variation has lower tensile 
strength than the 0°/90°/0° orientation, but still exhibits 
plastic deformation before failure. 

 

 
Figure 5. Stress-Strain Curve Orientation Angle 45°/-45°/45° 

Based on Figure 5, all three specimens showed 
maximum stress values between 24 and 35 MPa, with 
specimen 1 recording the highest stress. The maximum 
strain was in the range of 0.02 to 0.035 (2–3.5%), 
indicating moderate deformation capacity before 
fracture. The curve shape appears irregular and tends to 
show several stress spikes, indicating the possibility of 
local delamination or layer irregularities. This may be 
caused by the diagonal orientation of the fibers relative 
to the tensile force direction, resulting in less efficient 
load transfer. In general, the 45°/−45°/45° variation 
shows better tensile performance than the 30°/−30°/30° 
variation, but it is still below the strength of the 0°/90°/0° 
variation. 

3.2 The Effect of Sisal Fiber Angle Orientation on Tensile 
Strees, Tensile Strain, and Elastic Modulus 

a. The Effect of Sisal Fiber Angle Orientation on 
Tensile Strees 
 

 
Figure 6. Curve showing the effect of sisal fiber angle 

orientation on tensile strength 

Based on the curve in Figure 6, the orientation of 
sisal fibers has a significant effect on the tensile strees 
of epoxy–sisal fiber composites. In the 0°/90°/0° 
configuration, the highest average tensile stress was 
achieved, approximately 102.9 MPa in the first test, 

decreasing to 86.8 MPa in the second test, and 
increasing again to 105.4 MPa in the third test. This 
pattern indicates that the orientation with the main 
fibers parallel to the load direction (0°/90°/0°) 
optimally transfers tensile stress through the fibers, 
while the 90° layer acts as a stabilizer, resulting in the 
composite exhibiting the highest tensile strees. 

Conversely, the composite with a 30°/-30°/30° 
orientation exhibited the lowest tensile stress values, 
namely 10.4 MPa; 11.8 MPa; and 7.7 MPa in each test. 
This drastic decrease confirms that fibers applied at a 
30°/-30°/30° angle relative to the load direction cause 
the fiber–matrix structure to shift and local stress 
concentration, leading to early crack initiation and 
reduced tensile capacity. 

The 45°/-45°/45° orientation is intermediate, with 
tensile stresses of 36.5 MPa; 28.2 MPa; and 25.3 MPa. 
These values are higher than those at ±30° but still 
significantly lower than the 0°/90°/0° configuration. 
This indicates that as the fiber angle increases relative 
to the load direction, the shear mechanism between 
the fiber–matrix interface and interlaminar cracks 
becomes more dominant, thereby reducing tensile 
resistance despite the fibers still contributing part of 
the load. Overall, these results show that fiber 
orientation parallel to the load (0°/90°/0°) provides 
the best tensile performance in epoxy–sisal 
composites, while the inclined angles (30°/-30°/30° 
and 45°/-45°/45°) result in a significant decrease in 
stress transfer efficiency through the fibers due to 
increased shear stress and stress concentration in the 
matrix. 

b. The Effect of Sisal Fiber Angle Orientation on 
Tensile Strain 
 

 
Figure 7. Influence Curve of Sisal Fiber Angle Orientation on 

Tensile Strain 

The graph in Figure 7 shows the variation in tensile 
strain (%) values in epoxy–sisal fiber composites with 
three fiber orientation angle configurations, namely 
0°/90°/0°, 30°/-30°/30°, and 45°/-45°/45°. The results 
indicate that fiber orientation significantly influences 
the material's deformation capacity before failure. 
The 0°/90°/0° configuration consistently exhibits the 
highest tensile strain values, namely 9.81%, 8.88%, 
and 9.69% for each test. This indicates that fiber 
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orientation parallel to the direction of the tensile 
force allows the material to undergo greater 
deformation before breaking. The 0° fibers support 
the material's flexibility, while the 90° layer maintains 
structural stability under tensile load, thereby 
optimizing total strain. 

In contrast, at the 30°/-30°/30° orientation, the 
strain values are significantly lower, at 2.86%, 3.39%, 
and dropping sharply to 0.84% in the third test. This 
suggests that when the fiber angle is more inclined 
relative to the load direction at 30°/-30°/30°, the 
deformation that the composite can withstand 
decreases. It is likely that the applied tensile force is 
not effectively transmitted along the fiber direction 
but instead primarily causes shear between layers and 
fiber-matrix interfaces, leading to premature damage. 

Meanwhile, the 45°/-45°/45° configuration showed 
intermediate strain values of 2.04%, 4.42%, and 
3.84%. This orientation still allows for relatively larger 
deformation compared to the 30°/-30°/30° 
orientation, though not as large as in the 0°/90°/0° 
configuration. This is due to the nature of the fibers 
forming an angle with the load direction, where part 
of the tensile force is converted into shear force 
between layers. However, stress distribution tends to 
be more uniform compared to the 30°/-30°/30° 
configuration, resulting in higher final strain. Overall, 
it can be concluded that the more parallel the fiber 
direction is to the tensile force direction, the greater 
the material's ability to deform before breaking. 
Conversely, an angled fiber orientation causes 
inefficient stress transfer, leading to a reduction in the 
tensile strain of the epoxy–sisal fiber composite. 

c. The Effect of Sisal Fiber Angle Orientation on 
Tensile Elastic Modulus 
 

 
Figure 8. Curve showing the effect of variations in the 
orientation angle of sisal fibers on the tensile elasticity 

modulus value 

Figure 8 shows the effect of variations in the 
orientation angle of sisal fibers on the tensile elastic 
modulus value. Three orientation angle 
configurations are compared: 0°/90°/0°, 30°/-
30°/30°, and 45°/-45°/45°. The horizontal axis shows 
three different testing conditions, while the vertical 
axis shows the tensile modulus values in GPa units. 
Based on the graph, the 0°/90°/0° configuration 

shows the highest and relatively stable tensile 
modulus values, with a slight decrease from 1.049 
GPa in the first condition to 1.046 GPa in the second 
condition, and reaching 1.089 GPa in the third 
condition. This indicates that parallel and 
perpendicular fiber orientations can provide higher 
and more consistent tensile stiffness. 

The 30°/-30°/30° configuration shows the lowest 
elastic modulus value among the three. The initial 
value of 0.364 GPa increased to 0.563 GPa at the 
second point and further rose to 0.830 GPa at the 
third point. Despite the increase, the values remain 
lower than those of the other configurations, 
indicating that this inclined fiber orientation results in 
a more flexible structure. Meanwhile, the 45°/-
45°/45° configuration exhibits a fluctuating pattern. 
The elastic modulus value of 0.869 GPa at the first 
point decreased to 0.639 GPa at the second point, 
then slightly increased to 0.658 GPa at the third point. 
These fluctuations indicate that the diagonal fiber 
orientation produces a less stable mechanical 
response compared to other orientations. 

Overall, the 0°/90°/0° configuration demonstrates 
the best performance in maintaining high and stable 
elastic modulus values, while the 30°/-30°/30° and 
45°/-45°/45° configurations show lower performance 
and tend to be less stable. This confirms that fiber 
orientation has a significant influence on the 
mechanical properties of sisal fiber-based 
composites. 

3.3 Average Results of Voltage, Strain, and Tensile Elastic 
Modulus for Each Variation 

a. Average Tensile Strees Results for Each Variation  
 

 
Figure 9. Average Tensile Stress Curve 

Based on the curve in Figure 9, the average tensile 
stress in composite materials with varying fiber 
orientation angles shows significant differences in 
tensile strees between variations. The 0°/90°/0° 
orientation shows the highest tensile stress value, 
which is 98.403 MPa. This is because the fiber 
orientation parallel to the loading direction allows the 
fibers to work optimally in resisting tensile forces, 
enabling the load to be distributed evenly and 
maximizing the composite's strength. Conversely, the 
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30°/-30°/30° orientation yields the lowest tensile 
stress value, only 9.957 MPa. At this orientation, the 
fibers' angled position relative to the force direction 
causes less effective load distribution. As a result, the 
fibers cannot fully resist tensile forces and experience 
more deformation, even risking delamination 
between the fibers and the matrix. 

Meanwhile, the 45°/-45°/45° orientation yields a 
tensile stress of 30.662 MPa. This value is higher than 
the 30°/-30°/30° orientation but remains lower than 
the 0°/90°/0° orientation. Although the fibers are not 
fully aligned with the tensile force, this orientation 
still provides resistance to loads, especially under 
conditions involving a combination of tensile and 
shear forces. Overall, the more aligned the fiber 
orientation is with the direction of the tensile force, 
the greater its contribution to enhancing the tensile 
strength of the composite material. Therefore, the 
selection of fiber orientation angles is critical in 
determining the mechanical performance of the 
composite being used. 

b. Average Tensile Strain Results for Each Variation 
 

 
Figure 10.Average Tensile Strain Curve 

Figure 10  shows a comparison of the average tensile 
strain values of sisal fiber composites based on 
variations in fiber orientation angles, namely 
0°/90°/0°, 30°/-30°/30°, and 45°/-45°/45°. The 
horizontal axis indicates the type of fiber angle 
orientation, while the vertical axis shows the average 
tensile strain values. From the graph, it can be seen 
that the 0°/90°/0° orientation yields the highest tensile 
strain value of 9.457%. This value indicates that the 
arrangement of fibers perpendicular and parallel to the 
loading direction can provide significant deformation 
before failure. This suggests that this orientation is the 
most elastic among the three configurations tested. 

Conversely, the 30°/-30°/30° orientation produces 
the lowest tensile strain, only 2.362%. This indicates 
that the fiber configuration at a 30°/-30°/30° angle has 
significantly lower deformation capability, likely due to 
the suboptimal fiber orientation in resisting tensile 
stress along the loading direction. Meanwhile, the 
45°/-45°/45° configuration showed a tensile strain 
value of 3.434%, slightly higher than the 30°/-30°/30° 
orientation, but still significantly lower than the 

0°/90°/0° orientation. This indicates that the greater 
the deviation of the fiber orientation angle from the 
main loading direction, the lower the material's ability 
to withstand tensile strain. Thus, the test results 
indicate that the fiber orientation configuration 
significantly affects the elastic properties of the 
composite, with the 0°/90°/0° orientation—where the 
fibers are aligned parallel and perpendicular to the 
load—yielding the most optimal results in resisting 
tensile strain before the material fails.   

c. Average Tensile Elasticity Modulus Results for 
Each Variation 
 

 
Figure 11. Average Elasticity Modulus Curve 

Figure 11 shows the average tensile elastic 
modulus values of sisal fiber-based composites with 
three variations in fiber orientation angles, namely 
0°/90°/0°, 30°/-30°/30°, and 45°/-45°/45°. The 
horizontal axis represents the fiber orientation 
configuration, while the vertical axis depicts the 
average tensile elastic modulus values in GPa. Based 
on the graph, the 0°/90°/0° configuration shows the 
highest average tensile modulus value of 1.061 GPa. 
This indicates that fiber orientations parallel and 
perpendicular to the loading direction provide the 
highest material stiffness and stability against elastic 
strain. 

Conversely, the 30°/-30°/30° configuration has the 
lowest average elastic modulus value, at 0.577 GPa. 
This low value indicates that fiber orientation with an 
inclined angle tends to be ineffective in resisting 
deformation due to tensile loading, possibly because 
the fiber angle is not optimal for distributing stress. 
The 45°/-45°/45° configuration shows an average 
value of 0.722 GPa. This value lies between the other 
two configurations, indicating that while diagonal 
orientation provides better stiffness than the 30° 
angle, it is still not as effective as the parallel-
perpendicular configuration (0°/90°/0°). 

Overall, these results show that fiber orientation in 
composite structures significantly influences the 
elastic modulus value. Orientations parallel or 
perpendicular to the loading direction (such as 
0°/90°/0°) are more effective in enhancing material 
stiffness compared to angled orientations. 
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4 Conclusion 

Based on the results of the research and data analysis 

conducted, it can be concluded that variations in the 

lamination angle of sisal fibers significantly affect the 

tensile strength of epoxy-based composite materials. The 

three lamination angle configurations tested—0°/90°/0°, 

30°/-30°/30°, and 45°/-45°/45°—exhibit noticeable 

differences in their mechanical performance. Tensile test 

results indicate that the 0°/90°/0° fiber orientation yields 

the most optimal results with an average tensile strength 

of 98.403 MPa, an average elongation of 9.457%, and an 

elastic modulus of 1.061 GPa. Meanwhile, the 45°/-

45°/45° orientation produced an intermediate tensile 

strength of 30.662 MPa, and the 30°/-30°/30° orientation 

showed the lowest performance with a tensile strength 

of only 9.957 MPa. This data demonstrates that the 

laminate angle influences stress distribution and load 

transfer efficiency within the composite structure, 

resulting in significant differences in tensile strength. 

Among the three angle variations studied, the 
0°/90°/0° fiber orientation was proven to be the most 
optimal laminate angle configuration for enhancing the 
tensile strength of composite materials. This is because 
the fiber direction is parallel to the tensile force direction, 
thereby maximizing its contribution to load-bearing 
capacity. Conversely, fiber orientations that intersect at 
oblique angles, such as 30°/-30°/30° and 45°/-45°/45°, 
tend to produce lower mechanical responses due to 
uneven force distribution and reduced fiber capacity to 
directly withstand loads. Therefore, the 0°/90°/0° 
laminate orientation is recommended as the most 
effective configuration for structural applications based 
on sisal fiber composites requiring high tensile strength, 
particularly in the development of environmentally 
friendly alternative materials. 
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