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ABSTRACT

This study provides a better understanding of reinforcing cylindrical concrete columns (CCC) using a
hybrid laminated composite material (HLC) composed of jute and e-glass fibers, including the influence of
layer quantity on strength and a comparison with previous research. The utilization of these alternative
materials may lead to the development of novel and efficient solutions for constructing durable and robust
structures. The primary objectives of this research are to assess the effects of employing HLC as a
reinforcing layer on CCC compressive strength, optimize the reinforcement process by selecting
appropriate layer sequences and types, and analyze the type of fiber damage in relation to the strength of
HLC composite material. The materials utilized in this study encompass woven jute fabric sheets, e-glass
fiber sheets, and epoxy resin. Compressive strength testing was conducted following ASTM C39 standards.
Specimen variations were based on the number and type of reinforcing layers. The results revealed that
CCC compressive strength increased by up to 100% with the application of up to three layers of jute
compared to an unlayered specimen. Furthermore, CCC compressive strength experienced a remarkable
enhancement of up to 150% with the incorporation of HLC composite. Hence, the implementation of HLC
demonstrates significant potential for augmenting the strength of concrete structures.

Keywords: Woven Jute Fabric, Curve Laminate Composite, Hybrid Laminate Composite, Compression
Strength

1. Introduction

Currently, composite materials are extensively utilized across diverse manufacturing
sectors, including aircraft fuselages, automotive components, electronic devices, and household
appliances. Furthermore, the utilization of these materials has advanced to enhance the durability
and longevity of structural elements in construction, such as concrete columns and beams.
Employing these materials can result in the creation of products possessing reduced weight,
increased strength, and enhanced affordability (Mahmud et al., 2023; Parvez et al., 2023).
Moreover, the formulation of these materials can be tailored to accommodate various fillers—
whether natural, synthetic, or hybrid—ensuring adaptability to specific manufacturing
requirements (Kumar & Kumar, 2023).

Laminated composite refers to a category of composite materials comprising the bonding
of multiple layers. This composite variety encompasses several layers of reinforcement materials
oriented in specific configurations. Typically, these layers consist of synthetic, natural, and/or
hybrid materials (Sharma & Gupta, 2023). The distinctive merit of this composite type lies in its
capacity to conform to the loading direction and nature pertinent to a predefined structure, thereby
augmenting structural strength and mitigating susceptibility to damage (Hasanuddin et al., 2023).

Typically, the composition of construction materials consists of concrete, a composite
comprising cement, sand, and gravel (Xiao et al., 2023). This material is renowned for its
remarkable resistance to adverse weather conditions, external forces, and extended operational
lifespan. Nonetheless, in the event of structural damage, remediation necessitates specialized
procedures, potentially leading to downtime and additional load-bearing demands on the
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replacement structure (Gravett et al., 2021; Lu et al., 2023). Hence, there exists a requirement for
innovative approaches aimed at enhancing concrete structures without augmenting their
operational load. One viable approach involves the incorporation of a reinforcing laminate
composite structure, which can be partially or wholly applied to the concrete structure (Patil et
al., 2023; Xie et al., 2020).

Presently, diverse industries are contemplating the reutilization of natural resources as a
means of mitigating the environmental impact stemming from waste generation. Natural materials
possess physical attributes that facilitate biodegradability, recyclability, abundant availability,
cost-effectiveness, and lightweight properties (Rueda-Bayona et al., 2022; Santosh Gangappa &
Sripad Kulkarni, 2020). Nonetheless, these materials often lack the requisite mechanical
robustness, rendering them susceptible to damage under external loads (Chau et al., 2022;
Thomason, 2023). Additionally, numerous investigations have indicated that the incorporation of
synthetic and natural composite laminates can enhance mechanical attributes and diminish
operational weight. Consequently, the central focus of this study revolves around the utilization
of hybrid synthetic and natural laminated composites to ameliorate concrete structures (Oteng-
Abayie et al., 2022).

Jute, belonging to the Corchorus spp. and categorized under the Tiliaceae family, is a plant
known for its adaptability to growth in warm and tropical regions (Khalid et al., 2021; Majumder
et al., 2023). Historically utilized mainly for burlap (sacking), jute holds its origins in the
Mediterranean. However, at present, India leads as the foremost jute producer, yielding a
substantial annual output of around 1900 to 2000 tons (Baley et al., 2021; Karua et al., 2023).
Notably, within the Southeast Asian realm, Thailand contributes to the global jute production with
a share of approximately 5% (Baley et al., 2021; Shukla & Mittal, 2022). Primarily manifesting
as jute fabric, this plant derivative exhibits the potential to serve as a reinforcing material for
concrete structures due to its favorable capacity as a substrate for innate materials (Li et al., 2020;
Senniangiri et al., 2022).

Jute fibers and E-glass fibers exhibit distinct characteristics and advantages. Jute fibers are
natural fibers known for their environmental friendliness, lightweight nature, and strength
(Senniangiri et al., 2022; Wagh et al., 2023). On the other hand, E-glass fibers are synthetic fibers
with attributes of strength, heat resistance, and corrosion resistance (Mohammad Shohel et al.,
2023; Veeranjaneyulu et al., 2023). When combined, jute fibers and E-glass fibers complement
each other's strengths (Shakery & Alizadeh, 2021). Jute fibers contribute to environmental
friendliness and lightness, whereas E-glass fibers provide strength, heat resistance, and corrosion
resistance. Furthermore, jute fibers are biodegradable natural fibers, thereby reducing
environmental impact. Additionally, they possess a lower density compared to E-glass fibers,
leading to the creation of lighter composite materials. Jute fibers are easily obtainable and
relatively cost-effective, thereby lowering production costs and overall prices (Tong et al., 2023).
In contrast, E-glass fibers possess higher tensile strength than jute fibers, thereby enhancing the
composite material's strength. Furthermore, E-glass fibers exhibit greater resistance to
temperature and corrosion (Thomason, 2023). Consequently, the combination of jute fibers and
E-glass fibers can enhance composite material performance in terms of strength, heat resistance,
corrosion resistance, lightweight nature, and environmental sustainability (Edward Kennedy &
Arul Inigo Raja, 2021).

Several studies have been conducted on the durability of composite materials made from
natural fibers. Abir et al. (2023) conducted experiments to assess the impact of adding jute fibers
on the mechanical properties of gypsum plasterboard composites. The research findings indicated
that the addition of 6% jute fibers resulted in the highest tensile strength. However, the
incorporation of 8% fibers led to lower tensile and flexural properties compared to lower fiber
content (Abir et al., 2023). Maithil et al. (2023) conducted a study on the tensile strength of
polymer composites reinforced with carbon fibers, jute fibers, and a hybrid combination of both.
The results showed that the hybridization of carbon and jute fibers in polymer composites yielded
a significant increase in mechanical strength compared to single fiber usage, along with reduced
production costs and environmental impact (Maithil et al., 2023). Sriranga et al. (2021)
investigated the potential utilization of naturally available and cost-free jute fibers as
reinforcement in composite materials. The study demonstrated that a composition containing an
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additional 25% jute fibers exhibited improved strength compared to the base matrix of S-glass
fibers and epoxy resin. This indicates that the addition of jute fibers enhances the mechanical
properties of composite materials, particularly in terms of strength (Sriranga et al., 2021). Kirubai
et al. (2022) explored the application of jute fibers and rice straw powder for the development of
hybrid composite materials combined with synthetic silica fibers. The research findings indicated
that hybrid composite materials consisting of natural fibers (such as jute and rice straw) and
synthetic fillers (silica) exhibited superior mechanical properties compared to materials reinforced
with a single fiber type (Kirubai et al., 2022).

An experiment with random variables X will produce complex probability density function
data. Each time a randomized experiment is replicated, a random variable equal to the mean (or
total) of the results over the trials tends to form a normal distribution pattern as the number of
replicates becomes large (Berenguer-Rico & Nielsen, 2023; EI Bouch et al., 2022; Kurita & Seo,
2022). The random variable X with a different mean (u) and variance (52) can be modeled as a
normal probability mass function (PMF) with the appropriate choice of center and curve width
(Horvath et al., 2020; Joe Qin et al., 2021). Furthermore, the value of is defined as the center of
the probability density function and the value of &2 as the width, then the random variable X will
be normally distributed if it is in the range U-g < X < U+g. The symbol ¢ is the standard deviation
of the random data which is the square root of g2. The resulting curve is like an asymmetric bell-
shaped curve. Thus, the random variable X can be considered representative of the sample if it is
normally distributed (Kolkiewicz et al., 2021; Rapino et al., 2023).

In this study, the focus of the research was to determine the effect of the application of
laminated jute fabric and hybrid laminated composite (HLC) wrapping of e-glass jute on the
compressive strength of CCC. The objectives of this study were to evaluate the effect of using
HLC as a reinforcing layer on the compressive strength of CCC, to optimize the reinforcement
process by selecting the appropriate sequence and type of coating, and to analyze the type of fiber
damage in relation to the strength of the HLC composite material.

2. Research Methods

Sheets of 0.5 x 1 m jute fabric were purchased from the Yarn Warehouse, Bekasi, West
Java, Indonesia. E-glass sheets and epoxy resin were purchased from PT. Justus Kimia Raya,
Medan, Indonesia. Concrete aggregates consist of cement, sand, and gravel. Cement was
purchased from PT Cemindo Gemilang, Medan, Indonesia with the physical specifications shown
in Table 1. Sand and gravel were purchased at a building materials store in the Kota Binjai area,
North Sumatra, Indonesia. Air vacuum conditions were obtained using a CVC120 model vacuum
pump with a suction power of 4.5 MPa.

CCC specimens were made according to ASTM C39 test standards with a diameter of 50
mm and a length of 150 mm. The mold shape of the test object is shown in Figure 1. Based on
ASTM C33 and ACI 211.1 standards, the best composition of concrete aggregate (cement, sand,
and gravel) for the North Sumatra region, Indonesia is 1:2:3 and the specimen treatment is carried

out by immersion in clean water for 28 days and drying in the open air for 28 days.
Table 1 - Physical specification of cement material (Fode et al., 2023)

Properties Unit Value
Compressive Strength:

3 days MPa 20

7 days MPa 34

28 days MPa 44
Material fineness m?/kg 345
Air content % 6.95
SOs content % 21
Early binding minutes 126
Final binding minutes 210
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J1, J2, and J3 represent the first, second, and third layers which are jute fabric sheets. This
cloth will be used as a protective sheet for the CCC specimen. To form three test objects, each
variation will undergo three tests. Additionally, as a control, three CCC specimens without jute
fabric were prepared for testing purposes. Next, three different fabric combinations, including
jute fabric and E-glass, were examined for HLC (Hybrid Laminated Composite) evaluation. These
variations are designated GGJ, JGJ, and JJG, where the J' denotes jute fabric sheet and ‘G’ denotes
E-glass fabric sheet. lllustrations of test specimens are shown in Fig. 2.

[
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Fig. 1. CCC specimen mold based on ASTM C39 standard
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Fig. 2. Sketghzs of the CCC wrap variations: (a) J(l,)(b) J2, (c) J3, (d) GGJ, (e) JGJ, and (f) JIG.

The procedure for making test specimens begins with measuring the mass of each
constituent of the concrete aggregate, namely cement, sand, and gravel, as in Figure 3. Next, the
aggregate is mixed carefully and poured into the test specimen mold as shown in Figures 4. a and
b. After being left for 3 days in the mold, the specimens were extracted and soaked in clean water
for 28 days as shown in Figure 4. c. Then, the specimens were dried in the open air for 28 days to
achieve optimal hardness as shown in Figure 4.d. A layer of jute and its hybrids is applied to the
concrete surface according to the variations mentioned and molded using the vacuum bag method.
This process is shown in Figure 4. e and f.
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Fig. 3. Aggregate mass measurement: (a) cement, (b) sand, and (c) gravel
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Fig. 4. The process of making specimens: (a) mixing concrete aggregate, (b) molding specimens, (c) soaking in clean
water, (d) drying in the open air, (€) wrapping of woven jute fabric, (f) vacuum air process, and (g) specimens that have
been vacuumed.
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Research activities and compressive strength testing were carried out at the Integrated
Research Laboratory (LPT), University of North Sumatra, Medan, Indonesia. Compression
testing using the Universal Testing Machine (UTM) type Hydraulic UTM model WEW-300D
with a capacity of 300 kN (Figure 5). The test is carried out on the test object until it is damaged
as shown in Figure 6.

Fig. 6. Compressive Test Conditions: (a) Specimen Before Being Subjected To Compressive Load, And (b)
Specimen After Failure.

The test data will be validated using the PMF method to check whether the data is normally
distributed or not. The test results will be displayed in the form of a normally distributed data
graph (NDD), where the data must be within the lower control limits (LCL) and upper control
limits (UCL). Data that meets these requirements are in the range LCL < X < UCL. In this study,
the analysis of the test results is to see the trend of changes in the strength of the CCC structure
due to the effect of applying laminated composite wrap in the form of curved structures, both with
jute and HLC fabrics. Furthermore, the results of this study will be compared with the results of
previous studies to obtain the overall characteristics of the material produced and other
phenomena.

3. Results and Discussions

The data from the compression test of the CCC specimen reinforced with laminated
composites from jute fabric and its hybrids are shown in Figure 7. In this study, the validity of
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the test data was checked using the PMF method and the test results are shown in the form of
NDD graphs shown in Figures 8 and 9. Based on the results of the examination, the test data for
each variation proved to be in the NDD condition because these data were still close to the range
of p-¢ < X < p+g. Thus, the data are spread close to the sample mean value and can be assumed
to be representative of the sample.
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Fig. 7. Average Compressive Strength Of CCC Specimens By Wrap Variation
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Fig. 9. Graph of NDD on variations of (a) GGJ, (b) JGJ, and (c) JJG

Based on the test data, the compressive strength of SO and J1 has almost the same average
value of 11 MPa. Thus, the addition of 1 layer of jute cloth did not have a significant effect on
increasing the compressive strength of CCC when compared to no wrap. Furthermore, the
compressive strength experienced a significant increase in the application of 2 and 3 layers of jute
fabric wrap. The average compressive strength of 2 and 3 layers of jute wrap was 23.83 and 23.84
MPa, respectively. The compressive strength has increased up to 100% compared to without
wrapping. The results of this study support the results of investigations carried out by Abir et al.
(2023), where the addition of jute fiber to the composite was able to increase its mechanical
properties by up to 593% (Abir et al., 2023). This study also supports the results of research
conducted by Karua et al. (2023), where 2.44% jute fiber mixture can increase the compressive
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strength of composite materials by up to 140% (Karua et al., 2023). However, the results of this
study are in contrast to the results of a study by Majumder et al. (2023). Mixing jute fiber in
mortar actually reduces the compressive strength by up to 80% at a composition of 2% fiber 5
mm long (Majumder et al., 2023).

The application of HLC to CCC causes a significant increase in compressive strength,
which is up to 150% without wrapping. The average compressive strength in each variation of
GGJ, JGJ, and JJG was 28.77, 29.56, and 25.95 MPa, respectively. Among these variations, the
application of a jute fabric as the first layer to cover the CCC surface had a higher average
compressive strength than e-glass. Thus, in the process of strengthening the CCC structure with
the application of an HLC wrap, it is necessary to consider the use of a jute fabric as the initial
layer covering the CCC to obtain better compressive strength. The results of this study support
the results of investigations carried out by Maithil et al. (2023), where the application of a hybrid
composite of jute fiber and synthetic carbon fiber was able to increase its mechanical properties
by up to 300% (Maithil et al., 2023). The results of this study also support the investigation that
has been carried out by Vivek et al. (2022), where a mixture of jute fiber with 5% copper wire
was able to increase its compressive strength by up to 15% (Vadivel Vivek et al., 2022).

Figure 10 depicts the pattern of damage to the composite wrap made of laminated jute and
HLC. The jute fabric does not have a significant impact on CCC, as seen by the damage that
occurs in 1 jute layer, as illustrated in Figure 10 a. It is plain to see that CCC damage happens
frequently and shreds the case at any point on its surface. As a result, applying a jute cloth with
up to 1 layer did not increase the CCC strength. However, jute fabrics with two and three layers
showed an improvement in strength. Visual inspection of the damage pattern in Figures 10 b and
c revealed that the damage was confined to a single area. This demonstrates that the jute fabric's
strength is generally distributed throughout the CCC surface and that the damage only affects one
of the weaker areas. This damage pattern matched that of the specimens with HLC coating, as
seen in Figures 10 d, e, and f. In other words, the application of an HLC coating and perhaps other
materials can boost the strength of the CCC even further.

(a) (b) (©) (d) (€)
Fig. 10. Damage To The Surface Of The Jute Layer In Variations Of (a) J1, (b) J2, (c) J3, (d) GGJ, (e) JGJ, and (f)
JIG
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Fig. 11. Optical Observations At 75 Times Magnification Of The Composite Structure At Variations of (a) J1, (b) J2,
and (c) J3

Fig. 12. Optical Observations Of 75 Times Magnification Of The Jute Fiber Structure In HCL Composites At
Variations Of (a) GGJ, (b) JGJ, and (c) JJG

Figure 11 displays the findings of observations made using an optical microscope with a
magnification of up to 75 times to determine the type of damage to the fiber. Figure 11a depicts
the J1 variation's fiber damage in terms of form. Due to the improper binding of the jute fiber by
the epoxy matrix in this situation, it is unable to endure the applied external load and sustains
damage first. In addition, the jute fiber responds to the stress in such a way that it seems to be
emerging from the embedded matrix. On the other hand, the J2 and J3 variations, as depicted in
Figures 11b and c, demonstrated a reasonably strong bond between the epoxy matrix and jute
fibers. The fracture between the matrix and the fibers happens in almost the same place, and the
direction and shape of the fibers appear to be more regular. The composite's entire structure may
receive equal amounts of load thanks to the matrix, which also boosts the strength of the fiber.

Thus, the laminated composite's strength can raise the total strength of CCC.
The results of the same observation on the shape of the fiber damage in the HLC specimen are
shown in Figure 12. The shape of the fiber damage in the GGJ variation is shown in Figure 12a.
In this condition, jute fiber gives a good response to the given load. The shape of the jute fiber
damage indicates that the fiber resists external loads maximally until it finally breaks.
Furthermore, the presence of jute fiber between the concrete and the e-glass also serves as a strong
binder between the concrete and the e-glass sheet. Furthermore, the shape of the fiber damage in
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the JGJ and JJG variations is shown in Figures 12b and c. In this condition, the fiber and matrix
provide a good response to the external load given. Based on the form of damage, the combination
of jute fiber and e-glass can better withstand the applied load resulting in the highest increase in
CCC strength of the other two types of HLC specimens. Finally, the application of the HLC wrap
on the CCC can work well together increasing the overall strength of the CCC.

4. Conclusion

The experimental findings indicate that the addition of a single layer of jute wrap (SO and
J1) did not lead to a significant improvement in the compressive strength of CCC when compared
to the unwrapped condition, as both exhibited nearly identical average values of 11 MPa.
However, a noteworthy enhancement in compressive strength was observed when employing 2
or 3 layers of jute fabric wrap. The mean compressive strength for 2 and 3 layers of jute wrap was
23.83 and 23.84 MPa, respectively, signifying a substantial increase of up to 100% when
contrasted with the unwrapped state. The application of HLC to CCC significantly increased the
compressive strength by up to 150% without wrapping. Among the variations, the use of jute
fabric as the first layer to cover the CCC surface had a higher average compressive strength than
e-glass. Therefore, in the process of strengthening the CCC structure with the application of an
HLC wrap, it is recommended to use jute fabric as the initial layer. The application of jute fabric
to CCC does not significantly improve the strength when only one layer is used. However, two
and three layers of jute fabric showed an improvement in strength. The damage pattern of the
specimens with jute fabric and HLC layer is similar, which suggests that the application of the
HLC layer and other materials can further improve the strength of CCC.

Acknowledgment

The authors would like to thank Faculty of Industrial and Manufacturing Technology and
Engineering, Universiti Teknikal Malaysia Melaka (UTeM) and CoE-Puin, Engineering Faculty
UMA who has supported this study.

References

Abir, N., Siddique, A. B., Begum, H. A., Gafur, M. A., Khan, A. N., & Mahmud, M. A. (2023).
Effect of fibre loading on mechanical properties of jute fibre bundle reinforced gypsum
composites. Heliyon, 9(7). https://doi.org/10.1016/j.heliyon.2023.e18147

Baley, C., Bourmaud, A., & Davies, P. (2021). Eighty years of composites reinforced by flax
fibres: A historical review. In Composites Part A: Applied Science and Manufacturing
(Vol. 144). Elsevier Ltd. https://doi.org/10.1016/j.compositesa.2021.106333

Berenguer-Rico, V., & Nielsen, B. (2023). Normality testing after outlier removal. Econometrics
and Statistics. https://doi.org/10.1016/j.ecosta.2023.06.001

Chau, K. Y., Moslehpour, M., Tu, Y. Te, Tai, N. T., Tien, N. H., & Huy, P. Q. (2022). Exploring
the impact of green energy and consumption on the sustainability of natural resources:
Empirical evidence from G7 countries. Renewable Energy, 196, 1241-1249.
https://doi.org/10.1016/j.renene.2022.07.085

Edward Kennedy, Z., & Arul Inigo Raja, M. (2021). Influence of stacking sequence and
hybridization on the mechanical and tribological properties of glass and jute fiber
composites. Materials Today: Proceedings, 55, 220-225.
https://doi.org/10.1016/j.matpr.2021.06.294

El Bouch, S., Michel, O., & Comon, P. (2022). A normality test for multivariate dependent
samples. Signal Processing, 201. https://doi.org/10.1016/j.sigpro.2022.108705

Fode, T. A., Chande Jande, Y. A., & Kivevele, T. (2023). Effects of different supplementary
cementitious materials on durability and mechanical properties of cement composite —
Comprehensive review. Heliyon, 9(7), el17924.
https://doi.org/10.1016/j.heliyon.2023.e17924

Gravett, D. Z., Mourlas, C., Taljaard, V. L., Bakas, N., Markou, G., & Papadrakakis, M. (2021).
New fundamental period formulae for soil-reinforced concrete structures interaction using
machine learning algorithms and ANNSs. Soil Dynamics and Earthquake Engineering, 144.
https://doi.org/10.1016/j.s0ildyn.2021.106656

193



Zulfikar et al ... Vol 5(1) 2023 : 184-196

Hasanuddin, 1., Mawardi, 1., Nurdin, N., & Jaya, R. P. (2023). Evaluation of properties of hybrid
laminated composites with different fiber layers based on Coir/Al203 reinforced
composites  for  structural  application.  Results in  Engineering, 17.
https://doi.org/10.1016/j.rineng.2023.100948

Horvéth, L., Kokoszka, P., & Wang, S. (2020). Testing normality of data on a multivariate grid.
Journal of Multivariate Analysis, 179. https://doi.org/10.1016/j.jmva.2020.104640

Joe Qin, S., Guo, S., Li, Z., Chiang, L. H., Castillo, I., Braun, B., & Wang, Z. (2021). Integration
of process knowledge and statistical learning for the Ddow data challenge problem.
Computers and Chemical Engineering, 153.
https://doi.org/10.1016/j.compchemeng.2021.107451

Karua, P., Arifuzzaman, M., & Islam, M. S. (2023). Effect of jute fiber reinforcement on the
mechanical properties of expanded perlite particles-filled gypsum composites.
Construction and Building Materials, 387.
https://doi.org/10.1016/j.conbuildmat.2023.131625

Khalid, M. Y., Al Rashid, A., Arif, Z. U., Ahmed, W., Arshad, H., & Zaidi, A. A. (2021). Natural
fiber reinforced composites: Sustainable materials for emerging applications. In Results in
Engineering (Vol. 11). Elsevier B.V. https://doi.org/10.1016/j.rineng.2021.100263

Kirubai, S., Padmavathy, S., Ganesh, N., & Rajaguru, K. (2022). Study of mechanical behaviour
on jute fiber and rice straw reinforced hybrid silica filled composite material. Materials
Today: Proceedings, 69, 1206-1212. https://doi.org/10.1016/j.matpr.2022.08.260

Kolkiewicz, A., Rice, G., & Xie, Y. (2021). Projection pursuit based tests of normality with
functional data. Journal of Statistical Planning and Inference, 211, 326-339.
https://doi.org/10.1016/j.jspi.2020.07.001

Kumar, A., & Kumar, N. (2023). A review on the electrically conductive transparent polymer
composites:  Materials and  applications.  Materials Today:  Proceedings.
https://doi.org/10.1016/j.matpr.2023.07.211

Kurita, E., & Seo, T. (2022). Multivariate normality test based on kurtosis with two-step
monotone missing data. Journal of Multivariate  Analysis, 188.
https://doi.org/10.1016/j.jmva.2021.104824

Li, M., Pu, Y., Thomas, V. M., Yoo, C. G., Ozcan, S., Deng, Y., Nelson, K., & Ragauskas, A. J.
(2020). Recent advancements of plant-based natural fiber—reinforced composites and their
applications. In Composites Part B: Engineering (Vol. 200). Elsevier Ltd.
https://doi.org/10.1016/j.compositesh.2020.108254

Lu, J. J., Shi, Y. C,, Guan, J. P., Dang, R. Q., Yu, L. C., Wang, H. Q., Hu, N. Di, & Shen, X. J.
(2023). Enhanced mechanical properties of ramie fabric/epoxy composite laminates by
silicon polymer. Industrial Crops and Products, 199.
https://doi.org/10.1016/j.indcrop.2023.116778

Mahmud, S., Konlan, J., Deicaza, J., Schmidt, R. A., & Li, G. (2023). Thermoset polymer
composites with gradient natural and synthetic fiber reinforcement: Self-healing, shape-
memory, and fiber recyclability. Materials Today Communications, 35.
https://doi.org/10.1016/j.mtcomm.2023.105950

Maithil, P., Gupta, P., & Chandravanshi, M. L. (2023). Study of mechanical properties of the
natural-synthetic fiber reinforced polymer matrix composite. Materials Today:
Proceedings. https://doi.org/10.1016/j.matpr.2023.01.245

Majumder, A., Stochino, F., Frattolillo, A., Valdes, M., Mancusi, G., & Martinelli, E. (2023). Jute
fiber-reinforced mortars: mechanical response and thermal performance. Journal of
Building Engineering, 66. https://doi.org/10.1016/j.jobe.2023.105888

Mohammad Shohel, S., Hossain Riyad, S., & All Noman, A. (2023). Study to analyze the
mechanical strength of composite glass fiber laminated with resin epoxy, resin polyester,
and PVC foam under tensile loading conditions by numerically using finite element
analysis via Ansys. Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2023.05.062

Oteng-Abayie, E. F., Mensah, G., & Duodu, E. (2022). The role of environmental regulatory
quality in the relationship between natural resources and environmental sustainability in
sub-Saharan Africa. Heliyon, 8(12). https://doi.org/10.1016/j.heliyon.2022.e12436

194



Zulfikar et al ... Vol 5(1) 2023 : 184-196

Parvez, M. M. H., Nur Rupom, S. M., Adil, M. M., Tasnim, T., Rabbi, M. S., & Ahmed, I. (2023).
Investigation of mechanical properties of rattan and bamboo fiber reinforced vinyl ester
composite material for automotive application. Results in Materials, 19.
https://doi.org/10.1016/j.rinma.2023.100437

Patil, S., Sudarsana Rao, H., & Ghorpade, V. G. (2023). The influence of metakaolin, silica fume,
glass fiber, and polypropylene fiber on the strength characteristics of high performance
concrete. Materials Today: Proceedings, 80, 577-586.
https://doi.org/10.1016/j.matpr.2022.11.051

Rapino, L., Liu, L., Dinosio, A., Ripamonti, F., Corradi, R., & Baro, S. (2023). Processing of tyre
data for rolling noise prediction through a statistical modelling approach. Mechanical
Systems and Signal Processing, 188. https://doi.org/10.1016/j.ymssp.2022.110042

Rueda-Bayona, J. G., Cabello Eras, J. J., & Chaparro, T. R. (2022). Impacts generated by the
materials used in offshore wind technology on Human Health, Natural Environment and
Resources. Energy, 261. https://doi.org/10.1016/j.energy.2022.125223

Santosh Gangappa, G., & Sripad Kulkarni, S. (2020). Experimentation and validation of basalt &
jute fiber reinforced in polymer matrix hybrid composites. Materials Today: Proceedings,
38, 2372-2379. https://doi.org/10.1016/j.matpr.2020.07.081

Senniangiri, N., Arunkumar, N., Dhanabal, A., Kamalakannan, K., & Thrisul, J. (2022).
Production of polyethylene composites reinforced with sisal and jute fibres through
compression  molding.  Materials  Today: Proceedings, 68, 2362-2367.
https://doi.org/10.1016/j.matpr.2022.09.103

Shakery, A., & Alizadeh, M. (2021). Mechanical properties and strength prediction of Al/E-glass
fiber composites fabricated by cross accumulative roll bonding process. Journal of
Manufacturing Processes, 69, 165-172. https://doi.org/10.1016/j.jmapro.2021.07.034

Sharma, R., & Gupta, A. (2023). A critical review on influencing parameters for adhesively
bonded joints in composite laminates for structural applications. Materials Today:
Proceedings. https://doi.org/10.1016/j.matpr.2023.08.112

Shukla, S., & Mittal, A. (2022). Effect of jute fibre reinforcement on strength, thickness and cost
of low-volume rural roads. Materials Today: Proceedings, 62(P12), 6749-6754.
https://doi.org/10.1016/j.matpr.2022.04.848

Sriranga, B. K., Kirthan, L. J., & Ananda, G. (2021). The mechanical properties of hybrid
laminates composites on epoxy resin with natural jute fiber and S-glass fibers. Materials
Today: Proceedings, 46, 8927-8933. https://doi.org/10.1016/j.matpr.2021.05.363

Thomason, J. L. (2023). Flat glass fibres: The influence of fibre cross section shape on composite
micromechanics and composite strength. Composites Part A: Applied Science and
Manufacturing, 169. https://doi.org/10.1016/j.compositesa.2023.107503

Tong, L., Wang, X., Tong, J., Yi, X,, Liu, X., & Rudd, C. (2023). Re-use of jute fiber hybrid
nonwoven breather within laminated composite applications: A case study. Sustainable
Materials and Technologies, 36. https://doi.org/10.1016/j.susmat.2023.e00621

Vadivel Vivek, V., Boopathi, C., Natarajan, N., L.Pradeesh, E., & Pravin, M. C. (2022).
Exploration of mechanical properties of jute fiber and copper wire reinforced hybrid
polymer composites. Materials Today: Proceedings, 66, 707-711.
https://doi.org/10.1016/j.matpr.2022.04.012

Veeranjaneyulu, K., Kumar Chaturvedi, S., Joshi, S., & Sravanthi, G. (2023). Characterization of
Kevlar jute hybrid composite. Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2023.07.318

Wagh, J., Madgule, M., & Awadhani, L. V. (2023). Investigative studies on the mechanical
behavior of Jute, Sisal, Hemp, and glass fiber-based composite material. Materials Today:
Proceedings, 77, 969-976. https://doi.org/10.1016/j.matpr.2022.12.101

Xiao, J., Zhang, K., Ding, T., Zhang, Q., & Xiao, X. (2023). Fundamental Issues Towards Unified
Design Theory of Recycled and Natural Aggregate Concrete Components. Engineering.
https://doi.org/10.1016/j.eng.2023.03.017

Xie, X., Zhang, T., Wang, C., Yang, Y., Bogush, A., Khayrulina, E., Huang, Z., Wei, J., & Yu,
Q. (2020). Mixture proportion design of pervious concrete based on the relationships

195



Zulfikar et al ... Vol 5(1) 2023 : 184-196

between fundamental properties and skeleton structures. Cement and Concrete Composites,
113. https://doi.org/10.1016/j.cemconcomp.2020.103693.

196



