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ABSTRACT

The demand for lighter and stronger materials has pushed research toward hybrid composites. In this work, hybrid composites
combining glass and jute fibers were fabricated using the vacuum infusion process. The mechanical and hydrophilic behaviors of the
prepared samples were evaluated in accordance with the relevant ASTM standard. Ten laminate configurations(S1-S10) were prepared
by varying the stacking sequence of glass woven roving, glass CSM and alkali treated jute mats. Hybridization significantly improved
performance relative to S9. Sample, S4 showed the highest tensile strength of 172.48 MPa and the highest hardness number of 92 (L
scale) compared with the other prepared samples. It also exhibited the maximum flexural strength of 271.04 MPa. The highest impact
strength was found in S8 at 64.56 kJ/m?2. The order of stacking jute and glass layers in the laminate also changed the outcome. With a
different stacking sequence, tensile stress went up 11.62%, flexural modulus rose 61%, and impact strength increased 60%. Water
absorption was studied in both fresh and salt water. Placing glass fiber on the outside of the laminate reduced water intake while Placing
jute on the outer layers of the laminate resulted in increased water absorption (1.35%, 0.86%, 3.72%, and 1.26% in different cases). In
salt water, the composites exhibited reduced absorption, recording 0.47%, 0.46%, 1.60%, and 0.80% for the corresponding hybrid
laminates. The results show that jute—glass hybrids work better than only jute composites. Glass fiber provided strength, while jute
gave low cost and environmental benefit. Surface treatment of fibers was also seen to improve bonding and reduce water penetration.
These findings suggest that jute—glass composites can be used in cars, boats, and aerospace where strength and sustainability are both
needed.
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1 Introduction

Hybrid composites that mix natural and synthetic fibers are
receiving growing attention in research and industry [1],[2]. The
main reason is that they bring together the benefits of both
materials. Natural fibers are cheap, renewable, biodegradable,
and help reduce the carbon footprint of composites. On the other
hand, synthetic fibers such as glass or carbon provide the high
strength and durability that natural fibers often lack [3],[4].
Traditional fiber-reinforced polymers (FRPs) are strong and
widely used in sectors like aerospace, marine, and automotive,
but they are made from nonrenewable sources and require
energy-intensive processing. This combination of environmental
and cost concerns has encouraged researchers to look at hybrid
composites as a more sustainable option.

Natural fibers alone cannot always deliver the performance
needed in engineering structures. They have lower stiffness, are
sensitive to moisture, and their hydrophilic nature causes
swelling and degradation over time [5]. Mixing them with
synthetic fibers reduces these weaknesses. Hybridization can
give better strength, stiffness, and toughness [6],[7]. In these
composites, the fibers carry most of the load while the polymer
matrix transfers stress and keeps the structure intact [8],[9]. Glass
fiber is one of the most common synthetic reinforcements. It is
cheaper and more available than carbon or aramid fibers, and it
offers good strength-to-weight ratio along with durability [10]
[11]. Using glass fiber with natural fibers helps balance cost,

weight, and performance, and this is why such hybrids have
found applications in transport and marine sectors [12],[13].

Hybrid composites are also reported to perform better than
single-fiber composites in terms of weight saving and cost [14].
The interest in plant-based fibers such as jute, hemp, sisal,
banana, and coir continue to rise [15],[16]. These fibers are
renewable, low in density, and non-abrasive, which makes them
attractive reinforcements [17]. The main drawback is water
absorption, which affects their dimensional stability and
mechanical behavior. Pairing them with synthetic fibers helps
reduce this problem [18],[19]. Studies confirm that natural-
synthetic hybrids can achieve a good balance between
performance and sustainability [20],[21].

Jute is one of the most widely available natural fibers,
especially in Bangladesh, and it offers a low-cost option for
reinforcement [22]. Still, it absorbs moisture, and that can lower
long-term strength [23]. Glass fibers do not have this problem. A
hybrid of jute and glass within a polymer matrix can therefore
deliver composites that are cheaper and lighter than full glass
fiber systems, but stronger and more reliable than only jute-based
composites [10],[11].

The manufacturing method used has a strong effect on the
properties of the final product. Processes like hand layup and
compression molding are simple and low-cost, but they are
usually limited to prototypes or small production runs [24]. For
better quality and scale-up, more advanced processes are needed.
Automated tape laying, injection molding, and vacuum infusion
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are three common approaches. Among them, the vacuum
infusion process (VIP) is attractive because it ensures good resin
flow, reduces void content, and makes laminates that are both
strong and light [25]. VIP is increasingly used in applications
where weight saving and performance are important, and it is
also suitable for hybrid composites. Applications of these
materials are already visible. In automobiles, they are used in
dashboards, door panels, and interior structures. In marine and
aerospace fields, they are considered for parts where moderate
loads and durability are required [20],[21]. They reduce cost,
save weight, and provide an alternative to fully synthetic
composites.

Previous studies indicate that limited work has examined
jute-glass laminates produced by the vacuum infusion process.
In this study, samples were prepared at an industry scale which
was not mentioned in previous investigations. The objective of
this study is to evaluate how stacking sequence and vacuum
infusion processing influence the mechanical and moisture
related performance of jute/glass hybrid laminates. Ten laminate
configurations (S1-S10) were fabricated by vacuum infusion
and characterized for tensile, flexural, impact, and hardness
properties both with fresh and salt water absorption.

2 Materials and Methods
2.1 Extraction and Surface Treatment of Jute Fiber

Jute fiber mats were collected from a local market in
Bangladesh and then prepared for surface treatment. To improve
bonding with the epoxy resin, an alkali process (mercerization)
was applied. The mats, each measuring 12x12 in, were soaked in
a 5% NaOH solution at 30°C for 24 hours. After that, they were
rinsed with water to remove the remaining alkali and left to dry
naturally in sunlight. This treatment removed hemicellulose,
pectin, wax, and oil from the fiber surface, which are mainly
responsible for the hydrophilic behavior of untreated jute.
Sodium hydroxide also broke some hydrogen bonds in the
cellulose structure, causing fiber swelling and partial
rearrangement of cellulose into a more crystalline form. At the
same time, the process made the surface rougher and more
porous, which helps the fibers lock mechanically with the resin.
Such changes improve adhesion with polymer matrices and also
influence properties like moisture absorption and dye uptake.
Materials used in this study are given in Table 1.

Table 1 Materials Used in This Study and Their Typical Properties

Category  Material Grade/Specification Tensile Strength (MPa) Density (g/cm?)
Matrix Epoxy Resin Araldite LY 556 + HY 951 60 —90 1.10-1.30
Hardener  Methyl Ethyl Ketone Peroxide (MEKP)  Industrial grade - 1.12

Fiber Glass- Fiber Woven Roving Mat 600 g/m? 2000-3500 2.55

Reinforcem Glass Fiber Chopped Strand Mat (CSM) 450 g/m? 900-1200 2.55

ent Jute Fiber Mat 400 g/m? 300-800 1.3-15

2.2 Flowchart of Research Methodology

In brief, the schematic flow of the research methodology for
studying the mechanical and hydrophilic characteristics of
hybrid composites fabricated by the vacuum infusion process is
illustrated in Fig. 1.

2.3 Sequencing and Identification of the samples

Both woven and chopped glass fibers were used to
investigate their synergistic effect on the mechanical and
hydrophilic properties of the fabricated samples. The
experimental design of the jute fiber hybrid composites was
formulated considering the desired mechanical properties, part
geometry, and production requirements.

Ten stacking sequences were prepared to examine the effect
of fiber arrangement as shown in Table 2. Two laminates were
produced entirely with glass fibers: S-1 consisted of nine layers,
while S-10 consisted of five layers. One laminate, S-9, was
fabricated solely with five jute fiber layers. The remaining
sequences, S-2 to S-8, were hybrid designs in which jute mats
were positioned at different layers within the glass fiber
laminates. Fig. 2 depicted the schematic of the stacking
sequences considered in this study.

Among various fabrication methods, such as, hand lay-up,
compression molding, resin transfer molding (RTM), vacuum
infusion process (VIP), and spray-up, VIP was selected in this
study for uniform resin distribution, low void content, and
reliable laminate quality. Fig. 3 showed the schematic diagram

of the experimental setup whereas the real-time setup depicted in
Fig. 4.

Collections of raw materials

|

Mercerization of jute mats (5% NaOH)

1

Selection of stacking sequence of the samples

1 |

Fabrication of composite through vacuum infusion process

1

Preparation of the specimen as per ASTM standard

!

Evaluation of mechanical and hydrophilic properties

!

Fabrication of composite through vacuum infusion process

1

Result analysis and documentation

Fig. 1 Flow Chart of Research Methodology
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Glass Fibers

Fig. 2 Stacking sequence of hybrid composite

Table 2 Stacking sequences and the weight percentage (wt%)
of the prepared samples

Sample Stacking Jute (J) Glass woven Glass CSM

Number Sequence wt% G)wt%  (C) Wt%
S-1 GCGCGCGCG 0.00 62.50 37.50
S-2 GCJCGCJCG 18.18  40.91 40.91
S-3 GCJCJCICG 28.57 28.57 42.86
S-4 GCGCJCGCG 8.70 52.17 39.13
S-5 JCJCJCJCJ 52.63 0.00 47.37
S-6 JCGCJCGCJ 2857 28.57 42.86
S-7 JCGCGCGCJ 18.18 40.91 40.91
S-8 JCJCGCJCJ 40.00 15.00 45.00
S-9 JJJiiJ 100.00 0.00 0.00
S-10 GGGGG 0.00 100.00 0.00

Fabrication was carried out using the Vacmobile
MODULAR 4S vacuum system (New Zealand).

Vacuum bag \
N\
Resm distnibution media )

\

Resin inlet Peelply \
\

/ /
Mouldmg plate /
Composite part

Fig. 3 Vacuum Infusion Bagging [32]

In this setup, stacked fiber mats were placed in the mold,
sealed with vacuum bagging film, and infused with epoxy resin
under vacuum pressure. The controlled infusion ensured

complete wetting of both glass and jute fibers and provided
consistent fiber—resin ratios across all laminate configurations.

2.4 Fabrication of the samples

The jute fiber—reinforced composites were made by
vacuum-assisted resin infusion. A flat plywood sheet was used
as the mold base. It was first cleaned and coated with a release
agent so that the laminate could be taken out easily after curing.
Layers of jute and glass fibers were then laid on the mold in the
required sequence. On top of these, auxiliary layers such as peel
ply, breather fabric, and flow media were added to help the resin
pass through and cure properly. A nylon mesh was fixed with
infusion and vacuum lines, and the whole setup was closed with
a plastic vacuum bag. Tacky tape was used to seal the edges and
keep the system airtight during infusion.

Inlet Pipe Peel ply

Tacky tape

Vacuum Bag

Fig. 4 Vacuum Infusion Process System Setup

The vacuum pump was turned on first to press the fiber stack
and pull out trapped air. This step reduces voids and also helped
the fibers sit more evenly, though a few shifts in alignment could
still occur. Once the vacuum was steady, epoxy resin was
allowed to enter through the inlet. Under pressure, it moved
across the fabric with help from the flow media and breather,
wetting the layers one after another. The whole lay-up was then
left to cure in normal room conditions. During fabrication, a
vacuum pressure of 90 kPa (gauge) was maintained, as
monitored by the integrated vacuum regulator. This level ensured
proper resin flow while preventing void formation. After
complete resin infiltration, the laminates were left to cure at
ambient room temperature (25 £ 2 °C) for 24 hours. After this
the resin hardened, holding the fibers together and giving a solid
composite plate.

Fig. 5 Curing and demolding of composite fabricated samples

After curing, the vacuum bagging materials were removed,
and the composite laminate was demolded from the plywood
surface (showed in Fig. 5), followed by finishing operations such
as trimming and sanding to prepare the final specimens for
testing.
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2.5 Material Characterization
2.5.1Tensile Test

The tensile test is one of the basic methods for checking how
a material behaves under pulling load. It gives important values
like stiffness, strength, ductility, and toughness. In this work,
jute—glass fiber epoxy composites (S1-S10) were prepared as per
ASTM D3039. The specimens were cut to size using a CNC
plasma machine (Fig. 6). Tests were carried out on a universal
testing machine (UTM). Each sample was held in the grips and
loaded in tension until it failed. During the test, both the applied
load and the elongation were recorded, which was later used to
draw the stress—strain curve.

Fig. 6 (A) Tensile test specimen according to ASTM D3039 (B)
Fabricated samples

2.5.2Flexural Test

The flexural test is used to study how a material behaves
when it is bent. In this condition, one side of the sample is under
tension while the other is in compression. The test was done
using a three- point setup according to ASTM D790 (Fig. 7).
During loading, both force and deflection were measured until
the specimen failed. From these data, values such as flexural
strength, modulus, and toughness were obtained. These results
give an idea of the stiffness of the material and its resistance to
bending.

12.7 mm
—

(8)

Fig. 7(A) Flexural test specimen according to ASTM D790, (B)
Test setup

2.5.3 Impact Test

Impact strength shows how much energy a material can take
from a sudden load before it breaks, usually given in joules per

unit area. This property is important for parts used in areas such
as automotive, aerospace, and construction. The Charpy test was
used here, following ASTM D256, with notched specimens (Fig.
8). In general, metals and composites show higher impact
resistance, while ceramics and glass are brittle. For this work, 30
notched hybrid composite samples were tested. The absorbed
energy during fracture was measured and then used to calculate
the impact strength with the standard equations.

Fig. 8 (A) Test Specimen Design as per ASTM 256 Standard
(B) Test Specimen Before and After Impact Test

2.5.4Hardness Test

Hardness is the ability of a material to resist deformation and
is often linked to strength, durability, and wear resistance.
Different test methods are used depending on the material—
Rockwell and Brinell for metals, Vickers for fine measurements,
Knoop for brittle materials, Shore for polymers, and Mohs for
minerals. In this work, the hybrid composite samples were tested
with a Rock- well/Brinell setup (ASTM E10-18) (Fig. 9). A 1/4”
steel ball indenter was used with a 60 kg load. The hardness
number (HRL) was read directly from the dial gauge, which
provided quick values suitable for comparing between samples.

0%

Fig. 9 (A) Test specimen (as per ASTM E10 -18) (B) Brinell
Hardness Test (C) Test Specimens for hardness test
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2.5.5Water Absorption Test

Natural fibers take in water easily. Because of this,
composites made with them often absorb moisture, which lowers
strength and durability. To study this effect, a water absorption
test was done according to ASTM D570. The test measures the
weight change of a specimen after soaking and gives an idea
about porosity and stability.

In this study, 20 hybrid composite samples, each 20 20 mm,
were first dried and weighed. They were then soaked in fresh
water and salt water for 24 hours and weighed again. The
percentage of absorption was calculated from the difference
between the dry and wet weights (Fig. 10).

A high value means the specimen swelled and the fiber—
matrix bond weakened. A low value means the composite
resisted water better. This result is important for judging
performance in humid or marine environments.

(a) Fresh water and salt water (b) Specimen soaking for 48H

Fig. 10 Fresh water and salt water absorption test
3 Result and Discussion
3.1 Tensile Properties

The tensile properties of the hybrid laminates with glass and
jute fibers were tested on a universal testing machine (UTM).
The results showed that tensile force, stress, and stiffness
changed depending on the fiber type, the amount of each fiber,
and the stacking sequence used in the laminate.

30 Max Force
Break Force 26,10
25.54

FORCE, KN

2 3 4

Fig. 11 Different forces acted upon hybrid composite laminates

Fig. 11 shows that the pure glass laminate (S1) carried the
highest tensile force of 26.10 kN and failed at 25.54 kN. When a
single jute layer was placed in the middle (S4), the tensile force
dropped to 16.69 kN and the breaking load to 12.55 kN. This
means about a 36% reduction, even though the jute volume was
only 11.11%. Adding more jute layers lowered the strength

further. S2, with two layers, showed a 44.67% drop, while S3,
with three layers, showed a 48.16% drop. The loss in strength is
likely from poor bonding between the jute fibers and the matrix.

S3 S4 S5 S6 87 S8 S9 S0

Sample
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Fig. 12 Tensile Strength of the prepared samples

Fig. 12 shows that the five-layer glass laminate (S10) had
the highest tensile stress, 213.28 MPa. In contrast, the jute
laminate (S9) gave the lowest value of 24.17 MPa. The best
hybrid reached 172 MPa in tensile stress, which is much higher
than the 83.02 MPa reported by Turjo et al. [27] for a hand lay-
up hybrid. Adding glass layers clearly raised the load-carrying
capacity of the hybrids (S2-S7) compared with pure jute,
showing that combining the two fibers is effective.

The order of stacking also changed the behavior. For
example, S7, which had two jute layers at the outer surface,
carried more load than S2, where the same layers were placed at
the core. A similar trend was reported by Yusoff et al. [26], where
putting low modulus and ductile fibers on the outside improved
tensile strength.

3.2 Flexural Properties

Fig. 13 shows that the pure jute fiber composite (S9)
exhibited the lowest flexural strength (22.12 MPa) and modulus
(0.45 GPa), while the pure glass fiber composite (S10) achieved
the highest values (311.47 MPa, 16.73 GPa). Hybrid composites
(S2-S7) demonstrated intermediate flexural strength (93-271
MPa) depending on fiber sequence.

83 S4 S5 S6 87 S8 89  S10

Sample

350

300 ‘
0 |
S1 S

Flexural Strength (MPa)
—_ — [5] [
(=] N [=] L
[=] [=] (=] [=]

n
(=}

”

Fig. 13 Flexural properties of the prepared samples.

Sequencing had a clear effect on flexural properties. S2,
with two jute layers placed in the inner core, showed higher
flexural strength (202.02 MPa) compared with S7, where the jute
was on the outer core (169.25 MPa). This suggests that keeping
jute inside the laminate helps resist bending. The better
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performance also comes from good fiber—matrix bonding
provided by the vacuum infusion process.

Jute fibers, because of their lower adhesion and natural
ductility, led to larger displacements of 6-9 mm before failure.
This shows their role in absorbing more energy. Overall, the
results confirm that both the fiber type and how the layers are
stacked strongly affect the flexural behavior of these hybrids.

The hybrids performed better. For example, S4, which had
a single jute layer in the middle, reached 271.04 MPa in flexural
strength, even higher than the pure glass laminate. The ductile
nature of jute allowed plastic deformation and extra energy
absorption, while the glass provided stiffness and strength. In
these hybrids, the jute layers fail first because of their lower
strength, then the load shifts to the glass and matrix. This
prevents sudden failure. The combination of ductile jute and
brittle glass gave both higher load capacity and larger
displacement, showing that the hybrid design is effective in
improving flexural behavior.

3.3 Impact Properties

The impact strength (IS) of pure jute, pure glass, and hybrid
jute—glass fiber composites are presented in Fig. 14. Pure glass
fiber composite (S1, 9 layers) exhibited the highest IS of 39.27
kJ/m?, while pure jute fiber composite (S9, 5 layers) showed the
lowest value of 2.10 kJ/m?, confirming the relatively low impact
absorption capacity of jute fibers.

S5 S6 S7 S8 S9 S10

Sample

13

[N 3 B S B UV B UR
(=) O L O

Impact strength (kJ/m?)

n

0 I ' I

S1 S2 S3 S4

Fig. 14 Impact strength of the prepared samples.

The hybrid laminates (S2-S8) showed a wide range of
impact strength values depending on how the layers were stacked
and how much jute was added. Adding jute helped absorb more
energy because of its viscoelastic and ductile behavior, which
deflects cracks and slows down their growth. For example, S3,
with three inner jute layers (GCJCJCJICG), reached 11.32 k/m?2.
S6, with one jute core and two outer jute layers (JCGCJCGC)),
showed a higher value of 18.29 kJ/m?. When the jute content
was raised further, as in S5 (JCJCJCJICJ, 55% jute), the impact
strength increased to 39.65 kJ/m?, which is close to that of the
pure glass laminate S1. A similar pattern was reported by Sujon
et al. [28], who found 30 kJ/m? for a C2J6C2 hybrid.

From these results, it is clear that glass fibers mainly give
stiffness, while jute fibers improve impact resistance by
deforming and deflecting cracks. At the same time, using too
much jute, although it raises impact strength, can lower tensile
strength because jute is less stiff than glass. This shows that
stacking sequence is important for balancing strength and impact
performance in hybrid composites.

3.4 Hardness Properties

The Rockwell Hardness Number (HRL) of jute—glass fiber
hybrid composites is influenced by fiber type, arrangement, and
stacking sequence. Jute fibers contribute environmental
advantages and improved toughness, while glass fibers enhance
stiffness and hardness. Measurements were taken on the
Rockwell L scale (Fig. 15).

120

100

0 |
S1 S2 S3 S4 S5 S6 s7 S8 $9  S10

Sample

P @ =)
=] (=]

Hardness Number (HRL)

9
<

Fig. 15 Rockwell hardness (HRL) number of the prepared
samples.

The pure glass laminate (S1, 9 layers) had the highest
hardness at 106 HRL. Adding jute reduced the values. With one
central jute layer (S4), hardness dropped to 92 HRL, about a
13.2% decrease. Two jute layers inside (S2) gave 86 HRL, and
two jute layers on the outside (S7) gave 84 HRL. When the layers
were alternated, as in S5 (JCJCJCJCJ), the hardness went down
to 82 HRL. This arrangement, however, showed better load
distribution. Similar results were reported by Nadondu et al. [29],
who found 74.16 HRL for injection-molded hybrids.

The lower hardness comes from the lower stiffness and
modulus of jute compared with glass, which makes softer zones
in the laminate. Still, adding jute also improves toughness and
impact strength, giving a more balanced set of properties.
Changing the fiber ratio, adjusting the stacking sequence, and
using surface treatments can reduce the loss in hardness while
keeping the advantages of hybridization.

3.5 Water Absorption

Water absorption of the fabricated composites was
evaluated by immersing specimens in fresh and salt water for 24
hours (Fig. 16). Pure glass fiber laminates (S1, S10) showed no
absorption, confirming their hydrophobic nature. In contrast,
composites containing jute exhibited measurable uptake due to
the hydrophilic character of lignocellulosic fibers.

m Fresh Water Absorption Salt Water Absorption

S4 S3 S6 S7 S8 89 Sl10

Sample

Water Absorption, %

S1 S2 S3

Fig. 16 Water absorption pattern of jute and glass fiber hybrid
composites
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Hybrid laminates with glass fiber on the outer layers (52—
S4) showed good resistance to water absorption. In contrast,
when jute was placed on the outside (S7), absorption reached
3.72% in fresh water and 1.6% in salt water. The pure jute
laminate (S9) had the highest values, 4.24% in fresh water and
1.72% in salt water. Overall, fresh water absorption was higher
than salt water, since dissolved salts lower the activity of water
and limit fiber swelling.

Moisture uptake was also affected by porosity in the resin
and small defects in the laminate. Jute layers increased water
intake and reduced durability, which is more critical for marine
use. To improve resistance while keeping the advantages of
hybrid design, surface treatments and better stacking sequences
are needed.

3.6 Comparative Study

The mechanical properties and hydrophilic behavior of
jute—glass fiber hybrids made by vacuum infusion were studied,
and stacking sequence was found to be an important factor. Turjo
etal. [27] noted that vacuum infusion composites usually contain
about ~3% voids, which gives better performance than hand
layup or injection-molded products. The results from this work
support that observation when compared with earlier reports.
Tensile properties: Among the nine-layer laminates, S4
(GCGCJICGCQG) with one jute layer at the center gave the highest
tensile strength at 172.48 MPa. This was followed by S2 at
145.19 MPa and S6 at 144.46 MPa. When three or more jute
layers were added, as in S3, S5, and S8, the strength dropped.
The lowest was S5 at 81.55 MPa. For comparison, Hasan et al.
[30] reported tensile strengths of 121.13, 115.28, and 109.90
MPa for four-layer hybrids made by hand layup, while Mahmud
et al. [31] reported only 67.83 MPa for GJJG laminates. These
results show that the vacuum infusion method gives better
performance than the hand layup process.

Flexural properties: S4 also gave the highest flexural strength
at 271.04 MPa. S2 (202.02 MPa) and S3 (202.38 MPa) also
showed good bending resistance compared with the other
sequences. On the other hand, S5 and S8 had much lower values,
136.64 MPa and 93.53 MPa. For reference, Hasan et al. [30]
reported a maximum of 217.47 MPa in hand layup composites,
while Mahmud et al. [31] reported 103.28 MPa. These
comparisons make clear that the vacuum infusion process
produces laminates with higher flexural strength.

Impact strength: Impact resistance went up with more jute in
the laminates. The highest value was found in S8 at 64.56 kJ/m?.
S6 (18.29 kJ/m?) and S7 (16.81 kJ/m?) also showed better
resistance than S2, which was only 5.67 kJ/m?2. These results are
different from those of Hasan et al. [30], who reported much
higher impact values, 365-378 kJ/m?, for hand layup laminates.
The difference may be due to the smaller number of fiber layers
in their samples, which allowed more deformation and energy
absorption.

Hardness: Rockwell hardness went down as the jute content
increased. Among the hybrids, S4 had the highest value at 92
HRL, followed by S2 at 86 HRL and S6 at 82 HRL. Laminates
with more jute, such as S5 and S8, gave the lowest readings at 82
and 79 HRL. For comparison, Nadondu et al. [29] reported 74.16
HRL (Rockwell E) for injection-molded glass—carbon—durian
skin hybrids. That value is lower than what was measured here
with vacuum infusion, which again points to the advantage of
this process.

Hydrophilic behavior: Pure glass laminates (S1, S10) and the
hybrids with glass on the outer surfaces (S2-S4) showed good
resistance to water uptake. Hybrids with jute on the outside
absorbed much more. For example, S7 took in 3.72% in fresh
water and 1.6% in salt water. The pure jute laminate (S9)
absorbed the most, 4.24% in fresh and 1.72% in salt. In every
case, fresh water absorption was higher than salt water, which is
linked to the greater activity of fresh water. Sujon et al. [28]
reported about 3.8% absorption for jute—carbon composites
made by vacuum-assisted resin infusion, which is close to the
present results.

From the results, S4, with one jute layer at the center, gave
the best overall performance in tensile, flexural, and hardness
tests. S2 came next, showing a good balance of properties, while
S6 and S3 performed at moderate levels. Impact strength went
up as more jute was added, with the highest value in S8, but
hardness dropped as a trade-off. In terms of moisture resistance,
S2-S4 were the best because the glass outer layers reduced water
absorption.

4 Conclusions

This study shows that stacking sequence has a strong effect
on the mechanical and hydrophilic behavior of jute—glass fiber
hybrids made by vacuum infusion. The laminate with a single
central jute layer (S4) gave the best results, with 172.48 MPa in
tensile strength, 271.04 MPa in flexural strength, and 92 HRL in
hardness. Adding more jute increased impact resistance, with S8
reaching 64.56 kJ/m? , but this came at the cost of lower tensile
strength and hardness. Laminates with glass on the outside (S2—
S4) resisted water absorption well, while those with jute on the
surface absorbed more.

Overall, the findings confirm that hybridization combines
the stiffness of glass with the ductility of jute, giving a more
balanced composite. By changing the stacking sequence, the
properties can be adjusted toward strength, toughness, or
durability depending on the use. More research should look into
fiber surface treatment and barrier coatings to cut down moisture
uptake and improve long-term performance of these sustainable,
low-cost materials.
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