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Abstract 

Researchers have recently altered their focus and have become more interested in natural fiber-reinforced poly-
mer composites because they are more ecologically friendly and environmentally conscious than synthetic fiber-
reinforced polymer composites. Among the best sources of natural fiber, Grewia ferruginea, sometimes known 
locally as Lenquata, is a source of natural fiber from other plant fibers. The goal of this study was to create polyester 
matrix composites reinforced with short Grewia ferruginea plant fibers measuring 10, 20, and 30 mm. The fibers were 
extracted using the traditional water-retting method and chemically treated with 5% NaOH. The findings indicated 
that the average tensile strength of a single fiber from Grewia ferruginea plants is 214 MPa, with a density of 1.11 
g/cm3. Furthermore, the composite, which was created with a fiber length of 10 mm, fiber weight ratio of 25 %, 
and polyester matrix composite of 75 %, exhibited superior performance since it is stronger than any combination 
that was used to create the composite in this investigation, with 18.3 MPa tensile and 35.2 MPa flexural strength.

Keywords  Natural fiber, Fiber length, Mechanical properties, Hand layup, Retting method

Introduction
Because of their ecological and environmental prob-
lems, natural fiber-reinforced polymer composites have 
recently garnered more attention than synthetic fiber-
reinforced polymer composites [1]. Given their high 
strength-to-weight ratio, natural fibers have piqued the 
interest of the engineering community as reinforcing 
materials in polymer composites to build sustainable 
materials [2, 3]. Nowadays, interest in natural fibers has 
been growing continuously, and researchers from aca-
demia and industries are now actively engaged in explor-
ing new natural fibers and their new applications. The 
main reason for this interest is linked to their specific 

properties that are suitable for several sophisticated 
fibrous applications, such as reinforcement in compos-
ites, textiles, cellulose nanomaterials, activated or con-
ductive carbon, and biomaterials.

The unique properties that exist in natural fibers are 
their low density, low cost, availability, recyclability, non-
toxicity, considerable strength, good thermal stability, 
biodegradability, low energy consumption, etc. compared 
to their counterpart synthetic fibers [4, 5]. According 
to data, the global market for biocomposites is likely to 
develop significantly from natural fiber composites, with 
a compound annual growth rate (CAGR) of 11.2% pre-
dicted for bio-based composites between 2017 and 2023 
[6]. Unique qualities, including high strength and stiff-
ness, high specific modulus, internal vibration damp-
ing, wear resistance, flexibility, and adaptability, have led 
to growth in the use of these PCs and FRP materials [7]. 
For scientists, engineers, and researchers in the field of 
polymer science, one of the most exciting and rapidly 
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developing fields of study is the creation of bio-based 
green composites from natural resources [8].

Many Sources of natural fibers, including bananas, 
bamboo, jute, hemp, flax, pineapple leaves, oil palm, 
coconuts, sisal, and ramie, can be used to extract nat-
ural fibers. These BioSources can alter the physical, 
chemical, mechanical, metallurgical, and tribologi-
cal behaviors of various materials [9]. Jute, flax, straw, 
hemp, cane sugar, kenaf, bamboo, sisal, reeds, ramie, 
rice husk, oats, barley, banana fiber, rye, wheat, paper 
mulberry, pineapple leaf fiber, papyrus, coir, pennywort, 
kapok, and Raphia are examples of plant fibers that are 
popular natural fibers [10].

The sustainability, accessibility, and adequate mechani-
cal strength of natural fibers have long attracted attention 
as reinforcing agents for polymer composites [11].

Utilizing composites made of natural fibers is one of 
the most recent developments in the polymer industry. 
Natural fiber composites are more affordable, biodegrad-
able, less harsh on processing equipment, and are made 
of renewable materials, which lowers the need for petro-
leum resources [12]. Natural fiber composites, which are 
eco-friendly materials, are becoming increasingly popu-
lar in the field of product manufacturing engineering[13, 
14]. Owing to the most recent technological develop-
ments in the discipline, material science today plays a 
critical role in engineering. Research and application 
interest in new materials is rapidly expanding. Bicycles, 
sporting goods, gear, electronics, technical solutions, and 
biological wastewater treatment technologies are among 
the products made with their help[15, 16].

The objectives of this study were to highlight the 
importance of reducing the harmful effects of synthetic 
fibers and polymers on the environment, promote the 
use of natural materials, and concentrate research efforts 
on the development of biodegradable systems[17]. Fiber-
reinforced polymer (FRP) composites are being used by 
an expanding number of industries to replace heavy and 
expensive conventional materials for the production of 
lightweight items [18]. Natural fiber-reinforced thermo-
setting polymers, which are immobile, and natural fiber-
reinforced thermoplastic polymers, which are recyclable, 
are two groups of non-fiber-reinforced polymers (NFRPs) 
[19]. Natural resources, including minerals, plants, and 
animals, supply the raw components needed to reinforce 
natural fibers [20] [21].

In previous research work by the author [6, 7] develops 
Mockups and natural fiber-reinforced polymer compos-
ites made from recently discovered lignocellulosic-based 
biocomposites made from thermoset and thermoplas-
tic polymers that are both biobased and non-biobased. 
Numerous chemical treatments, such as compatibilizers, 
alkali, saline, and alkali-saline, as well as the addition of 

cross-linking agents, including glutaraldehyde (GLA) and 
epichlorohydrin (EP), are examples of surface modifica-
tion approaches. This study employed a retting-extrac-
tion method and chemical treatment using sodium 
hydroxide (NaOH) [8].

Another study conducted by the author [9] focused on 
pure glass, pure jute, and glass-jute hybrid laminates and 
examined how stacking order and hybridization affect 
the overall mechanical and physical characteristics of 
the composites. The materials were cut and placed in a 
lay-up (600 × 300 mm) on a one-sided mold to create the 
composite. Next, a layer of peel ply and flowing mesh that 
partially covered the materials were added. The mold was 
sealed using a vacuum bag and sticky tape. Finally, it was 
concluded that by hybridizing the jute with glass fibers, it 
was possible to improve the mechanical properties of the 
composites.

Recent research has focused on the production of light-
weight natural-fiber-reinforced polymer composites. 
Cow dung fibers are a promising candidate as a reinforce-
ment for resin-based polymer composites, according to 
a comparative study between corn stalk fiber compos-
ites and sisal fiber composites. This finding encourages 
the development of alternative uses of cow dung waste 
resources in the automotive component industry [10].

Fibers are synthetic or natural materials with a large 
length-to-width ratio. The strengthening of the fibers 
within the matrix was simple only when the fibers were 
removed from the plants. The retting process involves 
pulling fibers from plants by separating, dissolving, and 
breaking down pectin, gums, and other muscle compo-
nents [11].

Consequently, after extraction from renewable 
resources, natural fibers are pretreated using various 
chemical agents, such as KOH, NaOH, and KMnO4. 
Kenaf fibers were extracted from kenaf busts using a 
light chemical retting procedure. In particular, a kenaf 
bast strand of 51 mm was submerged in 5% NaOH [12]. 
The treatment of organic fibers with NaOH in an alkaline 
state is the most commonly used technique. This proce-
dure breaks down the lignin, oils, and waxes that coat the 
outer fiber cell wall, depolymerizes cellulose, and renders 
short-length crystallites visible [22].

In this study, a polyester matrix, curing agent, Grewia 
ferruginea plant fiber, and caustic soda (NaOH) were uti-
lized to create fiber-reinforced composite materials. Poly-
ester resin was chosen for this study owing to its excellent 
flexibility, chemical resistance, low water-absorbing 
capacity, and excellent bonding tendency. Commercially 
available isophthalic unsaturated polyester resin was used 
for this investigation. Methyl Ethyl Ketone (accelerator) 
and Cobalt Naphthalene (catalyst) were used to cure the 
resin [13].
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Polyester resins generally exhibit excellent flex-
ibility because they are cheaper than other resins and 
are commonly available. Among the family of ther-
mosetting polymers, polyester resins have the best 
mechanical properties. Its formulation can be changed 
according to the requirements, and it is one of the 
resins that can be easily used as a matrix for polymer 
composites. Natural fiber composites reinforced with 
polyester resin are usually manufactured using the 
hand layup method. Owing to alkalization, there is 
better adhesiveness between the natural fiber matrix 
and the polyester reinforcement, which increases the 
strength of the composite. Thermoset isophthalic 
polyester resins have excellent mechanical properties, 
poor water-absorbing properties, and better bonding 
ability [14].

The mixing and curing ratios are also important fac-
tors. Three factors have a significant impact on the 
properties of short-fiber composites: fiber length, fiber 
orientation, and fiber weight percentage [15]. Many 
researchers have succeeded, according to the literature, 
in creating composite materials that are optimized for 
effective usage in specific applications by changing the 
fiber composition, orientation, size, or manufacturing 
techniques. For FRCs to be used effectively, one must 
understand their mechanical, electrical, thermal, and 
physical characteristics [16]. The manual compression 
hand layup method was used to develop the composite 
samples [17].

Long- and short-sisal fiber-reinforced composites have 
been studied by other researchers. Fiber composites with 
random and longitudinal orientations were investigated. 
They proved that applications requiring high strength 
and stiffness in a single direction may utilize continuous 
fibers. However, randomly oriented short fibers increase 
the isotropic qualities of the composite while providing 
lower strength [18].

In Ethiopia, the Grewia ferruginea plant is named 
Hochst. ex A. Rich; Tiliaceae; family, local name Ogomdi 
(Oromiffa), or Lenquata (Amharic.) was distributed 
in large amounts. It is a shrub or a small tree up to 6m 
high. Common in woodlands and riverbanks at altitudes 
between 1350 and 2700 m [19]. A photograph of the 
Grewia ferruginea plant fiber is shown in Figure 1.1.

In this study, the relevant physical and mechanical 
properties of the Grewia Ferruginea plant single fibers 
were characterized to determine the appropriate experi-
mental value of the Grewia Feruginea plant that can be 
used for reinforcement of polyester composite products. 
Standing from

In this study, Grewia ferruginea plant fiber was used 
as a reinforcement to fabricate a polyester matrix 
composite.

Methods
This experiment involved the following procedures: 
extracting Fiber from the Grewia ferruginea plant using 
a water retting process, treating the fiber surface with 
NaOH, preparing a mold for hand layup manufacturing, 
combining natural fiber with polyester, and testing the 
finished product. The overall workflow is illustrated in 
Fig. 1.2.

Extraction of fiber
Fibers were extracted using the retting process. Retting 
is the process of submerging fiber bundles in ditches, 
canals, or pods of freely flowing water. For the retting 
method, bundles of Grewia ferruginous plant sticks are 
joined together and transported to the water reservoir. 
Each bundle was placed in the water for approximately 
three months and covered with a stone that was purpose-
fully made to serve as a water reservoir. The bark of each 
stick was peeled off in thin strips and cleaned completely 
with running water. The extracted fibers were then dried 
in a sunbath to remove any remaining moisture, and the 
outside pulp was repeatedly rinsed in water to reveal the 
inner bark [20].

Chemical Treatment of Grewia ferruginea plant fiber
The fiber collected from the Grewia ferruginea plant 
must be processed because it naturally has an oily 
appearance. The literature claims that alkali solutions 
work well for treating various natural fibers, and the best 
NaOH value was determined using the results of previ-
ous investigations [21, 23]. Using the 5% NaOH solution 
used in this experimental study, several researchers have 
frequently found the best chemical treatment for fibers 
based on previously cited literature. The chemical treat-
ment was performed as follows. The weight volume per-
centage (w/v) mixing rule was 5wt%, or 5 g of NaOH for 
every 100 ml of water.

Processes parameters
The three process parameters that affect the manufac-
tured composite are the weight fraction, fiber length, 
and fiber orientation presented in Table 1. Based on the 
literature given in this experiment, 10, 20, and 30 fiber 
lengths were used, and optimized fiber matrix weight 
ratios of 15, 25, and 35%, respectively, were selected. 

Table 1  Processes parameters and their levels [27]

S/N Process Parameters

1 Weight fraction (%) 15 25 35

2 Fiber length or size (mm) 10 20 30

3 Fiber orientation Random Random Random
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Scholars have often found that fiber lengths of 10, 20, and 
30-mm optimum fiber lengths are optimal[24–26].

Density of the fiber
The density was determined Based on ASTM Interna-
tional - ASTM D8171-18 [28]. The liquid displacement 
method was used to calculate the density of the extracted 
natural fibers. According to Archimedes ’ principles, 
water was used as the working substance, a liquid with 
the weight serving as the mass and volumetric units. The 
values are shown below in Table 2 with three replications, 
and the average value is taken as the fiber density.

Volume fractions
The definitions of the fiber volume fraction and matrix 
volume fraction are the ratio of the fiber volume to the 
composite volume and the ratio of the matrix volume 
fraction to the composite volume, respectively. The vol-
ume of the composite is the sum of fiber and matrix vol-
ume as shown in eq. (1).

Where Vf = Volume of the fiber, Vm = Volume of the 
matrix, Vc = Volume of a composite.

(1)Vf + Vm = Vc

Void content
The void content is the difference between the experi-
mental and theoretical densities of the produced com-
posites [5]. The theoretical density (given in eq. (2)) was 
computed using the rule of mixtures to find the percent-
ages of void content in the manufactured composites.

Where  ρc(theo) = theoretical density of the composite, 
ρf  = density of the fiber, ρm = density of the matrix.

Then, we calculated the void percentage of the compos-
ite in eq. (3).

Where V% = void content in percent.

Design of Experiment (DOE) and composition 
of the composite
Using data from earlier studies, the ratio of the fiber and 
polyester combination or the composition of the com-
posite was computed as presented in Tables 3 and Table 4 
according to the mixing rule (ROM). The example pre-
pared here included 27 flexural and 27 tensile specimens 

(2)ρc(theo) = ρfVf
+ ρmVm

(3)V% =
ρc(theo) − ρc(exper)

ρc(theo)
× 100

Table 2  Grewia ferrugnea plant fibre density determination result [29]

Mass (g) Initial Volume(cm3) Final volume (cm3) Density for each measurement 
(g/cm3)

Average 
density (g/
cm3)

Mass 1 = 1.78 V 1 = 15 V2 = 16.5 ρ1 = 1.19

Mass 2 = 1.73 V 1 = 16.5 V 2 = 18 ρ2 = 1.15

Mass 3 = 1.49 V 1 = 15.5 V 2 = 17 ρ3 =0.99

ρ av = 1.11

Table 3  Composition of the tensile test sample with fiber weight ratio and length [22]

Designation Wight ratio (%) Weight of composition(g) Length of 
fiber(mm)

Total weight(g) Number of 
specimens

Fiber Polyester Fiber Polyester

T115%f 15 85 16.3 92.8 10 109.2 3

T125%f 25 75 27.08 81.2 10 108.3 3

T135%f 35 65 37.5 69.8 10 107.4 3

T215%f 15 85 16.3 92.8 20 109.2 3

T225%f 25 75 27.08 81.2 20 108.3 3

T235%f 35 65 37.5 69.8 20 107.4 3

T315%f 15 85 16.3 92.8 30 109.2 3

T325%f 25 75 27.08 81.2 30 108.3 3

T335%f 35 65 37.5 69.8 30 107.4 3

Total = 27
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under ASTM standards; each sample was tested three 
times.

Subsequently, the influence of these two factors with 
three levels on two quality characteristics, namely the 
flexural and tensile strengths of the composites, were 
studied.

Size of the mold
A standard mold was used to prepare the specimens 
using the fiber volume fractions or weight fractions of 
polyester and fiber (FVF), which is considered a rectan-
gular prism. So the dimension of the rectangular prism 
equals (6×90×170 = 91800mm3) (listed in Table  5) for 
tensile specimens

Preparation of specimen, methods of testing 
and apparatus
Every mechanical test carried out for this thesis was 
based on American Standard Testing Methods (ASTM). 
Three tests were conducted: the single-fiber tensile test 
(ASTM D3822) and tensile test (ASTM D638) standards. 
According to the ASTM standards, a hand saw and jig 
saw were used to cut the composite sample specimen, 
which was then finely polished.

Single fiber tensile test procedure
An individual Grewia ferruginea fiber is cut to an overall 
length of 13 cm with a known measured mass using an 

electronic balance (type ABS 80-4) with a capacity of 83 
g and a reading of 0.1 mg to conduct the single fiber test 
in tension.

According to ASTM D3822, single-fiber tensile 
tests were carried out at room temperature on a UTM 
(Hounsfield) outfitted with a 500N load cell capacity of 
the machine. The fiber had a gauge length of 7 cm, and 
a cross-head speed of 10 mm/min, and 20 fiber counts 
were evaluated [30]. The mass and size of the fiber were 
measured in this study to determine the diameter (in eq. 
(4)) of the fiber using the indirect method of fiber diam-
eter determination, which has been employed in many 
articles and research projects [31].

The single fiber tensile strength was then calculated as 
follows in eq. (5):

Where (σf) single fiber tensile strength, ( Ff  ) single fiber 
tensile load, and ( A)calculated cross-sectional area of a 
single fiber.

Tensile strength of the composite test procedure
Depending on the literature, using a computerized uni-
versal testing machine and the ASTM D638 method, the 
tensile strengths of the composites were measured at 
a crosshead speed of 2 mm/min [32]. Tensile tests were 
performed to evaluate the in-plane tensile properties 
of the fiber composites. The composite test was carried 
out in a universal tensile testing machine of the Deep-
ack plastic Hydraulic Universal Material Tester with 
a 50 KN capacity at a crosshead speed of 5 mm/min at 

(4)D =
4m

Lρπ

(5)σf =
Ff

A

Table 4  Composition of the flexural sample with varying fiber weight ratio and length (Source: ASTM D638)

Designation Weight ratio (%) Weight of composition(g) Length of 
fiber(mm)

Total weight(g) Number of 
specimens

Fiber Polyester Fiber Polyester

F115%f 15 85 9 51 10 60 3

F125%f 25 75 15 44.5 10 59.5 3

F135%f 35 65 20.65 38.35 10 59 3

F215%f 15 85 16.3 51 20 60 3

F225%f 25 75 27.08 44.5 20 59.5 3

F235%f 35 65 37.5 38.35 20 59 3

F315%f 15 85 16.3 51 30 60 3

F325%f 25 75 27.08 44.5 30 59.5 3

F335%f 35 65 37.5 38.35 30 59 3

Total = 27

Table 5  Mold size of tensile samples (Source: ASTM D638)

S/n Dimension(mm)

Length(L) Width(W) Thickness(T)

1 L1 L2 W1 W2 6

2 225 170 150 90
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the Amhara pipe factory in Bahir Dar, Ethiopia. Tensile 
tests followed the ASTM D638 dumbbell-shaped (Type I) 
specimen required for reinforced composite testing and 
are presented in Table 6.

Flexural strength test (ASTM D790) procedure 
of the composite
The flexural strength of a material is its capacity to 
withstand deformation under load. The composite 
samples were subjected to short-beam three-point flex-
ural strength tests to determine the flexural or bending 
strength values. It is a three-point bend test that, in most 
cases, encourages interlaminar shear failure, and is calcu-
lated using the formula below.

Where Smax = is the maximum strength of the material 
in MPa, σbf  = Flexural strength in MPa, L = Support span 
of the specimen mm, P = Load at a given point on the 
load-deflection curve in N, b = width of the specimen in 
mm, d = depth of the specimen in mm.

Flexural strength tests were performed using a Deep-
ack Hydraulic Universal Material Tester with a capacity 
of 50 KN at a crosshead speed of 5 mm/min. Flexural 
strength tests were conducted according to ASTM 
D790, with a specimen size (illustrated in Table  7) of 
120 mm × 20 mm × 6 mm and a span length of 96 mm 
(ASTMD790, 2010) [33].

Results and discussion
In this section, we present the results and discussion on 
the density and tensile properties of randomly oriented 
short Grewia ferruginea plant fiber-reinforced polyester 
matrix composite materials.

Density of Grewia ferruginea fiber
The density of the Grewia ferruginea fibers was measured 
based on the liquid displacement method (Archimedes 

(6)σbf = Smax =
3 ∗ L ∗ P

2(b ∗ d2)

principle) using water as the working liquid. The experi-
ment was repeated thrice, and the average value was 
calculated.

Discussion of density result
Therefore, based on the results in Table  8, the experi-
mental density of the 5% NaOH-treated new Grewia 
ferruginea plant fiber was 1.11g/cm3. When this value is 
compared with other natural fiber densities, it is lower 
than the density of coir fiber (1.15-1.46) g/cm3, hemp 
(1.4-1.5) g/cm3, and sisal, but greater than the date palm 
fiber value (0.9-1.2) g/cm3 [34]. This result implies that 
Grewia ferruginea fiber can be used for lightweight appli-
cations like other natural fibers by conducting more 
investigations on this plant fiber owing to its promising 
density.

Single fiber tensile test result
The results obtained from the Hounsfield (UTM) sin-
gle fiber/yarn tensile testing machine are presented in 
Table 9.

Discussion for single fiber test
The tensile power range of the Grewia ferruginea plant 
single fiber strength, as determined by hand analyses, 
was 48 MPa to 444 MPa, and the average single fiber 
tensile strength for the selected and tested Grewia fer-
ruginea plant fiber was 214 MPa. The results showed (in 
Table  9) that this fiber is robust and suitable for a vari-
ety of applications, including automotive and other non-
load-bearing structures. Although it can be minimized 
using various coating techniques, the hydrophilic charac-
teristics of the fiber may cause it to function less effec-
tively than other petrochemicals [18].Table 6  Dimension of tensile test specimen as per ASTM D638

Dimensions Value (mm)

Thickness (T) < 7mm 6

Width of narrow section (w) 13

Length of narrow section (L) 57

Width Over All (Wo) 19

Length overall (Lo) 165

Gauge length (G) 50

Distance between Grips (D) 115

Radius of fillet (R) 75

Table 7  Flexural Specimen size as per (Source: ASTM790)

Dimensions Value (mm)

Width of the specimen (b) 20

Support span of the specimen(L) 96

Total length of the specimen(Lt) 120

Depth or thickness of the specimen (d) 6

Table 8  Parameters for density measurement and result (Source: 
experimental results)

Average 
Weight of 
Fiber (g)

Average 
Initial 
volume of 
liquid (cm3)

Average 
Final 
volume of 
liquid (cm3)

Difference 
in volume 
(cm3 )

Average 
Density (g/
cm3)

5 47 51.5 4.5 1.11
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Tensile strength result of Grewia ferruginea plant 
fiber reinforced composite
This study evaluated the tensile strength of a Grewia fer-
ruginea plant fiber-reinforced composite for nine sample 
groups (designations), each consisting of three replicates 
or three specimens. Different coating techniques were 
used to calculate average results.

The 25% fiber (T125) weight fraction fiber-containing 
composites had a maximum tensile stress (18.3MPa) as 
(illustrated in Table 10) compared to other samples with 
the same fiber length but different fiber weight fractions.

The impact of the fiber content on the change in ten-
sile strength at fiber/matrix ratios of 15/75, 25/75, and 
35/65tabulated in Table 11. The Grewia ferruginea fiber 
ratio, which may have contributed to the ratio of 25/75 
high tensile strength compared to the rest, may not have 
adequately reinforced the external load. At a fiber con-
tent of 25 %, the tensile strength reached its maximum at 
15.6 Mpa.

Fiber/matrix ratios of 15/85, 25/75, and 35/65 showed 
in Table  12 the strongest correlation between the fiber 
content and change in tensile strength. Because some 
Grewia ferruginea fibers did not adequately support 

the external load, the 25/75 ratio had a higher tensile 
strength than the others. At 25% fiber content and 12.8 
MPa tensile strength, the maximum tensile strength was 
reached.

Discussion of tensile strength result
From Figs. 1 and 2 a fiber length of 10 mm and fiber/pol-
yester length of 25%, higher tensile properties (Young’s 
modulus, strength, and elongation at break) were noted, 
indicating a relatively strong interaction between the 
matrix and the fiber [35]. The tensile strengths of natural 
fiber-reinforced polymer composites generally increase 
with the fiber content until they reach their optimal or 
highest value, beyond which they begin to decline [36].

As NFCs typically consist of hydrophilic fibers and 
hydrophobic matrices, fiber dispersion is a significant 
factor in determining the characteristics of NFCs and is a 
unique difficulty. Better fiber dispersion can be achieved 
by using an intensive process mixing method, such 
as a twin crew extruder, as opposed to a single-screw 
extruder. However, this usually comes at the expense of 
fiber damage, and it has been discovered that the process 
causes its lengths to fall drastically because of changes in 
temperature and screw configuration.

A reduction in tensile strength was observed at a fiber 
length of 30 mm, 35%fiber, and 65% polyester matrix 
content shown in Fig. 2. This is probably due to the dif-
ficulty of the resin to penetrate the spaces corresponding 
to the fiber and resin, resulting in poor wetting character-
istics and therefore reducing the efficacy of stress transfer 
at the matrix–resin interface. One of the most important 
variables in discontinuous short-fiber composites that 
determine good mechanical performance is the critical 

Table 9  Tensile test result of single Grewia ferruginea plant fiber (Source: from UTM)

Property Fiber diameter µm (147 - 245)

Maximum Average Minimum Number of single Fiber replication

Load(N) 12.33 6.5 1.3 20

Fiber tensile strength (Mpa) 444 214 48

Fiber modulus (Gpa) 21 9 0.8

Table 10  Tensile test sample reinforced with 1cm fiber with a 
polyester weight ratio (Source: experimental results from UTM)

Designation Max 
Load(N)

Max. 
Displacement(mm)

CSA = 
w*t(mm2)

Max.Tensile 
strength 
(Mpa)

T115%f 1244 0.96 78 16

T125%f 1421 1.10 78 18.3

T135%f 1197 0.86 78 15.3

Table 11  Tensile test sample result with 2cm fiber and fiber 
polyester weight ratio from UTM

Designation Max 
Load(N)

Max. 
Displacement(mm)

CSA(mm2) Max.Tensile 
strength 
(Mpa)

T215%f 1050 0.81 78 13.5

T225%of 1220 0.89 78 15.6

T235%f 997 0.78 78 12.8

Table 12  Tensile test sample reinforced with 3 cm fiber and 
polyester weight ratio from UTM

Designation Max 
Load(N)

Max. 
Displacement(mm)

CSA(mm2) Max.Tensile 
strength 
(Mpa)

T315%f 953 0.78 78 12.2

T325%f 1001 0.77 78 12.8

T335%f 776 0.65 78 10
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fiber length, which is strongly influenced by the interfa-
cial bonding between the matrix and the fiber [37].

Three‑point flexural test result
This study lists the flexural sample results for each sam-
ple group with 10 mm,20 mm, and 30 mm fiber lengths 
and the corresponding fiber/matrix ratio illustrated in 
Table 13.

Fig. 1  Tensile strength of the composite with the fiber length and weight ratio (source: origin).

Fig. 2  Compressive stress-strain chart up to failure of developed composites (source: Microsoft Excel)

Table 13  Flexural test result of sample reinforced with 1cm fiber 
and polyester weight ratio from UTM results

Designation Average 
Load(N)

Average 
Deflection 
(mm)

Span 
length(mm)

Average 
Flexural 
strength (Mpa)

F115%f 135 3.75 96 27.7

F125%f 176 4.5 96 35.2

F135%f 104 4.63 96 21
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The Flexural property results for the F115%f, F125%f, 
and F135%f sample composite that is with 10mm con-
stant length Grewia ferruginea plant fiber with 15%,25%, 
and 35% fiber/polyester weight fraction is presented 
in above Table 13. The 25% fiber (F125) weight fraction 
fiber-containing composites had a maximum flexural 
strength (35.2MPa) compared with other samples with 
the same fiber length but different fiber weight fractions. 
This indicated that the maximum weight fraction of the 
composite yielded better results.

The Flexural property results for the T215%f, T225%f, 
and T235%f sample composite that is with 20mm 

constant length Grewia ferruginea plant fiber with 
15%,25%, and 35% fiber/polyester weight fraction is pre-
sented in above Table  14. The 25% fiber (F225) weight 
fraction fiber-containing composites had a maximum 
flexural strength (32MPa) compared to other samples 
with the same fiber length of 20 mm but different fiber 
weight fractions.

The Flexural property results for the T315%f, T325%f, 
and T335%f sample composite that is with 30mm con-
stant length Grewia ferruginea plant fiber with 15%,25%, 
and 35% fiber/polyester weight fraction is presented in 
above Table  15. The 25% fiber (T325) weight fraction 
fiber-containing composites had a maximum flexural 
strength (27MPa) compared with other samples with the 
same fiber length but different fiber weight fractions. This 
indicated that the maximum weight fraction of the com-
posite yielded better results.

Discussion of flexural strength result
As shown in Figs.  3 and 4 a fiber length of 10 mm and 
fiber/polyester length of 25%, higher flexural characteris-
tics (Young’s modulus, flexural strength, and elongation 
at break) were observed, indicating a rather strong inter-
action between the matrix and fiber.

Proper fiber dispersion ensures that the fibers are com-
pletely encircled by the matrix, which improves the inter-
facial bonding and decreases the number of voids. Better 
fiber dispersion can be achieved using an intensive pro-
cess mixing method, such as a twin-screw extruder, as 
opposed to a single-screw extruder. However, this usu-
ally comes at the expense of fiber damage, and it has been 
discovered that process variables, such as temperature 

Table 14  Flexural test result of sample with 2cm fiber length 
and polyester weight ratio (from UTM results)

Designation Average 
Load 
(N)

Average 
Deflection 
(mm)

Span 
length(mm)

Average 
Flexural 
strength (Mpa)

F215%f 142 3.08 96 28.4

F225%f 159 2.64 96 32

F235%f 169 3.18 96 27

Table 15  Flexural test result of sample reinforced with 3cm fiber 
and polyester weight ratio from UTM results

Designation Average 
Load(N)

Average 
Deflection 
(mm)

Span 
length(mm)

Max. Flexural 
strength 
(Mpa)

F315%f 159 3.63 96 26.2

F325%f 135 2.79 96 27

F335%f 85 4.07 96 17

Fig. 3  Flexural strength of the composite with fiber length and weight ratio (source: origin)
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and screw configuration, cause fiber lengths to decrease 
drastically [38].

The loss in flexural strength was noted at 30 mm of 
fiber length, with polyester matrix contents of 65% and 
35% of fiber. This is most likely caused by the resin having 
trouble penetrating the areas that correspond to the fiber 
and resin, which leads to poor wetting qualities and less-
ens the effectiveness of stress transfer at the matrix-resin 
interface.

The decrease in flexural strength was ascribed to the 
unequal mixing of the fibers and matrix in the short-fiber 
polyester composites as well as cluster formation. More 
than 35% fiber, 65% polyester matrix, and 30 mm length 
cannot be supported or passed through by the uneven 
distribution of fibers in the composite samples. When 
we contrast the 35.2 Mpa flexural strength results of our 
research with other academic efforts, it remains a prom-
ising finding for structural applications.

The excellent tensile strength of a single Ferruginea 
plant fiber, which ranges from 48 to 444 MPa, suggests 
that future research aimed at achieving notable improve-
ments in the flexural strength of these kinds of compos-
ites should concentrate on optimizing the interfacial 
bond strength rather than the single fiber strength.

Conclusion
Based on various studies, alkaline treatment at a 5% 
NaOH concentration was applied to enhance the poly-
ester composite made of Grewia ferruginea plant fiber 
adhesion qualities by lowering the plant fiber lignin 
content and oily surface. The fabrication process of the 
composite was performed using the hand lay-up method 
owing to its low cost and availability for short fiber-rein-
forced polymer composites.

Based on the above experimental results, the follow-
ing conclusions can be drawn.

•	 It fills the literature gap on Grewia ferruginea plant 
fiber characterization and usage of this fiber as a 
reinforcing fiber, which has not been performed 
before.

•	 Grewia ferruginea plant Fiber extracted and rein-
forced with polyester matrix composite was suc-
cessfully fabricated and the tensile and flexural 
properties of Grewia ferruginea plant Fiber rein-
forced polyester composite were determined with 
different Fiber content and Fiber length(size). Based 
on the results, the fiber content and fiber length 
affected the tensile strength and flexural strength.

•	 The single-fiber test result was good when com-
pared with existing natural fibers with a single-fiber 
tensile strength of 46 - 444Mpa.

•	 A fiber length of 1 cm and fiber content of 25% 
(T125) showed better tensile and flexural strength 
owing to its optimum length and fiber weight ratio 
with a tensile strength of 18.3Mpa and flexural 
strength of 35.2Mpa. The Fiber cutting size improves 
the tensile strength, as shown in the above table, 
which indicates that small-size fibers provide better 
results in terms of tensile and flexural strength.

•	 Studying the microstructure of the Grewia ferrug-
inea plant fiber is also a good determinant factor, so 
it provides a better insight into its microstructural 
content.

•	 It will give a better understanding of comparative 
studies that will be performed for

•	 fiber extracted using different fiber extraction 
methods on the Grewia ferruginea plant

•	 Fiber-reinforced polyester composites.

Fig. 4  Flexural strength versus deflection (source: Microsoft Excel)
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