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Abstract  
  
To boost the output parameters, the process parameters have to be optimized; which is the aim of this project. 
Centered within various layers of Jute / Basalt and material orientation, the orthogonal series of various experiments 
are performed using the relevant Taguchi technique. The aim of these experiments is to provide a relationship 
between process and performance parameters to enhance the overall performance of the substance under various 
conditions. The effect of Basalt fibre and Jute fibre orientation during Tension and Hardness is studied in the present 
work. The tests are arranged according to the orthogonal array of Taguchi L9. Using ANOVA (Analysis of Variance), 
the experimental results are statistically analyzed to correlate the parameters and answers. It was observed from the 
experimental findings that orientation was perceived to be the most important element affecting the intensity of the 
substance proposed. By considering the optimum composition through analysis, water absorption test is performed 
with respect to number of days with Basalt and Jute as outer layers to study and compare the water absorption 
percentage of both the fibers. SEM analysis is performed to study the fiber intactness and surface morphology of the 
optimum sample, after every experimentation. Experimental studies have shown that hybridization of Basalt fibre 
jute epoxy shows greater tolerance to strength. 
 
Keywords: Jute, Basalt, Epoxy, Process Parameters, Taguchi Technique. 
 
 
1. Introduction 
 
A composite is generally a combination of two or more 
materials in which the fibres, materials, or fragments, 
used in the reinforcement stage, are one of these 
materials and mixed into other materials, known as 
matrix process. The reinforcing medium and matrix 
material can be used as a ceramic, metal or polymer. 
Usually, composites are stronger and thicker than in 
the permanent matrix stage and act as the main load-
bearing components. In less optimum cases where the 
loads are dynamic the matrix serves as a transfer 
medium between fibres, and the matrix may have even 
to transport loads transversally to the fiber-axis. The 
matrix is far more ductile than fiber and serves as a 
form of resilience to composites. The matrix is also 
used to protect fibers from environmental degradation 
before and during composite construction. The new 
combined material exhibits a higher strength than each 
actual material when correctly formulated. Composites 
are not only used for their intrinsic properties for 
electrical, thermal, tribological, and environmental 
applications. Jiri Militky et. al.  
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The distribution of the stress breaks is described by 
the model Weibull. Fractures arise due to non-
homogeneity of fiber volume (most probably near 
small mineral crystallites). Basalt fibers should be 
handled with caution because basalt particles are very 
compact and breathable. They must be treated with 
care. DylmarPenteado Dias et. al. The criteria of 
hardness, critical tension and critical opening shifting 
are evaluated on 18 bending beams, which have been 
tested with 3-point bending. According to 
measurements, the ratio between 0/h (notch 
height/beam height) was equal to 0.2 and the ratio 
between the support/beam width was equal to that of 
Geopolymeric concrete with larger fracturing 
properties than the standard Portland cement. They 
are less exposed to fractures as well. Jongsung Sim et. 
al. The basalt fiber used for this analysis shows its 
1000 MPa tensile strength, which represented around 
30% carbon and 60% extra hard glass fibers. Basalt 
and glass fibres, when dissolved in an alkaline solution, 
decreased their resilience to a surface reactive agent, 
but a reduction in resistance was not achieved by 
carbon fibres. The alignment of basalt fibre increased 
both the performance and ultimate strength of the 
beam as a stronger reinforcement type. Furthermore, 
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the strengthening over the entire duration of the 
flexural member is not necessary. T.Czingany et. al. The 
fibers have been prepared using a reaction mixture of 
maleic anhydride and sunflower oil to ensure adequate 
interfacial adhesion. The hydride composites improved 
as a result of surface treatment, and this was seen by 
mechanical and microscopic research. Jonna  

Ryszkowska et. al. Agglomerates of the PEA-CNT 
mixture are smaller than those found. These nanotubes 
formed in hard zones of the polyurethane matrix at the 
time of the stage segregation process are shown with 
PUR fracture-structure snaps. Jee-Seok W et. al. The 
study determines the bending time limits of the 
baseball and steel composite pipe and then measures 
its durability, while maintaining a reasonable range of 
tubing curvature limits. In this steel and basalt, a 
composite steel pipe with durability and resilience is 
applied. Since it is non-abrasive and resistant to 
corrosion, basalt is used to strengthen porous steel 
parts. Bin W et. al. Because nano particles are cleanly 
coated with basalt fiber, the basalt fiber's strength in 
comparison to epoxy coating alone is increased. It also 
enhances the mechanical features of the basalt fibres. 
The strength of basalt fiber tensil increased by as much 
as 30% and the interlaminary shear strength of the 
carbon fiber increased by 15%.  Aleksandar Todic et. al. 
Basalt is an inexpensive, physically and mechanically 
advanced stone. The 18 specimens or samples are 
strengthened and checked for final examination, with 
varying basalt ratios. Therefore, basalt was eventually 
found to be the safest natural material to be used for 
various purposes in the future.V. Lopresto et. al. 
Related e-glass and basalt fiber plastic reinforcement 
laminates were tested mechanically. In relation to the 
new modulus, compression strength and bending 
power, impact strength and capability, the results 
obtained for both laminates show the high 
performance of the basalt material. The short beam 
strength tests validated this by showing an e-glass and 
epoxy matrix interface adhesion equal to that 
described above. I.S.Aji et. al. A reduced percentage of 
palph was needed for hybridisation with kenaf bast 
fibre in order to obtain a positive hybridisation 
outcome. The dynamic curve of the sensor showed a 
loss module boost with a temperature rise. Enrico 
Quagliarini et. al. For reinforcement purposes, BFRP 
rods and basalt fiber ropes may be used as a 
replacement for glass, carbon or aramids. The aim was 
to develop a test protocol for the determination of the 
tensile characteristics of basalt fibre and the test 
protocol for determining tensile characteristics of non-
basalt FRP rods that are added to BFRP rods. 
Experimental research findings seem to be validated as 
a promising solution to other similar materials for 
BFRP rods and BF cords.   

In composites observing the bending behavior is 
also a crucial part of research. Iqbal Mokhtar et. al. 
Mechanical tests for the specimens were carried out, 
including bending, carp and tensile strength tests. Pure 
resin samples were tested and compared with 10 per 
cent weight of a strengthened fraction of kenaf to 

classify their contribution to this new substance. Any 
composite's stress strain behavior relies on several 
factors, including the effectiveness and the volume 
fraction of the fiber matrix.. P Rosa Garcia et. al. The 
strengthening is done with basalt and carbon fibers. 
Lastly, the conclusion was that the basalt fibers in 
unidirectional reinforcements were much superior to 
the carbon fiber. With the proportion of tissues the, the 
rigidity of the beam rises. However, the use of carbon 
fiber in terms of tension is better optimized. Nihat 
Morova et. al. The Marshall Stability Test checked 
samples. The three samples were carefully produced 
with 5% bitumen and different compositions of basalt 
fibre. With the same no.of strokes the samples were 
compressed. Finally, it found that 5% bitumen and 
0.50% basalt fibres, compared to all samples, had the 
highest optimal results.  B.V.Perevozchikov et. al. Based 
on their outstanding physical and chemical properties, 
basalt fiber rose to the fore only below the expensive 
carbide silicon fiber and carbon fibres. As regards the 
suitability of the basic material for basalt fiber, the 
structure of minerals and the crystallizing properties of 
the basalt melt are largely determined. The redox 
status and the iron content of the basalt glasses also 
determine how often basalt fibers can be crystallized, 
decrease their temperature in application and result in 
low efficiency of the BCF production process. Md 
Samper et. al. The assessment of the mechanical 
properties was determined by bending, carpy and 
tensile measures. The degree of 'fiber-matrix 
interactions' between interfaces was determined by 
scanning electron microscopy or SEM. The results 
suggest that the modification of the surfaces of 
glycidyl-silane basalt fibers significantly increases the 
mechanical features of composites. In comparison to 
composites strengthened with epoxidated soy oil, ELO 
resin, which used as a matrix for composite laminates, 
improves dramatically mechanical performance. 
Jianzhe Shi et. al. The results reveal that the claim 
managed with BFRP tendons is 0.7 fu without 
fracturing within 1000 h, 17% more than the untreated 
bFRP tendons (0.6 fu). Following the pretension, the 
cracking strains of BFRP tendons were found to be 
considerably poor compared to those without 
pretensions, suggesting effectiveness. On the basis of 
experimental fits and from 0,52 fu to 0,54 fu on the 
basis of a durable sample, the 1 million hour creep 
breakup stress for the BFRP tendons has been 
effectively increased from the original 0,59 fu to 0,63 
fu. 

The role of mineral fiber is studied by many 
researchers and its influence on other natural fibers. 
Suleyman B et. al. The research is focused on 
observation of the functionally graded materials 
(FGM(nonlinear) )'s dynamic reaction under blast load. 
Basalt-Nickel has been used in this situation. 
Approximations were made using the homogeneous 
laminated model (HLM) and the Model Power Law 
(PLM). B. Soares et. al. The study finds that basalt fiber 
has the highest mechanical characteristics in relation 
to e-glass fibers and is equally lower than carbon fiber.  
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The mechanical properties of basalt fiber consisting of 
an insaturated, compact, flexural and shear-tested 
polyester matrix of resin transmission moulding 
(RTM). The values were compared with the study of 
RTM. Simonetta Boria et. al. Falling trials of weight 
effects with certain energies up to 40J were carried out. 
Hybridization improves flax fiber composites' 
performance by increasing their weight. There is a 
possible synergistic effect on the tensile strength using 
the flax fiber layer between basalt fiber skins. T. Scalici 
et. al. Vacuum aided resin infusion and hand-
impregnated vacuum bagging are two popular 
manufacturing methods. Commercial basalt fibers are 
advised to be thoroughly experimented until they are 
fully compatible with each other. G.M. Arifuzzaman 
Khan et. al. Made using the hot-pressure moulding 
technique, simple woven yute fabric reinforced 
poly(PLLA) samples had been made. The unprocessed 
twin-corpus jute composite strength was enhanced by 
approximately 103%, 211%, 95.2%, 42.4% and 85.9% 
respectively, while the median tense stress strain of 
composite samples grew by 11.7%. The strength of the 
composite jute unprocessor was improved by 
approximately 103%. WJF composites based on PLLA 
are safer than composites made from synthetic fiber. 
Farid Bajuri et. al. During 10 minutes, the nano 
particles were propagated through the Epoxy with the 
use of a 300/minute centrifuge. Generally, hydrophobic 
silica nanoparticles have been adversely affected by 
the incorporation of mechanical properties. The most 
mechanical properties of silica nanoparticles are the 
composites of 2 volume % silica. Neng Sri Suharty et. al. 
The effects on mechanical properties improved by 20% 
second reinforcement kenaf fiber, composite tensile 
value by 18% (38.28MPa), flexural strength by almost 
28% (33.48MPa) and impact tightiness by almost 27% 
(15.2 kJ/m2) w.r.t of kenaf-fibre-less specimen. John 
Branston et. al. The first cracking power of concrete, 
subject to bending loading and impact-loading, is found 
by the inclusion of basalt fiber and minibars (MB). V. 
Fiore et. al. Hybridization of basalt fibres, under salt fog 
conditions, has more mechanical properties than those 
of natural fibers. Flax basalt composites showed almost 
static flexural properties with higher w.r.t flax. 
Takanori Kitamura et. al. Evidence of anisotropic 
properties showed materials. Reinforced fiber plastic 
(FRP) paperboard showed higher properties of tensile 
and binding than the other materials. The better 
findings seem to be the FRP carbon hybrid impact test. 
Anindya Deb et. al. Compared to simple jute polyesters, 
the hybrid jute composites showed higher bending 
rigidity, compressivity and tensile module. Steel 
hybridization increases the capacity for energy 
absorption and jute composites flexible modulus. In 
general, tensile and flexural module hybridization has 
been shown to be advantageous.  
 

2. Materials and Methods 
 
2.1 Fabrication of specimens 
 
Composites of jute/basalt fiber reinforced polymers 
(JBFRP) are the selected experimental source. 

Specimen manufacture is needed using jute fiber, blade 
fiber, hardener (HY951) and epoxy resin (CY230). 
Specimens are made using the technique of manual 
layout. Then, the specimens are reduced to a 250 mm x 
25 mm size by changing the fiber orientation and 
thickness of JBFRP/epoxy contents. 
 
2.2 Selection of process parameters 
 
In order to measure tensile and hardness at various 
stages and parameters, JBFRP composites are tested 
and fixed using the minitab17. The tests are carried 
out. The parameters considered, which are seen in the 
following table, are jute, basalt and orientation with 
various layers as input. 
 

Table 2.1: Levels and Parameters 
 

Factors 
Levels 

L1 L2 L3 
Jute 6 8 9 

Basalt 2 3 4 
Orientation 00 450 600 

 
2.3 Design of experiments 
   
For the current work, three parameters are selected, 
including jute, basalt and orientation, and their scope 
refers to the literature study. According to the Taguchi 
experiment design, the L9 array is selected. 
 

Table 2.2: Taguchi L9 Array 
 

Jute (Layers) Basalt (Layers) Orientation (deg) 
6 2 0 
6 3 45 
6 4 60 
8 2 45 
8 3 60 
8 4 0 

10 2 60 
10 3 0 
10 4 45 

 
2.4 Specimen Fabrication 
 
An initial effort was made to manufacture the Jute and 
Basalt composite specimens. The various jute, epoxy 
orientations are shown as a matrix in the above table. 
The mechanical properties, such as tensile hardness, 
are experimentally performed and then assessed by 
Taguchi method. 
 

2.5 Fabrication Procedure 
 
The manual method for the preparation of laminates is 
selected for this study. First of all, the release gel is 
sprayed to resist epoxy attachment to the skin on the 
top of the mould. On the top and bottom of the 
moulding plate small plastic sheets are used to ensure 
that the component has a fair surface finish. The 
enhancer is to be cut in the form and spread on top of 
the mold, only after a coat of perspex, of matt jut 



Patthem Chandu and T.Pavan Kumar       Mechanical and Water Absorption Characteristics of Jute/Basalt Reinforced Laminate 

 

408| International Journal of Current Engineering and Technology, Vol.11, No.4 (July/Aug 2021) 

 

materials and basalt fibres, on the basis of the mold's 
dimension. Liquid epoxy is then thoroughly mixed in 
the required proportion with the stated hardener 
(curing agent) and poured onto the top of the mat 
already in the mold. The epoxy is applied evenly by 
means of a brush. The second plate of mat is then 
positioned at the top of the epoxy and the roller has a 
small pressure through move to the mat-epoxy layer, 
to eliminate all excess epoxy and compressed air. Per 
sheet of epoxy and mat is replicated until the required 
layers have been stacked. Once the plastic sheet has 
been assembled, the release gel is pumped into the 
interior area of the top molding plate and attached to 
the stacked layers. After cured, the formulated part is 
opened at the right temperature at 60-80 degrees and 
then withdrawn and further refined by the mold at a 
room temperature or at proper temperature. For 
epoxy-based structures, the estimated healing time is 
24-48 hours at ambient temperature. 
 
3. Testing of Composites 
 
The mechanical properties are carried out by different 

instruments for composites manufactured. The table 

displays laminate designations and substrate 

sequences for each layer. The thickness of each Jute 

layer is 0.4 mm and 0.28 mm for each basalt plate. 

Under ASTM D3039, laminates for various 

formulations are prepared by taking into account 

levels and parameters. Responses like tensile and 

hardness are taken as feedback to conduct Taguchi 

analysis. 

 
3.1 Tensile Test 
 
The composite specimen are cut to D3039 (samples 

250 X 25x 3 mm) in accordance with standard ASTM, 

which results in a tensile measure. The computerized 

Universal Testing Machine (UTM) is used for testing 

under a cumulative load of 100 KN. Composite tests of 

different fiber combinations are conducted. In each 

case three samples are tested and the average is 

measured and registered. The specimen is 

subsequently closed and the load applied to the grip 

and the necessary deflections are noted. Before the 

sample breaks and the break load is applied, ultimate 

tensile forces are noted. Tensile stress and strain are 

recorded and load vs length graphs are made. 

 
3.2 Hardness of samples 
 
The hardness value of samples is evaluated on “krystal 
hardens tester: model KB-3000(J)” with a maximum 
test height is 250 mm, throat depth is 150 mm and 
height is 860 mm, The machine is operated at a net 
weight of 210 kg. The hardness value of each 
combination is the average of three indentations. 

 
 

 
 

Fig: 3.1 Tailored fiber to standard and Vacuum bagged 
after hand lay-up 

 
4. Results and Discussion 
 
4.1 Taguchi Technique 
 
The Taguchi technique is simple, systematic and highly 
effective to maximize the design of experiments. This 
technology is better than conventional laboratory 
design, reducing the number of trials, time and costs. 
The Taguchi technology orthogonal array provides a 
range of balanced experiments. In the current analysis, 
a L9 orthogonal sequence of 9 rows and three columns 
was selected. Table displays grades and operational 
parameters. The tests consist of nine experiments with 
orthogonal arrays (OA). In OA, the first column is for 
Jute, the second is for Basalt and the third column is for 
Jute. 
 
4.2 Selection of the orthogonal array 
 
The set of Orthogonal Array (OA) depends on a variety 
of variables and levels that relate to each of the 
variables. Cumulative DOF determined for each 
element is 2 (3x2=6) and thus 6 (3x2=6). The degree of 
freedom selected should be greater than the total DOF 
of all current variables. Eight is OA's DOF. For the 
study, L9 is also mentioned. The selected OA is shown 
in the following table. 
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Table 4.1: Taguchi orthogonally array with 
experimental results and Signal-to-Noise ratio 
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6 2 0 89.26 59.26 35.45 59.26 
6 3 45 107.08 71.38 37.07 71.38 
6 4 60 96.85 64.56 36.19 64.56 
8 2 45 101.09 67.93 36.64 67.93 
8 3 60 92.97 61.98 35.84 61.98 
8 4 0 95.69 63.79 36.09 63.79 

10 2 60 93.98 62.65 35.93 62.65 
10 3 0 93.54 62.36 35.89 62.36 
10 4 45 116.41 77.6 37.79 77.6 

 

4.6. Water absorption 
 
According to ISO 527, water absorption experiments 
were conducted for the optimum composition. The 
specimens have been prepared to measure the water 
absorption potential of the composite and water 
distilled is the medium for the sample soakage. The 
proportion of water absorption has been determined 
from the disparity between final and original weights 
before and after water immersion. The procedure takes 
several days. The test is carried out. Five specimens 
have been analyzed and the mean values have been 
identified for each composite test and form. The tests 
were performed before the proportion of water 
absorption reached a balance. The estimate is 
dependent on the equation.  
Water absorption % (Ws) =   × 100 
 

Table 4.2: Weight % of sample underwent water 
absorption 

 

Samples water 

S1 0.02 

S2 0.19 

 
Table 4.3: Experimental results of sample underwent 

water absorption 
 

Tests 3 Days 7 Days 14 Days 

Tensile strength 
(Mpa) (S1) 

115.9
6 

114.85 114.01 

Tensile strength 
(Mpa) (S2) 

107.3
6 

96.25 88.91 

Hardness BHN (S1) 77.6 75.14 74.97 

Hardness BHN (S2) 70.09 58.84 49.61 

 
S1: Sample with Basalt as outer layers S2: Sample with Jute as outer 

layers 

 
 

Fig 4.1: Tensile strength Vs water absorption 
 

 
 

Fig 4.2: Sample Hardness Vs water absorption 
 
5. Scanning electron microscopy (SEM) 
 
The sample after mechanical testing, analysis of 
morphology is conducted to determine the fiber 
conduct and the sample surface. The pictures are 
captured on various sample sizes and sides.  
 

 
 

 
 

Fig 5.1: SEM image of tensile tested sample 
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Fig 5.2: SEM image of 14 day water soaked tensile 
tested sample (S1) 

 

 
 

 
 

Fig 5.3: SEM image of 14 day water soaked tensile 
tested sample (S2) 

Conclusion 
 
In this study, the influence of the process parameters 
and later optimization of the material proposed is 
analyzed by the orthogonal approach Taguchi L9. The 
findings are focused on the analysis of the variance (i.e. 
ANOVA) and the influence of process parameters on 
variables like Jute/Basalt/Epoxy composites based on 
experimental outcomes. The conclusions are based on 
the importance of the parameters and also their 
individual contributions and consequences for 
intensity and hardness is determined by ANOVA. For 
the strength-to-weight ratio, the new parameter was 
considered to be the strongest. 
 
1. The orientation of all method parameters to the 

high strength and stiffness of the desired material 
is known as the main consideration.  

2. In comparison to the orientation 00 and 600, the 
material shows high intensity at the orientation of 
Jute fiber. 

3. From the experimental findings, it is obvious that 
the strengthening of basalt to jute fiber results 
show an improvement in intensity of 30-40N/ 
mm2. 

4. In 450 jute fibre direction the fiber has superior 
hardness, whereas in two other angles less is taken 
into account. 

5. Due to the direction of Jute fibers, the material 
intensity suddenly increases from 14-18 N/mm2. 

6. The experimental findings show that there is not 
much power shift when incorporating more basalt 
fiber. The material is fragile in nature. 
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