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1. Introduction 

The utilization of fiber-reinforced composite 

(FRC) materials gradually increased in industrial applica-

tions. The amounts of fiber composites used in modern air-

craft surpass half of the vehicle weight [1].  It was also found 

that the usage of composites grater in the container ships, 

modern yachts, lightweight boats[2]. Even a greater share of 

composites has been using in automobile applications, ap-

proximately 50% of total vehicle volume [3]. Toyota auto-

mobile company first started using polymer composites to 

reduce the weight and increase the efficiency of the vehicle 

[4]. Since the metal components are and will be essential in 

these structures, the issue of linking composite and metal 

components becomes increasingly more significant as the 

portion of composite components in the structures incre-

ments. The joint utilized in a composite structure is typically 

the most sensitive part of the structure and consequently de-

cides the primary efficiency [5]. The mechanical fastening 

(bolted joints) and adhesively bonded joining are the most 

popular ways of joining the fiber composites [6–7]. Despite 

joining methods and fabrication errors adhesive and bolted 

joints are used for both metal elements and fiber composites 

[8]. 

Most of the mechanical structures are consisting of 

numerous parts coupled together by a variety of joints, such 

as welded, adhesive, bolted, fastened, and bonded. These 

joints are the weakest portions of the composite structures 

because they establish the spots of possible damage initia-

tion and failure [9]. So that, they required very keen and 

costly observation. In recent years, extensive research has 

been carried on the mechanical properties of adhesive joint 

composite materials [10–11] and bolted joint composite ma-

terials [12–13]. Joining the components also means a loss of 

continuity, which affects the performance and also reasons 

the damage of overall efficiency. The adhesive bonded com-

posites were originally developed for several applications 

such as aerospace, automobile, construction, sports equip-

ment, and shipping industries due to their excellent mechan-

ical properties, low density, lightweight, and high thermal 

conductivity [14].  

Kim J. et al. [15] experimentally investigated the 

surface treatments for carbon/epoxy composite adhesive 

joints and found the influence of various parameters on the 

failure behavior of composite bonded joints. They worked 

on plasma surface treatment, mechanical abrasion and sand-

blast treatment. Results stated that, the plasma treated joints 

all failed when the surface free energy was increased more 

than 40 mj/m2 and mechanically treated composites joints 

strength increased with optimal surface roughness and ad-

hesive thickness. Huang H. et al. [16] developed an analyti-

cal model for estimating the stress and strain distributions of 

single-lap adhesive-bonded composite joints under tension. 

In FRC composite adhesive joints, according to the standard 

ASTM D5573. There is a total of seven modes of failure 

characterized by adhesive failure, cohesive failure, thin-

layer cohesive failure, fiber-tear failure, light-fiber-tear fail-

ure, stock-break failure, or mixed failure. Analysis of single-

lap adhesive composite joints with delaminated adherents 

has been carried out by Qin M. et al. [17] and Kim S. et al. 

[18] studied the failure modes and strength of pultruded FRP 

bolted connection members and predicted the failure 

strength using the results obtained by the experiment and the 

finite element analysis. Experimental tests have been con-

ducted by Mara V. et al. [19] to investigate the effect of in-

serts on the stiffness, the load-bearing behavior of joints, 

and bolt-tension relaxation. Zhang et al. [20] investigated 

the influence of end distances on the failure of composite 

bolted joints and predicted failure patterns of bolted joints 

with different end distances, load-displacement curves, and 

failure loads and concluded that the results are in good 

agreement compared to experimental outcomes.  

Wdowiak-Postulak [21] worked on the basalt fiber 

reinforcement of bent heterogeneous glued laminated 

beams. a bending test was performed, and stress properties 

under various load (2.5-10kN) were calculated inside the fi-

bres (which were subjected to compression and tension), 

and the value were up to ~40 MPa. Jakuba [22] worked on 

the effect of humidity-temperature cycling on carbon and 

aluminum fiber hybrid composites adhesive joints. Results 

showed that both aluminum and carbon fiber multi-layered 

adhesive joints showed a tensile strength ranging from 18 to 

45 MPa Stawski et al. [23] worked on thermal and mechan-

ical properties of okra fiber composites obtained via various 

retting processes. The fibers extracted from the upper part 

of the plant have shown superior properties. Also, fibers that 

are obtained through the water retting process have shown 

superior properties. The authors have found a variation in 

thermal resistance. The reason can be the lack of chemical 

treatment of the fibers. Srinivasababu N. [24] investigated 

the tensile properties of various natural fiber composites. 

The results showed that an improvement in mechanical 

properties. Okra fiber composites showed superior proper-

ties to banana and sisal fiber composites. 

With this motivation, in the present work, an at-

tempt has been made to fabricate the okra and empty fruit 
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bunch banana (EFBB) fiber reinforced polyester resin com-

posites by using the hand-layup technique. India is one of 

the most widely cultivated countries for okra and banana 

plants. Okra fibers were extracted from these fruits and ba-

nana fibers were extracted from the empty fruit bunch of ba-

nana trees. Fibers were chemically treated before fabrication 

and to study their joint strength and failure phenomena un-

der tensile load, flexural creep, and SEM analysis. The test-

ing and comparative analysis were made for adhesive 

bonded and bolted joints. 

2. Composite fabrication 

2.1. Materials  

The reinforcement and matrix materials used for 

the fabrication of composite samples are okra and EFBB fi-

bers and polyester resin. The chemical composition and me-

chanical properties of okra and banana fibers are given in 

Table 1. NaOH solution was used for the chemical treatment 

process. The polyester resin along with the hardener was 

used as a binding material and it was purchased from AL-

GOL Chemicals India Private limited. The mould material 

made from natural rubber. Adhesive material and bolts were 

used for joining the composites. 

Table 1 

Properties of okra and banana fibers [25–27]  

Properties Okra Banana 

Cellulose content, % 60-70 60-65 

Hemi Cellulose, % 15-20 6-19 

Lignin, % 5-10 5-10 

Moisture, % 12.67 10-11.5 

Pectic matter, % 3-4 3-5 

Youngs Modulus,(GPa 3.2-12.8 27-32 

Elongation, % 2.5-8.6 2.6-5.9 

Density,g/cm3 1.15-1.45 1.35 

Tensile strength, MPa 52.6-233.8 26.5-168.5 

2.2. Preparation of fibers  

After the extraction process, these fibers were al-

lowed for the retting process and then beaten with the ham-

mer. The obtained fibers were cleaned with water and dried 

to eliminate the moisture in them. The fibers were allowed 

for chemical treatment at 5% NaOH solution and then 

washed with distilled water. The segregations are gently dis-

persed with hands sitting patiently. After separating them, 

fibers were looked over with a cotton checking outline for 

numerous times to isolate the fibers. The weight fraction of 

fibers considered for the fabrication of composite was as 

5%, 10%, and 15% of okra (OF_5, OF_10, OF_15) and 

EFBB (BF_5, BF_10, BF_15) fibers. In each fiber case, 

three types of composites were fabricated by varying the 

percentage of fiber content in it. Polyester resin along with 

the hardener was used as a matrix material. It was purchased 

from Sigma Aldrich. For proper resin solution, the weight 

proportions of both resin and hardener were considered a 

10:1 ratio as per product instructions. The polyester resin 

and hardener were taken into a plastic vessel and mixed for 

4-5 minutes at room temperature with a plastic stirrer until 

the mixture is uniform in color. Then, the solution is stirred 

for another 60 seconds to scrape the edges and bottom of the 

container. The adhesives and bolts (made up of plastic) were 

purchased from the local store to join the composites. The 

mechanical properties of polyester resin and hardener are 

given in Table 2. 

Table 2 

Mechanical properties of polyester resin and hardener 

Properties Polyester Hardener 

Density,g/cm3 1.2-1.09 0.97-0.99 

Viscosity at 25 ᵒC, MPa 250-350 600 

Tensile strength, MPa 70.3-103 33.5-70 

Youngs Modulus, GPa 3.3 2.8 

Mixing ratio 10 1 

Colour Colour less Brown 

Gel time 25-36 h 24-36 h 

2.3. Preparation of mould  

Natural rubber is the most widely used mould ma-

terial because of its flexibility, cost-effectiveness, ease of 

use, and ability to reproduce. A rubber sheet mould of di-

mensions 160 mm × 12.5 mm × 3 mm was used for the fab-

rication of composites. The releasing agent was used for 

easy removal of the composite after the curing process and 

also it doesn’t affect any mechanical properties. 

2.4. Fabrication of composite samples and joints 

The fibers were laid uniformly inside the mould 

before applying any resin to it. The polyester mixture has 

been poured over the fibers uniformly and compressed for a 

curing time of 24 h, with a constant load of 6 kg. Composites 

are fabricated at 23 ᵒC and relative humidity of 28% by us-

ing ASTM D 638 M standards. After fabrication the com-

posites were placed in an oven for heat treatment process for 

20 min at 60ᵒC to eliminate the excess moisture in it and 

then joined together by using adhesives and mechanical fas-

tening such as bolts to observe the joint strength. Before 

joining the composites, a suitable surface treatment was car-

ried to clean and modify the surface of the sample to im-

prove its bonding level. A sandpaper was used for surface 

treatment to achieve desired roughness on the surface of the 

composite specimens. The adhesive joining was accom-

plished by applying the thin layer of adhesive onto the com-

posite surface. A natural glue was used as an adhesive for 

the bonding.  For bolted joints, circle holes with a diameter 

of 4mm were drilled in the centre of each composite speci-

men with a hand drilling machine at low speed to avoid sur-

face disturbance. The fabrication process and testing of 

composites is shown in the following schematic diagram 

Fig. 1. 

 

Fig. 1 Schematic diagram for fabrication and testing 
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3. Methodology  

3.1. Tensile test 

Tensile tests were performed for both adhesive and 

bolted joint specimens to find out the joint strength of the 

composites. A total of five samples were tested for each 

composite and the dimensions are 80 mm length, 20 mm 

width and 5 mm thickness. The specimens were tested on 

Tinius Olsen H10K at a constant speed as 20 mm/min and 

the dimensions were considered as per ASTM standards. 

The experimental setup used for the tensile test is shown in 

Fig. 2. 

 

Fig. 2 Tensile test on Tinus Olsen H10KT 

3.2. Flexural creep test  

The flexural creep stiffness for both adhesive and 

bolted joints were measured at 2.5 kg and 5 kg of constant 

load. The setup used for the creep studies is showed in 

Fig. 3. The dimensions are 80 mm length, 20 mm width and 

5 mm thickness. For each set of joints total of five samples 

were tested and the average values are reported. The values 

reported were for continuously four months (M1, M2, M3, 

M4) to observe the deflection.  

  

Fig. 3 Flexural creep test arrangement 

3.3. SEM analysis 

The failure studies of both okra and EFBB fiber ad-

hesive joint fractured tensile test specimen were observed 

by using scanning electron microscope (S-3400N from Hi-

tachi). 

4. Results and discussion 

4.1. Tensile test for adhesive and bolted joints  

The tensile properties of adhesive and bolted joints 

for okra and EFBB fiber composites were tested on Tinius 

Olsen. All the samples were tested as per the standards and 

for each composite in total of five samples were tested. 

Three different fiber percentages (5, 10, and 15) and two 

types of joints namely adhesive and bolted were tested.  

  

a b 

Fig. 4 Tensile strength vs. weight fraction of okra fiber composites (a) and EFBB composites (b) adhesive-bonded joints 

Fig. 4, a and b shows the tensile strength behaviour 

of the composites with 5%, 10%, and 15% okra fiber and 

EFBB banana fiber composites with adhesive bonding. 

From Fig. 4, a the tensile strength values of okra fiber adhe-

sive-bonded joint for 10% fiber composite are inferior as 

compared to 5% composite. 5% composite showed the joint 

strength as 76.13 MPa whereas 10% composite showed 

43.90 MPa. The reason for the above can be attributed in 

two ways. An increase in reinforcement content increases 

the strength of the composite. However, higher fiber content 

leads to the agglomeration of fibers, hence loss of strength. 

Loss of adhesiveness at the interface might be another rea-

son for lower joint tensile strength value. Upon increasing 

the fiber content (15%) the values of joint strength (tensile) 

are higher as compared to 10% composites. This may be due 

to the combined effect of bonding at the interface and also 

higher fiber content. From Fig. 4, b, the tensile properties of 

EFBB composites are decreasing with the increase of fiber 

content. The joint strength for 10% and 15% composites are 

observed as 57.77 MPa and 38.87 MPa respectively. the 

joint strength depends on strength of the individual compo-

site specimen as well as adhesive strength at the interface as 

explained earlier. 
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a b 

Fig. 5 Tensile strength vs. weight fraction of okra fiber (a) EFBB composites (b) bolted joints 

Figs. 5, a and b shows the joint strength for okra 

and empty fruit bunch banana composites with varying 

weight fractions tested for bolted joint strength. From 

Fig. 5, a, it was observed that at 5% reinforcement the ten-

sile strength is low as compared to 10% and 15% fiber con-

tent. This trend supports the composite concept as reinforce-

ment content increases, joint strength increases and hence 

improved bolted joint strength. Since the specimens joined 

by bolt the higher strength is obtained. Upon further in-

crease in reinforcement content i.e., 15%, the values are low 

as compared to 10% fiber content but higher than 5% fiber 

content. For inserting a bolt drilled hole is a prerequisite. It 

can be speculated that during drilling, fibers might have 

been separated or cut. This makes the specimen to lose its 

strength, hence a drop in joint strength. From Fig. 5, b, Joint 

strength is decreasing with increasing reinforcement con-

tent. This can be attributed to i) fibers might have lost the 

continuity while drilling a hole for fixing the bolt ii) there 

may be manufacturing defect like agglomeration/clustering, 

hence losing strength for the higher fiber reinforcement con-

tent. 

 

Fig. 6 Tensile strength of adhesive bond joint/bolted Joint-

Okra fiber composites 

Fig. 6 shows the comparison of bolted joint and ad-

hesive joint strength values for 5%, 10%, and 15% okra fi-

ber composites. From the figure, it can be observed that ex-

cept for 10% fiber composite, 5% and 15% adhesive bonded 

joints show superior joint strength values compared to 

bolted joints. The reason for the inferior joint strength for 

bolted joint may be due to the discontinuity or break up of 

fibers resulted due to drilling operation for fixing the bolt. 

The superior bolted joint strength for 10% composite could 

be due to drill or consequently bolt bypassing the fiber area 

or moving away from the fiber zone. 

Fig. 7 shows the comparison of bolted and adhe-

sive joint strength values for composites with fiber 5%, 

10%, and 15% of EFBB. Both adhesive joint and bolted 

joint strength is decreasing with increasing fiber content. 

However, adhesive joint strength is superior as compared to 

bolted joint strength; the reason for the drop in joint strength 

for bolted joint has been explained in earlier paragraphs. 

The drop in joint strength for adhesive joint may be due to 

two reasons i) failure of adhesiveness at the interface (it is 

due to the curing time and conditions in the surroundings) 

ii) failure of the composite specimen due to manufacturing 

defects like poor bonding between the fiber and the matrix 

or clustering/agglomeration of fibers resulting in early fail-

ure. The agglomeration of fibers in the fabrication is mainly 

depends on the fabrication skills. In general, it is the most 

common error and the environmental conditions also play 

an important role to cause the defects in the composites.  

 

Fig. 7 Tensile strength of adhesive bond joint /bolted joint – 

EFBB fiber composites 

4.2. Flexural creep test for adhesive and bolted joints 

Flexural creep tests were conducted on, both adhe-

sive and bolted joints of okra/empty fruit bunch banana fiber 

composites. A three-point bending test was conducted to 

find out the deflection of both the joints at a constant load 

of 2.5 kg and 5 kg. And the results were reported for contin-

uous four months (M1, M2, M3, M4) period. 

Figs. 8, a-c shows the flexural creep behaviour of 

okra fiber adhesive-bonded composites (5%, 10%, and 

15%) with time-variant. The flexural creep was observed at 

a constant load of 2.5 kg and 5kg consecutively for four 

months. The deflection increases gradually from 1st month 

to 4th month in all the cases and also deflection was de-

creased with increasing fiber content. 5% okra fiber adhe-

sive joints showed superior deflection than 10% and 15% 

fiber joints. 10% okra composites showed much variation 

for 2.5 kg and 5 kg unlike 5% and 1 5% fiber adhesive joints. 

The Flexural creep phenomenon for okra fiber 

bolted joint composites showed in Figs. 8, d-f. The deflec-

tion increased with respect to the time in all the cases. There 

was not much variation in the deflection for the 2.5 kg and 
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5 kg loading for bolted joints. It is due to 1) the adhesive 

bonded joints have greater strength and low structural 

weight when compared to the bolted joints 2) the load dis-

tribution is linear in the adhesive bonded joints whether it is 

nonlinear in the bolted joints. 

  

a) 5% Okra Adhesive d) 5% Okra Bolted 

  

b) 10% Okra Adhesive e) 10% Okra Bolted 

  

c) 15 % Okra Adhesive f) 15% Okra Bolted 

Fig. 8 Deflection vs. Time for okra fiber adhesive bonded (a-c), and bolted joint (d-f) composites 

 

Figs. 9, a-c shows the flexural creep behaviour of 

banana fiber adhesive-bonded joints with various weight 

fractions. From the above figure, it was observed that the 

deflection is increased with time and decreased with the in-

creased fiber content. 5% of banana adhesive joints showed 

the highest flexural creep. The Flexural creep for banana 

bolted joints showed in Figs. 9, d-f. Results showed that the 

deflection is not much varied and it is unnatural. The reasons 

can be attributed to fabrication errors and deviation in drill-

ing of composites for mechanical fastening. It was observed 

that the bolted banana fiber composites showed superior de-

flection than all other bonded joints. This means that bolted 

banana fiber composites possess less joint strength than oth-

ers. 

  

a) 5% Banana Adhesive d) 5% Banana Bolted 
 

Fig. 9 Deflection vs. Time for empty fruit bunch banana fiber adhesive and bolted joint composites 
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b) 10% Banana Adhesive e) 10% Banana Bolted 

 
 

c) 15% Banana Adhesive f) 15% Banana Bolted 

Fig. 9 Continuation 

 

Figs. 10, a and b shows the scanning electron mi-

croscope images for both okra and empty fruit bunch banana 

fiber adhesive-bonded tensile test fractured specimens.  It 

was observed that both composites have internal defects 

such as the presence of voids, matrix cracks, internal cracks, 

and adhesive material cracks. This is due to strong interfa-

cial bonds between reinforcement and matrix material. It 

was observed that okra fiber adhesive joints have more de-

fects compared to the empty fruit bunch banana joints due 

to the underprivileged bonding nature. 

 

a 

 

b 

Fig. 10 SEM images for fractured Banana fiber (a) Okra fiber (b) Adhesive tensile test specimens 

5. Conclusions  

In this work, an attempt has been made to investi-

gate the joint strength and failure studies under tensile load 

and flexural creep on natural fiber composites. Okra and 

empty fruit bunch banana fiber composites with varying 

weight fractions were fabricated by using the hand layup 

technique successfully. Empty fruit bunch banana fiber 

composites exhibited better joint strength properties under 

tensile loading when compared to the okra fiber composites. 

Okra fiber adhesive and bolted showed a range between 44 

to 78 N/mm2 and 40 to 60 N/mm2 whereas empty fruit bunch 

banana fiber adhesive and bolted joints showed a range be-

tween 38 to 88 N/mm2 and 42 to 68 N/mm2 respectively. 

Higher fiber-reinforced composites have shown decreasing 

tensile strength as compared to the lower fiber content rein-

forced composites in both cases.  Results showed that all the 

joints responded to flexural creep. The deflection has in-

creased with respect to the time and decrease of fiber con-

tent. Adhesively bonded joints responded to less creep than 

bolted joints. By enlarge, okra fiber composites exhibited 

less creep than banana composites. From SEM results, it 

was observed that both the composites have internal defects. 

Okra fiber composites have more defects than banana fiber 

composites it enhances to weaken the joint strength. Adhe-

sively bonded joints possessing better sustainability as com-

pared to the bolted joints in both cases. Apart from the man-

ufacturing method of a specimen, the size of the bolt, loca-

tion of the bolt, adhesive type, and weight fraction of fiber 

content in the composite will play a vital role in the joint 

strength. Okra fibers are a potential replacement for fiber-

reinforced composites for biomedical and lightweight appli-

cations. 
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A. Atmakuri, A. Palevicius, M. Siddabathula, G. Janušas 

FAILURE STUDIES ON ADHESIVE BONDED AND 

BOLTED JOINTS OF NATURAL FIBER COMPOSITES 

S u m m a r y  

Composites with natural fibers as reinforcements 

are playing a vital role in recent developments. The present 

work deals with the fabrication of okra and empty fruit 

bunch banana fiber polyester matrix composites with vary-

ing reinforcement content (5%, 10%, and 15%). Composites 

were fabricated by using the hand layup technique. After the 

fabrication process, composites were then adhesively 

bonded and also joined with bolts. The main objective of 

this work is to analyse the failure studies on adhesive 

bonded and bolted joints of okra and empty fruit bunch ba-

nana composite specimens. The specimens were tested un-

der tensile load, flexural creep studies, and SEM analysis. It 

has been observed that empty fruit bunch banana fiber com-

posites exhibited better joint strength properties under ten-

sile loading when compared to the okra fiber composites. To 

estimate the flexural creep behaviour, all the samples were 

tested at a constant load of 2.5 kg and 5 kg. The deflections 

obtained during regular time intervals (four months) were 

noted. The presence of internal defects and void content was 

observed by using the scanning electron microscope. The 

results showed that adhesive-bonded composites were ex-

hibited less deflection compared to the bolted joints. The 

empty fruit banana fiber composites exhibited higher creep 

than okra fiber composites. Decreased creep with the in-

creased fiber has been observed in both cases. SEM Adhe-

sively bonded joints possessing better sustainability as com-

pared to the bolted joints in both the fiber-reinforced com-

posites. 

 

Keywords: okra fiber composites, empty fruit bunch ba-

nana fiber composites, polyester resin, adhesive bonded 

joint, bolted joint, tensile strength, flexural creep, SEM. 
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