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Abstract: The effect of notch orientation and gel coating methods on jute-epoxy 

laminated composites has been experimentally investigated.  Uncoated and coated jute-

epoxy laminated composite specimens were subjected to three-point bend test under 

varied flaw orientation. The flaw orientations were made across the laminate, along the 

laminate and compared with un-notched specimens. Results have shown that gel coating 

method has enhanced the load sustainability in specimens. The specimens with notch 

across the laminate have shown greater load sustainability than notch along the laminate. 

The process of gel coating has reduced the delamination when compared to uncoated 

specimens. Spray method has shown higher load sustainability with an uniform deposit 

compared to other methods. 

Keywords: Laminated Polymer composites, Natural fibre, Gel coating methods, Notch 

orientation, Bending Strength. 

 

 

1. Introduction 

 The use of natural cellulose fibres as reinforcement for fibre reinforced composite is increasing 

tremendously. The maximum utilization of these fibres has become a global importance which 

promotes a green environment and sustainability. Natural fibres such as kenaf, sisal, jute, hemp, flax 

etc, have been are used as reinforcement with polymer matrix to produce natural fibre reinforced 

composite (Sadashiva et al.,2023; Alsubari et al., 2021; Tabaght et al., 2021; Ramli et al., 2018; 

Azzaoui et al., 2015). Synthetic fibre reinforced composites possess better mechanical properties and 

hence are used in high-end applications. Synthetic fibres are expensive and the structure yields in high 

cost to weight ratio. Natural fibres can compensate the problems and hence can be replaced to produce 

products where high strength to weight ratio is of prime importance (Akartasse et al., 2022; Bachchan 

et al., 2020; Gamstedt 2016; Elidrissi et al., 2012). Natural fibre reinforced composites find 

applications where energy absorption is important, such as insulation, noise absorbing panels or 

collapsible areas in automobiles (Alemayehu et al., 2021). Automobile industries are always in search 

of introducing alternations to the existing design. Natural fibre reinforced composites can be used to 

replace automotive parts which not only reduces the total weight of the vehicle but also improves the 

fuel efficiency and promotes a pollution free environment. Attempts have been made to use natural 
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fibre reinforced composites in bumper of car, interior of automobile and also as packing material 

(Shada Bennbaia et al., 2023; Venkatesh Naik et al., 2022; Atiqah et al., 2014; Davoodi et al., 2011; 

Qatu 2011). These applications are susceptible to bending loads when supported between two 

extremities. The induced bending load may cause interlaminar delamination at the extreme edges. 

Moisture absorption is a major culprit associated with natural fibre composites when exposed to open 

environment. Moisture absorption reduces the interfacial properties of the composite due to swelling 

of the fibre. The strength of the composite decreases due to degradation of the properties (Zhou et al., 

2016; Prasanna Venkatesh et al., 2016). Moisture absorption property of natural fibres can be reduced 

by chemical modification methods. The process of chemical treatment increases the surface roughness 

and enhances the interfacial adhesion between fibre and matrix.  

  Fibre treatment improves the interfacial bonding strength and thereby improves the mechanical 

properties (Chandrasekar et al., 2017; Sepe et al., 2018). The degradation of mechanical properties by 

moisture absorption can also be prevented by coating the laminated composite with a thin polymeric 

material on the external surface. The process is identified as gel coating.  Several methods of gel coating 

are available in order to overcome the aforementioned problem. Gel coating process improves the 

aesthetic, performance characteristics and helps to retain the physical properties of the natural fibre 

reinforced composite (Preet Singh et al., 2017; Yuhazri et al., 2016; Yuhazri et al., 2018; Sudha et al., 

2020; Sudha et al., 2023).  Even though much work on gel coating of the composites has been carried 

out, research on the bending strength with different coating methods and the notch orientation is scanty.  

  In this experimental investigation a work has been carried out on the bending strength with a 

particular emphasis on the aforementioned parameters. 

2. Methodology 

The experimentations were carried out on natural fiber reinforced polymer laminate composites. The 

effect of gel coating on bending strength of uncoated and coated composites is evaluated by subjecting 

to varied flaw condition and coating methods. The details of which have been discussed in this section. 
 

2.1   Materials 

Experimentations were carried out on jute-epoxy composite laminate specimens. The composite 

specimens were coated with gel coat and compared with uncoated ones.  The details of which have 

been discussed below. 
 

2.2   Matrix 

The matrix material used is Lapox L-12, the trade name of epoxy resin. It is a low temperature curing 

unmodified general purpose epoxy resin. It has medium viscosity which can be used with various 

hardeners for making fibre reinforced composites. The choice of hardener depends on the processing 

method to be used and on the properties required for cured composite.  Hardener K-6 is a low viscosity 

room temperature curing liquid. It is commonly employed for hand lay-up applications. Being rather 

reactive, it gives a short pot life and rapid cure at normal ambient temperatures. 
 

2.3 Reinforcement 

A reinforcement material is the one which strengthens or increases the mechanical properties of the 

composite.  It provides strength and stiffness to the matrix.  Jute is one of the cheapest natural fibre 

which has high tensile strength and low extensibility. It is biodegradable, environment friendly, durable 

and rough fabric due to which it is primarily used for carpets, twined ropes and gunny bags.  It also 
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finds applications in geo textiles, pulp and paper along with a wide variety of house hold products. Jute 

is available in non-woven and woven form. Woven jute of 27 GSM is used as reinforcement material. 
 

2.4 Gel Coat 

The gel coat used is Epoxy (Lapox L-12) a liquid, unmodified epoxy resin of medium viscosity which 

can be used with various hardeners for making fibre reinforced composites. Epoxy (Lapox L-12) with 

Hardener K-6 is mixed in the ratio of 10:1 thoroughly to form a gel.  The obtained mixture of gel has 

a pot life of 30-40 minutes at 25°C.  The gel coat mixture is applied by suitable methods on the 

composite and allowed to cure.   
 

2.5 Specimen Preparation 

Jute-epoxy composite laminates were fabricated for a volume fraction of 60% of epoxy and 40% of 

jute by hand lay-up technique. The specimens were fabricated according to ASTM D790.  Based on 

the volume fraction the quantity of matrix and reinforcement are calculated and the laminate is 

fabricated. The laminate is allowed to cure under room temperature for 18 to 24 hours. The fabricated 

composite laminate is then cut as per the required dimensions. During the course of fabrication, ample 

precautions were taken to avoid the entrapment of air between the laminae leading to void. Figure 1 

shows the specimens as per ASTM standards with varied notch orientation.  The specimens were made 

with V-notch at the centre of the specimen keeping the notch orientation across the laminate and along 

the laminate to a depth of 3 mm.   

 
Figure 1 Three point bending specimen as per ASTM with different notch orientation 

 

2.6 Experimentation 

Three point bending test is conducted on uncoated and coated jute-epoxy composite laminate 

specimens with the help of universal testing machine (UTM).  The specimens were made with V-notch 

across and along the laminate exactly at the centre to a depth of 3 mm. The specimens were then 

compared with un-notched specimens.  The prepared specimens were then coated with gel coat material 

by brush method, dip method, roller method and spray method and allowed to cure at room temperature.  

Based on the data available the behaviour of uncoated specimens is compared with coated ones.  

Load/Displacement data and other salient points were recorded for all the specimens.   

3. Results and Discussion 

Three point bending test is conducted on uncoated and coated jute-epoxy composite laminate 

specimens to examine the behaviour under three point bending.  The discussions were made with 

particular emphasis on notch orientation and method of coating. 
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3.1 Characterising parameters of jute-epoxy laminated composite under bending loads. 

Un-notched jute-epoxy composite laminate specimens were subjected to examine the delamination 

strength, yield strength, ultimate strength and breaking strength for varied gel coating methods. Figure 

2 shows the salient features of un-notched jute-epoxy composite laminate specimens with different gel 

coating methods. It can be inferred from figure that, the spray method of coating has yielded in a 

substantial improvement in delamination strength. When jute-epoxy composite laminate specimen is 

subjected to bending load, the interfacial bond between the matrix and fibre will try to sustain the load.  

Since the forces are acting in a direction opposite to the direction of load application at the roller 

supports the specimen failure is observed by delamination at the edges.   

Delamination is always initiated at a weak fibre-matrix interface and later a number of such 

delamination points arise in the specimen. Delamination is cautioned by sharp sound and is clearly 

observed by debonding between fibre-matrix. The process of delamination is delayed in spray and 

brush process since the gel coat seeps between each lamina, covers the surface pores and voids, whereas 

rapid delamination occurs in roller method of gel coating. This is due to open pores and exposed voids 

at surface and edges. These voids act as delamination triggering points and the specimen fails at fewer 

loads. In dip method of gel coating less pores and voids are formed due to which there is significant 

increase in delamination strength when compared with roller method of gel coated specimens.  
 

 
Figure 2. Salient features of un-notched jute-epoxy composite laminate specimens  

with different gel coating methods 

 

Yield strength of a specimen is a machine indicated parameter. Figure 2 shows that the yield 

strength of spray coated specimen is higher than other specimens coated by brush, dip and roller 

method.  Yield strength depends on the plastic deformation of the matrix and is the maximum load the 

specimen can sustain.  Since the process of spray method of gel coating yields in complete covering of 

the surface voids and pores, the strength of the composite is enhanced. Also the gel coat has shown 

good adherence with the substrate, under the applied load. The absence of void and pores will improve 

the load bearing capacity at the interface of gel coat and substrate resulting in increase in yield stress 

and yield strength.  Since the failure of the specimen initiates at the open pores and voids and the 

delamination reduces the interfacial strength of the composite due to which the yield strength is found 
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to be comparatively lesser in brush coated specimens. As it is well known that in roller and dip method 

of gel coating the delamination growth rate is higher, eventually the yield strength is also lesser in these 

specimens.  

The ultimate strength of jute-epoxy composite laminate specimens greatly depends on the 

properties of matrix and reinforcement material as well. The interfacial strength between the matrix 

and reinforcement is affected by the fabrication procedure of the laminate.  Figure 2 shows that since 

the specimen is coated by spray method a consistent and thin film of gel coat is deposited under the 

compressed air due to which the strength of the gel coated specimen in enhanced leading to an increase 

in ultimate strength of the composite. The ultimate strength of any composite depends on the loading 

conditions, surface voids, open pores and unfilled areas on the surface. The lesser the surface defect 

more will be its load bearing capacity and higher ultimate strength. The absence of voids and pores in 

brush method of gel coating has led to an improved ultimate strength, whereas the pores are uncovered 

in dip method of gel coating and has yielded in reduction of ultimate strength.  The width of the roller 

is larger than the width of the specimens due to which the gel coat blocks the pores and voids present 

on the surface and hence specimens coated by roller method of gel coating has exhibited a significant 

improvement in ultimate strength than dip method.   

Breaking strength indicates the final failure in the specimen in its plastic state. Polymer laminated 

composites are brittle in nature due to which the delamination growth is ascertained by sharp sound. 

This delamination weakens the interfacial properties of the laminate and the specimen deflection 

increases with load.  A point is reached wherein the specimen sustains the maximum peak load and 

further increase in load leads to failure of the specimen. The corresponding stress is identified as 

breaking stress or breaking strength of the composite. In the figure it is clearly observable that the 

minimized defective regions enhance the physical properties yielding in greater breaking strength in 

specimens coated by spray method of gel coating.  A significant drop in breaking strength is found in 

brush coated, dip coated and roller coated specimens. The brittle gel coat layer formed on the surface 

easily chips off under the load at the weakest region and later the cracks propagate in the gel coat layer 

leading to reduction in strength of the composite and early failure indicating lesser breaking strength. 

3.2 Effect of flaw orientation on bending characteristics of uncoated jute-epoxy laminated 

composite 

Figure 3 shows the Load/Deflection graph for uncoated jute-epoxy composite laminate specimens 

examined with varied flaw orientation.  It can be clearly seen from the nature of graph that the load 

sustainability in specimens with notch across the laminate is comparatively greater than notch along 

and un-notched specimen.  This is because when the pre-notched specimen is subjected to three-point 

bending, the specimen will try to deflect in the direction of the applied load due to compressive loading 

conditions. The fibre-matrix interface region resists the growth of crack by sustaining the applied load. 

The sharp notch root has many minute cracks which undergo branching under the applied load and 

disperse into the laminate.  Since the notch is made across the laminate the specimen failure is initiated 

at the sharp notch root which disseminates through the lamina alongside the width. The progressive 

crack growth at the sharp notch root across the laminate is shown in Figure 4a-d. The applied load 

causes matrix crushing and drastic deflection at the extreme edges ascertained by sharp sound as 

observed in Figure 4a.  In these specimens the crack growth rate is high and the crack propagation is 

clearly visible in Figure 4b. The specimen failure is observed by matrix cracking and fibre pull-out as 

in Figure 4c.  The compressive forces cause the specimens to bend and break as observed in Figure 

4d.   
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Figure 3. Load/Deflection for uncoated jute-epoxy composite laminate specimens 

 with varied flaw orientation 
 

 

Figure 4. Crack growth at notch root across the laminate 

Figure 5 shows the failure in jute-epoxy composite laminate specimens with notch along the 

laminate.  The load exerted by the roller supports will try to converge at the centre during which the 

inner layer of the laminate is subjected to compressive load and the outer layer of the laminate is 

subjected to tensile load as observed in Figure 5a. The failure is initiated at the notch root and since 

the notch is exactly opposite to the application of the load, the specimen failure occurs by matrix 

crushing just below the roller, fibre pull-out and delamination at the extreme edges as in Figure 5b.  

As the applied load increases, the width of the notch increases with fibre pull-out as in Figure 5c. In 

these specimens the delamination growth rate is low comparatively.  This leads to failure at fewer loads 

and deflection. The elliptical region indicates the delamination at the edges and fibre pull-out is 

observable at the notched region as shown in Figure 5d. The trend of the graph for un-notched 

specimen clearly shows that the load sustainability is higher than that of the specimens with notch 

along the laminate. This is because the load is applied in the direction parallel to the lay-up of the 

lamina. Also, the absence of flaw in the specimen improves its load sustainability and the specimen 

failure occurs by delamination at the extreme edges, matrix crushing and fibre pull-out.  Figure 6 

shows the failure of un-notched specimen subjected to three-point bending. Figure 6a shows the point 

load acting on the un-notched specimen when supported between support rollers.  Figure 6b shows 

that the application of load has initiated specimen failure at the centre.  The crack propagates into the 



Sudha G.S. & Arun K.V., J. Mater. Environ. Sci., 2023, 14(12), pp. 1551-1563 1557 

 

thickness of the laminate with increase in applied load as seen in Figure 6c.  The un-notched specimen 

under the load deflects such that the specimen will fail at maximum deflection and load as in Figure 

6d.  The progressive failure in the specimen is shown in Figure 6a-d. The specimen failure occurs 

below the roller. 

 

Figure 5. Specimen failure with notch along the laminate 

 

Figure 6. Specimen failure in un-notched specimen 

3.3 Effect of coating method on bending characteristics of jute-epoxy composite laminate with 

varied flaw orientation 

Figure 7 shows the Load/Deflection curve for jute-epoxy composite laminate specimens with 

notch across the laminate coated by different gel coating methods.  The trend of the curves signifies 

that the load sustainability is significantly improved in specimens coated by spray method when 

compared with other methods of coating. This is mainly due to the orientation of the notch and 

application of gel coat layer on the surface. The process of notch creation in the specimen induces 

micro cracks and minor surface damages to the specimen. The process of gel coating by spray method 

will cause the micro pores, micro cracks and surface voids to seal. The impingement of gel coat under 

the compressed air will cause the gel coat to adhere with the substrate producing a thin film on all the 

extremities. When the specimen is subjected to compressive load perpendicular to the laminate the gel 

coat layer will sustain the load to some extent. Later the gel coat layer due to its brittle nature tries to 

debond with substrate by chipping off.  The failure is initiated at the sharp notch root which later 

propagates through the lamina.  Further the load is sustained by the adjoining matrix and reinforcement 

until complete failure occurs in the matrix by crushing and fibre pull-out in the reinforcement material. 

As can be seen the trend of the curve for brush method has shown an improvement in load 

sustainability than roller and dip coated specimens.  This is because in brush method of gel coating the 

strokes of the brush causes the surfaces irregularities and the cracks formed at the notched region to be 

completely smeared by the gel coat.  In roller method of gel coating the width of the roller is 

comparatively larger than the width of the specimen and also the movement of the roller is unable to 

seal the micro cracks and pores at the notched region. The application of load leads to premature failure 

at the notched region, propagating through the gel coat and laminate.    
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Figure 7. Load/Deflection for coated jute-epoxy composite laminate specimen 

with notch across the laminate 

 

The slope of the curve for dip method of coating is comparatively lesser than other method of 

coating which indicates that the load sustainability is lesser.  This is because under the process of dip 

method a dense deposition of gel coat is formed at the notched region as well as at the surfaces.  The 

formation of thick and brittle gel coat leads to fewer load sustainability with increase in displacement. 

The failure in coated specimen with notch across the laminate is as shown in Figure 8.  The initiation 

of crack at the notch root causes gel coat debonding with the substrate as in Figure 8a.  The application 

of point load opposite to the notch leads to further crack growth leading to gel coat cracking as seen in 

Figure 8b.   

 

Figure 8. Failure in coated specimen with notch across the laminate 
 

The increase in load sustainability can be observed by gel coat chipping at the notch and crack 

dissemination through the laminate as shown by horizontal blocked arrow in Figure 8c.  Figure 8d 

shows the crack growth alongside the width indicating specimen failure at maximum bending load. 

Figure 9 shows the Load/Displacement curve for jute-epoxy composite laminate specimens with notch 

along the laminate coated by different gel coating methods. The area below the curve signifies the load 

sustainability of the specimens coated by different methods. The peak load sustained by specimens 

coated by spray method is found to be significantly higher than the specimens coated by other methods.  

The jet of compressed air causes the gel coat to form a mist during the process of coating.  This leads 
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to increase in bonding strength of the gel coat with the substrate, closure of surface irregularities and 

gel coat deposition at the extreme edges.   

 
Figure 9. Load/Deflection for coated jute-epoxy composite laminate specimen                                              

with notch along the laminate 

The specimens when subjected to point load will induce compressive loads on the extreme edges 

between the specimen and the rollers.  This causes the compressive forces to originate from the extreme 

edges and converge at the notched region leading to catastrophic failure.  Since the notch is along the 

laminate the load sustainability is comparatively less and the specimen failure is observed by chip-off 

of gel coat, gel coat crushing, matrix tearing and fibre pull out. 

 
Figure 10. Failure in coated specimen with notch along the laminate 

 

Figure 10 shows the failure in coated specimen with notch along the laminate.  Figure 10a shows 

the specimen supported on rollers and subjected to point loading at the centre of the specimen.  The 

specimen is so placed that the notch is exactly opposite to the direction of loading.  As the magnitude 

of the applied load increases gradually, the width of the notch also increases as can be seen in Figure 

10b.  This is because the compressive forces on the specimen induce tensile forces on the opposite 

surface leading to widening of the notched region. Figure 10c shows that the crack growth at the notch 

root has led to gel coat cracking which further propagates through the laminate.  Figure 10d shows 

that ultimate failure in the specimen is due to crack propagation through the true depth of the notch 

under fewer loads. The effect of delamination is reduced due to the process of gel coating and failure 

is ascertained with chip-off of gel coat at the notch and gel coat crushing below the roller, matrix tearing 



Sudha G.S. & Arun K.V., J. Mater. Environ. Sci., 2023, 14(12), pp. 1551-1563 1560 

 

and fibre pull out. Similar nature of failure is observed in specimens coated by other methods but the 

load sustainability greatly depends on coating method, surface flaws and loading conditions.  Brush 

method of gel coating results in blocking of surface pores, cracks and voids and hence the load 

sustainability is found to be improved than roller method of gel coating. The trend of the graph for 

roller method depicts that the insufficient deposition of gel coat at the notch has led to open pores and 

cracks and early crack initiation leading to fewer load sustainability. Since dip method results in thick 

gel coat in the direction opposite to its lifting leads to brittle failure of gel coat under the applied load.  

Due to this the load sustainability is significantly less than brush and roller coated specimens.  

Figure 11 shows the Load/Deflection curve for coated un-notched jute-epoxy composite laminate 

specimens. Visual observation on the nature of graphs shows that spray method of coating has yielded 

in considerable increase in the load sustainability than the specimens coated by other methods.  Since 

the high velocity gel coat seeps into the laminate voids and edges the action of compressive load 

prevents the deflection and improves the load sustainability. The application of load on the laminated 

specimens induces compressive force on the concave surface and tensile forces on the convex surface.  

The gel coat is subjected to crushing at the point of load application.  This results in maximum 

deflection at the centre with slipping at the edges. The gel coat prevents the delamination at the edges 

and ultimately specimen failure is observed at the centre by gel coat chipping, matrix tearing and fibre 

pull-out.  

 
Figure 11. Load/Deflection for coated un-notched jute-epoxy composite laminate specimen 

 

The load sustainability is deprived in specimens coated by brush, roller and dip method due to 

poor bonding between gel coat and substrate, improper sealing of surface voids and cracks and thick 

and brittle gel coat layer. Though the ultimate strength depends on the coating method few of the other 

parameters such as viscosity of the gel coat, number of strokes and curing temperature affect the 

strength of the composite. Figure 12 shows the failure region in un-notched coated jute-epoxy 

composite laminate specimens subjected to three-point bending. As can be seen Figure 12a shows the 

specimen supported between rollers and point load acting at the centre. A small increase in load leads 

to specimen deflection, which is ascertained by cracking sound in the brittle gel coat layer in Figure 

12 b. 
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Figure 12. Failure in un-notched coated specimen 

 

Figure 12c shows that the width of the cracks increases with further increase in the load acting at 

the centre of the specimen.  Figure 12d shows that the increase in the stress eventually lead to crack 

growth through the thickness leading to further failure of brittle gel coat by chipping with matrix tearing 

and fibre pull-out. 

Conclusion 

The following conclusions were drawn from the experimental results on coated and uncoated jute-

epoxy composite laminate specimens, 

• Delamination is more profound in uncoated specimens.  The process of gel coating reduces 

delamination.  In spray coated specimen delamination is reduced due to covering of pores 

and voids by gel coat.  Yield strength, ultimate strength and breaking strength of spray 

coated specimen are improved to greater extent. The dense deposition of gel coat in roller 

and dip method has a significant effect in reducing the yield, ultimate and breaking strength 

than brush coated specimens. 

• Uncoated jute-epoxy composite laminate specimens with varied notch orientations were 

examined under three point loading. The specimens with notch across show greater load 

sustainability than notch along the laminate. The load sustainability in un-notched 

specimen is comparatively greater than notch along the laminate.  The failure in the 

specimens is by matrix cracking, fibre pull-out and delamination at the edges. 

• Coated specimens have shown an increase in load sustainability.  Gel coated specimens 

with notch across show greater load sustainability than notch along the laminate.  The 

cracks formed at the notched region are covered by the gel coat due to which the failure in 

the specimen is prolonged.  The failure in the specimens is by gel coat cracking, brittle 

failure in matrix and fibre pull-out. 

• Spray method of coating has uniform deposition of gel coat on the substrate surface and 

edges. The load sustainability in specimens coated by brush, roller and dip method is lesser 

due to poor bonding between gel coat and substrate, improper sealing of surface voids and 

cracks and thick gel coat layer.   
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