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Abstract. The aim of this study is to evaluate the mechanical properties and study the failure of 

laminated glass reinforced composite coated with gelcoat of different thickness. Firstly, the gelcoat 

was applied to the mould using brush and subsequently, glass fiber reinforced composite laminates 

were fabricated on it using vacuum bagging technique. The mechanical properties of the composites 

various were tested by using tensile and three-point flexural tests. The fracture behaviour of 

different gelcoat thickness was observed using scanning electron microscope (SEM) to determine 

the failure behaviour that occurred. The flexural test was performed in two ways, i.e., gelcoat layer 

facing top and facing down. For both flexural tests, composite coated with 0.30 mm thick of gelcoat 

shows the highest mechanical strength. Tensile test is useful to investigate the interfacial bonding in 

between gelcoat and laminate composite. The composite coated with 0.40 mm of gelcoat showed 

the highest tensile strength, an increase of 38 % compared to the uncoated composite. It was 

observed that an increase in gelcoat thickness increased the brittleness of the laminated composite. 

From the failure analysis, failures were caused by the delamination of matrix between the plies, 

while the gelcoat was still strongly bonded with composite laminate. 

 

Introduction 

A composite material is a macroscopic blending of two or more distinctive materials having a 

conspicuous interface between them. The strong adhesion between the fiber and the matrix will 

prompt to transverse failure of the matrix or the interface and interphase region. The main 

advantages of composite materials are high strength and stiffness, combined with low density 

aiming for weight diminishment in the finished part [1]. 

Børsting et al. [2] describes gelcoat as a material used to provide a high quality finish on the 

visible surface of the finished part of a fiber-reinforced composite material. The main focus is on 

the performance of gelcoat especially against harsh environment. It is important to achieve the 

proper thickness in stressed areas because thickness is a critical control point for crack prevention 

as mentioned by Lacovara [3]. The brittle gelcoat layer is due to excess of catalyst that cracks with 

little provocation. A more flexible gelcoat is not inclined to cracking; it is slanted toward premature 

colour degradation, loss of gloss, chalking or chemical attack. 

Capela et al. [4] suggested that gelcoat surface layer influences the fatigue and impact loading 

performances. The composites coated with gelcoat layer were tested under compression loading 

showed a slight variation of the peak load and the elastic recuperation where a significant increased 

on maximum displacement and absorbed energy with the increasing of incident impact energy. In 

addition, McCrary-Dennis and Okoli [5] stated that the interface and interphase in between the 

gelcoat and laminate composite decides the mechanical performance of the composite. Eventually, 

the effective advancement of a composite material is characterized by the quality of interface that 

controls the reintroduction of stress into component at a damage site. As there is still no 

experimental research reported on the effect of gelcoat thickness on laminate structure and strength, 

this study is meant to explore in details as to gain deeper understanding on effect of different 

gelcoat thickness to laminated structure and strength. 
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Experimental Procedures 

Materials. Polyester based polycor GP-H gelcoat was selected for this research and the properties 

are shown in Table 1. The polymer matrix used was polyester resin (Norsodyne 3110W) purchased 

from CCP Composites Corp. For reinforcement, 4-plies of glass fibers with diameter of 300 x 300 

mm were used. As for the catalyst, 1% MEKP was chosen as to ensure complete curing could be 

achieved at room temperature.  

 

Table 1 Technical data of polycor GP-H gelcoat. 

Viscosity 16,000 – 22,000 

Thixotropic Index 6.0 – 8.0 

Volatile Organic Compound 38.7 – 40.7% 

Flash Point 82 F 

Weight per Gallon 9.95 – 10.25 Ibs 

Geltime With 1.8% MEKP 10.0 – 15.0 mins 

Lay-up Time 45 – 60 mins 

Sag Resistance Good @ 20 mils wet 

 

Fabrication Process. The process began with applying gelcoat layer to a clean plastic film by using 

hand brush as shown in Fig. 1(a). After every coating process, the coated layer was measured by 

using wet film thickness gauge as shown in Fig. 1(b) to ensure the gelcoat was spread evenly on the 

surface and then left for 10 minutes to cure. The steps were repeated until the desired gelcoat 

thickness was acquired. In order to prevent the external force from affecting the gelcoat thickness, 

each ply of glass fiber was wetted with resin before placed on the gelcoat. The samples were then 

wrapped according to the standard sequence of vacuum bagging technique using peel ply, 

perforated film, breather and mesh flow, and lastly covered by bagging plastic. The laminated 

composite was left for 24 hours to let it cure completely. 

 

    

Fig. 1 (a) Applying gelcoat on film, (b) Thickness measurement of the coated layer. 

 

Mechanical Testing. Tensile test was performed in accordance to ASTM D3039-00. The 

specimens were tested at a rate of 2 mm per minute. The interfacial bonding strength of various 

gelcoat thicknesses was determined from the stress strain curve. Flexural test was performed using 

the same machine according to ASTM D790-02. For the flexural test, samples were tested in two 

ways, i.e., coated surface facing the load (concave) and bare surface facing the load (convex) as 

shown in Fig. 2. The purpose was to monitor the failure behavior of gelcoat on both concave and 

convex face. A total of 8 samples were tested for each gelcoat thickness and the average value was 

recorded. 

Concave side is where the stress will be at maximum compressive strain value, while convex 

side experiences maximum tensile strain. There were a total of six different thickness of gelcoat 

used, i.e., 0.25, 0.30, 0.35, 0.40, 0.45 and 0.50 mm. The crack pattern and failure behaviour was 

analysed with the help of scanning electron microscope (SEM). Surface observation can provide 

information concerning the cross sectional interface structure that relate to the mechanical bonding 

in between the gelcoat layer and laminated composite. 
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Fig. 2 Concave and convex face under three point flexural test. 

 

Results and Discussions 

Tensile properties. Fig. 3 shows the average maximum force sustained by glass/polyester 

composite coated with gelcoat of different thickness. From the figure, tensile strength increases 

when gelcoat thickness is increased. The maximum tensile force obtained was 11718 N with the 

application of 0.40 mm thick gelcoat, an increase of 37.94% compared to the uncoated composite. 

However, tensile strength begins to decrease when the thickness is further increased to 0.45 mm and 

0.50 mm where the value of maximum force at failure dropped almost 20%. This is due to increase 

in brittleness as the gelcoat and the resin-rich surface layer are very brittle and can subsequently fail 

catastrophically when overloaded [6].  

 

 
Fig. 3 Graph of average maximum force sustained by glass/polyester composite coated with gelcoat 

of different thickness. 

 

Flexural Strength. As shown in Fig. 4, coating of gelcoat improves the flexural strength of the 

laminated composite. The uncoated glass/polyester laminated composite is only able to sustain 

stress of 69.80 N/mm
2
. The maximum flexural strength is achieved with the gelcoat facing up 

(concavely bent), increased dramatically to about 517.28 N/mm
2
, which is more than 7-fold of 

increase, after gelcoat of 0.30 mm thickness is applied. The value when the gelcoat is bent convexly 

(facing down) is slightly low at 245.16 N/mm
2
. The result proves that the application of gelcoat 

significantly improves the flexural strength. Gelcoat application leads to an improvement in 

mechanical properties, which make the material viable in high-loading environment as summarized 

by Jawahar et al. [7]. Our results suggest that there is a certain optimum value for gelcoat thickness 

and the mechanical properties do not necessarily increases when the gelcoat thickness is further 

10 Current Trends in Materials Engineering



increased. Furthermore, at higher thicknesses, the gelcoat surface will be brittle and the additional 

cost is not justified as explained by other studies [8-9].  

 

 
Fig. 4 Flexural strength of glass/polyester composite coated with various thickness of gelcoat 

measured when the gelcoat bent convexly (left bars) and concavely (right bars). 

 

Failure Analysis. Fig. 5(a) shows the image of sample with 0.5 mm gelcoat thickness under 

flexural loading. It is clearly observed that a crack appear in the middle of the compression point 

and causes an obvious surface crack and propagates till the interface until the total fracture occur. 

Figure 5(b) shows the cross-sectional image of sample with 0.50 mm thick gelcoat that shows the 

presence of tiny voids near the interface between the gelcoat and laminates, which might explain the 

reason of interface cracking. The cracking propagates through the tiny voids which then cause 

reduction in mechanical strength to sustain the compression load. 

 

 
Fig. 5 (a) Fracture image of the sample with 0.50 mm gelcoat thickness, (b) Tiny voids found at the 

interface between gelcoat layer and laminates. 

 

 From overall observation of the cracking images, the composites mostly show branch cracking 

pattern under convex bending as shown in Fig. 6(a). First, a crack starts at one at the edge of the 

sample and then propagates across the sample as the compression load increases. The crack 

continues till the interface between the gelcoat and laminates. Figure 6(b) and (c) show the SEM 

images of crack propagation in the coated laminated composite.  The gelcoat layer is well bonded 

with the laminates because the crack propagates through the laminate not the interface section so it 

can be determined that it is a failure between the plies which is matrix failure.  

 

(a) (b) 
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Fig. 6 (a) Crack pattern in the gelcoat layer, (b) Branch cracking at gelcoat surface, (c) Matrix 

failure of laminates. 

 

Conclusions 

From the flexural test, composites coated with 0.30 mm thick gelcoat give the highest flexural 

strength. Gelcoat thickness of 0.40 mm is found to give the highest tensile force sustained, which is 

an increase of almost 38% compared to the uncoated composite. The optimum gelcoat thickness for 

glass/polyester laminated composite is in the range of 0.3 and 0.4 mm to yield the best mechanical 

properties. The most obvious failure is the brittle fracture of the gelcoat layer. The higher the 

gelcoat thickness, the more brittle the composites become. The delamination of matrix occurs 

within the four plies. From the SEM results, it was observed that the interfaces of gelcoat and 

laminate composite were strongly bonded and most final failures were caused by the delamination 

and voids in the interface zone that lowered the mechanical strength.  
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