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  MECHANICAL PROPERTIES OF CHOPPED GLASS FIBRE REINFORCED POLYESTER


ABSTRACT 
This research work studies the effect of reinforcing unsaturated polyester with glass fiber chopped strand mat (GFCSM) by hand lay-up technique. The mechanical properties of the glass fiber chopped strand mat reinforced polyester composite such as tensile strength, load extension, tensile modulus, energy-at-break, flexural modulus, load deflection, impact strength were analyzed and obtained. It was observed that the various mechanical properties were improved with incorporation of glass fiber chopped strand mat. The tensile strength, load-extension, energy-at-break, flexural modulus, impact strength, load deflection increased as glass fiber chopped strand mat was increased. However, addition of chopped strand mat glass fiber decreased the tensile modulus. 
KEYWORDS:  Polyester, Glass fiber chopped strand mat, Composite, Mechanical properties          






8


1.0 Introduction

Fiber – reinforced composite materials have gained popularity in high- performance products that need to be light weight such as aerospace components, yacht and scull hulls, fishing rod, storage tanks, bicycle frames, swimming pool panels, wind turbine blades and automotive body parts, due to their exceptional mechanical properties, durability, and resistance to corrosion (Abdul, 2010). Fiber - reinforced composite materials can be divided into two main categories, namely continuous or woven fiber reinforced materials and short fiber reinforced materials example chopped strand mat reinforced materials (Alberto, 2013). Glass fiber chopped strand mat has short  strand of  fibers held together with a resin binder, randomly oriented and is often used where  high thickness is required (Callister, 2010). The matrix binds the fibers together, holding them aligned in the important stressed directions which serves as the load transferring medium (Phiri et al, 2024). It protects the reinforcing filaments from mechanical damage and from Environmental attack (Baley et al.2009: Barreira –Pinto et al. 2023). Among various types of  fiber reinforced polymers (FRP), glass fiber reinforced polymers (GFRP) are widely used due to their excellent strength-to-weight ratio, low cost, and ease of processing (Elkafrawy et al 2024; Rajak et al 2019: Bagherpour 2012). Glass fiber chopped strand mat offers advantages in terms of ease of processing, cost-effectiveness, and flexibility in design (Bino et al 2017). Various researchers have carried out studies on the mechanical properties of glass fiber chopped strand mat reinforced polyester composites as functional materials (El-Tayeb et al. 2006; Rashid et al 2019; Nayak et al 2018). Also, other researchers have observed  enhancement of  functional properties with increased percentage of GFCSM and layer arrangement (Kohutair et al 2025: Obasi et al 2021; Ganesh and Lalit 2020: Banea 2023). As a result of their high specific strength, specific stiffness and tailor able properties, glass fiber-reinforced composites are increasingly being considered as substitutes for conventional materials. The tensile strength of ternary polymer composites such as polyamide 6, 6 /polystyrene is enhanced by adding glass beads (Tjong and Xu, 2014; Kim et al 2023; Tan et al 2018). Also the modulus of epoxy/ glass bead composites increased with glass bead (Wang, et al, 2008). The mechanical properties of glass fiber reinforced polyester composites are influenced by several factors, including fiber length, fiber volume fraction, fiber orientation, and fiber-matrix interfacial bonding [Aramide et al 2012; Adekomaya  & Adama 2017; Milosan et al 2025]. 

Fiber volume fraction is an significant factor that affects the mechanical properties of chopped glass fiber reinforced polyester composites. Increase in fiber volume fraction often leads to enhanced mechanical properties, but excessive fiber content would lead to poor fiber dispersion and decrease in mechanical properties (Qiao et al. 2022; Chahar and Kumar 2025). The extent to which strength and elasticity are enhanced in reinforced plastic depends on the mechanical properties of the fiber and matrix, their volume relative to one another, and the fiber length and orientation within the matrix (Rajak et al 2019). The fiber-matrix interfacial bonding is also a critical factor that affects the mechanical properties of chopped glass fiber reinforced polyester composites. Good fiber-matrix interfacial bonding is essential for effective load transfer between the fiber and matrix, resulting in improved mechanical properties (Toro et al 2022). In this study, the effect of the incorporation of glass fiber chopped strand mat on the mechanical properties of glass fiber chopped strand mat reinforced polyester composites were investigated. The mechanical properties, including tensile strength, load-extension, energy-at-break, flexural modulus, impact strength, load deflection and tensile modulus were evaluated. Results obtained from this study will provide valuable insights into the development of functional glass fiber chopped strand mat reinforced polyester composites for various industrial applications. 


2.0 Materials and Methods
2.1 Material
The general purpose grade unsaturated polyester resin, poly (vinyl alcohol), gel coat ,cobalt naphthanate solution and blue pigment and glass fiber chopped strand mat used in this study were obtained from the Center for Composite Research and Development, JuNeng Nigeria Limited, Nsukka. 
 
2.2 Preparation of Composite 
The composite was prepared by mixing unsaturated polyester resin, methyl ethyl ketone peroxide (catalyst),   cobalt initiator and the blue pigment. The mixture was reinforced with   glass fiber chopped strand mat by hand lay-up technique using a wheel barrow bucket,  before the composite preparation the mould surface was polished and a mould releasing agent (waxpol) was applied on the surface of the mould.  Composite samples of varying fiber content, ranging from (1 ply fiber content) to (3 plies fiber content) were prepared by placing the glass fiber chopped strand mats in the mould and the resin mixture poured evenly into the mould. Air bubbles were carefully removed using a metallic roller and the mat was allowed to wet completely. The mould was closed and excess resin was allowed to flow out by pressing with a hydraulic press. The pressure was held constant during the curing process at room temperature for 24 hours. The composite sheet was post cured at 70oC for 4 hours. 

2.3 Testings
The tensile tests were conducted using the Universal testing machine based on ASTM D 638 standards, flexural strength was based on ASTM D 790 where the 3-point bending method was carried out and the impact strength was based on ASTM D 256. The mechanical  properties of the prepared composite test samples were determined using standard methods.        

3.0 Results and discussion

3.1 Tensile Strength
Figure 1a and 1b illustrates the tensile strength of neat polyester and chopped strand glass fibre reinforced polyester. From Figure 1b the tensile strength of polyester composite increased with addition of chopped strand glass fibre, the increased tensile strength in the chopped fibre polyester was as a result of the chopped glass fibre which allowed for load bearing of a significant portion of the applied load (Bazli et al 2019). Also, the fibre reinforcement aided in resisting deformation and crack propagation, enhancing the ability of the composite to withstand tensile forces (Lyu et al 2025). Other reasons include good interfacial bonding between the chopped glass fibres and polyester as well as crack bridging which increases fracture toughness and improves stress transfer from the matrix to the filler. (AlSuhaibani et al 2025). This increase in tensile strength with incorporation of glass fibre is in agreement with the findings of the Mater (2012) who worked on tensile properties of grapheme filled polyester as well as works of El-Wazerya et. al. 2017 and Subramanya et al 2024.
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Figure 1: Tensile Strength of (a) Neat Polyester and (b) GFCSM reinforced polyester composite

3.2 LOAD-EXTENSION
Figures.2a and 2b show the effect of glass fibre chopped strand mat on the load-extension of polyester composite. The incorporation of chopped glass fibre to the polyester typically increased its load-extension properties by transforming the failure mode from brittle to a more ductile polymeric material as presented in Figure 2b. The effect on load-extension properties is highly dependent on fiber length, fiber content, and orientation (Zhang et al 2021). Similar observations were made by Cakir 2021 and Jaewoon et al. 2017 who studied the effect of woven glass fibre reinforcement on varying matrices.




















(a)                                                                       (b)     

Figure 2: Load-Extension of (a) Neat Polyester (b) GFCSM reinforced polyester composites
3.3 Tensile Modulus
The data on the tensile modulus of filled and unfilled polyester are illustrated in Figure 3a and 3.3b.  Figure 3a and 3b shows that the modulus of polyester composite decreased with increase in chopped glass fibre, and this is due to increase in the force applied on the composite. This observation is in agreement with Pascault et al. (2012) and Lee et al 2017 who worked on hybrid effect on tensile properties of hybrid short glass fibre.

(a)                                                                      (b) 

Figure 3: Tensile Modulus of (a) Neat polyester (b) GFCSM reinforced polyester composite

3.4 FLEXURAL STRENGTH
The experimental data on the flexural strength of polyester composite are illustrated graphically in figure 4a and 4b. The Figures show an increase in flexural strength as chopped strand glass fibre was incorporated into the polyester.
The increase in flexural strength is in agreement with the work of El Warzerya et al (2017) who studied the effect of woven glass fibre reinforcement on the flexural strength of the composite found that the flexural strength of the composite increased with increase in the  woven glass fibre as well as the works of Hibretu et al 2022 .

(a)                                                                        (b)

Figure 4: Flexural Strength of (a) Neat polymer (b) GFCSM reinforced polyester composite

3.5  FLEXURAL MODULUS
The data on flexural modulus of the polyester composite was obtained and are given in  Figure 5a and 5b. The figures show that the incorporation of chopped glass fibre increased the flexural modulus of polyester composite. This is due to the fact that reinforcement resists bending even when the matrix transfers a shear force that tends to pull the fibres apart.

(a)                                                                 (b)

Figure 5: Flexural Modulus of (a)neat polyester (b) GFCSM reinforced polyester composite



3.6 LOAD DEFLECTION
Figure 6a and 6b show the effect of chopped glass fibre on the load deflection. The load deflection of polyester composites increased with incorporation of chopped strand glass fibre. 

(a)                                                                       (b)

Figure 6: Load deflection of (a) neat polyester (b) GFCSM reinforced polyester composite


3.7 ENERGY- AT- BREAK
The data illustrated graphically in Figures 7 shows the increase in the energy- at - break of the composite as chopped strand fibre was added to polyester. The increase in energy at break is attributed to the greater and more uniform dispersion of the chopped glass fibre in the polyester matrix.


   











Figure .7: Energy at Break of GFCSM reinforced polyester composite

CONCLUSION
.
This study on the mechanical behaviour of glass fiber chopped strand mat reinforced polyester composites points to the following conclusions: 
1. That successful fabrication of polyester composites with glass fiber chopped strand mat is possible and effective by the hand lay-up method. 
2. That with the incorporation of glass fibre chopped strand mat, there was huge increase in tensile strength, flexural strength, load extension and flexural modulus. 
3. Energy at break increased with increase in chopped fibre incorporation but at 3 plies content of glass fibre chopped strand mat, there was a decrease in energy at break. 
4. The tensile modulus decreased with increase in glass fiber chopped strand mat incorporation.
With this study, the use of glass fibre chopped strand mat has been found to improve the mechanical properties of polyester (composite materials). In addition, the use of glass fiber chopped strand mat in reinforcing polymers would greatly reduce the cost of production of composite and help in producing composites with enhanced functional properties. 
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