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ABSTRACT: Composite materials have been used in many applications such as aerospace, marine, railways, 
civil engineering structures, and construction industries. Among these applications, the automobile industry has 
shown an increased interest of using composite materials over the last decades. Leaf springs have been widely 
used in automobile suspension system to isolate road shocks. This work aims to investigate flexural test of 
composite material under three point bending as it is an important aspect for leaf springs. Fillers were added to 
improve bending properties, aluminum oxide and silicon carbide nano-particles were added to the composite with 
different weight ratios at 1, 3, and 5 wt.% in both monolithic and hybrid forms. Experimental and numerical work 
on glass fiber reinforced polyester with/without fillers were done. The results show that fillers improve the 
bending properties up to limiting values and then decrease. The error between numerical and experimental results 
was found to be less than 2%. 
KEYWORDS: Composite leaf spring; Three-point bending; Glass fiber reinforced polyester; Aluminum oxide; 
Silicon carbide; Numerical analysis. 

INTRODUCTION 

Leaf spring is one of the most important components of suspension system. It reduces vertical vibrations, lowers 
impacts and bumps due to road irregularities. Also, it absorbs shock loads and provides comfortable ride. In 
addition, it carries multi axial variable amplitude loading, vertical loading and forces in the longitudinal and 
lateral directions [1]. Driving and brake torques are affecting leaf spring during drive [2]. For decades, steel has 
been widely used in the manufacturing of leaf springs. Steel has low cost, good endurance limit, and good elastic 
property. The different mechanical properties for steel leaf springs have been studied such as fracture analysis 
[3], inelastic deformations and non-linear analysis [4], deflection, stress, and stiffness [5], fatigue analysis [6,7]. 

Recently, the demand of composite materials as advanced materials with improved properties increased. 
Polymers used in composite materials have an important role in many applications as paints, adhesives and repair 
materials [8]. Composite materials have high strength to weight ratio, high fatigue strength, no inter leaf friction, 
high natural frequency, and low weight. Leaf spring is one of the important items for weight reduction. Weight  
reduction increases fuel efficiency and riding qualities. In this way, researchers have investigated the mechanical 
properties of leaf springs fabricated from composite materials and compared them with leaf springs fabricated 
from steel [9-12]. Shokrieh and Rezaei [13] replaced four steel leaf springs used in the rear suspension system of 
light vehicles and heavy duty vehicles with an optimized composite leaf spring made of glass fiber and epoxy. 
The results indicated that the composite leaf spring has lower stress, higher natural frequency, and a weight 
reduction up to 80% than steel leaf spring. Kumar and Teja [14] considered design and optimization of a 
composite leaf spring that made of glass fiber and epoxy. Compared to steel leaf spring, the results showed that 
the composite leaf spring has a weight saving of 60.48%. It also showed that the good strength of leaf spring 
occurred at the longitudinal orientations of fibers in the laminate. The design and analysis of composite leaf 
spring for light vehicles have been studied by Saini et al. [15]. Three materials for composite leaf spring E-
glass/epoxy, carbon/ epoxy, and graphite/epoxy have been used and compared to steel leaf spring. The results 
showed a weight reduction from 81.72% to 91.91% for the three composite materials over steel leaf spring. 

More advanced researches have been made on the composite leaf springs. Impact and dynamic behavior of steel 
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and composite leaf springs made of glass fiber and epoxy for light commercial vehicle had been studied by Jadhao 
and Dalu [16]. The results indicated that composite leaf spring has higher strain energy than steel leaf spring. Shi 
et al. [17] explained the damping characteristic of a  composite leaf spring made of glass fiber and polyurethane 
in a light bus. The results showed that the most factors affect composite leaf spring damping characteristic are 
laying angle and elastic modulus of the material. It also showed that the composite leaf spring damping ratio is 
very low than the car suspension system damping ratio. Qian et al. [18] investigated fatigue of composite leaf 
spring made of glass fiber and polyurethane based on ply scheme optimization. The ply scheme design method 
and the stacking sequence optimization had been found to improve the fatigue life of the composite leaf spring. 
All the above studies showed that composite materials have an important role in weight reduction and give a 
better performance for leaf spring. 

An approach for improving matrix properties is to add filler particles to the composite matrix. Adding filler to 
composite material increases its strength and enhances the mechanical properties such as stiffness, hardness, and 
impact strength. Some of the common used fillers are calcium carbonate, hydrated alumina, clay, glass bead, fly 
ash, Al2O3, and SiC [19, 20]. Raju et al. [21] studied the mechanical properties of glass fiber reinforced polyester 
with adding ZnO nano-composite. The results indicated that ZnO increases the tensile strength and hardness of 
composites up to 2 wt.% and then decreases. Baptista et al. [22] reported the effect of graphite filler epoxy matrix 
with carbon fiber. The results showed that adding graphite filler enhances the behavior of epoxy/carbon 
composite up to a limiting value and then performance decreases due to graphite coalesce in epoxy and value of 
7.5, 10 and 11.5 wt.% of graphite leads to the best stability between modulus, strength and strain. In addition, an 
increase of 20-30% in both tension and flexure mechanical properties has been observed by Chisholm et al. [23] 
with a fraction of 1.5 wt.% SiC nano-particles in carbon/epoxy. Thippesh [24] investigated the behavior of 
composite material with adding filler. Multi steel leaf springs were replaced with mono hybrid composite leaf 
spring made of glass fiber, epoxy, and fly ash. The results indicated that mono hybrid composite leaf spring has 
low stress, low deflection, and low weight compared to multi steel leaf springs. 

Lately, in recently published studies, Naidu et al. [25] investigated the effect of graphitic carbon nitride nano-
filler on the mechanical properties of multidirectional glass fiber reinforced epoxy with proportions 1, 1.5, 2, 2.5, 
and 3% of g-C3N4, the results indicated that g-C3N4 nano-filler improves tensile and flexural strength, in addition 
the maximum value of tensile and flexural strength occurs at 2% g-C3N4. Saiteja et al. [26] investigated the effect 
of carbon nano-tube filler with the value of 2, 4, 6, 8, 10% with jute fiber and epoxy resin, the results showed 
that the tensile and impact strength have the maximum value at 6% volume fraction of carbon nano-tube filler 
where flexural strength increases up to 8% and then decreases. Besides,  Aveen et al. [27] compared between fly 
ash and aluminum powder as fillers with glass fiber and epoxy composite, the results pointed that composite with 
aluminum filler has higher tensile strength than the composite with fly ash, where for flexural strength fly ash 
filler gives better results than aluminum filler. Also, the effect of date palm seed (DS) as a natural filler with glass 
and epoxy composite had been explained by Heba et al. [28]. The results showed that at 10% DS wear resistance, 
toughness, and tensile strength are increased. 

Research Gaps 

As it can be seen from literature, fillers have been found to improve mechanical properties of the composite 
where little studies were reported to compare between more than one filler or mixing between them at different 
weight ratios, so a lot of research is still needed in that area, in which the composite with fillers can be used as 
an application of leaf spring. Consequently, this will lead to the improvements of the used composite leaf springs 
compared to the conventional one. 

Research Objective 

The objectives of this work are firstly to study experimentally the effect of adding aluminum oxide nano-fillers, 
silicon carbide nano-fillers, and hybrid between the two nano-fillers on Glass Fiber Reinforced Polyester (GFRP) 
bending properties. Secondly, to verify the experimental results using finite element analysis. Overall, this study 
seeks to improve the flexural strength where leaf spring is subjected to bending during drive. 

METHODOLOGY 

In order to achieve the objectives that are stated before, the methodology used in this work is as followed. Firstly, 
GFRP composites are fabricated by hand lay-up technique. Secondly, the value of 0, 1, 3, and 5 wt.% of aluminum 
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oxide and silicon carbide in both monolithic and hybrid forms is added to the polyester resin where the amount 
of fibers in the composite is kept constant with the value of 50 wt.%. But, the amount of polyester is decreased 
from 50 wt.% to 45 wt.% with increasing the nano-filler from 0 wt.% to 5 wt.% keeping the total wt.% of the 
polyester and nano-filler to be 50 wt.%. Thirdly, flexural mechanical test with three point bending is investigated 
to the resulting composites with the intention of characterizing flexural strength, flexural modulus, and strain at 
failure. Finally, a  3D finite element model for the tested samples with and without fillers is modeled using 
ANSYS software. 

EXPERIMENTAL WORK 

Materials 

Materials to be used in this study are: Glass fiber and polyester resin with properties shown in Table 1. Al2O3 
nano-particles with average size 68 nm, SiC nano-particles with average size 59 nm. Mmethyl Ethyl Ketone 
Peroxide MEKP (hardener). 

Table 1. Mechanical properties of glass fiber and polyester 

Parameter Glass Fiber Polyester 

Density, gcm-3 2.58 1.35 

Elastic modulus, E GPa 73 3.23 

Poisson’s ratio 0.22 0.33 

Shear modulus, G GPa 30 1.2 

Preparation of Composite Laminates 

Glass fiber reinforced polyester composite laminates were fabricated using hand lay-up technique [29-31]. For 
this fabrication, a  glass plate was placed horizontally, cleaned with a soft brush and coated with a thin layer of 
release agent (wax) to be easy for removing the composite. The matrix was prepared by mixing MEKP as a 
hardener in the polyester resin and well stirred for five minutes to ensure homogenous mixing. The first layer of 
the polyester resin was spread on the glass plate before placing the first layer of glass fiber. Six layers were glued 
together using the same procedure. A smooth steel roller was used with each layer step to ensure uniform 
distribution of the matrix, squeeze the excess resin and remove any air bubbles. The last layer of the composite 
was covered by a canson paper. Then, another glass plate was placed above the canson paper. The composite was 
kept under a load of 50 kg for five days at room temperature for drying purpose. Finally, the resulting laminated 
composite was cut to flexural samples according to standard dimensions as shown in Figure 1 [32]. Nano-
composites were also prepared with the same procedure using nano-phased polyester resin instead of neat 
polyester resin. Al2O3 and SiC were dispersed into the polyester using a high speed disperser for 30 minute. 
Composites with different weight ratios were fabricated as shown in Table 2. 

Table 2. Composites with different weight ratios 

Composites 
Fiber content 
(Glass Fiber) 

Matrix content 
(Polyester) 

Filler content  
(Al2O3 & SiC) 

50 wt.% 50 wt.% 0 wt.% 
50 wt.% 49 wt.% 1 wt.% Al2O3 
50 wt.% 47 wt.% 3 wt.% Al2O3 
50 wt.% 45 wt.% 5 wt.% Al2O3 
50 wt.% 49 wt.% 1 wt.% SiC 
50 wt.% 47 wt.% 3 wt.% SiC 



Numerical and Experimental Characterization of Composite Leaf Spring Subjected to Bending 

374  

50 wt.% 45 wt.% 5 wt.% SiC 

50 wt.% 49 wt.% 0.5 wt.% Al2O3 + 
0.5 wt.% SiC 

50 wt.% 47 wt.% 1.5 wt.% Al2O3 + 
1.5 wt.% SiC 

50 wt.% 45 wt.% 
2.5 wt.% Al2O3 + 
2.5 wt.% SiC 
 

 

Figure 1. a) Composite after curing  b) Test specimen 

Flexural Test 

Flexural test under three point bending configuration was carried out using ZWICK testing machine (Model 
Z010, Germany). The tests were conducted according to ASTM D790-03 standard at room temperature and with 
test specimen of dimensions 126 × 12.7 × 3 mm (span to depth ratio 32:1) [33]. The machine was run under 4 
mm/min cross head speed. Figure 2 shows the used flexural test machine with specimen that was positioned in 
the middle of the loading supports. The span length is 96 mm and the force was applied through loading nose on 
the upper surface of the specimen.  

 

Figure 2. Flexural test machine with specimen under bending 

FINITE ELEMENT MODELING 

In order to validating experimental findings, a  simulation of flexural test was done through Finite Element 
Analysis FEA for all test specimens. Glass fiber with volume fraction vf = 0.29 and polyester resin with volume 
fraction vm = 0.71 were mixed, in which the total volume of specimen vt = 12.6×1.27×0.3 = 4.8 cm3 and the 
volume of fiber 1.35 cm3. Using rules of mixture [34], the material properties of the composite can be determined 
in directions 1 and 2 as follow: 
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                𝐸𝐸1 =  𝐸𝐸𝑓𝑓𝑣𝑣𝑓𝑓 + 𝐸𝐸𝑚𝑚𝑣𝑣𝑚𝑚                 (1)  

                𝐸𝐸2 = EfEm
𝑣𝑣mEf+ 𝑣𝑣fEm

                    (2)  

                ν12 = ν𝑓𝑓𝑣𝑣𝑓𝑓 + ν𝑚𝑚𝑣𝑣𝑚𝑚                (3)   

                 ν21
𝐸𝐸2

= ν12
𝐸𝐸1

                         (4) 

                𝐺𝐺12 = GfGm
𝑣𝑣mGf+ 𝑣𝑣fGm

                   (5)   

                𝜌𝜌 =  𝜌𝜌𝑓𝑓 𝑣𝑣𝑓𝑓 +  𝜌𝜌𝑚𝑚 𝑣𝑣𝑚𝑚                  (6) 

The mechanical properties are computed and shown in Table 3. E2 is assumed to be equal to E1 since it is fabric 
woven fiber, and E3 is assumed to have very small value compared the values of E1 and E2, since the composite 
will be weaker in the hand lay-up layer direction. The nano-filler content is assumed to be uniformly distributed 
in the composite, and consequently it is treated as a third material besides the polyester and the glass fiber 
according to hybrid composite material rules [35-37]. 

A three dimensional model of the flexural test specimen was built using ANSYS software (see Figure 3a) [38]. 
The specimen has a total length of 126 mm that was divided to span length 96 mm and 30 mm overhanging 
length. SOLID187 was used as meshing element (see Figure 3b). It is a  higher order 3-D 10-nodes element. Also  
it has a quadratic displacement behavior and three degrees of freedom at each node. Thus it is well suited for 
irregular meshes. The specimen was meshed using a fine mesh with 1638 elements and 3562 nodes. Displacement 
supports were applied as boundary conditions for the span length to allow movement in X direction and to prevent 
the movement in Y direction. Applied force was used in the center of the specimen (see Figure 3c). 

Table 3. Mechanical properties of the composite 

 

 

 

 

 

 

 

Parameter Value  
Young’s modulus in X direction Ex  23463 MPa 
Young’s modulus in Y direction Ey 23463 MPa 
Young’s modulus in Z direction Ez 4468  MPa 
Shear modulus along XY direction Gxy 1662  MPa 
Poison’s ratio along XY direction  ν xy 0.298 
Poison’s ratio along YZ direction  ν yz 0.056 
Density of the material 1.706 gcm-3 
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Figure 3.  a) Geometry of test specimen  b) Meshing of specimen  c) Boundary conditions 

RESULTS AND DISCUSSION 

Experimental Work  

A comparative study of both flexural strength and modulus of glass fiber/polyester with Al2O3, SiC, and a hybrid 
of Al2O3 & SiC nano-fillers with different wt.% has been shown in Figures 4 and 5. The experimental results 
shows that composites with Al2O3 has higher strength values than both SiC and the hybrid of Al2O3 & SiC at 1, 
3, and 5 wt.%. The maximum flexural strength is found to be at 3 wt.% Al2O3 with a value of 482.17 MPa. 
However, the flexural modulus shows that composite with 0 % filler has almost the same value as the composite 
with 3 wt.% SiC with a value around 19.05 GPa and then followed by the composite with 3 wt.% Al2O3 with a 
value 18.85 GPa. Moreover, the specimen of 2.5 wt.% Al2O3 + 2.5 wt.% SiC achieves the lowest flexural 
mechanical properties of 16.71 GPa for flexural modulus and 339.8 MPa for flexural strength. The reduction in 
the flexural strength of the composite with SiC content might be concluded due to incompatibility of SiC with 
the matrix, in which voids and dispersion problems might lead to poor interfacial bonding [39]. Composite with 
SiC and the hybrid of Al2O3 & SiC have very close strength values at 3 and 5 wt.% as shown in Figure 4. It can 
be also observed that the flexural strength of the composite with SiC and hybrid of Al2O3 & SiC increases to a 
maximum value at 1 wt.% and then decreases at 3 and 5 wt.% below than the strength at 0 wt.%, it might be 
occurred due to the reduction of polyester weight ratio with increasing the filler content. However, Al2O3 does 
not follow the same trend, it increases to a maximum value at 3 wt.% and then decreases. In addition, the flexural 
modulus for Al2O3, SiC, and a hybrid of Al2O3 & SiC shows approximately closed results.  

C 
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Figure 4. Variation of flexural strength with different wt.% of filler content 

From the above results, it can be reported that, adding nano-fillers with large amount leads to the formation of 
aggregates of these fillers in different regions of the matrix. Hence, this weakens the interaction between the filler 
and the composite. Furthermore, it decreases the flexural strength of the composite [40]. Strength quantitatively 
can be affected by strong or weak filler type, filler and matrix interface adhesion and the extent of load sharing 
mechanisms [41]. 

 

Figure 5. Variation of flexural modulus with different wt.% of filler content 

Strain at failure against filler content for all tested specimens is plotted in Figure 6. The figure shows that the 
composite with 1, 3, and 5 wt.% Al2O3 has larger deformation at failure compared with the composite with the 
other fillers, followed by SiC and the hybrid of Al2O3 and SiC with comparable values at 1, 3, and 5 wt.%, 
respectively.  

 

Figure 6. Variation of strain at failure with different wt.% of filler content 
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Stress-strain curves from bending test are shown in Figure 7. Figure 7a shows the five specimens with the highest 
flexural stress and also strain at failure while Figure 7b shows the other five left specimens. All the plotted curves 
show almost slightly crimp region before the maximum stress and hence before the failure starts. It is found that 
the specimen of 3 wt.% Al2O3 seems to break at the higher strain at failure 3.38 % followed by the specimen of 
1 wt.% Al2O3 with a very close value 3.36 %. In contrast, the specimen of 3 wt.% SiC fails at the lowest value of 
strain at failure 2.17 %. Furthermore, some of the specimens as 1 and 3 wt.% SiC drop abruptly once it reached 
to the maximum stress. However, some of the other specimens have many drops of load when starting to failure, 
each drop is followed by an increasing stress level which is observed clearly at 1 and 5 wt.% Al2O3.  

 

 
Figure 7. Stress-strain curves for tested specimens at 

a) Higher stresses  b) Lower stresses 

The fractured surface of the specimen 3 wt.% Al2O3 is shown in Figure 8. Very high tensile stress at the bottom 
surface is the primary reason for the breakage of the matrix and hence fiber breaks and pulls-out leading to failure 
[42]. Also, voids in the specimen facilitate the cracks propagation.   
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Figure 8. Fractured surface of the specimen 3 wt.% Al2O3 

FEA Results 

Flexural strength is obtained using FEA. The FEA was done for unfilled GFRP composite and filled composite 
at 1, 3, and 5 wt.% for Al2O3, SiC, and hybrid of Al2O3 & SiC. The comparison and the variation between 
experimental and numerical results of flexural strength are presented in Table 4 and Figure 9. It is observed that 
the flexural strength values obtained using FEA are very close to those obtained from experiments. Also, it can 
be seen that numerical results have values higher than the experimental results, which might be due to voids 
formation, air bubbles in the composite, and uniformity in fiber layer or in distribution of the matrix [43]. Thus, 
the maximum error between experimental and numerical work is less than 2%, which can be considered as an 
acceptable error. 

Table 4. Experimental and numerical results for flexural strength at different weight ratios 

No. 
Flexural Strength MPa 

Experimental Numerical Error % 

0 wt.% 394.33 395.8 0.370 
1 wt.% Al2O3 463.07 466.33 0.702 
3 wt.% Al2O3 482.17 485.65 0.722 
5 wt.% Al2O3 431.427 436.31 1.132 
1 wt.% SiC 420.79 424.37 0.851 
3 wt.% SiC 367.77 371.97 1.142 
5 wt.% SiC 362.1 364.77 0.737 
0.5 wt.% Al2O3  

+ 0.5 wt.% SiC 
434.85 438.3 0.793 

1.5 wt.% Al2O3  

+ 1.5 wt.% SiC 364.07 366.35 0.625 

2.5 wt.% Al2O3  

+ 2.5 wt.% SiC 339.82 344.55 1.391 
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Figure 9. Variation of experimental and numerical strength of the composite with  a) Al2O3 nano-particles  b) 
SiC nano-particles  c) Hybrid of Al2O3 & SiC 

Figure 10 shows top and bottom layers of the three dimensional model with the obtained flexural strength at 3 
wt.% Al2O3 which has the highest value of flexural strength among the different filler ratios. It is revealed that 
the top layer is subjected to compression with negative flexural strength values where the bottom layer is 
subjected to tension with positive values. The middle portion of the specimen is subjected to the maximum 
stresses where the fracture starts. Since all other specimens with different filler ratios have the same shape of 
deformation but with different flexural strength values. Figure 10 contains only the flexural strength distribution 
for the filler with the largest strength i.e for the composite with 3 wt.% Al2O3. In addition, the maximum and 
minimum values for the flexural strength with different filler ratios are tabulated in Table 5.  

 

Figure 10. 3-D model with the obtained flexural strength at 3 wt.% Al2O3  a) Top layer of specimen  b) Bottom 
layer of specimen 

a b 
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Table 5. Max. and Min. Results for flexural strength at different weight ratios 

 No. 
Flexural Strength MPa 

Max. Min. 

0 wt.% 395.8 -406.59 
1 wt.% Al2O3 466.33 -478.55 
3 wt.% Al2O3 485.65 -497.72 
5 wt.% Al2O3 436.31 -447.15 
1 wt.% SiC 424.37 -435.47 
3 wt.% SiC 371.97 -378.34 
5 wt.% SiC 364.77 -374.02 
0.5 wt.% Al2O3 + 0.5 wt.% SiC 438.3 -449.83 
1.5 wt.% Al2O3 + 1.5 wt.% SiC 366.35 -375.86 
2.5 wt.% Al2O3 + 2.5 wt.% SiC 344.55 -350.46 

CONCLUSIONS 

Glass fiber reinforced polyester had been successfully fabricated using hand lay-up technique. Al2O3, SiC, and 
hybrid of Al2O3 & SiC were used as fillers and fabricated with the composite. Experimental and numerical 
investigations for the fabricated composite with/without the three different fillers were made. The results of this 
work showed that Al2O3 and SiC nano-fillers could be used to improve the mechanical properties of traditional 
fiber reinforced polyester composite. The following are remarkable conclusions: 

1) This study points that adding Al2O3 and SiC nano-fillers with glass fiber reinforced polyester composites 
leads to an improvement in mechanical performance up to a limiting value above this limit performance is 
decreased due to fillers agglomeration in the resin. 

2) The maximum value of flexural strength for glass fiber/polyester with Al2O3 occurs at 3 wt.% with the value 
of 482.17 MPa and with SiC and hybrid of Al2O3 & SiC occurs at 1 wt.% with the value of 420.79 and 434.85 
MPa, respectively. 

3) There is no much difference in flexural strength values by reinforcing 1 wt.% and 3 wt.% of adding Al2O3 
nano-filler. On the other hand, there is a  big difference with adding SiC and the hybrid of Al2O3 & SiC. 

4) The maximum value for strain at failure occurs at 3 wt.% Al2O3 with the value of 3.38 %. 

5) The specimens of 0 wt.% filler and 3 wt.% SiC seem to have the maximum value for flexural modulus with 
a very closed values.  

Hence, it is concluded that adding Al2O3 & SiC nano-fillers to the traditional GFRP composite leaf spring can 
improve the mechanical properties of the composite, with better properties for adding Al2O3 than adding SiC. 
And consequently can improve the fatigue life of leaf spring. 
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