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Abstract 
One of the most widely utilised natural fibres for reinforcement in 
polymer composites is hemp fibre. It originated from the Cannabis 

sativa plant. The flexural properties of composite materials mainly depend 
on the properties of the fibre, fibre volume fraction, fibre orientation and its 
layer sequence architecture. In this study, the maximum flexural stress and 
deformation of the Hemp fibre-reinforced polymer (HFRP) composite were 
analysed using modelling and simulation techniques and compared to the 
conventional glass fibre-reinforced polymer (GFRP) composite. ANSYS 
software was used to determine the effect of fibre ply orientation, stacking 
ply sequence with and without supporting ply angle 0º and fibre volume 
fraction on the flexural response of the FRP composite. It was found that the 
HFRP composite with 0º supporting ply has a strength reduction index of 2.0, 
while the HFRP composite with no supporting ply has an index of 1.4. 
Discipline: Mechanical Engineering. 
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1 Introduction 
Fibre-reinforced-polymer (FRP) composites are common engineering materials used in a 

variety of applications such as aircraft, spacecraft, ships, submarines, automobiles, and 

construction. FRP composites are popular in such applications because of their outstanding 

features, including high stiffness, strength, excellent fatigue, corrosion resistance, and low weight. 

In addition, FRP composites are also usually used to produce lightweight high-strength products 

with a specific required mechanical characteristic, low thermal expansion qualities, and excellent 

dimensional stability. When it comes to applications where thermal or mechanical qualities are 

critical, and weight management is required, glass fibre-reinforced polymer (GFRP) composites are 

frequently utilised (L. Mohammed et al., 2015). Currently, the utilisation of natural fibre-reinforced 

polymer (NFRP) composites is becoming increasingly popular. These composites are used as 

reinforcement materials that introduce matrix materials to replace synthetic fibre’s utilisation. 

This is because NFRP possesses the unique quality of being biodegradable and abundant in sources. 

The matrix binds the fibre reinforcement and transfers load between the fibres, giving the 

composite component its net shape and surface quality since natural FRP composites have high 

tensile and flexural modulus (Sanjay et al., 2016). Generally, the natural fibre-reinforced polymer 

composites industry is expanding rapidly. Natural fibre-reinforced polymer composites have largely 

replaced their synthetic counterparts in engineering applications. Due to the abundance of natural 

fibre resources, they are among the renewable and sustainable resources. Natural fibres are 

renowned for their low processing costs and desirable characteristics, such as high strength, high 

stiffness, corrosion resistance, and lightweight. Moreover, natural fibres have a minimal 

environmental impact (Gholampour & Ozbakkaloglu, 2020). 

2 Literature Review 
The rapid growth of composites can be attributed to the numerous advantages they offer in 

modern applications. Composites offer numerous advantages over conventional materials, 

including lightweight, high strength and stiffness, high toughness, high fatigue resistance, and 

corrosion resistance, while requiring minimal machining (Waghmare et al., 2022). Even though 

synthetic fibres are the preferred fibres for use in the production of composite materials, natural 

fibre is slowly gaining the attention of various industries as environmental consciousness grows. 

Natural fibres have advantageous properties and advantages over synthetic fibres, such as low cost, 

low weight, and less damage to production equipment (Prashanth et al., 2017). 

 Hemp is one of the most widely used natural fibres, as it increasingly replaces synthetic 

fibres. Hemp fibre is categorised as a bast fibre derived from Cannabis Sativa plants. Because it is 

the ingredient in the fibres that are both the most rigid and the most robust, cellulose is the 

primary factor responsible for the fibre's stiffness and strength (Shahzad, 2012). In contrast, the 

variations in the physical and mechanical properties of the elements are the result of the 

compositional variety of the constituents. The widths of the fibre as well as its qualities will differ 

based on a variety of criteria such as the age of the fibre, its geographic origin, constituent contents 
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and source. Most of hemp's fibrous material is used in the production of materials for the 

construction industry, footwear, paper, and ropes. This plant, which is indigenous to Central Asia, 

is currently cultivated primarily in Europe, Central Asia, the Philippines, and China. Construction, 

textiles, paper, packaging, furniture, electrical, and pipe applications use FRP composites derived 

from hemp (Tanasă et al., 2020).  

To investigate the properties of the hemp fibre, in addition to the experimental approach, 

the simulation methodology is another option for determining the characteristics of FRP 

composites, which is a method developed to predict the strength of composite materials without 

using conventional methods such as experimental work. The development of computer technology 

has made it possible to calculate and analyse a variety of engineering problems using the Finite 

Element Method (FEM) (Faizan & Gangwar, 2020). It is a highly effective computational method for 

approximating complex real-world engineering problems under specific boundary conditions. 

ANSYS Mechanical Ansys parametric design language (APDL) is a general-purpose finite element 

analysis software. The software includes a variety of general-purpose analysis tools, including pre-

processing and post-processing solutions. This programme allows the measurement of the 

characteristics of fibres with a variety of shapes, sizes, and compositions, as well as directions 

(Dinesh Kumar & Mohanty, 2015). 

3 Method 

3.1 Numerical Validation  
Numerical modelling (or numerical validation) is a crucial preliminary step in demonstrating 

that the initial Finite Element (FE) design and implementation are acceptable. The use of FE 

software is crucial, and the ANSYS-generated results are validated to ensure their consistency with 

the actual outcomes. Since certain research was previously performed, numerical validation is 

required to confirm that the produced result is acceptable. Analytical validation was performed on 

composite laminate plates with dimensions of 279 x 279 x 2.16 mm and a ply thickness of 

5.55555x10-6 m. Eight nodes of the SHELL281 element type were utilised to mesh the plate. The 

current FE results from ANSYS have been validated according to the exact method of solution 

(Sony, 1983). The current model was validated by comparing its results to the exact answer 

provided by previous researchers. The results are acceptable because the margin of error is less 

than 2 %. 

An evaluation of convergence is carried out to determine the most appropriate mesh size for 

the analysis. With a smaller mesh size, the accuracy of the analysis will increase, but the computer 

evaluation will take longer due to the increased computation time (Muhammad et al., 2016). For 

this convergence analysis, mesh sizes of 2×2, 4×4, 8×8, 16×16, 32×32, 32×32, 64×64, 128×128, and 

256×256 were tested on unidirectional glass fibre-reinforced polymer (GFRP) at 0°, 50°, and 90° 

fibre angles under tensile load. Even when the mesh size was increased, the deformation values 

remained the same. Therefore, a mesh size of 8×8 was chosen for improved accuracy of results and 

faster data computation. 
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3.2 Modeling and Failure Analysis of Composite Laminates 
A specimen measuring 13 mm in width, 60 mm in length, and 2.5 mm in thickness was 

utilised to simulate the flexural test utilising FEM in ANSYS software. This required considering 

implementing symmetric angle-ply sequences with and without supporting ply angle 0º across 16 

layers of fibre-reinforced laminate. For the specimen without a supporting ply angle of 0º, the 

laminates were arranged as follows: [0/0]4s, [±15]4s, [±30]4s, [±45]4s, [±60]4s, [±75]4s, and [90/90]4s 

whereas specimens with a supporting ply angle of 0º were arranged in the sequences of [0/0]4s, 

[(±15)2,04]s, [(±30)2,04]s, [(±45)2,04]s, [(±60)2,04]s, [(±75)2,04]s, and [(90/90)2,04]s. The mesh elements and 

boundary conditions utilised in this analysis are displayed in Figure 1. 
 

 
Figure 1: The modelled specimen with mesh element, boundary conditions, and load applied. 

 
The pre-processor was the initial step in the ANSYS simulation process. The pre-processor 

was necessary for calculating model dimensions, element type, material attributes, failure criteria, 

layup sequence, and mesh size. To determine the maximum stress and deformation of the laminate 

composite, the specimen's material properties were recorded. Table 1 shows the mechanical 

properties of the fibre-reinforced composite that was parameterised in ANSYS APDL materials 

properties. Multiple stacking layup directions were utilised for the fibre. The boundary condition 

and load applied to the model were implemented with a maximum load that the material can 

withstand where SMX (maximum stress) was equal to one, and the enforced load was solved using 

this value. In this study, the mechanical characteristics of glass fibre with volume fractions (vf) of 

60 % (vf=0.6) and 30 % (vf=0.3) were chosen as reference materials. The characteristics of hemp 

fibre, which contained approximately 30 % (vf=0.3) of the total volume of fibre reinforcement, were 

used as a comparison for this study. 
 

Table 1: Mechanical properties of fibre-reinforced composite 
(Jones, 2015; Hashim et al., 2021; Fajrin et al., 2016). 

Mechanical Properties Symbol GlassFRPComposites 
vf = 0.6 

Glass FRP Composites 
vf = 0.3 

Hemp FRP Composites 
vf = 0.3 

Longitudinal Modulus (0ᵒ) E1(GPa) 54.00 6.47 3.05 
Transverse Modulus (90ᵒ) E2(GPa) 10.80 2.16 0.31 

Shear Modulus G12(GPa) 9.00 2.59 1.10 
Poisson’s Ratio V12 0.25 0.25 0.39 
Shear Strength S12(MPa) 41.00 41.00 23.45 

Tensile Strength (0ᵒ) XT(MPa) 1035.00 342.56 31.37 
Tensile Strength (90ᵒ) YT(MPa) 28.00 9.25 3.20 

Compression Strength (0ᵒ) XC(MPa) 621.00 77.29 31.69 
Compression Strength (90ᵒ) YC(MPa) 103.00 10.31 3.20 
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4 Result and Discussion 
The results show the stress measured using the ANSYS APDL software for various layup 

stacking and fibre orientations of varying volume fractions of synthetic glass and natural hemp 

fibre. Figure 2 shows the results of maximum flexural stress with different angles of fibre 

orientation. Figures 2 (a) and (b) show the effect of 0º of angle ply that affected the value of flexural 

stress of the fibre. When comparing volume fractions of 60 % (vf=0.6) and 30 % (vf=0.3), the 

greatest value of flexural stress was obtained from the GFRP composite. However, the graph's trend 

proved that the declining trend coincided with the increasing number of fibre ply orientations. The 

trend of the graph indicated that a greater volume percentage (vf) delivered a greater stress value 

and the trend of the graph decreased with the increase of ply angle. It demonstrated that greater 

volume fractions were much more effective in terms of performance (Elkazaz et al., 2020). 

The mechanical properties of fibre-reinforced composites varied depending on the angle 

that it was viewed. FRP composites with 0º fibre orientation have the highest strength compared to 

composites with 90º fibre orientation. This result depends on the direction of the fibre; when the 

direction of the fibre was parallel to the load, the result has greater strength than when it was 

perpendicular to it as proven by (Lasikun et al., 2018). However, in consideration of the flexural 

strength, as seen in Figure 2, when the direction of the fibres was perpendicular to the direction of 

the load, the material offered the greatest amount of resistance and yield the highest value.  

The results also indicated the varying volume fractions of synthetic GFRP and Natural HFRC 

fibres (vf = 30%) with different stacking sequences. Since synthetic fibres have greater mechanical 

properties, they were assigned a higher value in the weakest point; 90º fibre ply orientations with 

18.39 MPa for GFRP compared to 6.34 MPa for HFRP without 0º stacking sequences. Meanwhile, for 

the study of 0º stacking sequence layups, the value of stress was 23.04 MPa for GFRP and 13.42 MPa 

for HFRP. 
 

  
 (a)        (b) 

Figure 2: Maximum flexural stress of fibre-reinforced polymer composite with different ply orientations (a) 
symmetric ply system [(±θ)4]s  and (b) symmetric ply system with 0˚ [(±θ)2,(0)4]s. 

 

0

50

100

150

200

250

0  1 5  3 0  4 5  6 0  7 5  9 0  M
ax

im
um

 F
le

xu
ra

l S
tr

es
s, 

M
Pa

 

Fiber Ply Orientation, θ 

Symetric Ply System Without 0˚  

60% Glass Fibre 30% Glass Fibre
30% Hemp Fibre

0

50

100

150

200

250

0  1 5  3 0  4 5  6 0  7 5  9 0  

M
ax

im
um

 F
le

xu
ra

l S
tr

eg
nt

h,
 M

Pa
 

Fiber Ply Orientation, θ 

Symetric Ply System With 0˚  

60% Glass Fibre 30% Glass Fibre
30% Hemp Fibre



 

 

http://TuEngr.com Page | 6 
 

The results also indicated that employing 0º stacking sequences in the middle of the fibre 

enhanced the composites' characteristics. The value of synthetic fibre was greater than the value of 

natural fibre because synthetic fibre has better mechanical behaviour in terms of strength, impact 

resistance, thermal conductivity, and other characteristics than natural fibre (Andrew & Dhakal, 

2022). Furthermore, while the decreasing trend for the glass fibre was not significantly different 

from the decreasing trend for the natural fibre when comparing the two layups with and without 0º 

stacking sequences, the decreasing trend for the natural fibre was significantly different when 

comparing the two layups with and without 0º stacking sequences. When the fibres carried the 

load, the load was distributed between the fibres, which stabilised and prevented the failure of the 

composites. 

The numerical value of stress was parallel to the value of deformation and the results are 

shown in Figure 3. It shows the value of maximum deflection against the maximum flexural stress 

applied. The results show that the highest value was stated for GFRP (vf = 0.3) at 0º ply 

orientations, but HFRP composites were also given a higher value at 90º ply orientations compared 

to others. Both specimens with and without 0º stacking sequences have the same pattern since the 

maximum flexural stress provided the same value. The GFRP and HRFP composites (vf = 0.3) have a 

higher value of deflection compared to GFRP composites (vf = 0.6). The higher the maximum stress, 

the smaller the deflection value, since the material tends to resist the applied force. Meanwhile, the 

value of HFRP provided a stagnant pattern with stress and deflection since it did not give much 

different value starting from 0º to 90º ply orientations. Generally, the supporting ply angle 0º in the 

lamination scheme of [(±θ)2, (0)4]s have better resistance towards deformation, thus having a higher 

value of maximum flexural stress compared to the lamination scheme of [(±θ)4]s.  

 
(a)              (b) 

Figure 3: Maximum Deflection of fibre-reinforced polymer composite with different ply orientations (a) 
symmetric ply system [(±θ)4]s and (b) symmetric ply system with 0º [(±θ)2,(0)4]s. 

 
For [(±θ)4]s lamination scheme, Figure 4(a) illustrates the graphs of maximum flexural stress 

against fibre ply orientation for GFRP composites (vf=0.6 and vf=0.3) while Figure 4(b) shows GFRP 

and HFRP composites (vf=0.3) with the strength decrease index of FRP composites under flexural 

loadings. Figure 4(a) demonstrates that the higher value of fibre volume fraction, the lower the 
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strength reduction index. GFRP composite with 60% fibre volume fraction has a strength reduction 

index of 1.3 when compared to 2.4 for GFRP composite with 30% fibre volume fraction. Based on 

the results in Figure 4(b), GFRP composites vf=0.3 have the highest strength reduction index when 

compared to the HFRP composites vf=0.3 and GFRP composites vf=0.6. This signified that the 

strength reduction of GFRP composites vf=0.6 from fibre orientation 0º to 90º was lower. On the 

other hand, the lamination scheme of a symmetric ply system with 0º [(±θ)2,(0)4]s, as shown in 

Figure 4(c) and 4(d), has a higher strength reduction index when compared to those of lamination 

scheme [(±θ),(0)2]s, as shown in Figure 4(a) and 4(b). This is due to the supporting ply angle 0 which 

improved the performance of the FRP composites. As the fibre orientation increased from 0º to 90º, 

the results indicated that the trendlines for all graphs decreased exponentially. 

Table 2 shows the diagram of the analysis results of a maximum deformation contour at a 

maximum stress value (SMX) of 1. When the modelling results were analysed, the red colour 

represented the biggest deviation that occurred in the middle of the sample. Since it was fixed at 

the end of the sample and the force was applied at the centre of the sample surface area, it has been 

reflected in this figure. The parameters were like those used in experimental methods where the 

load was applied in a perpendicular direction to the sample's surface area. The value of a sample's 

displacement can be figured out by comparing how much its length has changed from the original 

length. The value of displacement was taken from the maximum stress, and it demonstrated that 

the trend was increasing for 0º and 90º fibre orientations because the fibre in 0º ply orientation has 

higher resistance compared to 90º ply orientation for both with and without 0º stacking sequences. 
 

Table 2: Maximum deformation contour of fibre-reinforced polymer composite under flexural load for ply 
stacking sequence of [(±θ)4]s and [(±θ)2,(0)4]s. 

Composite [0]16 [90]16 [(90)4(0)4]s 

Glass FRP 
Composite 

vf = 0.6 

 

 
Δ = 0.181 mm 

 

 
Δ = 0.200 mm 

 

 
Δ = 0.206 mm 

Glass FRP 
Composite 

vf = 0.3 

 

 
Δ = 0.972 mm 

 

 
Δ = 0.328 mm 

 

 
Δ = 0.332 mm 

Hemp FRP 
Composite 

vf = 0.3 
 

 
Δ = 0.834 mm 

 

 
Δ = 0.774 mm 

 

 
Δ = 0.786 mm 
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(a)              (b) 

     
(c)              (d) 

Figure 4: Graphs of maximum flexural stress against fibre ply orientation for: (a) GFRP composites (vf = 0.6 
and 0.3) with lamination scheme of [(±θ)4]s, (b) GFRP and HFRP composites (vf = 0.3) with lamination 
scheme of [(±θ)4]s, (c) GFRP composites (vf = 0.6 and 0.3) with lamination scheme of [(±θ)2/04]s and (d) 

GFRP and HFRP composites (vf = 0.3) with lamination scheme of [(±θ)2,(0)4]s. 
 

5 Conclusion 
ANSYS APDL simulation has been successfully implemented to study the effect of fibre ply 

orientation and plies stacking sequence on the maximum flexural stress and deformation analysis 

of GFRP composite (vf=0.6 and vf=0.3) and HFRP composite (vf=0.3). For both glass FRP composite 

(vf=0.3) and hemp FRP composite (vf=0.3), it was found that the value of maximum flexural stress 

decreased as the fibre angle was increased from 0º to 90º. However, for glass FRP composite 

(vf=0.6), the highest value of maximum flexural stress was observed when the fibre was oriented at 

30º, with the value of 225.43 MPa for fibre ply orientation [(+θ, -θ)4]s and 228.56 MPa for ply 

stacking sequence [(+θ,-θ)2,(0)4]s. When the laminate was stacked with a supporting ply angle of 0º 

at the middle, the maximum flexural stress of the FRP composite was higher than the FRP 

composite with no supporting ply angle of 0º. The strength reduction index was also higher when 

the laminate was stacked with supporting ply 0º in the middle. Fibre volume fraction also affected 

the behaviour of FRP composite in which a higher fibre volume fraction possessed a lower strength 

reduction index. This means it has greater resistance when subjected to transverse loading. 

6 Availability of Data and Material 
Data can be made available by contacting the corresponding author. 
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