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Abstract - This study was conducted to determine the effect 

of fiber-laygeometry on mechanical properties of Doum 

palm fiber-reinforced composite with a view of finding the 

best lay geometry that will give the best mechanical 

properties. Composites of four different fiber-

laygeometries were developed, their mechanical properties 

were evaluated. Ultimate tensile strength, Young’s 

modulus, percentage elongation, flexural strength, Impact 

Strength, and hardness were determined. The result 

showed that fiber-laygeometry affects the mechanical 
properties of the composite. As the fiber-laygeometry 

increases from   00 to 900, the tensile strength, percentage 

elongation, and impact strength all decreased while 

flexural strength and tensile modulus increase. However, 

fiber-laygeometry has no significant effect with respect to 

hardness. The best fiber-laygeometry that gives the 

optimum mechanical properties is at 00 orientations 

Keywords - Composite, Doum Palm, Epoxy Resin, Fibre, 

Laygeometry 

I. INTRODUCTION 

The development of composite materials, as well as the 

related design and manufacturing technologies, is one of 

the most important advances in the history of materials. 

Composites exhibit great resistance to wear, corrosion, and 
high-temperature exposure, among others. These unique 

characteristics provide the mechanical engineer with 

design opportunities not possible with conventional 

monolithic (unreinforced) materials [1]. Composite 

materials are among the most advanced and adaptable 

engineering materials that consist of two or more 

constituents combined at a macroscopic level and are not 

soluble in each other [2]. This combination results in better 

properties than those of the individual components used 

alone. Unlike metallic alloys, each material retains its 

distinct physical, chemical, and mechanical properties. 
Composite materials typically have a fiber or particle 

phase that is stiffer and stronger than the continuous matrix 

phase and serve as the principal load-carrying members 

[3]. Composite materials are also ideal for structural 

applications that involve high strength and low weight. 

They are resistant to corrosion and have good fatigue 
characteristics. They provide some flexibility in design 

through the variation of the fiber orientation or stacking 

sequence of fiber and matrix materials [2].  

Composite laminates are processed by stacking lamina 

with varying fiber orientations to achieve the desired 

structural behavior [4]. The mechanical behavior of such 

laminates is anisotropic in nature. As such, it depends on 

fiber lay geometry such as shape, size, distribution, and 

orientation of fibers, and thickness of lamina [5]. 

Consequently, the lamina is supposed to be designed in a 

way that will satisfy the specific requirements of each 

application to obtain the maximum advantages from the 
directional properties of materials [3].   

Some of the research conducted earlier in the field of 

fiber-reinforced composites include; [8] Evaluated the 

effect of fiber orientation on mechanical properties of sisal 

fiber reinforced epoxy composites with 00/900, 900and 

±450, the results indicated that the orientation 900 shows 

better mechanical properties compare than 00/900. The 

effect of varying fiber size and fiber weight fraction on the 

tensile and impact properties of the rice husk fiber 

reinforced polyester composites was also examined by [9] 
which discovered that both fiber size and fiber weight 

fraction have a significant effect on the tensile and impact 

characteristics, tensile and impact strength increased 

steadily with increase in fiber loading up to 15 %wt, then 

decreased at 20 %wt. [10] discovered that the composites 

with 30° fiber orientation show better micro-hardness, 

tensile strength, flexural strength, inter-laminar shear 

strength, and impact strength. [11] studied the mechanical 

properties of Dum palm, Luffa gourd, and Baobab plant 

fibers, and the result showed that Dum palm fiber has the 

highest strength and is expected to be more crystalline, 

followed by Luffa gourd fibers and finally Baobab fiber 
which is less crystalline in nature. 
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II. MATERIALS AND METHODS 

A. Materials and Equipment.   

In this work, the materials and equipment used were: 

Doum palm leaves, epoxy resin, and hardener, mold and 

releasing agent, knife, electric furnace Type CWF 11/23, 
mechanical sieve, Mettler weighing balance Type 

PM6100, beaker, stirrer, nose mask, and hand gloves, 

roller, brushes, ceramic plates, plastic bowls, spoon, 

hydraulic press M12000, electric furnace CWF 11/23 and 

hack saw 

B. Methods 

a) Preparation of the Doum Palm Fibre: 

The Doum Palm leaves used in this study were sourced 

from Sawo village, Jigawa State, Nigeria. Leaves were cut 

from the tree, washed with water to remove dirt, and dried 

under the sun for two weeks. The leaves were taken to an 

electric muffle furnace and further dried for 24 hours at 

100oC to ensure the complete removal of moisture. Fibers 

were extracted from Doum palm leaves by serration 

process. Each fiber was sieved using mesh and separated 

according to the fiber size, and grouped accordingly [4] 

[9].  

b) Preparation of Matrix Materials 

The matrix material was prepared by measuring the 

required quantity of Epoxy Resin and the corresponding 

hardener using a weighing balance and then mixed in the 

ratio of 10:1 and stirred. After stirring, the quantity of 
matrix material to be used for each layer was measured 

[8][4]. 

c) Production of Composites 
The production of the composites was carried out by the 

conventional hand lay-up technique. Composites of the 

same composition (Polymer 60wt % and fiber 40wt %) 

with four layers and four different fiber-laygeometries 

were prepared for testing. Composites plates produced 

were rectangular in shape at room temperature [5]. Proper 

care was taken during the production of the laminates to 

ensure uniform thickness, minimum voids in the material, 

and homogeneity was maintained [6] [12]. 

The laminates were produced by placing the Doum 

palm fiber one over the other with a matrix in between the 

layers. Brush and Roller were used to distribute matrix 
materials uniformly and compacted to remove entrapped 

air. 

The composite produced was placed under a load for 

about 24 hours for proper curing at room temperature. 

After curing, the specimens of suitable dimensions were 

cut to suit the ASTM dimension for mechanical tests. 

Fig.  1 (a) and (b) are the samples of the produced 

composites. 

     
  (a)   (b) 

Fig. 1: Sample of Composite (a) ± 450, (b) 0/900 

C. Mechanical Properties 

a) Ultimate Tensile Strength (UTS), Young Modulus (E), 

and Percentage Elongation: Tensile test was conducted 

using the universal testing machine. The test specimen was 

prepared in the form of dumbbell shape with 

dimensions(165 × 19 × 3)𝑚𝑚, gauge length (100) mm. 

A crosshead speed of 5mm/min was chosen according to 

the ASTM D638 standard. The testing process involves 

placing the specimen in the testing machine and applying 

load to it until fracture [8]. The tensile force was recorded 

as a function of the increase in gauge length. Ultimate 

tensile strength (UTS), Young’s modulus (E), and 

percentage elongation (EL) were computed using 

equations (1), (2), and (3), respectively. 

The ultimate tensile strength of the specimen was 

calculated using equation 1. 

𝜎 =
𝑝

𝑏 × 𝑑
                                                                    (1) 

where; 𝜎 is ultimate tensile strength, p is the load at the 

break, b is the initial width of the sample, and d is the 

initial thickness of the sample. 

The young modulus of the composite was calculated 

using equation 2. 

𝐸 =
𝜎

𝜀
                                                                              (2) 

Where; E is the tensile modulus, 𝜎 is ultimate tensile 

strength, and 𝜀 is the strain of the sample. 

The percentage elongation of the composite was 

calculated using equation 3 

𝐸𝐿 =
𝑒

𝑙
 × 100%                                                          (3) 

where EL is the percentage elongation of the specimen, 

e is elongation at failure of the specimen, and l is the initial 

gauge length of the specimen. 

b) Flexural Strength: the flexural strength was measured 

under a three-point bending approach. The test was 

performed in accordance with ASTM D790 [9]. 

Rectangular specimens of size (125 × 12.7 ×  3.2)𝑚𝑚 

were subjected to a load on the universal testing machine 

with a support span length of 100mm with a speed of 

5mm/min. The modulus of rupture (MOR) was computed 
at this point using equation (4) 

𝜎𝑓𝑚 =
3𝑝𝑙

2𝑏𝑑2
                                                                   (4) 
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where; 𝜎𝑓𝑚Is flexural strength, p is the load at the break, 

l is the support span, b is the width of the sample, and d is 

the depth or thickness of the sample. 

c) Impact Strength: The impact test was conducted 

according to ASTM D256 using the Charpy V-notch 

impact testing machine. The dimensions, gauge length, and 

V-notch were according to the standard [9]. The specimen 

size (63.5 ×  12.7 ×  12.7)𝑚𝑚 was placed between a 

special holder with the notch oriented vertically and 

towards the origin of impact. The specimen was struck by 

a “tup” attached to a swinging pendulum. The specimen 

breaks at its notched cross-section upon impact, and the 

upward swing of the pendulum was used to determine the 

amount of energy absorbed in the process. The impact 

strength was computed using equations (5). 

              Impact strength =
𝐸

𝐴
  (𝐽 𝑚2⁄ )               (5) 

where; E is the energy absorbed (J), and A is the area of 

the specimen. 

d) Hardness: The hardness test was conducted according 

to ASTM D2240 using a Rockwell hardness testing 

machine. The specimen was cut into (25×25×10) mm 
square strips. The test was performed by gradual pressing 

of a presser foot of diamond-tipped indenter, which 

penetrates to a certain depth on the specimen [11]. The 

hardness value depends on the depth to which the indenter 

penetrated the specimen.  

III. RESULTS AND DISCUSSION 

A. Ultimate Tensile Strength (UTS), Young Modulus (E), 

and Percentage Elongation: 
from Fig. 2, the results obtained showed that the tensile 

strength of the composites decreases with an increase in 

fiber-laygeometry from 00 to 900 orientation. Therefore, 

the tensile strength of the developed composite 

significantly decreases with an increase in fiber-

laygeometry from 00 to 900; this is because of poor 

adhesion between fiber and matrix and the orientation of 

the fiber, same was observed by previous researchers [11] 

[18]. 

Fig. 2: Variation of tensile strength of composite with 

fibre-laygeometry 

The Young’s modulus, from Fig. 3, it was found to 

increase with increase in fibre lay-geometry from 00 to 900 

orientations even though some fluctuations were observed 

in between. The maximum tensile modulus obtained was 

for composites with [90/90/90/90]0 orientation. The 
possible reason for increase in tensile modulus may be due 

to proper adhesion between the fibre and matrix. This was 

also observed by previous researchers [20][11]. 

 

Fig. 3: Variation of Young’s modulus of composite with 

fibre-laygeometry 

The percentage elongation of the developed composite 

was optimum at [0/0/0/0]0 orientation and significantly 

decreases with increase in angle of orientation as shown in 

Fig. 4.  

 

Fig. 4: Variation of percentage elongation of 

composite with fiber-laygeometry 

 

B) Flexural Strength: 

 It is evident that fiber orientation is having a significant 

effect on the flexural strength of the composites. It is 

interesting to note that flexural strength increases with an 

increase in fiber orientation from 00 to 900 as shown in Fig. 

5, The highest impact strength (12.97 kJ/m2) was obtained 

at [0/0/0/0]0 orientation because the direction of bend is 

parallel to the direction of the fiber. The fluctuation of the 

result is a result of the change in the direction of the fiber. 

This is at par with the work of other researchers [11, 19] 
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Fig. 5: Variation of flexural Strength of composite with 

fiber-laygeometry 

C) Impact Strength:  

The impact energy values of the composites developed 

with different lay geometry were recorded during the 

impact tests; the result showed that the resistance to impact 

decrease with an increase in fiber orientation, as shown in 

Fig. 6.  The high strain rates or impact loads may be 

expected in many engineering applications of composite 

materials. The suitability of a composite for such 

applications should therefore be determined not only by 

usual design parameters but by its impact or energy 

absorbing properties. 

 

Fig. 6: Variation of impact strength of composite with 

fiber-laygeometry 

D. Hardness:  
The result of the effect of fiber-laygeometry on the 

hardness of the composite is presented in Fig. 7. There was 

not much variation in hardness of the composites with 

respect to fiber orientation, and it has been noticed that 

composites with cross-linked fiber-laygeometry of [0/90]o, 

[+45/-45]o, and [+30/-30]o exhibit higher hardness 

compared to composite with unilateral 0o and 90o 

orientations. This might be as a result of better dispersion 
of the fibers in the matrix with minimization of the void 

between the matrix and the fiber [12]. 

 

Fig. 7: Variation of the hardness of composite with 

fiber-laygeometry 

IV. CONCLUSION 

The influence of Fibre-laygeometry on mechanical 

properties of the developed epoxy-based composites 

reinforced with Doum palm fiber which is composed of 

60%wt polymer and 40%wt fiber, have been studied. The 

mechanical properties test results showed that as the fiber-

laygeometry increases from   0o to 90o, there was a 

significant effect with respect to tensile strength, 

percentage elongation, and impact strength, all of which 

decreased, while flexural strength and tensile modulus 

increased and there was no significant effect with respect 
to hardness. The best laygeometry of the fiber that gives 

the optimum mechanical properties is at 00 orientations. 

APPENDIX A 

Summary of Result of Mechanical Properties Test 

Fibre - 

Laygeom

etry 

Tensil

e 

Streng

th 

(MPa) 

Young 

modul

us 

(MPa) 

Percen

tage  

Elong

ation 

(%) 

Modulu

s of 

rupture   

(MPa) 

Impac

t 

streng

th 

(kJ/m2

) 

HRA 

[0]0 38.45 1.954 1.194 39.60 12.970 56.17 

[0/90]0 30.24 1.810 1.013 91.17 10.327 60.83 

[+30/-

30]0 

24.97 2.071 0.731 46.52 9.569 59.67 

[+45/-

45]0 

19.85 2.310 0.543 66.51 7.739 60.33 

[90]0 16.52 2.439 0.412 149.94 6.054 56.67 
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