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Abstract— Fiber Reinforced Polymers (FRP) materials are used extensively in the field of repair and strengthening of different types of structures. 

The used FRP can be in the form of sheets or plates. There are different manufacturing techniques used to produce these plates either manually or 
mechanically. This research work studies the ultimate tensile strength of locally manufactured FRP plates by manual hand lay-up technique with 
different angle orientations of fibers. The used materials are glass fibers and polyester polymer. Five different fiber angle orientations were considered 
in this research (0o, 30o, 45o, 60o and 90o). The obtained tensile strengths of the manufactured plates were compared with those of similar plates 
manufactured mechanically by the pultrusion process which used in USA and Canada.  Test results were compared also with those calculated from 
the well-known rule of mixture considering the materials properties given by the manufacturer.  

Test results showed that the values of the ultimate tensile strength of the locally manufactured plates were between 50% and 55% from which 
manufactured by the pultrusion process. Test results have showed also that the well-known rule of mixture can be used with a reasonable degree of 
accuracy to calculate the ultimate tensile strength of the manufactured plates.

1. INTRODUCTION 

ecent interest in glass fiber reinforced plastics (GFRP) 

structural members has been attributed to the increased 

demands for better performance materials to meet the 

contemporary construction and durability needs. These 

needs include better resistance to environmental loads and 

higher life expectancy than conventional construction 

materials. Until recently, composite materials were used in 

structures requiring high performance standards, such as 

those in the aerospace industry. The expansion of fiber 

reinforced plastics (FRP) industry, however, has led to many 

applications ranging from consumer goods to construction 

applications. The benefits of FRPs over conventional 

materials are lightweight, high strength to weight ratio, 

corrosion resistance, electromagnetic transparency, and 

superior fatigue performance. These advantages have 

brought special attention to FRPs because of their possible 

use in construction, such as in highway pavements, bridges, 

and reinforcing systems.  

In Egypt, applications of FRPs are mainly directed to repair 

and strengthening of different structural members in 

concrete and masonry structures. A number of articles 

related to FRP reinforcing bars (replacing the traditional 

steel reinforcing bars) have been published. The available 

studies on composite beams are very limited because the 

mass production of different structural shapes are done 

mainly by pultrusion process, and the pultrusion industry in 

Egypt is still in the preliminary stages. In this research work, 

FRP plates with different fibers orientations were manually 

manufactured by hand lay-up technique using E-glass fibers 

and polyester resin those are available in the local market. 

Results of ultimate tensile strength of these plates were 

compared to similar plates manufactured by the pultrusion 

process. Figure 1 shows a sketch for the hand lay-up process 

and Figure 2 shows a sketch for the different steps of the 

pultrusion process. 

2. OBJECTIVES 

1- The main objective of this research work is to compare 

between the effectiveness of Hand Lay-up 

manufacturing method used in the local market and the 

Pultrusion process used in different countries such as 

USA. This comparison will be done by evaluating the 

ultimate tensile strength of GFRP plates produced by the 

two manufacturing methods with five different fiber 

angle orientations (0o, 30o, 45o, 60o and 90o). This 

comparison will show the difference between manual 

manufacturing techniques versus fully automated 

mechanical manufacturing technique under high 

control level. 

2- The second objective of this research is to evaluate the 

accuracy of using the well-known rule of mixture to 

calculate the unidirectional strengths of the manually 

manufactured GFRP plates by Hand Lay-up technique.  

3. FABRICATION AND TESTING OF PLATES 

A total of five plates were fabricated manually using a hand 

lay-up technique because as mentioned earlier the 

pultrusion process in Egypt is still in the preliminary stages. 

The used composite system is glass/polyester system where 

E-grade glass fibers are used as the load carrying medium 

and polyester resin as the binding matrix. Tables 1 and 2 give 

the properties of glass fibers and polyester resin respectively 

given by the manufacturer. All plates are of dimensions 

100mm x 300 mm and 4mm in average thickness. Variation 

of plate thickness from one point to another is due to non-

uniform hand compaction of polyester. Compaction of the 

polyester resin in this method is done manually. Fiber 

orientations of these five plates are making angles of (0o, 30o, 

45o, 60o and 90o) with the longitudinal axis of the plate (as 

shown in Figure 5). Fiber volume fraction was about 35% for 

all the manufactured plates. 
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Figures 3A to 3D show the different steps of manual 

manufacturing of FRP plates by Hand Lay-Up method. 

Figures 3A and 3B show the preparation of glass fibers into 

the mold for two different fiber angle orientations (0o and 

45o) respectively. Figure 3C shows the step of adding the 

polyester resin in the mold. Figure 3D shows the last step of 

manual compaction and smoothing the plate surface. 

Tension test specimen was cut from every plate from the 

manufactured five plates; the shape of the tension test 

specimen is shown in Figure 4. The tension force applied on 

these five specimens was along the longitudinal axis of all 

the specimens as shown in Figure 5. Figure 6 shows the 

tension test set up used in this research. 

 
Figure 1: Hand Lay-Up Technique (Manual method) 

 
Figure 2: Steps of Pultrusion Process (Mechanical method) 

Table 1: Glass fibers properties (Manufacturer data) 

Fiber type E –Glass fiber 

Weight per unit area 430 g/m
2
 

Tensile strength  2250 N/mm2 

Tensile E-modulus  70000 N/mm2 

Strain at failure  3.1 % 

Fabric length per roll ≥ 50m 

Fabric width 300/600 mm 

Shelf life Unlimited 

Packing 1 roll in card board box 

Table 2: Polyester resin properties (Manufacturer data) 

Appearance Clear yellow 

Specific gravity 1.1 

Tensile strength (N/mm2) 60 

Tensile modulus (N/mm2) 3650 

Flexural strength (N/mm2) 95 

Flexural modulus (N/mm2) 3200 

 
Figure 3A: Preparation of fibers into the mold (0o Fibers) 

 
Figure 3B: Preparation of fibers into the mold (45o Fibers) 

 
Figure 3C: Adding the polyester resin 

 
Figure 3D: Compacting the resin manually 

 
Figure 4: Shape of tension test specimen 
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Figure 5: Tension force acting on the five specimens cut 

from plates with different fiber angle orientations (0o, 30o, 

45o, 60o and 90o) 

 
Figure 6: Tension test set up 

4. TEST RESULTS 

As mentioned before, five plates were manufactured by 

Hand Lay-up technique of the same dimensions (100x300) 

and 4mm average thickness. The fiber angle orientation of 

these plates are 0o, 30o, 45o, 60o and 90o with the longitudinal 

axis of each plate. From each plate, a tension test specimen 

was cut with dimensions as shown in Figures 4 and 5. Fiber 

volume fraction of all the five platters was 35%.Tension 

tests were done on the five specimens with different fiber 

angle orientations where the tension load was applied 

along the longitudinal axis of the specimens (as shown in 

Figure 5). A hydraulic universal testing machine of 

capacity 30 ton was used to apply the load on all the test 

specimens (as shown in Figure 6). All tests were done in 

materials laboratory, Ain Shams University. All specimens 

were failed in tension in the middle zone. Tensile strength 

of each specimen was calculated from dividing the failure 

load by the cross sectional area of the test specimen. Values 

of the tensile strength of all the five specimens (in N/mm2) 

are given in Table 3. 

Table 3: Measured tensile strength of all test specimens 

Specimen  

Number 

Fiber angle 

orientation 

Tensile strength 
2N/mm 

1 0o 755 

2 30o 446 

3 45o 223 

4 60o  115 

5 90o 71 
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5. DISCUSSION OF TEST RESULTS 

 For FRP plates and sheets, it is well known that the 

maximum tensile strength is in the direction of fibers 

(i.e. 0o). The unidirectional strength along the fiber 

direction is considered the major tensile strength of FRP 

plates and sheets. Inclination of fibers by any angle (Ɵ) 

will cause a drop in the tensile strength because only a 

component of fibers will resist the tension force. This 

drop will increase by increasing the inclination angle 

(Ɵ). Fiber angle orientation (Ɵ) of 30o, 45o and 60o causes 

a drop in the tensile strength 41%, 71% and 85% 

respectively from the case of unidirectional fibers (case 

of Ɵ=0o) (as given in Table 4 and shown in Figure 7). 

Most of the literature in this area recommended that the 

fiber angle inclination should not exceed 6o to avoid a 

major drop in the unidirectional tensile strength. This 

means that in order to obtain the maximum benefit from 

FRP, the fiber direction should be in the same direction 

of the applied tension force. 

 In the case of fiber direction is perpendicular to the 

tension force (case of Ɵ=90o), the fibers have no role in 

resisting the tension force (i.e. with zero component). 

The tensile strength in this case depends mainly on the 

polymer tensile strength alone. The measured value of 

tensile strength in this case is 71 N/mm2 which is not far 

from the polymer tensile strength given by the 

manufacturer (60 N/mm2 as given earlier in Table 2). 

Generally it should be noted that the properties given by 

the manufacturer are a little bit more conservative than 

the measured properties. 

 In order to compare between the measured tensile 

strengths of FRP plates locally manufactured by Hand 

Lay-Up (manual technique) with those manufactured 

mechanically by the Pultrusion process (fully automated 

mechanical technique), two plates were considered : the 

first one is the unidirectional plate (Ɵ=0o) and the second 

one is the plate of inclination angle of fibers (Ɵ=45o). 

Tensile strength of the first plate (Ɵ=0o) is 755 N/mm2 

which represent about 50% from that of the pultruded 

plate (1500 N/mm2). On the other hand, the tensile 

strength of the second plate (Ɵ=45o) is 223 N/mm2 which 

represent about 55% from that of the pultruded plate 

(400 N/mm2). Tensile strengths of the pultruded plates 

(made from glass fibers and polyester resin with 35% 

fibers volume fraction) are taken from the literature [ref. 

(12) MMFG data of pultruded sections] as given in Table 

4. This means that the efficiency of the Hand Lay-Up 

manufacturing technique (which is used in Egypt) is in 

the range of 50% to 55% compared to the pultrusion 

process which is commonly used in other countries. 

Lower tensile strength of FRP plates manufactured by 

Hand Lay-Up technique (compared to pultrusion 

process) can be attributed to the following reasons: 

- Lower compaction of Hand Lay-Up technique resulting 

more voids in polyester resin than the voids resulting 

from the pultrusion process (which are almost 

negligible). Generally, manual compaction causes more 

voids than mechanical compaction. 

- Lower degree of fibers straightness of Hand Lay-Up 

technique compared to the pultrusion process. Full 

mechanical control of pultrusion process has a major 

effect on fibers straightness and consequently on the 

obtained tensile strength of the manufactured plates. 

Tensile strength of FRP plates is sensitive to the degree 

of fibers straightness. 

- By using manual Hand Lay-Up fabrication technique, 

the plate thickness cannot be uniform 100%. On the 

other hand, pultrusion process produces uniform 

thickness plates due to full mechanical control on all 

the fabrication steps. Uniformity of thickness and the 

overall dimensions of the plates has a remarkable 

effect on their mechanical properties. Generally, 

manual compaction causes more variable thickness 

than mechanical compaction. 

 Tensile strength of FRP plates can be calculated from the 

well-known rule of mixture. The rule of mixture states 

that : 

Fu = (Ffu)(Vf) + (Fmu)(Vm) 

Where: 

   Fu = FRP unidirectional tensile strength of the plate 

   Ffu = Tensile strength of fibers 

   Vf = Fibers volume fraction = 35% 

   Fmu = Tensile strength of polyester resin 

   Vm = Polymers volume fraction = 65% 

By using fibers and polymers tensile strengths (2250 and 

60 N/mm2 respectively) given by the manufacturer, the 

resulting unidirectional tensile strength of FRP plate is 

826.5 N/mm2 as given in Table 5. The measured value is 

755 N/mm2 which represent about 91% from the 

calculated value. This level of accuracy can be 

considered acceptable for the design purposes.  

Table 4: Tensile strength of test specimens compared to 

similar sections manufactured by Pultrusion process 

Specimen 

Number 

Fiber angle 

orientation 

Tensile 

strength 

(Hand Lay-Up) 
2N/mm 

Tensile 

strength 

(Pultrusion)** 
2N/mm 

1 0o 755 (100%) 1500 

2 30o 446 (59%) ---- 

3 45o 223 (29%) 400 

4 60o 115 (15%) ---- 

5 90o 

71 (only 

polymers resist 

tension) 

---- 

** Taken from MMFG data of pultruded sections (35% 

fibers volume fraction) (ref.12). 
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Table 5: Tensile strength of test specimens compared to 

values calculated from rule of mixture for unidirectional 

fibers (0o) 

Specimen 

Number 

Fiber angle 

orientation 

Tensile 

strength 

(Hand Lay-Up) 
2N/mm 

Calculated from 

Rule of Mixture 
2N/mm 

1 0o 755 (91%) 826.5 (100%) 

2 30o 526 ---- 

3 45o 223 ---- 

4 60o  130 ---- 

5 90o 71 ---- 

 
Figure 7: Effect of fiber angle orientation on tensile 

strength of FRP plates 

6. CONCLUSIONS  

Based on the obtained test results and the above discussion 

it can be easily conclude the following points: 

- Tensile strength of FRP plates manufactured by Hand 

Lay-Up technique (locally used in Egypt) is in the 

range of 50% to 55% from similar plates manufactured 

mechanically by the Pultrusion process. 

- Rule of mixture can be used with a reasonable degree 

of accuracy to calculate the tensile strength of the FRP 

plates manufactured by Hand Lay-Up technique based 

on the manufacturer data. 
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