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And Hand Lay-Up Method 
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Abstract: The present-day industries require more complex products for multi engineering domains. Scientists and researchers are continuously 
searching for new methods for making products with low density, high strength, and high stiffness to weight ratio, excellent durability and design 
flexibility. The GFRP composites is an unique material which satisfies all the pre-requisites of the fields such as aircraft, automotive, marine and other 
industries that need many structural components. There are several manufacturing techniques employed to make GFRP composites. This project 
investigates the mechanical behavior of GFRP composites using Vacuum Assisted Resin Transfer Molding and Hand Laying Technique. This method is 
considers as simple manufacturing method, because during the HLU process, the mechanical properties and dimensional stability are poor and 
hazardous air pollutants may be emitted.  The VARTM is becoming more popular due to its low hazardous emissions and high mechanical properties 
and dimensional stability. VARTM-WRM 45 degree has 4.25% high tensile strength, 7% high impact strength compared to HLU-WRM 45 degree. 
VARTM-CSM 0 degree has 7.18% high tensile strength, 6.9% high impact strength compared to HLU-CSM 0 degree. 
 
Index Terms: CSM, Flexural testing, GFRP, HLU, Impact test, Tensile strength, VARTM,WRM 
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1 INTRODUCTION     
The different fields of engineering such as automotive, 
aerospace and aircraft industries are using the Glass fiber-
reinforced polymer (GFRP) for its special features like 
lightweight, high modulus, high specific strength and high 
fracture toughness.  On the other hand fabricating GFRP 
composite materials is considered as difficult task due to its 
surface delamination, surface roughness, fiber pullout which is 
the special feature of that material, heterogeneity and the 
cutting parameters that appear during the machining process. 
The researcher intended to give significant tips to other 
researchers regarding the utilization of VARTM and HLU 
technology in their works. The present work has dealt with 
investigating the mechanical properties of GFRP composite 
materials and put forth the issues in the process of fabrication 
and testing of GFRP composites to the successor. The GFRP 
composites fabrication is made difficult because of its inherent 
properties and distinct anisotropy. Hence this paper analyzed 
about the proper selections of manufacturing methods which 
are indispensable to determine the tensile strength, flexural 
strength and the impact strength. Polyester- and epoxy-based 
composites containing glass-fibers and carbon-fibers were 
factory-made employing a vacuum-assisted resin transfer 
molding (VARTM) method. Fourier transform infrared chemical 
analysis was conducted to check the interaction between 
Glass-fibers and matrix.  The result shows that strong 
interaction was observed between Glass-fiber and epoxy resin 
material. However, the remaining fiber matrixes were weak 
interactions. SEM analysis also performed to get some 
information about the strength of the interaction between 
Glass-fibers matrix material.  
 
 
 
 
 
 
 
 
 
 
From scanning electronic microscope analysis, it is concluded 

that obtained in FTIR analysis was good. Another aim of the 
work was to analyze the influence of the matrix on composite 
properties [1]. The step by step procedure regarding the 
manufacturing of composites by an in-house vacuum infusion 
process, called VARTM. In this process, the resin is taken 
through pre-form with the use of a vacuum, not pumped under 
pressure. It has become wonderful fabrication method in 
recent years because of its low-cost scalability and tooling to 
very big structures [2]. It conjointly minimizes void contents 
within the wrought composites, reduces VOC emissions, and 
results in less scrap than other molding techniques [3]. The 
paper gives significant tips for researchers who intend to set-
up and utilize VARTM technology in their works. Hybrid 
composite was invented mistreatment totally different 
combination of carbon fibers, E-glass with epoxy compound 
resin as a matrix. Flexure properties were analyzed in hybrid-
Fibre composites to investigate the good fiber-matrix adhesion 
and fiber interaction [4]. Impact behavior of hybrid materials 
were conjointly investigated mistreatment Low rate impact 
(LVI) take a look at. The fracture surfaces of every specimen 
were investigated mistreatment scanning microscopy to judge 
the injury and failure behavior of composite specimens [5]. 
Wollastonite as a filler material and this work also includes the 
experimental evaluation of flexural properties of series of such 
wollastonite filled glass-epoxy composites (for both chopped 
and woven type). It is observed that maximum bending load 
taken by each specimen varies directly with the increase in 
filler percentage and also found that flexural strength gradually 
increases as the percentage of filler addition is increased [6]. 
 

2 EXPERIMENTAL DETAILS AND MATERIALS 

USED 
 
2.1 Experimental Procedure 
VARTM method is a closed mold method where a flexible solid 
counter tool is used for the B-side surface compression. 
Because it not only yields excellent strength-to-weight 
characteristics, high glass to resin ratio but also it increases 
the laminate compression.  Initially the process starts with 
packing of pre-forms or dry fiber reinforcement into the mold 
cavity that has the shape of the desired part and then the mold 
will be closed and clamped.  Additionally catalyzed and low 
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viscosity resin is pumped into the mold under pressure, 
displacing the air at the edges, until the mold is filled. Finally 
the cure cycle will be started to heat the mold and the resin 
polymerizes to become rigid plastic. Gel coats can also be 
applied to give a high-quality and durability in finished product.  
Through this method it is expected from 100 to 10,000 units of 
high-quality composite fiber glass or fiber reinforced plastic 
parts are to be produced per year. Al, nickel shell, mild steel 
and polyester are the tools employed in this method. On the 
contrary the process of RTM differs within the methodology of 
closing the mold i.e., manually or by applying a vacuum 
between two seals in the mold peripheral flange. 
2.2 Material Specifications 
For the experimental investigation GFRP-CSM and GFRP-
WRM are used and table 1 below reveals the material 
specification and composition 

 
Table 1 – Material Specification 

 
2.3 Experimental Setup of VARTM 

 

 
 

2.4 Specimen Preparation using Water jet Machine  
The high-pressure water jet technology in the machine 
process are high productive, cost effective and 
environmentally sustainable. Hence its importance is being 
realized by the industries nowadays and it has been used to 
get the potential profit. The water jet cutter is used as a tool in 
the process of slicing into metal or alternative materials 
employing a jet of water at high speed and pressure, or a 
mixture of water and an abrasive substance. Though this 
process is similar to that of water erosion found in nature, it 
has accelerated and targeted by orders of magnitude. There 
are six main methods in water jet cutting: Uses a fast stream 
of extremist hard-hitting Water thirty thousand –Ninety 
thousand psi (210–620 MPa) that is made by a hard-hitting 
pump with suitable abrasive particles suspended in the 
stream. To place the material (woven mat & chopped strand 

mat) on the top of the machine surfaces. The correct 
measures will be inputted to them, and then the high pressure 
starts to flow on the material. Then the material will be cut as 
per the dimensions. The duration of time will depend on the 
material selection and speed of the water flow and also the 
number of pieces to get. 
 

3 TESTING 
 
3.1 Tensile Testing 
The most common tensile-testing machine is universal testing 
machine. This type of machine has 2 crossheads, one is 
adjusted for the length of the specimen and therefore the 
difference is driven to use tension to the take a look at the 
specimen 

 

 
 

The test method involves inserting the specimen within the 
testing machine and slowly extending it till it fractures. During 
this method, the applied force is recorded against the 
elongation of the gauge section. The reading will be noted and 
tabulated. The graph will be plotted as Strain in x-axis and 
Stress in the y-axis. 
 

 
 

DESCRIPTION CHOPPED WOVEN 

Material Length 300mm  300mm  
Material Breadth 300mm  300mm  
Material Thickness 8mm 8mm 
Cutting angle 0

0 
45

0 

Number of layers 16 16 
Weight of the material 640gm 840gm 
Material and Epoxy Resin 
ratio 

1:1.5 1:1.5 

Hardener and Epoxy Resin 
ratio 

10:1 10:1 

Weight of Epoxy resin 960gm 900gm 
Weight of Hardener 125gm 110gm 
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Table 2 – Tensile testing results 

 
3.2 Flexural Testing 
The most common machine used for three points flexural 
testing is a universal testing machine. It is having the test 
fixture which is used for placing the test specimen. The load is 
applied on the specimen by using a loading nose. 
 

 
 

 
 

The specimen is placed on the test fixture and the load is 
applied at the center by the loading nose producing three-point 
bending at a specified rate. The reading will be noted and 
tabulated. The graph will be plotted as Displacement in the x-
axis and the Load in the y axis. 
 

.  

Material 
Tensile 
strength(MPa) 

Maximum 
strain 

% 
Elongation 

VARTM - 
WRM 45

0
 

87.70 34.68 13.33 

HLU - 
WRM 45

0
 

84.13 30.15 12.32 

VARTM - 
CSM 0

0
 

78.92 23.90 10 

HLU - 
CSM 0

0
 

73.63 21.10 8.92 
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Table 3 – Flexural testing results 

 
3.3 Impact Testing 
The most common machine used for impact testing is the 
IZOD-impact testing machine. In this machine, the pivoting 
arm is attached to the machine which is used to hit the 
notched sample. A pivoted arm is raised to a particular height 
then free. The arm swings down touching a notched sample, 
breaking the specimen. The energy absorbed is calculated 
from the peak the arm swings to once touching the sample. 
The reading will be note down from scale which is attached to 
the machine. 
 

Table 4 – Impact testing results 

 

4  RESULTS AND DISCUSSION 
 

 
 

 
 

 
 

Material 
Break 
load(kN) 

Maximum 
displacement(mm) 

Ultimate 
stress(kN/mm

2
) 

VARTM - 
WRM 45

0
 

0.135 4.800 0.002 

HLU - 
WRM 45

0
 

0.109 3.86 0.002 

VARTM - 
CSM 0

0
 

0.245 16.200 0.003 

HLU - 
CSM 0

0
 

0.190 13.35 0.003 

Material Impact strength (Joules) 

VARTM - WRM 45
0
 10.5 

HLU - WRM 45
0
 9.81 

VARTM - CSM 0
0
 9.4 

HLU - CSM 0
0
 8.79 
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This section discusses the results of the mechanical properties 
of GFRP made by VARTM and HLU method to classify them 
for industrial application. Fig 10-15 illustrates the typical tensile 
strength, stress, strain, displacement, impact strength against 
GFRP element tested in this course of the investigation. The 
observed results presented in these figures and Table2, Table3 
and Table4. From Fig 2-5 clearly, notice qualitatively as well as 
quantitatively different in the non-linear behavior of the stress 
strain curve. Tension tests exhibit almost identical in WRM 45

0
, 

CSM 0
0
 in VARTM and HLU method which is linear slope with 

a visible and well-defined peak load. Figure 10-15 shows 

when compared to both the fabrication methods VARTM 
method has high Tensile strength, impact strength in both 
WRM 45

0
 and CSM 0

0
. The overall property of VARTM – WRM 

45
0
 is as high as remaining all samples.  

 

5 CONCLUSION 
The present study reported the experimental results of Flexural 
test, tensile test and Impact test and mechanical properties of 
GFRP fabricated by the HLU and VARTM method. The samples 
used in this work are WRM 45 degree and CSM 0 degree. The 
goal of this research work is to explore the mechanical properties 
of GFRP members. Out of varies properties obtained in this 
research work the following are important to be specially 
mentioned. It was experimentally shown that the VARTM-WRM 
45 degree has high mechanical properties. The mechanical 
properties depend on the fabrication methods. It is clearly noticed 
that the Vaccum-Assisted Resin transfer molding method has 
high dimension stability and mechanical properties. Finally, the 
influence of fabrication methods and the fiber content on 
mechanical properties corresponding ultimate strength further the 
authors may extend the scope of work by increasing the number 
of the sample by varying the fiber orientation angle, fiber type and 
other mechanical properties and influence of temperature. 
Furthermore, the scope is on machining the GFRP which is a 
tedious task due to his heterogeneity and anisotropic properties. 
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