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Abstract – The prime objective of this present work is to 

study bending strength of different structural cross sections 

like C, Angle and Hollow circular sections of conventional 

and composite material. In this work first we did the 

experimental bending test of conventional material then we 

designed the composite sections by using Finite Element 

Analysis. For those dimensions we manufacture the 

composite sections using glass fiber and epoxy resin. Further 

we did the experimental test of composite material and then 

we compared the both conventional and composite materials 

for weight reduction. 
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I. INTRODUCTION 
 

In early societies human beings lived in caves and shade 

of trees. As the time goes on they started to use naturally 

available materials such as timber, mud, stone and 

biomass to construct houses. Then gradually they followed 

brick making, rope making, glass and metal work. From 

these early beginnings, the modern materials 

manufacturing industries are developed. 

Now a days the principal building materials are 

concrete, masonry, glass, plastic, timber and structural 

steel. The designer has to think about various possible 

types of materials and suggest a suitable material that 

should satisfy economic, aesthetic and functional 

requirement. Mainly the steel is used as a structural 

section in the form of hollow sections[1]. The different 

hollow sections shown in the figure 1. 

 
Fig.1. Different structural sections 

 

II. FIBERS REINFORCED PLASTIC MATERIALS 
 

Fiber reinforced composite material consist of fibers of 

high strength and matrix material. In this form, both fiber 

material and matrix material retain their physical and 

chemical identities, that is they are combined in 

macroscopic level and they are not soluble in each other. 

They produce combination of properties that cannot be 

achieved with either of the constituents acting alone. In 

general, fibers are the principal load carrying members; 

while the matrix material keeps them in desired position 

and in desired orientation, acts as a load transfer medium 

between them and protects them prom environmental 

damage due to humidity and elevated temperatures[9].  

The most commonly laminate type of fiber reinforced 

composites are used in structural applications. Stacking a 

number of thin layers of fibers and the matrix and 

consolidating them into desired thickness. Fiber 

orientation will controls and generates the wide range of 

physical and mechanical properties for the composite 

laminate[9]. 

One of the most important factors for determining the 

properties of composite is relative proportion of the matrix 

material and the reinforced materials. The relative 

proportionate can be given as the volume fractions or the 

weight fractions. The weight fractions are easier to obtain 

during fabrication or by one of the experimental methods 

after fabrication. The volume fractions are exclusively 

used in the theoretical analysis of composite materials. 

Fiber 
Fibers are the principal constituent in a fiber reinforced 

composite material. They occupy the largest volume 

fraction in a composite laminate and share the major 

portion of the load acting on a composite structure. Proper 

selection of type, amount and orientation of fibers is very 

important to obtain desired properties. The fiber selection 

will influence the following characteristics of  a laminate 

[9]. 

 Tensile strength and modulus  

 Compressive strength and modulus 

 Specific gravity 

 Fatigue strength as well as fatigue failure mechanism 

 Damping 

 Cost[9] 

For the structural sections under consideration glass 

fiber is chosen. Glass is the most common fiber used in 

polymer matrix composites. It has the following 

advantages 
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 High strength 

 Low cost 

 High chemical resistance 

 Good insulating properties 

 

 
Fig.2. Mat type  of glass fibers 

  

Matrix 
The role of matrix in a fiber reinforced composite 

material is  

 To transfer stresses between the fibers 

 To protect the surface of the fiber from mechanical 

abrasion  

 To provide a barrier against an adverse environment 

The matrix plays a minor role in a load carrying 

capacity. The matrix has major influence on inter laminar 

shear as well as in plane shear properties of composite. 

Inter laminar shear strength is important in designing a 

composite under bending loads. The matrix provides 

lateral support against the fiber buckling under 

compressive loads. Among the matrix materials epoxies 

are used because of commercial availability, and it is easy 

to process[9]. 

The advantages of epoxies over other matrix materials 

are given below 

 Wide variety of properties available  

 Low shrinkage during cure  

 Absence of volatile materials during cure 

 Excellent resistance to chemical and solvents 

 Low shrinkage during cure 

 Excellent adhesion to fibers 

The disadvantages are relatively high cost and curing 

time. 

The matrix material used is epoxy resin that is araldite 

plus hardener shown in figure 3.  Araldite CAMELET-

3321 is a liquid solvent free epoxy resin. It has versatile 

applications in technical and industrial applications. 

Curing takes place at room temperature and atmospheric 

pressure after addition of hardener. Hardener CAMCURE-

241 used as curing agent. 

 
Fig.3. Araldite CAMELET-3321 and Hardener 

CAMCURE-241 

 

III. FINITE ELEMENT METHOD 
  

With the rapid advancement of technology, the 

complexity of the problem to be dealt by a design engineer 

is also increasing. This outline demand speedy, efficient 

and optimal design from an engineer. To be continuous 

developing and ensure better output, the engineer today 

resorting to numerical methods. For the problems that 

have complex shapes, material properties and complicated 

boundary conditions, it is very difficult to obtain analytical 

solutions. Numerical methods provide approximate but 

acceptable solutions to such a complex problems[2]. 

Finite element analysis is one of such numerical method 

for analyzing and solving wide range of complex 

engineering problems which are to solve by any of the 

available classical analytical methods. 

The computer is the backbone of the procedure since in 

involves the solution of many simultaneous algebraic 

equations, which can be solved easily and quickly by the 

computer. Basically Finite Element Method was originated 

as a method of stress analysis. But today the applications 

are numerous. Now a days, each and every design is 

developed through Finite Element Method. The numerous 

applications include the fields of Fluid flow, Heat transfer, 

Electric and Magnetic field, Seepage and other flow 

problems. The various areas of application include design 

of buildings and bridges, aircraft structures, electric 

motors, heat engines, spacecrafts etc. With the advances in 

interactive CAD systems complex problems can be 

modeled with relative ease. Several alternative 

configurations can be tried out on a computer before the 

final prototype is built[3]. 

Finite Element Method of analysis complex region of a 

continuum is descretized  into number of simple geometric 

shapes called finite elements. The material properties and 
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governing relationships are considered over these elements 

and expressed in terms of unknown values at the corners 

of the element. As assembly process, duly considering the 

loading and constraint results in a set of equations.  

Solutions of these equations give approximate behaviour 

of the continuum. 

 

VI. SPECIMEN PREPARATION 
 

Hand lay-up technique  
To make composite sections we use the hand lay-up 

technique because, this technique is the simplest method 

of composite processing. For this technique the 

infrastructural required is also minimal. The processing 

steps are quite simple for this method. First of all, we have 

to make the mould of required shape then, a release gel is 

sprayed on the mold surface to avoid the sticking of 

polymer to the surface. To get good surface finish of the 

product thin plastic sheets are used at the top and bottom 

of the mold plate. Fiber reinforcement in the form of 

woven mats or chopped strand mats are cut as per the 

mold size and placed at the surface of mold after plastic 

sheet. Here we are using mat type fiber reinforcement. 

Then we have to mix the resin with a suitable amount of 

binder. Then that mixture is poured onto the surface of the 

mat already placed in the mould. The mixture is uniformly 

spread with the help of brush. Second layer of mat is then 

placed on the matrix surface and a roller is moved with a 

mild pressure on the mat-resin layer to remove any air 

trapped as well as excess resin present. The process is 

repeated for each layer of resin and mat, till the required 

layers are stacked.  After placing the plastic sheet, release 

gel is sprayed on the inner surface of  the top mold and the 

pressure is applied. After curing at the room temperature, 

mold is opened and the developed composite part is taken 

out and further processed[10]. The schematic hand lay-up 

is shown in figure 4.  

 

 
Fig.4. Hand lay-up method 

 

 

 

V. EXPERIMENTAL SETUP 
 

The three point bending test produces its peak stress at 

the  mid-point of the specimen  with reduced stress at 

other part of the specimen. This stress localisation is ideal 

for testing specific isolation of stress on a component or 

material. The three point bending test is carried on a 

different structural sections using Universal Testing 

Machine(UTM) having a capacity of 1000KN.  Electronic 

ranges of universal testing machines are fast, accurate, and 

simple to operate. In this machine load and displacement 

are displayed on the digital display system in their 

respective engineering units. The figure below shows the 

digital Universal Testing Machine(UTM). 

 

VI. RESULTS AND DISCUSSION 
 

Analysis of sections 
The figures 5 and 6  shows the analysis of conventional 

sections 

 

 
Fig.5. max von mises stresses of conventional L-section 

 

 
Fig.6. deflection vector sum of conventional L-section 

 

The figure 7 and 8 shows the analysis of composite 

sections 
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Fig.7. max von mises stresses of composite L-section 

 

 
Fig.8. deflection vector sum of composite L-section 

  

The table 1 shows the analysis results of different 

structural sections of conventional and composite material.

 

Table 1: Static analysis results of different sections 

Particulars 
L-Section C-Section O-Section 

Mild Steel Composite Mild Steel Composite Mild Steel Composite 

Max von mises stresses in N/mm
2
 1194 272 716.526 112.251 967.771 237.263 

Deflection vector sum in mm 9.884 6.309 8.215 6.755 7.645 4.815 

 

VII. THREE POINT BENDING TEST 
  

The three point bending test is carried out  on different 

structural sections using Universal Testing Machine 

having a capacity of 1000KN capacity.  

Load verses deflection characteristics of different 

composite and conventional sections  

 

 
Graph 1 : Load-deflection graph of L-section 

 
Graph 2 : Load-deflection graph of C-sections 

 

 
Graph 3 : Load-deflection graph of O-sections 
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Graph 4 : Load-deflection graph of different conventional 

sections 

 

 
Graph 5: Load-deflection graph of different composite 

sections 

 

VIII. REDUCTION IN WEIGHT OF COMPOSITE 

SECTIONS 
 

After the analysis of the convectional sections we got 

the load, for that load we designed the composite sections 

then, percentage reduction in weight is calculated.  

Table 2: Weight reduction in composite sections 

Sections Weight of 

conventional 

sections in 

grams/ft 

Weight of 

composite 

sections in 

grams/ft 

% 

reduction 

in weight 

L-section 1081 980 9.34 

C-section 1084 956 11.80 

O-section 1082 923 14.69 

 

The table 2 shows the reduction in weight of different 

sections of composite. 

 

IX. CONCLUSION 
 

The following conclusions are drawn from the present 

work: 

1. The C-section has the more load carrying capacity of 

62750N as compared to the L-section 58300N and O-

section 43050N. 

2. Reduction in weight is maximum in O-section 14.69%  

as compared to the C-section 11.80%  and L-sections 

9.34%. 

3. L-section has the maximum stress as compared to other 

two sections both in convectional 1130.70N/mm
2
 and 

composite 376.54N/mm
2
. 
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