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ABSTRACT 

 
ARTICLE INFO 

Glass fiber reinforcement has been a recent trend and effective method for enhancing 

strength characteristic of metals, plastics, joints etc. at a very low competitive cost. 

Aluminum is a light weight metal with less strength characteristic as compared to 

other metals. Comparative analysis is made between aluminum and glass fiber 

reinforced aluminum specimen for studying strength properties. A nonlinear material 

approach is used for simulation. Experimental analysis is done with help of three 

point bending test. Force plots are used for comparing both models. FEA and 

experimental results are validated by comparative analysis. Glass fiber reinforcement 

helps in enhancing properties of aluminum is concluded from results.   

 

Index Terms: Aluminum, Glass fiber Reinforcement, Three Point Bending, Uniaxial 

compression. 
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I. INTRODUCTION 

World is now focused on the rapid developments in the 

various fields such as aerospace, space, automotive, 

electronics, and defense, infrastructure developments & 

power generation. Automotive sector has emerged as 

booster to the economy of nations over worldwide. As 

automotive manufactures are looking to bring light weight 

and fuel efficient vehicles in market. So there is continual 

research on reducing the cost of vehicle by utilizing the light 

weight composites which can give similar mechanical 

characteristics as compared to metals parts used in 

automobile. 

Current research work focus on use of aluminum and glass 

fiber composite to be utilized in manufacturing of bumpers 

of automobiles. It is anticipated that this aluminum glass 

fiber composite can absorb the lateral or transverse loading 

occurred during accidents or deliberately happed incidents. 

In this work 3 point bending approach is used to analyze the 

performance of composite material and compared with the 

aluminum Specimen. FEA method is used for modeling and 

simulation. Also the FEA results are validated with 

experimental results. 

 

II. LITERATURE SURVEY 

 

A skin of aircraft structure specifically half-monologue 

which is made up of aluminum has been studied for its 

mechanical properties. The study includes experimental 

results and its effect when the specimen is subjected to the 

shear force. Specimen which is a rectangular shaped plate 

without stiffener 2mm thick and structure with 1mm 

thickness is stiffened by 15 integral ribs. 3D Digital image 

co-relation (DIC) method is adopted for carrying out the 

nonlinear FEM analysis on the flat plate with comparable 

mass. [1] 

 

Buckling test is conducted on rectangular aluminum column 

in order to check the performance of specimen under 

buckling and post- buckling. Aluminum column specimens 

differs from solid to very slender shapes structures. As 

buckling test provide good movement control over 

compressive loading and for series of loads. The buckling 

load drop is observed as the intermediate slenderness is 

greater than 20% of the critical load value. Such condition 

shows that there is finite disturbance instability, which is 

normally observed in skinny walled cylindrical shells 

however not in case of column. Predictions for the elasto- 

plastic clasping models of engesser or shanley have 

inconsistency with improving estimations of load 

simultaneously with the post-clasping process. It is observed 

that there asymmetric lingering minor plastic strain is 

uncovered as even moment locking takes to extra analysis 

on segments of medium slimness, as strain gauge stuck at 

and against hub areas of clasped profile. As it was observed 
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that operating the segment clasping tests under dislodging 

control is beneficial to be used as basic practice.[2] 

 

Some of the research work helped for knowing immediate 

and valid estimation about safety of column which are 

subjected to accidental or deliberate damage in terms of 

limited buckling under operational loads. Axial compression 

test is conducted on the plates with various slenderness 

ratios with simply supported edges using FEM. As these 

aluminum plates have singular circular holes to number of 

holes distributed over plate with different pattern as well as 

different number of aluminum alloys were used and 

compared results with steel A36 grade. It was observed that 

aluminum plate containing single cut-out offer higher 

resistance than the plates having more holes and of equal 

total cut-outsize. Whereas there was no influence on 

resistance plate more than five holes. [3] 

 

Work describes the performance of aluminum alloy 

rectangular shaped specimen under buckling load test using 

FEM and experimental method. There are 10 numbers of 

specimens with distinctive range of width to thickness ratio 

(in case of flange 4.4 – 15.0 and in case of web 42.9 to 73.1) 

of plates which are separated into two types: one having mid 

span stiffeners and other without intermediate stiffeners. 

Different phenomenon such as ultimate loading capacities, 

failure modes, deformation under application of load and 

stress strain curve for the specimen were studied with help 

of experimentation. Specimen without stiffeners buckled 

locally and specimens with intermediate stiffeners shear 

buckled locally even though they developed tension field. 

Parametric analysis of 24 specimens was done using FEM 

and validate with results from the experimentation. It was 

observed that sufficient width to thickness ration has high 

potential and there is considerable increase in the post 

buckling strength. For specimen with width to thickness 

ratio more than 40 of web should be especially enhanced.  

[4] 

 

Aluminum finds its major applications in aerospace, space, 

automotive, electronics, and defense & power generation. 

As these major areas of application require light weight and 

good performing material in aspects of mechanical, 

electrical and thermal characteristics. Current work used the 

different blends of aluminum with titanium, aluminum with 

copper and aluminum with steel. Importance is given for 

predicting the non-parametric post buckling factors. It is 

observed that the present method for a isotropic uniform 

beam with simply supported and fixed-fixed boundary 

conditions, give good comparative results that of obtained 

by finite element method. [5] 

 

As discussed in this work the thin walled structure made up 

of fiber metal laminate is subjected to axial loading for 

checking the buckling and post buckling performance of the 

structure. 

Study concerns open cross-section profiles which consist of 

alternating thin layers of aluminum and fibre-reinforced 

unidirectional orientation. Specimens were prepared by 

using autoclaving method. Depending on fibres alignment, 

various3/2-layerstackingwere considered and subjected to 

axial compression in buckling tests. Results forms FEA 

modeling is compared with analytically examined results 

based on the Koiter’s asymptotic theory. In this work simply 

supported boundary conditions of loaded edges of thin 

walled columns is investigated and discussed. Detailed 

analysis was also performed to assess the influence of the 

various fibres alignment on the specimen buckling and post-

buckling response. [6] 

 

These above literature work shows that composite materials 

have potential to be used as column structures. As they 

show good performance against buckling and post buckling. 

Our research work represents the approach for use of 

aluminum and glass fiber composite to be utilized in 

manufacturing of bumpers of automobiles. It is anticipated 

that this aluminum glass fiber composite can absorb the 

lateral or transverse loading occurred during accidents or 

deliberately happed incidents.  

III. PROBLEM SPECIFICATION 

 
To find out the performance of aluminum glass fiber 

composite specimen subjected to three point bending 

conditions. 

 

A. OBJECTIVES OF PROJECT 

 Non Linear analysis of Aluminium Specimen and 

Aluminium Glass Fiber Composite Specimen. 

 Experimental study of Aluminium Specimen and 

Aluminium Glass Fiber Composite Specimen. 

 Find bending loads and stress plots. 

 Find the deformation plots with respect to loads. 

.  

B. METHODOLOGY 

From the literature it is learned that how 3D CAD model 

is to be prepared. The conditions required for applying 

various constraints and how the loads are applied is briefed 

in the technical papers referred.   

 

 3D CAD Model Generation 

 Getting input data on dimensions of Aluminum 

Specimen 

 Creating 3D model in CATIA. 

 Determination of loads 

 Determination of different loads and boundary 

condition acting on the component by studying 

various reference papers and resources available 

 Testing and Analysis 

 Meshing the CAD model and applying the 

boundary conditions. 

 Solve for the solution of meshed model using 

ANSYS. 

 Fabrication, Experimental validation and Result 

Analysis 

 Fabrication of specimen 

 Suitable experimentation  

 Validation of result by comparing with 

software results. 
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IV. CAD MODEL 

 

Dimensions ofAluminium Specimen 

 

Parameter Value Unit 

Specimen Width  65.00        mm 

Specimen Thickness 03.00        mm 

Specimen Depth 40.00        mm 

Preload Value 0.00          kN 

Maximum Load 400.00      kN 

Maximum Deflection 200.00      mm 

Specimen Cross-section Area  594.00     
 
mm

2
 

Table No 01 Dimensions of Aluminum specimen 

 

Dimensions of Aluminium Glass fibre Specimen 

 

Parameter Value Unit 

Specimen Width  69.00        mm 

Specimen Thickness 05.00        mm 

Specimen Depth 44.00        mm 

Preload Value 0.00          kN 

Maximum Load 400.00      kN 

Maximum Deflection 200.00      mm 

Specimen Cross-section Area  1030.00     
 
mm

2
 

Table No 02 Dimensions of Aluminum Glass fiber 

specimen 

 

3D CAD modeling of the Aluminium Specimen is made 

using software CATIA V5 as shown in the fig 01. 

 

 
Fig 01- 3D CAD modelof Aluminium Specimen  

 

CAD modeling of the Aluminum & Glass fiber composite 

specimen is made using software CATIA V5 as shown in 

the fig 02 

 

 
Fig 02- 3D CAD model of Aluminum & Glass fiber 

composite specimen  

. 

Material Properties for Aluminum specimen are as shown in 

fig 03 and fig 04. 

 

 
Fig-03 Table for aluminum material properties. 

 

 
Fig-04 Table for nonlinear conditions 

 

Material Properties for composite specimen are as shown in 

fig 05. 

 

. 

Fig-05 Table for epoxy and glass fiber material. 

 

Meshing on the aluminum bumper is made using ANSYS 

workbench software as shown in fig 06 gives 2390 nodes 

and 2347 elements as shown in fig 06. 

 

 
Fig 06 Meshing of Aluminium Specimen  
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Meshing on the aluminum bumper is made using ANSYS 

workbench software as shown in fig 07 gives 30880 nodes 

and 4600 elements as shown in fig 07. 

 

 
Fig 07 Meshing of Aluminum & Glass fiber composite 

specimen   

 

As shown in fig 08 aluminum bumper is given displacement 

of 15mm.  

 

 
Fig 08 Boundary conditions for aluminum specimen 

 

As shown in fig 08 aluminum glass fiber bumper is given 

displacement of 1mm.  

 

 
Fig 09 Boundary conditions of Aluminum & Glass fiber 

composite specimen  . 

 

 

Results obtained by FEA: 

 

 
Fig-09Total deformation of aluminum specimen. 

 

 
Fig-10 Total deformation of Aluminum & Glass fiber 

composite specimen. 

 

 
Fig-11 Equivalent Stress plot for aluminum specimen. 

 

 
Fig-12 Equivalent Stress plot for aluminum glass fiber 

composite specimen. 
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Fig-13 Reaction forces for aluminum specimen. 

 

 
 

 
 

Fig 14- Reaction forces for aluminum glass fiber specimen. 

 

 

 
Fig 15: Testing of aluminum specimen. 

 

 
Fig 16: Testing of aluminum glass fiber specimen. 

V. EXPERIMENTAL VALIDATION 

The three-point bending tests were conducted on a universal 

testing machine. The load−displacement curves were 

obtained from the experiments. Figure 19 shows the 

schematic diagram for the three-point bending tests. The 

peak load F could be obtained from the three-point bending 

tests,and the bending strength R was calculated using Eq. 

(1). 

 

                        (1) 

where l is the size of the span, b and h are the width and 

thickness of the specimen, respectively, and F is the peak 

load during the test. 

 

 
Fig 17: Schematic of 3 point bending test. 

 

Technical Specifications of UTM 
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Table No. 03 Technical Specifications for UTM Setup 

 

Tools Used: 

CAD Software – CatiaV5R19 

CAE software –Ansys18 

Experimental testing – UTM 

 

VI. RESULTS AND DISCUSSION 

 

 
Fig 18- Bending test graph for aluminum specimen 

 
Fig 19- Bending test graph for composite Specimen 

 

When these two specimens are subjected to compression 

test they show a load Vs deflection curve for each of the 

specimen as shown figure 18 & figure 19.  As it can be seen 

in figure 18 that aluminum specimen can sustain maximum 

load of 13.81 kN  with maximum permissible displacement 

of 14mm, but in case of composite specimen which sustain 

maximum load up to 27.14 kN with maximum permissible 

deformation of 16mm.  

 

Comparison of FEA and experimental results 

SR.NO TYPE OF 

SPECIMEN 

MAX LOAD IN KN 

FEA EXPERIMENTAL 

1 Aluminum 18.8 13.6 

2 Aluminum glass 

fiber composite 

23.1 27.1 

VII. CONCLUSION 

From the current research the following results were made.  

 

1. The reinforced glass epoxy composites gives higher 

bending strength due to strong adhesion of aluminum 

surfaces with epoxy resin 

2. Non Linear analysis of Aluminium Specimen and 

Aluminium Glass Fiber Composite Specimen is in good 

relation with experimental results. 

3. Bending force for aluminum is less as compared with 

Aluminium Glass Fiber Composite 

4. Effect of glass fiber and different metals could be 

analyzed as a future work for enhancing mechanical 

properties  
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