
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 03, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 327 

Strain Hardening Behavior of the Aluminium Metal 

Balu S1 Kannan R2 

1Assistant Professor 2Professor  
1,2Department of Mechanical Engineering 

1,2PSNA College of Engineering & Technology, Dindigul – 624 622, Tamilnadu, India 

Abstract— The experimental investigation on strain 

hardening behavior of Aluminium material grade namely 

Al6063 was performed under the uniaxial stress state and 

plane stress state condition. Aluminium with height and 

diameter ratio of taken in this experiment. The instantaneous 

strain hardening exponent (Ni) and the instantaneous strength 

coefficient (Ki) were determined for aspect ratio for all two 

different stress state conditions and Graphs are plotted for 

various stress – strain ratio & relative density after compare 

the result to another material then   the results were analyzed 

instantaneous strain hardening exponent (Ni) and the 

instantaneous strength coefficient (Ki).  
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I. INTRODUCTION 

Work hardening, also known as strain hardening is 

the strengthening of a metal or polymer by plastic 

deformation. This strengthening occurs because 

of dislocation movements and dislocation generation within 

the crystal structure of the material. Many non-brittle metals 

with a reasonably high melting point as well as several 

polymers can be strengthened in this fashion. Alloys not 

amenable to heat treatment, including low-carbon steel, are 

often work-hardened. Some materials cannot be work-

hardened at low temperatures, such as indium, however 

others can only be strengthened via work hardening, such as 

pure copper and aluminium. 

Cameron, A.G.W. (1957) has investigated on 

aluminium. Stable aluminium is created when hydrogen fuses 

with magnesium, either in large stars or in supernovae [1]. It 

is estimated to be the 14th most common element in the 

universe, by mass-fraction. However, among the elements 

that have odd atomic numbers, aluminium is the third most 

abundant by mass fraction after hydrogen and nitrogen [2]. 

In the earth’s crust, aluminium is the most abundant 

(8.3% by mass) Metallic element and the third most abundant 

of all elements (after oxygen and silicon)[3].Singh, bikram jit 

(2014) has investigated on the multi-response optimization of 

CNC turning with Al alloy. He said aluminium is remarkable 

for its low density and its ability to resist corrosion through 

the phenomenon of passivation. Aluminium and its alloys are 

vital to the aerospace industry and important in transportation 

and building industries, such as building facades and window 

frames. The oxides and sulfates are the most useful 

compounds of aluminium [4]. 

Green [5] proposed a plasticity theory for the 

prediction of the deformation of porous solids for 

isotropically damaged materials considering the voids 

presented in the porous metals. Shima and Oyane [6] 

discussed a plasticity theory for the porous sintered copper 

with various apparent densities and calculated a stress–strain 

for porous copper by utilizing the basic equations proposed. 

The proposed equations were applied to frictionless closed-

die compression and the stress in the direction of compression 

were evaluated in relation to the relative density and were 

compared with the experimental results. The plastic yield 

behavior of porous metals was investigated by Lee and Kim 

[7] performing the combined tension and torsion tests of 

sintered porous metals with a high degree of accuracy. They 

proposed a new form of yield criterion for porous metals 

having a variable parameter obtained from the uniaxial 

relative yield stress and density data. 

The yield criteria suggested zero yield stress only at 

zero relative density. Doraivelu et al. [4] derived a new yield 

function for compressible powder metallurgy materials and 

experimentally verified the proposed equation for the uniaxial 

state of compressive stress using the P/M aluminium alloy X 

7091 as a model material. The yield surfaces for various 

density levels were also generated in a three-dimensional 

principal-stress space using computer graphics. The concept 

of deformation and fracture of powder metallurgy preform 

still requires a considerable amount of investigation. 

Several potential fracture parameters of ductile 

material were investigated by Weng and Sun [5] comparing 

the numerical simulations crack extension with available 

experimental data and proposed the global–local fracture 

criterion and they verified the accuracy of proposed fracture 

criterion in predicting the ductile fracture behavior. 

II. MATERIAL & METHODS 

Most of the research on strain hardening was made on powder 

metallurgy and very less research in the casted metals. So, we 

are interested on the research of strain hardening of the casted 

metals. Let us see what will be the effect of strain hardening 

on the casted metals. So for our project we are selecting 

Aluminium (Al), because Aluminium finds more application 

in our day to day life. 

No Materials 
Minimum in 

% 

Maximum in 

% 

1 Silicon 0.2 0.6 

2 Iron - 0.35 

3 Copper - 0.10 

4 Magnesium 0.45 0.9 

5 Manganese - 0.10 

6 Chromium - 0.10 

7 Zinc - 0.10 

8 Titanium - 0.10 

9 
Others Elements no 

more than 
0.05 0.15 

10 Aluminium  98.3 

Table 1: Aluminium Chemical Composition 

Density (ρ)  2.69 g/cm3 

Mechanical properties 

Young's modulus (E)  68.3 GPa (9,910 ksi) 

Tensile strength (σt) 
145–186 MPa (21.0–

27.0 ksi) 

Elongation (ε) at break 18-33% 
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Poisson's ratio (ν) 0.3 

Thermal properties 

Melting temperature (Tm)  615 °C (1,139 °F) 

Thermal conductivity (k)  201-218 W/m*K 

Linear thermal expansion 

coefficient (α)  

2.34*10−5 K−1 

Specific heat capacity (c)  900 J/kg*K 

Electrical properties 

Volume resistivity (ρ) 30-35 n Ohm*m 

Table 2: Aluminimum AL(6063) Properties 

A. Test Procedure 

We are involved aluminium Al (6063) into the following 

procedure for get the optimum strain hardening exponent ni 

and strain hardening coefficient ki value of the material 

 Machining 

 Compression Load 

 Density Measurement 

After got the desire value from the process then plot 

a table and get these strain hardening exponent and strain 

hardening coefficient value by using two stress state 

condition 

 Uniaxial stress state condition 

 Plane stress state condition 

B. Machining Process 

 We are used the machine shop for cut the material into 4 

pieces for our project requirement 

 And we are done facing the Aluminium Al (6063) 

material in the lathe machine with 20mm height and 

15mm diameter 

 We check the weight of the material in weight machine 

 Weight of the material is 22gram 

 
Fig. 1: Facing Aluminium Al (6063) 

C. Compression Test 

 We use the compression testing machine in strength of 

materials lab to test the our project material 

 Apply load on the material then gradually increases the 

load on Aluminium Al (6063 )material 

 After material is elongated 

 Diameter of the material is increased & height of the 

material is decreased 

 All parameters are measured by using vernier caliper 

 
Fig. 2: Compression Machine 

 
Fig. 3: Compression Machine 

D. Density of Material 

 After elongation material we have to find the density of 

the material 

 We could not directly find the density of material 

because it has irregular shape 

 So that we use Archimedes principle to find the density 

of material 

III. RESULT & DISCUSSION 

We found the strain exponential value and strength co-

efficient for uni-axial stress state conditions and plane stress 

state condition. 

A. Uni-Axial Condition 

 The Strain hardening exponent value ni=0.21 

 Strength co-efficient value ki=117.86 N/mm2 

B. Plane Stress Condition 

 The Strain hardening exponent value ni =0.167 
 Strength co-efficient value ki=222.87 N/mm2 

 From the graph 5, when the load increases the height 

decreases. 

 From the graph 6, when the load increases the diameter 

increases. 

 From the graph 7, when the strain increases the stress 

also increases. 

 From the graph84, in uni-axial condition when the strain 

increases the ni value increases, but in case of plane 

stress condition when the strain increases the strain 

hardening exponent value decreases. 

https://en.wikipedia.org/wiki/Poisson%27s_ratio
https://en.wikipedia.org/wiki/Melting_point
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https://en.wikipedia.org/wiki/Coefficient_of_thermal_expansion#Linear_thermal_expansion_coefficient
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https://en.wikipedia.org/wiki/Specific_heat_capacity
https://en.wikipedia.org/wiki/Resistivity
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 From the graph 9, In both the cases of uni-axial and plane 

stress conditions, when the strain increases, the strength 

co-efficient increases. 

 
Fig. 5: Load Vs Height 

 
Fig. 6: Load Vs Diameter 

 
Fig. 7: Stress Vs Strain 

 
Fig. 8: Strain Vs Strain Hardening (Ni) 

 
Fig. 9: Strain Vs Strength Coefficient (Ki) 

IV. CONCLUSION 

 From the graph above we may conclude that, in case of 

uni-axial stress state condition the strain hardening 

exponent value goes on increasing under different 

loading conditions, but in case of plane stress state 

condition the strain hardening exponent value goes on 

decreasing under different loading conditions. 

 The strength co-efficient value in case of both the uni-

axial stress state conditions and plane stress state 

condition goes on increasing under different loading 

conditions. 

 When the load goes on increasing the density increases 

simultaneously. 

 From the above, we can say that the strength of the 

Aluminium Al 6063) metal is increased. 
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