
Mechanical Properties & 
Strengthening of Metals

Dr. Akm Rahman
10/28/2020

Vaughn College
EGR 235

Copyright by: Prof. Dr. Akm Rahman



Elastic and Plastic Deformation

• Strain represents-
• Changes in interatomic spacing
• Stretching of Interatomic bond

• Modulus-
• Slope of Inter-atomic Separation
• Modulus is Material Property 
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Shear Modulus
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Elastic and shear Modulus Values

• Neu, n

e

Poisson’s Ratio- Ratios  of strains in two axes
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Lateral change due to longitudinal loading

E=s/e

s= F/A

A=Sectional Area

If, F=7 KN, Find the change in diameter
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Plastic Deformation

• Yield Strain, v
• Yield Stress, sy

• Yield strength varies from 35 
MPa (Low strength Al) to 
1400 MPa (high Strength 
steel)



Mechanical Property Determination



Hardness
• Brinell
• Vickers
• Knoop
• Rockwell

Hardness is Materials Resistance to Plastic Deformation



Hardness Conversion

• ASTM E 140-
Standard Hardness 
Conversion Tables for 
Metals



Hardness Correlation with Tensile Strength

• TS(Mpa)=3.45*HB
• PS(psi)=500*HB



Equation Summary



Lets Solve the Elasticity Related Problem



Hardness Related Problem

If HB of steel is 241
What is the value in Rockwell B Scale?

Use-Hardness Conversion Table



Strengthening of Metals

• Primary things to keep in mind-
• Plastic Deformation
• Number of Dislocations in the structure.

• Macroscopic plastic deformation/strain depends on the ability of 
dislocations to move

• Bond Breaking and Re-bonding Process

• Reduction the ability of dislocation  movement , means increase in 
hardness and strength

• Pure Aluminum is  Weaker and  Softer Than Al 6061
• Pure Iron is Weaker and Softer Steel

Is Metals strength constant? N
Is Metal Modulus Constant? Y
Is it possible to Improve Strength? Y



Strengthening by Grain size reduction 

• Poly-crystalline Metals
• Poly-Grain Metals
• Multiple Grain Boundary

• Crystal- Grain Grain 
Boundary

• Smaller Grain Means 
More Boundaries

• More Slip Resistance
• Dislocation Pile Up

• Higher Strength
Hall-Petch Equation



Solid Solution Strengthening
• Adding Alloy element 

• Solid Solution

• Increasing impurity
• Increase strength
• 22 Karat Gold

• 22 Part Au, 2 Part Cu

• Cu in Ni
• Solubility Limit Restricts the 

content of impurity

18 Karat24 Karat

Hume- Rothery Rules

Weaker than
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Lattice Strain

• Dislocations impeded by 
substitutional Impurity 

• Depends on solute atom 
size

• Smaller atom
• Creates Tensile strain

• Larger atom
• Creates Compressive strain

Diameter of Ni    < Diameter of Cu



Strain Hardening

• Cold Work Hardening
• Cold Rolling Process

Roller

Steel Block



Several Examples of Cold -Hardening

Rolled Steel coils Rolled Steel Bars



Example 

%EL=(Delta l/l)x100
Cylindrical bar

l

If , Steel 1040 Rod is cold Rolled from 1 in to 0.75 in Dia, Determine 
%EL and Tensile Strength. Also determine, elongation (Delta l) of a 2 ft
long cylindrical bar.

Spend 
15 minutes

Ans: %CW=(.5^2-.375^)*100/.5^2=43.7%
Sy=900 Mpa
%EL=6%
If l=2ft, Delta l= .06*2 ft=.12 ft=1.44 in
Final Length =2ft+1.44 in



Recovery, Recrystallization and Grain Growth

• Hot Work Process
• Typical is Hot work after cold rolling
• Physical Strain Hardening

• Distortion 
• Deformation- Results in Crack

• Heat Treatment Process
• Recovery

• Internal strain Removed
• Re-Crystallization

• New Crystal formed
• Grain Growth

If Fy goes down then why hot work needed?
Because, Hot work increase ductility or formability.



Re-Crystallization and Temperature



Grain Growth



Equations



Assignment

Q1. Explore various strengthening mechanism in engineering materials
• Identify types of strengthening
• List the material  names
• List application
• List as many Materials as you can ( Minimum 10)
• Use a Table like the following -

Strengthening
Mechanism
(e.g. Solid Solution)

Metal/ Material
Combination
(e.g. iron+Carbon)

Industrial Grade
(e.g. Steel 1040)

Application
(e.g. Sheet Metal)



Q.2.

• From the plot of yield strength-
grain diameter for a 70Cu-30 Zn 
cartridge brass, determine 
values for the constants s0
and Ky.

Submit Q1, Q2- in one file
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