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Properties of MaterialsProperties of Materials

• The design of machines and structures so that they 
will function properly requires that we understand 
the mechanical behavior of the materials being 
used. 

• Ordinarily, the only way to determine how 
materials behave when they are subjected to loads 
is to perform experiments in the laboratory.



Tensile TestTensile Test

• The tension test is commonly employed to 
determine such engineering properties as 

1- Young’s modulus  ,E
2- Yield strength  σy

3- Ultimate strength  σu

4- Percent elongation , and percent reduction of area. 
5- Toughness
6- Modulus of  Resilience
7- Ductile/brittle behavior



Tensile TestTensile Test

• One of the most common tests of material is the tension test. 

• In the usual tension test the cross section of the specimen is 
round, square, or rectangular. 



Tensile TestTensile Test

• The  tensile-test specimen is placed in a test machine 
called tensile-test machine.

• The deformation is recorded by extensometer or strain 
gauge. 





Tensile Test: Stress CalculationTensile Test: Stress Calculation

Loads are gradually applied to the specimen and simultaneous 
readings of the load and deformation are taken at specified 
intervals. 

• Nominal, or engineering, stress σ is determined by the 
formula

where A0 is the original cross-sectional area in the gage section 
and P is the applied load. 
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Tensile Test: Strain CalculationTensile Test: Strain Calculation

• Corresponding values of strain are found  by dividing the deformation by the gauge 

length.

• Where lo is the original length of an axial line element and l is the current current 

length of this element.

The convention for strain is that it is positive  when l is greater than l0 .
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Tensile Stress Tensile Stress ––Strain CurveStrain Curve



Tensile Test: CurveTensile Test: Curve

• The  stress and strain values obtained can then be plotted in a stress-
strain curve.

• The shape of the curve will depend on the kind of material tested. 

• (The temperature and speed at which the test is performed also affect the 
results.) 



Stress Stress ––Strain Curve: RegionsStrain Curve: Regions

• Elastic behavior: The 
sample returns to its 
original shape/ length 
when the load is 
removed. Curve acts 
like straight line, the 
end of this region is 
the  elastic limit.



Stress Stress ––Strain Curve: RegionsStrain Curve: Regions

• Yielding: An increase of the 
load above the elastic limit will 
result in a permanent 
deformation of the material. 
This behavior is called yielding. 
The stress that causes yielding 
is called “yield stress” and the 
strain that occurs is called a 
plastic strain.

• Question: How to detefrmine
the yield point if the curve not 
exactly linear??



Stress Stress –– Strain Curve: RegionsStrain Curve: Regions

• Strain Hardening: when yield 
has ended, an increase in the 
load will result in a stress 
rising until it reaches a 
maximum value of stress 
called the ultimate stress, σu. 
All materials have an ultimate 
strength given by

• where Pmax is the maximum 
load sustained in tension, and 
A 0 is the original cross-
sectional area.
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Stress Stress –– Strain Curve: RegionsStrain Curve: Regions

• Necking:
After the stress exceeds theσu

value, the cross sectional area 
of the sample starts to 
decrease rapidly at almost 
midpoint of the gauge length.

Since the area decreases, it can’t 
hold large loads so the  the 
stress strain-curve tends to 
curve downward until the 
material breaks at fracture 
stress σf



YoungYoung’’ s Modulus: Es Modulus: E

• For all materials, the slopeE of the 
linear portion of the stress–strain 
curve for small strain is a 
characteristic of the material, called
Young’s modulus. 

• For example, Young’s modulus of 
most steels is about 200 GPa, while 
that of aluminum and glass is about 
70 GPa.

• Young’s modulus is an example of a 
bulk propertyof a material—one 
that is determined primarily by the 
major constituent of the material.



YoungYoung’’ s Moduluss Modulus



PoissonPoisson’’ s Ratio: s Ratio: νν

• When a bar of a material is 
stretched longitudinally, the bar 
extends in the direction of the 
applied load. This longitudinal 
extension is accompanied by a 
lateral contractionof the bar, as 
shown.

• In the linear-elastic range of a 
material the lateral strain is 
proportional to the longitudinal 
strain; if εx is the longitudinal
strain of the bar, then the lateral 
strain is εy



PoissonPoisson’’ s Ratio Cont.s Ratio Cont.

• ν = (strain perpendicular to applied load)/(strain in 
direction of the applied load) = εy/εx

• The constant ν in this relation is known as Poisson’s ratio, and for 
most metal has a value of about 0.3 in the linear-elastic range.

• If the longitudinal strain is tensile, the lateral strain is a contraction; 
for a compressed bar there is a lateral expansion. 

• With a knowledge of the lateral contraction of a stretched bar it is 
possible to calculate the change in volume due to straining. 



Ductile and Brittle MaterialsDuctile and Brittle Materials

• For a brittle material, the 
stress–strain curve is linear 
almost to failure. Glass, Gray 
cast iron, exhibit brittle 
behavior.

• For a ductilematerial, there is 
an easily distinguished  yield 
point beyond which the stress 
grows very slowly (if at all) 
with strain. Ductile material 
can sustain  large strains 
before fracture. Examples of 
ductile materials are mild 
steel, aluminum and rubber. 



DuctilityDuctility-- NeckingNecking

• Ductile materials will 
often neck prior to failure 

• The necking begins when 
the ultimate strength has 
been reached, at which 
point the stress begins to 
decrease with increasing 
strain.



Measurement of DuctilityMeasurement of Ductility

• Ductility is measured by percent 
elongationor percent reduction of 
area
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Strength and DuctilityStrength and Ductility



Brittle FractureBrittle Fracture

• Brittle fractures are 
characterized by a flat fracture 
surface perpendicular to the 
maximum principal normal 
stress direction. The fracture 
originates at the surface, due 
to the presence of a suitable 
flaw, such as a scratch, 
machining mark, or crack

• Brittle materials fail at small 
strains and in tension. 



Ductile FractureDuctile Fracture

• Ductile failures are often of the cup-and-
cone type.Necking produces a triaxial 
state of stress that results in ductile 
tearing, starting at  outward. 

• As the fracture approaches the surface, 
the outside ring of unbroken material 
becomes loaded approximately 
uniaxially and may fail in shear along 
45º surfaces.

• If this shear surface forms continuously 
around the specimen, then a cup forms 
on one side, and a cone on the other.

• Ductile materials fail at large strains and 
in shear. 



Ductile FractureDuctile Fracture



HookHook’’ s Laws Law
• When a material behaves elastically 

and also shows a linear relationship 
between stress and strain (line starts 
from 0 stress up to proportional limit) 
it is said to be linearly elastic material. 

• Hooke’s law: stress is proportional to 
strain in the linear elastic region of a 
stress-strain diagram. 

• The slope of the stress-strain curve (E) 
is the elastic modulus or modulus of 
elasticity (Young’s Modulus).

εσ E=



Strain EnergyStrain Energy

• As the material is deformed by an external  loading, the 
material tends to store energy internally through-out its 
volume. This energy is called strain energy.

• It is convenient to formulate strain energy per unit volume of 
materials. This is called the strain energy density and is given 
as

• Two Material’s quantities related to the strain energy density: 
Modulus of Resilience and Modulus of Toughness
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Modulus of Resilience: uModulus of Resilience: urr
• It is a measure of the capacity of 

the material to absorb (elastically) 
energy without undergoing 
permanent deformation .

• Modulus of resilience is the area 
under the portion of the stress-
strain curve that is delimited by the 
proportional limit.

• the units of ur : energy per volume.
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Modulus of Toughness: uModulus of Toughness: utt

• It indicates the strain 
energy density of the 
material just before it 
fractures.

• The modulus of 
toughness is defined 
by the  total area under 
the stress-strain curve

• Units of toughness are 
energy per volume



Ductility and Toughness RelationDuctility and Toughness Relation



True StressTrue Stress--Strain CurveStrain Curve
• “True stress” σt, is based on the actual load divided by the 

current area A rather than the initial area Ao.

• Notice that when the area A is reduced (as in the tension 
test), the “true stress” is larger than the nominal or 
engineering stress.

• “True strain,”εt is based on the summation of incremental 
strains based on current length l, 

• Since, in tension, the current length is larger than the initial
length, the “true strain”εt is smaller than the nominal or 
engineering strain ε. 



True StressTrue Stress--Strain CurveStrain Curve



Shear Stress Shear Stress –– Strain DiagramStrain Diagram

• The  pure shear stress 
is generated by 
applying a torque over 
a sample that has a 
circular shape. The 
measurement is made 
between the torque 
and the resulting angle 
of twist.



TorsionTorsion



Shear  StressShear  Stress--Strain  DiagramStrain  Diagram
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• Hook’s law for Shear
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Values of E, G, and Values of E, G, and νν


