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➢ Lecture content:

• Tension and compression test. 

• The strain-stress diagram.

• The strain-stress behavior of brittle and ductile materials 

• Hook’s law

• Strain Energy 

2Lecturer: Jwan Khaleel M.



➢ Learning Outcomes: 

At the end of this lecture, you will be able to:
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• Discuss the relationship between stress and strain by using experimental methods in different 

materials.

• Introduce Hooke’s law and the modulus of elasticity.

• Define the difference between elastic and plastic behavior through a discussion of conditions 

such as elastic limit, plastic deformation, and residual stresses.

• Discuss the materials that are commonly used in engineering.



4
Lecturer: Jwan Khaleel M.

➢Tension and Compression Test
• The strength of a material depends on its ability to sustain a load

without reaching deformation or failure.

• This property is inherent in the material itself and must be

determined by experiment.

• One of the most important tests to perform in this regard is the

tension or compression test.

• Although several important mechanical properties of a material can

be determined from this test, it is used primarily to determine the

relationship between the average normal stress and average normal

strain in many engineering materials such as metals, ceramics,

polymers, and composites.
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6“standard” shape and size

➢Tension and Compression Test
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➢Stress-Strain Diagram
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➢ Stress–Strain Behavior of Ductile and Brittle Materials

Ductile Materials. Any material that can be subjected to large strains before it

fractures is called a ductile material. Mild steel, is a typical example. Engineers often

choose ductile materials for design because these materials are capable of absorbing

shock or energy, and if they become overloaded, they will usually exhibit large

deformation before failing.

One way to specify the ductility of a material is to report its percent elongation or

percent reduction in area at the time of fracture. The percent elongation / percentage

area.
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Actually, this metal often does

not have a well-defined yield

point, and consequently it is

standard practice to define a yield

strength using a graphical

procedure called the offset

method normally 0.2% = 0.002

in/in
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➢Cartesian Strain Components
Brittle Materials. Materials that exhibit little or no

yielding before failure are referred to as brittle

materials. Gray cast iron is an example. change in the

rate of elongation. Thus for brittle materials, there is

no difference between the ultimate strength and the

breaking strength. Also, the strain at the time of

rupture is much smaller for brittle than for ductile

materials. Note the absence of any necking of the

specimen in the brittle material.
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➢ Hooke’s Law; Modulus of Elasticity
Modulus of Elasticity. Most engineering

structures are designed to undergo

relatively small deformations, involving

only the straight-line portion of the

corresponding stress-strain diagram
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➢ Strain Energy:
As a material is deformed by an external loading, it tends to store energy

internally throughout its volume. Since this energy is related to the strains in the

material, it is referred to as strain energy.

This is called the strain-energy density
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In particular, when the stress reaches the proportional limit, the

strain-energy density, is referred to as the modulus of resilience.

The ability of material to absorb energy without permanent damage

to the material.

• Modulus of Resilience.

• Modulus of Toughness.

Another important property of a material is the

modulus of toughness. This property is

important in designing members that may

accidentally overloaded
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A tension test was performed on a steel

specimen having an original diameter of 12.5

mm and gauge length of 50 mm. Using the data

listed in the table, plot the stress–strain diagram,

determine approximately the modulus of

elasticity, the ultimate stress, and the fracture

stress. Use a scale of 20mm=50 MPa and 20

mm = 0.05 mm/mm.

Example 1:



An aluminum rod shown in Fig.a has a

circular cross section and is subjected

to an axial load of 10 𝑘𝑁. If a portion

of the stress–strain diagram is shown

in Fig. b, determine the approximate

elongation of the rod when the load is

applied. Take 𝐸 = 70 𝐺𝑃𝑎

15

Example 2:
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The strut is supported by a pin at C and an A-36 steel guy wire AB. If the wire

has a diameter of 0.2 in., determine strain in AB. Take 𝐸 = 29 𝑘𝑃𝑎
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Example 3:
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Exercise Problems & Assignments

19



2. The material for the 50-mm-long

specimen has the stress–strain

diagram shown. If 𝑃 = 150 𝑘𝑁 is

applied and then released, determine

the permanent elongation of the

specimen.

1. A 10-mm-diameter brass rod has a modulus of elasticity of 𝐸 = 100 𝐺𝑃𝑎. If

it is 4m long and subjected to an axial tensile load of 6 kN, determine its

elongation.

20
Lecturer: Jwan Khaleel M.



4. A bar having a length of 5 in. and cross-sectional area of 0.7 is subjected to an

axial force of 8000 lb. If the bar stretches 0.002 in., determine the modulus of

elasticity of the material. The material has linear-elastic behavior.

3. A specimen is originally 1 ft long, has a diameter of 0.5 in., and is subjected to

a force of 500 lb. When the force is increased from 500 𝑙𝑏 to 1800 𝑙𝑏, the

specimen elongates 0.009 in. Determine the modulus of elasticity for the

material if it remains linear elastic. If you know 1𝑘𝑠𝑖 = 1000 𝐼𝑏 &1ft = 12in.
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5. Data taken from a stress–strain test for a ceramic are given in the

table. The curve is linear between the origin and the first point. Plot

the diagram, and determine the modulus of elasticity and the

modulus of resilience.
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6. The stress–strain diagram for a metal alloy having an

original diameter of 0.5 in. and a gauge length of 2 in. is

given in the figure. Determine approximately the modulus of

elasticity for the material, the load on the specimen that

causes yielding, the ultimate load the specimen will support.

Also find an approximately the modulus of resilience and the

modulus of toughness for the material.

Fig.  Exercise 6 



7. The rigid pipe is supported by a pin at A and an A-36 guy wire BD. If the wire has a diameter

of 0.25 in., determine the load P if the end C is displaced 0.075 in. downward.
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Assignment: 
Write A Report About Tensile and Compression Test and Find The Diagram Properties by 

Using The Following Data. 

A tension test was performed on a steel specimen having

an original diameter of 12.5 mm and gauge length of 50

mm. Using the data listed in the table, plot the stress–

strain diagram, determine approximately the modulus of

elasticity, the ultimate stress, and the fracture stress. Also

determine modulus of resilience and modulus of

toughness. Use a scale of 20𝑚𝑚 = 50 MPa and 20 mm =

0.05 mm/mm.
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The End of the Lecture

Enjoy Your Time  
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