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One of the most common means for characterizing 
the basic stress-strain behavior of a material is to 
perform a simple tensile test.  A small specimen of 
the material in question is made and loaded as 
shown.  The shape shown is typical for metals.

Tensile Test
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As the cutaway below indicates, these specimens are 
axisymmetric, and are designed such that they will fail 
in the central portion rather than at the ends.  The size 
and cross-sectional area (A0) of a specimen is 
standardized for a given material. 
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Tensile Test
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To obtain useful results, the magnitude of the load is 
measured during the test.  Here we show a simple 
force meter.

Tensile Test
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To construct a stress-strain plot, it is necessary 
to measure deformation as well as force, and 
so we show a displacement meter as well.

testing machine

Tensile Test
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To plot stress, the load is normalized by the original 
cross-sectional area.  To plot strain, we need some 
original length…

Tensile Test
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…and so a standard gage length is used as shown.
     These measures of stress and strain correspond to 
the mathematical definitions of stress and strain for small 
deformations only.  
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Tensile Test -- Steel
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We will now simulate a tensile test of a typical mild 
steel specimen.  Load and deformation will be 
indicated on the gages, and plotted on the curve. 

Tensile Test -- Steel
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As load is applied, a proportional displacement is 
observed.

Tensile Test -- Steel
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This linear behavior continues.

Tensile Test -- Steel
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At a higher stress, there is a change from linear 
behavior as shown.
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Tensile Test -- Steel
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Now the steel behaves somewhat like taffy:  note 
that the load remains constant but the 
deformation keeps increasing.  

Tensile Test -- Steel
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Still like taffy.

Tensile Test -- Steel
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Eventually the steel begins to require additional 
stress to increase the deformation, and the load 
indicator begins increasing again.

Tensile Test -- Steel
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A nonlinear load-deformation 
behavior occurs.
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Tensile Test -- Steel
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The curve flattens as the maximum load is 
reached.

Tensile Test -- Steel
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The specimen begins to neck down 
and the load begins to decrease.  

Necking

Tensile Test -- Steel
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The specimen fractures.

Failure

Loading/Unloading
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Now we will run the test again, but this time we 
will consider the behavior of the steel if we unload 
and then reload during the test.
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Loading/Unloading
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We begin as before…

Loading/Unloading
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…loading continues…

Loading/Unloading
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…moving beyond 
linear behavior…

Loading/Unloading
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…taffy-like behavior… 

3/30/00Stress-Strain Curves6



Loading/Unloading
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…and now we will unload the 
specimen.

Loading/Unloading
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Note that the unloading is linear, with a 
slope matching that of the initial loading.

Loading/Unloading

Hide Text2 7

More unloading…

Loading/Unloading
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Zero load.  Note that the 
displacement has not reached zero.  
The specimen has been permanently 
stretched (i.e. plastically deformed)
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Loading/Unloading
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When we begin reloading, the curve 
essentially retraces the unloading path.

Loading/Unloading
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This linear behavior continues.

Loading/Unloading
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The steel moves beyond simple linear 
behavior.

Loading/Unloading
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The steel now follows essentially the same 
path as in the previous case.
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Loading/Unloading
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Approaching maximum load.

Loading/Unloading
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Maximum load.

Loading/Unloading

Hide Text3 5

Load reduction and necking.

Loading/Unloading
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Fracture.
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We will now introduce some basic 
terminology used in discussing and 
quantifying stress-strain behavior.

Tensile Test -- Steel
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We will run the steel test yet again, but this time 
we will add some terminology.

Tensile Test -- Steel
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As shown, the initial behavior is linear.  Furthermore, if 
the load were removed now, the specimen would 
return to its original state.  The deformation is thus 
elastic.  The behavior is termed linear-elastic.

Tensile Test -- Steel
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The initial slope of the stress-strain curve 
measures the elastic stiffness of the material, 
and is defined as the Modulus of Elasticity.
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Tensile Test -- Steel
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There are two aspects to the end of linear-elastic 
behavior.  First, the response becomes non-linear (i.e. load 
and displacement are no longer proportional) at the 
proportional limit.  Second, the deformations become 
permanent (plastic) beyond the elastic limit.  For mild steel 
these limits are quite close to each other.

Tensile Test -- Steel
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Once a material has been loaded beyond the elastic 
limit, it is said to have yielded.  This "taffy" stress is 
very important for design purposes, since it provides a 
limit to the amount of stress a material can sustain 
without becoming permanently stretched.  This limit 
stress is called the yield stress.

Tensile Test -- Steel
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This clear plateau in the stress-strain curve is a 
peculiar but important property of steel.  
Increasing strain with constant load is called 
perfectly plastic behavior.

Tensile Test -- Steel
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As the capacity for perfectly plastic 
deformation is used up, strain hardening 
begins.  The deformations are still plastic, 
but increasing stresses are required.
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Tensile Test -- Steel
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As the strain hardening capacity is 
exhausted, the curve flattens.

Tensile Test -- Steel

Hide Text4 6

The maximum load normalized by the 
original area is called the ultimate stress.

Tensile Test -- Steel
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Past the peak load, the steel appears to soften. 
In reality, as necking occurs, the steel is no 
longer in a simple uniaxial state of stress.  
Also, the load is carried across a greatly 
reduced area.

Tensile Test -- Steel
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The specimens actually breaks at the 
fracture stress, which is somewhat lower 
than the ultimate strength.
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Tensile Test -- Steel
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Had we plotted load and displacement divided by 
the actual areas and lengths, we would have 
obtained the "true" stress-strain curve (note that 
once necking commences, the actual stress is not 
simple uniaxial, so "true" is a relative term).  The true 
stress-strain curve shows no softening.

Tensile Test -- Aluminum
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The stress-strain curve for steel is peculiar, due 
to the metallurgical details of steel's structure.  
Most metals behave more like aluminum, which 
we will now "test".

Tensile Test -- Aluminum
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As in the case of steel the initial behavior is 
linear (and elastic).  

Tensile Test -- Aluminum
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This linear-elastic behavior continues as 
shown.  Aluminum has about 1/3 the 
stiffness of steel, and about 1/3 the 
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Tensile Test -- Aluminum
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As the load is increased the response becomes 
nonlinear and inelastic, but without the sharp 
break we saw in the case of steel.

Tensile Test -- Aluminum
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This behavior continues…

Tensile Test -- Aluminum
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…and continues…

Tensile Test -- Aluminum
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…maximum load…
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Tensile Test -- Aluminum
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Softening, necking and fracture.

Tensile Test -- Aluminum
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Since there is not a clear yield stress as in the 
case of steel, a yield stress is defined by means 
of an arbitrary displacement offset as shown.  

Tensile Test -- Aluminum
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An offset is specified by convention for a given 
material, and the yield stress is defined as shown.
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