
Dr. Tim Cullinan

MAT E 2150
σ

ε

Stress-Strain Measurement

Elastic Behavior



Study Guide

Know the major regimes of a stress-strain curve and what occurs on the atomic scale

as a specimen endures these different regimes under load.


Know Hooke’s Law and understand when it applies and when it does not.


What does the magnitude of a material’s modulus of elasticity (Young’s modulus) 

convey about the material’s bond strength? 


What’s the correlation of elastic modulus to melting point?


Understand the nature of the different options for controlling a stress-strain curve measurement.

What regime typically calls for a relatively slow rate?


What regime typically calls for a relatively moderate rate?


What is the meaning of the yield point (in terms of both stress and strain?)


Know how to calculate dimension changes for specimens that are elastically deformed.


Know how Poisson’s ratio is defined and how it useful.
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6.2 Concepts of Stress and Strain • 135

in which F is the instantaneous load applied perpendicular to the specimen cross
section, in units of newtons (N) or pounds force , and is the original cross-
sectional area before any load is applied (m2 or in.2). The units of engineering
stress (referred to subsequently as just stress) are megapascals, MPa (SI) (where
1 MPa N/m2), and pounds force per square inch, psi (Customary U.S.).2

Engineering strain is defined according to

(6.2)

in which is the original length before any load is applied, and is the instanta-
neous length. Sometimes the quantity is denoted as and is the deforma-
tion elongation or change in length at some instant, as referenced to the original
length. Engineering strain (subsequently called just strain) is unitless, but meters
per meter or inches per inch are often used; the value of strain is obviously inde-
pendent of the unit system. Sometimes strain is also expressed as a percentage, in
which the strain value is multiplied by 100.

Compression Tests3

Compression stress–strain tests may be conducted if in-service forces are of this
type. A compression test is conducted in a manner similar to the tensile test, except
that the force is compressive and the specimen contracts along the direction of the
stress. Equations 6.1 and 6.2 are utilized to compute compressive stress and strain,
respectively. By convention, a compressive force is taken to be negative, which yields
a negative stress. Furthermore, since is greater than compressive strains com-
puted from Equation 6.2 are necessarily also negative. Tensile tests are more com-
mon because they are easier to perform; also, for most materials used in structural
applications, very little additional information is obtained from compressive tests.

li,l0

¢l,li ! l0

lil0

! "
li ! l0

l0
"
¢l
l0

!
" 106

A01lbf2

Load cell

Extensometer
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Moving
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Figure 6.3 Schematic representation of
the apparatus used to conduct tensile
stress–strain tests. The specimen is elongated
by the moving crosshead; load cell and
extensometer measure, respectively, the
magnitude of the applied load and the
elongation. (Adapted from H. W. Hayden,
W. G. Moffatt, and J. Wulff, The Structure and
Properties of Materials, Vol. III, Mechanical
Behavior, p. 2. Copyright © 1965 by John
Wiley & Sons, New York. Reprinted by
permission of John Wiley & Sons, Inc.)

Definition of
engineering strain
(for tension and
compression)

2 Conversion from one system of stress units to the other is accomplished by the relationship
145 psi " 1 MPa.
3 ASTM Standard E 9, “Standard Test Methods of Compression Testing of Metallic Materials
at Room Temperature.”
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Measuring A Stress-Strain Curve

Tensile Testing - Fairly simple way to measure several properties in one test!

Specimen with known geometry.

Cylindrical in this case.

Tensile Tester

- Measures force

Measures length

changes



Measuring A Stress-Strain Curve

For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time.

Later we’ll see that the specific rate can affect the material’s mechanical response.

Elastic 

All strain is reversible and occurs 
uniformly throughout the specimen.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dt

σ

MPa or ksi

ε
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MPa or ksi

Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Uniform Plastic 

The maximum elastic strain has manifested.

Additional strain is plastic (non-reversible).

All strain occurs uniformly throughout the 
specimen, up to the ultimate tensile strain.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Measuring A Stress-Strain Curve

For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.

Elastic 

All strain is reversible and occurs 
uniformly throughout the specimen.

ε

·ϵ =
dϵ
dt



Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Uniform Plastic 

The maximum elastic strain has manifested.

Additional strain is plastic (non-reversible).

All strain occurs uniformly throughout the 
specimen, up to the ultimate tensile strain.

Non-Uniform Plastic 

The maximum elastic strain has manifested.

Plastic strain up to the ultimate tensile strain was 
uniformly distributed throughout the specimen.

Plastic strain beyond the ultimate tensile strain is 
non-uniform, and manifests within the necked 
regime of the specimen.

Elastic 

All strain is reversible and occurs 
uniformly throughout the specimen.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dtMeasuring A Stress-Strain Curve


For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.
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Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Uniform Plastic 

The maximum elastic strain has manifested.

Additional strain is plastic (non-reversible).

All strain occurs uniformly throughout the 
specimen, up to the ultimate tensile strain.

Fracture


Non-Uniform Plastic 

The maximum elastic strain has manifested.

Plastic strain up to the ultimate tensile strain was 
uniformly distributed throughout the specimen.

Plastic strain beyond the ultimate tensile strain is 
non-uniform, and manifests within the necked 
regime of the specimen.

Elastic 

All strain is reversible and occurs 
uniformly throughout the specimen.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dt

Elastic strain is recovered.

Measuring A Stress-Strain Curve

For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.
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Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Uniform Plastic 

Incremental and highly local bond 
breaking (via dislocation motion and/or 
mechanical twinning) dominates the 
mechanical response), and this occurs 
uniformly throughout the gauge length 
where the stress is highest.

Fracture


Non-Uniform Plastic 

Eventually a necked region forms somewhere along 
the gauge length - usually do to a microscopic flaw 
or stress concentrator. Further dislocation motion 
and/or mechanical twinning is confined to this 
regime since the stress is highest here.

Elastic 

Reversible bond stretching (tension) or contraction 
(compression) dominates the mechanical response.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dt

Elastic strain is recovered.

Eventually a the necked region is so small in 
cross section that the stress is sufficient to 
rapidly break the bonds across entire cross 
section, resulting in fracture).

Measuring A Stress-Strain Curve

For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.
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Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dtMeasuring A Stress-Strain Curve


For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.
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Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

·ϵ =
dϵ
dtMeasuring A Stress-Strain Curve


For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.

Important

The mechanical response of many materials are dependent on the rate at which they are 
stressed / strained (some more than others). Some of the more strain-rate sensitive materials, 
for example, can express yield stresses that vary by 10% or more when tested at the strain-rate 
limits permitted by ASTM Standard E8.


At the minimum, a good reporting of a stress-strain curve will indicate the specific manner in 
which the “testing rate” was constrained during the test (e.g. strain rate, stress rate, etc.), and 
also communicate the specific value of the rate that was utilized.


Various standards exist for specific measurements (e.g. low strain rates for use in static loading 
scenarios, higher strain rates for use in dynamic scenarios, etc.).


Standards also exist for various material uses / sectors (e.g. aerospace, high-temperature, etc.).
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Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Measuring A Stress-Strain Curve

There are options - and even standards - regarding the style of the “testing rate” that used.

ASTM E8/E8M Yield Measurement Requirements


Stress-Rate Control (7.6.4.1)

The stress-rate in the linear elastic region shall be set between 1.15 MPa/s & 11.5 MPa/s     
(10 ksi/min & 100 ksi/min), and the speed of the testing instrument (crosshead velocity) shall 
not be increased in order to maintain a stressing rate when the specimen begins to yield.


Common for low strain-rate sensitivity materials (e.g. certain steels and aluminum).


Strain-Rate Control (7.6.4.2)

The strain-rate shall be set & maintained at 0.01500 +/- 0.0060 mm/mm/min 

                                                                     (0.00025 +/- 0.0001 mm/mm/s).


A strain-rate of 0.005 mm/mm/min is often required for aerospace, high-temperature alloys, 
and titanium.

Again, you do not have to use these standards, but in order to claim that your test 
followed the ASTM standard procedure, you must satisfy these requirements and 
others, including as specimen geometry, instrument calibration, temperature,  etc.).
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·ϵ =
dϵ
dtMeasuring A Stress-Strain Curve


For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.

ASTM E8/E8M Tensile Strength Measurement Requirements


For materials expressing strains exceeding 5%:


Crosshead Velocity Control (7.6.5)

the crosshead velocity can be set & maintained at (or changed to after yielding) a value 
between 0.05 & 0.5 mm/mm of the gauge length per minute.


Strain-Rate Control (7.6.5)

A strain-rate between 0.05 & 0.5 mm/mm/min (0.000833… mm/mm/s & 0.00833… mm/mm/
s) can be set and maintained during the test.


For materials expressing strains less than or equal to 5%:

The speed for determining linear elastic properties can be maintained for the entire test.

Tensile Strength & Strain / Ultimate Tensile Strength & Strain

Necking (reduced cross section) occurs and the force applied at this point will be 
the maximum force (not the maximum true stress!) that the specimen will endure.

Again, you do not have to use these standards, but in order to claim that your test 
followed the ASTM standard procedure, you must satisfy these requirements and 
others, including as specimen geometry, instrument calibration, temperature,  etc.).
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·ϵ =
dϵ
dtMeasuring A Stress-Strain Curve


For a typical test of a ductile metal specimen, a constant strain rate will be programmed.

The tensile tester will apply whatever force is required to maintain this rate over time. 

Later we’ll see that the specific rate can affect the material’s mechanical response.
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Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

(ϵy , σy)

Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

No Stress

No Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Small Elastic Stress

Small Elastic Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Medium Elastic Stress

Medium Elastic Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

High Elastic Stress

High Elastic Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Medium Elastic Stress

Medium Elastic Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Small Elastic Stress

Small Elastic Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

No Stress

No Strain

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

The slope of this regime is called the Young’s modulus (Elastic modulus).


It is a mechanical measure of bond strength, specifically the elastic 
stretching / compression response of the material’s comprising particles.

This line is known as the linear elastic regime, 
and is described by Hooke’s Law: σ = Eϵ

E

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

(ϵy , σy)
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Linear Elastic Deformation

Stress and strain are linearly proportional for low stress levels (“below the yield point” - more about this later). 
The deformation is reversible, tracing up and down the same line during loading and unloading, respectively.

This line is known as the linear elastic regime, 
and is described by Hooke’s Law: σ = Eϵ

E

Yield Point

Beyond this point, 
some strain will be 
permanent in the 
material.

Elastic Ranges For Structural Metals & Alloys:


 ~ 10’s - 100’s of MPa    (Yield stresses ~ 100’s of MPa)    


        ~ 10’s - 100’s of GPa   (Dictated by bonding)

 ~ 0.001 or 0.1% or less (Yield strains ~ 1-3 percent)


         ~ 0.30 for isotropic cases

σelastic

E
ϵelastic

ν

(ϵy , σy)

The slope of this regime is called the Young’s modulus (Elastic modulus).


It is a mechanical measure of bond strength, specifically the elastic 
stretching / compression response of the material’s comprising particles.



Room-Temperature Elastic Modulus Examples & Ranges

Elastic modulus is a mechanical measure of bond strength, specifically the elastic stretching / compression response.

But it is also highly correlated to all other properties that fundamentally measure bond strength.

  1200 GPa - Synthetic Diamond

  1000 GPa - Graphene, C-Nanotube


    882 GPa - CN2
    696 GPa - WC
    

    552 GPa - Osmium, Os, the highest for all pure metals.

    533 GPa - Mo2C
    460 GPa - B4C

    450 GPa - TiC

    414 GPa - Tungsten, W

    393 GPa - Al2O3
    345 GPa - SiC

    320 GPa - Molybdenum, Mo


   205 GPa - Zr2O3
   200 GPa - Pure iron, Fe & structural steel (beams, frames, etc.)


   132 GPa - Carbon fiber (commercial grade)

   132 GPa - Pure copper (Cu)

   116 GPa - Pure titanium (Ti)

   132 GPa - Kevlar 49


     69 GPa - Pure aluminum (Al)

     69 GPa - Soda-lime glass

     41 GPa - Magnesium, Mg

     34 GPa - NaCl


     16 GPa - Spruce (0.84 if normal to grain)

     14 GPa - Concrete

  ≤ 10 GPa - All alkali metals (they are incredibly soft and weak)


   8.6  GPa - Maple (0.93 if normal to grain)

    4.1 GPa - PVC

    3.8 GPa - Nylon 6,6

    3.2 GPa - PMMA

       1 GPa - HDPE


  0.07 GPa - Rubber

IMPORTANT

We need to be very careful about our use of the term 
“strength” from now on. Indeed, elastic modulus is a 
measure of bond strength, and is specifically a measure 
of stress requirement to achieve a specified elastic strain 
(thus it is a measure of a material’s resistance to elastic 
mechanical deformation).


Consider the statement above and recall “where” the 
elastic modulus appears on a stress-strain curve … it’s 
the slope of the response in the elastic (linear) regime:


  or simply  


Note that the elastic modulus does not tell us anything 
about how much stress a material can endure in service.


Mechanical strength (e.g. how “strong” is a material?) 
is answered by a different property (the yield stress for 
a ductile material, or the tensile strength for a brittle 
material).

E =
dσ
dϵ

E =
σ
ϵ



σ

ε

Example

Materials engineers need to be experts on the meaning of, and proper interpretation of, material properties.        
In this example, we see schematic elastic regimes for A36 steel (common structural steel) and a high-strength 
aerospace-grade titanium alloy (featuring an atypically high yield strength compared to most metals & alloys).

EA36 Steel = 200 GPa

ϵy = 0.00125

E Ti−6Al−4V = 116 GPa

σy = 250 MPa

σy = 1000 MPa

ϵy = 0.00862

The A36 steel features twice the elastic modulus of 
titanium alloy, meaning it takes a higher stress for a 
steel to reach a particular elastic strain compared to 
the titanium alloy (the titanium alloy “stretches” more 
easily in this elastic regime).


The Ti alloy is about 4x stronger than the structural 
steel however for elastic loading, since its yield stress 
is 4x higher than that of the steel.


This lower modulus and higher yield stress of the Ti 
alloy result in a larger elastic strain as well.

Keep in mind we are only depicting the elastic 
portion of the full stress-strain response here.



Room-Temperature Elastic Modulus Examples & Ranges

Elastic modulus is a mechanical measure of bond strength, specifically the elastic stretching / compression response.

But it is also highly correlated to all other properties that fundamentally measure bond strength.


The moduli ranges of most structural 
metals & and ceramics both span about 
two decades worth of change.

Polymers express about four decades of 
modulus range, and their values are significantly 
less than structural metals & ceramics.

Structural composites 
express about three 
decades of modulus 
range, and feature 
significant overlap with 
metals and ceramics.



Room-Temperature Elastic Modulus Examples & Ranges

Elastic modulus is a mechanical measure of bond strength, specifically the elastic stretching / compression response.

But it is also highly correlated to all other properties that fundamentally measure bond strength.

Ashby Chart (named after Michael F. Ashby).



Young’s Modulus / Elastic Modulus / Modulus of Elasticity

The “spring constant” for interatomic bonds that is a mechanical measure of bond strength.

Melting point and elastic moduli are both metrics for bond strength and are therefore well-correlated.


Compare the moduli and melting temperatures & elastic moduli for the indicated pure metals:


Note: 

One Pascal [Pa] is a very small amount of pressure.
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E ~ 10’s - 100’s of GPa for metals.

σ ~ 10’s - 100’s of MPa for metals.



Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm



F = 2 kN

lo = 1.0 m

do = 0.02 m

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm



Axial Strain Definition:

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm



Axial Strain Definition:

Solved for Change of Length: 

(Expecting +)

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = ϵax l∘

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm



Axial Strain Definition:

Solved for Change of Length: 

(Expecting +)

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = ϵax l∘

Elastic Loading,

Hooke’s Law Applies:

This is the only equation here 
that requires elastic conditions.

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm

σax = Eϵax



Axial Strain Definition:

Solved for Change of Length: 

(Expecting +)

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = ϵax l∘

Elastic Loading,

Hooke’s Law Applies:

This is the only equation here 
that requires elastic conditions.

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm

Modulus Substitution:

σax = Eϵax

Δl = l∘
σax

E



σax =
Fax

A∘
=

2000 N
π(10 × 10−3 m)2

= 6.37 × 106 Pa

Axial Strain Definition:

Solved for Change of Length: 

(Expecting +)

Axial Stress Definition:

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = ϵax l∘

Elastic Loading,

Hooke’s Law Applies:

This is the only equation here 
that requires elastic conditions.

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm

Modulus Substitution:

σax = Eϵax

Δl = l∘
σax

E



σax =
Fax

A∘
=

2000 N
π(10 × 10−3 m)2

= 6.37 × 106 Pa

Δl = 1.0 m = 9 × 10−5 m( 6.37 × 106 Pa
70 × 109 Pa )

Axial Strain Definition:

Solved for Change of Length: 

(Expecting +)

Axial Stress Definition:

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = ϵax l∘

Computed Change of Length:

Δl = 0.09 mmConverted Response:

Elastic Loading,

Hooke’s Law Applies:

This is the only equation here 
that requires elastic conditions.

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm

Modulus Substitution:

σax = Eϵax

Δl = l∘
σax

E



F = 2 kN

lo = 1.0 m

do = 0.02 m

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, Compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm



Axial Strain Definition:

σax =
Fax

A∘
=

2000 N
π(10 × 10−3 m)2

= 6.37 × 106 PaAxial Stress Definition:

F = 2 kN

lo = 1.0 m

do = 0.02 m

ϵax =
Δl
l∘

Δl = 0.09 mmConverted Response:

Hooke’s Law Applies: This is the only equation here 
that requires elastic conditions.σax = Eϵax

Outside of simple problems where 
everything is given to us, we have 
to look this up and verify.

Yield Point Lookup:

Modulus Substitution: Δl = l∘

Elastic Deformation - Example

A tensile force of 2 kN is applied along the axis of an aluminum alloy cylindrical specimen. 
Assuming the deformation is elastic, Compute the axial elongation of the specimen. 

E = 70 GPa,  lo = 1.0 m,  do = 20 mm

σax < σy

σy = 40 MPa

Elastic Loading:

Solved for Change of Length: 

(Expecting +)

Δl = ϵax l∘

Δl = 1.0 m = 9 × 10−5 m( 6.37 × 106 Pa
70 × 109 Pa )Computed Change of Length:

σax

E



A Comment About Approach

Being systematic and clear will help you avoid mistakes, and make you more efficient with problem solving.


When it really matters (e.g. quiz or exam) you may not need to write or draw as much as you would on a homework, 
but being able to leverage a consistent approach style, mental habits, etc. can help you avoid error and be efficient. 


For example, you may not write the various headers and comments as you would on a homework, but you are still 
realizing them and thinking about them.



Poisson’s Ratio

When a material deforms as a result of an applied force, multiple stresses 

and strains develop within the material.In the case of tension / compression 

applied along the axis of a cylinder, the cylinder length will expand / contract .


Hooke’s Law relates stresses and strains that are parallel, so the axial stress 

that is applied is related to the axial strain through Hooke’s Law:


Note there are also lateral strains present in the cylinder, since the 

diameter is also changing as a result of the applied stress.


For elastic loading conditions, lateral and axial strains are related

to one another through an elastic constant called Poisson’s Ratio:


Note that the signs of the lateral and axial strains are expected to be opposites.

Thus, the negative sign in the definition ensures that Poisson’s ratio is positive.


For isotropic materials, Poisson’s ratio is about 0.3:

�ax = E✏ax

ν = − εlatεax
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Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[1] Compute the strain along the axis of loading.

35,000 N

x

y

z



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[1] Compute the strain along the axis of loading.


In this class we’ll focus on uniaxial compression or tension.

We don’t know the length of the bar, but we should assume

that we are loading normal to the cross section that is described.

35,000 N

x

y

z



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[1] Compute the strain along the axis of loading.


In this class we’ll focus on uniaxial compression or tension.

We don’t know the length of the bar, but we should assume

that we are loading normal to the cross section that is described.

35,000 N

�z = E✏z

✏z =
�z

E

x

y

z

✏z =
35000 N

(0.010 m)(0.015 m)

70⇥ 109 Pa
= 0.0033



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[2] Compute the strain along the x-axis.

x

y

z

35,000 N



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[2] Compute the strain along the x-axis.


⌫ = �✏lat
✏ax

x

y

z

35,000 N



✏x = �0.33(0.0033) = �0.0011

Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[2] Compute the strain along the x-axis.


⌫ = �✏lat
✏ax

✏x = ✏lat = �⌫(✏ax)

x

y

z

35,000 N



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[3] Compute the strain along the y-axis.

x

y

z

35,000 N



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[3] Compute the strain along the y-axis.


⌫ = �✏lat
✏ax

x

y

z

35,000 N



Note:


If a material is isotropic, the lateral strain is the same

in every direction normal to the axial strain.

Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[3] Compute the strain along the y-axis.


⌫ = �✏lat
✏ax

✏y = ✏lat = �⌫(✏ax)

x

y

z

35,000 N

✏y = �0.33(0.0033) = �0.0011

εx = εy = εlat



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[4] Compute the length changes along the x- and y-axes.

x

y

z

35,000 N



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[4] Compute the length changes along the x- and y-axes.


✏ =
�l

lo

x

y

z

�l = ✏lo

35,000 N



Poisson’s Ratio

Example


An aluminum bar with rectangular cross section (15 mm x 10 mm) is pulled

in tension with 35,000 N of force, producing only elastic deformation.  

E = 70 GPa   ν = 0.33


[4] Compute the length changes along the x- and y-axes.


✏ =
�l

lo

�l = ✏lo

�lx 6= �ly

35,000 N

x

y

z

Δlx = (−0.0011)(15 mm) = −0.017 mm
Δlx = εxlxo

Δly = (−0.0011)(10 mm) = −0.011mm
Δly = εylyo


