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Study Guide

Know the definitions and common units of load, engineering stress, elongation, and engineering strain.
Review conversions: mm <—> cm <—> m mm2 <—> cm2 <—> m?2

Conceptually understand how the dimensions of a specimen will likely to change if it is subjected to
tensile or compressive axial loads.

Consider the phrase engineering axial normal stress.
Break this down and understand what each term means / implies.

Know how to calculate this from its fundamental definition (given a force and a cross section).

Know what a typical limiting value is for engineering axial normal stress for a metal in service.
Revisit this after the next lecture.

Consider the phrase engineering axial normal strain.
Break this down and understand what each term means / implies.

Know how to calculate this from its fundamental definition (given a change of length and initial
length, or alternatively given an initial length and final length).

Know what a typical limiting value is for engineering axial normal strain for a metal in service.
Revisit this after the next lecture.



Outline for Mechanical Behavior & Properties (Emphasis on Metals)

Atomic-Scale Mechanics
Strengthening Mechanisms

Macroscopic Elastic Mechanics Failure

Shear Shear
stress stress

\\\i\\.!ﬂ"!ll”!il"

W\~




Simple Axial Loading

Axial loading refers to a force applied along the major axis of a part (i.e., longitudinal loading).
Often, the part features a symmetric cross section, and the force is applied normal to this.
Parts subjected to simple axial tension should lengthen and narrow.

Parts subjected to simple axial compression should shorten and widen.

Axial Tension Axial Compression
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Force As A Measure Of Strength
Any “strength” reported in force is an object property, not a material property.

Axial Load, Fax

¢ Consider stretching metal bars of the

same material that have the same initial
lengths but different cross-sectional
areas to the point that they just begin to

express permanent deformation: ~ ~ N
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Force As A Measure Of Strength
Any “strength” reported in force is an object property, not a material property.

Axial Load, Fax

Consider stretching metal bars of the
same material that have the same initial
lengths but different cross-sectional
areas to the point that they just begin to
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express permanent deformation: Al i
A
Elongation,

Engineering Axial Normal Stress, gax = F/Ao
4 N

Regardless of loading type, STRESS is the preferred measure
of a MATERIAL'S strength, since it is independent of object
details such as the specimen-specific geometry.
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Engineering Normal Stress, o
Fundamentally, normal stress is a mechanical form of pressure (force distributed over a perpendicular area).

Common base units for normal stress (mechanical pressure) are: 1Pa=1N/m2 & 1 psi= 1 lbr/in2

For a constant applied axial force, axial normal stress increases with decreasing cross sectional area:
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Engineering Normal Stress, o
Fundamentally, normal stress is a mechanical form of pressure (force distributed over a perpendicular area).

Common base units for normal stress (mechanical pressure) are: 1Pa=1N/m2 & 1 psi= 1 lbr/in2

For a constant applied axial force, axial normal stress increases with decreasing cross sectional area:
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Engineering Normal Stress, o

Normal stress occurs whenever a force acts normal to an area.

For engineering stress, the axial force is normalized by the initial areathat's perpendicular to the force.
Two fundamental scenarios for this (among others not considered here) include:

Engineering Axial Normal Stress:
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Engineering Normal Stress, o

Normal stress occurs whenever a force acts normal to an area.

For engineering stress, the axial force is normalized by the initial areathat's perpendicular to the force.
Two fundamental scenarios for this (among others not considered here) include:

Engineering Axial Normal Stress:

1N 4—( @O 1mm2=®-> 1N 10kip—>( @O 1in2=®<—10kip

+1 N Axial normal stress is a signed ~10 ki
+1 MPa = 5 quantity, since force itself is a —> —10 ksi = - 21p
mm signed quantity. 1 in
Positive Negative

Are these axial stresses low or high?



Engineering Normal Stress, ¢

Normal stress occurs whenever a force acts normal to an area.
For engineering stress, the axial force is normalized by the initial areathat's perpendicular to the force.
Two fundamental scenarios for this (among others not considered here) include:

Engineering Axial Normal Stress:
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+1 N Axial normal stress is a signed ~10 ki
+1 MPa = 5 quantity, since force itself is a —> —10 ksi = - 21p
mm signed quantity. 1 in
Positive Negative

Are these axial stresses low or high?

This is a somewhat high axial stress.
About the same as two modern SUVs suspended
by a 1 square inch cross section rod near sea level.

Many bulk plastics tend to exhibit yield strengths of
a few Kksi.

Engineering metals tend to exhibit yield strengths of
a few tens of ksi.



Engineering Normal Stress, ¢

Normal stress occurs whenever a force acts normal to an area.
For engineering stress, the axial force is normalized by the initial areathat's perpendicular to the force.
Two fundamental scenarios for this (among others not considered here) include:

Engineering Axial Normal Stress:
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+1 N Axial normal stress is a signed ~10 ki
+1 MPa = 5 quantity, since force itself is a —> —10 ksi = : zlp
mm signed quantity. | in
Positive Negative

Are these axial stresses low or high?

This is a very low axial stress.
About the same stress you would feel if you balanced
one apple on a toothpick on your finger near sea level.

Many bulk plastics tend to exhibit yield strengths of
several 10's of MPa.

Engineering metals tend to exhibit yield strengths of a
few hundred MPa.

This is a somewhat high axial stress.
About the same as two modern SUVs suspended
by a 1 square inch cross section rod near sea level.

Many bulk plastics tend to exhibit yield strengths of
a few Kksi.

Engineering metals tend to exhibit yield strengths of
a few tens of ksi.



Engineering Normal Stress, o

Normal stress occurs whenever a force acts normal to an area.

For engineering stress, the axial force is normalized by the initial areathat's perpendicular to the force.
Two fundamental scenarios for this (among others not considered here) include:

Engineering Axial Normal Stress:
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F ax Axial normal stress is a signed ' F ax
O,y — quantity, since force itself is a == O,y —
A signed quantity. A
0 o
Positive Negative

MAT E 3190 - CAUTION - Other Loading Conditions Can Result In Internal Normal Stress!

Example: Transverse Shear
Shear force(s) applied to a
member result in internal

resistive shear forces (V) AND
internal resistive bending T=—
moments (M).

When normalized by their coplanar

and perpendicular areas, these result in
internal transverse shear stress r and

internal flexural normal stress orex, respectively.




Engineering Normal Strain, ¢

Normal strain accompanies normal stress (of any kind).
For engineering strain, the change of length is normalized by the initial length.

Engineering Axial Normal Strain:
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Axial normal strain is a signed quantity that inherits its units from the change of length term.
Regardless of how it manifests, normal strain is unitless.
By definition, it is computed as a fractional quantity, but is often communicated in percent.



Engineering Normal Strain, ¢

Normal strain accompanies normal stress (of any kind).
For engineering strain, the change of length is normalized by the initial length.

Engineering Axial Normal Strain:
Z
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ALy Ly - Loy There is often a convenience in leveraging a

€ = — coordinate system, particularly when the part

y geometry is complex and/or there are multiple
Loy Loy axes considered within a given scenario.

Axial normal strain is a signed quantity that inherits its units from the change of length term.
Regardless of how it manifests, normal strain is unitless.
By definition, it is computed as a fractional quantity, but is often communicated in percent.



Engineering Normal Strain, ¢

Normal strain accompanies normal stress (of any kind).
For engineering strain, the change of length is normalized by the initial length.

Engineering Axial Normal Strain:
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L =0995 m
AL =5 cm
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100 cm I m

Are these axial strains low or high?



Engineering Normal Strain, ¢

Normal strain accompanies normal stress (of any kind).
For engineering strain, the change of length is normalized by the initial length.

Engineering Axial Normal Strain:
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Are these axial strains low or high?

This is a high axial strain.

Engineering metals & alloys will begin to permanently
deform after about 1-3% axial strain. Thus, this would
almost certainly be a permanent (plastic) axial strain.



Engineering Normal Strain, ¢

Normal strain accompanies normal stress (of any kind).
For engineering strain, the change of length is normalized by the initial length.

Engineering Axial Normal Strain:

() ( O
\ \
L=1m L=1m |
e Bor. s -
| _
Al =5 cm L=0.99 m
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Are these axial strains low or high?

This is a high axial strain. This is a low axial strain.
Engineering metals & alloys will begin to permanently This is about 10x less than the elastic limit of typical
deform after about 1-3% axial strain. Thus, this would engineering metals & alloys, and would thus qualify as

almost certainly be a permanent (plastic) axial strain. reversible (elastic) axial strain.



Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2
For a constant applied shear force, shear stress increases with decreasing cross sectional area.
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Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.
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Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A, =5 in? A, =5in’ A=5in*
— > <vz__ 50 kN
V, =100 kN V, =100 kN
— ———

Vy =50 kN
\J N ——
Unloaded Forced Into Contact Free-Body Diagram

With A Rigid Frame & Static Equilibrium



Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A =5 in?
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Unloaded

A =5 in?

V, = 100 kN
—

Forced Into Contact
With A Rigid Frame
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V; =50 kN - V, = 50 kN
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Free-Body Diagram

Internal Section Analysis

& Static Equilibrium  Ignoring the internal bending

moment here, since it does not
contribute to shear stress.

For the case above we've calculated an
average transverse shear stress, meaning
we assumed the shear force acts
uniformly over the cross sectional area.




Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A =5 in? A =5 in? A =5 in2V . A =5 in?
Q < 2T ~—~
V, = 100 kN V, = 100 kN L= 0N
—_— — > V =50 kN 5 in2
<
V; =50 kN - V, = 50 kN
\J — +—
Unloaded Forced Into Contact Free-Body Diagram Internal Section Analysis

Determing the absolute moximum
Shear stress in the beam

With A Rigid Frame
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Ignoring the internal bending
moment here, since it does not
contribute to shear stress.

For the case above we've calculated an
average transverse shear stress, meaning
we assumed the shear force acts
uniformly over the cross sectional area.

In MAT E 3190 - you'll learn how to calculate
fransverse shear stress in a manner that
accounts for:

¢ | ongitudinal position along the member

e | ateral position of interest on the cross
section of interest

e Axis of interest at position of interest




Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A =5 in?

—

S

Unloaded

A =5 in?

V, = 100 kN
—

Forced Into Contact
With A Rigid Frame

A =5in* A =5 in?

— V>, =50 kN <
V, = 100 kN T=50kN=10ksi
—_— V =50 kN 5 in?
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V; =50 kN - V, =50 kN
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Free-Body Diagram Internal Section Analysis

& Static Equilibrium  Ignoring the internal bending

moment here, since it does not
contribute to shear stress.

There is often a convenience in leveraging
a coordinate system, particularly when the
part geometry is complex and / or there
are multiple axes considered within a
given scenario.

In the case above we don't really require a
coordinate system because there is only
direction of applied shear force (and thus
one direction of applied shear stress).




Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A =5 in?
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Unloaded

A =5 in?

V, = 100 kN
—

Forced Into Contact
With A Rigid Frame

V, = 100 kN
 —

Free-Body Diagram
& Static Equilibrium
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Internal Section Analysis
Ignoring the internal bending
moment here, since it does not
contribute to shear stress.

For the case above we really computed
a magnitude of transverse shear stress.

In cases where multiple collinear shear
stresses exist (regardless of source)
and must be accounted for at a given
location, it becomes necessary to
compute signed values rather than
magnitudes (sign conventions exist
and are covered in MAT E 3190).




Engineering Average Shear Stress, 7
Fundamentally, shear stress is a mechanical form of pressure (force distributed over a coplanar area).

Common base units for shear stress (mechanical pressure) are: 1 Pa=1N/m2 & 1 psi = 1lor/in2

For a constant applied shear force, shear stress increases with decreasing cross sectional area.

A, =5 in? A, =5in? A,=5in* A, =5 in?
Q — V>, =50 kN <

V, = 100 kN V, = 100 kN L= 0N

— —_— V = 50 kN 5 in2

S—
V; =50 kN - V, =50 kN
\J — +—
Unloaded Forced Into Contact Free-Body Diagram Internal Section Analysis
With A Rigid Frame & Static Equilibrium  Ignoring the internal bending

moment here, since it does not
contribute to shear stress.

For the case above we really computed
a magnitude of transverse shear stress.

In MAT E 3190, you learn why location “A” experiences two

sources of shear stress, one from the 600 N downward In cases where multiple collinear shear

acting shear force, and an additional shear stress due to stresses exist (regardless of source)
the 100 N-m applied torque.. and must be accounted for at a given

location, it becomes necessary to
In this case, the shear stresses oppose one another compute signed values rather than

magnitudes (sign conventions exist

(partially cancel one another) along the z-axis at location A. )
and are covered in MAT E 3190).

Thus, accounting for both the signs and directions of

stresses - in general - become necessary for more
complex scenarios.




Important Note
To start this unit, we have been ultra specific regarding the written names of loading, stress, and strain.
Examples:

!
\
Engineering Axial Normal L,
Stress & Strain:
Fax“( +€aX O‘»Fax

AL

Most references will leverage some assumed knowledge and context clues and default to simpler
names for such things in written form, and will typically only specify thoroughly if there are no context
clues or the scenario is somehow not standard (e.g., off-axis loading, true stress & true strain, etc.).

Determine the average normal stress at points A, B,
and C.The diameter of each segment is indicated in the figure.

Here, the figure implies that we are analyzing axial
0.5 in. l 0.5 in. forces, and thus axial normal stresses are relevant.
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Important Note
To start this unit, we have been ultra specific regarding the written names of loading, stress, and strain.
Examples:

!
\
Engineering Axial Normal L,
Stress & Strain:
F ax4—< i €. 8 (}b Fax

AL

Most references will leverage some assumed knowledge and context clues and default to simpler
names for such things in written form, and will typically only specify thoroughly if there are no context
clues or the scenario is somehow not standard (e.g., off-axis loading, true stress & true strain, etc.).

Determine the maximum average shear stress
developed in each 3/4-in.-diameter bolt.

Although the plates are loaded axially, the figure
implies that the bolts experience pure shear at the
interface between the plates.




Important Note
To start this unit, we have been ultra specific regarding the written names of loading, stress, and strain.
Examples:

!
\
Engineering Axial Normal L,
Stress & Strain:
F ax4—< i €. 8 (}b Fax

AL

Most references will leverage some assumed knowledge and context clues and default to simpler
names for such things in written form, and will typically only specify thoroughly if there are no context
clues or the scenario is somehow not standard (e.g., off-axis loading, true stress & true strain, etc.).

Indeed, it is more common to see detailed and
thorough communication in symbolic form,
since this is an inherently compact format.
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