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4.1 Review of Materials Mechanical

behavior

Mechanical behavior of materials
Key Factors Influencing Mechanical Behavior

(J Mechanical behavior refers to
how materials respond to
external loads.

) Factors that influence material
response

» The magnitude and type of load
» The geometry of the element.

» Its properties

eeeeeeeeeee

T=C-5CIENC=.COM




Mechanical behavior of materials
Loading Conditions

O The two basic types of loads are static and
dynamic
O static loading

» implies a sustained loading of the structure over a
period of time.

» Generally, static loads are slowly applied such
that no shock or vibration is generated in the
structure.

» Once applied, the static load may remain in place
or be removed slowly.

» Loads that remain in place for an extended period
of time are called sustained (dead) loads.

mage source; ' 5

Mechanical behavior of =~ ~*~vi~l-

Loading Conditions A\ /\\ A\
. M, 1
O Dynamic loads 7 W W » Time

» implies Loads that generate a shock
or vibration * (a)

Force

MAKE GIF S AT GIFSOUP.COM

O Dynamic loads can be classified as

» Periodic : such as a harmonic or
sinusoidal load repeats itself with
time

Time

Force

» Random : the load pattern never
repeats, such as that produced by

b
earthquakes =

» Transient load : is an impulse load
that is applied over a short time
interval, after which the vibrations
decay until the system returns to a mv"v Ao Time
rest condition V

Force

(c)

Types of dynamic loads: (a) periodic, (b) random, and (c) transient
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Mechanical behavior of materials

Stress—Strain Relations

O  Much useful information about the
material can be determined by

plotting the stress—strain diagram.

Stress

Force (orlo
Stress = M o
Area

I
|

Strain
Length of Stretch

Strain =
e Original Length

~ O

t
Il

Axial Transverse Torsional

Tension Compression Shear @

€.

Strain hardening Necking

F F
Stress, 0

Ultimate strength

Fracture
Yield strength

Rise
Run
Rise

Young's modulus = Slope T

Strain, €

Stress-strain curve typical of a low-carbon steel 5
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Mechanical behavior of materials
Elastic Behavior

U Elastic materials return to their original shape _

O It must have an instantaneous response (deformation) to load
O Shape deformation does not change with time

O e.g, Spring, rubber

M

mmmmmmmmm

Mechanical behavior of materials
Elastic Behavior
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Mechanical behavior of materials
Elastic Behavior under creep loading

Stress |
S
Time
k.

Stramn

Tuine
..................... 11
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Mechanical behavior of materials
Viscous behavior

O Viscosity measures a fluid’s
resistance to flow, like honey or oil

eeeeeeeeee

N

high viscosity

‘J‘.,/

low viscosity
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Mechanical behavior of materials
Viscous behavior

O Viscous Materials

» its original shape can be
easily changed

» Can deform easily
L Viscous flow is not
recoverable; -

> When the stress is
removed from a viscous
fluid the strain remains

U Have delayed response

13

Mechanical behavior of materials

Viscous 1 f : : !
Behavior under ] :
creep loading Stress i :
-
Time
'
Strain
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Mechanical behavior of materials

Viscous Vs.
Elastic A Stress A Stress
Behavior
t t
> >
A Elastic strain A Viscous strain
t t
> > y
15
) Elastic: 6 = 0 deg Viscous: & = 90 deg
) TI‘H&:{ ~ Tmax
Applied
Shear t -
Stress | s
. ] /xnme lag = At
Resulting e
Shear 1 -
Strain : ki
\_/ - Tk

16

16




Mechanical behavior of materials
Lag time = Phase angle

= Viscoelastic 10 < & <90° Viscous Bxis
1
05 |

05 = |
. |
4 |
s At=timelag —>&  y . 1, 15::: R4 |
|
I
Phase Angle i
b 1 i
L y P Elastic Axis
a
Elastic Portion
_Predicting_Complex_Shear_Mod & At wor 18
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What do you think ?

Based on this video, is this material elastic or viscous ?
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What do you think ?

Based on this video, is this material elastic or viscous ?
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What do you think ?

Based on this video, is this material elastic or viscous ?
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What do you think ?

is this dough follows an elastic or viscous behavior ?

23
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What do you think ?

is this dough follows an elastic or viscous behavior ?
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Mechanical behavior of materials

Viscoelasticity

O According to Rheology,

Rheology
» most materials are viscoelastic Science of deformation & flow of liquids & soft matter
<+ _have both viscous & elastic components. . . L.
Greater Viscosity Greater Elasticity
U Materials with the highest viscous
portion are called Viscous/Newtonian
liquids
> no matter how they are stressed, their Newtonian Non-Newtonian Hookean

sty never changes Viscous | Viscoelastic Elastic
> e.g water/ salad oil Liquids il - g
< s

O Materials with the highest elastic portion
are called Elastic/Hookean solids

» they show the same level of stiffness unless
they are destroyed

> e.g. Rubber/ steel & = S
All E' dissipated All E' stored

https://transcendiit.co/blogs/fascia/viscoelasticity

28

Mechanical behavior of materials
O A cause

Viscoelastic Behavior e

Lakes, R. S., Viscoelastic Materials,
0 Cambridge University Press. (2009).

0

O Viscoelasticity is the property of materials
that exhibit both viscous and elastic
characteristics when undergoing deformation

U Viscoelastic Materials

» Have both elastic and viscous response

» Have delayed response
. € A effect
» Deformation depends on

% Applied load viscoelast .
Duration of Load . ) S V lSCOUS ........
elastic .~

Rate Of Loading -------------- ‘l‘- ..

*

X3

¢

®,
o

g

2
'’

Temperature

3 viscops viscoelastic
o : elastic
> t
creep recovery
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Viscoelastic
Behavior
under creep
loading

deformation —

Mechanical behavior of materials

Load applied

Load removed

plastic

plastic

time —

35
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Viscoelastic
Behavior
under creep
loading

Mechanical behavior of materials

i

Stress

Strain

Time

Time
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Mechanical behavior of materials

Viscoelastic
Behavior

A Stress A Stress A Stress
t t t
> > >
A Elastic strain A Viscoelastic strain 4 Viscous strain
t t t
> > >
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What do you think ?

Based on the following conditions, which

behavior is more prominent in
a Viscoelastic Material ?

4

41
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What do You think ?

What do You think ?

~

—_—
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Based on these conditions, which behavior is more
prominent in rubber?

High Traffic Load and Speed
Tegm

m'-x .'.'H.'J.

o

Low
Temp

44
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What do You think ?
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What do You think ?
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What do You think ?
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47
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