stiffness
flexible «> stiff

elasticity
rigid <> elastic

ductility
not ductile<> ductile

strength
weak <> strong

Young-modulus, E (Pa)

elastic strain recovery, &

resilience, w;, (J/m?)

&~ &

o, (Pa)

not tough (brittle) <> tough

Hardness
soft <> hard

toughness, ws (J/m?)

hardness scales, HB, HV, HK
(,Pa”)

Physical bases of dental materials science
9.

Viscoelasticity

Keynotes:
< Viscoelastic behavior E-book chapter:
< Viscoelastic models 18

< Viscoelastic phenomena

Viscoelasticity

2
Comparing elastic and viscous behavior:
stress remains!
increasing shearing force
— e
plastic
behavior )
P —————
permanent shearing force
=l =
viscous |'I:||I
behavior i 7
——— T 1

stress disappears!



http://www.youtube.com/watch?v=u_jFzoYadJ8

Vi lasticit Reminder:
IscoelasticCi
y Elastic behavior: Viscous behavior
® sudden *® time dependent
® force is required to maintain strain *® force is required to maintain stress rate
2 displacement stress, o $
E S
s / generator $ "
a) @ Suddenly occurring, strength fracture
action then constantly A
R persisting deformation ejastic
i - 4 74 plastic
i time, t proportionality———-. range S
i fimit e /| \ AN strain rate (Ae/At)
! E 'el gec \ \\
' b\ RN
! 1N s N -
o [N S - S~o
o A strain, ¢ L N
g TV'SCOUS Seoramon N ,”" Newton’s law: A
- T~ 1
S elastic . - s AN v
b) & ] stress relaxation /" Hooke’s law: =
0, reaction \ o=Es
viscoelastic SNl --
> Hooke-body ’hﬁ,’
time, ¢ 1, /7/,/
I 7 1
s WA /,// // -
Ideally elastic body Ideally viscous body

Newton-body
E Hooke-body n

Ideal elastic behavior i — Behavior of an ideally viscous body T +—

How would strain change in case of How would stress change in case of How would strain change in case of How would stress change in case of
constant stress? constant strain? constant stress? constant strain?
€
(o} £ @
»action” »action” »action” »action”
" . N force generator” i »
force generator _displacement generator g ,displacement generator
_ ! : ! '
| i : i 1 t ] d
er A o ‘ : 1 : : :
! ! P H . s ! [ . Op ) ! P
Jreaction Jreaction ep 1 Jreaction ) ! Jreaction
t t 3 ! ;
€ E, € _reaction” stress is constant t

(no stress relaxation) € Jreaction”

|
1
sudden stress

relaxation




- - O
Viscoelastic models

,action” action”

Maxwell-model 3 ’ i ‘ ; {
E n € : Jreaction” Jreaction”

== 5
t W
G
Kelvin-Voigt-model »action” Laction”
t ! t
reaction” ' 3 reaction”

E

(I 1

¢
n |

S

o

stress,

strain, ¢

E

n

action

Viscoelasticity

(mechanical model)

Kelvin-
Voigt
model

force generator

time, t

Viscoelasticity means the co-appearance of viscous

and elastic behavior.

model: parallel connection of spring and dashpot
(Kelvin-Voight model)

Spring: ideal elastic (Hooke) body
Dashpot: ideal viscous (Newton) body

1. Upon stretch, the extension of the spring is
slowed down by the dashpot.

2. Extension stops when the elastic spring force
equals the external force.

3. When the external force is quenched, the
contraction of the spring is slowed down by the
dashpot.

Standard linear

modell

,action”

1%]

Burgers-modell

g (0} —

»action”
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1./a Stress-relaxation in viscoelastic system
Decrease in stress while strain remains constant
i displacement
-g 7 generator
a) @
action
i tim;, t
: T ] time, t
! relaxation times
C_ 4 Tvnscous =0 _ _E
b)g elastic T=® O-_O-O'e T
0 0; reaction
viscoelastic 0 <t < n E
B Y S“Tmwo
time, t "
12
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1./b Shape relaxation (recovery)

Recovery of shape after the stress is quenched.
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o force generator
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g force generator
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=
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' | time, t
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reaction permanent strain
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time, t
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displacement
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£
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0
! time, t
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£
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2. Creep

Continuously increasing strain upon
constant long-time stress.

/

initial
prompt
strain

time,'t

primery  secondary, pemanent creep  tercier

b force generator
3
7]
]
=
12
2 time, t
y
fracture
& T= constant
£ Modell: ? — Maxwell
£
7]

— Burgers

/ 1-107s 11

creep creep 17
17
Effect of temperature on creep!. in Zinc alloy (ACuZincS5)
case of metals it is signifficant if: 2 T2 20Cyo=200 Mre
04Ty<T 18 o, = 350 MPa!
18 T Tm=700K
- W 0,47, =280 K=7°C
s 12
s
s 10
7]
8
6
4
2
0
. . 0 50 100 150 200 250 300
Polypropilene: time, ¢ (h)
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Creep rate of ceramics
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. Experimentally, relaxation occurs |l s
faster than creep in ligament
4 14
- 3 13 =
g et &
=z Creep —— > =
g’, 2 Provenzano, P., Lakes, R.S., Keenan, T, Vanderby, R. Jr., 2 §
o “Non-linear ligament viscoelasticity”, 7]
& Annals of Biomedical Engineering, 29, 908-914, Nov. (2001).
-, Relaxation
1 "..'- 1
08 {08
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Hysteresis
Energy dissipation in viscoelastic system

energy loss (dissipation) =
invested energy - recovered energy

b © ©
" 3 3
o @ o
£ £ £
7] " 7]
A hyste
invested N yeieresss
S P curve
energy
strain, ¢ strain, ¢ strain, ¢
shock absorption

22

Example II: Implant vs. Natural tooth?
The difference is the periodontal ligament (PDL)!

Absence of PDL results in:

loss of masticatory force perception
loss of viscoelastic dampening

loss of force sensory mechanism
no implant movement

Implant is in direct contact with bone tissue

) 2

Increased compressive stress during mastication|

2

Bone loss (0.2 mm /year)
Loss of gingival height

Implants €= Root canal treatment

23YrOld Implants

L theendobiog com
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Example I: Consequence of rgechanical stress on intervertebral
iscs
(discus herniaNL

Stress on the L3 disc at various

positions

Posion

of body

[

e e s b el
255075 100 125 150 175 200 225 250 275 300 Lo |
Relatve prssure nhird umbordic *

nlving sulecs (%)

Sourc: Adoptd fom Nocharson 1992.
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1 F compressive force

compressive force (N)

A
600
400+

200

bigger percussion

smaller percussior]

5 10
compression (mm)
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