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MnyovikeC oTaOEPES
0 Métpo ehaotikotntac (Young): c = E.g 1
0 Aodyog Poison: v =g /e [ J. L |
0 Métpo ovumieong (Bulk modulus): /}_ I S i
-1/K = (1/V).(dV/dP) - e
0 K=E/(3.(1-2v)) Fig. 6.3 A unit cube before and after applying a
0 Métpo Sibtunonc G = 6/0 tensile stress ¢
0 G=E/(3.(1+v)) | 7.
0 Av K>>E 10 oteped Oempeitarl acvuniesto / / )

Tote EEK=0,v="%, G =E/3 —
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E_I]gfure 195 TTE SITESs S 1 Figure 13.32 Schematic illustration of the effect of
ifferent temperatures. (From Carswell, T.S. ctrain rate on polymers

and Nasor, H.K., Mod. Plast., 21(6), 121, 1944. With
permission.)
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Response of an ideal spring.

0 looavikd erootikO: 6 = Eg
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Response of an ideal spring. Response of an ideal liquid.

0 [ooavikd ehootiko: 6 = Eg
0 Amolvta 1Emoec: o = nde/dt, € = (o/n)*t
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Rubber elasticity
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0 Movtéia:

a. Maxwell

b. Voigt-Kelvin

c. Standard linear solid
F=force, u= sping, n=dashpot
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0 Movtéla:

a. Maxwell ¥ EAANAL

b.  Voigt-Kelvin E x

c.  Standard linear solid

F=dvvaun, u=elatnplo, N=amocfectnpag b) | ’—’\/i/\/—
~

Engineering stress: T = F/A,, True stress: ¢ = F/A

EAlotp1o (EA0GTIKO GTOYELD): ° ,

T =pn*e 5
T = 1a0m, € = TOPANOPO®OT
L = HETPO EANOTIKOTNTOG

AnocBeompoac (eEdptnon amd pvOuUd TOPAULOPPOGCNC
T = n*de/dt
N = oVVTEAEGTNC IEMO0VS




Maxwell Model
Creep

n

. Response of a Maxwell element.



Stress Relaxation due to Maxwell

den d(e—- €;) de
o=ba=0=ng =N"g = Nq

since
El+E=E




Stress Relaxation due to Maxwell

de» d(e—- &) de;
o\=L&=0m=ng =0  =Nyqg
since
E1+E=E
0,0,
de -O- -0 —-©- ¢
UW=E‘€1 é_J
—
de : ) —t
—_ Ly OAokAnpwvovTag: £ %
€] n
Ing = El‘+(* —
] == .
2 I .
t=-0 t=+40 t=1t t=o T

g1 = exp(—~(E/n)t)- ¢’

Stress relaxation of a Maxwell element.

o= E-g = Eexp(—(E/n)t)- ¢’



Stress Relaxation due to Maxwell

de d(e— &) de relaxation time
0'1=E'£1=0'j=ndr =1 dr =_n?
since
El+E=E
Att=01s o= E-€,s0 0O(t) = E-gexp(—(E/N)t) = E-&exp(—t/T)
df‘l T T &
g =k J
—
de ; —
e n ¢
s
In € =——E-i‘+(* —
T O T .
t=-0 t=+0 t=t t=oo T

g1 = exp(—~(E/n)t)- ¢’

Stress relaxation of a Maxwell element.

o= E-g = Eexp(—(E/n)t)- ¢’



Voigt-Creep

8=81 =82 O +0,=0 o, = E-&(1) - _n‘dt‘f(f)
2= dr
ATToTOMN METABOAN TG 0 aTTo 0= 0
de O
o=F£e+N a
de F =
1 ar = e+ 0 N
The solution of this differential equation is: O

(1) =g[l - exp(—rf’{)]

with 7= n/E.



Voigt Model - Creep

n

. Creep of a Kelvin-Voigt element

(1) —g[l - e}{p(—ﬁ’r)]

with 7= n/E.

€= g exp(—t/7)
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>vvovacpol Maxwell and Voigt
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e

O Apyn g vrepbeong
0  AvoykolOTnTo GLUVOLUGTIKOV LOVTEAWDV

Y10, TV TPOGEYYIOT TEIPOUATIKOV
OE00UEVOV

O O O O 04

e =¢(E)) + &(n,) +e(Voigt)
€=¢& T & t¢&,

£ = 6/E + opt/n, + 6,/E;5[1-eV%3]
AV 0TOQOPTICTEL ATOTOLLA:

& = 0y/E5[1-eV¥]
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e = gysIn (ot)
['a wavikd ehaotikd copato: ¢ =G
goSIN (wt)

["a wavikd 1E®OM copota

(6 = n.de/dt): 6 = ng,cos (mt)
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Awagpopa @dong 90°

Toa ypoukd 1EMO0EANGTIKA VAIKA
TOPOoLGLALOVY OLLPOPA PACTIC
yoviog o petacd 0° — 90°
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LETPO TNC ATOPPOPTGNG EVEPYELNG
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Amplitude —»

Elastic solid stress

Stress-response
l amplitude (oy)

;f,__._\lis ceelastic-fluid
stress

Oscillation
amplitude

lE_O)

— Stress-response Viscous-fluid stress

{(log[6/930])

Time ___,_

0 To cuvoAkO LETPO EAAGTIKOTNTOG:

G=G +i1G”, tand = G”/G’

voviog 0 petacy 0° — 90°
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Fourier Analysis of pa31a

0 Linear VEL: o=cSin(mt), € = g,SIin(ot+3), o-¢ : ellipse

o / \ — o Non linear VEL soft tissues: Evidence (Fourier Series)
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— Tissue high elastic modulus E,;:
(modulus of the collagen phase)

Tangential modulus at the 2" linear
part of the loading phase.

Stress o (MPa)
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