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The continuum media and its configuration.
M Otl ons t — Spatial configuration

t=0 — Material configuration
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The continuum media and Its configuration

Motions T
Xa = X4 (Z’t) : X = Z( Xa) Spatial configuration
t to (t t t, (t
Xb: X‘b(Xa) ’ Xa: Xa( Xb)
0 0 0 = i ' '
X = °x . — ( X Material configuration
A A(Z) A=X A) Reference configuration

Regular motion : no opening of holes and no material interpenetration
t (-1 t
OXA = [ ¢ ]A( XA)
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The continuum media and Its configuration
Motions

U, = X, — X,
Material velocity:
x(x.t)
t__r =4 A
viy.t) =

www.simytec.com



N SIM&TEC

Simulacion y Tecnologia
Simulation and Technology

«

The continuum media and Its configuration
Motions

Lagrangean (material)
description of motion { t
\l — \l \O xA y t
Eulerian (spatial) description t., t (¢
of motion V=V \ xa1 t
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The continuum media and Its configuration
Motions

Reference configuration Spatial configuration
t=20 time ¢

Material velocity of a particle tV — tv e

a (04
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The continuum media and Its configuration
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Motions
: L : : ; Dty
Temporal material derivative: following the particle a= —
Description Coordinates
Lagrangean (material) | Fixed Cartesian ) oty
description of motion a= “ ey
ot
Eulerian (spatial) Fixed Cartesian oty oty
description of motion ‘q = a 4 a t e,
ot o'z, ”
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The deformation gradient tensor

: . t — Spatial configuration
t=0 — Material configuration P g

—
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The deformation gradient tensor
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The deformation gradient tensor

Ar_ 3

* ¢, b,

o 2 a.rxz
o I
X
t=0 t = At
Fig. 2.3. Sequence of motions
onAt an At
ndiY p = d Ta — 9 ta
T — 9ln—1)At
d Tp a Ty
Therefore,
nAty _ nAt (n—1)AtNy 2AEy
0 R T AR oA A &
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The deformation gradient tensor
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"T(x.t) =

*T(x,t) =

tdy
°dV
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The right polar decomposition

The Green deformation tensor

t _ twT t
ﬂg — -::é ' zé
i
fdx - 'dx = “dx - 'C
e Symmetric

» Positive-definite
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The right polar decomposition

The right stretch tensor

e

U = 1]
The right polar decomposition
(@) (BT IR = ‘g
(i) 'R - IRY = ‘g

The right polar decomposition is unique
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e Symmetric
 Positive-definite

tR Is orthogonal
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The right polar decomposition
Physical interpretation
If X=IR
t t o] ]
tdﬁ1 ' tdﬁg — :':131 ' Eg ' :dEg — Gdi] (ig ' Eg) :dig
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The left polar decomposition

The Finger deformation tensor

e Symmetric
» Positive-definite
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The left polar decomposition

t ot
c-é - C-E SE
The left stretch tensor
$ ty. 11/2
¥V = [b]

The left polar decomposition is unique
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The left polar decomposition
Physical interpretation
dx; - fdx, = dxy (YT LM ) fdx,

Please notice that:

t .
U and .M have the same eigenvalues
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The polar decomposition
Physical interpretation

t=0

tds

22— [T o

o 1 | [Pm]T [EC] [Pn]

6 cos [ T & (*dS)
2dsS S 2dsS S n
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Strain measures

Green tdx, - tdx, = °dx, - 1C - dx,

Finger  ‘dx; - 'h7' -fdx, = %dx; - “dxy

i:di_l . tdﬂg . :dil . DdEQ — 2:':131 . [é(gg _ CEJ :| -:JdEE
\ J
|

Green-Lagrange ‘g
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Strain measures

1
fdxy - fdx, — Pdxy - dx, = 27dxg [5( té - b7 ] - dx
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Strain rates

Velocity gradient tensor

—
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Vorticity tensor
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Compatibility

t
t=0
tui
-~ 000 N
t t
U = Eij
t {
& = U |
82 tgaﬁ 82 tg,}/é B 82 tgaé B 82 tgms 0
0°27 §°2° 0° 2% 9° P 0° 27 9°2° H° 2% §° 20
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