TRACTION VECTOR
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Let us define
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traction vector

STRESS COMPONENTS z3

Choosen” =[1 0 0] = t=t )—» T2
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Choose n=[0 0 1] = t=t3
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Define stress tensor

x1

components of t;

t1T=[011 o12 013]

components of

tl = [021 022 03]

components of tg

tl = [031 032 033]
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PROPERTIES OF 05
Moment equilibrium

021 + Aoay
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Moment about E

012 = 021

In general

Oij = 0j;

symmetric

' o012 + Ao

PROPERTIES OF 0

dS = area PQR

dS; = area ROQ
dSs = area POR
dS3; = area POQ

Equilibrium

tdS —t1 dS1 —ty dSy —ts dSs +bdV =0
~— ~— ~—~

=n1dS =ngodS =ng3dS
av
= t—tlnl—tgnz—tgng—kbﬁ =0
_o‘_;n ~—
—0
ti = oijn; Cauchy’s formula

exactly what we wanted!
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PROPERTIES OF 07

We found
ti = 05Ny

In another coordinate system

/ ! !
t; and n; are vectors (first-order tensors)

Use transformation rules for ¢; and n;
=

O'Qj = Az'k:o'k:lAjl or 0'/ = AO‘AT

0ij = Ariog Al or o=ATo'A

0ij = second-order tensor
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PROPERTIES OF 05
In analogy with the strain tensor we obtain

e Mohr’s circle’s of stress

Principal stress - principal directions

Invariants

Cayley-Hamilton’s therorem

Deviatoric stress tensor
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DIVERGENCE THEROREM OF GAUSS

n
Vs

S

n = outer unit normal vector

c = arbitrary vector; ¢’ =[c1 ca c3]

Divergence theorem
/ c'ndS = / divedV
S 1%

. 861 aCQ 603
d oy g K
e 8$1 + 8$2 + 8.’133 €ii

T — . .
c n=cjn;

= /cjnde:/ Cj,jdV
S 174

Generalization

/cijnde:/ Cij,jdV
S \4

where
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EQUATIONS OF MOTION

/cijnde:/ Cij,jdv

S 1%

Newton’s second law
/tidS+/ bidV:/ ou;dV
S[ 1% 1% \

traction vector acceleration
body force

We found

We have

/tidS:/aijnde:/ aij,jdV
S S \4

/ (O'ij,j + b, — Q’U,Z)dv =0
1%

Volume V' is arbitrary =

oij; + bi = ou;

equations of motion
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WEAK FORM - PRINCIPLE OF VIRTUAL
WORK

Equations of motion
oiji +bi =0 U
acceleration

Multiply with v; and integrate of volume
/ ’Ui(O'ijyj + b, — gu,)dV =0
1%
v = weight vector

Use of divergence theorem and Cauchy’s formula
(ti = O'Z'jnj) =

/gvide—l-/ Vi, j 04 dV:/UitidS+/ 0;b;dV
\% V N—~— S \%

v
EijO'ij

e = 2 (vij + Vi)
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