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Concept of stress

The forces acting within a stressed
body are either body forces or
surface forces.

We assume an equilibrium state
under body forces or surface
forces.
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Concept of stress

Decomposition of stress in the direction of coordinate axis
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Concept of stress

This construction automatically implies the need for 18 stress components
to define the state of stress in the volume element.
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Concept of stress

At equilibrium, F=0 &2M =0
(there can be no net force or torque)

Sum of Forces Parallel To The:

x-axis: o A—o_ __ A=0=o0_=0

— X=X

v-axis. o, A-o_  A=0=0c =0

Y=y

z-axis: 0_A-o_ . _A=0=o0_=0___

Sum of Moments About The:
Z-axis: (erAyAz) Ax = (ryx AxAZ) Ay =71, =7,
y-axis: (7,AzAY)Ax = (7, AXAY)Az = 1_=7_
X-axIs: (TZ},AyAx) Az = ( AxAz)Ay = T, =7
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Concept of stress

When we know 6 stress components at a position, we can define the
stress tensor at the position in the material.
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Concept of stress

Transformation of Coordinates
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Nearly all solid objects have non-uniform structures
(microscopically and macroscopically).

THUS THE STATES OF STRESS GENERALLY
VARY FROM POINT TO POINT EVEN THOUGH
THE APPLIED FORCES DO NOT CHANGE.
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Transformation of Vector

The vector S can be easily resolved into components that are parallel
to any set of reference axes.
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Transformation of Vector

The two coordinate systems are related through a series of angles. We
define them in terms of direction cosines,
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Concept of stress

Principal stresses

Stress components acting on the faces of a tetrahedron OABC
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Principal stresses

O,, — 0O Txy 7,,
ry, o0,—-0 1, |=0 SecularorCharacteristic Eq.
Uxa Ty 0, -0

53-(5_“+cr1.1.+cr__:)o':+(cr c,+0,0.+0.0. rz.,,-rz,_-r_f__)rj'

Xx oW

(0,0,0.+20, 7.7 -0 rl -0 12 r2)=0

XXz yy o XZ zZ \‘l

or

c'-lc’+1,6-1,=0

Invariants of stress : 1, I,, I3
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Principal stresses
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Stress components acting on the faces of a tetrahedron OABC
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Example
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Find the principal components and principal axes of the stress
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Concept of stress

Maximum shear stress
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Concept of stress

HW1 (due 9/13) :

Derive the Table 1 and explain that the maximum
shear stress directions bisect the principal stress
direction by 45°.
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Deviatoric stress

Oto,t0, o +0,+0 o. |
Mean stress ; |Om = - =2 “a-a

Hydrostatic stress or pressure

O

Q.
q

XX Xy Xz
Deviatoric stress : |oy =|0,, 0o, O,
_O-xz O-yz Gzz_

Ow Oy Ox c, 0 O

=\oy O, O0,|—-| 0 o, O

O, Oy 05| |0 0 o

Oij = Ojj _Gm5ij
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Concept of stress

Familiar types of stress state

Uniaxial tension Uniaxial compression Pure shear
(¢ 0 O] -6 0 0 0 o 0
c=|0 0 O c=| 0 0 O c=|c 0 O
0 0 0] 0 0 0 0 0 0
_ by 45° rotation
Hydrostatic press for 0x, axis
P 0 O s 0 0
_ Hydrostatic stress has the same
T R components irrespective of the [ =|0 —o 0
|0 0 PJ| choice of coordinate axes. 0 0 0
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Deviatoric stress

T T o 0 0 o -0 T T

XX ’ﬂ XZ i XX i Tl XZ

T O T =0 o 0|+ 7 o -0 T
VX vy ¥z m yx vy m ¥z

T T  O_ 0 0 o T T o -0
X Xy zzZ | m | | zZX hak ZZ HIJ

Total %u‘ess Hydrostatic Stress Stress ]Z;eviator
« Thestress deviatorjs what causf the

materiareterment.

Deviatoric stress Is a symmetric second rank tensor.
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Deviatoric stress

If we take the determinant of the stress deviator in the same
way that we took the determinant of the total stress tensor
earlier, we generate a new cubic equation that has three new

c’-Jo"”+J,6'-J,=0

Two of the new invariants, the invariants of the stress deviator,
are of importance:

)+(c.—-0,) — 0

m

Jl = ]1 — O-m = (Cr.rx - O-W ) + (0-11' — O

Jz B i[(o-“ B O-J,T)z + (D-J_T —O. )2 + (O'____ — 0., )2 + 6(2‘;_ - rf‘__ - ri):'
1 2 j 3
= g[(o-l - D-E) + (0-2 _0-3)H +(D-3 —D'I)H] — 1/2 G,IJG,

J
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Equilibrium Equations for Stress

2010-09-08 Stress distribution in an infinitesimal element <>
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Concept of strain : classical definition

(inifinitesimal strain)

7 A C B before deform.

%

% :L dx__><—u:l5_u difter deform.
ou

—— : 1-dimensional strain

OX
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Concept of strain
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2-dimensional strain
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Concept of strain
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oy, e - xl—dlrectlonal normal
I B i dx, + 2% dx, —dx,
u2+&dx2 ! / @Xl 8u1
8X2 /Oilll /I ell — d = a
X X
X, AM Iil L III 1 1
| / / x,-directional normal
dx, . 1 /a”//“K’ 5U2
I i ND LT dx, +—2dx, — dx,
! N, +S2ax, 8x2 8U2
u, ou, e22 = —
K X dx, OX,
) . u +id;<
) o1 " o Shear
_ou, ou,
1 OX, OX
2-dimensional strain
2010-09-08 >




2010-09-08

Concept of strain

ou, ou, oy
e, €,] | P X 0%
S ou, ou, ou,
OX,  OX, OXq
2 S ou, Ou, Ou,
| OX,  OX,  OXg

3-dimensional strain
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Concept of strain
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Concept of strain

Strain tensor

Spin tensor
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0%, 20X, oX ) 2\0%; 0X
2\ 0x, 0X 0X, 2\ OX;  OX,
|2\ 0%, 0% ) 20X OX, 0%y |
Wy Wy Wy
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Concept of strain
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Volumetric Strain

—)

Initial length of side : Finial length of side :
dx,, dx,, dx, (1+g1)dX;, (1+8,,)dX; (1+855)dXs

AV V=V, (A+e,)A+ey,)A+ g55)dx dx,dx, —dx,dx,dx,
V, V, dx,dx,dx,

&y =

Ey S E FEyp +E3a =38,
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Deviatoric strain

; gXX+€yy+gzz B A&, rd
Mean strain : Em = _ I I . _

3 3
Eyx gxy €y
Deviatoric strain : |&; =&, &, &,
_gu gw 8&_
Eyx Xy Eys Em 0
=&y &y &,|—| 0 ¢,
S &y &, |0 0

i ij m™~ij
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Special Types of Strain

N

Plane strain Uj
[
Pure shear "0 0 51_
0 0 O
e 0 0

30
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Concept of strain

Simple shear and pure shear

X2 X2
1 1
e, — at) N
2 Nt
— 12 T
T 2
X, ; X,
Simple shear Pure shear

elZ = (1/2) (elZ +eZl) T (1/2) (612-621)
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Strain compatibility

General condition
O’y 0 ey 8831+5812j

= +
OX,0%;  OX \  OX, OX, OX

Plane strain condition
O’e,y, 0 (0ey _ Ogy N o0&y,

6X38X1 N @Xz axl 6X2 8X3 833 = 813 = 823 = O
O°e,, _ 0 [ 0&y N Ogy  0&p y y :
OX0X, X\ Ox  OX, OX, 5 0°¢, 0%y N 0°&,,
- 2 2
0%e,, _ 0%, s 0%, OX,0X,  OX, OX,

oX0X, OX,0  OX

2 2 2

iy @y Gy Mathematical Theory of Elasticity
2 Osy _ 0ty i 0%ey |.S. Solkolnikoff, P. 25
X% OX° — OXy

2010-09-08

>



	슬라이드 번호 1
	Concept of stress
	Concept of stress
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32

