2%k 2= (Stress)

: The force acting on the entire body
in equilibrium (6|0| Y AI-EH)

édvmn—g ‘FEVCG
(o)

L dividing the body into two parts

using an imaginary plane

Y
ﬁ S{Q : The force acting on each part alone
must be in equilibrium

Sh ' m_rmpg foree
(A7) .

HE JA0|M ERS2(average stress) 7§

. oF
Definition of stress : hm(éA) 7t O™ Zt(Stress, SH) 22 ZAHE
A—0

1 O T

— PHO|Mel Dj2FHH(6A)S XLt PHOM 0F2] WS 7HX[= EN

= [M2tM SH2 EMor WH 1 HHOACl EF diato| 3l(EE HH)O|
S Al0| Mol=l (2nd order tensor)
L matrix
perpondhen bar cf) Pressure(2f})
’ Shrectom )
My ki
5F.  dF.
e 0A —dA : normal stress
g+ =)
0B,
lm—_ -
y
sa—0 04 dA ) shear stress
SF.  dF.

}; 40 54 dA



* Tensor(multi - dimensional array of numerical values)

Tensors, defined mathematically, are simply arrays of numbers,

that transform according to certain rules under a change of
(ex, dot product, cross product, linear mapping

coordinates. In physics, tensors characterize the properties

of a physical system.

rank, degree : dimensionality of the array needed to represent in

v
- Tensor of order zero (Scalar)

ex) mass of a particle — Z2F0| M dlLtO| 2 HF

- Tensor of order one (Vector)

pot

ex) force — W3t 20| 2ESt= H(RAK|) 25 ER

- Tensor of order two (tensor) — matrix
ex) stress — 2l0| X8st= H(HH) I Tl giol olo| Yot

Oy Ty

20
O-Z/x O-yy

- Tensor of high order

Q. E-valuee | tensorQl7}?

12

mjo
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13

OfAM ot Hofl oot Mol S5 B B2 - 9712 SHEE
L shEg AUn M2 R@SHe 3Hel Welo| B
g% HEg 2% A

—QPCL

* Pounds per squal inch : psi (U.S)

(Pascal)

Stress tensor

A2 — (P21, 8 25 &xX)

- Unit(units of force per unit area)

(SD = 1Pa = 0.000145 psi



- Equality of shear stress
* Equilibrium in all directions,
YF,=0, $F,=0, XF,=0

k Rotational equilibrium,

M, =0, SM,=0, M= 0 T L~ Crx
A=,
ex) TM.= 0, , Y~ Coy
7 X
( )dz +( ) / :
= T, dydz)dx + (71, drdz)dy= 0 d=
T Toy = Ty <

likewise, from XM, =0, ¥M,=0

Ty = Tog Tyz :sz

— This means that shearing stresses on mutually
perpendicular planes of the element are equal.

xrz —>  6/9 2T LH E=ICt

—

yxr Y=

2T sz z




- Various types of stress condition . f:/:me strain [ ¢2=0
af.

@zuccﬁm@}
T
J,///// - p

2HElf, principal stress state

a. Triaxial stress

o, 00
00,0
0 0 O3

-
olo

@ﬁ‘;—z’;en
b. Two-dimensional or Plane stress K ?}
. 80| x, y BROID B3 HL,  HE = 0) g
& ¥
= ’ /"/r d'.A.
U Ta:y /”?‘cz &=
T.,.. O N
yr "y ~yz Tyx O_y K( £, 40)
78, 7L, O G=o

. Pure shear
: In this case, the element is subjected to plane shearing stress only,

. lLT Z"T Zqx

'fx.

d. Uniaxial Stress
: normal stress act along one direction only,

ex) uniaxial tension or compression



- Stresses on inclined planes in an axially loaded member

PP = '
P (_ E::O\" L P Axial Loading 0, = 5

¢
. FPeost (= Px' ) )
o, = =0,c08°0 (<« A, cosh = « cosf= A,) — (%)
A, cos
Ty = _%n/@: —o,sinflcost (X )
!

(.
Grtvess

4 |
= the normal stress is either maximum or a minimum
on planes for which the shear stress is zero.

1 1
= Shear stress in the range of T30 T 50

= When 6> 90" , the sign of 7, is changed. (from - — to +)

Example)
J&\n?mwx
] S ) ;
: G AR ,-—J folkeN Sol) o, = P_ 60(10_)6 — 5 M Pa
3re A 800(107%)

from (), (k %)

35° HHOM 83 HEfj=?
5 "0y = 0,c08°0= 50.33 MPa, 7,,= —35.24 MPa



- From Eq(k) and (k x),

As expected, o, is a maximum (o when 6 is 0° or 180",

max)

and 7,/

, is maximum (7,,,,) when 0 is 45° or 135", 7,,.,= £ o

z CMohr cvele>  m
T ey

0:

\_;)
[

- M

—

<Mohr's circle>
% Mohr's circle is a two-dimensional

graphical representation of the state of stress at a point.

cf). 3D State of stress

A e




oo™
o - L
s 1 U= o

VEiel =X W2l ojaMHo Zel= 2o BY
o

(7|2 7td: body force FA|)

dx Atolo| 0,9

0y
Y
(Y, 28| Het= LFHA Al
O
o, + : Taylor's expansion

Sty

A

~ 60K 57 B oM = 3X6 — 1874o| Elo| X

- X% Watol 30| By,
oo, oT,, 3Tyl,
(ax +——dx)dydz+ (sz + 82)0x0y+ (7, . — 6y )0z
ox 0z Y oy
- 0,0y0z— 7,000y — 7,,0200= 0 — @
8%555+87”555+8%555 0
T OToyozTh = T owoydzt — mOToy0z= —@
xesFo| 2lo| WHo| OjAaK XA ST

oo oT, oT,

x T

+ =0 —
ox oy 0z ©

80ij ) ®
o . —— = = —_—
- yet z e glo B HE, ox;

(5 Yy 2> Ty Ty T3)
or, oo oT,

Yy + Y + 2y = 0 R @ 0-11:‘)0—]1
ox oy 0z Oy 012
0T, N 3Tyz n oo, —0 ®

ox oy 0z
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- ® AN TRMY F BY f(HHH)S ZoH,

agij —+ 0 m]]
ey pfi= (p: EEk) — @

1

23 DHES| HYHY

X see the section of Equality of shear stress



