Representobhon of shess com ponenks
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E{l we take out o small cubord with orfg'\m

|®

z at point P inside the body | the shate a‘@- shess

0{’ e cuboid can be o\eF\‘cF@c& os below:

C.

QD/ Plane shate o‘?- ghreas

3D skate of— chress

e The cubord re‘:resen{s o small volume element fom inside He
body

o Note that a)l shress comFonen{:s showen  are Posi{—ive
— Positively divected force component act @n +ve plone
— Neaa’n‘vely directed Hforce c:sm‘soner\‘t‘ oct on —ve F\ane

* The skress components are assvmed to lee uniferm over the faces



STRECS EQLILIBRIVM  EQUATIONS

TP vou apply lood on o ‘oedy) the boc‘la %e’ts defermed .

: :ul : fu
t F

Uncle-Formeo\ Dedormed

You may be interested ia :

@ %’na\ Ole'Formeo\ cOh«P\’auraHovx_ o(—‘- the \oody

—5 @) the distribubon o% stress tensor n the bocﬂy (since
strese tensor vary (within  the boo\y Peerm pt to P’C

To know where the ‘ooo\y can @uil) we weuld need to

know the c¢tress Covnpanenlzs at every point in the \oody\

How to oblainn the diskribubion o{)- skress tensor 1n the \000\77

We con obhin the diskribubon o(?— stkrest bensor %r&m the
ustress—ec(ui\f\or\'uvxr\ eoluah‘ons" ond Ul’rl'ma{-@\y this diskribution

will help in O\esfjhinj aninsjc «Pe[\\mre. Jdets derive thece
eo(uchms



We beain 'b\// ’m\—((ng an \'r\%‘nil‘esimal cuboidal wre%\'on n
Hae loody

[

Z

* Consider an infnitesimal cuboid  with point P at one corner.

We will ascome average kraction vector octing on the Races

e The shtress comFonen‘l's on -?oces at distances Az, , Ax,, and Ax, ar

are different From the ccmpcmenl-s at the faces passing Hwough_
Poirﬂ? P gince these 'P\omes donet poss %wuﬂh P

s

/!
P .C(z ) t13 'relqi'ed t'ﬁ O’l';) lel tls ‘7

/
o Houo are O‘—‘

Use Taylor series expansion,

/
= % C’H-\—Ax,) = On (X)) + 200 Ax, + ht‘gfe\erarcle)z_ tewms
ox,
t[l” = —C\Z (x("}‘A?(‘) = Tn_ (JL) + ?T\a Axl 4+ -- -
3,
,
Te = Ta (rax) = Tald+ ?'a—(us Ax, + - -
-\

}Mmi\avly) we con express  velations bso o
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RMress cam‘:dnen'{'s on ‘r\'gﬂ\{' @ace_

O, + 9T, Ax, T+ T2 Ax , Tzt 9Ts Ax,

X SX, DX,

! SMress c;w‘n\?dnen'i's on [e‘C{- ?o\ce_

i > G, Tis

Avrea GF botr {aces - DX, Ax,

Stress compenentz on top  face

012—'_ ?LY_;‘." sz » tm + BT’;‘ A?& 5 Tas t atz,_s A=,

3%, DK, d=x,

Shress eam‘l:dnen'{'s on leF{- @uce_

Lress compenients  on Prcn{" {Zace

Ot 9% Ax,, Ty+ 3Ty Ax,, Tso+ 3Tz Ax,

3"3 39(3 BXS

Shress compenents on  rvear face

0\33 2 ~C:‘sl B ta.z

Aveo. of botn foces © D%, Ax,



Ip 0. conhbnuous body is in eﬂui\\"or(um) Hren any isolaked Fart o?—
the \ooo\y must alse be In equili\ow‘um- The requ\'remeni‘s o@ esfm
\'mPl\'eS Paat  cevtain condibions must be satisfred by the shress

Co =
mpensn center of cuboid

For equi[\-brfum) Z M0/= e) and = E =0

?jz Mo = 0  abeut €5;-axis

=2 - (2, A x, Ax_-5> Bx. (zz, Ax, Ax3> Ax,
L

(Cm A x, A’(5>Ax| + (T,zsz Ax, ) A% = o
FY

= [tll Al ?;;l% Ax‘ + Tz — Ty —%2_‘ Ax, - _Cm] A=) Ax, ARz =0
! 2

_
= AL, - AL + 202 Ax, - 2 Ax, =0
2 x Y &3

As Ax, , Ax, and Axs — 0

Tz = T

8'\mi\or)\/} ‘\'aking moments abaut the center d?— the cuboid

a\on8 e,- and ¢, - divections we 8ef::

$Z M,

(about @z—o“rech‘cm) CTa = Ca,

1l
o

il

o (about €, - direchon) Caz = Ta,

2 M,

Sheor Stress cc\m\)onenb on pevpendicular faces are equal in magnitude




Nooo aPP]V{nZJX «@orce e;;uf]f\or\-um
‘—-‘;7 Z Fx =0 <

/
= o/ Ax,Ax, On A% Ax, + T, AX AX, - T, Dx Bx,
/
¥ t3’ AX1AXD\ - .Z'ﬁ\ Ax, Ala + }/j‘_ (A'X, A, AXS) = 0

= Ol + o0 A

Ax, Ax, — o, Ax, DAx,
o,

Y &

+ (tll + 900G, A?(,_> AX'AQ(_% - zll A\XIAX3

+ <Zm + BTSI
O Xy

Ax3> bhx bx, — T, Ax Ax,

+ Y, Ax Ax, Ax, = 0O

= 90 4+ ol + oGy + Y, Ax, A% Ax, =0
3'9(\ o0X, X3

DiU\A\V\a by A‘)(( Axlez 5 we 8e%.

':37 BOT\ 4+ 3'-(21 e 3'(3\ 3 Y‘\ = O
CES X, D A,
/g\'m\\af]xa« ,
0T > T DT _
=0 = 2 + 2722 4+ 32 + ¥, =0
'i"'T ZFy >, 5o S s 2
72}:& = 0 = 9Tia 4 9T 4 D032 4 Y, = ©

9% D, D3%s



STrESs E@uUILIBRILM ReLATIONS

Thyee @ovce eojm 4+ Thyee wmoment eo“’“ = Tolkal S\%X yelatons

'B OT‘ + 272\

+'BT3\+Y‘—O

= Gy = T
o, DX, D A,
0C;2 4 2032 + oTaz 4 Y, = o Ty = Ta
D, 2 Ao EYS
tzz. t3z
ﬁz‘_ + 90 + o022 + Y‘_} = O
2% D¢, =R

A set & PPEs

In indicial m{-ah‘ovx) one con write

3
Z—«Bg e, + ¥ = 0 <« Yorce eq™
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where 4he T@Fresen{—ajc\\ow o{L e

shress tenser T n é,—g?_—é_g)
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(Q,‘-Qz __eg)

—

L—-

For PLane STRESS
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The equilibrium equtol{'\‘ovu.x for o delervrable <alid bocﬂy

D05 3T 4 DTy + Y

. = O T = Tz
=x & 3)(2_ QXJ
t = —Cs
'5{12 + o022 4 }Zsz 3y Y;_ - o 2) t
39(| a"(g_ 39(3
tz-s = Z3z
2T» 4 ¥ 4+ 2033 4+ Yy = O

The above equations ave pavrhal difterental eguahons, ard o

solve them, we wauld need BouNDARY ConDiTIONS

There are tweo 1-51993 o€~ bou—ro\ar\/ condihona

— o\isF\o\cemen% BCs
L/ /
—>  brochon [ force BCs

/ AN
d(sFTacemenl- ’\

BCs (eg c\amPed) brackion 8Ce



Relabon between external load on body's sudface to
—T e T ——— s

Shess tensor

guFPose_ we have an arbib-ary bod\\/ which is c\amFed at
some Forl': OF e Boondory and o load is Qﬂ:\fec& on Some

other Fow’c d@ tHhe boundowy by an external) ajenl‘

T° (by external oxgenf)

Llels take o small Ffece Hrom

! the surfoce. Note the a al
boonda*ry e curved , bu if we
lake o Hny piece it ]l be
almost  flat

What are the forces
ocking o the Kaces of

the '\'iny Pl'ece?

— External Lorce (OCH”% o
the exPaseA ?ace)

— Tyocbions (O‘C{'\'ﬂa_ on the _I_-}
internal %ces)

- Boclly 4orce

Fom ‘e-ovee ec‘ui\ibvium of this Hiny F?ece) the total fyce = 0

T AL + (TP T an, + (TH+T7) A4

+ I_}A,Az + (LA A A, =0



If you divide the above equa{'\'on by A A, and then

Ay, — 0, that 1s

[in 1—0 AN, + (Tl*' I—2> A Dy (T"" I—‘> L Ay + T7AM, + Y AL =0
By—>0

AA,

= [¥' [To + T°‘+T—Z A, I -1 -3
1 L | 22+ (T'+ A T =

As we take A, 2o, we oare Qhrinkiha. the \'\el‘g\nt‘ b)/ Fos\m‘ng the
bottom surface towarde the top surface while keeping the surface

oreos A A, constant.  The ftevmse con'&xim‘n% Ay il vamish in this

l'mit  and t
(i we ge _T_B _ __le

——

Ae T2 and __T__'S form an achon and veachon Po\iv, we obrain

o I'n general
TS = = gS = I 3 > g

— -

X

= T1°

n
0
// outward normal

Thrs velabion \'mP'lie.s Hhat the intevrnal troachon that %enem’t@.s M oo

body ab its surface point and on on internal seckton that 1s

Para\\e\ o local Sumgace F\ane of the bo&y Is e_qu\a\ b the
externally a\oph‘ed AMshkribulted lead

This ‘@orm s uSec& as 'bovncionr'\/ condifron Qo\" SO\'Viﬂ% the

clress equf\v’b‘rfuwx equa’n’ow avd 1s co\led TRACTION BOONDARY

ConD1T\ON



Now what coan You soy about the shrese avalbrix on the Squace

For example, & T? =T how il the (@] vrakix lock?

Th o chosen coordinate system @l—epff’;,))

x x T
[g] (e,-€,-€)) = ®noOR T{
T T

by sgm .





