Stress [ensor

T'(x) = ©(x) n

Stregs tensagr

The shress tensor de‘:eno\s on X alone .

To obtain the skess tensoey al o Pom?::

0> choose - three mul-uaﬂy \oe-rpendicu(ar planes ot
Fhat Point',

by. find . tractions on these planes

cy get the components of the trachons on the planes

Strese wmalrix as o representation csg skress tensor

The state of stress at o Fo‘ml' is completely Aefinad
b)’ the NINE stress components acting on three

mutually pevpendicular . planes (soy & -€2-8 planes)
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Cuboidal vepresentation of skress teasor

To wepresent the sltvess tensor at o given point X

n o body ,> we toke an ?n{lfr\'\tes'\ma\(& _swmall . cuboid
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== How do we defne which chresg
*& s posibve or negabve?

: Sign :Cmr:weri{"\w:t {3::»' _<::T~re:sse5:

o« A foce is +ve & Hhe outwardl

o Foinb' in

‘-?ac.e ﬁowﬁa\ Ve

-]:he_ diire.c\ficm. GQ— ‘the +ve ooy axs - - A1 e‘—‘::\ane
[ A %Oce. iS Ve \.G- . . _g‘-Plune—/ '.'I

the outward face . . . . . .’,’ { \ .

normal peints in the =~ ] So-e, P’lane
direction of the —ve + @y-plane

coovrdinate axis
* The shress comPonen’f. is. +ve when o PQS‘H.VQ\)I directed.

Rocce .companenl‘. octs on . o pasitive Lo

e The shress comPonen’r s +ve when o necaahvely divected.

@orce ccsmPcnen’t oc.\-s on o neaa.h\re -Po.ae



° bohen. o Pomhve\y ivected '@orce cmmpovnen{- ac}s on o~
nega{we @uee o¥ o neaahve\y o\\ree{-eck ?m—ce comPaneni-
acts on o \:_cmb\/e_ %a_ce,_ the shese C_:ompcn_en’l_“ 's neaol-_\ve.-
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ap/plane state of shress

“Certtain vemorks:

o The cuboid vepresente o very very small velome
element \lrom. wnside the loody at the .Foin’c P
- o ‘Note that all .stress . components shown are PosiHve.

— Pos‘bve\y cﬁwec\:ed ?orce ccmFonen’r oo_’c- cm +ve J\2c1<'<-1 '
_ Nego&we\y o\urecked @orce Cdrnponeﬂ'l.' o.e.‘b on —ve -?G\CE.

o The stress cOchmen%s are assvmed o be vniform over

\’he g-ace



Streas Ec‘ai\ibribm

. E'c‘uq'h'ori,s in  Carlesian Coordimtes

622 Gas

The stress cochnenPs Ax,

.on. -ches_ at. diskanceg .
- Ax

. AZ,_-) and - Ax,

“are difPerent Brom - the
ot o et i s
'PGS'S'Iﬂa' H‘H’"oug\‘\ = (?_C) : : : . . : . . . . . :

- Skress - c::rmponen’cs on \e{"'l--‘eace

S =" Oy (=i, %2, Xs)
Tz = G2 (xl,X-;, zs) :
G =

To (%, %, 23) . S
.Slress. components on r.?ah'r Race .
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= Oy CZ;-{-A"C“ x:.tx_?,)'
A

Ty 2 T (X + A%, , X2, Zg)

i

t . - - - - . . . . . . . coos s N2, AXy
To = Ga (X A%, , %2, %) Face area 2 BXy
Usm% To.a ley series expanm'on.)

/

Ch = O, ("‘.,X;_-,KSB +. o0 (7, >=t,r:(3) Ax,
9,
g . . : . . . X o _
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-
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-Simlilar‘]g ,‘ LOé dﬂ“ .9*\9."’93-;' T‘e\a*.'u‘ons.‘nip-; ?01" OH‘\e'r' ‘g-uceb
L 'Fqce‘ area: AX, Aa:
Livess cpml'bor\enb on  botom '?qce

‘2 T2
T —
G om xmm) /xr/
. . . . . . . . . . . . . . tl . .
ta\ = t?_l CK‘) x’-f x—‘) =
. . . . . . . . . . . . . .P .——.—_-.
Tas = Ts (0, % %) A
/ C‘ /r
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J
Oaz’ = Caa (-?C,,-X,_—’:-AX,_,XS) ' Oaa (Z) 4+ 03, () AZ
: . . 9, :
/
Zz‘ = CZ\ C?C”..?C,_-Ir A’(z., xs) ’,'-\'., tg_‘ (3) + —a’tzl (x) A.xz
22,

. 223 =. tq_-} (96\ ) J(,_-\.—Az,_, K'S) = -Czs CZ.) + BZZﬁ C?S) Ax&
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| s
O3 = 03, (x5%; X, g

t;g = tS‘l Co‘l) xl/ 9(3)

S tress. com ntk on. onl‘ ce . K
pene e “ea %3
T = B3 (%, X rhx) = 03, (%) + 3% (2 A,
. . . . . . . . . . . . . azs . .
/
: r3l = tBl ('z‘, 9(,, x_g"l' A.X_,) =’ Z.s.'l (3_) + QTB" (z) AXJ ’
o 2%,

'Z’il,zi = ‘(52 C'x| > zz,‘ X3+A?(_-,) ~ z-32 (3,) + 91‘32 (3) qu
D2,



If o deformable body is in equilibrivm, then any isolated
Fowt'. of- the \oocﬁ?r must alze. be in ecl.ui\ilorfu-m..-
Se, H‘le_ cubmd 'mu-s'\:' Q"So be n ecru\hbrwm'
T o Betanee - anguar--
‘ Z qum\' any choesen PX:' O < > maventum . .
\/Z F = o @ Ralance o@. \\near nwioien fum
det’s consider the moment aut Me center of cuboid O -
"About "the €;-axis
“';7)2 M.o =
= (‘rlz DAx, Ax,) AX —
.V 2 TR

- (rg_l AZ AX; AZ:..-—
v =y

+ (T bz by £

— (Cay bz 8z) A% =0
T 2

> [‘Gz v Oz ax, + Ty - Ty - 2% Ax, - T,

% . gl.rp_. szl + 'azn. Axl - 3'Z2l Ax, = O
'32‘ ax?.

As - Ax , Ax,  Ax, — O

T =TCa | L';kcw':se' you can’ get

| Ciz < tBII Ytzs Z?aJ

Shea.r ghress ComPonen']‘S on PerPendrculav -Pucea ave equd) m -maca
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Stress Eé@u'lli]oriu'm Relations
-_ﬁ'\ree_- ‘che e‘l-n 4 _\T\-ree- mamen%‘ -ai'n- = Telal SIR velatons .
. . . . . . . . : . . . P NINE vnknowns
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-In- indicial notaton | one can write We havé S ix ethb'rmm
. ealuo.hons, but nine

B(\! (7_(> - _,‘_. \{'i =' 0 . ' Unknown stress c.awm-chen\s
= 9% ' ' ' ' We need mare equationt -
’ ’ ’ T ‘ ' . - which we will ebltain
2(3) = g(&) fron  stress-shyain velation

L2 Sh‘mn i s‘:loe ement

Tﬁe a\oave e_qua\-\ms are Farha\ d\FFe'renha\ equcthcms cmd +o

Solve them (Uniquely , we would need BouNDARY Cc_mmﬁons

Triere. aré Jt'l..uo Ll'j]:és c?— b-oun.dary' co;'\dii'l"ons‘

braction BC

= dstla'cem'en‘l-' RCs ('D'\r\'cMe"l' B'Cs)‘

= hra.cﬁon/ Rorece RBCs ( Neumann _BCS_)

- As f\o.cemen-'\?

BC (eg c\q.m‘:epl)

Devivalion. of tracton b.oums‘\a.'r\/. canditier
,T _CE“t'eml - This applied load is usually distributed
over an avea; therveftore has umit ot

traction.  We devote this dishibuted.




On the l-oF; Su.r(:uc.e o@ Hiie small
body part octs the external Un\fotm
O\lS\T\‘OUI‘@Cl h‘ac\‘lor\ T° -

_ﬁ'\e d\fechs 4‘ -_e"—-§’3 Orein .

the plane of the curfoce -and e,
12 the novmal e the .F\ane-.

What are +the: @orces oei—ina on Hise. amall - bodr Fap’b?
— Extetnal force  T° (acting on expesed suwfoce)
— T;‘o.c-\'!ons (o.c{-ma' on’ thée ivternal ‘?uces)

— Boc}y ?ofce. (OC\"na- at the CoM o@-ﬁm Vdume) _

The total force om this small bedy . part must be also be
Tg equ'\']ibrium.
TOAARY + (T AT Aads (T*+13)a 2,
- BExt - - - - : : : : : : : :
Cforee o TTEAA, v X AALA, = O
. / . Pody force .

Tf you divide the above equation by A Ay, ‘we get: .

9 ; S e e s e
7 T7+ (T FT) G C‘_[SH—I"S)}_Z +'T‘2+'Y/4{='o |
. . : . . : s U . : : N, : . . : . .

Jz°=-1") = T-1'2T-g=
‘%
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Now, \eb A,~o, that is we shrink the height by
.Pus'hina e boHom .sur.(luce_ towards .
the top surface  while keeping the

' gux@ace areo. A A_a, congkant.
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