Mechanics Moo\e\\f\r\a

In problems of wmechanics, one vsvally hknows (seme of)
the fovees (or shresses) aching on the body under shidy, be
it due fo wind, water pressure, the weight of the human
body, o moving bfeain, and se on — ITvackon BC

One alse often knrows ScwneHm'na about +he d\'sP\acemenl-s
a\ong Some Porh‘on of ‘the bao?\/, Yo example , it might
be fixed to the ground  and so the displocements there ave

zero. —> Dl’sr\acemenjr BC
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The bosie \)Yololem oF— vanechanics s +o debermine what is

happening INSIDE the body.

This means: what are Yhe shresses and shwins inside 7
+ Where are bthe shresses high 7

« Where will the material Ffrst fail 7

e [Phat can we c_‘nomae to wmake the wmaterial -Func-h'cm beter/



The P-rob\ems Hhat we solve usina %em—y o@ mechanice is Lo
%’nc& distributions O(L shresses and shkrains which Sq{—rgej fhe
P‘\’escﬁ\oed loads and ci\‘s?lacemen{‘s on the bouna?q'ry andl
which sabisfy the equilibrivm condihons,  Yhe skress-shrain —temp

velahons, and the %QOW\Q\:Tl'ca\ s\fair\—cs\{g]:\qcemen{- velahons

Extewnal Extevnal
loods d \'CP\acmmenB
Equilibrivm G eomelbrical
eqns CmnPaHloilH}J
A Stress-
Tntevnal shrain eqns Tnternal
Stresses < ? Strains

ComE\e\-e equaHms crg- linear e\a«sh‘ei\:\j

As P'rev(cugl V4 venbhoned tHhat ounlike T‘\‘a ‘d bod \‘e,g) defowma ble
colidd bodies Yec,uive Sq{'\'sflyin% %eome\-rfc cmnqubHﬂH on &
glyess - s\fraisn—{-eml;era\ure velabons in oaddibhon Yo equ?h“lo'r"um eqns

Equ{;\(brium ec]wa\'\‘ans ( 3 eqns)

9% 4 G2 , 3G Y, = 0
X, 33, Xy

07 + 'é(f}_z + D Caa + Yz = O

I, %, S,
3TCs 4 Alas + 90 + Y, = O



Geomebric  Compabibilily / Steain displacement relatios (6 eqns )

The oh‘sF\acemeﬂ\'s must watdn tHhe %eomel'ﬁ‘ca\ Louno\a—ry condns
and wust be conbnucus  Lunchions o% Fosﬂ-\bn. with which the

shkrain comPonenb are associated
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Stress - skrain— lcemf‘eral'ure velabiona (G e,o(t'\$>

€y = —'E— Lo - V(s aa)] + & (T-T.)
2= L (G- V(o ro)] + o (T-T)
€ = L [o- vio+ a)] + «a(T-T)
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The equﬂibwium eqns (3 ec]nSB + S‘B’a\'n—o\fst:\qcemen{— (693ns>
t S‘\'\’ess—S\Tair\-\'evn‘:erahre_ (6 eqv\s) ?-rovvfde () equorjn‘ons
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These |5 equal'\‘ons are the %unalamen“ca\ eﬁua'\-\‘ons a?- linean~
elashei }H H—\ eovy
Note the equations ave LINBAR  ELAsSTIC due o

(a) /\ssump’h‘on o? [inear wmaterial behaviovr (s\-regs—sl-ra(n>

9 = {L(G) —> Linear os&umP:}\b\r\ = 0 & &

~~———
Usualia nonlineay

(b) Reskrichon to small shrains leod{na b linear skain

- o\\"sP\acement velahon

(¢) the wiaterial ryetoms to ik orl‘g\'na\ gha[be when the
loods are removed, and the Unloqd\'ng \oa\'h 's same as

tHhe load{nz l:q'H-\ ( elaste)

() bthere (s no olePendence on the skain vate (elashe)



Vse iili hounda"r)l condihonsg ‘Fo\" solobhon

In ovdexr 1o obtain solutions to the 1S eolua‘b‘ows) b s necessary
to Fer&rm in{-eg'rah‘ons becauvse O\Q the Jderivahves +hot appea

in eguilibrivm  and shiain-displacement equatons. T L e

solvbon gor o ?ofjﬂ'cu\m‘ bo&y, Wt s necessavy o Pvescﬁbe

boundary cenditions at every Fo{n’t‘ on the surface of the

booly. Every Fo\'n{' on the suwfoce o?— the ‘ooc\y will have

either the d\.sP\o.ce'meni‘ vector or the curface hoetion vector
specified- L
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d\sylacemeni’ X Ty

\oounda\-y r = (\_q U >

The a\:-P\(eo\ loods are usuq\17 characterized by sFechging

trochon vector acting on a portion, Ty, of the total sudoce I

—‘—C"‘\ = I* o I Trachon BC

- t

known om;\(ec& lead (v\g_

Mo‘reovev) surpov\'s ore sreciﬁeo\ over the porHon of the SufFote
Th, where te Adisplacement vector W is specified.

u = u an ru D\'gf\o\cemen{' BC

K nswon guv‘;cfgc condibong



Other pes & yateriqls

A waterial whose FTOF@Y“HQS ore the same in all divections
is called isoh‘opfc. In Farh‘cu\qr) the *re)a{"\'owns\'\iP between
stress and gkrain  at any sing\e Fofn‘l‘ in the ‘oooQ7 is same
in all divechons. [his impliee  that if o specimen is cut Leam
on isotropic material and subjected to o load, it would not
matter v which orientathion e specimen s cut, the

Y‘esol’n‘na o)eforma{'\'on would be Hhe same.
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Skress - skvain Telabion yemains invariant Yo votahon

Thevre are waterrals which are net \'.so'l'\“o‘:\'c but Common77l

geen n vnature. The clascic QXOHMF\Q s WOOJ) hich has
o clear direchional depend nce — shueture a\ong e Libers
(ines that can be seen) are Sdifforent from those perpendicubr
‘o the {Zibers. As such, weod is sKffer and S\'Y‘dhﬂer' aleng
e Hber direction than FerFeno\\‘cu)ar o Hem.

Woad IS on OTH’\O\T‘OF\.C ma{—e\—ia\ —> gshress- skrain ~elaltons

are in&epehc\en{‘ in three
Yhu’mally Per‘]oeno\fcu)a\r

direchions.
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An{;okonc materiale avre vnateriale hich show d; fPevent
stress- strain  behavior in diffevent direchons. Wood s alto
sometimes modelled as aniviekro pre raterial. Pm\'so\'roFl‘c [y near

eloastie materals vequive 21 indefenden't elastic consigois.

Homegeneovs watkerials
\NJ

For waterals where the skress- sbvain velabhons are same

at each point H’nroughou{- are called homogenecus . Ta other
wevrds, the re\q\w'ms\wiP bolween shress and shain s the

same Lor all wmaterial ?ofh'c\ez- Most wnateriale ore assumed

to be \namoaeheous .

Note +hat \‘soh'o!::y ie velated ‘o votational invariance o?—

stress- strain  velabon at o point, whereas homogeneity s

related ‘o tmnslahonal invariance of sivess-shrain velations.
Therelore, o woterial could be homageneous but mot \sohwopic
(for ex, wood) . Remember Ihat homageneous vefors +o
different locations whereas Isotropy vefere to same locahon

butr AlRerent directions.





