Matevial Behavier and Modelfn%

In tis new module, the ryeal physieal Tesponte of—

various types of materials to different locxdfna cand hons

will be exammed. We will alse consider mathematcal

models to Preclfc.t such rveal vesponses.

The Mechanics Problen |

In most obleme, one knows ‘/ knowen
~ & forces
(some of ) te forces cLe:Hna. =
<~—
on o material campcmenfl') be of2
it wind, water pressuve, wel‘ah{- \
known dicp
of the human body, o moving o
(W3

train, etc.

One also knaws Scme{'hfng, abeut the o\u’splmmenk cdcma
Some Porh'on G‘?- the Boclj (l-e- Q-D-u) , For examP'le) ks

may be %‘xec\ to Hhe %munc! and so o\n‘sP- Prere are zero

The basic p'roblem in Mmechanice 72 4o determine

what is haPpenfn% inside the watevial body (s2)



This means !

What are the shresses and strains in L 7
(Ot this information, ome com answer further gueshons:
2y Where are the stresses high 7

by Where will the material fest -Fai(.'?

c> What can we change to make the cam]ocmenl’

Ponetion beHer?
o\> [Ohere will the camloanenl' move o C\'-e-di's‘?bﬂ?)?

e> (ohat is aO\'hﬁ on inside the material, at the

rm‘eroscccpfc level 2

One can velate Hhe external lecads on Me c'orn]:cmen%

o bhe shresses jnside the bodg {-hmuaﬂq equilibriom

velations
> PDEs < > 6 independent shress
(Sh’ess 'ealuﬂibrfunq) Components
equathons
O
J
BGTJ 4 b‘ = Pu\,
D %

S n =T on a8, Trachon BQCs



One can velate the dn‘splaaemen%s o Tntermal shrainse

Usincd» Kinematc relahons

6 stain- disp < 6 tnd. shuain camp-

\ 2

Y'ela-h-ons + 3 l.\"lcﬁ d\.SP Cd’mr.
€ = L ('au,- & Uy S u;
J R 2% 3%;
U= Uu° om g, Displacement BC

Some rTemarks:

'y Tn all ocor discussion vp votl now, thevre has

been mo wmeahon of any parhecular matevrral uvndevr s\-udy

be it metallie, Polymem’c, or bi’oloafcal.

2y The concept of shess and the theory of slress
transformation, Fﬂncfpal shresses, etc. are based on

physical principles (Newton's 'law), which apply to ALL
materials

3) The concept of shain is bosed on 8eome\-r>z and.
l—rf%ono-mebry ond again applies to all materials, with

the rvequirement that the skain be swmall for engg. shrain



4> It is the relatenship between shese and shrain
which differs From malerial to material.

Constbitubve velabon

The '(‘e[a'h'onshiP belween the ghess and shain at a
mater al Po'm‘l‘ -?or any material  will clepend opon te
microshucture of the material — wohat censhtutes Hhal

material . FTor this veason, the slvess - skain velahonship

in solid mechanics (s alse called Consttutbve relabon .

€3 _ wetals consist of o closely packed lattice of atoms

CN 1677 mm) -?crmina Poly crystals .

— Yubber consislke o?— a ’ccmaledl mass of \ona-c\nam

Pe\amer molecules

— woeod {s a cellular wmaterial with £bres and

cells (uoid'l'h ~ 01l wm and lenj'l-h ~ A mm)

— Concrete is a 8ronu1a1~ material composed of sand,

cement and aaareaoke. Water is mixed form a
S\un-y. By a chemieal process called hyd"‘a‘l'\bn, the

cement Pasl-e so\\'c\l"Fl'e_O. and hardens o bind the

aagveﬁat'e



Tor Hiese 7Teasons, the shkrain in a metal will be different
to that in rubber/woocl/‘:'oncrete ; ohen they are suljected

lo the same shress.

Tt is He constitubive rvelaton that allows the mechanics

Pro\o\em to be solved, sheown schemqh‘ca”y below

Ertevaal ‘D\'sp\ace
lood - ments
Shrees- S rain— Shrain-
equi\ Tbsivm QomFaHhilﬂj o\\'s!P\ acovent
Tnternal Constitutive Internal
Z N
Stresses | " Roiabions strains

(matevial -

dependen"t)

Thvee basic characterishics oF- matevrial behavior:

17 Time-independent o -¢ velations domet depend

on the Hme devivatives o & or & (I’-e- dg | dg
- dr dt

H-owe'\re\’, o -€ can depend Lpen Prior l"”'SbT)’ °€ g &

m

We will see, elashc and elasto-plashe behavior P under

thi's C'Qi:e%ery



Sl> —ﬁme—deFeno\en'l' 0 -€ relations involve 2=
a at

2\2__-_ as well (i-e. the vate at which matevial is being

t

slrained or shre Qsec‘>

This the of material behavior —‘?a)lf, under ViscoELASTIC

ano\ V\iscoe pLASTIC watervials

3) Response to cyclic load which is called -th'caue lbehavior

Need for o wmathematical madel for material behavior

Some crf- the queshons asked eavlier can be answered

DSina ex}:erimenl*ah’m- For examp‘le) one could Use a.

cor- crash test to determine the weakest P}s 'n . Caw.

However, Carr\/ina out multple tests for eaah and every

Poesible scenavie — diff. car gFeeds, ohf? cbslacles , ele.

would be too ‘Hme-(‘onsumfna and expensive.

The on\a practeal way in which Hese ques'h’o-ns can be

answeved s to develop o. mathematcal maode|. It will

conscisk of- (o) equil\'brium eqne (L) kinemaothes velahons



() conshtutive rvelahens, (d) in*ﬂ;rma‘\'l‘ah related to 8@omeh-7

OF the bocla, (e) bouncla-ry condihons , and so on.

The wmathematcal model will have certain a‘or:mximai-l'on.s

oscociated with 1t.

e.g. — it m.‘ahi- os agssyme o boo\at to be o Ferf-@cl-
sphere , when in 4foet it mfah’r only vesemble o\s‘olnere
— it mia’n"r be assumed that o lood s aﬁblfed at
W - ) q
o “point” | when in -Faa{- it s oPFlu'ed over o region

on the loooly':s surface

— the consttubive relation fl'self!- s an oFme\'mMﬂ'm
in wmost cases; the relaton between ahrecs and shmin

in aay material can be exhremely complex , and the

cnstitubve yelabhon 73 an aFProxiquon oF He reah'b

Once o wathematical model is develeped, all the
equations can be solved and the model con be used to
make o prediction. The predietion of the wadel can be
tested against veality by carrying out a set of well-defined

ex Pen'm ents



SimPle models (e-a.. simple constitutive relations) should be
vied as o frst step. Tf the model predictions are
wildly incorrect, the wodel coan be wade wmoare comrﬂ(cn-?-sd

and the ou\-Pu'E tested o«gofn.

Mechanics equatons associated with simPle madels aan

often be solved onquh‘ca]ly , 1-e. u.sina a pen and paper.

More comple;c wmadels yesult n complex csets of- equations

which coan oﬂly be selved usfng o Cmm]:q{er-.



