JTRESS - STRAIN Yelghonr

'Reoag
e The idens 0{7— shress and shkain at o ?oinf were develmpeél sepamjcety

e We have ¥Yavee s\ﬂ'ess—ec’ui\{\ovfum velabonk o?sr R fhc:Q@‘Dendenf <hess czm()cmenPs

e We have gaix S\-rain-com‘aa’n‘\o\‘h‘\ﬂ relations for 9% ithVenden:l.’ Srain Cprm]DGﬂPn\'_s

e We stll need wmore esiua’c\“ons 1o selve dor all <chresses and ghrains

* We dhall mow leck ab the nature of the waterial of the bedy o get wovre
e,a,uq%‘oms



How 4o obtain the shress-skvain velahons ?

¢ (wo a\m?roocke.s 0{2 o‘e\—\'vrn% shrese-shrain velatons

:1> Do eme@r\'men\'s at atomic Scale

— X—“‘ag C’"‘yS'l'anamphy

— Elechon wmicros copy

— Atowmic force m(croscory

Yowever, such expe rimentation

vsed nok very o-ﬁ-en.

_s determine atemic shucthre and orvangement

& ratevial
\Y

Perform  alomishic simulationa Osing methoda
\ike Moleculav ngxo«m\‘cs (MD) or Densil
Tunchonal T‘nec\-j (DET) Y calcula-e atomic-swle

P‘raFe‘rh‘es
|

Vee shkabhsheal wmechanica and wathewathecal

wedelt ‘o velate atomic -seale \:rmFer'h'@A ‘o

mMacr sCoPle 'F’YOF@"(HQA such as \/mmg’s o du lua

s cestly and  tHime- l-uking, therefore | they are



Howw 1o obtain the shress- skrain 'Y‘e\qh‘orvS? (Cm{-o\_..>

&> De exP@rimen’cs at mac'roSconc level

— Tensile test
Obtoin  \oad - deformation graph

— Com‘)-r@ss{m test

— B@no\;ng test \“9 Petermine shress—shvain  cuvve

~ Sheor test \—} Fit mathemaba!l medeles to the
SkeSS—S}Tafn cuxve
La Obtain wacros aopie ‘:—mFss\-\eg
as porameters o% the

vwathemabcal moadels



Tensile test

- A Uélfhdrfca\ dog - bane
shaped specimen of
Constant circular cyosc -
sechor. {s pulled in the

direction o@ Tt axis

* The ends O?— the sF@cfmen
are shkrelkched loy o

{'eana machine ab a

slow, constant ~yate.

_ﬁ\“s ge{—UF T@P"'@Jeﬂk o~ VUNIAXIAL \oadfﬂa scenaTm™ o g T‘:\e E\Ohaah.m a‘n& IQ%G\’O]

\L contrachion are noted as

Onlé shress component the kest proceeds.

PTQS‘@ r\"C is G';Qc

Eh%\'necrinz > Oxx = F/Ao

strecs



Tensile test

USUQU%J on\g axial mevmal comPaneﬂl- of shain

Exx s 'rer’{'eo\ in a tenale test

— To obkain this skain camFanenl‘) the
o\\'sF\aoemen’r OF one \ooi\n"c 1S meosyred

relabve to another poih}' ot distance L

— |f Yhe d\'sF\acemenl-: vary Uni(lmrm'ly over

Phe \engH\ L, one may write

uxz

x AL
L

— TFor small shrain, Exx = OUx - AL
ox L




Features Gﬁ skress - shrain  cuvves

Stress- skrain  curves o?— many ynaterials \ave cerlain ’t‘hinas iNn Ccomynort

(2) Elashe Yegion (b) \nelashe Yea\‘on.
[+ s the T@aion wheve O‘PP‘?'"”% The ‘re%ion where O‘F[D\Vi“% shress
stress  and  then Ye\easfn% it does ond releasfng 't causes Fevmaneﬂ{‘
not vesult n an7l Fermanen{’ skvaire ia the material
skraiv
\sading path
Qoene — Unloaiir:nLa
\ood‘v\ﬂ 3 P
Unloading Pa\’h
p e-rr:g nt
Psh‘oﬁne

Elashc Inelashe



Shress- skrain curve dor duckle wmaterials

ExamPles o?— doctle wateyrigls — steel, cast ivern, aluminum

e Elastie behavior oeceurs in the \fahk

Orange re%(on.
7 The curve is usually o SHQ\'ah{‘
line H’wough osk o{- the r‘eaion.

So slress s FroForh'ona\ o <hrain

—> The wmaterial in this Teg\'cm is

called Linear elashc

—> The uppex asbrese Iimit o this
lineay 're\ah‘ansh\‘[: '8 called

ProFor'h'onalihé Wil O_FZ

= LF the stress S\‘thy exceeds  the Difficolt to determine
PYOFO"HO“QME limit, the curve tends in exPceir/imeni:S

to bend and flatten out. This conbinves uvnbl the stress veoches elaskc [imik.



Skress- skrain curve For duckile wmaterials

Examples of ductile waterials — steel, castiren, aluminum

° Y\'e\o\in% (Ine‘qsh'c)
- A s\\'aht' increate n shress above the
elashe limit will couse i+ o o\ef—om
permanently ,  that is, Ythe body will

not —?qlly vegain ik inibal s‘naFe

— Yield stress, Oy , is the shkess at
which wmatevial contnuves 1o olefo'rm

withovt fuorther increase in the shess

The assaciated deformation Wnat ocaurs

is called plashe deformation

—> For wnaterials, whose vield shecs is not well defined; it js defined as the value H

shress p'roo\ucina o2y, Pe'rma‘n@nl‘ skrain



Shress- skain  cuyve ’gor duckile wmaterials

Examples & ductile waterials — steel, castiren, alyminom

o Strain \naro\en\'n% (Inelashc)
When yielding has ended, an increase
in load can be suvpported by the material
resulting in a curve that rises continuously K
but becomes 4—\01‘&9‘(‘ unkil it veaches oo -

maximum skress  called vibmate shkress

« N @cking (Inelash’c)

Upte the vulhimate stress, as the specimen

e\ongal:es, it C/s area decreases uniformly

But, just after the ultimate shress, the /s

areo.  will beain to decreage in localized Tegon\

\

As o vesolt, a neck"” tends to form os the

specimen e\omaafes forther and the break at fachve skess



T~ue shress- skvain O\\‘o:jram

OF’cen in exPerimen'{‘n'l {-esh'na, one

vses the oﬂair\q\ ¢/s area and s‘:ecimen
l_er\ﬁHr\ o calculate Hhe engineer(n%

shress and skvain

Thnstead a[)— that, one con alse v:ze

the octual e avea and specimen

length  at every inctant of- \Oa\dfﬂ%

The values OF— stress and shrain found

from these weasuremenk are called

brue skress and true shrain ond o

P\o)c 09 their values i called tue shrecs-

shoin o\(cxaram

true slkress
strain d(ojrqm



Skress- shrain  cuvve for brittle materiale

Britle wmateriale exhibit liHle or mo ){fe\d\'ng bef—o\«-e —@a]\uve

e« In 8enera\) Wt can be sard Hhat vost matevials exhibit both duckile and bridle

behavior

e At low temperatures, wakterials become harder and wore britHe



Tdealizations O\e shress— skrain  cuvves

e In any problem 4 de(-ormqb\e bodier, You mneed to knaw the shress - ghain velabon

o @R@SS— Shan  velabon. + ef’luﬂi'mriwm equahions -+ s\rrain—d\'s?lac@men’r> ymust be

Satisfied at every point in o deformable body in eguilibviom

¢« Different wmaterials often thave qu'\‘te Aissimilayv  shkess-shain velatrons

— No SimP\e vathem abveal @f»zua’c\'on can Rt Hhe entive zlress-slvain cuvve o@

any  material
—> towever, we want ocur wmathermahcal ana(ys\‘s to be os simple as possible
= So, we Tdealize the shress-skrain curves into frms which can be described
by simple eguations

- The kind o{)- idealizatons we make./cfnoose voil\ o\eFencﬂ vpon He maani(—ucﬂe o?—

the skrains  Hat may arise in the fn—o!o\em



Lome idealized shkess— chrain cuvrves

"R\‘%\'c)\ materigl - ne ckain "reaa\‘o\\GS‘g L

kress
h S

veeful in s\-udyina gross ymobions ond
bces on moachine Forl's

| lhear elastc — shamn s FroPovl-»‘ona1 to

§

shress

VS@'F\A\ when olesiam'nﬂ -chr small oleforwahm

Elashe-

—~  both eloashe and Plash'c
P ew?ecHy ~plashe

Shkains ove Ffe:eni‘, with

K hegli%ible shkrain ka’rde\nina
\;usev{:ul for o\es(sm’r\S bodies with \arje

/ de{lormah'orvs

Elasto- Plasb‘c - both elashe oand P\as’n‘c
Shains are 'F-reseni‘, with

skain - har o\ening



Lineax

Elastc

Stkress- Shrain Relahone

From

vniaxval

tensile ’cesl's,

it is —Pouno\ H')a’(‘ W\os{' engf\neew‘n% '\ma’cew‘a\s

exhibit o linear Ye\a’a“or\s\m“: between skress and shrain withm the

elashe Y‘eg\'on

We shall

We need +o rvelate all Six ghess c_cymPonenB

o all IX skrain comr;cmenl-s \l’near(y

[ o,

"

vestriet ocuvrselves

‘o vaterials Hat are

Cu\l Cn:u, Cllaa Cn:zz CnlS Cm'z
CQ&\\ szn Cazaa Cz'.\:ls Cnla Caam
C33\| C3322 C3333 C3323 Cgsu ngrz
Casn  Caszzza Caazz Ciaqa Casiz Caypn
Clsl\ C\a 22 C1333 Cnsaz sz C\stz
L Clan C\zzz Cmag C\zza Cma sz
S— I
~—

36 unknown elashic constants

(€,

SPH

\Tnear elashe

in His course



Lineaxr Elasthic Shess- Shain Relatons

e FTrom internal stored energy %}T)C‘Hon_) it can be vaed that the elathe

constants C'\jk\ has 'YY\QJ.GY“ S)l\mm@'l‘s‘y

Cijrt = Cyyy i
Mojov'
° From 26 constonts > Q1 conshkank
Ssmme\"ry
!‘O_;\ ] | CH Cl:z Cls CM C‘s Cne ren |
G2z 12 Caz Cas Gy Gs  Cye €,z
0;’3 _ Cia Can G Gy Cys Cse ST
Cas Cia  Ca Caq Caqg Cas  Cac ST
?\3 Cs Cis Css Css  GCse ng 6\3 X
i z'-'lh § Cie Cie Cie  Cae Cse Cee L St
\/WW S~ 4
'\/o{%{' g
notatian A1l unknown elastic constants

. rlic
e Thece lincar elastic wakerialy with 21 elashic congtants are called AN TsGTROPL

waterials





