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We had disc ueeed

in the last clase that it s nNot

eﬂcsugh {o assess @quil'\\orium GP o~ de-?ormab'le \ood%
e vesu llant of— He external -{orces

So\e!\a_ based on
We aleo need 1o ensure

and wowments being zero.

Yot ony jcolated SubSys’r@m o? the system s also

und.e« eo(ui\i\oriom ‘?0\“ o de-FbTmala\e. body.

P\ha\gsis oF 'De-Fo'rmable Bedies

Tw this course, we will vreskict ourselves to situationg
in which the accelerahon ic zero and where the 3eomeky

c\nonaes are on'\j vestricted +o deform%‘an-

T'F)ere are T—HREE s{eps ?or Gna'l:(zing O~ olefor'mobl—e
\oods'_
\> S{-udy Of— r?orces and ea(ui]i'b"r\'um quuiremenk

To ensure that a wmaterial boda e in e:,u?l{bfwm) we

isolate the bo&é from it surrouncﬂfna envirenment



ond rePIace the envitonment with the $orces it exerk
on H'le boda[

A ]Qree-boo\g-du‘aaram (FBD) is a wisual rePresen:lu'hbn

Shc'uaih& all external forces ac'\"ing on the isolate body

State equilibrfum oF an F@D imPln'QS @ and @ must

be satsfied:
F =0 (Net resultant ‘Pcrce = 0)

—_—

o (Net wesvltant mmoment =O)
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I

2y Study of deformaton ond conditons of geomehnc

fit
Deformaton or 8@omeh'y c‘nanaeg to oo material boda

cannot be arb\'\'rary; -Hwey woil\ —?ol'lc.wo came rules < t.

each deformed portion of- the member fits together with

ao\jacen t Forh'ong

Put another way, we want to £ind what are the
'requiremen{-s —?m- cgeomel-r\‘c comPaH\o;m:! to ensure

tHhat He ole'Fotrma'\w'on.s are <okt arb'\hrax'\-y.



3> APP\fca‘Hcm of" ‘FOY‘CG—O\evFoYYﬂGl‘HGﬂ velatont

We need P knoew a wmathemathcal

yelabhon between

the Losces (the cavse) and the oleforrmahon (the effcct)

T—%P"CGHEKJ all  three steps are Tequired  which vesolts

in  Hiree -'Iapes 0’{') ecrua'h'ons that meed 4o be solved ‘%n-

deFormqble bodies:
1> Equilibx—ium conditong

&> Kinemahe welatone (velates shain 4o disPlacemenh>

i 8> Constitubive velatons (relates shress 4o shuins)

S’cah‘eallla_ Determinate Vs Shh'ch% Thdeterminate

Ohen the unknewn svppert veactons and intevnal forcee

G-F a sﬂs}em can be determined Usina the Equilibrivm

Conditions alone , then the system s called s+a-l-'ca|17 deter-

minote

L-(—’o-r these cageg, the thvee cet of equations ave unceupled



(ohen the unknown yeactons and internal -Porces can not
be determined fom the Equilibrivm conditions alane | then

such systemg arve S{:u-l-v‘ca!la indeterminate

Foe these systems, the equilibrivm equs, kinemat'c
velations, and the conchitutive relabione Lrm o CouPled
Syskom of equations , which implies that one has to
Colve all these three sets of equations together +o fird

unknown quantities (6-8- internal {orces | oleFomaﬁons)

Consider some exomP]es cf- Sl-q-l-\'calla indeterminate 3334:em5:

FeD of entire shucture
Fa

AN oo force
/ member

Fch THc J,

20 kN Fe, ROKN
| Im | Unknotong Knowns

FEB (mcxanﬂude Gﬂlg) CoPlanar' Force sys.
ftiunknaons { Fe (magn'lhde X dh“-) >F, =0, > FY =0
me CW\aani-l-ude) Q =M, =0

3 equations




‘E_-F/Z A machine Pa-rt OFPHQS & lcad F on a Ffs{-cn
which fits into o cavil'a with twe coaxial springs - Foch
sFrin% de{:orms I:'roPorHorna\ to the —Po*rce QFFliecQ, and
lncwing, c\fﬁ-’er@n%‘ sPring. con.sl'an?S, kA and kB
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(@) (b)

What is the load carried in ecch s\orin%2

Leolu

¥ &{—udj af’- APorces and eo]uilibr\‘om “rea'uiremenh;
Kince there are no {Zovces a\ona 2 or = -direchons
:$ EFX =0 &'nd ZFE = 0

Also, since all forces ave assumed +o have same line c(?-

action = =M =0 and ZF8=O

= F=Fat+tFa —Q



3% g{'ada o‘F ole]corma'hbw ond conditong Of- aeome\-ﬁc
Oompaﬁbilflﬂ

Since the Springs ave in touch with the Piston, the
Springs and the P?sbﬁ wvust exlo@'r\'ence e same amcunt

c’?— d efexmation

gAz SB= S “—@

¥ k?p){cahbn o-F force- deformathon  velatons

Ka SA ‘_"@
kB S'B —@
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F —@kﬁ—kg)g
= 8§ = _F — ©
ka + Kg




Uniaxial Loadu’na and De?orma'h'm

The basic agnd o comvwon -'%Pe o-? deformaton. in

several shkuctuval members (such as hussed) g elanaa-l-u‘ov\

oY ccrmP'ression onder unraxial 1oading.

Sa% Yoree bares ave |looded by two eclua'l and opp- -Pem:@s
and we look at the deformation of tHhese bors made &£

SAME MaTERIAL but different lengths and </s aveas

|-<— L+ 6 ‘;{
P=—] aA = F PA Sz
fe—— L ———]

i—"-. L2+52—>|
P-‘—:— @Az ;Er—b- P
P—py yu—
Ly + &>
P —= ;-_ %Ag,:Ag—'—": P >6-
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Linear material

For each bar, the load 7¢ 8rodual\a. increased from zevo
and at several values o{’— Hhe load a measuvrement fs
made G?- the e\onﬂa’n‘on S .

If the moximom elongation (s VERY SwaL (€ 04 £ L)

the wmoct materials \ood-vg—e\onaa-l'l'm %roPh loaks linear



IF the uniaxal lood-va-elongation velation of the mater.

is linear, then the velahon can be &t usiha, o shaight
—

line - The slope of the line s called Vouna’_s madulus

& e\ash‘cﬂ'é, and usua'l'la denated by sambol E

P/ —— overoqe zbress

m
fl

S
/L\— average shkrain

Tor o linear material behavm‘o—r', we Hhuve oblain an

EXP'ress\'aﬂ cr?— e\cmaah'on/ccrm‘::ressim/\ under‘ un\'a\xfa(

\oo.dl'ng . onla. vhiaxia)
case
g — PL «— Most simp\e -'Fozrm
AE C'? Hooke’.s 1au0

e L .

oX A For the same material
P\\'e §5 ’

o€

<123 the owera%e skress — vs—

Otveraae skrain behavior

Linear material .
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N ow ana\aze d}e&armah‘m OF a bruss

——, Medeling aasumptions

% CoP\ana'r force system

!

25 mm
—diameter steel rod

= 2 R Y
(Area = 491 mm2) ¥  Pin conneachovis are

assumed 1Qr ichonless

¥ Bolt coanection idealized

Pin os Gichoness pin conmectin

Steel beam
Area = 3200 mm?

20 kN E= 205 GPo. (Sieel)

05 x 10° KN/m*

Thyee Qqui\ibﬁum egns &‘a-\fmﬂj

Thvee uvnknowown ~eachons Determinate

o Al unknowon foces awn
D

be obtained without us'\ng_
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o I Adefermation information
WwWKN
28.3 kN

% Ucina force equi\\'bﬁum 4\
2
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N
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Tn ana‘\/zi\ng a o\e{-ormalole skructure , the equ‘nlfb'rfum

should be scatsfied in the deformed equf“bw'um conﬁ'aumh'cm
However, n most enjineerina a\:?\fcah'cns, deformations avre
so small that it Is suﬁ‘%‘cien{'(j accuragte to QFP]H' the oqub™

Yoquirements Yo the undeformed C'on‘Fu‘Su'ra'\‘lbw

¥ Force—defo\—ma'ﬁm velaton
Under the asgumption of very amall deformation,

the expression for delormathon under ovniaxial lc.odina

can be vsed :

AE (04921 x 107 ¢) (205%10¢)

SBD - (FL) = (Re-3) (4242) = \-19x10’3m
BD (ex-&emfan)

(3-20 x 107 ¢) (205%10¢)

Sep = (FL) — (20) (2) = 6:03IS %10~ m
co

( Conm Fress 1‘0‘n>

% Geomefiric Ccrran-H\o\'\H:l
It requires Mot He bars BD and CD move in such

ol way that , while the bare chanae_ 1en3+hs, H‘vey remain

Sh-aig\n?: ond connected at D.



The olfsP\acemenT' pin D position would be at Dy, the
interceckion o are BD, and ave CD; . towever

for very small cﬂegovmah'ovk, we can thnk of- the point

D to be a\:‘splaceo\ b o Poin’t' D4 , which 18 the me@'ﬁg

Pcin{' of* the corresPcnc\ina hnﬁenh

Deformed
shape —('\‘\

7

Tangent at D, ~~—Tangent at D,

Sy = Sep= 00315 mm

¢, = DF +FD, = N& Spp + Sep = -FTF vm



