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Yemain same befeve and o,(-'-l-er

OFplxin_q ex fernal Force.s./momen%fs-

This is net bue ?o*r DeEFoRMABLE baodres.

F y =
J = 4,#d

_\T\efe?dfe, in the ana\ys\'s o?— deformable
bodies we need additional conditions +han Just
equ'\ ibriom  condihons.

f\na\ysis o?— de{-o-rmab\e bodies

Stept) ls\'udy of forces and equilibriom vTequitements

—> what diffevent forces ore actig

- dvow free —body-dfoamm

-~ sahisfy equilibrivm conditions

ZFx = Z?Y =2‘F‘ﬁ =0
ZM; = Zﬂy =ZHI_ = O

- find veactions



Step 2 ).S{—uo\y of deformation and conditions of-
caeome\fic. comPa’ri\o{\H'ﬂ
F
= S
o

> ¢
Deformations  cannot E%g Q

<be ax bih‘cwy

>st-\‘ be comPaHble. LTrcompatible
with the whole sys{'@m. deformations

.g’ceF 3> APP\?Cah'on of- -?orec —degcrmah'on relahonA

—~ '-Forces/momen’rs are the cavee

> Deformations are the e Rect
—~ The 3va step is the study of how the

couvse and Qf?@c'l' are velated

det’s take an example 4o underekand these
Yree s’ce?s'.
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2y Geomehric compatbibility SA=% =5 (9"7)

3> Erce_&e?om-\-im fe\ah'ans\ﬂip

%A ~ Fa g"p ~ FB
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A * vV Fp = ky S
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S > F = ﬁ"\":g =CkA+kB)S

8.\9 SB=S
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Some {emino'(oafe& in medhanict

Domain. and Bounc\a'ry

| T~
Recaion og space
ochied by o loody

Surface /edges that

enclose the domain

ay \D \occi_\j ‘/ Boundqry oL

r__{;omqin Ay

!

Bowtda-ry

b> ap boo\% 2L / Bomda'ry

@\' Domain..

Every material

c.> 3D body

Po'm{- inside the

volume is the domain

AWl the enc\os'i‘h%

sSu ﬂ-o.c:es -Pmrm the
Yo undary



Types of forces

> ExTERNAL TORCES
Concentrated force

/ idealization __

(contact need
wikh the boundaf);
to opply these
-Qorces)

Surface
force

Linear;distributed
load

b> Bcdy Porces
(Dorcas Vhat act an the bedy witheuk direat
Cm{-ac'l:‘)

e. 8 %favi{'ﬂ honal ?—:xce
el ee.hrow\aa webc po'rce

Usu\q\\j Hr\e)r act on each Fa'rh'c_le c@ e bocgf
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AT
m G \ ;.
& ‘ 1 )
r
Rollev
One unknewn.
Me, Ry
|
{ r
(= i ﬁR—?]
Fixed Three unknowns
— ]
-
SN = R/J,a
6.
Avsath Suppcn’(' |
One uvnknowveru
2 2 7]
R=< 1
H-fnchﬂ

oo uvnknowng



3> TNTERNAL TRESISTIVE FoRCES

These ave surface forces that are developecfl

ingide a \oody in resiskance to externa\'lj

aﬂ:\\'ed Lovces
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f/ TN ~—.
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Fo
Pas'l' A

st AA—0
\

Tf we shrink the area AA =t the area AA alway_«,
contains the point X, Hren the #orce. oeh'na at the
Po’m’c Z in the lim’vl-ina coze of AA—>O s called the

tvachon vector (or stress vects)

F
A " d /—\
n enctes n
0 T (%)
/N the outwaerd -
vnit normal (or T(Z_;Y_l)
S % the plane

)—»g, X = X € + Xy €t XSy
e

Remo-r ke

Trachon vector chamaes %-om Po'm?.- o Poin"i‘ in the

body T"(x2)
P

T(=)



* Trocton vector depends upon the plane orientation

: Avea Troction

* —
1

. '_')
]
I/ Sy A R
.'!'z —>n P A n
. ’ -
I

P/cose r~
7 s /L, <l T'(x) = P
(] ----\‘ -: -' \‘ - *
Lz.i/j‘g ? P ,4‘_% TﬂCES.) ( Cosc)
." \,” y — [ = P cos®
: - ' T(z) (n-8) "

¢ Tvacton vector ha: same vnils os pressure (N/w?)

but it is wore 3ene'ra1 Hhan pressuve (why 7)

_——— pressure o\waa octs
i = in the direchion oFFos'&e

to the outward P\a'ne noymal N

whereos traction vecloe @n act-

in any or\n'\h-ary directHon

e Tvaction vector at o Poinl' on o plane can have
orx b'\’ﬂrory dicection -

T (%)

n



Since hacton is a Ved'cnr, one can oblain c:amFonenh
oﬁ the vector using o choice c.€- coovrdinate :ys{om

T(x)= T, (e + L(x)e. + T, e

M

T;_\ | € "

: n
€2 . T [ §
T, &
={] =3
€, ST TTT T
/54
e

=3
n

1T = T T e T

Novmal and shear camf:onen’cs o@ Yachon vector

Trochon vector
n (%)
I (9'5) YQQO\Ved vesclved _\:l-
o a\ong. n o n
- G_ n -C n




Relation of traction on different planes at o pt

We wll new prove that if we knew tracton vectors
on taree wautually Perpendic.ula'r' planes at o Fo‘mi“)

we can fnd kaetton on any plane at that peint.

Imagine oo small vodome jn e shape ae- o tehahedmon

with 1k vertex at Fain:l' X

TRe tetrahedvon hos Lour Laces s

Taces Outhvard vnormale
ABC — n
PAL - — &
PeC - —&.
PAC — — S

(ohat ave +he Larcas ocking on the e Yrahedwm ?
— wetaﬁ’c A the tetahedvon ( body force) —> ook thxough

the CoM o fhe iehahedrom
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— Taternal (suvBoee ) foces on the faces £ the
te frahedven

SF =0

AP:GC. CD' §\)
AH-BC C.Y_\' §z.)

Anoe (1 §3)

T A Bc. Cﬂ'gt> + T-° 8C G—‘—'—’-> Al EB%ECG-\'Q)

T (ne) + T° (n-8.) + T2 (ned+ T

-\-P_g_h:g
3

n

3 .
> ST (ne) + T +gPgh=2



Now our 800\ s to »ﬁno\ kractions at the P’l‘

P, insteod of the foces: Ao we weduce ‘W to
zexo s 1. Hhe tebrahedron shrinks to He foin{' P

As h—=>o0, e term Pah =0 and we have o

sim f\e result :

mn

T (ng) + T" = 0

N

!

\

iDe alveady know Hat T°'=-T" depends on
> . ( Your choice
T(x) = Z T'(re) & coordinate
= syctem

I{ we know the hrachtion vecksrs on three -muh.\ally

Ferpeno\n‘cu\ar Plomes_, hen the bachon vectr on any
plane Fass'mg l'h-roua\r\ the peint P can be obtained

us'ma Yhe oabove welahon

The bocﬂj ‘Fo'rce term dropped out 'Fram Hie albove
fovmulae — mo ap]oroximah'on was madeL Thus, this

foxymulo- holds even it body foree is F-resen'l‘
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(Ohat Jdo the hrachone Ti, 1_2, __[3 ve]:resen‘l- 7
—Ei acts on o F\ane with outward Mermal €,
Aets cut o ?,-—F\ane 'Hnraugh Pom'{' P

plane with ou:hna'rcl>

norma\ €,

1 Tli = 4t AF-'
T e AFE AN>O AA,
v’ ANTO AA
Es

T,)- & Ah
g‘—F\ane AN>0 Ml

i i 1 i

T = T e + T e&a+r 13 &

Tf we vse the normal L shear companents

decomposition o} __[1, we can see that:

{'endehc7 to Fu\\ ar

1
No¥ mal strece | G, = T1 } Fush

cowm Pcnen\'

Shear stresc , Lz = T: -\:eno\ency to shide
beloeen twao suxfaces

Com ponents N
P Ty = Ta



Aimilady, we can deline for T° and T?

tlz
La J - 'reP'rPSenh
the jth
0_)-1 ComFOhenf
‘R =~ traction on the ith
compaent  Liane
e,- F\ane plane
B normal
divection

Se the lachon veator T' can be reFTesen'l-ecﬂ

‘T\ Hle Te‘fefence ?fame -e_‘ - §1-§3 as

T ] [ oy ]
1 -
[I ](e‘) - Tz‘ = | 7.
e?.
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T | Tia |
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T

P . T8+ T32C + G338

=
x
]
_[4
3
_I.
=
A
<
p
+
1
w
3




!
{
A
N

>
4+
F'?

&
é‘[

&)

| T Gs | Tas | O
v:FvT —I\ I"‘ 15

upon X out s %nAefeudeul-
oA the plane Viovwna\



