What 1s Solid Mecham’cs?

e Tt e +the s’c'uda_ o{'— He de{-ozrma"h'oﬂ and wmehom ca)'i

solid wmateriale vnder the achon of ?orces/mamenh

/ definite SHQPe

\ can tesist tensile forees to

o« Selid wmateriala hoave
Some extent

e Know\eo\ge %aineaﬂ Pom golid wmechanics e veed +o

deseribe, explain, oand predict wmany physical

Phenomena O’F— S‘OhA materials

e« Some 0?— the questions that Solid mechamics tres to

an swoEYy @
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Collapse Of Rail Bridge On Delhi-Jammu Route

Kangra, Himachal Pradesh: A horrifying tragedy was narrowed by a train carryii

f the bridge of Chakki river, in Himachal Pradesh's Kangra while at the same the
/ f due to flooding in the river. Fortunately, there was no accidents and the train qu
7 bridge.
Rutunjay Dole | Updated: Monday, July 21, 2025, 03:48 PM IST (f])(»](n] (@

How should you build o
lo?\'o\ge Hthat dees not couapse?

How to o\esf%n o ship to

withstand wave 31q~mmin%

leads ? When could this clife-
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Analﬂsis cf- o Mec\oam‘cql/Civil Skucture

The skucture (or sgsl-em) could be o bui\o\a‘n%, b'ﬂ"dﬂe)

aireraft, e{-c.>

We knew that wmechanics deals with the study L forces
and wmotions | Jrher'Q‘PO‘TQ.) -Pox* an Qhalysfs of— o. S‘ys’rem,

we wmuck stud7

o> Genevalized Torces (i-e. forces /vnoments )

SN these cavse motion/deformaton of o bocly

b> Mation / Deformation ( KineMATICE)

L, study of geomebical aspects of moton &

material bodies

described b7 position vector, velocity, acceleration
which are used Yo describe chomae aF— %@orneh-)'

([ coith -Hme)

Motion ve. Deformahon
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Overall C‘nanjes n

posihon Ff the bod7 with 0?" the 'bOd\/

Chonges in the Sthe

Fme (with ne change n the
S'na‘:
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MoTion DEFORMATION
@'ans\ahbﬂ / Rotation / bc\'h) (Cne will congsider this

type a{i 8@ome\'ry c}anges

in thie cmur9e>

Ste[:s tavalved in ana\\}zina o  mechanical eys{-em

ay  Analysis o{- Genevalized forces (—ecrces/\momen’rs>
by Motion / Deformation

c> APP“(’QH‘:’” ‘9(’ |aws Y‘e\a'\'ina the forces to the rfwhon/
deformation

Study of forces

s} maan’ib\de
b
— Force s o vechr /, \lg oth need to
\ o divechon be knowon -Fcr

an anq\ysfs

oFf o system

— Point o?- opplicaton £ force wust alse be establiched




= Ee[uiva\en-l— Lorce system

When wmulhple '@orces act Simultanecusly, the e [Pect

ls Same dt an equivaleni‘ @orce ac’n'na. at the cenkod

of Yhe wmulbiple -(lm‘ee&

—I—H pes OF- Forees

P~ NS

Point
line %f‘CE’
— Point »Fcrrce Idealizahon Force

— Dishibuted £orce

S {\_, line force  (force/lenghh) .
forces l—é surfuce force (force [avea) — e-q. pressore foree
L oy frtomtns foes Chcafond
| b5 eq grovitational pull, mogaehe
Usually  non- contaict Lorce putt/pust
¥ EXTERNALLY APpuieEp ForcelC @ Torces aPPlied to

a watevial body by some extevnal agent

(could be ‘:oin\" gorce) suxfoce %!'CQ) av body \QWCG>



% SvupporT ReaActionse @ These arve ocontact -@o\—ces which are

%enem'l'e& at SUP?QY\: or Foin\'s c@ connechions betwn

bodies
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QUPPQ(@- R.eachon

Geneval wule: Tf svpport prevents banslabon in o given

diveetion , then a ?oroe must be deve\oPeol on the

mewmber (n the @FPosii-e) direchon

(Similqu_xj , -Por yotaticn ccn_sh‘ainl-) 0. moment cwis-es)
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Three suPParF- Yeachons
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One uvnknewn Supp- reochon



% INTERNAL ResisTIVE Forcee: These are sur{-ace/line
Porces that ove deve\oFec“ INSIDE & matevial bocﬂg

in rvesistance o Qﬂrernql]& CJPP\I'ed forces

In order to obkiin intewnal vesishve ‘Fo-rces ad—-‘na on

a sPec'\‘ch. vegion, we cut an imag‘mar\/ secton where

e internal forces are to be determined !

Fa

F There will be o dist.

of intewmal Porce aver
p= eC'hOV\ H'\e
! ex G'SQCQ
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Torsional
momen i-MR

Noymal -fvrce

Normal force : Force acts

o C/e avea Bendi'ﬂj
momeut
Shear {orce . Foree lies {n Yhe

plone - C/s area

Torsional moment: Tends 4 twist

one segment f the
boo\al_ w.¢- & other half

about an ax's b to Cfs area

Beno\i\na moment : Tends 4o bend the boda& abl an axis
|3in8 within the CJg area plane

Moment of Forces

position /
vechtoe F
MOME’TﬁT OF ‘FCWC@ E \ ~
LA @ 7
about pt A a ‘
Ma = Xpp x E oli'“*?
A II\ line o? achon
= |E| |xpal csin® n
NN
O‘_L

\Der‘peno\iw\ar Aist
betr pt A and line of achion of force F



Moment due +o several fores can be sommed up !

% . Cot 0‘2. forces F and -F cc-\-\‘na, a\ong

dfﬁeveﬂ".— Ifnes 0f-— O.C.'hOh.

C o« symbol oft cou?le vecknr

(and stays the same abt ANY point
n gFac'Q>



Equilibrivm Conditions
From enaims’erincéL mechanics, we have learned that
o body is in equilibriven {

\> Net vesoltant force (s ZERD

= FEFg = =2E =20

j=

2> Net resvltant moment due to
all forces and covples about any

ax-\oinarY Poin’(‘ s ZERQO

MA= Zr{'xft' +§CJ =0
L

Assuming an é\-éz-g’, coovdinate syg’c@m (Of‘ x-y-2 Coov-
sys)

g (4)
él (’C>

és(%)
Six scalar eC!ui\fbvium Condi%'ons

ZF;‘_ =0 (Or ZF)L '_'O) E-M\-= = (or ZMX:O)
ZF:{ =0 (o\- ZF7=O) 2H2=o (O{ 2\‘4),:0)
ZF;; = 0 (or ZFE=O) ZM3=0 (cn'- ZMEr-O)

™



Equations @ and arve NECESCARY conditiont ol
equilibriom fr o o\e-(‘ovmab'le \ood\é

= £ the bod& is {n equilibviom , the @) and ®) wauld

be satisfied - IF o bedy Ts knowon 1o be in eqb™

then one coan vie & ond B o obkiin unknaont

SUF?ar’C veachons

In this course, we will deal with STATIC E@QuiL1BRIVM

Therefore, we shall know +hat our syslem of interest
1S in equ‘\libr{um Cusuallg from Hhe ‘P-aa’r Hat the ey

s at resi'), ond we shall then ULte @ and 1o

obtain l'n-Forma{-\'aA about SOPPGH: reachons

CO‘OVG\’SQ FTolollem'. SUFPo-se you knew Hat the

extornal forces aa-'h'ng on o system CoF PawHClQ.S)

gqh's(% & and @, then can vyou canclude that

every Pawh‘cle o% +the Qujsl-@m e in equi\{bﬂum7

Ane:.  In general , NO, o deformable bedies
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The porhcles will be in

ea]b“‘ on'lg when F =-F;

Ex. Conaidev Sh‘ei't‘_hfna_ o?— o wubber band

»% The vesv\tont G@- all

ext-ernall% an\feo\ ‘?cm:es

E aad -F s zero

¥ The interna\ forces also

occur In self- Canc@l\\'n%

pair (due o N etoten's 3¢d

law)

Theve{ore, if equal and oppesite forces ave applred

to the end:s a? an vnehelched vobber band , 1t does

vot yemain in eo[u{\ibw'um. The eande OP- the wubber

band bea\'h +o accelerate a0y cand the band lo@a'\ns

leo shelch



Nchssqu and Sufbicient condibiens -Por Eo,ui]ibm‘um

RwGp Bepy

TDEFORMABLE BODY

Vector 2um aF all EXTErRMAL

foveces = 0O

Vector cum o @)l ExTERNAL

momenk + EXTERNAL C.oup\%

=0

External and internal forces
o every possible subsystew
{solated out of the original
zgystem  should sq*n‘sfg *)

aindh






