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1. STRESSES AND STRAIN

INTRODUCTION
Wharewar we apply soms axtareal force on a body, fwo mhahons may anse

{1) Euther body gets daformed

(151 resists the foree applied oo it
The risistancs of e by 1o the spplied Swon i des % colesion ves acing
between the molecules, This reststance offered by the puatenad of the body to the
applied force & mown 2 sireppth of meterial The body cam oppose the
dafortion oaby p o 2 certain bt baewr b elaotie Dt Within alssbye linit
B hody regaine il ariginal shaps il the delwwation coupletaly disxppesss on
the removal of external force Thus, the force of reustance per uett area, offored
b the body zzamst deformation of called the siress and deformation per s
lemgth = called straip The verious parts of the mochime: snd struchoes =re
deszered d on the basis of extersa] forces actime on them

BASIC CONCEPT OF LOAD, STRESS AND STRAIN

Load

Load & defined 25 sxternal force actng upon a mechime part Loads mav be
clansifiads in oo wans
Classifieation Acconting to the Natuse of Application: Folkwwing o types of
koad are snportant from thes pomt of view

® Desd Losd or Stesdy Load: These are the loads wioch are appled wery
sradimlly, ie imereacsies fom o thes menmiom value Thess loads do not
act vastically. Bxamples-load of R.C.C. dus to self-omight, load on the bndge
girder due to s oom weight and weight of the other permaneet parts of the
brides struciore e

v ‘Liveor Floctuniing Loods: A lead i siid to b Tova of Buichualing koo, whes
i changes contimocusly or suddenly. These can further be classified 2s-
s Variable load- 2 load 15 s3d to be & vanable load when of changes
comtimsously, The nosrmbnde of such loads vanes. Exsmples -Waishi
of The traffic according 2 bradge, snow load on Toofs e,



» Saddealy applied load or Shock load: A load & sd o be a
suddenly appled or shock load, when & » woddenly appled or
removed.

= Impaet load: A Joad & said 1o be o impact load when o & spplied
nath soms menl veloety. Examples hapuer blow ebe
Chsmfication of Loads Accordmg fo the Effects Produchion on the Member:
Folkvwmng types of load are meportant fom this point of view
* Temsile Load: The bads which tend to pull the member it direction of s
applicxbion ase called pensils koads, These loads camse exbension ar alon=stion
of the namiher.

* Comprezzive Load: The load wiuch tends to push fogether the oppostts ends
of the mepnber are called compresave loads. These loads cause shorterung of
the dimnsesion in the drection of their spphestion

* Shearimg Loads: The lead which tends to canss sldies of one faee relsine o
the othes end srecalled Shesrms Laads,




* Twisiing or Torsional Load: The load produced by two couples applied o8
oppostie ends of the member, tesdmg to came one end to rotate abom &
loptuding] axs relative to cther and are called tonstng or torsional Joad

* Bendine Loads: The loads wiwch tend to came » cartam desree of curvatore
or bendms = the member . called bending loads.

Strem

When a sysiem of extemal forces or loads acts on 3 body, 2 change m s shape
and dimencion takes place. To cpposs the process of deformation misons]
resisfing forces are set up in the body due o cobesne Swees achine betwmen
molecules of materal The ressthzg forces ame wuformly distributes over the
snfie crosi-pection. T he urtermal resistance per unit area of cross-pechion 15 called
strass. The difference betwesn the apphisd load and stress is that the load &
applisd acterrally to fe body odiarmas the strem i indoed i G bady due to
apphication of load.

If 2 bar, lmvmg mifors cross-sechon ama & acted upon by an exderna] foree P
dua to cohesion betwesn the moleculss, fhe mastEncs foree & developed in the
ady smxisat the defwmsting IF v consider smy saction, 3T, divided by the

L&, Shress = Erorl
In 5.1 Svetem wt of stress is N'm’ or Nmm'



Ia MEES syt the it of force 1 kg and the wat of area v m?. Therefore the
wut of siress = MES oviem 5 kgfme IF the wnt of amea w cmd then umst of
sfrass i kgleny’

Sirain
When an externsl force or 3 motem of forcm 3 appbed oo 2 body, e
deformation fakes place and there will be change m s demension . The ratio of
fhis changs in the dimenswons of the body to the oripmal dimensions 5 known as
siFaim

Le Siraim e = Ereoe!

Stran 15 denoted by e

It has oo amet, because o = the raho of the same plysacal quargsiies. Siram = 2
mezsare of the deformotion camsed due to the orizimal dimesiions & bnows a8
temule shamn

TENSILE, COMPRESSIVE AND SHEAR STRESSES

Temsile Siress

The stress produced in the meenber whes o & subjected to two sqml and

ciapinibe pulls, tend 1o aloagine it 3 cilled temsile stress. Do %o toaile Jood fhwrs

will be decrease m cross-sectional area and an increase @ length of body.

Lt am awaal femsile force (p) 15 acting on 2 member of cross-sactional area, A
Tensile Siress = feroel of F, _Ereet

Comprezsive séreaz
When 3 comprassre force 15 applied on 2 body, the stress mduced 15 callad
compressiyes siress. When two squsl and spposie farees are spplied on s body, o
meis compmensed. There will be an increase m eross-sectional area and 2 decrease
m the lansth of body. Lt an ool consprassive load (P} 15 actng on 2 mamber of
cross-sectonal arsa, A

Compressive Stress = o af F, = B!



-

Shear stress: IF two agoal and opposte forees as= applied 1 soch 3 vy fhat
ther lme of achon = tangesfnl to the reambng sechon the shess mduced =
ko 35 shear strass,

Ghear siress: = prort

LINEAR STRAIN, LATERAL STRAIN, SHEAR STRAIN,
VOLUMETRIC STRAIN

Linear Sirain

Linear stram of 3 deformed body 15 defined as the rato of the change m length of
the body due to the deformation to 15 ongmal length m the direction of the forca.
If ] = the ongizal lensth and dI the change in length ccourred due to the
deformation tha linear strain & induced is given by endiL

Lateral Strain

Lateral stram of 3 deformed body 15 defmed as the ratio of the change m length
(oweadth of 2 rectangubar bar or diamster of a cirenlar bar) ofths body dus to the
deformation to #s ofizinal lepsth (breadth of a rectansulr b or diamster ofa
cercular bar)) m the direction perpendicolar o the force:



Volumetric Strain

Veotumetnc wiram of a daformad body s defined as the rahio of tha clange 1=
volume of the body fo the deformation to its ongmal volume. IFV i the onginal
volum and dV the chinse i vobons eccurred due to the deformation the
solumetnc strain & mdoced is snen by ev =40

Shear Strain

Shear stram & defined as the stram accomparning a shearmg action. It 15 the angls
m radias mapsme thronsh which the body sebs distorted when subsected b 28
aictersial thas ing: ot T i davoled by *
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CONCEPT OF ELASTICITY, ELASTIC LIMIT AND LIMIT OF
FROPORTIONALITY

Flastieity
Elasticity 1 the property of materal of a body by vartos of vhuch & opposes any
changs baing prodoced in it shape or size by external force and s tends o
regain 1t criginal shape and size after the removal of the ademal e

A material i 533 to be perfectly slstic 1f the deformation produced by extamnal
forces complately disappesrs on the remeral of edernal foress. For most bratile
materisls siressss hevond the shstic Bt resolt m fractues with slmest B
plasixc daformation

Limit of Proportioaality
In the dissram thess sre straieht hne Fom poist (0 to & odhéch represent fdhat
directly stress i proporbonal to stam Bevond point A, the curve shighthy
deviies from the straight bme Hock's bw holds good wgpto pormt A and #
kmown as st £ propostionabity. Limit of proportionalty may be defimed as that
sivess at which the sbress-sirain cixve bemns fo deviate from the straisht line.
The hmt of proporbionalty = the poist beyoed wloch Heoke's b 5 5o lonzes



o . etvobeling a mabarial The butic il i T oot bayond wdick tha
materzl vou are dretchmg becomes permanenthy sirsiched s fhat the matenal
doas ot returm 1o s origimal bength vhen the force is removed.

HOOK'S LAW AND ELASTIC CONSTANTS

Hook"s Law
Fobert Hocke [1633-1703} expermentally established m 1676, that when a
matarial 5 boaded within elastic homt, the siress 5 dwectly proportional to the
stram produced by the stress.
ie Hiress o Sirain
an
o =EE
where E o comtant called 3z Coefficsent of elastwsty or Elashe constant
Elastic Comstants
Fallowieg are the alastic constznty
s Modules of Elasticity or Young's Modulea: it may be dafind » the ratin
of tepaile stress and tensile stram or raho of compressres shress and
congrussrye stram. [t m dmcted by E. Young's nodules a5 the sama uaoh
as that of strass, 1e. Mimer
Youns"s modules E= frer!
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Material :Lﬁhhﬂﬁﬁ.—hﬂﬂhﬂh

el 200 to 120
Wrought iren 150 o i 200
Caxt jrem 10t 16
Copper e 110
Brass Bt 20
Alunenem 04 B0
Tinher 10

* Module: of Rigidity or Shear Modules: The mtio of shear strass and
shear stram & kmown as medules of nzidity or shear modulus. This 1=
denpted by G or C.

5.No

B s de e

Modisdes of rigidity, G =tiree:
Alaterial :Lhﬂﬂnul'l'ﬁﬂrmhﬂpl

Etaal B0t 100
Wrought B 20
iremn 404 50
Cast rom Whc 30
Capper w3
Brass 10

» Bulk Module: When 3 body is suhjected to fhree mutwlly perpendicular
normal shessen of equal mtemidy, the mino of mooeal shen o the
commponding vohmmeine siam & leown as bulk moduls. It s dencts by
K The uni of bulk modalss 5 N

K = Eres?

STRESS-STRAIN CURVE FOR DUCTILE AND BRITTLE

MATERIALS

T plot stress and stram dizgvam nommal siressss are calewisted by dnndime the



Figime shoas that m shreas-staan dagram for duchile ooterals, the cune starh
from the emgm, showmg that thees are no mettal stresses or stram m the test

Joadin=-
s Lisst o pecportioasbity {Poiat A)
®  Elaghe lomat (Pomt B}
o Viald poust (Upper vield pomst € and lower mald poe B
®  MNzummen or uhinete load pomt (Pomt F)
* Ereakine poist (Point G)

Linsit of propertienshity; Blating fow vtz te poiat A, Hocke's low i
chaved 1a. the riress B proportion to siaight Thaos the lemst wp to which
the stress & directly proportiona] to straim 15 called et of proportionality.
Tharefore OA is straisht lina The strass cotrasponding to point A is called
proporhionalsty. Therefore A s straizht hne, The stress commesponding to
pomt A w called proportion lamat streas (£

Lt of proporhionaliy = Brort
Flaztic Limie: The poetion of the diasram hetwesn AB i not seraight Jins.
bt 1p o pomt B fhe moterial remaien slaste 1@ 0 removal of load no
parmanant deformation 1 obsered and the materal will mgam & ongmal
shape and sma.

Elastic limir = trror!



* Yiald Point: Bayond the pomt B, the moters] goss fo the phistic sage
until the upper vield powt © 5 reached 16 the remonal of load doss not
allow retusming the specomen to ifs onginal form Poimt © = apper vield
et

# Ulimate 5tress Poimi: From pot E omwards, the stem bardemng
phepomenon becomes predommant The strsss agam starts increasing up
o paist F becmne the poders] picds up the shility to resis) ineresine
siress. me the slonsation novr mersases af micch Guter rate Poant F ot 1 the
mannn viress fo whack the material can be sabsecied. T pomt 2 materml
bezms znd the cross-sectional area starts decreasing 2t 2 raped rafz

* Breakins Point: Bevond the poist F. elonsation will continoe at gradmlly
decresamg bsner load and ulienately the bresla 2t poet G Pomt G u
knovm 25 ‘brealomg poast’ or fractune poant.

NOMINAL STRESSES
Nossinal stvass. is defined 2 fhe Swes on e cbject divided by fe original sran @
will be cleased if we compare the above definshion with tuoe sirem
defmtoniwhich 15 “tha force on the object drrsded by the achml] amea”
YIELD POINT, PLASTIC STAGE
Yield point
Beyeind the point 1, the materis] poes o fhe plastic shge vl fhe opper yisld
pomt C 15 reacksd 10 the remsoval of load dows not allow to retum the specanen
to & engmal fmm Pomt C 15 apper vizld pomt & Pomt D 1 lower vield point.
At the point the cross-sactions] area of the material point
Pluitic Stage
A permanent deformation or change m shape of solid body vithow frachore
undier the achon of sustamed force small changes m the dessaty of eryvstals dus to
plastye defamation

ULTIMATE STEESS AND BREAKING STRESS
TUlitmate Stres:



Maxmomem or ureste srews of 2 materal 1 defined an the rabio of the mamim
load wheh a specimem & wubjectsd m a2 feemle tet and the onpmal com-
sactionzl ares of the speciman

Timate siress = Ereat
Brealang Strem
It 15 defined as the mtie of the muomum load #t which frachors occws moa
specimen subjactsd fo 3 temsile test and the orizmal cross-sectional area of the
A

PERCENTAGE ELONGATION
L, s the crigmal gauge length and L, is the final length of the mpecimen, then
Parcentage elongation =Emar * 100
PROOF STRESS AND WORKING STRESS

* Proofl Stresz
Proof stress s the siress mecessary to cause 3 pesmanent extension aguesl 4o a
dafined percertage of e length.
* Working Streaz
In achasl practice, the nstenal i not subyected upto ultimats siress, but only upte
fraction of ultimate stress. This siress & keown 25 worlane sfress 1= al=o kmown
35 allosvable stressor permessible stress.

Warking siress = Eror!

FACTOR OF SAFETY
The ratio of uitimate stress and workmg stress is called factor of safety. It &5 abso
o s fctor of IFnorance.

Factor of Safety =Emer!

POISSON'S RATIO
It 15 the ratic of the proportomal decremse m a latera] messwrement to the
proportional meresse m lempth m 2 sample of metenz] that = elstically
stretched Tt is denoted by (1) or (1'm)

Potasom™s Eab T T
psssm 7 Elj st garudeal g



THEERMAL STRESS AND STRAIN
Whan fhe lenmparstocs of & body & changed, the change in dwsmcion taki
place. If the member = free to expand or comiract, mo wiresses vall be mdoced.
But, 1f the chanze m length 1= preventad, sess & developed = the body. This
siraas i called tharmal siress or femperature siress.
IF fha st o tha b oo vinifinees sation i | fht Mparatevs: of oy i
from il fo 1 o the coaffoeet of Imear sxpamen

The extensions dus to rea m temparatae = o (12 - t1),
If the ends of body are fixsd to prevent axtensions produced due o rse 1
temperature. the femperature straim = feree! = afl2 —£1}

LONGITUDINAL AND CIRCUMFERENTIAL STRESSES IN
SEAM LESS THIN WALLED CYLINDRICAL SHELLS

* Lounsitudinal Stresses
Tha stresuss whachk act along the lansth of the crhnder ars called loagprhodmal or
2ual stress. Consider 2 thm cviinder subjected to an mtenz] pressurs, whack
tends bo wpli g B 4 Bwe plesss.
Lok P e pniacrs, § i fos Sorggituddinssl shiass suced ins the crhader.
Dameter of shell 15 d and the thackness & 't'

Busting force = P x Arwa oo whach P acts = P x (Erorid”)

Resistmg force = Stress xirea on which stress acts = fx{md 1)

For squilibrinm the bursting foecs should bs sqml to reisting free.
i, Bunsting = Risiating Eves



o Presad' = £ 2 Xt
£ = Errer!

# Circumferential Stress or Hoop Siress
The strasses whick 2ot alone the cocumference of the evlmder aze callad
corcumferertal or hoop stresses. These are alao kwovrs ax tanpenhial stresses. Dius
to boop siresses, the cylmder may spl wp el two troughs Copmder 3 tun
cvimder shell of mamal diameter, d and length | and t 15 the thickmes: of

evlindrical shell

Lt the heop straases develsp dus to the mbemal Thnd pressurs. The isfssity of
mnferns] prassirs is dencded by P Dus to the isterna] pressre. the shall may snlit
up mbo fwo troughs aleng 3} 2o

Lt the hoop stresses devaloped due fo mbtenial fusd pressure 5 denoted by £i.
Tistal bursting fapce m shall = Intanasty of pressurs x Ares on which P acts
P (dx]}
Emnfing force = £ x Ama onwith £ 1 achng
For aqubibonum, borstmg force must be aqual to resssting force.
EBlarstine fowee = Kaajsbms forca
Pdl=fixllt
Fi. Errort

INTRODUCTION TO PRINCIPAL STRESSES

Principal stress iz the maxirmumes normal stress 2 body can bove st g some point.
It represents parely nornal] stresy. If af soms point priscipal strass 5s said fo have



acted 1 dom not have any chear siress component Primcipal shressss are
maxinnen and mamearn valos of noroal srmses on 2 plame (when rotsted
through an angle) on whick thers 15 no shear #iress. Principal plane & that plane
on which the principal stresses st and shear siress s zesa.

i

Tx + Ty | Ty = Oy 2 o
Fia2= 2 L J_.lilll 2 ; 'lrr.-y

EXND OF THE CHAPTER,




1. RESILIENCE

STRATN ENERGY, RESILIENCE, PROOF REESILIENCE AND
MODULUS OF RESILIENCE
¥ Sirain Energy
Tha amount of work done 1n drammg the bedy wath m ebstc b 5 called a5
Birain anergy. Straim snergy B same 35 work done. It s denoted by "1,

# Besilience
When an alastc body = wolsecied to 2 force o may ondwrge a bmear
defiormaton. The foece acts on the body theoughout this deformation process.
Hemee work 12 dome by the foree for the deformation Thes work dose by the
force = shored I the materal as isfersa] enerey (vam emersy). Ths stored
enarey = used to revtors the ongmal thape of the bedy oo remcnal of force. Tha
enargy stored when a body & stamed within the slastic et 15 knowmn a3
resiliance.

¥ Proof Restlence
The straim energy stored m the matersal will be mammaumn when o 15 stramed up
to the elestie lenE Thes maxmsom stram ensrpy stored m the matenal when it is
straied up b0 the elastic limet is lmown 25 Proof resibence.

# Alodulus of Resthencs
The Proof resilisnce per vent volume is mows = modube of resihencs. Hanes
it 7 fhe mswseum sivats snargy that can be stored m an elssbic material per umd
xulmm



STRAIN ENERGY DUE TO DIRECT STRESSES AND
SHEAR STRESS

pa STRAIN ENERGY STORED I 4 800Y DUE TO SHEAR sTRESS
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STRESSES DUE TO GRADUAL, SUDDEN AND FALLING LOAD

* Strain Enersy due to Gradual appBed Load
Let w comuder 3 body winch i wobpected with temsila load winck 5 mersanmg
praduzlly up to s alastic bmt from valhoe 0 fo valoe P and therefore



deformation o extension of the body 1 alio mereasing from {} fo x and we can
s 1t m followmng load exctemmion dagram as duplaved hare

A Femin
o= Strem developed m the body
E = Young's Moduhs of elasticity of the materal of the body
A= Cross sechional area of the body

P = Geadaslly sppiliad load which s incresing pradually vp to its elustic T
from value (o value B

P=c A

x = Deformation or extersion of the body which 1 2lso mersasing from O o x
L = Lensth of the body

Ve Vol of the body =L A

I = Stram snorgy siorsd 1 the body

As we e alrendy dossiesed that when 5 bady will be lsaded within ibs alnatie
lims, the work dons by the boad in deforming the body will be equal to the stain
snerEy stored m the body

Strain energy stored in the body = Work dome by the load in deformins the body
Strain enerpy stored in the body = Area of the load extension carve
Strain enargy stored in the body = Area of the tnangle ABC

U=(11).AB.BC

U=z P

Lot om e the vabos of P = ¢ A, whach n determemed abes
U=(iMzc A

Ay meg L/E
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will be groan by followmg equaton
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# Strain Energy doe to Suddenly applied Load
Lt us zas the load extension diagram as displaved here for this case whers
biady weill bhe sahpected wath sisdden load and we vdll fmd out here the stress
mduced m the body due to sudden apphed load aad nmualtmeculy vwe vl ako

Lol

0 Enemien
i = Stress develboped in the body dise to saddan applisd load
E = Youns's Moduhe of elssticity of the muterisl of the body
A= Cross sechomal asea of the bady
P = Zndden apphed load winch wall be constat throughoot the deformation
process of the body
x= Dlefrmation or extenswon of the bedy
L = Lensth of the body
V="Volunwe of the body =L A
U = Straon energy storad in the body

Strain anerey shooed in the bady = Work done by the load in defiwming the body
Straun emargy stomed = tha body = Amea of the load extenson cores

Stram energy stosed mtha body=F x

U=PF=x

As v oo that muaxemem strans snsrey stored m the body U will be providad
iy the Eallcring emanion: i wliinied lois.
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Thereiore, v can sy here that maxmmom siress mdoced = the body dee fo
sudden applied load vall be taice the siress mdoced 1= the body with same vl
of load apphed gradually.
» Straln Faerey due o lupact applied Load
Lok i oo e Pollowring Bt vibaie oo 620 44 i vantical has wiick ia: oied
at the upper end and there & collar at the lower end of the bar. Lat us thank that
oz load = baing dropped over the collar of the vertical bar from a beight of b
as displaved m Sollowins fzure

=3
"
£
=

Lt s =0 ahead step by step for easy mnderstanding. honever if there & any Bmsue
we can discuss 3 in comment box which 15 provided belowr thas post.

Wa have following imformation from above figure where 3 body 15 subjected with
an mpact load.

= Siress developed i the hody due o impact boad

E = Young's Moduhs of slasticsty of the materal of the body
A= Cross sechional area of the body

P'=Impart load

== Deformation or ectersion of the body Le. vertical bar



L w Lisngth ofthe body ia vertical bas
W= Violoms of the body 19, werbral ber=L A
U = Strain energy stored i the body L2 vertical bar

Strain energy storad in the vertical har = Week done by the load in defooning the
varhcal bar

Strain energy stored | the verhizal bar = Load x Displacement

Strain enarey sored in the vertical bar = P (b +x)

UsP (h+x)

Az v lonoar that stre snergy stored = the body U wall be prercadad by the
followang exprassion 25 mentioned here.
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Lot mme the vabne of the extension o defbrmmtion "% m above squaton snd we
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END OF THE CHAPTER,




3. MOMENT OF INERTIA

CONCEFPT OF MOMENT OF INERTIA AND SECOND MOMENT
OF AREA

*  Alamest Of [nertia
The product of the mess and the square of the distance of the cenber of gravity
frem #n axn are known 3 moment of the merhs The moment of merha i
: ”:!."T'

The valoe of the momest of mertia 1 always positne, regardless of location of
the amis Undts are such as kemen® or kewr.

Mbements of mertha for the smbre area A sbondt the x snd ¥ axss are

L=fydmandl=F x'dm

¢ Spcond Moment of Ares
The product of the area and the squars of the distance of the cesfercid from an

Fxes are Enewn B second moment of the ares The second sres moment of &
represented by “T

Ulieats are langth to the 4th power, such a3 mem® or ma*

Mloments of mertia for the enfire area A sbout the x and v axes are

L=Fvdiamdl=T rda




EADIUS OF GYRATION

Badis of syratien of a body about an oo of rolation = defined as the radml
distance of 3 pout fom the axs of rotation at whach, of whole maass of the body
& assumed i be concemirated, 15 moment of nertm about the grven aas would
b the same ae with B sefus] distrition of s,

Mathemabealhy, the radiis of srratiom 1= the oot mean sgore distance of the
obyect’s parts froms esther s cemter of mass or 3 groen axm, dependmg on the
relvant appleation It & achuoll the perpendicular distance from poist mass to
the axiz of rotation.

Comsider area A with moment of mertia T, Imapine that fhe area is concentrated
m 2 thm stap parallel to the x axu with aqunalest L

I =k4 k- i}

k =Radnm of gyration veith respact b the x axia

THEOREM OF PERPENDICULAR AXIS AND PARALLEL AXIS
(WITH DERIVATION)

* Theorsm of Parpendicolar Axs
The theprem states that the MO of amy fzure about the o perpendicular o
mishull perpendicabr axs i egaal o sum of MU0 sbout these tvo xes of the



(s}

Prool Coralder on seméntary srma dA, &1 & cslance x from %Y ads

and y fremn X-X auls andd 7 from 2.3 nei. 2.2 axin is an axis perpendicaior to
M- med VY s shown In the Fig. 2

By Pyfhngona thoorers,
! =yl g
KMomont of mortic of an slemertary aron aboul £-F axia
= BT Ao (W e ] A = T A s A
Tolsl moment of inertia of the whols section abol 7-7 axds,
Typ = Lol cll o Tyl g

Bt Ef.dd=ly

o, If.dh=TIy,

- gt lyy

2.2 it e calked polar acis and Iy 1s ko a¢ pelar moment of
imertia, Pojar memard of inertia s useful 11 enalysing e lorsiondl sirossas,
Pokar moment o inrfa s o deratad by Tp.

* Theorem of Parallel Axs
The parallel 75 theorem states that the MO of an zea abowt any o 5
equal to the MO of the srez about s own centrowd ple the product of the
arex & the sgqmre of the distance betwesn the centroid of the arex & the axis

about whick M0 & regured



Mathwmartically, # s ghan by
I,a'l Iul-r“t
whoes [, = Mamont of inata of e given asec sboud AD
T = Moment of neris of e given area about I own cestioid

l‘llﬂlﬂhm
h = Destarce bitwesen the centrold of he saction and the ais
AB.

Tkl ama (A}




Lat the nrea of sirip = dA
Momanl of inartia of area dA about X-X wos = dA |
. Moment of inortia of e fotal wea about ¥-X axis, T, of Ig = TdA .2
Momeni of inertia of the area dA about AB
: mclh . (h e yF = cA. (N 43+ 2hy)
Maoment af inskia of the iotal araa about AB,
T = Edd . (0242 4 fhy)
= 1A . W+ EdA yE e TdA, 2y
af Iig=h Echs Lda, yie 2hEdA ,y {+ hor b2 & congtani)
or Iyg=tRAsIge@hBdA.y = L i
v EdA=Aand ZdA.y = Io)
LdA . y represents the momant of the kotal area about X-X wds. As the

distance of e centroid of the total area from X-X is 2ero, honce TdA . y will
be equal o 26,

Substituting LdA .y = 0 In equation (), we gel
Tag =AW+ Ig40
o qurq*l’h"

SECOND MOMENT OF AREA OF COMMON GEOMETRICAL
SECTIONS RECTANGLE, TRIANGLE, CIRCLE
(WITHOUT DERIVATION)

Rectangular Area
i3
' #_

¥
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Circular Area
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. Semicircular Arca
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I, = Lgab?

i
=
,? = ;H'aﬁ
SECOND MOMENT OF AREAFORL.T ANDI
SECTION SECTION MODULUS
* Second Moment Of Area For LT And 1
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Fig. 114

Salatian Lol @ divide the pren iecien e fen seenphes |01 med (0 ond cobowisie gy
il o et nf esb shoit anm P-F i de halp of Sseorem of poaliel s

4 0. of el 1) abost P-F aum,

1 L |
s “:‘;‘ +arxaxs+
=8 sl W 40w M em’
SECL ol s tmgis 1) aboss FF g,

e -

= S508 = 08 199 = 11187 om”
Hlemam ML iof given secsam dns P i,

h-l.."llﬁ
w3 s YO e MM A

* Sgction Modulu
It & defimed a5 the ratio of M OJ of 3 section sbout 18 neutral a5 to the detance
of the outermost laver or extremse eadgs from the newiral o [t & desoted by
Il.r.

i
LI=_
¥
Whare I=M0Iabout centrodial s (meuiral @xs).
3= Dhatance of the cuber mest laver fom cesfrodes] ams.

END OF THE CHAPTER,




4. BENDING MOMENT AND SHEARING FORCE

CONCEFT OF VARIOUS TYFES OF BEAMS AND FORM OF
LOADING

* Beam
A beam = a siruchiral memher msed for bearne leads Tt m typocally used for
renteg  vertcal loads, shear forces and  bendmg  momens

¥ Types of Beam
simpdy supported baan
Enreillevar haam
(rerkanpte ben
[ palinv aone: Baanm
Fivad haam

=Simply Sapported Beam- A simply suppestad beam & 2 type of beam that bes
pimed sigrpert at ahe end sod roller sapport o the sther snd Dependive sn
the load apphed & undereces shearms and bendine [t = the one of the
smmplast strechiza)] elsments m exstence.

Simply Supported Beam

s Cantilever Beaom: Carfilecer beamma 3 eiroctore memnber of vboch ome and =
fixed and other & fres This & coe of the Bmous type of beam me = theses,
bridgss and cther structure mesmber This beam carry foad over the span whick
et o beth shast drsis and bendine megmset



Cantilever Beam

sOverhanzing Beam: Crerhanging beam & combmation of simply supportad
banm and cantileves beam Ope of both of end sverhsng of this bagwm This
beam 1 supporbed by roller sipport beharesn hao ends, The type of heam has

henitage proparties of canblever and sinply supporied baam

Overhanging Beam

=Continuom: Beamm: The beam i smzler to umply supporied beam except
mers thas two suppert e wed on . Ope end of o 5 supported by hmgad
support and otker oma 15 roller support. Ome or more supports are wee betwean
these baarss Tt is need in long coperste bridess whers lnsth of bridss is oe
Large.

Continuous Beam

*Fixed Beam: This beam 1 fixed from both ends B doss not allow verbcal
movement and Totshen of the beam E 5 only umder shear stress and mo
enoment produces 1 this beams. It is wed  trosses, and other structare.



Fized Beam

¥ Types of Loading
A baam i wually borzontal member and load which will be actng over the
beany will be wsmally vertical loads. There are fbloving tvpes of lopds 2s
mertoned here and we will discuss sach type of load & detas]
<+ Powst boad or concontrated load
4 Uniformly distribated boad
£ Uniformly varvine kbad

= Poinit load or concestrated load:
Point load or concentrated load, 25 rome suggest, acts 2 2 pomt on the beam. If
we will see practieally, poist load or concestrated load Al destributed over 2
srpall aren bad we can consider such type of lhadme s point loadwe and henes
suck type of load condd be cormidered a3 pomt load or concentrated load.
Followmg figuare displayed here mdicates the beam AB of length L whach nall be
loaded with poimt boad W at the mudpoint of the beam Load W wall be
considened here s the pomt bead

A o
|
i

|-||

» Uniformly distributed losd:
Uniformby distributed load & the load which vl be dembuied aver the length of
the beam in sich a way that rle of loadms wall be wmiform troushom the
distribation length of the beam.
Unformby dstributed load 15 also expressed 3 UD L and with valoe as wNim
During deterrmisation of the tota] load. total waformly dutrbuted load wnll be
comverted in o point load by meitiplvine the rae of loading e, o (V) with the
spar of boad distribution ie L and will be acting over the midpoint of the lensth
of the uaformiy load dutrbuticn.

L i‘}._n



Lat 1 comsider the ollowing fixure, a beam AB of length L i boaded with
unsformly distnbuted load and rate of loadmg = w (d'ns)
Total uniformby distributed load, P=w"L

= (m)

T

Y L ’ ;

& L

» Unifornaly varying load:

Uniformby varying load i the Joad which will be distribated over the length of
the hesni m surb 3 way that rats of boading will ned be wiferm b alas vary
from point to peist throushont the distribation lepeth of the beam Uniftrmly
varyeg bad s abio termed as tnangular boad. Let o5 see the follovwng Bpae, 2
beami AE of lemgth L & baded with wnformly wnang  boad
We can sez from Opure thet load = zero at ape end and increases wmifamly 1o the
other and Durine determination of the total lbad we nill determine the mea of
the trngle and the result 1.2 area of the tnangle will be fotal load and thas total
foad will be aszumed to act at the C.G of the mangle

Total load P=w*L2

CONCEPT OF EXD SUPPORTS-ROLLER, HINGED AND
FIXED
¥ Beam

A baam 5 3 stnaetura] member 2ed for beanme loade It b= trpscally wsad S
resmhime vertscal loads shess forces and bending momesds



= Types of End Suppori

-R.llﬂ!lﬁiﬂ'ﬂ

damage on other structiral membens soch as a2 pmoed wpport The typecal
application of Foller wopports 5 m large brdges. In ol engimeermg, roller
supports can be sean 3t one end of 3 bndge.

Roller spport canmnot prevest tramlational movementy m horzosial or lateral
directions and any rotational movement but prevents verticz] tanslations. s
reacticns force & 2 sngle lmear force parpendicular to, and away from the
surface (upoard or doomaand). This sipooet type B jsaemed 4o be capable of
resistimg noemal duplacesent

* Pinned support

Pmped spport attaches the only web of a beam %0 2 prder called 3 shear
connection. The support can exart 3 force on 3 memsbar acting m any dmection
and prevent manslabicnsl movements o mistne deplecement of the member-
ende jm all devectinng bt commol prevesd ey rotsbions] movemests T ramstion
forces are mmgle hoear forces of uplmowns direchion or horzontal and werhical
forees whach are congponends of the mingls force of wnkmevn dorection [3]
Pimnad sppeet i just Hon 2 homnse alow It com b extnded and faced
(mwlhﬂmmﬂm.tymhmhﬁmﬁgﬂ ['In.n:]ﬂm‘u.}'ﬂﬂl
benefit of pinned supports & not kening wterns] momsent forces and cnly thew
=izl foree playme 2 g rols in desisning them

—_—



# Fixed support

Faged or fixed supports mamtam the angular relatiomskip betwean the joimed
elements and provide both force and moment resistance. |t exerts forces actimg in
ary direction ind prevents ol tranelxtions] mecements (hormontal and vertazal)
an well &z all rotational moemest of 3 member. These sopports” machon forces
are honzomtzl and verhcal compoments of 3 Imear rsulant, 3 moment [3] ks a
ngid type of support or comnection. The appheation of the fixed support &
bensfizial when we cam only use smsle cappoert. 3pd peopls mest wadaly med this
type as the only support for 2 canhlever, They are commeon in besm-to-cobomm
conmechions of mopent-resnties siee] frames amd beam cohmna and kb
conzections m concrete frames,

CONCEPT OF BENDING MOMENT AND SHEARING FORCE

# Bending Moment
It mwy be defined s the alsebras: sum of the moments of all vertizal farees
either to the left or to the el of 2 sechoe. A BA camms comexsy
wrorards will be taken a5 oegatve and called a5 mazmeg B Simbaly, 2
BM. camsmg comrexity upwards will be tken 2 posire amd called
hoszirs Bendine momesd dizgram e EMD will tell veu the vanstion of
besdins mommert throushod the lansth of fhe begm
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¥ Shear Force

It may be defired as the algebraic sum of all vertical forces either to the lefi
or o the mekt hamd side of 2 section Shexr foree haviee 2 gpward
direction fo the nzht kend side of 2 secfion or dowrards fo the left of the
section will be taken posstne. Sumiarly, 3 megatee 5F. wall be one that has
a dowmard deection fo the night of the sechion or upward direction to the
left of the sechon Shear fores dizgram ie GFD wall tell you the vanstios
of chear force along the lemsth of the beam

I :
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Shear force will Be negative

——
I

e

BAML. AND §.F. DIAGRAM FOR CANTILEVER AND SIMPLY
SUPPORTED BEAMS WITH AND WITHOUT OVERHANG
SUBJECTED TO CONCENTRATED AND UDL



= Simply Supported Beam : UDL. over the whaols span
A beam, Simply Supported Baam - VDL ouar the whols spam »
2 stroctarzl element that primanly ressts loads applisd laterally fo the
bepny’s mes. Its mede of deflection is prisarily by bendins.
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Fig. 118,
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» Bending moment and shear force diagram of a cantilever beam



Cartilercer - Pouet Load at the End

o —

L
* ) BEAM
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section. The SF.D. will therefore, be rectangle of heaight W Bendimg moment
a3 section x fom end A is given by
Mes=+W,x rereenn [ytraict Eina)

At =0, MA=D ; =1, ME-WL.

The 531D, vall tms ke 3 rangle having zerm ordmate at 4 and WL = B.
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Cantilever - Several Pomt Loads
L day

L

- a (b SFD




1 (t

{e) BMD
5FD. - Between A and C,

Fr= — 3 K (constant]
Between C md D,

F. = .1.3=-5 KM [comatant)
Betveen D and B,

F. = -3.3.2=8 kN {comstant)

The EFD. wall, therefore, consist of several rectangles baving different
ord mates,

BALD. : Batwesn A and C,

M=}k (linear’)

When =0, MA=0. When x=2m, MC=3x1=6 iNm
Between C and D

B, =3etix-l} 0000 L {linzar)

When 3=2 MC=6 K\ m {as bafies)
When xed, MDm{3xd){3xTpm]8 ENm
Eetwean D) and B,

M. =dwt3{x-IH2ix-d) v (hmear)
Whan =4, MD=12+6=18 kN.m (as bafora)
When x=5, MB=15+5+2=06 N m



3. BENDING STRESSES

CONCEPT OF BENDING STRESSES

Berding stress » the norpual sireas that o induced at a pomnt m 2 body

subgected 1o boads that cause if to bend. When 3 lead 5 apphied perpendicular
for the lensth of 3 beam {with bvo supports on each end)] bendive momenty
are mduced 10 the beam,

Normal Siress

A nornal siress w2 shress that occun when a memwber 1 loaded by an axal
force. The vaboe of the mormal force for amr prammhc section 1 simsply the
force divided by the cross sectional arsa

Pree

e AR AR R R RRRR EE 1L,
T

e ._q____ : a—-LI
“r - T

Fgui e -S4 dw disgras

THEORY OF SIMPLE BENDING, DERIVATIOX OF BENDING
EQUATION

Purs Bending Strez:

Berdng will be called 25 pare bending when # coows solehy becanse of coupling
iom it and Ik thet case thers i mo chanes of shesr stress in the beam B, the
sireay that unll propasate = fhe beawmn 20 2 residt aall be knows 23 normal stress.

Uormal stress becauss & not camsing amy darages to baam.

Assumptions in the Theery of Bending Equation:
1. Mlsterial ofbesm 55 hoenopenoins and sotropse.

2 Voumg's modidos = comtant 1 compression and tension.

3. Tranmarse section which are plane bafors bending before bendmg remam
4 Baaen & mitislly siraisht and all laseindirn] Slamants beed 0 cieular e
5. Radivs of curvaturs is larse compared with dimansion of cross sectisns,



&. Each hyer of tha beam is free fo expand or comtract

Derivation of Bending Fquation

Lot un asse that Enllowine beam PO i horisontal 20 suppontad 2 i tua
exirome ends ta 3t end P and 3t end O, therefors we can say that we have
comsidared here the condrion of smply suppartad beam

o let us conabler ons small portios of the bezes PO which = sobiscted 02
simpls besding 35 displuyad hove in Bllowing Gpws Lot m comiler e
sechons AE and D a5 shoon i bllopnng Gnore

M

C ‘r_,.i'!l!n'l
ey £ 1.
N
B d i)

. ———

Mow we have followine mfosmabon fom the shove Eome

AB ard CDr: Tovo varbcal sechom m a portion of the conaudersd beam
H.A: Neutral as which 1 displaved in above figure

EF: Laver ai neutral o

de = Lensth of the bexm batween sections AB and CD

Lat us conzuder one bver GH af 3 distance v below the neviral bver EF. Wa can
sae here that bength of the nevtral laver and lensth of the laver GH will be agual
ard it wall be dw

Origimal length of the aautral Lyer EF = Oviginad leath of the byer GH = &
How we will mabee here te condition of assmaed portion of the beam and
section of the beam after bending action and we have displayed bere m followng
Bmers



As we cae see hery that porbon of the beams mll be best m the form of 2 corve
doe i bending action and bence we will bave following mformation from sbove

o

Section AB =d CD wall be now sechon A'D and CTF

Sumalarly, laver GH will be now GH and we can see here that length of lver GH
will be mereasad neay aed ot wall be mow GH

Meutval byer EF vall be gow ET, bn# 25 we have discussed diries shadyms of
tha ~ancus assmmpticns mada m theory of umpls bandms,

Length of the neutral laver EF will nat be changed.

Lansth af seatra] byae EF = EF =dx

AT and CTV are mesime with sach ofker af camsr (F 25 depleved in above
Enaw

Badms of meotra]l lver ET = B a5 displaved m zbove figure
Angle made by AT and CD' ot comter O ia 8 28 displayed in abeve Spre
Dutarcw of the byer GH from oeufral layer EF & v & dophyed m sbom
fig=e

Lenzth of the peutra] byer EF = Ex §

Origiral length of the byar GH = Langth of the newtral laver EF = Langth of the
il law EF =R =8

Langth of the byer GH =(R.+¥)x @

A we have disemsed shove thol Jonsth of the 1sver (H will be inereaced dus to
bendine schon of the beam and therefore we can write here the Sllowms
squaticn to secure the vahue of changas i length of the hiyer GH due to bending
action of the beam.



Changs in length of the laver GH = Lansth of the layer GH. crigiml length of
the bver GH

Changs in length of the laver GH=(R +vixf-Rx8

Chanse in lsneth of the laver GH =y xd

Strain in the lensth of the kiyer GH = Change in lensth of the layver GH' Original
bength of the bayer GH

Straan 1n the length of the yer GH=yx 6 R x§

Sirzin in the leasth of the hyar GH=v/R

Az v can sea bare that siram wall be dmechonally proportcnal to the detancs v
L& distance of the laver from sevtral laver or nawtral 2xos and therefors 2z we
will zo towerds bottom sids Bver of the beam or towards top wide baver of the
bearm thers will be mors steain i the Liyvsr 08 the beam

At mendtral s, vahse of v will be zaro and bence thare will be no strain i the
Laver of the beam at peutral axs.
Lat s recall the comeept of Hook's Law
Accordmg to Hook™s Law, withn elastic bet, siress apphed over an ek
matanial wall be direchomally proporhices] to the stram prodaced due fo externs]
loading amd enathematcally we can write shova law a5 mensionsd hare.

Stress = E Stvam

Stz = Birsay E

Stam=ck

Whers E 1= the Tounz's Modolus of elasticity of the material
Lot s comaider the shove squsiion snd peities the valoe of stram sesane abave,
we nill have Sllovans sgoahon 2 mevésoned here.

FE=¥R

=wRIxE
Thesefors, bending stress on the bver will be siven by foBewine Sormala s
displaved hare

a-Lxs

Wa can conclude from above squation that stress actmg on Layer of the beans vall
ba directionally proportsoral to the distance v of the layer from the sevtral 2o
Thereiors, there will be force acting on the livers of the beams dus o thess
atppanes sl henrs thers will be taoment of thess Swees about the nsubeal s
too.



Total pomers of these forcem abow the nautral axn for 3 echon vall be termed
Eme of resistance of that sachon

Aimhitlk&dfumdﬁﬂmnimdmglﬂ&mﬁihmh‘m
rectanmular croas-sechon snd et o= comsider the cross-section of the bem 2

displaved here in follvwing Seure
L. -
Eﬂml

Hmmuﬂ;nfkﬁhﬂhnﬂmﬂﬂ:hﬁm&y&mﬂn
noeutal aoa = duplned m abrw Bgare
Let s defermine the force actng on the Byver dus to bending stress and we wll

bave follomang equabion
dfF=gzdi
Lot o defermma the momenst of ths laver aboul the pevial axn, & as
methoned hore
dd=dFxy
dd=cxdizy
dM={ER)zyxdAixy
dd=(ER)=v2 dA

Total momeet of the forces on the saction of the beam arcand the neotral aws,
alsp fermed 38 moment of resicdancs could be secured by imtesvating the shove
expiation and we wall have

al=ER)xvldA

ik o

I= J-ri:dﬁ

M= -EII

M_E
I R



Hmmﬂrhlh::tmﬁmnfmmﬂnrminiqmﬁmhm
ke secured for bandmg siress 1 case of bandmg achow; we mill bens Ellonms
equaticn which & termed 2= bendmy aquaton or flexoral  formuls of
bending equation
M _o _E
] n

w-rl-q

USE OF THE EQUATION

Bending theory = sso known as Bewore fheory is defined 2s the mxal
deformation of the beam due fo external Joad that m applied perpendicuiaty o 2
bongrudizal s whach fnds application = apphsd meckames

CONCEFT OF MOMENT OF RESISTANCE

When a bear 15 subjected to bending moment the stresses of oppostie nehae
disvelon on the sechions shove and ballow the neiral s Thess mfemal farees
have certam momaenty about neviral ooy, The mam of momesdy of mésemnal forces
about nevtral 205 & knevwn a3 moment of resistancs or flenaral srength,

M

[ ]

T X
1
M=g_
T

M=ol

Where £ = known as Section Moduhs. S0, moment of rssstance & dmectly
propemtsanal to s sechion modslus of beam

BENDING STRESS DIAGRAM

Figars  Bendinp Siresc Dtememiae e Ban
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SECTION MODULUS FOR RECTANGULAR, CIRCULAR AND
SYMMETRICAL I SECTION

It u termed 35 the mtic of sacond momast of area and dutancs from NA
(zutral ams) to the extrems fiber Ao ot 15 the messore of strength of gres
membas The stress b the gitsrmnat seetinn of beam & compated with the hals
of wection mochalios. T8 = e ated by 5.
Saction modulus 15 mdicated 35 follons:
Fus

¥
Hera [ i “moment of marbs” and v i disfapcs fom “nefral axs”™ o tep or
botiommn of Gher. Becton moduliss depends saly on the cross section dhape of the
beam Cross sechon skapes Bke mctanguler, squam, cocele, | sactios and T,
composiba saction ebe.
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CALCULATION OF MAXIMUM BENDING STRESS IN BEAMS
OF RECTANGULAR, CIRCULAR, AND T SECTION

Maximum bending stress in Beam of Rectangular section
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6. COLUNMNS

CONCEPT OF COLUMN, MODES OF FAILURE

Columms

Colme 5 bavcally defmed as 3 veshical member of 2 struchze and it will be
subgected with vertical compressne load. Line of action of comprassne load will
paus through the axm of the cohome or sometoms abo paralls] o the 2o of the
cohmma. A member of structure will be tenmed a: columm f & & verheal and i's
both eads are ixzed nmdhy and abo salpected with aaal verhcal conpressne
foad

Let iz nee here S cmportast pourts m respect of concept of cohames

Columes will be sukbgected with only axml vertical compressree loads
Columes ase bascally vertical members i structures

Colizmn wall be longer in length as compared to sins

Ecth ends of colamn will be fixed ngidly

Mormally sohwems carry hamny verbieal swis] compressive loads
Croas-sectioral dimensions of cobarems will be vesalhy largs
Applizations of columsme ans ysually ssen in comerete and stes] aldmes

Trpes of colmmin:
aloms colamus,
# Shoat colwmms

Long colamn
Lope coluns & basiealhy defined 3= the calumn i which the rxtis of affesine
langth of the cohoms to the kast lateral dmmansion of the cohzme 15 mors than 12

L3
R

= = 8 2 8 = W

Cibculii et

(]
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* Long columns will &l only because of bucklmg or bendimng.

* Forlong colormm, Eular's theory wall be applicable.

# Fieg long cobumn Latera] dimessions will be quite srall 2 compared with
the len=th of the column

¢ For long colume, Slesdermess rato mall be more than 45

* For leng colomm, Batio of effective lngth of the cohemn fo the kst lateral
dimsnsion of the cobarss will be more than 12,

& Forlong cobonn Losd earrvine capacity will ke reduesd with iweresss m
Leneth of the cohmen

Short colums
Ehort colormm 1 bascally defined as the cohoem m whach the mto of effectne
length of the cohmn to the least |ateral drnension of the cohoms & bess than 12,

Imﬂ:hﬂmu shart column
Short eollumms will il onby baenges of cushine ar direct compression

» For short columm Famkine's theory will be apphcable.

* For sbort column, Lateral dimensions will be quete large a5 compared with
the kength of the colun.

¥ Forsbort colusn Slesdarmess ratio will ke foxs thap 25

s For short column Ratio of eective lensth of the column to the laast
Lafaral dvmemuion of the columm will be less than 12

¢ For short columny, Load camrying capacity wall be increased vath decreasa
i length of the cohumn.

MODES OF FAILURE

Celanwns 1 in e conditinm
* Compressicm Fathere
¢ Bucking Fahre

Compression Failare: Compressson fuihre & fhe meferia] sealf cnmbine o
comeprmsion fihre. When the aoally loadsd stress excesds allovabls stress,
compression faikme coours. Conerete starts to £l or bulge a5 shovm in the
picture.



BachBiug Colusios Duckding Esbars cccus i Jong coluin (ilder colins)
whars the cohznms deplace bismlly or borzonialh:

Buckling load, crushing load

» Bucklisg Load
Whan 2 colunm will ba mabyected o axm] comprassne loads, thare will be
developed bendine moment snd hepee bendine stress m the colanm Colusm wall
be bent due to thas bending stress developed m the colomm Load at whach
cohumn just bands cr buckles will be tarmed ax bucklmg ar crippling load.

¥ Crushing Lesd
Crmbng lkoad 1 the mmmmam load whech coshes the cohoen matenal Valos of
bockhag load will be smaller than enoshing load on the same colomn. Dunng the
dinign. of coluren, suilher consbing lead o buckbing 3 load eowmidesed, Bk
Iitths leszer valoe of boad 1= considered wiuch & commg on cohmem. Thet value of
load = kmeam as safs load Stmctores remam safe imdes safe laad

Slenderness Rato

Slendsrness rahis of colosm & basically defined as the rafis of effective lensth aff

the column fo the beast mdns of pyrahon. Slkendemsess =t wmill be gren m

mimnbers becaise if = ons ratio and bence slendermess rabo will ned have any

wt. Slenderness rmtio & wually dsplaved by Greek letoer 4

Slendernses rabio = Efisstne lensth of fhe cobupm! Laasd rados of svration
h=Llalk

Effective length

The sffecte column lmgih can be daficed 33 the length of an equnalent pm-
ended colenn hevine the sams lond-carrvies capacity = the mewher mdes
comudarabon. The somller the sffectow lessth of 2 parboobar colan, the semller
1= danzer of latesal buckhine and the sveater 8= load carrvine capacity.
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Effective bangth of a cohmmn 1w calenbted after knowane the column end
conditiors. Effective length changes wath the changs s column end conditions.
Followme are the cobmm ead condibions

. Both Ends

. Both Ends Fred

. Oee End Freed and Oither Hineed

. Owe End Foced and Othar Free

T

BOTH ENDS HINCED

Thes = the standard colizms end condibon. Effectnve kensik 1o ths condition ia
equal 1o the length of coheme. Effeciire langth of oiber end condrhoms can be
found with reference fo this condition. In this condhon, both ends of colunm are
ether pamed, provted or romnded. As shovn i e balow;



I=r

[ —_

Fig 8.3 Doih ends hinged

I=1
TWhars,

1=Equivalent Jansth
L = Actml Langth

BOTH ENDS FIXED

Ths = the strongsst colomm end condrion. Both ends feed cobmmn carmaes
muxiemen boad mmd effsctive lensth for this condiion B comsidared as kol of
fotal coborm length. Coluenm load bearmy capacty increases with the decreass in
colums squivalent laseth As shews s fere balow,

1=L72

1=Equnalent length
L = Actn] Langth



iONE END FIXED AND OTHER HINGED

Is thi= condstor, one end of 3 colums s stroager whale the other e & vary
waak. Equalent lngth for thes end 1 s following:

)
7 |

e e fcond, e hissgend

ONE END FIXED AND OTHER FREE

The: and condition makes cohznn to bear the smallest load tham all othar and
conditices. Colurn in voch condition is very weak. Equivalent length for one end
fomd and cther free 1 s followans;

=1

One end fined other froe
FACTORS EFFECTING STRENGTH OF A COLUMN

The strereth of 5 column depends upon the fellowmz Setors:
* End conditions of the colunm,
® Slendernéess mho of the cohamn (aduch dapends upon the langth and cross-
sacton of the colamn),
& Dlzpeeinl of the colums



STRENGTH OF COLUMN BY EULER FORMULA WITHOUT
DERIVATION

The follovring assumptions are made whils dariving Foler's Swmsla-

1. Tha materal of the coloren i homogenens and notropc.

2. The compressive load on the cobenn s fally 2ual

3. Thae colume fiks only by bucklng

4 Theweizht of the colume is neglectad.

5. The ook 7 iniially sexipiet and bodkies suddasly 2t 2 parbeube Joad

£ Pin joems are fnction-less and fooed ends are ngid

7. The cross-section of the column = unifoens fhrowshout s lensth.

8 The leagth of the colamn 1= very large a5 compared fo the cross-sectonal
dimsnsina of the calamm

& The direct stress & very wmall 25 compared io the bending stress

EULER FORMIULA
w2 ET
P S
Fy  EWIAITE SarkeBing g nr CT IR DLy Rt
F = Madute ol alevtasiry of radwenrsead el
T — Mifimii sl of (e s vdn (lesewy value af Deandl, o)

L= Fepwivaslors f emagei bomf v 1fuoren

6.9. RANKINE GOURDAN FORMULA ( WITHOUT DERIVATION)

It ks besn shews thet Folar's forennla = vahd i lonz colowm bevine Ve rats
sreater fhan a ceriain valoe for a parboulsr matenal Euler's formula does not
give a reliable result for short colume and langth of column mtermediate between
ey loag to short An empircal formuls has been proposed by Ranlone for
cohamns of all lengths

L |
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7. TORSION

CONCEPT OF TORSION, DIFFERENCE BETWEEN TORQUE
AND TORSION

Comcept Of Torsion

Tarnion deseribes 2 Shaastineg” effect whers differert parts of an clyect underen
iwmmmhuh"mdmjﬁamﬂu
rotational axe. To create torsion 2 forgue o necessary.

Torsion happens when the torque cawses 3 shear sess fo be apphed on the body
Then the shear stress applied to different parts of the body & different fhey
underge different amounts of aguler dsplecements. The neomam angle of
Ewist ocriars ab the snds of the obsect whils the middls sxpanences & zore snels of
et

Difference Berween Torgue And Torzon

Torques n a3 messoreable concept, whersas tormcm @ a2 concept, whuch m
mathemaheally projected br the shear stress or the twnst angle.

Torgne depends only on the marndude. direchons and the separabion of the
forces applisd, while forsion depends oo the torque, the tvpe of materal and the
:]np-tuf'l']:l-n]g'-:l.

Torque raquirss & kast one force and torsion requirss ot keast two forces fo
bhagrpen.

DERIVATION OF TORSION EQUATION, USE OF TORSION
EQUATION FOR CIRCULAR SHAFT, (SOLID AND
HOLLOW)

Dierivation of Torzion Equaticn

Tomicn sqguation or fonca combnt & defined a5 the geomeineal property of a2
bar’'s creds-saction that i mvobed m the axis of the bar that has 2 relsionskap
between the angle of twant and appled forgue whose 5] untt 15 md. The torsion
aquation s grven 25 Bllews:

T T C#8

T EL

Fellkowing are the assumptions mads for the dermation of torsion equation:

+ The materal & bomogeseous (elastic property throughoot)

s The materml should follow Hook's b

» The maternl should bavve shaar stress proporbiosal to shear strain
+ Tha cross-sechoral area should be plane



& The cocular sechon should be corcubas
»  Evmry dameter of the matenal should rotsts trough the =ree angle
» The siress of the matenal shoald net excesd the elastic it

Consader 2 sobid eireular shaft with radie B thet s subjected fo 2 torgue T 2t one
end and the other end under the same torgue,

R = Radias af the cizcular shaf

D = Drgmetar of the cocalar shaft

dr = Thickness of small slementary cirealsr nms

r= Radna of the smeall slamentary of creular mnz

g = Shear spress 3 3 radiee ¢ from the centre of the circular shaft
= Shaar stress 2t ouber parface of shaft

dA = Avea of the wnall slermantary of eireilar rins
dA=xrxdr

Ehear stress. at 3 radne ¢ fom the centre, coold be determened 23 meshioned here
gr=t/R
g=txrR

Turming foree dus o shear siress 3t 3 radas 1 Fom the centra could be
determmed an mertwmed bere

df =gxdA

Twisting momant at the curcalar elementzry nng could be deternamed as
mephoned hare

dl = Tamng forca x1

dl = ¢'E 5 T rids

di=tRx2x(MMxrxdr)

di=cExrlzdd

Tiotal tewgue could be apsily dotermimed by et the shens squation
betwwen hmits 0 and B



'ri:n'lhlhh]:hq'ul hmﬁ'ﬂl&l:g:c'umﬂn l:ﬂlﬂ.lhﬂmnﬂhgrl.mm
following way & displaved bere 1 following fizure.

H
TI | rdxdd
Lat us recall here the baswe concept of Polar momess of inerz and we can wiie
hare the fremila for polar meoment mertcs Further, we wall oue this fremulas of
polar poenent of inerta 1 ahone equation.
Polar moomesnt of insrti

y={ rlad

Therefore total orque transnutted by 3 circular solid shaft could be given by
fallowans equabon ax mentionad here.



8.5PRING

» Spring
Sprmg & an slashe memsber whese main fncion §5 to deflact under the action
of land and recervers ity arizmes] shape when the load & reemeved Tt s

¥ Function of Spring:
= To aksorb the shoda or Vibration 35 m-car sprimgs, radway buifers, et
= To meaeurs the foress 3 10 2 spring balisee
o Apply Surees, in bheakes sl ehiebas b shp e vebicles.
= Tha fmction i fo store the energy 25 = clocks, fove, eic.
= Comtrol the motion a5 m cams and followers by maintzimmg cortact betneen
oo elepsnts

¥ Tvpes of Spring:
. Pt s
» Laminated or leaf Spring

# Helical Spring
The belscal sprime ia srovde from 3 ware oswally of coealar cross-secton that &
bemi 10 tha form of 2 belx. There are two banc fypes of belical sprmgs-
In helical compression spring, the extarnal force tends to shortes the spring. In
other words, the spring & compressed. In belical tersson spring. the external
fooce tends fo lengthen the spring. In ofher wosds, the sprinx o dlonzated.

L




» Laninaded of Laaf Spring
Maly-leaf spring & widehy used for the suspension of tracks and rathway wagoms
It pomsists of 2 seres of flat plates. mmlhy of sems-allptscal shape The flat
plates are eallad lnsves o the sprine. The laaf ot the tng hae 3 mariswen laneth
The lonzest laaf at the top 15 called 2 manber leaf The leaves kave madiated
lemgths. The length gradally decreases fom the top leafto the bottoms keaf It s
bent & bhath ends to form the spring eve. Two bolts are mesrted throush these
eves o fix the laaf spring to the misomohils body. The lerves are held tngether
cilising oo Uibolts a0d 2 cenier ¢l

[FE I e g Rl T

Selection of material for the spring wire depends wpon the following Factors:
1. The load acting on the spring

2 The range of stress throush whach the sprine operates.

3 The limsations on mess snd volume of sprieg.

3. Tha emaronmental condstions i which the spring will operata such 25
femperatare apd comrosie Fmoaphas

. The ssverity of dafnrmstean sncommtered while poline the sprms

CLOSED COIL HELICAL SPRINGS SUBJECTED TO AXIAL
LOAD AND CALCULATION OF:
- STRESS DEFORMATION
STIFFNESS AND ANGLE OF TWIST AND STRAIN
ENERGY
- STRAIN ENERGY AND FROOF RESILIENCE

Clozed coaled belical sprins
Closed codled hehical sprngs are abo termed a5 tesuson sprmss as sech spnam
are desigred to resist the fepsile load and tenstmg load. In mimpls, ne cansay



Mt cloied ol Walical apsings s Uhont apcings which a6 el T weh
spphecatons, whars temsile or tnistmg bads =e mesest. In cass of clowed coilad
belical spring. sprmg wires are wound tightly. Hance such spongs wall kave very
snaall pitch Closed coiled habieal speines wires are very closs to sach other and
hence, sprms torns or cofls vall I in same plane

In casw of closed coded helical spring, fums or cotls of wach sprmg will be
focated at mght angle fo the hebecal axs Clossd codled helical sprmg, &
displaved hate camrying an axisl kad W. In case of closed eoilad hakieal sprins
bafic sle vrill ba sanall snd it will be liss fhan 100 Thenfws, we will neslat
the bandmg effsct oo sprieg and we will oely conuder the effsct of fomcnal
strasses o the coils of closed conled haheal sprms
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Let s conider the followine terms fam shove Seure of closed coil helieal
sprmg

d = Dhamnater of sprimg wire or coil

p = Plich of the helizal sprmg

D = Mleas diameber of sprine

R =Nhaom radnm of sprins
n=Mumber of sprng coth

W= Load zpplied on spring azmlly

C = Moduhss of risidity

= Mawismom shear stress developed m the sprine wire
# = Angls of twist 1 wire of spring

L = Length of the spnng

&= Deflection af spring under axial load



As iring B Yeaded Yy it el bl W eawelns wolk sl Y s over the
sprmg and this werk dore will be viored m the form of energy 18 sprmz, 5o we
will detarrmine hers the work done by axial bad W over the spring and we wall
alsp determine fhe sraip snsrey stored o the sprms.

Expreasson for deflachon developed 18 sprmg under amal load coald be denvved
by equating tha energy stored m sprmg with work dons on sprmg

Strain snergy stored @ the sprmg = {1 24C) x Vaolume of the sprieg

Vakime of sprigs = Anea of cposs sechon (V) x Lansth of the sprins (L)
V=114 xdl

L=21TEs

Straan enargy stored = the sprng = (3 24C) x Volome of the spring
Sirain enarey shored i the sprme = (3 140 £ s

Expression for shear stress developed 1 spring under mxas] leadips
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Work dome oo sprng

Work done on sprmg = (12) Wx &

As we Jnow that expression for deflection devaloped = sprine under axial load
could be demrved by eguatms the enerpy stored m sprmg wath work dooe oo
spring 2nd therefore we will have follewing equation 25 mentioned here.
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Stiffimess of sprmg
Stiffiswns of spwing could be saily deternsinad by dividing P Iad with

deflaction.



StilFons of spring = Load (W) / Dallection ()

. DETERMINATION OF NUMBER OF PLATES OF

LAMINATED SPRING (SEMI ELLIPTICAL TYPE ONLY)

A leaf or lasunated sprmg = basacally 3 smopla type of saspension sprng wmlly
imed for absorbaee the shocks in heavy vehscles suck as Lomiss, railwey wagons,
cars, tralers aned trucks. Leafl sprime wall be made by mumber of parallel metal
stips of R ideatioal widths bt difarant bl placed one over snother 24
displaved m followmg fgore. As we koo seen that leaf springs are mads by fiat
plates and therefors leaf sprimps are alss callad as flat sprivgs. In mitial sustion,
all plutes of laaf sprine will be bet in swus eadics 3ad will be Boe 1o shids one
ovnr e ol ms aif sprng will e hoaded with satid Jogd, conival diflaction
will be disappeared and all phited wall become fist Sems-alipncal kaf sprmg =
the most popular and widely wed keaf sormz It consits of 2 sumber of fat
plates ar lesves of ssemi-sllitses] shape. U-bolis snd copber clin sre med 1o hald
thwss Toaves Somsther. To keep the Tonas aligeed 3ad 3void bieal shifling
rebound clps are med Ends of the longest leaf are bext fo form eves. Thi
longest leaf 1= called “master leal and other smallier leaves are called 'gradustsd
lesves’. Ome or two extes fall length leaves s sensrally provided alons wnth the
master leaf to merease strensth azamst the framverse shear foece. Typical semn-
slbpbical lnaf pprmg u shovn m fgars 154

TWhen mo extereal load & sctne, the spring is curved or cambered Camber & the
perpendicular distarce betnoeen the reference lne and the master leaf and s
magmiude @ such that the wpring 1 approxzeately straght wnder the moax static
boad. Center of the spring 5 fimed to the axle of the autorsoknle.



For the amalysis purpoas. lexes are divided mbo too proups: © hiasber leaf and
Fradumted laaves 0. Exira full length leaves. Lat

B, = musher of gradasied-lemeth haves meludms master baaf

ny = mmnber of extra full lensth leaves

n = total mumber of leanes

b = width of each lsaf

i = thackness of each leaf

L =halfthe length of sami-elliptical spring

F = force applied ot the ands of the sprins

F,  =part of F taken by andra fsll lanth learvms

F.  =partof F taken by graduated keaves and master leaf

Mg, this sprime can be treated 35 3 simply sopported beam of lenpth 11, with
boad IF actms at sts centre or for smmplification of anahan, balf portiom of # can
be comssdered 25 3 castilever of langth L, with one end fooed (cemtre of the spring
which it Fixed with axls) and load F aeting on fhe other. Now the first proup of
lerves te moster beaf aloms nath the maduated leaves can be copsidersd 2= 2
casttlecer beam of wnform stranpth as dincussed m prevacia. arfcle. Smmdarly
group of axira full length leaves can be comsidersd 35 3 cashlever beam of
unifrm cness-saction Thersfore the relatiors pives in takble 151 can bhe usad i
ombe the siress and deflections o fhess lowves by replacine B with ‘s b’ and
“n, b" and consdening the thars of load taken by them.

Group of | Coac'be Treated MRckitmat | o
Leaves : Bondon. | i
gt £ deirace el jui
R CectileserBean | Dy i ]
' CRRTIT T B AFeL
enpth T.eaver || _ il ol S
i i poss-sestion pp bl Prbt?
MasterLeaf  |CactleverBeam | O3, ay
and Graduated | of Lniform _BFL | BF LT
Leaves Straugth nybt: | Fm bt




As deflaction i the full Teneth lasves snd grackaed lasves ia aial,
Ijq = Ij'r
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Final relation for stress and deflaction cam be writen as,
12FL 8L
i :{Iﬂh, T e My = (2n, | 3n.)br
i

. T
B = ¥ (2, + In ) b1

And corssdenag that the siress m all the keanms should now be equal,
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