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CHAPTER NO. - 01

SIMPIE STRESS AND STRAIN
LEARNING OBJECTIVES:
i} Apes of loods, stresser & sirains, (Axial and tengantial) Hocks = faw, nowne s wiodulus,
oulk modulur, moaulur of rigidify, Poizson's ratio, derive the relation benween tires slastic
[olicyiada: il .
1.2 Frimciple gf zuper gosition, Dresces in compozits section
1.7 Tewperature rirex:, detarming the temperature sirem e compaziie bar (ingle corg)
1.4 Strain ehergy and resilisee. Stress due o gradunlly arplisd suddly appited and
impact (oed
i 5 Stmpie prebism: on abovs
INTRODUCTION:
»  The snbgect siressth of matermls = be=wally = stodv of
I Thetehsviourof metanizh undsryzrious typesof ool and momerts
I The =tiom of fwces snd they effects on shroctorsl and machme slemsiits soch 2 =wls
Jrons, crsnis bars ang beeme S
. T&Eh:n%aigs?hmrquﬁdprﬂs:ﬂnﬂm:hmiﬂdaigamhm e i halps an
==mae to desep all types of machmes ond gractures and sg=seat protedine maxnres for the =aife
WOIEINE condifiers -of suoh elements, The adferent strudfursl componestis may be
Tru=ses biams and colummy of buldm=: and bridz=<
Dovess tramermegiom shafls, mprime: oo precamre wegzals
Mechanical componsndy i the sieraft, and m the slacinirsiialstrone prodocts

HHI"“

1.1 Tvpes Of Load. Stresses & Strains. (Axial And Tanoential) Hooke's Law
Young's Modulus, Bulk Modulus., Modulus Of Rigidity, Poisson’s Ratio.
Derive The Relation Between Three Elastic Constants.
Load:

o A load wa e defined 3= the combinad effect of external forces actins an 3 bede

Classificati (3 .caids
*  Tho nade mey be clazzmied =
t  Peadloads
x  Lreor fiuchstins loads
m  Inets boads o foesss
. Ceniriues! loads or Euras

Fz2a [ =




*  The other wav of classifrston =

1 Temils loady
n  Compresars bbads
L jorsecnsl orteshne stz
r=. Bendins loads
¥  Shesms bads

® The lbad mav alss be 2 point (or concenirated) or disiribatsd

Streszs:
called muersity of sess or mrply called 3= sirees
Or

—

® Ths mrerml resstmes wiurh the body offers to meet with the lnad is mllad stress
v It & demsted by the sombol °o” called sizms.

.
bt
"“—E. —
E=| |~ s
ﬂ;-i_:q- -
®  Miztheengiteafly
_#_F
TR A4

Whare o= siresa
fL= iptermal rasisting £ves
P =Lasd or sxt=rmal foros cansms siress to d==lop
A= pea ov-whick sfrse: develops
o D=t = N, Noom', KPe MP: GP:
o M =1Pasial [Kga= 10" Paseal INBa= 10 Pascal 1GPa= 1) Pasesl
ion of stress:

»  Thavamoustypss of stressss moy be elaiafied o

Fal=




turpiz siress l

SHE=S

‘opm=binatio of

typeland 2

Normat stress:
*  The stresas =tz nomel to the slns on which the forces act ars ealled diesct'ar nornol e
*  Thenormm streszes are of bwo types
L Temmilsstress
= CompmEmes stres

Tenmile Stress {o:):
® When 2 zection = subjected to toe ¢qml and oppesite amad poll and the body tends to morsase =
{anesh thenthe stress midvred = cali=d termila strece

e

Compressive stress (g:):
* When Fsaction B subjectad to twe equal and oppost= mol pushis Zad the bodytends to thorten ify
tength then the stress. mducsd 1= called compressrve strass.

___________________

Figa =




Shear Stress:
*  TWhen twe squalsrd sppeats persllal Sross not = the same Ime 30t o0 too gtz of 2 body, fln one
part tends to shids guas or shezy from the sther szeoss amy saction 2nd the stress devalopsd = temmsd
35 3hazr sirsss
o Sl strass & shiars tansents] to-the dres cver whah # 2oty
* Jte damoted by the smbal "t callad tznt

Y x
==l . —
i | ! L =
K 4 ¥ b
ial {11 LS|

Strain:
¢ Thb= some 1= the dsfomahon produced oy strass
s  Tharshs of chenss m dresnsion to orismsl dimetaian 6f3 body = falled == 3tm.
* [t s dencted by the kettar ‘2" or s
* = zund ess guanity
. wﬂ=m

— =

Tensile strain (e
& piscs of sl with wmfirm ooss sechon. mibjected o = wmfrm amiz] temsle sfress wnll
m_ﬂl{i;lgﬁiﬁmih:-ﬂ+iﬂmd£_m,ﬁfhﬂgthﬁ{é the artial defsmeaton of the
matmal
o Jrmthe ralio of incraess i Jstiil b tha oriemal Jencil ofa ids:

B —
le u LTI
s Nitheseticalle
'i"==-“fj:tl
C i Stra (6

Fige (=




*  Undsr commressroe foroes, 3 spmibsr piecs ot potera: wonld be reduced m lensth from { 2o (=310,
o It the refe ofdacrese in leneth (o the angmal lensth of 2 hody.

i ——"

o Mzthepmncally,
i
Bz = "T
L1
Shear strain:
v In csse of 5 shearins boad 3 shesr stram will be produced, the & mesmred by the sr=is throush
' M f.ql —— .'J. _INI
3

*  Comnder 3 rectansuiar ook TMEF fixed ot ane face and suhiectad o oree °F After applicstog of
foce, it distorts throush an snsle '8’ and commpiss sew postion MNP, the shew sham (&) &= gian
by,

-%=-:,:;F_=.1311-ﬁ
= 8 {radians) .. ..since @ s pery omall
*  The ghove raml hes besss obtmmed by siammes 570 eqos] to dre {22 NV = omall) dogan with ot

Pared radum BY

Volumetric strain:
#  Tha raho belween chanps m volims nd onsiol solums of the bodr iy called wolmatric strae.
s hedemted by e

. I\.ﬁj th=mat vcally,
__ change involume  dv
- o original voluma v
Elasticity:

Fagaie




* The mopery by tmioe of wineh the bogy regams o= onemal shepe and si=e affer remorz=! of the
sxtenzal sl » callad slashedy
Elastic 1al:
o Ifths sesterial remaine dy oriminsl shapes snd sies 3fter remota] of the sdeml bad, then the msteril
iE Enowm == alaste matansl

Elnstic limit:
*  There 1 slwayy 2 limstine salie of load op to vinch the straam totally dicappaars on the remonal of
lngd The str=ss comsspendme to tha load = calied stete ot

Hooke’s Law:
* Hopke's bow: states that wher 3 matern! 1z baded withm shiste hmst, stvess 5 dwectly propertonal
1o stramt.
»  Afsthewatieals
Eiresz O ZITRin
rEaE
= ——— —entstant (E)
Ftraim

»  Whets the constarnt of proportonshiy Fioezliad Faung’s modufus or modulay of elowioiy

Youns's alas:
» hEdefmed 2= “The rate of siress e sivain”
o Tt denoted b the It E7
* Mathematically,

EEr=s8
g _e

Feran
& Jizimg = sgmE g sivass pe 0 my, N, BEPe WP P

m

b} M hﬂ{m jry:
* } e defmad 2=, “The ratio of thasy stress 3o shew stam™
ol denotad be bsttee C Ner G

s  Nothepgticalby,
E_:hennsm_r
~ zhegr remn E_l-
[ Ehmtzﬁrn:‘ﬂm,iﬂ‘lmxﬁ?x

Bulk Modulus or volume modulos of elasticity:

Faga (7




* TWhen 5 body 3 sobected 1o throe mmtually papendiylsr stresseq, of agnzl eenssy, the et of
diract stress 10 the porespordirs <olumistre sbrem B nown 52 bulk modinias

¢ ltmdemtedty T

» Nfithencatially

* Iz body = stressed within o3 elystis hmst the Izteral stram bears = constant b to the hoez soam
thn constant = kmoam 2= Possan’s raho.
* kndmot=dbreambol 'y’ w Im

» JiEumdles

o Mistherratically
iateral grradn 5
= lnzar zormin ™

Tha valne of *p* hes fom 035 mﬂﬁnﬂlﬁamtm
. Linmﬂ:ﬁh:;:uiLﬂa‘:Eﬂ:m:

mln

Rzlation between E and C:

Corsider = solid cube J35T mubjectad oo = shesrine foree °F,
Due to-shearing lead F lot the cube = diztorted to-LAMS T and the disfonsl LS taLE,
Lex = 'be the shear stress prodivsed Inthe fapes M5 and LT doe be thiz shearme foree:

=
3
ni.tnqth_a'ﬁ:rsz
E )
—_— - e P - ‘i
== (:
On the dizgomal L5 drmapepr_u-::hnﬂz.ﬂiﬁnmi
NFONE
Now giagonn] ssrairn = A it b (IL]
. } £t
NS =55 meds =—
'

Figa | B




{2 18T &= azmmed to be agnal tn 21 ST Snpe 55 o peryr=msl]

LS =5T %2

Purnng the value of L3 15 sguanon (i1} wegst

Dingomel ' =2 3L
rEin—

E = VST W2 15‘“

- = f

BE T Tr ] .

_Mjﬁnulm-‘ﬂﬁ—} i et b (Y

Whers, ¢is thenorms strecs dus I].EIII"I_EEE'EI.'}
1
The it soeain in the divestion of dingonal LS = = 4 = E{l-‘r‘;] i L )

[Fmﬂ-ﬂlediagn:nilﬁmﬂﬂrhiuamim_‘leand rompressTee stress {ol. T e:a::-a:l:lzrﬁ'l.ﬂf
Comparing equation (i) 2nd {iv] wezet

. P
Fegled
: 3 -
LE=2¢ 1+;I —
Relation Berween E and K:
it the sohd mibe 13 subyecied to'o (normal compresarre-stress] o 3l the fere
The direct sqrain in E&L‘h:ﬂ::%{;mraﬂim] Lt |
iaTermi Frelnin other auic = %{mnﬁﬂ-

o e __& 2
.H‘nmmmwm::muu—g'——-——— El_'_

mE  mE
Vohmeric stren () meoch cise vl b

af, 2
2. =3 limear zergin = 3% E[i_ml

Bur =2
WL H=g
& 3 P4 ) 3
== E ?[1—;.] or E= EKII N]__ am et L )

Relation M.E. C&EK:
From egiation [(v] we gec

2
E—=2¢

w =

Subsnmmrmng the value of min equsnon {vi) we have,

E= 3EI1— 2-}
Ll

Faga 1=




:-E=ER'[1.—m]

e |
:.'l’.E:‘El:iE[l—. ,'P]

| .
= 'fl'—E+iL]
K c
E ¥ —E
3K £ ]
=
e
=
e

£ :Z]
= IF-

_fceERE
FHEC
= EC+3KE =9KRE
D E{3E+ L) = SHE
FRC

~E =N T

3

1.2 Principle of super position, stresses in compesite section:

Dred ponof & due to force scti
Commider 3 body subjactad to 3 tereiie stress
Let, F=Lpad or force actins on the body,
I =Lesisih afthe body,
J=[&ns&—5:t=mimdiizhﬁs
o= $re=z mduced mthe body,
E = Medulos of sletasdHr the materml] of the body,

r'=E11qsn:ﬂ.
¢ = Deformaron of tha body
Wa knayw tint,
_P —gF =P
F == ard L
T;:lnimrﬂinl,
i
B=r 2 i ==xl
Fl
AE
Notes:-

e e —

L The abeoe-formmis hiojd: sood - or congeessrre shess alo:

Fag= 110




1 Tor mostof the sthucture! meterls. the moaolss of shsticty for congression £ the mme 33 et -for
3 Sometmmes mcalonbtees the tewmibs stress ond temarde stram e taken @ postive. whersss conmwesne
sfyess =ng ConmmEsiive sfram as pesaiTe.

Exsninle 1- 4 seeel vod |'nt long and 2 miwt « 20 wint in cross-sscion @ rabjected to & temile forse of 40
N Devevomine che clomgation of the rod, if modulies of elzsicres for the rod mareriol v 30 P2
Satution, Gien: Lersth (N =1m=1 = 10’ e Cross-sactiom) area (&) =20 « 20 =400 mm°; Tenasla
Sars (P =401 =40 = 10" Nand modubis of slaaticety (B} = 200 GFa =300 » 10" Winmn'.

W ke that slorsston of the o

Pl $405c10%) 2 {2 x 107)

H = —— e =
AE 400 (20 x109)

=0.5mm

Exgwle 2 4 hellow eytinder 2 wi long has an cutside diseerer of 50 won and ievide tiameter of 36 wose
IF dhe eylimder iy cxrvying = foad of 25 Y, find the sorews- in dhe opide 4be fud the deformariion of the
evfinder. i the value of modulus of asticity for he oyfinder manerial i 100 (P

Sabinn Greem Lensth ()= 2m=2 « 10 mm; Orarde damater (D) = 50 oo frode domesss (d) =30
mm Load (F) =25k =125 « 107 N and modules of shastegty () = 100 GP2 = 100 « 10 Moo
Soem in the oylinder

TWe kno that cross-sectinmml zres of the hollory oylmdes,

A= x (07— &% = 5 XU — (3071 =1257 mm*

tn
-
o
<

F
g=5= = 199X /mm? = 19,9 MPa
Deformunox of the cylindey
Wz zka lmowr that deformation of the cyimdar.
R (w107 x {2 % 107)
TAET 12571100 16%)

=04 rrm

Principl Eﬂ_ sUpErposition:

o Somstmmes 3 body = sobiscted to-z number of forces sctins on 1 cofer 2dess 35 well 23 3¢ somme
obth= sectoms 3¢ differant poadon aloxs the et of the body Ina:uch;lm.‘__fﬁﬁarﬁ e spltt up
and ther sffects mr= conssdered on mdnnidual zecton: The rembime dafiematon of the body, &
=quat to the sEelme som of the defrrmatinns of the mdnwiua] sectioms. Thin & the poineapls of

v “The remitons sonpenon due to several Irody aoomg on 2 body or the algstrare mm of che
elonpagany coused By mndividusl leady™.

o MNzthematically,

Feg= 1 48




Fugmuple 3 4 weeed bor of crosx-seamonaf areg 300 mim’ o lnaded ar shown iy Fig Find the chanps
Femgih of the bar. Tale E ax 200 GPz.

Sabution. Gitan: Cros-sactivhal sres (A} = 200 mm" snd modubs of slasticty (E) =200 Cha= 200 » 10'
For the sake of amphfication, e froe of 30 55 =xtmg =t A mey besplt-op meo twe Srres of 20 Y and
30 kN respectivaly. Now itwill be sesn that part AB oF the bar & subiectad to2 feminn of 20 kM and AC &
mibiarted 1 2 teresion of 30 BN 2= shiown in Freore below

A I} a
50 kM $——— - — —}—= 30 kN

|-—§ﬂﬂmm o 30 mym |

[ 1

ol i
MWrN— Y —3 20 4y

i ¢
WNe— e ———————————————1__ & (kN

""’:ﬁ-{‘“ﬁ* + Rl

=& "-13-;5-;@ [li26 % 16%) x (300)] + [{30 x 16%) » (z00)]]

:.'rﬂ:ﬂ..?".;rr_.l.f_l

Exgmmle £- 4 bross bar, koving crossseenonal erea of 360 mom” o nuliected to exiol foreer av shonm in
Fag. Find thr toaxi ehonganen of dee bar. Tolw F= 30 GFs
. A L _ L4 _ n .
16 kN +—f———}— }IN [ 0N - — = — Je— 4N

] B0 i [ N0 s e [ 2000 gy} ———te

Salufion. Gren: Cross-sechomal arez (A} = 300 pom” znd mnduls of slasticdy (Fl = 80 GF2= 50 dinm

Fags 1 1z




For-the sake:nf summlifzatam: fhe frree-oF 100 T actine at-A vy b spht-up o two Bress of 30 127 and
20 YN raspectivaly. Simsilarly, the foree 6F 50 k07 scting =t C may zlss be split up iste twe foross of 20 BN
Sowatwill be seen that the part AR of the kar 5 omected b2 t=nuls frce of 30 K1Y, part AC = sgbvectad
1o 3 temails forcs of 10 k2N and the part CD t=zubieciad o = comperession foree of 30 127 2= shovm in Figurs

4 i I D
Ly kN = Bl N e A - ————— Wi kN
| S0 e e 1000 7 ————— | 30
A &
A kN ——— fith kN
Jﬁm.‘4_::_:::_::;p Mk
i I
S —— - — - — - — — — —— MIkY
W ks that sine=zhon of tha bar,

1 : =8
G ZEfﬁh Fibly #8515

=dl= :ﬁﬁ_hﬁm » 5000 + (20 x 1500} — (30 x1200)]

=8l =0.85mm

Exgwple 3 4 sweel rod ABCD 4.5 w long and 35 mom in diamerer i3 subfocted o the forces gv shonn in
Fig_If the value of Foung's medutus for the wesl iv 200 GPa, desyming iz deformanion

4. B £ O
0 LN —f — = — =[O RN - -—-—-[-1- DM — = ——= SBEN
|-l I 1m '-'"I"r— 1_"im—'lJ.

mﬁmﬂmm] 2% mrw e ¥ aupz"a meedulos (B = MGP‘J IO e
Wee know that ress-sechona! zres of the gtealrod,
:t.=—-{£':=—:{25l}1=4'31m2

For the s3ke of mmplification, !i:thI'mEu 60 I actme & A ma be split op mia twe foress of 30 KN and
19 B respectreely. Soemilarly, the foresof 20 BN sctmz =t O miay 2len ke sl ap mto twvo forces of 10EN
and 1 BN respecioabe

Fag= 1 13




M EN — —— = — = INEN #—|—~— == Wi —=—1—® 5 kN
+ 2im . im ifm &
A f

MEN S f——— s — = — e — - — = — ——— = —= —— = il kN
A [

0N -—t =" 10%N

] r
LU kN €—f——=———% 10 kN

2ow i will B2 scen ot theTor AT 6 mibject=d 3 ten=ile fovee o S0, pmt AC boolesctsd 03 tenals
Eree of 10X 2nd the part BC = sobjected to 3 terenle fores of 100 KN 22 shown m Fizurs abeye

W bnpur that daformation of the bar_

1 - 5 r 9
i =E{F:!1 ¥l +Faiad

1 |
= =——HE0 X 45X 105+ {10 %3 x 105} F{10x 1< 107
FETETT =R IFL e
: C T T e P
ﬂﬁ]—m}t{nﬂbi{ 1053 =270 mm

Elremintg-_l_gynﬁh section:
A bar made up of tivo or more differest mteral: Jomsed tesether = called = compasse bar. Tha be= S
som=d in mich 3 mannes the the system exfends or somiracts 3a ope unt sqmally, whan mbvected to tenidin
or comprassinn Followms twa pomts should aknass be kept i visw, whils sofrms sxmple on compossts
bars

1. Esteuion or contracticn of fhe bar b aqul Therafore strain (1.2, deffemation por uni Jonsth) t= o

squal

3 Thetomstemermal load, omthe b = sgual to the som of the lnad: carmed by the different matemmle.

Contude 3 samposs= bar shbjacted o lozd P fzd 2 the top = shovm m feme

Toisd ioad 1= sharad by the twe bany, sachas: '
FoRfA=a4To4;
Further slonsztions in too bays are seme 12 stroins o the bors are squal This (i £
& -9
L |
ay By v

Tharate 5 /E- 2 cadled the moduiar rate

Fag= 1 18




Exgmple §- 4 renfeeved conorzes etronlar ssenon 30,000 mm® cravs-sectonal oves corrping § reanforemg
bars whose otal avea fr SG0mne’. Find e safy load, the column car ey, i the concre i not o be
srexzed move chan 1 i\ Take modular ratis for weel and concresz an 18

Dtz gnen:

Hrazaf cokimn (A7) = T0.000 mm'. Mo of reinfromz bars =6 Tots) zrezief sfee] bars (4 = 300 mm’,
Afswimnm stress m conerets (g )= 1T AP = 1T M, Mednhr rte (BB =18

We kponw that ar=s of conorets.
A-= 50000 — 500 = 49500 mm
And STTssE o kel

Hor=18x35= 3 N Smm®

rﬁ"ln-'u*‘

F=lg. A +lo=, A2) = (B3 500) + {35 x 453000N
= I04TS0ON = 204.75 kN

Evamnia - 4 remiforeed eoncrars colunm 500mm x 500mm i erore sespon 1y remforced witk & seeal kary
af I3 mm dtamerer, one vr such cormer. The oolumn &y cxrrying = [oed of 1000 BN Find the soreasen in
e comerese asd seoel bere. Take E for sesl = 200 GPa and E for oonerese =14 GPa

D=tz Groenr

Ares of colemn =300 « 500 = 2 50,000 mm' s of Seel by (0} =4, Diomater of stee] b (d) =25 mm.
Load on colomm (F) = .':ﬂl:h:ll:?i=lEﬂﬁtIﬂ'hE.-.=._;1ﬂE:l=E'=1-lEPi

We ko thant ar== of =ea] Ears,
w -
A-—24 K 5 WEs mme
:4r-:E:-cE.E}E':'19£anun1
A- = Z50000 — 1963 = 252057 mm-

We sl knowr that sfrocs mstee].

55 __ 218
Total lead TP,

1000 x 105 = (o o As) + (m -4
= 1000 x 10F = {15 o x 1963+ {5 % 248037} = 27182 o;
1000 % 167
S g-= —————— =356 N/mm* = 3.6 MPa
= 7742 i

and o= 1:-::,:_1--'::-& 54 MPa

Fag= 113




1.3 Temperamure stress, determine the temperature stress in composite bar

COre):

Temiperature SIress:
Whenever there = some moyezse or decresse m the temperatirs of = body, 1 causes the body o expand or
cogitract Ifthe body © sllow=d 1o expand or contract feely, with the mee or Gll of the terpearatore. Ny
siresszs v auduced = the body But if the dsformaiion of the body 1s preented some shressss e widucad
m tha body, Such sfreses =e called t=mpersturs sesses The goresponding shrams =re called tomperaiurs
ETamE

* ﬂgﬁ.ﬂm@mﬂmwm

Ane Tt = dafined == the sfrew prodored dos o prevenhon of alon=aton @ gomrecton of 3 bar m
orderto meveass ar décrzase of tempetature,

T fure S in Simple
Copider 3 bar of umiorm ero=s—=2chon is suhjactad o on mrrsce m temparghra
Lt = Origina! fensth of the bar

f=Increz=z of temperstiure

a=Cocfficiss of mear sxpansinn
The meresss i lensth of the bay dos to revesse of tamparators will be

gli= La.t
If this eime=nen m the bar s preventad by soms =xtams! forge or by fimng the bar ends 'the tempemimr
stram (compresaive) fims prodncad vl be zivea by
%
i
Temperarurestvezs feveloped(s) = 6.2 = .0 T {comprassive)

If tha temnpershme of tha bar s lowarsd the tomperstore stren and eress will betensile i mature

*  Thataipe of cosfTament of Imesr supancion 0L mateT iz M SVSTVOEY 1B 28 Zroen below

S

=8E

Tempersturs=iram (ek =

& N, Mevierind CragfiTeiiul of Mrear s pnesding™C (exr
L Greel NS s 0™ & 2 W™
x Wiotght leau. Cast won ™ e 12x 40"
X Aluniniiem 23107 ' B
4, Copper, Brass, Bronme a0 e JRwehr™

Temperature Stresses In Composite Bars:
Ciide tempestore riga of 3 compaats tar conrshine of tie dffsent mat=kls onz of steal ard othar of
brams, rigwily Grstarad fa sach other

Fags 1 I




T
_ IS bod
[91me | - _ e
TR
G ]
Enpamsmof ey bar (AF)=1la:0
Expansion ofziest b (AC) =it

Sines coeffosent of therms] svpareen oFbrass 2 syeater thun that of el sxpamsion of bress will be mor=
Bt the bur= are fastened tozsther and accoydmely bofirwil expand to-the same finsd posmon sepresented by
DD with net xpansion of compesite system AD equal o & To attzin thas posstion, brass Bar i punhad back
] the stasl bor = pullsd. Obvously comprassrve sress il be incdncad in bras boy s temsils stress wnll
be developed m sres] bar
Under equifibrmmm stat=,
ﬂmmhcmhzl—Tma&hEMi
= EA, oA
Correspondiag to brass bar:

D8 —AB—AD =lave—dl

loge— 6l

Strdlu.:él=+=nlr—e=
Whees =61 iz the aciu] drem ofthe compossahar
Emnﬂin.guﬂzdhn-
Intra slon=aton,

LD =AD—AC=@~=1a;t
o &1—1
ﬂ:ﬁn.tr——,nﬂ—_e—n,r
Addiuz e, and.x, et
e+ o, = (my —air
=¥ I may be motad that the retme of thestrescss -in tha bars will s remsrsed i thera 1z reduction n the
tzmpaators ofthe commeatte har

Exammis 8- 4 fTar seeed bar 200 pom % 20 nem = 5 s te placed bevween ovw elumowiym Bary 200 oo = 24
it ¥ 8§ i 30 an o foime & composir Sar o shown e Fig.

| ~ Almiminm & T
bk e o
Gieal e [
A‘IIHIIIFI.FJH' -H l'l'l-l'ﬁ'l

" DOK Frove: - o 200 o1t =

FEg= 117




All the thres bary are favtemed together of room Ewosrature, Find the sirersey o foch bor, Whese the
Toung 't medulus for wesi = 200 GPa

Yourg s moduluy for plimenium = 50 GPz

Cogfficsene of exponsion for meel = 11 « 16°°C

Coafficient of expanwon for alumpmum =2 « J045C

Splution, Cren- Sizs of el byr= 100 mm = 30 poom « § prowr Sive of s==h slormnium b = 200 man = 20
s o+ s Riss in tempersturs (F) = $5°C; Youns's madubes for steal (E2) = 200 GPa =200 = 10" ¥ mm’,
Yom="s modnhs £ sbuminemm (B =80 GPa =80 « 10" ¥mm'. Coeffiriant of spamaion Sor staa] () =
12 10750 20d cocfRimnt 6f mguriion S shmiminm (3.5= 34 « [0~=C,
Ieto = Btress mostesl har and

= = Stmss i esck 2l bar

We ko thant ar== of steal bar.
A =20 % 8= 160 mm*

¥}
and total ar=s of two 2k ks,

Ay = 2300 & = 240mer-
We also imowr thot when the tempaczture of the zeembly will 'mevesse, the free sxpanuen of alurminme
e will be more than thit of ste=l bir (berseis & & miowe thm ) This the abmemom bars will b

sntiactad 0 compressive shess 2nd the stas] bar wall be wubpecied to tenwls sfrese. Smes the temadle et an
the steef bar = equal o the comprassrr= lnad anthe alormmmm, bars. t_!lmzﬁu&sb‘us.ain.%aﬂhn._

A ;
e - e | = 1.5
= "t i 160 L T

Wz Enow that stramn m stasl bar,

= o
ST T Iooxt0°
=nd
T4 &y
= -.:.=5“b3"'15]
W 2lze bmowr that tosad stram.

gty =ha, =a,]

£ oy

e e = SR w 10T S 12 IO
208 = 30T BOxiDF If =1 1

Lt—i?j ity
e e = E W {12 a0 1T
200 %107 S0 x 105 = ]

DN g, =S N 16F
:-.‘::i.':rq'lzﬁiﬁ-n

00 .
= = = 3ON/mm* = IQMPa

FEg= 118



=g i =1l K S0 = 45N /mm® = 45MPa

Evampie §- 2 gun mepal rod 20 son Sowieter, sorewed or tee owaly, passes throtigh & steel fube 25 powr and
20 pame metervend g exrermal dineedrery reapectvady. Tihe nmmy en the rod orr sonneed gy fomee on the
ends of the aobe. Fiind the ingeorvity of wess in 220k meml when che cowonon seegeranire rives by J00°F
Teke: Coufficizet of expaunsion for seest =6 0 JIHFF

Coadfficzenr of sxpunvion for gun megal = 1§ = [FS°F

Madubics of elasricsry for seel = 200 GPa

Modufiy of elzsiviey for gun meeeal = 100 GPx

Solution, Giran Dizmete of s=m nistl rod = 20 mor brtsres] diomister of staa] tube'= 25 mow Exfamal
dimmister of stasl tube = 30 num. Risa in tempersurs {§ = 200F, Coafficient of axpamion for g2l (0] =6

« 177 °F; Coaffirient of expansmn for zun mistaly (0] = 10 « 107/°F; Modulus of elatwey for steal (E1) =
106 GPa =200 = 10" ¥N'mm'" ard snodnlos of elestrtty o sz pestal {E0) = 100 GPa=100« 10" Niomm'

Sl fub

W0 e — q

Let or, = Stvess m zun metzi rod. 2nd
s = Stress e stzel fube,
We know that ez of zon s=tal rod:

o " , -
Az == x 26°= 100 mwm®
= 1

And zrez of ==l tube
,.;_E:Ex[ramz— (2537} = 6875 it e

We alss Encer that Wwhan the cotmmen temperaturs of the zim metzl rod and ste=] tobe will merasoe the frae
Erpansipn of sun metal rod will be meere than that of steeltobe (becrmzs o)) = estertian oo Thoa, the gan
metzl yed wll be suiyected to compressnve shrazs and the steal tubs will be subsacted to tamals stress Smee
el

A= pELILE

Fy S — M E=
- ST TR E

e =kdta.

We Enor tlst sham w5 s=sl fobs

FEg= 1 18




ity

=%z =
RS T xalr

TWe sl Imorar thiat sotal stram.

e F&5 = tidg —a:)

&z ) =z

= Spnw 10t T 1op wos - 2oliox 1077 —(Ex 10T Y
2450 s
:a.m =BO0x107=
= 43¢, = (BOD % 10751 % {200 « 15°)
160 =
— e 42N/ mms =464 HPa

= o= 145y = 145 x 464 = 673N/ mm” = 67.4 MPa

1.4 Strain energy and resilience. Stress due to ;rn&nailv applied. suddenly

applied and impact load:
Sirain Energy:

* Wher an shate body & badad pthm alestie tomt ot daforms and soms work & done whoch = storad
s the h‘#lﬂ:ﬂﬂﬁmafm STEEY 'Ematmﬁdﬂﬂg:gmlhﬁdeﬁumd body = bnown za
siTamn snsrpy ar potentnl siokry ef d=fommston aad iy dencted by TF.

Regilience:

o Tt m the sbiliy of 3 mat=ml te regom #y crermal shops on removal of the spplisd load T defmad
23 ths stram ensrey par und wolome = smnle temson or comprazsion and = equal to @/ 2E Iraz ake
refared zvsivam ensey derssdy and & Sesoted b Cu’

Sire=es due to different tvpes of loads:
A body may be mbgestad 1o Solowms type: of loads:
1 Gradumally splizd losds
i Falline or mpsct loads
1. Gradusllv applied loads:
A body 15 334 1o be acted upon by 2 Zraduaily sppled bad of the f0ad movessss from sere angd reachss =
Tmal sals stowis
meﬂn:.mﬂaﬂmhzmhgﬂﬂlpﬁn!hﬂ
Ler, F=Load praduly applisd
A="Croas sectomslarss of the bar

Fag= 1




{=Length ofthe bar
E=Me#ulus of slastivity of ths bat matetial
i =Deformutuon of the bar du= to kad
Smce the bad apphed & sradual. &2 vares Som zore 10 B, therefore the siases load 5 equel 0 FC

= Hork dovie = Force » Jiztanca

= Average logd X Deformanion
F F
=z x& =3t

Ny
i
e

Pl | i

¥ (rrresy & ciraie ¥ poleme)

Bk | e

i
Fad I jeski
S
LY
bryl 5
E
L

nif 9,
.
=

]
fad b ek
k3

[l
| %
=
-

u=" v
LB
We abes Iongror that resilisnce = stram snergy per omt vohume

=g 25

Example [0 Celeulate the srain emergy stoved in a bar 2 w long, 50 mm wide and 45 mm chick nfeen it 15
subjectsd to o tenvile fond of 60N, Take E oy 100 GPa

Solution. Gren Lapeth ofbar () = 2m =1 « 10" rmrm; Width of bar (8) = 55 o, Thickmess of b (1) =40
mm; Tezzile load om bap (F)= 60 630 = 60 « 107 ¥ amd mndubs of shistery (E) = 200 GP2 = 200 » 10

Vo irey tat strees ﬂEhr
_P_Eu:-:ral_a R
T TawAg — en/em
=St SmErEy stored mihe bar
30°
4=5F 'zuizui;-;mﬁm’{w#_m

AP =9x 10° N —et — 3 kN —mumn

2. Suddenly spplied loade:

Faz= 110




When the kbad = zpphad 2]l of = suddan and not stapwrss 5 calisd sndgenly =pphed load
Tow consider 2 bar srbiected oz soddan load.
Lst =13 spplred moddent
J=ﬁaﬁ sectomz) arez of the bar
{=Larsth cfthe har
E=oduine of sbistieity of the bar mot=rial
&= Deformatson of the bar due to load
o = Bttesz-inducad by ths spplicstion of the suddan Joad
Sincs the koad = spplied saddenly, therefirs the boad () & comstant througheot the process of difemutem
ofths bar
= Werk dorie = Forpe X Bistancs
=doac X Deformation
=P xal

Vee knoy that sfram snerey stored.

U=——xa
Smes the smersy stored & squal 10 work done thersfors

&= _ o
E!ﬂi &I—F"fﬁf-—?.ﬂg"

=3 _EIF

Examiole 11: dn axial pull of 20 kN i suddsnly spplied on'a steel 198 2.5 m long and 1000w’ in cross
section Caleulags ghe spain ensrgy, whick con be shoorbed in the rod Take E =200 GPe
Sehution, Cren: Asnal pall on the rad (F) =20 B =20« 10° N Lemsthofred (0 =25 m=25+ 10 mm
Cross-sactional ras afred {A) =1D00 mn” md modahis of alstiedy (Bl = 200GPa =100 = 10" N
W Emorw that shress n the rodd whes the load & suddenby applied.

» 2= 107

AT =" 1008

=2 =-';-!r-l}."'.I‘j'n'l:.l'liE

znd volume ofthesod,
=1L 4'= {2 % 167) % 1000 = 25 10% mm T

Strain enargy wiich cam be abeorbed m the rod,
H__:F _ 407 s 5 SO
_E?'F_E:-:-L‘zﬂnxm?]x{'z‘zx‘ﬂ" =

F=10% I-Ei:_'-'u'—mm::lﬂk.'h'—mm

3, Falfing or impact loads:

Fags 121l




* Thalhad wioch &ib from = heelt o strlks the body with contam momemum = zalled Glims or

mpact lezd

* How comzlar 3 bar subject o 3 load spphed with svpsct 2= shownm Fimure.

e = Lmﬂ.q;]'&iﬂhmqlﬂ
4= Cress.sechional arsa of tha bar
¢=Langth of the bar
E =Alsduks of shashioiy of the ter nodeml|
i = Deeformation of the har dos to lnad
o = Stz maured by the spphcation of the lxad wath mnpast
« Wora dope = Logd & Sizmancs moves
=P {h+8&0)

I.l"—:l}"-:.&l
=45

*  Sincssnarpysfored Eegusl to &Ewﬂﬁmth;ﬁ:&

28

-

F-m'
= E.ﬂ'.&_; :_FFI+?

A f{%}—:[i—'i:}—pr: =0
* Mobmplyms both sdes by (£240)

st {g th_u
2_*’,.::[ Figh

/m FEn

iwﬂ-_. —Fih+5) _;{LH;.:]

alilles

®  Once the sires (o) o obtamed, the consipendms mlantarerns deformation {4]) orthe strm =isrey

» Note When §l = o7 small 3= compared toh, then
Work done = Ph

Faz= 113




i .
= —— A&l = #h
=2E

. 2EER

— =

- zEPhm

R A

Exgmple 12- A 2 m fong offoy bar of 1550 wend® mmrrﬂﬂmﬁﬂﬂ;wrﬁ&:uiﬁn:pnﬁnr
securely fived ut iy lovwer end Find the soreer inducsd in the ber, whizn 2 weipht of 2 kN fulls from a
Rrerglir.af 200 mm an thz-sellor. Take FE = [N GPa dlvs find the wram emergy sepred in the bas

Salution. Gren Length efbar {f) = 2m=2 « 10" mom, Cross-zectamal ares of bar (A) = B0 me, Wazht
£alline on sollar ofbmr (7] = 289 =2 = 10" 3; Haht from which wreisht Sl (b} = 100 miw wnd pmacdiho
af elzeticity (Er= 100 GFa =120 « 10 Wmm'. -

Sorees induced oy the bar

We Enro that = this zaie. sxfemuion of the bar nall be ol and nesteibls 2e cotiparad to the beishe (h)
from whire ihe welsht Blls on the sollar (dr to swall volne S weishi 1es 2 ¥ and 2 br=e alus ofh iz
100 ). Therefire stres: mdnoed inths bar B

2EPR . |2x (120 10%) x {2 x 107} X 210G

= ad =T Thxaxis N -
N N e
=g = 126 Nimm: = 126.5AIFa
Wzl e ot wohm= of tha b= _
F=1.a=12165) 51300 = 3 x 10* mm?
and sham enerer siored m the bar,
= {(1z65F _
. - N —m
&f E_I Ixiugiiﬂ_jxfillﬂ"}h TR

S T=200 10" N —wm =280 N —mn

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER:
1. Define stress and seate its 5.1 unit.
*  Ths interml resntancs per ot wwes offersd by the mroterisl of the body ssaimt externs] boadin= =
called miewry ol stress o smpdy called == stress

¢ Ths mrerml rasstonee wrmen the !:mhufﬁ!s to meet with the boad 1= callad strpeg
o Afashemsatizally.

Tie 2




* Temmat e N, Nimme, KP: A5 Gy
2. State Hooke's Law. (W — 2(19)
"  Hook="s'|lsw stuies that whes a moferiz] s josded wrikm elzstic Dot stresz B directy propoertons]
B afram
o histhemmcally,
Firess X riram

firsts .
= = gininnt {E)

Where the sonstant of proportiombity E s called Young®s moduluy or moduluy af sz,
I, Define Strain.
o Ths siyen i the daformation prodused by siress
* Thershoolivhssss m Jmensam o origmae! dmmesson-of 3 vody 1= calied = saam
* Tt n dancted by the e s or s
¢ It =z ung bbes quaniey,
= -Ehﬁé:mmﬂﬂnnﬂ

A S e L

4, Define Poisson’s ratio.
»  if3 body = streasad within #s elastic hrndt the leierad stram basrs = constant ratio to the linesr sfram
thes: gowwiant = hﬂmuﬂmm:u TR
* TteSamoted by smbal g or b
¢ Ttwm oot e
o Aisthepmtically,

lpeprnl cprain 1
- ] — —_—n mn
Lrmearsiramm M

The cabue o'y’ ies fom 025 1o 0 34 fr difforent mstarnale
5, Define young™s modulus of elasticity.
v Itidefined 2. “The fatio of stress to strain”
o I mdenntad by the btter

o Aiztheraatieally
e

_  Epesic o

Eme—=—

miréin. @

= et = s s atvess pe Wi Wimmy®', KPP, 3Pz TP
6. What is meant by modulus of rgidity? (W — 21i19)
* It 5 defin=d 2z “The ratio of shasr stress 1o shaw stain™.
* E_Edaﬁiﬂﬂbfﬂta’_ﬂ,.\':rﬁ'
o Mistheematealie

FeEE 1 5




FhegrITrass T

~ ghear sivam  E:
s Teomets Nm' N, KPa MPa GPa
7. Defing temperature stresz. (W - 2020)
* Tt s dafined = the sivecs produced due to p=reniion of alonsstion or confrachon of 3 bar in ardar to
IET=E22 Of SecTEs of tEmperature
8. What is the difference between stress and strain? (W= 2019, 2020)
* Ths mam differance babwees sfress snd stram & thot styess mezsarec the daformmns Sorce per umt
ares of the ohjert, Whares shmn measurss the relaivie change n lensthcanzsd by 3 defoomne e
* Emhmﬂmﬁﬂﬁihﬂm_mmi;m#qmtﬁ
9. Define strain energy.

* When an slashe body = baded pathm elaste lomt o deforms and soms pock s done winch & stored
wrthrm the body m B form of mtems] anarpy. Th stoved seeerim-the deformed bedr = nown as
sivam anarpy ar potenta] sierxy of daformsstion and b dengfed by TP,

10 What i resilience? (W —2019, 2020)
» Tt g the shility of = materzal bo recam #s ongma! shepe onremots! of the appliad bad B = dafiped
24 the strain ensrgy por it wolume I mmpls tension or congwession and k agmal to &V2E: Ik = she
safirr =i = strain g demity amd 5 demted by 0
1L Write down the expression for strain energy.[W-2021]
L U:,—:— ¥
= =Norma) stress mvneed fom the body

£ =VYounps nedulis of the stazerial of tﬁr'égml.'-,'-
¥=Vohms ofthe E:'.Id'r

POSSIBLE LONG TYPE QUESTIONS:
1A steel bar 2 i Jotis and 150 fm' in eross sactinn is subjected 1o an sl pall of 1S EN
Find the alonoation of the har Talke E= EH:I'G'EI. (M —=20109)
Bints: Uas the formuls, 87 =2 and refer sxample— 1
2. Derive the telationahip betwesn Youne's Modulus of Elasticity & Bulk Modulos. (W —
2019)
Hint: Refer page 20— 10

Fag= 1 JF




3. Arectanenlar body 400 mm long 100 mmwnde & 3 mm thick = sabjected 105 shear
stress of 60 MPa. Determine the stram enersy stored in the body. Take modubis of nmdity =
80 Nimm' (W —2019)

Hints: Uze the formmla, U= 5« ¥

4, A rod 150 e ooz and of diameater 2.0 om &= subjectsd to an axmal pull of 20 BN If fie
moduhus of elasticity of the material of the rod s 2 « 10" Nimwy', defernune (1) the stress (if)
the:stram (iif) the elonsanon of the rod: (W= 2020)

EIIHJ-EEEIE!E]EII]EII,::E,EZ;.H:E or Gl=exl
3. Denve the relationship between Young's Moduluz of Elastiety & Modulus of Rumdaty

(W—2020)

Hints: Kefer pase no - 09

6_A Brass bar hmving ortss sections] sres of 1000 mew’ 12 subjected to xial frees showm in
the fizure Find the tofal elongation of the bar. Modulbe of asticity ofbrass is 100 GN'm®.
(W = 2020)

- . -
20 kN M 20 kN N FIHRH
L

i) b mele—l 0m —=le—1 2 m —

Hingz: Uze the formuls,

Bl, &l Bl
E‘.{= 1l+ 1£1+ :-IJ-JII-

1. A reinforced short conceete colomn 250 mm = iﬂ'ﬂhmﬁmﬁ:ﬁﬂue&iwﬂhﬂ
steel bars. The total acea.pf stes! barz & 2500 mm-. The colnmm camies 2 load of 320 KN B
the modulus of elastictty foe steal 1 15 times that of concrete, find fhe stresees in concrets
and stes] (W —2020)

Hinty: Kefer page 5o — 15 {(Example - 7)

8. A stesl bar ABC of 400 mm lensth and 20 mm dismester = subjeded o & point loads as
shown m Figure: Determune the total chenee tn Jength of the bar Tale E=200 GPa

| H e
il ————— e HWiN—— % WiN

e 20y ——fo——— 24103 ———]

|An= 037 mm]
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2 Aremnforced concrets colums of 300 mm digmater contams 4 bars of 22 mm digmeter:
Find the total load, the column can carry, if the stresses in-steel and concrete are 30 MPa and
3 MPa respectively.
[Ans 3833 KN]

10 An aliminium rod of 20 mm dismeter i complstaly enclosed m 2 stesl fubs of 30 mm
external diameter and both the ends of the assemibly are rigidly connscted If the compesite
tar 1= heated throngh 30°C, find the streszes developed w the alummmm rod and stes] tobe-
Tak=
Moduiin of elasticity for steel =200 GPa
Maduluz of elsztiesty for alumiminm = 50 GPa
Coefficient of expansion for steel =12 = 10°°C
Cosfhicient of expansion e alieinmm = 1§ = 1§+°C

[Ane 14.5 MPa (Comp.}i 18.1 MPa (Tensian)]

11 A mild steel rod | m lons and 20 mem dismster is subjected to an axial pull of 62.5 1N
What s the elongation of the rod, when the foad 4= applied (i) gradually and (8) suddenty?
Take E as 300 GPa

[Anz. Loum; Teim]

11 Explan temperature str=3s and derive = axpression [W-2021]

124 gesl rod 22m i diameter and 1:3m long 43 subjected to -an axial poll of 33K
Fmndi{1)The tepsdy of stress(2iThe stram arnd elongation Take E=2*100000N AL
[W-201]

13.4 hallow cviinder Jm long bes an outiide diamster of S0mm and mside dameter of
Flmm and mside dameter of 30mmIT the cybnder = canving a Joad of 25KN, find the
stress m the cylinder Alip find the deformatinn of the cylinder, if the modulus of elashedy
for the cylinder matenisl 15 100GPA [W-2027

14 Prove- ‘E=3K(1-2'm} or E=3K[I-2M]. where E=Young's modults, l'm—Posson
ratio [W-2(27]

rEg= .8




CHAPTER NO. - (2
THIN CYLINDER AND SPHERICAL SHELL UNDER

INTERNAL PRESSTRE
LEARNING OBJECTIVES:

1] Definion of hoop aed forsindmnd coress. st

<& Derrvanan ¢f hooy sorezz. lonpimading zoeesz hoop zoom
Loverrrmsfiral rovoim end volosseirie seom

2 3 Chmeurorion of e chmees i length, digmeeter oo voiuee

2 4 Spwpls profisws on obour

INTRODUCTION:
* Thin pressors vesssl or shells or= meed to ooy fimd. The thirkmess of the wall = amall & compared
o the doomste Tiess sre made by ollins the she=t metsl ol ominy the =i by metme o
welding: Example: boder chell, £23 erlmde. wster tink pipe Ime carryme fusd under pressors
* A oressure vessal'n z thin one if the ratio of 8 mtersal diameter 3o wall thuckness =21

16

= 1B,

= . ':'
£=ﬂ 3 EEE'_E'
Efnerenss i = 3ok shell » '
* Ehﬁefahiﬂsm’:ecghmmll-;ﬂmﬂ] eviretnsal shell with bemeplereg] spis

2.1 Definition Of Hoop And Longitudimal Stress, Strain
Stresses in a Thin Cyfindrical Shell:
® TWherswer 3 cvimdrical shell s mineriad to @ mizme] meseye o3 walls @= slbactad 4o tenaile
streszes, Tha walls of the cyfindnes] shel will bespmected to the Sllbvorss typss of dfrem=s
|. Croomdsrential stre=s and

lla&p:h.&i:lnlil:rﬂa
2 Fadigl stvesy

Hoop stress or circumferential stress:
o ti= 2 {emeils chress sty 2lons fhe rovimdpecares of the cyimder
* Itz denotes by (6
Hoop strsin:
¢ Croomferancs dopord: on the digmster of tha shall 3o # 1= the ratie of charse n dimete to the
orgrg| dumster of the shell
s iwheesrisily

Longitudinal stress:
* 3 =z temeile shyess sotwe zlons tha lewsth of the cyimaar It develops onde of cyimeser has cloced
=nds
* 15 denoted by ()
Longimdinal strain: _
o It ths rate of chares o lansth to the armoiml bmpth of the Sell.
o Aizthoyzeiralhe

=

I

-...l =
iy

Radial stress:
» Ttz z compressree stress actme slone the radme ofthe cvhindar. B = small and neglected
o Tt densi=d by (&)

H_{E!ZE



2.2 Derivation of hoop stress, longitudinal stress, hoop strain, longitudinal
strain and volumerric s

Dervation of Hoop Stress in a Cylindrical Shell:
Comdea 3 thin cylindricai shell sumectad to2n mtams] presmme

1. 2 =Inf=mnnl find presoms muids the crlmdar
o = Cmmrmiterenie! or Hoop stress
g =Trt=m] damaber of the cyfindse
# = Thirkmeszs of the ey lnde
1=L=g.i5ui'fﬂgc'_uii:ﬁ5

Resmtins force = cpoanderentiz] stress = ez on winch ¢ ack

oo (3] iy

Clonsidemeths squilfbrium afa 'h]_f_af'ﬂ:s crhincdar

Reastms frce = barstine fece
= iR =FPXixd
Pd

= d‘j-zq

Note: if ay 1= tha sfficzency of lonermdmns] wooes of the shell, then hoop stres

e
= ﬂl:l-..
Derivation of Longitudinal Stress in a Cylindrical Shell:

Lat P=Tnt=rmi fhiid pressre
o= Cirromisrestizl or Hoop styess
d =1l damater of the vlmder
f=Thirkneas of the cvhnde
I = Lensthof the cvimder

32_-;&!.’_“



Bt face = Iossdudinal sfrecs » mnd enphch d =t
R g

For=pmlibramy

Rec=tme forre = bursting foves
S EEXET F.I-.‘;}r.._dz
) =
_ . rd
==
Noie 1: [fw, = the =Dcisney of comom fanti=] pirds of the absll then lor=inding] strees
Pd

g:, — r—
o

Note 2: In caze of fm <yimd sy subfeciad to miamumi o presaura, the hoop strees developed = twwe that of

the op=puchnal strass
5 = 20}

Derivation of Hoop Stress in a Spherical Shell:
La F= It fnd preseme maids the shall

&= Ummurefareetis] or Hoon stes

d=Intmral domster of the =hall

7= Thickn=:s ofths shall

\

' #i-"i"nlr'-il 'Flr-i,l,. S

*ﬁfi

H-;E;E



Bzt forre = afarmd flosd premaurs = arza
=F‘.l.:=::-'.'r1:
Rez=tme fores = cocumisrental siress + ares
= m Xwxds
For equuitbrawm,
= th.ﬁﬂz
Pd

= '_IE.:I'_-

oo whneh fF ants

Note 1: Iy, = the sfficiency of the cucumfersmiul wods of the spharcal shall, then hoop sfres,

=
T — S
7 atm,

Note 2- Thers & oo lonsstudmal stress i spherecal shalls 20 o (Boop stress) = the only sfresz mduced mn the
spheealchally

Hoop Strain. Longitudinal Strain and Veolumetric Strain:

7 = Lipeshudmat sfres
Diregtsnam (sl dus to 5. =

For cviindrical chells:

® Net Circomferential strain or kaop mrin,

Net Lansitudinal srraim,

Volumetrie strain,

T-
B, = i
-
_m 1 Fi
T T
Pz 1
=1
4" | P
& G
By e — —m
" E mE
_pE 1 A
—NE m3iE
E|.
=-=|I"'.—E1J
EE = T

ep = Aigebriv pum of nes strains on all gxer
= n#T igngituaing: Sirmn + 2 K e haop Ziratn
—

:'E_-;E|E



For smherical shells:

#  Circomferentinl sivwm or boop strsin,
5
==F
i i
:'\-':.I[I.—ﬂul
el Fre
_Fﬁ{ x
4E m

*  \Volumstric sirain,

By = gavric sum of ftrains i ol the shres gns
—E-tEs T = 38

2.3 Computation of the change in length. diameter and volume
For cylindrical shells:

. t}lnggg in lenzth:

al
E.': ]‘
=bl =& X
Fa F
"4&'(‘_ E}"'j
_Pag 2
= 4N rnJ
# Chanee in dismeter:
E&mgnhmadmﬂemm'eﬂj&qrh}:pm
G
®w="7
= ol =g % d
Bd 1
=:r.£l:1_:++::]:"‘d
2 1
_-n-.".'l:l_ ;]

# Change in volume:
Chon=e T wploms depands mpon vohmstne stam.
: i
o Sy

=3

={g e =¥

Pdpt 1 1
=zl (-2)x>
PP 2
= 2E __E.J

Fase

I:ﬂ 1



For smherical shells:

o Change in dismeter:
Chanze m dian=fet dapends apon crcomisrsnis] ar hoop sraim
ad
5:—?
=T -

B

Fd

= GEit=o)x#

2=

Change in volume:

Chimes m~=lnmes deperdy upon volumsme siam
g

S JV =2 XV

=

a1k
;4&'[1_;]“'

-
-
&

[H'ha'r'f. V= ; Fr
o

2.4 Simple problems on above:
Fxample 1: 4 srsam botizr of 800 mum dicineter v mads apr of 10 mim deeok plaies IF the botler o
ﬂ’Mumm{mﬂ'liﬂPmﬁzMrWﬂmﬂl@ﬁdmmMﬁ

th# boter plotes
Suilulinl,G‘nu;&mt&efbaihqﬂ=ﬂmmdn&ﬁp§:ﬁﬂ}=]ﬂmnﬂmgzﬂmﬁmLp}
=23 MPs=25 Nmm'

Cocumfereanal wress induced in the Smler plarey
W knorw that corcunErential siress indueed 1= the botler plates.

. _Fﬁ'_m}ﬂﬂ'ﬂ'ﬂ_: .
N e = 00 N/mm= =100 MPa
Longindine! etrsvy induced tn the botler plates
We alio Ingrar that lon=rodmal straes mdneed m the bailer plates

pd 25w 8BH o

5 =—=—=nFh N;/mm< =50 AFFa

tooar 4« I0
Expegrls }- 4 otiudrice] shell of L2 m domerer o0 omade up o 18 mm thick plotes Fnd che
mmqﬁvtnﬂi;ﬂhqﬂﬁnnlﬂr&n:&ephﬂtf&rbﬂﬂﬂhaﬂgﬂﬂm“mdm:qr
22 MPa. Takz efficiency af the joinm ey 0%
Euﬁﬁiﬁmﬁuaﬂ:ﬁhmeta'tfahdl{-.'} [ 2m=13» i oo Theedmes: or piaies () =18 mm: intermst
presmzipl=14 M0 =14 Nnw s sfiemrev (n) =700 =07

Crcamfoenan] s
Ve knog that corcomf=raninl stress.
2 T4 (i3 xI0F) o
ge=—= =124 N/mmi* = 1724 MNP
T am - ZxBxo7 d .

Fage | 53



I sepirudmel soer
e 24 x {13 x 107}

=== =82 N/mm’ =62 MFP
W=4m— emignGg ot e

Example 3- A evlimdrical dun dram $00 mm i diameter and £ m long o made of 18 mon chick plares. IF
ks drant ix vubpected 1o en el preseare of 2.5 MPa, decrrmine tir changes in dinmser and {ength
Taks E gz 208 GPe ond Porrson s rans ay §35

Solubion. Ciran Dometer of dmum (] = Emmtegthmﬂ:ml:ﬂ im=4 « i0 mmy Thicimess of
pﬁzfrj—IDmlmanﬂprm[p'*—._-}th—“‘?m ; Modulus of alxstegy ()= 100 5GPz = I
o 10" Nemim® 3nd podson’s e {Lm) =025

Changs in dremsass
., PETf. &Yy 25x800 3257
= s () = %8s
Changs :m Iengrh
Wzl bnowy thot chom=a m lensth
Il Sh- ZENEHD W (4% 107) 1
diz—|-— — - -—935|= 0.5
;tE‘:! -|-||1.ﬁ:| Ix:ﬁxt_:ﬂﬂxiﬁ{_z ﬂh) il

Ervampls 4 J#m&ﬁmmﬁ#ummnﬁpﬁhlmngflﬁmﬂmrh
mmﬂudmrﬁsum'!phmfm{&nhmnfm

Sohution. Gren: Dameter of weszel () = 12 m=12 » 10 mun Intermal pressonre (pl = 18 APa =15
Wi 2o thirlnees ofpletas tf=3 mm

pa. BB {3 107 <08 N/t -
= —= =X Al feqees — 10H
"= ix5 i NZPa

Page | 3



POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER:

1. Define hoop stress. (W — 2019, 2020)
o Tt moa temapis sirs st aioes the civomifEencs of the cvimdar
% Jti= demoted by (=)

2. Define longitudinal stress. (W —2020)
* It n o iemwmbs sfres acim= slors the lEmsth of the cylmdss [t develrps onlr if cylmedsr bec slozed
endz.
» Fp demtad by (7)),

3. Define principal stress and s oses.[W-2020], f“' 20211]
* A% any point s damed materal fete e Iplanss mdnslly perpendcntar o sach cthe, wheh
sy dect sire=s only and = shewr wres EEplmmEmmrmLpim The muspruis
of diract sireszes m.pmpﬂphnenaﬂﬁlmﬂmﬁ

4. Write the significance of mohr s circle.[W-2021]
o  The comtruttemof. mohr's coris of stesces == well 3= defepmmaticn of wormal shegr =i reepltant

5. State the apphicatbon of a thin cylinder shell (W-2022)
-Ans: These crlinde zre genaally weed i pipes, presvare shalls and bodlars

POSSIBLE LONG TYPE QUESTIONS:

1. A eviindnical shell 7 m long:and 1 m internal divmeter is made up of 20 mm thick plates.
Find the cocumferentia! stress andimg:mdmalmﬁs.tﬂﬂnﬂsheﬂmmwl, o & zzniyected to

an mtersal prezsure of 3 MPa. (W —2019)
Hints: Kafer =vupapie 01

2. Denve the expression for hoop stress and jonstndmal stressom case of 2 thin eylmdncal
shell (W —2020) (W-2021)
Hinte: Refer article no 2.2

3. A steam boiler of 1 25.m in diameter 13 subnected to an mtemal pressore of | 6 MPa. I the
stzam boilas 15 made up of 20 mim thick plates caiculate the cnvumisrental and losevtudinal
stresser. Take efficiency of the circwnferential and lonettodmal joints 23 75% and £0%%
respectiiely.

Hintz: Eefer svample 82

4. The pnincipal atress at 2 point in a bar are 150N MM (tennle) and SON/NI (compressive)
Determme the resulinnt stress i magmtude and dwechion on-a plane mehnd st 30 to the ax=
of the major principal strees. Alie, find the meximtim itensy of shear stress in the materwal
&t that pomt {w-21)

3. The ztrezses at posnt of a machine componenat are 1500 Pa and S0MPs both teisle Fmd

the- mtensites: of normal shear and rezultant streszes on a3 place inclined &t an anole of 337
with the axm of major tensile stress (w=221)

H_-;E;E



& D 3 formls foe the lomzsoding] stress in 3 thie Hlmhﬂ.shﬂlmb}st&il.n.ﬂism!m
r'lIr_":E"""!

T Arvimnncsl: shal]l of 150 dometer = made op of [EAOM fipek plsies. Fmd the coromisrenta] and

h@dﬂ:ﬁmlm-ﬂ:mﬂnmﬂiﬂﬂharﬂsﬂjﬂzﬁbnﬁm rrs=srya of 1 4A 85 Tk affie e
of the jomt 2 THe WR202D)

:ﬂiré



CHAPTER NO. - (13

TWO - DIMENSIONAL STRESS SYSTEMS
LEARNING OBJECTIVES:

2.4 Determypnanon af novpeal mrzzs, shear rvess and resulran s an chligues plass
i.J Lozetion qf princoe=! pians mﬁ{mqmﬂanm of privecipo orest
Ei.ﬁminanmuc'g'ziﬂw aved compeuNTion :E"p'r::mnl:u'ﬂ o Mavinpem rheor roresr i Madp' s

chofs

iy

Introduction:

o Atfentuon wan foemad in preccss dupters o sudy t=ffert of simple strecces whieh e sthe
pormsl o tapeential actms on = partumiar plane The sobect mottey oicheded o thi chagter deals
wih e =mlvtical snd grspmeal method: 4o meestiszte the stzie and gmemanyof sfhyesses on'an
mhﬁrruhﬁqmghmﬂrnngbmahnmtm:hﬁ?bﬁngﬂadﬂpﬂnby:amﬂs:haimg
eomdirioms

Methods for the Stresses on an Oblique Section of a Bedy:
*  The followrms two methods for the determmation of sreesss oman obbogne saction of 2 stramed body
Fr= rpertant from the sohiect pome o f s
L. Amalvtical mathed and T Grapheal msthesd

Sion Conventions {or Analviical Method:

o Thoush there gre different =0 conrentons. n=ed m diffsent boaks, vet we dnll sdopt-the fHlbomes
zign comvER IR witeh s widzhrozed and itemhionally recommad:
i Al the tane:le dtroczes i st srectakon 33 pomtmoe. wharsz:s =1 the comgresarye ses=es and
strams are taken 33 pesgtre
2 The well-=tebiivhed prowmbs of meekancs & gs=d for the sheer shress. The sheoe stree whach
fenids {o roteie the: alamest n e slnsimnee dirsrtion m tEken 3¢ fesaee wheeas thet whirh tands
fo rotaiz moan pdEincknias aEertion 23 poins

v Inthe sloment=havn m Figmee below, the shear stress onthe vertwal faees {or -mamst = t=bEn 2=
nasgitre. winereas the sheay stvees on the horsongal Sees far vy o) = taken 25 postire.

L)

3.1 Determination of normal siress. shear stress and resuliant siress on

obligue plane
* Comgids =0 eemenizl reciansular block of 1o fhecknesz: suinectad o two noruatly perpesdsouiar
stremmas o and o and 2 shagy =tress ¢, 23 thovwn m the fimore. Wi hav= to calrulate the normal
sirzes shoge dhress grd seitant strems on 2 plane AC whick i wiclined 32 znefs § wik the w=rieal
phns teezsstred m anhe locinrss divection.
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i

&, A alm P i g BT

|I".. <L -

e
. Al wwa i

Wy WE sy e Al

Wl endiia

Basolvme the forces zotms napendiule to the melines plana (12 m the deectonof o)
Fi =g AC—g SCunf—2, ABces ¥~ 1, . ABsnf — . B0 casd e o e ()
Rﬁﬂhﬂghﬁﬂ.iﬁﬂgﬂhﬁgﬂemﬁ:ﬂﬂpﬁnﬂ {1z m the dusclhion ofTs)

Fr=rs.AC ,?rr_r.d.ﬂm_sﬁ-!-;rrﬂfms E—q:f..l_ﬂs.ﬁﬁ'—rq. = - PN i ) |

Oopiens Gt E frine i papiiliciiTae s Hi il s
Ye=10
S oAl TR BOsm B o AR cer T+ 1. AR zinf 7, Bl eax d
AL 8L . ... AR . A EC
Ay I;F'?.-E-Ema' +5f,.._;1-!:-_.-_m & +*g,]..rﬂ-En:.E J.—!_',_J.EE:ﬂ:r g

=gz = F?.:erzﬁ'-'r-:rrii:ﬁ'+r,rm1$.ﬂn-ﬁ' +to-ind, corf

:ﬁ:gy,{:f__:l?j] 4—::5..(1_? :-M;&}-!-hr_rim B.cox8

:gi'lrﬂ



5y oyeos2f  x, =, roalF

-, A e SN e ¥ KSR 2 o3
L2 2 2. z e

ay T - et -

:ﬁ',:{-—l-z :I--[ H'Ei—r]mlﬂ-l—tq.fﬂn!ﬂ

Shfuiﬂrss:

TR —
I

Stg. AL == 3. AlemF— 0. Bl eos ¥+ ABsnF +5;. BOsind

. AC - AR BC ] AF . -l
St e =Ny EEEED'—EF . :;—meﬁ-r:l,. 1-—-—5::-.3'+:_,}.. IL;EHE'
=g == Izy- a-iji—::_... snf. ool +o, . covd. nrrﬂ-'l'-:',_‘.._piizﬂ

\ 2
=% :f:::;,!} gin 28—, cos 20
Eesultant stress:
8 Mzemiinds of reaniiont sh==a
I

*  Theanple betwesn tharssuliant sress and poimst o ondgoe paEne & dnown 2= oblguny,
* Itz denot=d by @
o Althemateally,

T=

For uniaxial loading (6-.= 0, r—==10):
Normal stres::
- W -

ST cos 2

-2 R

Ty . .
Say=—\1 +ror )

7.
:s;:-fl:i.—_?ﬁ_':ilﬁ—‘;}

= g —auepat B

Shesr siress:

Tx
Te = 3mas

age | 2



For biaxial loading (.. =0):
Nopsiial sti

:i:{EI_gFJJ:iF!w

For pure shear stress (g =0, &= =10)
5 = Ty En e

Shear stress:

- e H -
T4 = —5coz il

-
&

3.2 Location of principal plane and computarion of principal stress:
Principal pianes:
*  The planes on winrh shear stress = zaro Ze knonmn 3= prmemal planes. O theze planes only normsl
Principal stress: .
o The sarmiitds of sormal styess soross the princinal phiea. s eown = grncips| stress
o  Theplane carrmee the masimmm sormal sivees 15 ¢3lled mior mrnmpst plane and the corespondines
stresg 5ﬂ]hﬁnanr;cmﬂpimﬁa:

* Tk phr= ommz the mmmom ool = & bovn & mmor pmcpal phms and the
eorresponding sives = called mmor primeipal stress

Location of principal plane:
Prinenal planss myy be found ong by 2guaties the shosr sfrses songhon fo reno.

sz =10

= rh:m';}.m* 25—1:,? cos28 =0

. =i
= [-‘-_-l’-jm: 25 = o008
3

B 2 - 2t
= e T —

i Iy — oy

We knovr that prineped plepes svs toe mntuatly perpandiestar phmas:
Se.d8:= 05
Ther 8, =8, +920°

:ﬂ_-;ﬁ;ﬁ



Computation of principal stres::

Wa kmow- gt
g 2y
e
#y A
Fromthe sbors Bzors we 222,
He 88 = ; G -
2, e I
+ o =ay) {225
e T — T
il =
:Jlﬁ—&}'-ﬁhnl
Substguime the showe o walos mooormal - sress sgushen we find fhe manimony 3nd mnomoes valise of
noTrmad sfres

T = [EI_;JE} = {L?E)EEEE - il'},_..i::-:..'-!ﬂ

R e e
Tl o) () £ (o= 4 2o,

- y"l & i::_., - -_;'_F:!I 4 EI.IIF:'I

&l -
o -.'r...} {n—-, — ] Ay

'-’-u'l (ee—m) +(2na)

- 1 ] C
— r_':::.z',{"riﬁ:r} iEJ{:I_:&} _.___1[:_}..

= {ru:{‘

L e T — T s T
2 !'.]i.,! :_z_'?} * e

Fage | B



Where &, = Major o mixmmen mncigal stres
|

=)+ [CT + o

-0 = By or e prinepal s

- [ — " LE
=(%57) - BT b

BIg -
“EE'-—D

= [E—;—ﬁrz} 00528 2% 1y En23-2=0

= R B ﬁuﬂ.!:'—(ﬁ] Jpi2F .2

5—%

=St =

We lmaw it prmespal shear slanss s two peiually pependicolar shines.

Then 8;, =8y, +90°
We ey theat

Ty Ty

tan 2=

]

\ oy

_'.J'I

By ™ W

Fage | A1



From the shove fizors we 2=t

sin2f = ==
i".ll{"‘ —oy | 41
—2x
CHE =@ = Jf
lm—e )+
Sristirhine the shove tu 1ake m e stre= equmiesy w= G the mesorom amd oemom. i of
= —(EI_EF In 28 — 35 28
.-g.—l. - ]m fl—}-m =
:'fu—lrgl-ﬁj"‘ = s_r}. Ty X =
4+ 1:rz~—==],"|_ *—4:1.?2 tﬁ!iil _‘—Tr}__'l“"ﬂ':i;.:
& =) Fid
e _uz lr: E’:.j Iy
¥

T — IF, I ==
= ma=z (57 + (]

Whﬂ!. Mlaxmnaigen snpriEal sheor s (<)

A prnripal shear sfees -]

—1r Apﬂtm:ﬂmuiﬂﬂnﬂuﬂhmﬂimmmﬂtpﬂ?mﬁrﬂnmﬂtmqf
.?W\[Fan.n:f}ﬂﬂmﬂmﬂ:mt{mtﬂruirmﬂtumﬂmulphﬁ!
tmclied ar 36° sk che avis of miinoy terls voress.

Solwiton. Gren - Tan=ilo stres: slone x-x o= () =200 MP3 ; Tendils stress aloms =v s (6.} = 100 APz

wpui anzla peada by plane with the zms of munor tensile stress §= 307
Normel sozrs on the melined plans
v e know that nrrme! etress on the metmed ‘plans.

&3= {?I—?E'-'] + :j-g_ﬂ'}' j cox 2

= Ezna*mu:]_r{zﬂu; 1“]'::1:;{: x 30%)

=120+ (50 x 05) = 175 MPa

Fage | &=



Shser srres on the melmed plone
o e knpw that shewr sttecs on the moimed plns

r_!._{

_ rlﬁﬂ —mﬂ}

}rznﬂf

=in{2 % 309)

=alx ES6 =433 MPa
Rrsultane xireey on the incined plons
o W= zks e that respliant stress o the mrlinad plake
Iz :*:'ﬂ-i.az".'?ﬂ_.z '

178534433

— 1BD. 28 MFa

Fxample — 2: The stresses ar pomr of @ mockier componenr sy {30 MPa aud 58 MPa Sodh emvile: Fond
ﬁjmqrﬂﬂrﬂll&mﬂﬁﬂrﬂﬂhﬂtm_#ll_ﬁtfﬁﬂﬁﬂﬂﬂﬂmﬁ_@‘ﬁiﬁlﬂﬁhfﬂil
of mimjor tenile mreE.

Selution. Cren Tenmile sres sbne sz o (o) = 130 400; | Iuml&sh’&mngcv—":m fo. =5 MPs
mﬂmﬂenﬂﬂeh&ephﬂemﬁamumdema—15q So (=00 —35"=35".

Novmel soreze pn the paclmed plome.
o W knoo that the wpal stvees on the mebmsd plms

e !.i:' -_;-::r],:;*_{n_l;ﬂ}.} cmp 20

= {Eu: 55} *__':L:Er-‘ 1)

lmfz ® 357)

=100+ (50 x 0342) = 117. 1 MPa
o Walnow that the shea sty on the nolimed plors

fz = fil-g—fr-}::'ﬂ 25

_ {-155 —'5::?51?&;

2
=50 X 09357 =37 MPa
o W kron that remlitant st on the melmed plane
gy =0+ Fa?
11717 £ 47

"l

126.2 MPa

e =



Example — 3 4 porns in :mdumlnmhﬂuﬁ:marﬁmnnme Find e
merel and shear orevses an dthe eamdon AR

26 hPy lI!.ILlH.I.'u-
i o .
25 hiPs 4
AR — s T3 Ief P
5'—':;|;1I"'|l 1"“#]-
i T
T
LS B "

Selusion. Grean: Tansile stress sbnz heroontal xx =0 (o) = 77 3Ps ; Tzﬁml!m'ﬁ.a.zbr,gmmﬂ'-'r
== (o) = 150 NP2 - Sheas siysss (1. ) =152, E:mlmbnndehﬂmﬂhﬁthmﬁm
=35 5 (R =00 =35"=3F

Normal vorevy on the wecrion AR
0 We rror st s stvezson the saction AR,

75 — 15T
( J::E—:TEE—EEHEELTI]’J

— 112 F {375 % aa-l:}—'i._'; % L2397 = 76. 18 MFa

Shearztreyr on the seotton A5 .

T2 ='-[i§r+ﬂ'f}s[ﬂ‘.2 = Tyy cis 28

— 150 i "
(fjfm"ﬁ; — (=25 x cos 70}
[

i

= (=372 x o397} = {2z = 0342)
=- 35324 + 555 =- 2669 MPa

Exampls—4: 4 poinr or subpected i g ormmle soeer of 250 MP2 in the Boronm] direction and amodeer
mmﬂ:mm#lﬂﬂﬂtmﬂrmﬁnddrm Ihe poinr 12 alve subpecsed oo o sowgple shear sorzae of 25
MPa such diot when if o5 zeveciarsd with dhe magor tenile soreis, & condy fo rottice e Hlamens in che
clockwine direction. Whar v the megnirude of the normal swd thear soresses on & section inclimed ar an
:ﬂ#lif?ﬂ‘ﬂ:ﬂtﬁtﬂgﬂ'tﬂ:ﬂ:mm?
E-ulntmml:—.z‘an:Tmﬁhahﬁ-mhnqnuttﬂx-x&rmfn]—gﬁmz,?'aﬂ:&'h&m werm=zl v-5
f.lnmmi':: = [0 MPy; Shear stres (1, } =< 15 \MFa 2d mels mads by zachon with the major tenuls
strems = 207 Ea-lf_E:|=!1f|"—m:="D“ '

Magmmds of movmel soreey

oz :{Tﬂ} —(E—rg&]mizﬁ:'l' T,-_,.—.'.':‘T.‘H

-



S

250+ 100y  250— 100
= (EOFI00_ ¢

;i eos130% +(—22 x sin 130%)

175+ {75 x —078£1 — |25 w 0.6428)

=175—5745— 1607 = 10148 MPa

Megmrimide of wleegr wreey
s Wazhe ooy thot snsmiieds of shagr b,

iy — G
g = aiq—nﬁ'-}.-':nz-ﬂ = Ty COE 28

iy _-:-W'

= [— J an 46" — (—25 ¥ cos 2407)

= (7w 0E228) ~ (ZE = —0L7E5)
—£8331 —131E = 79,06 MPa

3.3 Location of principal plane and computation of principal stress and
Maximum shear stress using Mohr's circle

Graphical Method for the Stresses on an Obligue Section of a Body:
Aohr’s Stress Cirele:
¢ Ths sirsss componants on @y melined plnscan ssaily be foomd with the kelp of 5 s=omeiries!
corstrocnon deown as Meby = shrazs cuels

Sizn Conventions for Mohr's Stress Circle:
¢ Tnordar to mark r in s system wewill ks the clodovhe skasr & pesttns and anticleciorize
shear z= poaztive
?ﬁﬁeuﬁaﬂrwﬁhﬁﬂet&ﬁ;mﬂ.@zwﬁm Erwibe ars
e & in the zmbelockuass doastion, the radius visctor wall be'shove the axie and B will be rachoned
pestne, ff = m the clociownzs direction. # will be nazatise and the rmdms v=ctor wll ba kelow tha
s

*  Tapsils stress woill be reckonsd posirre and ol be plotted to fhe nele of the onzin © Conpressns
mrzes wall ﬁ!tE"j.-Elldlﬁg.ﬂ_-E and wil be plicdted o the ot of fhe sram G,

Alohr's circle construction for like stresses:

Y
i

d % "m s

el L&)
Tage | &3



Usrz some suttahls wrals meswrs OF and OM syl to = snd & respectreely om the avn OF.

Bim= T3t N

With N z= Cantre and NZ or N 2= radues,. daw s cucle

At the Contre N drgo 2 Ins 3P 3¢ ani 3r=ila 28, in the sams diracton sothe nomsl to the plege mabes
wih e deectom of o, In figure () wioch reprecants the sfress system fhe novmsl o the plags
makss s arele B with ke drection &f 5, m the anteinclwrs deection The Ime \Fitherafire =
drawn mthe snbeleckwize drachpn.

* From P, drop 2 perpendeouisr PO on the =0 08 P8 vall represens 1 and OF mall rapr=ssm @,

Mohr's circle consiTnction for unlike stresses:
* In gad o cBs o not k= the =me procadnr= will be flioved except that o ond @ will be
measured o the opposte ndes of ths onzm. The comsfrucion B ogven m foee. It mey be noted thet
the deactin of ¢, will depend upon 1t postion with pespact o the pomt O I8 & to the riwhi of O
the drectmn.of = wnall be the same 33 thet of s

Alohr's construction for endirular direct streszes with stare of si
zhear;
¢  Followme stens of comtrechidn e Bllored i tha muteral = wubjecied to drect sfressss o and &;
alomz with 2 state of soople shear

E’_l.
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* Usrs =ome sittable seaie mesurs 0L =& s OAM= 5 slong the oo OF
At Ldraw LT perpendaculs to GX and oqual to oo, LT E=s been dawn dosmeard (2= p= ciEn
consswhon adopeed) becsose EﬂL'ﬂ{lﬁﬂh!Hﬁ&ﬂm‘ﬂ!Ephﬂmﬁﬁh:nﬂgﬁ-m
ferdsg to rotate it inthe Fnislbclwriss directon and B resative.

* Spmizly, mars AT parpendvularto GF a0 2quzlto = bor showe O
* LDmiltocadthemsmy
o Wk N &3 Contre and N0 or NT =radis. draw = civela:
. M.ﬁ'ﬂeh@im;h?ﬁnﬁh?mtﬁpm#m _
. D!:ﬁi’ﬂpﬂpjﬂdiﬂﬂnmth-mP‘Q\Lﬂﬁ:‘ern&ﬁhﬂfjmﬂig&é_mﬂ.{ﬂ'mﬂi;ﬁ%i
Alohr's circle construction for princi : -
\I
&
uF
i
—— )
: a,
a,
H'-'_l_" T- P
-
np ﬂ; -_ﬂl
+.—
L 4 -
q, -
far it

Mimke O and GM proportioml to & and o3

Ar] and M erect parperdinters [7= 38 proprtonz! @ T i ApECPNats dTectms

fpin 5T, mizreactmm the sxis m W

Sincs r=0, NV raprecents thz maioe grincipal plims. P concidme with 1 Simklariy, N7 represenis

Example — £ Ar = poinr in & brushet the sovrves on nee muruelly porpendicutar pleses goe 35 MA/n
(temmiel and 15 MNjm® fanvds), The shear soess copn therr planes & § MN/m® Find the mapnrude
and frecton Eflktrm[tuﬂmﬂu:ﬂﬁntm]fﬂ;m euple of 40F wath the plone of first serevs Find
Solution: Crephirs] mashed:

Y

__H_,.--"_‘--.._b\

L
A
o
E
.
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» Pt X =3 AMNm and QM= A0N'm
* DProppependemdar IT and M5 ek 5 A /m" 3= shown m the formre
o Tomr 5T to 2ot Nond degwy th= Mohr's sieela fo pasa thronsh Fand T
¢ Draw NP i o N
¢ Draw psipendioaiartn OO0

om Aehrscarle v=has

r. = 00=226 A" (=muils)

r=70=81 N (chew)

go= 0P =368 MN/m*

s=13

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER:.

01, ]hﬁnepnnﬂpl}plmﬂ.
Ane The planes on which shear sress bz melowwn 20 prmcipal plsss on these plines only noreel
gfres: vl be schms: These plans: are mumeslly porpenderuar

02. Define principal stress and its wses. (W —2020)

Ans Ths maemitnds of direct stresa scross 3 princreal phme 1 bnomes s=prinespal stiess The' determmation
of prmewpal planes andd thes privcipal shress = =0 mmportent Gotor m the desisn of varoee sruciures and
mahne componetts

Eqﬁemmmﬂqﬂﬂﬂ*“l

Ary When 'z temnarghr=of 3 bodt ez ar &l o wall undieter stpanien or eonfracten comesponiine ]y, f
ﬁﬂmmmmg;ll&sn—d Ifﬂmemngahnmﬂrmmihrm mezrs the srees
stz produses in thebody. Thase straezs gre called tewperatins ctrass

POSSISLE LONG TYPE QUESTIONS:

01 Define princepal planes snd prinerpal streszez. Explamn thes uzez. (W—2019)
Hintz: refer pase no 29

02 A point in & stramed materin] = subjected to two oumally perpendicnlar tennsle stresses
of 200 MPa and 100 AMPa. Determine the mienemtize of noomal shear and resplbant streszes
on 3 plane mchined st 30 anth the axie of minor terule sresa (W —2020)

Hinie: refer ezample no ]

3 Atz pomt in a stramed matesial the pnncipal stresses are 100 MPa and 50 MPa both
tenszle. Find the normal and shear strezzes o a sechon mchned & 80 with the axis of the

n:ﬂ;crpr_u:::]:almﬂaﬁ- {(W-201%)
Hinie refer srsmpls no 3
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CHAPTER NO. — (4
BENDING MOMENT& SHEAR FORCE

LEARNING OBJECTIVES:

£ | Tipes of taom oed oon

4 1 Cove=pr of Shegr forra sl bardiies meomens

4.3 Shenr Feere pud Sovding wiomsrs Siasram o iz soliens feahires dlicratios insantitzver kaam, sivgly
mnprrri=d Bamm ot o kaweine Seumw tincker pome? looad and empfemiy dosrthuted Jood

4.1 Tvpes of beam and load

Beam:
B=am »= = strortors] member which = scted opon by 3 sv3tem of sxterml bads st nzhe s o fhesus

Tspes of besms:
There ar= = fypes of beame
Cantilerar heam
Dhelonems heam
Propped canhilevar
-:‘.':r_-ﬂrjmr:rug!ﬂ.—m
Cantitever beam:
* A beam fmed 3 ope and ang e (unsupportea) = the other and 3= calied = cantilever bearn or simiply
Ewrait =z i

Simply supported beam:
* A heam heving #5 ands freahy restivs on supports 5 koo 25 3 somply supportsd beam

. mﬂ ' I B I

Samply Suppomed Beam

AEgm

Overhanging beam:
o 3 beam lanane ity =nd porhion estendsd bsvond tha soppart 1= Imosm &< ovesimnens beam

LI L _.I I:
cantilever:

o  TWhest a support & prooidsd 2t some sntsbis pomt of 3 canfif=rar bhioom to rses=t s dafeition then 1
B Lnonn 25 [Eopped CERftiETE,

3‘.E~I§ti|"—'ﬂ



Fixed beam:
A b= whess boih epds zee Thced or it mwale = Enown == fixed beam

* i sho call=s 3 built-m begmox seractred baemm

Flidsd & bod Fopeps S

S ——

Continuous beam:
When miore than by supports 3re [Eooaes 107 2 team & kmony == contrmogs beam

L]
» The stppors =t the extrems o8 and neht ars called sedd supports and = the other sapports 2re called

infermedizte upparts:

i

| FUII‘:'JE:_D-\."I

o1

Types of loads

& beam rmay o sebiected o edhe or m combmshonof the lowms fypes of boads:
Comc=ntraied op poast inad

Unfoamly dstritetad losd md

Cmiormly vams lead

Concentrated or load:
it = zzvmmed bo 5ot 2 = point Practesllv = apphied over s sl ez

o o

A " o
ray )
r— t -
Uniformiv distributed load:
* 3= deshbuied (or spdead) mdbrmiy over some lenisth The mismagvoof loas = comiant

mind o amly dsnrabvined Tomdl

Uniformly varving load:
¢ It = dumimted wmivrmls o some lanath of beam ot the ety of Iead e

=5£E:E



*  The bad varses from some saie 5t # posttiom o somes other Tain= &t ancther postion on the beam in
=i 3 way that the chan== n load per ot lepeth i samme over oaded portiom of the batam.

4.2 Concepts of Shear force and bending moment
Shear Force: _
o The shepe force (brefh wopt=n = 5F ) & the oo=-s=chod of 2 besm may be dafmad 24 the
mnnslsced vertica] frre fo tha nisht or l=ff of the zectiom
Bending Moment:
¢ The'bandme momsnd [bo=fiy wiitens =< B ML) afﬁ‘écms:—za:hnne"'akeumm:yhe defmad == tha
zlgzhmm&fihammﬂﬂﬂ-fﬂnﬁﬁ&m&em&m i=f} of the spcfion

sion Conventions:
For shear force:
» Al ths upevard forces b0 the laft of the sectorn cgaze posdne shear and those schins donmwand cam=
nezEve shew
o Al the dopmenrd forces to-the neEht of the serhom ezpee poatice sthesy 26 thess =rtine apoemd
sanse. nacwirs shoy
Rl Ewce F]Ii.;l Peririve P
I, :
| w
i | %
b |
l Hlisar siros ﬂiﬂﬁTiuT:
| | | 1
w
For beading moment-

o TWhes bomniins momant 5 saloolsted neme the foads sotine o the 1=8 sxds of the cactien’ elodinms
moment & pEsire and mnticleckwEs momsan 1§ nasativs

* Whs bendmr momest & calenlsfod usme the: loads =tmz fo the nsht sels of tha sachion
EmticlociowEe moment & positive End clockwnse momsnt = negatne

lﬂ&mﬁdgm@umb&ﬂmh@usmn&mahgmg

banfins mopsant
o LU " = W s
‘H""-\-\'.\_\_'--_\___ TTEEITE ___r__,_,-r_;_.

L —— — — —':__-.r"

g -
Pt -uPl-d e
[ i®
Phisiialniig "'Ill-—l il H His mwigslian

H;EIEI.



43 Shear Force and Bendine moment diagram and its salient features
illistration in cantilever be - supperted beam and over oins
beam under point lead and uniformiy distributed load

2.F.D: A shew fare diaerem £ one vinch sbhows the warEton of shesr- foree along the: Eeeth of the beam

BALT: A teodines seonent diserane v one ndoch shoms the vamteon of beadies moment 3lor= the lan=ih
ofths beam

Note: While drsvns the shiesr foere or bendine mement dizerame 5ll the posne wahies mghﬂéd:hmz
thz baz= lin= md messtree rleas below 2

Relation between Loading, Shear Foree and Bending Moment:
The fallywrms reletions betwes lpadms, shear forez md bending momaet 2t 2 poimnt or betwesh
rq}'maiﬂﬂmﬂsafahnmztlh:puﬂm&ﬁmthanﬂzjﬂrpﬂﬁﬂ CEEWT
* EWEIFﬂmﬁimmﬂEmmﬂﬂmmm‘lLﬂﬂ
chear foree Ime = varfscall. But the bending momest temams the sre=e
# [fthare = oo load betwesen tye pomts then the shear fores doss 1ot chans= {18 shear forcs lins
Ehummﬂﬂtﬂﬂbmdmsmm.mﬂhh— Ea:.d.m_mnmaﬂhﬂnlsinmtimad
shrarsiit fnet
o I thers @ 2 ol distrihoied load beivzen tho poids, fhen the thear fhrrs chomess Imazfv
(L= shear foree fmee m an molned straisht hme) ot the bomtines mement chansss accmdme to
the perahol ey (12, beredine oot Hre will be 2 pastabs)
o [fthere & a2 omimmly varvne load betwesn two pomts thew the deear force’changes aocoed s
io the parshobe =w (18, shear force Bne wall 'be 2 persbols). Butthe bendimg momend chanses
apcarding fo ths cubee 1y
Cantilever with a Point d at itz Free
* Em:u.iﬂa‘&:mkﬁrEﬁfl@hfﬂ;ﬂﬁ;;pﬁ.hﬂﬁ’ﬂﬁﬁ&ﬂiﬁnﬁmﬁﬁ;@a
We imowr that sheer fhrrs 3t any e=chion X 282 ditapre @ from the fee el 35 egz] fo the total
mhalanced varneal foe 12

E=wW
*  =nd penams moment-= in socton,

s su (M ran diue to' hogoing)

) il i }.I'
i =
,—-' ’
“3 ,
. |

P g il B |
i fi (3]
Bl | -
T zly —L : . ~ 2
I e e’ | o |
- Fawr | = I
L ',,.-"" it "
- - — ——
Bbe g Hlissiis @ T r | —= - }L'ﬂ-.
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* hﬁmthﬁmﬁimﬂqﬁ,ﬁﬂﬂﬂﬁ&mhﬂsmﬁnapﬂm Watall
mmEﬂmmEndAAdﬁmﬁahemgmmﬂdm“ﬂﬂﬂﬂt&&bmmmﬁ
srp B inkEms= ﬂ}:ﬂima&h'rlshzlghhmmm—mztwk-:&x N

Fxpegrle — 1 Draw skear force snd bending muomions disgrams for & connlever beom of pan 15 m
carrying pomnr lnodr oy shown in Fipure
e 1.9 |inl

¢ |--—- A —--l

Sobution. Given: Spami (1) =4 S 20 PoinrYoad 28 (W) = L3 187 snd pomt-Yoad 2 COV I =265
Shear force dizgram
The ey foTee esram = ahovr m Fime (0 and the valnes @re tabobted heres

E= W= 15N
Fr=(in+mt) = (35 +2i= 35N

Fi= 35 kN
Ths bendme moment dizzram ® shown m Figmre (&) and ths taiuas = tyhmisind here
Mg =0
M =—[t5 x 0.5] == 075 kNow
My =—{(15%135) + (2 x1)] =—425kN.m
2kR Ptk
i)
Cupielerar
Mizim
. )
k] £ e | iy g
B P
Dfsigrums __J,_ | |I"I|_-!
L i
i & '\.‘ e Lise !
: Tiaer Line I
1 L. il
i T .,_,—r"'.'—_—_.___'_-_
Tetillig My==cn j— A
_‘L ;-r-fr
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Cantilever with s Uniformiv Distributed Load:
Emﬂs.:nﬂﬂ#a#ﬂaﬂmﬂ:laﬂmamﬁmh’duﬂﬂmﬁml&ad =fw parunt leasth, o the
antre lensth of the cantilerer E.—.J:I.ﬂ':l'::_mE'r-'ul'&
We kmowr gt akiesr fooee 5t any tecten X sts dotece s rom B

5=
T we sz= it shez-force = zeo 2 D (wheve == U] and merezses by 3 strassid—tme o toowd 2t L o=
shrun.m Frmus

LR ISR T - T uf
£ It

(i
AL
eam H
“A / - =
. |
i : !
! ' |
pm N B T : .
_1: = -—-e’f; | |
(i L —— -
o @ e,
ngum . = =
i |
iJl - Ky e ‘
L]
i 1 |
¥ /',,u.-l.lm i i
Loy = iy
I _'_'_'_-—I—-
il Mo = - o

I ‘T_II"I =~ T
a i__/"‘ "'-'-FFF'_F' ;ﬂjlﬂmllﬁdml .

We zbie know that bendme moment 2 5

!

- v (Minus sigm dus 1o Aoggme)

T we-dley: s== thet the banims moament = zero 2 B (nbae x =0 d sprresses mthe SHomof 3
=+
pﬂﬁb}iiﬂmiﬂ—f-dﬂ-inﬁu =z shwnm Tisure zhovs

Exoegle — 2 A eansilover beam 4B, 2 m bmg camies ¢ amformly disotduced load of 15 ENx evera
Iﬂ.ﬂgﬂ':uffﬁuﬁnirﬁwmiﬂnu:hnrfmﬂﬁmﬁqmgrmﬁrﬁshﬂn
Solution, Cir=n- m{ﬂ=;mﬂnﬁﬂfﬂmﬁﬂhﬂ{n}—Lh‘i.nmdhug'hifthemtﬂemm
carrmng oad (sl = L m
Sheur fores dingram
Th;ﬂ;uﬁna;ig:m&abmﬁﬁ;m{h}n&ﬂunim_&mtﬂnhﬂ&ha_z_
Fz=0
Fr=w.e =15 X LE=24EN
=24 &N
The bepdme moment dizeram = aboem m Freurs (o) md the waiees are timited oy
=0

was 15 xite) :
M =———— = =—1L52 kN

My== [{15 x L.8) {a-.-; + ?]] = —2BR kN.m
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T ! 'i 2= T B Seaniphil Line i
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Hliwaar |iinesy 1l —
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Litagiam 2 78 IE} ) _.a—ﬂ'"f.ﬂa:"'-;

il f’<_1b1 Pl Cust
Firalglin [

-5 Beam with a Point Load at it . mt:

Conssder 3 simply smpporiad beam AR of span § ind canyine 3 pat bad Wat &= md-pomt € = shenn m
thes fizmre Sincsthe lozd =3t the nod-point of the beam therafrs

A+ iz =W
Takms moment shout 3 oz =2t
i
Bexi=Wx 3
| W
== ‘1.—
W
L =3
m
Lir}
=
Soppanil
Tz | i
!
ok 0 "
i
(Y - B i
St T H Ry Tiawg Liow =l uI 1
KERTHI T ! =
| i '
: NI [ b
: e j T IL
i I ™ ¥
A
. i ff(..r""—-’f.’ - "‘-\_‘_\ I[
o 1 G ¢
Mg Muner '
Bl L™ K\N"‘-"

- i}
f N i |l e

(Fr= samphe supported beam with a o jead)
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Thu.mseﬂmtheahmﬁmaﬂmrsﬂmhﬂﬁmlmdﬂﬂLwhlﬂﬂﬂpﬂkéﬁEﬂElﬁd‘ﬂ'
15 somstant 2nd = quihtﬂmhahmaﬁ*at:aiﬁ}male_—ﬁj W, Shes force =t any sertion between
miEuﬁ,}m:h'ﬁEhuﬂTﬂﬁmrmﬂﬁe;ﬁlmﬁemhmﬂ?thﬁLL_ os5W
22 showom 1 Fiswes (k)

“&:Eilﬁ&ﬂ‘ﬂh_tﬁl'hm:lm;m;timiﬂnm It revessss by 2 drmght- h:EkE?miE FE T
st cester of beam whare sHear foroe chanizes sign 3= shoom in Flem= 1)

Therefore bendms momens at
N
Me=3*3T3

Hot=: 8 5 stenpports mfase of = soply sapported beem & ztways zero:

Feample = 3: 4 sonply mpporied Feam 4B of span 1.3 m or cerniing twe pomr oedy sv vhewn o des
Figure. Drew die shear foree and bending somesne diograme for dee beame

Salution. Gr=n Span {f) =2 S e Pomt bad 2 € (W) =2 IV and pomeiead ot B (W) =4 EN

b dpw
|-H'Il_ 4 £ &
H'H-Imrl'-l]' | 1 4 5
UL [ i -
’ i | i
B J.H'hHl l Illi.'.' ke
“ | |
‘ . o
- ]
o B - H
Alienr Fram K s i
Diagtam i “h“]];u-_ Line -: B !.,I.]:
| o 2
| : |5 |
! 'u:l.i.———"':*-a.__ H
o S o)
Panding Mimies | e | | o H
”IH;H.II'I'I ¥ .--""-'-F | - iH
i -
. ‘\‘"‘-er Ling € s

First of sl Tot us find oot the rsarnoes B, dnd B Takmp momeni= shomt & and equatms the cama,
Basd23F =D l=(4= 1'53=8
B —§25-334
Ro=(E=+4)—z22=28EN

Shaer foree disgram
Tha shagr forre doazram = showor e Fizure (B and fhe vaines sr=tsmizt=d hae

J.L-=—R.==‘1 g
r=+28-I=08EN
=0f-d=_3171

Fe==32kN
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Bending momens dizgram
The bepding momert-dizzram & ahown m-Fizore (o) md the w=ives sre Simisted haye

2 =10

5 HﬁﬂEﬂlﬁ‘H‘l‘l‘.ﬁi['ni’fnl‘ml ed L
Conssder & smmpiy Eq@-mtﬁhmm.ﬁuf!ﬂgﬂllmﬂmjmﬁznlfduﬂmﬂhﬂnfwwm
Ienpth 35 1hovn in Fiotre Sincs the load i umiformly dstribot=d over the sitma lonsth of itha beam,
therstore the rezrhons 31 the supports 4
wi

R“ = H_ql = - = E,Ell.ll.'f
W bmow that shagr fiwce af Znv cecton Y st a distanre x fom 8
W i
5= --;; —wi = w[—— :}

2 v
wi
afAr =6, F*:E
Arir=— o=
wl
JI.E,- =L F Z—E
WﬂiﬁMtﬁhﬂﬂﬂ,WEﬂiﬂm:ﬁim:iﬁm&
{
.u,:‘}.l—n.ii — (f—x2)
Ardz =10 M, =0 -
4rgx =1 M:.=0
_ 1 _u.] I I w1 EI_uI
acr=g Mm=clo=(l=5F-3|=3
— =il |
- [
(28] #
Sl .4“;
Prei i C :
= 3 i |
'. ‘ 1

|IIIIII

D

r
%
e
i
.

:
/
¥

: S =
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1 =y Ptk O
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Exompls — 4 A wmply rupporeed baum & m long iy cerrying 2 unifermly diseibuced foad of 5 ENAw over 2
fength of 3 m from the right nd Dreve the S F. and B M dingraws for the Sesmeand alve coleulnte the
mayrmnme B W on che s=eman
Sohitton. Grien- Span (I} = & m Uniormly dutrieated bad (o) = 3 10m =nd lersth of the baam CB
carryims ol (2i=3m.
Froat ofzll Btos find oot the reictions B and Ra. Teime mormants shout A md aquatms this sams,

A P e S

Re=6T26=1129127 ond

Ri=03 w3} 25=3 T3 EN
Ei i : -E'-' m
The shagr-force dusram i shown m Fizure (h) ang tne waines e izmistas hae!

Fo==Ri=5373EN

Fr=—3"30s
Fa==3T5-0«N=-112kY
Bending momens dicgrum
The bepding moment = shown m Fieore (¢} 2nd the talnes are tshoisted here;
WM. =0
M=3E 3= 20N
hfe=14

W bnove that e mowirmem  band mi mensent will oot = M whees the sher Firbe changes sien. Let 1 5
the distance between © and AL From the secomstry afthe fiews betvreen £ and B, we find thae
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S AL r—=1L35 —AThE
215 =1EF5

=1L
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Exomgpls — 5 4 siwgply suppereed bemm 5 m long &y loaded with & uniformiy domribured load of 18 kN
utw!:fmgrﬁ af 2 m ax shown m Figure. Draw thear force and bending moment diagiamy for the beam
mndiearing the vaiue af mecimam bending mamenr

l_é'.l kM
- i)
A (1]

— 1'm -l-i.!m -I-i p § 1 E——
s m

Soletion: Grverr Span (I} = Fm; Umemly detmbited |oad (w) = 1& h&mﬂh@hmﬂﬁmﬂﬂ
carrymz load (3 =2 m
Frst ofall bt ve fmd oot the reachiors R, and .. Talons momarts shont —'L:n;!mg_ﬂmmn!,
Rax3=(10=2 =2=40
ZRa=H3=3EN
8o, Ri={10 » Hi=§=12kX

Shaer foree disgram
Tha shagr forre doazram = showor e Fizure (B and fhe vaines ar= tsmiztad hae

F,=+R3=+L12%¥N
Tu=—E (0« h=—0Ky

=%ty
The bendm= moment dizeram is shpan M Fizore{c) md the talees sretwinizd ha=
A=1

M-=1Zxl=110m
AMo=8«2=1610-m
Mo=0

We o the! meomuos bendme nioment gall cosar & A wwhere the shear force chumses stgn Lt x be the
distaries bestyresn C and M Ekﬁm!ﬂ:em:}ffmngnmc'nﬂﬂ mﬁﬂhhi

= e - = Lk
e T p— o sar=24 —12y
12 g

=20x=34 or z=M/H=12m

Es maxirm bendine s 5 A1

L
Mu=1201F LD~ {10 % 1.2 % = | =2 kAm

Tage | 59
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Overhanging Beam:
* & 5 = wenply sapported beam wioch overhsnss (Le, edlends m the form of = cantilever’ from 2=
SITEEOTL
. fﬁrﬂ:&pmpﬁ&aﬂffbmﬁiun&bﬁu&immnﬂﬁm&mimumkﬂdﬁ
& cominmaton of 2 sumpily shpoorted beam amd & EIIIIIE.'-E An T mE beam may orarhans on
nEa:-E-uﬂ]}u:mhnmﬁaaﬂh-mgpmﬁ_

Paint of Contraflexure:
o Tt the poant 3¢ wiich the bendms moment chomsss cen(Le. Em-"‘ilﬂ-—‘ﬁﬂ'TEE-.‘-__I_
In this point the sake of bending moment i Teo.

» Atthe pomtthe beam Saves m appozste deechan. Thm pomt = alsy zallad 3= pomt of mffectinn

Example — 6 A sverhanging beam -I.Eﬂ'uh:dn'urﬁ-ﬂ'umﬁ;um Draw' the shear forcs and
hesiding momeny fograses and find chs point of conrraflevirs if zny.

48 pMNim

.Mt‘

" B=s Ir—ﬂ

thmgn_ﬂﬁﬂrﬁpnﬂ;=lm_&ﬁmﬂrdumlmmﬁiﬂzibw,=L'ﬁﬂmmm erhanzme lenzth (ci=tm_
rret efall = = find oot the resciiors R 2nd Fu. Takme momant ghoot & =nd eqrestms the same.
Bax3=(45 =3}« 2=36
=R =363=120%
5o, Re=(45 v &) 12=8%EN

Shear force dizgram
The shagr-force dusram i shown m Fizure (h) ang tne waines e izmistas hae!

Fac+Ry=+8EN
Fam—b—(d5 e 3= 11=431N
Fu w=+6= 43 3==T5 ¢
Fr=s43-@d3-1)=0

ﬂilE



Bending momens dizgram
The bepding momert- dizeram = ahown m-Freore (o) mnd the w=ives sre Simbsted have

HJZD
Moz l6=3)— (a3« 3x13)=— 223 kN m
Me =0

E’ekmnﬁthimumb&ndm;mm&utwﬂlmlﬂﬁseﬂmﬂﬂhtﬂﬂnﬁga usn [=H ket
diztance between A and %] Fromthe seometry ofthe figure betiveen 2 and B, we fnd that

x 3—=% )
E-.-= = e FhRY=1I3—&%
=13z =1F oFf x=1HM3E =137
Ss maxinmun bendmer momens 3t 31

My, ={6% 1.33}—{3-.:::133:4-—} 4 kN

. LR s |
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Pemraf
I.Eﬂhethspnn Ef:aﬂ:diumnlﬂm'rﬁmﬁn st A T-‘.::mrrﬂ:#bmhnz morent 5

My =[x y) —{LEH r:-r.El =p

= Er— 22595 =10
= 135y* =&y
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S em—— R AT
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Soltin Given: Sgans () = 4t Unimly distribared load owsr AB () =2000m = goint Liad 2 € (W)
=487

Eaad=du]]—Cxljrl2=3
=R.=13=14
G, Ra=0s11=4_1=5IN

Thee abuar Siree divoram s hoivn { Fizrs £5) sl the valtiss a0 tebuiitad hors-
Fa=1
Fem0=(2s Ip+5==3i0
Foa=— (2= 18N
F=-3-_4=_114
Fo=—liad

Bending momens dizgram

TS bttt it by iy Fiacayre {6 o0k e vt o et il e
w.=

Ma=— 0« 05— ) Blm
A =frl==2Em
Me=0"

the snemstry of the bandice memiont dizs=rem_ e fnd that wecimom seestts hendine mamest oceme 225
Pomraf conraflenrs N
Let P be the nomt of couiraflewmr= & & distonce v Fom.the soppost B From the seometzy of the fzwre
beteet B i C, we find that

¥ 1—7 -
o T EEATy
=3dy—1 &r F=1/3=033m
10— 't"
a w ¥ o
Bl
SR P |« - . 5 | VW
iy !
(R | !
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s i '::-I = .. E:r I=
&
|
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|| - .' i .\'"-. I.i
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POSSIBLE SHORT TYPE QUESTION WITH ANSWERS:

L. Define shear force and hending moment. (W - 2019)
o The shepe foce (prefh wrpt=n = 3T ) & the orss-s=chiod of 2 beam may be dsfmed 2 the
mbelawed vertical oroe fo e nsht or l=f ofthe zection
® The bendmy momend (bnefiy wrsten = B0 ) 2 the ops-sechon of 2 beam may be dafinad 2z the
pizahyme mrm of the mommenis o€ the forres fo tha rehr or lef 08 ths section,

1. Define point of contraflexure. (W - 2018, 2020)
v i the pomt = winch the bendmg moment chanes=s zEn (12, flom = = to —v= 0r2ce verEa)
* In thi= pomt the mahe of endine momss = =m0
o Atihi pemt the beam Bsves W apposite drection. This point &= 3las eall=d 2= point of mfection.

3. Define cantilever beam with example. (W — 2020)
* A b=am fixad at one =nd and fres (omsppoTted) = the other end = called 3 contil=—= bogm or smply
catilever :
* Feasmndac: 8 sood exmmpds = = baloony, # = topponed 2 ops end only, the rest ofihe Soams
mdandy gier the open gace Othe sompls: m= 3 cnfilevs roef in 2 bos shelts oo pek
cantrisver bridss (fhe forth brides m Scotland i =n example of 3 canfrever-tre=s bl

FOSSIBLE LONG TYPE QUESTIONS:

1- A zmmply supportad beam of 6 mspan carries 3 pomt load of 50 kN at a distance of S m
from gtz left end. Draw S.F & B M doeram for the beam (W - 2019)

2 A smphy soppornted beam of 4 m span &5 camyutg joads az shown o the fioure: Braw the
shear force and bending moment diagrama for the beam (W —2019)
EN ke
p— 15— = p—— I ——i
]
# | C B

10 -

|
Hinm: Befer sxamples of 5.5.8 canying poist ipads and u.d |

3. Show disgrammatically different types of beams and loads. (W —2020)
Hinim Refer artsete 4.1

1A aly, supported besm of lensth & m cames: pomt Joads of 35N and 612N at destances
of 2 m and 4 m from the Jeft and Draw the shear force and bending moment diaoram for the
beam (W —2020)

Hiniz: Refer sxnmpier of .58 rarrvine point loads

Fag =3



CHAPTER NO. - 05
THEORY OF SIMPLFE BENDING

LEARNING OBJFECTIVES:

{I.{::mn:‘_r..vrnthséwm of Cepame
57 Bending sguancn. Momess of resmmnes. Serrion modilusd mewrad avic
33 Seive zimpls pinblann

INTRODUCTION:

. 'i'heb-_qimg.mmmi:ﬁ-ingﬁmb{mdsdeﬂm W W
the bezm snd the mizmal sfvessed ot s bandms Tha |il | =
mocezs of bemdme =tops when overy oosa-s=ction ==t A
op Sl rEsistares to the bendine momant The resptanrs T‘ c
oifered by the infermal ivstees to the bendime &= called
mﬂ:@ﬂa:ﬂtﬁtaﬁ:ﬂmﬂvasﬁ&lhﬁ By= Ra=m
theory of dmpls bandine W

* TPure bending or mmpls bendine: If 3 member = I‘_I
miected to 2qual #rd opposss couples same m the i_
=ame ipnEtudmz] plane the mewner & =2 {0 be M mwe -
bendine A heam or 3 pat of # © =2id o be 13 stats of W
s bendmg when 2 bends mde tha achon of constant ‘J_,"
berdire morrent, witheut g sheer forre (1, 8T =05
B A = comzbard)

Theary of simple bending:

o WWheeen=r 2 'beam i= subjectad o simpis bendits (pore bending) the fitrss on one did= of baam mre
mbpdﬂhmm‘mnmﬂeﬁeﬁh‘smﬁqﬁm_ﬂarrmmﬂmﬂmm m petwesan the
fop and botiom Fwes thore = = wofEce whers bendins stress 5 ==e, thn =226 nentral sofics
(mewtesl laver).

Neutral laver:

o It i 5 beer m wikch lossthedirs] fbres do siot
chanze m leneth At thic ber stresz and sfram
zz r=e On one sule of brer bnprtudms! filees
will Sl and o i ot sole oot

Neurral axis:

* It 5 the Ime of mrercection of newral b=y with
the mro= section of para  A¢ pentral 3Eh shyess
= shram gre zeo

W
, "‘~.‘_

: : Trpaskit aidn
Feanistrl
u.mt: At aey

3.1 Assumptions in the Theory of Bending:

The fallywrms ssumptioms ar=mads m the theorr of ssmple Bandiis
1 The matersl of the bezm = perfasily homogensoms (12 of fhe same lond Seon=hno). and 1sotropse (12
of =] shaster propestiss moall derectem).
Lfﬂmmﬁ'mmaﬂ!?ﬁnhahﬂlm:nﬂﬁam obey= Hooke s e
3 Th= trameverss sectiws Wioch wers plare befirs benidme, remams plans siter bandme alia.
4.Eﬂmwnfﬁehem.aﬁeeiu-mmcﬂm:t mdepatdasthy of the biyer shove or balow
¥ Tremme of £ (Toumns s modnios of stistedty ) 1 the same oy tersem sl coampressym,
-5 Thebaam = me@JhMLa_ﬂsﬁfam:ﬂukﬂmﬂlm;mhluthemae#ﬂu

3'5_-;&55!



5.2 Bending equarion, Moment of resistance, Section modulus& neuntral axis:
Bending equation:
Conzider = zmsl] leneth o o7 3 beam minected to 2 bandme nipment 3= showm m Fizwe (3} As = re=nit of
thes e bt thes smal] lereth of beam el ta sn sz efacncle with O = ot = sbemvm n T (4
Lt M=Nment artins stthabapn '
o =Ansl= sumtended af the geor= by the arc

R =Rz of ervaime of the bazm
Il:ll
.lll
.- ' h
L o U . X f
!. = IFI------'-l---"‘--III-'I. | 1 ||".l'-. | r‘-'.
2 i A-.- I N e i ";II. j
s = 1 - [ - - '|
T \ i T ™, ;j'_i_i._::_—___r.j;—_,_.-r__ N
‘ n = - - __\_\__\__—. —-_' __..-"'ti
Fomeiz) Fzme(b)

Now oonzicer 2 h‘H.Fﬂ.H = detance v frorm BY (the neatral ams of the beam) Lat this byer be compressad
i P afice bendins a3 shogym w Fioars (b))
Lat B subtend 2n anzle 5 2t the cantre of curvanms
~RS =REord FgF=(R=y)§

Initialh the parafied Lyvers would have sqig] lenzthe. Se that RS = PG ard sipe= thes = no sfhrass g the
Eeuira: =xn, then there 500 cftam
So. BS=R5'=F2
PQ—P¢
e

Ry = &g
:_T’E_
RE—{R—y¥ ¥

RE "R

h'p'l:' thestrain In:F'aE =

= Siroin

= 5o =

Now iithe strass i PP =7 and Youms"s modulos i3°E then

=§ = g A I:'_:_-I

Comder s sachinn of the beom ac showmn in Fisors L M4 be the nentral s of the sertomn. MNow comnder s
mmall lyyer PO of the beam sachion 2t 3 distance y from the neorral 3m= 32 shonn m Feare

Lat da = Ames ofthe hvar 7O

Then the mormal forea on thiv greg (535
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qumerﬁzﬁmaha the rautial axis ts -

:'-E-,:.'.:Tﬁ:{y ==y da .
=] h B [ s g E '-?
T F = l
_NoR e SN N '
ﬁsrafwe.ﬂi—zﬂ.:. G E‘E} 5T

Ths sgweszaon T . da represeres the poment of mertm of the ares of the whols
mm&aneﬂﬁﬁm

£ o &
M= = i e 1T
M J_T__:-t.!' o« T ER (11}
S0 from equabion {1} end (1) we 2t
H_ . E
T v R

Where M= Moorient of resitones
= Moreent of mett of the sechion abont gaainal 2o
E="Toune 3 modnhn of sistwsty
E=ERanm: of curafmrs ol N4
o = Dendins sfreas .
The zhove equaton 13 Enown 35 the “Bending equation”,
Position of Neutral Axis:
Comider 3 s=ctn of the heos = showm in Fimue T X4 ke fhe peiral awis af the saction, Mow conndar 3
szrali Baver Fi7 of the bapm sactaom =t 2 distance v fiom the nestyat == 35 shonmn & Fipire

1= o= S ofthe biver PO
Thee the mewmal fre= on thes ares {0} Tl o
= p EET ] ¢
— AL =_—._:|.'.:':"= E
Net normal] foce on the eroes section !
= . L 4
=.ELF'M
Fﬂmhﬂgﬂmlﬁmnhmm=3
E
Cf as da =
EZ}.

:'-Z:-'-r.?n::ﬂ

Now Z 7.0 = the momers of the sechional mes shoot the pevtrsl zue and zince thiz momest = zerc, tha
= nut pas-thim ush thie canire 0 mea
Henr = the meufral oxiz or neatral layer, paszes throush the centre of 2783 or cestroxd.
Section modulu::
*  Trombesams equabion we hele

ﬂtlE



. i
Where. = — Séction moduluzr = ;

Definiti [z
o Tt = tha ratis of mesnent of mevin of the beam ooss soton shoutthe ol s () & the disdancs
of finest pomtiv. ) ofthe section Gomthe peutral axis
!

=

¥max

Section modufi IIE!___HI_.‘IIEH ar & circular section:
Rectamsulsr rection: e

* V= noow that momesd of nerts of 3 rectansalar sechon zhout an :,
e thronish thy eenfre of =iy, - ey
b d :
I==5 ond yuam=3 = :
I bd®/32  bat
e=F= = = d iy <L
¥mez ﬂ."! b :--|- " q--:
Holigw reciansular section
* e now the moment of mestm of 2 hollow rectanmalar sachon shomt 3
o8B 2xn thitush #s pemir=of =raviy,
r_'m_'.!?_{-n'i _BIF —&d® . -0 _
=13 1z iz .-..'l"ﬂ.—.l:.—E ; i .| 1
. .- . g
! _(BDP—bd™) /12 BDP =P
== mm - & — [
] A P — " f
Cﬁmhrm'
¢ We koowths moment of Inamis of ancslsr sechon shout an =m0 ==
throm=h 1= centra of =ty "‘-.I.
zd* B it A
=%y ol Yam=3 S R
1 wd'Ses sd \ /
Bz = = 7
Yons diz 32 — -
I ¢—f
Holléw circular section:
v We kbnowr thet memes of mustia of 3 befiow cmmibe serton sboot ——
I:I.'I,-_ﬂ"'—ﬁ]:l n I 11
.I:a—-H and Fm:-i X !: ‘I 11 A
b _wipt-dbies = :ﬁ—:ﬁ‘] N
R T ¥ e U R
fe— 0



AMoment of resistance:
¢ The mamemm bendine momsnt which can be camied by 3 s7oen ‘sachion - 2 =ir=n mavimom albne
of sire== 5 kmows 25 the momend o tesistance
Cr
o  §t= tha prodoet of marimom Bendme stree (01 Snd sertnin pavdnias (F)
*  Mistheratally,
M—oaxI

5.3 Solve simple problems:

Exompls = {1 4 recmnguler beam 60 mm vade ang 150 mom desp 7 nmply noporeed oy o spon of § oo
If vhe bram v mibjroted o conrral poing load of 12 EN, find the maxtmum Sending soesy induced in the
E Ly i =
Sohrtion Green Wadth (b) = 60 mom: Depth (d) = 150 mox Span (=4 » 10" o and load (W) = 12 =
125 10'N ;

12 LN
Fm - |
i 'J' m——
d L3 =
IShom l \
'y 1
:-l = M

"z knoe thisl mamnmm béandms moment 2t the cafre 6F 5 smmphy supporiad beam wibsected ' 3 conitrsl
pant icad.
W (32x 107 ®.(6% 10
M=f=i Lt n:iﬂxm‘..ﬁ'.m
2 T

f_--é-rz E = 225 % 107 T
M asxit g ShErs

T = et ==-B8 ¥/ et =50 AMFe
I IEXIF

Frampiz — E_{mrhmiﬂﬂmd@umﬂ mpperezd over & wan af ¢ s Whas
mntfgrmly dimrihiated load the Seam may carry, if the bending stress 0r not o exered [0 MPa Tole [ =
335 = 1 .

Eﬂ-hel:ﬁn_ﬁ'?m:]]as[ﬂ:{'ﬂ} 30 prr; Spm ([} =4 m=4-= 10" no. hisrimiom bendme strses (6. ) =120
_I:E'i—ﬂ“il"%'m and moment of meriis of the boam sechion (TT=22% & & mm*

Let we=Umbrmiv disinbated 2oad the beam cancanry
Wa ko that ot anes hehzmﬂ:ﬁnaﬁ:qufﬁ_smanﬂ. Exiranoa fiba,

d 560
y=z=73 =350 meit

I 2Exand )
- = —————— = 1.5 W 107 wmnt®
3 150

-
=

HﬁtlE



lMi i -H
|
il = - -I'-.
| "
} = e
i |
:4' # il -
Mot of re= pkanse

M_gue X T =120 x (L5 x 109 =180 X 10* N.mr=

Wﬁ:hﬂhnwth.ﬂlmmmhmdmzmﬂmﬂﬂﬁmmﬂ?&fiumph supported beam sobisetad to 2
mpformiv destreboied baad (50

wi®  wa(gx 107

z = =2 lﬂEu'

180 % 165 —

DW= E:?ﬂ'.‘n"ﬁm =90 kN/m
Exampie — 3- &mmiﬂmurmmh:mmhﬂmﬂmmﬂndmmli@ﬁ_grh
mﬂnnumﬁeﬂE:Mhﬂdﬁk\ﬂ&rﬁHnﬂ:ﬂ.ﬂ;hﬂguﬂnml!ﬂi'.'uﬁuiam
MPa, find the spon of the canmlever feam
Erihogs Gri=n Widtk () = Eﬂmﬂs;sthfd,.- llﬁnmP-n—mll:adEW" fi0=Ex D' Nard i
banding siress fo. =40 3Pa =40 N

i i‘_:.'gl I i "'."j"J""
i. [ AR !_-
- ; .
._.‘r ] _' -
Let [=Span of the cantilever heam
W by it saction medule of the rectanealar zachon
£ Box (120F =
E:E-:-—r— — = 1592 20% wun®

B &

d mariminm bendme moment 2 ths fivsd ead ofthe contrdemsr wrrected tis'z pomt oad st the free swl
M=wi={ax16% xl

Ao benthne sires (o),

M {5:-:1:33;':-:. [

= 2wl 32

= =40 = 32 =120 mm =128m

-'l'ﬂ_

Evoegpls — £+ 4 racrenguler brawm 60 mmt wade gud 156 mm deep v siomply supporned over & spun of 4
mzger Jf the beam i zulgerend ro & unformily dirihured losd of 4°5 W/ find fee minvinim Benafing
mrers tndured b che beam

Soltion . Greer Wigth (&) = 60 o Bepth (&) = 150 't Span (I} = 4 m = 4210 mm and undfermily
distriboted Joad ) =4.5 Ktim=4.5 Nmm

Fag



=2 LK

i # —
f
| Pl e - Ilr
- e g - wfi wafen

bd® &0 x (150
e 5

A maxerom bendmz momest =2 the s=mtre of = cumply soppored beam subjected to-= wmformiy

z=

=275 x J_ﬂ::-mri

wi? &5 w [(dx107)7

= — £ §h
M=—= = ='9'% 105 N
1 _H_ 9}:1 : y - =

:HII_E_IEEILD!_—‘I-E-’JW:.—,%'HF#
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POSSIBLE SHORT TYPE QUESTION WITH ANSWERS:

0L Define section modulus, (W — 2019, 2020)(W-2022)
s Tt = tha ratio of mosient of merin of the beam oo sacton ahout the seuiral = ([ tha distance
of frtnest pone (4t of the sectn Tomm the nemrel
I
B

¥mzr

2. Define moment of resistance.
*  The poommm bendins moment whirk can be camied br 3 srves section Br 3 srven momreoe value
fairesa m kminem 35 the moment of resistancs
Cr
» e the prodot of mmwenem bend e ctvess (6 2 sty wevdnins (7
* Altherzteslly

=

M=-exZ

03, What is pure bending?
» If = mamber = mbjectad %o equal and cppoute coupl=s actms m the zame jonziudial plans tha
mmbauﬂdmhempmhe:dme

4. Define point of contra-flexure.W-2021)

Ans Smee the over hanems beam & = combmmtion of umpls upported bezm and caphlsver beam 2o 22
bendime moment ds=ram bes both posisz and nessive value The pomt 2 wheek on the beam the bardine
momenf chirzes sign & Enoon == poind of confra-flesmre.

3.State different types of beam.(W-2021)
Ans: | canhiEsrer Ezam

I Smply zupported boam

3=y EEnems baam

4 mropped cantilews heam

5 fored by

& sontimisons bz _ N,
POSSIBLE LONG TYPE QUESTIONS:

UL State the azsemptons made tn theory of sonpie bendinz. (W —2019)
Hiniz: Eafer grticle 5.1

02 A beatn 3 m Jone has rectanruler saction of 80 mm width and 120 mm depth. [f the beam
utﬂa:n'meamxfmmh dtﬂnl:u:ted lﬂatiﬂfiﬂﬁ’mﬁndlhe-mmmbendmsm
dﬁ'&iﬂpﬁdmm&bﬂmfﬁ 201%)

Hinez: Refer Evample -4

03. Derve the formmula of section moduliz for rectanpiilar sechion and ewcutar section '(W—
2020
Hiniz: Ezfer {paze no 67)

04 Prove the relation

Where, M =Bendine Momend
Fage | 71



i=Moment of martm

E=Youns's modulus

B =Radios of curvatore

& = Bendine strezs m a8 fiber, s a distance ¥ from the sewteal ass (W — 2028)(Ve-
202

Himm: Befer articls 5.2

5 Fmnd the generalized equatton for shear foroe and bending moment of & simply supported
beam with smformly distributed doad (W-2021)
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CHAPTER NO. - (6
COMBINED DIRECT & BENDING STRESSES

LEARNING OBJECTIVES:
8.4 Defme coinms

& 2 A lvad Fecamris foad on colprm

& 3 Dhivees sovmoses, Benidine oresser Msrimumdr finieer sorerses. Nimsevicel probiomes pn obos.

¥4 Buriding foad compotanon nrwng Ewdsr = fovmula rro dermuarion in-Columms wink worioas snd
e e

6.1 Define column:
* 5 cohumm w3 bens vehos] slender by or varties]l membe sulsacisd o m 2ol compEesIe load

and fimed rendiy 2t hoth ands
6.2 Axial load. Fccentric load on column:
Axial Joad:
o 3 lpad whoss fine of srhion comrids anth the o o f = cobomn i bveram =5 20 o=t load
Eccentric load
* 3 Joad whoss e of action does oot comewde with the-zxe o8z colmnn o7 3 sind, = bownasan
spcanirye lesd

Ezampls: A buckst Sill of water, camad by 3 person m b band, 57 am excellont exzmpme of an-eccsnine
bad A bitls commidershen vl show that the mman will Euﬁmkﬂd:-amemhib&aﬂbﬁ, =
had cmrmed the sznse boclet over hes head E:mmhmﬁ:h&mnﬂniubmﬂzhﬁ#m
his Fand . then m sddrew &= hn corvine borkst, hgiﬁ_:lz-m}ﬂrcrhaﬂmlh!m_mmthéﬂzhﬂt
50 &5 10 coumteract any posstbiliy of his Glling fowsds the bodkst Thus w= sy that be = sabecied 1o

L. DChrect load Sus to the wegnt of Dackess (nendmes wates; and

2. Momant dus to Eccantriodv of thafoad

Columns with Eccentric Loading:
1%
&
Al
- !|:-
i {h (<} ()

Consder s golume subpectas o 3n ecceptre lpadine. The eccentras ad oy be sasiy snalysed == shown

Fizmue dier= and 23 disceiesd below:

T =men lozd P, acims 2t meccsmircds ofe i thosmm FiE_(3)

I =t = mirodoee. 2leng the 2z of the shrof foo equal nd oppeade e P = shkownm Pz (h)

Ths forces thne arims. ey be ol up mto three forces

Omis of thaes Eia's-ndﬂ beactine zlors the 2xi of the s This Syeewill emme & diract shress 2=

shomn In Ti= ig)

¥ The sther tne fwces will E:m:m:pl&ash:‘rnm.rﬂ {d}, The momwest of the coupls wifl be
siquatte P » 5{Ths oouplewill ceme 2 bendine stress’.
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6.2 Direct stresses, Bendins stresses, Mazimum& Minimom stresses.
Numerical problems on above:

Colommns with Eccentric One Axiv:
Cornder 3 pofonmn - minactzd to an eccenirir bbad abom ane axis (L& abont vov aniv o shown n tha
fizme
Lt P=Toad =tir= on the cobms
== Eecapiriity of the load
b= Width of the solomn serten ad
d = Thickn=e= dfthe cobkmm

Arza of colomm sacton A4 =5 -.d

LImmﬁmnf&mEmﬂn:Mmmsihaqhnmﬁanf_@r P
=nd saralisl to the o sbout which the rad = socenine (16 1—'.'11:51:1!15.1_1:5!] __h,k_
gh= i
i= T |
and modninz of sechion. i
1 _:HE5.‘1'1 ab’ |
Ty hfz & it
y
TWa kmory-that direct stress on the solmmen dus 4o ths kad |
P
=7 |
Elrvation
and momant diee ¢ [oad, | e S
M=~= 4 _-I'Jr:I
. |FIF_ ;
Desgms strees st amy poant-of the colmes zechon 3 3 debmces vy Do vy 2. ] 1
M.y M & pigy ©
-E’ =—=? f
i = £} it
Now for the bendme shees 3t the =dravs |8 vs wbsisivde v = b2 I the 3bove ﬂmfrl_ﬁ_ J-:I;m.
equation, ~
M(hrZ) BEM  EPE s

Y

» = gat 1z dB? AB

Wa kipooy thatan =ceentric load cauzes z dmes sres -2y well 23 -bendme siress | & thim obsiou: 1hat the
toial sress ot the sxtrems flre

oo [z torms of socentricity)

.. (I cermez of moduius off ceczian)

The +vevr —= nien will depesd upen the postizs of the flve wifh repet to ths secentnic oad A itk
consideration will sk that the strees il be sy at the curen B and C (becnee ths tomers &a
m=ar the doad, wiher=as the stres will hmmmﬂ:emﬂmﬁﬂ"l&m&:lﬂamrm
froom the Jaad). The total strecs alins thewidih of the rolmm will vy by = strateke-Tme b

Tha naommmm strasy

P s&Fe P (=3

B - 23 = (1 + ?] oo s ia UL ZEFTRE O f eccentricity)
E. -

== T w7 S2rE Of mocuiucof pection)
= i
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F BPe P £
T — — —— L — F
ﬂm_& = _i{l-‘.-ai"..,.m[.l":::ln.-.:a, sroantricay)
P N
=T T e b s U tsrme o f meauiusof certion)

Hﬂﬂﬂ:ﬁumﬁemmﬂ_ﬁn&ﬂ:ﬂi
s F o nomis then o, the drea throoshor the sachon will be of the oms wpas (is
COmITEzsIve)
s Hoons eami s, !smtmﬂuﬂrﬂlhmﬂumﬂ'tenfﬂumnhﬂ Ths
i stries il be agualto Farn, whersss ths makimom sres will beegalis 2 =.o.
* oy m lems tn o, then the strecz will chanes iz sien (partiy compr==sve and patl tenszis)

Frpsgple — I° 4 recronguloer souriy 150 mm end 170 mom thick Jr cerrien g [oad of 188 kX ot an
eocentrioy of 10 mem iy o plans Seeriimg the duckness Find the movmem gl moumnm . imeswes of
TTEYY I (RS TRCTOM,

Sehrtion. Giren Width (b)) = 150 mes; Tiockmees (d) = 124 mos: Boad (B} =130 87 F A0 &N
_LE' = lﬂ xmﬂ&l:ﬂﬂnﬂit‘:‘._&} li:l-n:l:l:l. —=| &—H}”"“
Macimmm intensity of Hrsee e e 2eemon
Vee knog that aras of the st |
A=h xd =160 = 12 = 18000 mm* i
L
2i t'd_r' 185G %1077 -6 rm |
e =314 5 ) =505 (2 *zg )
=10{1 + 04} = 13N/mm® = 14 MPa Teeaiim
" . r . o I3
HEmHmmmm‘;g’mu&em TI__J'HT
Te sl o thet nimmmrm mfensir oF sivess 1o the sachon ._.1.“'.'."".' |40
|
e i
_ P[l—hﬂ] 15!]3-:14}3[ .E_.J:_'I'.B:! , Plan I
=3 18000 155 . A
H'T M
=10 {i— 0d) = 8N/ mm® = 6AIFa L i

Kigimn

Fvawgle — quﬂrmhm?ﬂmﬂmdl:ﬂmﬂmknmnmﬂﬂﬂflﬂﬂ
ar an sdcentriziy of 30 wim in 2 plene Meseting the deichmery Determviree dee mmimum cnd monimmEe
mrensnes of Tow=rin fhe zecnon

Salwfion. Go=n Width (b) = 200 mrn; Thackme=s (d} = 130 fom Load (P)= 120 k&N YN
=128 #1073 and eccaninedty (2= F ome -'4| A ik
Muszmum poenviny af streis mn the Tecton i
W know that ares of the coluomn,
A=F x d = 20 x 130 — 30000 mm"

= ooty of sivess m the settpn. T e
{1+ _uﬂumi{_ JEx30
Ty — 3600 F00

. il
=41 + 13} = 18N /mm" = 10MPa

Tage | 73



Mfimimtum puressiry of serets in ghe section el e,

Wz zlso oneeer tht oomimuom mtenssty of stress mthe sachan, = '_"I_.".l':;'E ;r;u.
F sy o= 1ot & 50 I P 1
r-nn:"[l_'_}:'—{l_ L
a0 - 04000 204 T
imi
=4{1—= 15} = 2 Nfmm" = 2 MPa (tenzion) " il
S _j'

6.4 Buckling foad computation vsing Fuler's formula (no derivation) in
Colomns with various end conditions:
Bucking load:

¢ Tk myomum maidrs load =t which the colupm teds fo k== hﬂﬂ&hi:h:a:ﬂtﬁ:!adi o

hﬂﬂ:ELﬂﬂhmihgﬂlmhﬂ'ﬁgm&im:nkﬁph:aahmmmhrmgm
moment of trartiz

Fuler's formula:
* Foler': formmb & mead for calmlstmes the oobesl Ioed or buckime dvador copplme bad for =
coltmn ar =rof and B3 follews
o T
- Eafer I';:!
Whe=e: 2 ={tical Ioad
E=Younr's modubzs _
I="Taast M1 of setion of the column
L = Equrraisnt lenstt of fhe colomm,
Eogmivalent of 3 column
* &mﬂmmmeﬂmﬂtdljnauquﬂmh_hm&m' lamzth or
zimpla ‘cobmm Jemsth

Tvpes of End Conditions of Columns:
In actwzl procties. thers are 3 momber of end sondimiors, for colomms. But weshall smdy the Erfer’s colomm

theery on tha Sllwms Sour types of 2nd condiiom
» Bothends hmeed

* Bretheds fivad
o One and i fived 2nd the ot kirsad. and
* One end &= Oxed snd the other fee
i wlipiriins w il Talls Piails T gl o Bl sl ' olummes with One Kad Floed sl the Othee Vice:
Fqursaleiit lenjith
= Actual Tength  _ Nere L. =21
= L=l i i wEN
==
 wE wREl b~ W
! =T

H_-;EI-.-_E



Cnlamidis Wil Uhae el Flasd and (s Dither Fllingedl: iCrlirmms vkl Bl ol Fheead:
F

ts

- I Bt |
e, L, -ﬁ Hete. Ji, = T
Wi Er  ZniEl :*u -HI"PJ
Pes—a= — = L.} o
L, g i

POSSIBLE SHORT TYPE QUESTIONS WITH ANSWER

01, What do you mean by column? (W— 2020)
* A colmmm = a2 lons vertaeal slemder bar or terticsl memher, soheected to a0 smal corpeessss bhad
aad fimed r=adly 2t bhoth ands.

1. Define eccentric load.
* A load whoss lns of action does oot comnede with-the smspf 2 coluren cr s sind & noymaz an
apcamTy lesd
03, Define buckling lond.
» The mommmom bmutmes load 3t wheeh the goluwe temde 1o bave inters) displacement pr tonds 4o
brirkds in eglled buckhie or opplee Iﬂa.tl.'IkEht'k:TmE!zhEphﬁnbuntihnmh.—ml&ﬁE

momst of marti=

04. Define equivalent length of 3 column.
# The digtance betvean sdizcent points of mflecton = called sguislesst lensth or affcine langih o
simpls oohomm faneth

POSSIBLF LONG TYPE QUESTIONS

01 What is meant by ecceninic loading? Explan its effect on a thont colomm. (W—2019)
Hinte: Refer articl= §.]

02 Define buckling load State forvmla for buclding load m column with varous end

condition. (W — 2020)
Hiniz: Refer ariszls 6.4
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CHAPTER NO. - 07

TORESION
LEARNING OBJECTIVES:
T 4 Aczemiioet of ure rerIon

- < Ik soraion squatior: for coltd and kolles corular shaft
3 Comparizon betleacn solid and hoilow thafT rubiscied te purve forzion
Shafi:
. Ehﬂ;a‘emhy:}"unﬁrﬂlmzﬂmﬂﬁﬁhﬂh ThE::_i:Emiliaaf.mb.HﬂEL.ﬂE:r;Lﬂ_:mﬂ
copper 2lioT
* B =z suchwal member ueed fo tramsnut mechamesl poywer from ome place to cther Shaff =
mbiacted to tormon.
*  Shaftz may be sainectad to the folivams bads
L. Tomors) lead
2. Behdms foad
T Axis] bad
4. Combemation of show= threa bads
Torzion:
* A shoft or coonlar séctiom = s=0d fo be m pore torson whean ot = solmectad to sqal and oppome sond
eomss whose atss comnmde with the anis ofthe shafl

7.1 Assumprtion of pure torsion:
The tor=on eguaton = based on the Sllvarms ssgumpirop:
The rrafersl of the ahsfl & bomosenesu: medmome o pefetiv slante
The matsrial obevs Hoole'™s Iy md the sivess resmnuriy weithm et of proportonsiss
Tk i coceln mzection remams cioonlar 2fite Sadme
Ap.ibmg;a:tmafi'ﬁiﬂ‘mlhﬂimbeh; lealins remair plane sfter the sorques heve bee
The fwet zlone the lensth of thaft = unifrm throushoot
s The duiance betvwesn ans fue nommel oross saction Tenaine the meme sfter the appheaon of tamus,
o RMimimvme: cshegr stress mdoced methe chaft doe #0 zppication of toaghe doze not sxrsad s aiz=tic
firmd watue
7.2 The rersion equation for solid and hollow circular <hafi:
Torsion eguation for solid circolst shafi:
Lt T =Tl tywisims torgus
Di=Digmeter afthe chail
Jr=DPoly moment of mertia
t="Ehaz: str=m
& =2pdulu: of nzday
#=The mzle pftw=1 (rado=)
I =lencthoftheabnd

_\—\_L e
R | T —
o e :
| I \
= . -4 e
: il L
| -r":_-" l'"'.\-_r
A : .

H_-;EI-T-'



. ﬂmhlmﬂﬂhﬁﬁﬁdﬂmmﬂmhmwﬂdﬂ&ﬁﬂﬂlimﬂé
1= drwn-on the shafl o wnll be dutorted o CA onthe apphoahion of the torgue’) thn. croes secton
wifl be twistad fhroosh gl § 2nd sinface by smmia 8,

% Horg pheor riraim,

&2 44
== I
i _.."f_l',"
T
=3
A K
B S -
_ RE- 1
= =l
[ e o 1
R B#ing voaiur of the thafr
r_G8 '
Eé'_ I o] |u{_l}

* Thetprmns force onthe slementary s

= Fy-2uEEx
¢  Turmns mopsant o= fo:thes s nres
eF =+, . 260,60K =

-
J.-.ﬂ':J . L

= :i:']'_._tL e s dr =23w J‘r-"ﬁr
—— G4 jr" _ ] el
- = A I.?__ I'[.I.E'
=T =t r.“—ﬂj=r.i..ﬂ'3'
s 16
v(Zrrengch of rohd zhaft)
T TRY =
ar, T=E.?=E-.TF -
[- le=—s == R'I
=T
T
E_'E“r __i:L'..]

Fage | TE



*  From squetion (1) e (i, we kavs

T =« &8
= R 1
o Thie is called torvion quatinn
v  Note: Fromthe relztam,
T  §
- R
= e iF
= = .{H
Foaziven <haf Ir ond B ore comstants and [0 s this 2 consiapt and & eonn s pole modube of

e ehaft sarbhan.
Thur. T=vxIyp

Torsion equation for hollow circular shaft:
Toruon equatien sgualy Bodda goed for hellow posalar shells and can b= sstablnbed inthe ame

bt 5
¢  Comude s bollow eaculsr 3lu€ sobect=d o s toigee T

* Lz F=0Onter radms of the shaft

£ = Inmeay radun ofthe shaft
¢  Consider =n slomsntyry e of thackesss dy 3t 3 redine x =nd et the m—— ;
gheg stroes atthe radme ba 7. L - "

. x, _E_ﬂ- "'I i.::l'ré:: :-':-"'!'Jhlhl
Lesm= I >

® Thaturmms fbres on the slemeadtay ring H'k\ N .J"—'“
= rerzr e Ne ="

¢  Tormns moment dus to-this temme ves g ..-H-”F’.H F.

e~ - - AN

e Wl
»  Ta gat tolz! tormme moyseed mt=ranme both sad=a, we gt

| . R 'ﬂ*—")

ShEee T 3] T 7 [L )

g 'nm,,_ — (n*—d')
—'F.2 F u.l o )



- E ZE" - {3}
s  Fromequateon (1) 2nd (i), we o=
T _® &0
e
TI_EE
T |
¢ Wehan
_ Tl
- @l

* Smee G Jand i ar2 constant for 3 siven-shafl O the angle of twet = drectly presertional to the
EtmE et ﬂtmvﬁf'ﬁmmxmwmdammﬂh:ﬁn

* From ﬂu ahovz reistem, we bae=

Power tranzmitted by the shaft:
s Comiider 3 furs ] mﬂgmm&ﬂhxmﬂnfrdmﬂ_ﬂﬂe_hﬁdmhmm
momay (F < K stars rotatms 28 N rpom then

Work supnlipd 1o the shafe/=ac = Faved X dirtonre mesedfec
RN

= F x NSz

_Fe2nRN _2mNT
= =—gp Wit
i m (T =F X B)

Wh=e: I = Llaam sremgpe tomue

Exnegple — I+ 4 circulsr vhefe of $0 mn dinmeter is rianming st 150 cpm If the vhear srem v not
exeeed 36 MPa find the power which can be oamsmirted by che shaft

Sakion. G Dizmeter of the shafl () = & o, Speed of the shaft (V) = B rpm snd cmomum
shem sfress (2i= 30 WPz =502 mm’

* W= know that torque transmeted by the shafe

L)

= 3
b= 1;':-:1.'-:5

= w 50w &0

=212 % 105 N.mm =242 kN
*  znd oo which can be trapametied by the shaft,

P_JJ:‘.TT_E-:‘H].E-I}IE_E
Toen &0

=333 &W

ﬂtlE



Fxpeple - 3 4 hollow shoff of sxizrnel and puernel dizmeszry o 100 mm and 20 mm v ponesiming
pewer at 130 rpse Find the power the vhaft con tranemee, if the vhearing veress iy not o sxcieed 50 WPa.
Sohtion. Grren Extermal domester (T)= 100 mew Internl dismstsy (d) = 40 mom, Spoed of the shaft (W)=
120z pm and honshle shegr gtrens (8 =30 APz =5 Nipm®
*  TWeknoy that torgne tramsmtted by the shaft
ir ot —d%\
I'=s— ®Ex
1E k=,

e [.'u:u:rl—:lrrﬂd
e TR " 100 )

_ =956 % 10% Nomm = 3,56 LN
*  and porwe wineh can b trarsmitted by the shail,

2ENT I 120 x 956
F — = = 120 kW

Exomyple — 3: lmﬂwuﬂrﬂqﬁﬁlﬂﬂmﬂmumlﬂl‘wltlﬂ'r.paf_mﬂdu
[Erensy of vhear areys im g shaft
Solution. Groenr Diamster of the shaf (D)= 100 mem Pover transmitted [T = 120 kW a0 speed of tha
shaf Mj=1rpm.

* Wk that power trarsmitted by the shal (),

u:-:-ﬂE: aE X130 XT

&0 z0
120w 60

= e — T4 KN
“Imxae0, Lo

= 754 % 165 W e
* e zhe o thet foche trasmsmetied by the =hait (1),

i e S s e = 3
?IET-‘JD —1E--.‘ " Hﬂ:—iﬁ-] fxlu:[t

F=E Sk
= #:T =3% Nimmal =39 MPa
Exomple — £: 4 kollaw shafi v to oo 206 53 ar 80 rpm If the thear sorem 0 nof to sxoged 6 MPy
and jnznal demeeer v § § of e orernal Semeesr, find the dtameters of the shalt
Solnhon Gren Power (F) =200 kW Sp=ad of shaft (4} =80 £ pm , Moo shas stres (33 =060 MPa=
B0 N'mm md m2ema] damatar sithe chaft (d) =050 (whae D = the exfernz] fnmster m mm)

o T bnpw that tordme franaratted br the skaf

- , o—gd"\ . = . fB*={paD)™
= = W Gl ——
¥ IEKIH( D J 1&‘ ”( D ]

=103 3% N.mom = 303 X307 P &N m

o 1o ko bos thl poeertromemitted by the shmdt (F),
IaNT o x B0 x{103x 10°=D3%) e
00 = = = =BE3x 100
-lnn
] L [
=0 %}Hra__zﬂum" me

= =132 %30 =132 mm
Ard, Z=0E0 =05 %132 =79 2mm
Fage | &1



7.3 Comparison between solid and hollow shaft subjected 1o pure torsio
(A) Comparison by strength:

* hﬂumﬂmzmdthﬂhﬁumﬂrmk@h ::ﬂaul,mm atid kencs the
zame maximnm shesr sfyess,

0 We kst

B
= TIEKIE:_,'H

i [Eﬂ:ﬁ'}. [:du}" ]
S D |

) Seremgth of Rellow skafs T
~ Strength of solid Tmft ?_

% Iwg}‘ﬂ—uteg_ﬂ]

K- =
S TRl e
e =}
=3 ..t_m"’:" @
Iz (B
, B
1=t — =n
Su
= Dp =nads
v Sobetigtme Oo°= na . m agnatem (6, we g
; nid t—dt  dytlet —rﬂ r.‘_.,r im —11' i
e R AT,
b L meDy z

1?'.:.!1-
L]

As fhe waight mesternl snd leneth ofboth the shafle are came

Cross sectines] aves ofaohd thsf =Cros sectimal arss of hallow shaft

Ji_ - : = F T
E%‘hzi{ﬂul_dﬂ'} or Hj:‘.lﬂﬂ"_ﬂf

S

:B_—L!:[H— _IJ.".I 'DF _ﬂl-'—

o
—-

] s [ . | >
__F = :.ﬂEE.HI _'EH'_: j JH"E_!; _;.I}.I-.
= 05 =& in =1 /a7 —1
* Eﬁatth.:ﬁngﬂlsﬁhaﬁfﬁgmm{ﬁ,mgﬂ

T_q E‘E!'I:f.t-_ I:'

Tr ndelst=1Wrr—1

_ W )st=1) = #T%1

R{ne— Imi—1 nmva—t

ﬂa-ﬁ



» Since Dy > dyand 3;': w2 =tz obmous thet the vahie of ‘a' 1= srester than unay,
* Sopposs p=1

Then

e =1 F4i

ud = —ad
Tx myni—1 IvI—1

o This show that 'ths torgos tomarmited by the hollow sbsft n mreates than the' sold shaift theralny
provins thet the hollow shaft = sfronser then the =pl] chaft
(B) Comparison by weight:
o Tn thi casz it b a=smmad that both the shafhy bes s loneth and pebistal’ Mgw, i the tomgee
Zpphed to botiz shafs & same, than the mammmme shegr dtresz wull 2l=e be same m bpththe c3202
" }%ﬁu—'
Eﬁefghtafhnﬂm;r'sufr_ﬁ_ﬂ
Weight of solis =hgfr ~ W~ 3;

4{5'3 —dy) _nF gt

- - _ﬂLE -.---.--....':t_l
= x
Ds _
Lﬂl E; -
= Sz=ngx
*  Sohetmme Js = 0oy m agnatsn (1) e et
W T —-l'-‘;n d t“-""i'—'l] i
— SRS [ |
o of e (i)
* Tomuesppied mbcththe sz Emmege To =Ty
r [EBar* —{dz)*
= —Ls = _ . = =
115;1-:{1}5- _.:-Llﬁ:u:l
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* I chowsthat for same maternl bemsth snd smen toogne, weizht of bollow sha® will belees So:
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POSSIBLE SHORT TYPE QUESTION WITH ANSWERS:

01, Define torgon. (W —2020)
¢ Soekaft ar cooilarsechon & sasd fo be in pare rmied wtien 1 B zubecied o sgral and opposis end
eouples whose sx=s cameide with the som of the cha®

02. What is polar moment of inertia? (W — 2019)
. *hmmzi-&fmﬁ*f:p]m&mmhm!:mmsymirulnt&th&m:—frb;&ms
1z 2alled polar mcoment of inartis with respest to the point whars the axi= mbet-ects the phine

03, Define chafe. (W-2021)
Ane:lt & 3 styoctoral member wied to tramems medkanies] powe fiom ons plecs to other: Shaft = nbjected
1o Sorsaom.

04. What is the function of shafy. (W-2022)
Anz: Iz function i to manumsd power from 3 drvnies devece, surkt 3 mwior or e thecoch 3 mochiss

POSSIBLE LONG TYPE

0L A =olid crcularahaft of 80 mm diameter i1 reguired to-transmt power at 10 rpm [fthe
shear stress oot to-exceed 40 MPa, find the power tracsomtted by the shat. (W—2019)
Hiniz: Rafer Examyple — 51

02 Find the maximum ahear sivess indoced m & solid circolar dhaft of dinmeter 15 om when

the shaft transmits 150 EW power Itliﬂrp.m_ (W —2020)
Hinie: Refer Exampls — 03

{03 What are the sssnmptions of pure fafsis2(W-2002)
Hintz: Refer Article - T.1

T T 5
04 D-Eﬂrei;—i = TEI-:I’F]:EE‘_FI:IEB:EEII.

Where, I'=Maxqmum rvisting torgoe
& =TRadms of the shaft
J== Polar moment of inetis
[ =Shaaf sireoy
G=Nodulus of rigidity
#=The angle of twist {radimns)
i= Lengthof the shaft

Hintz: Befer Articls — 7.2

05.A cocular bar iz subjected an axisl pull of 120F0N. If the maximum infensdy of shear
stress ont any ohligne plane 12 oot to exceed SIMINAL, find the dumeter (W-2021)

6. A z=olid coculsr shaft of 100MA dizmeter 5 ransmuttine 120EW at 1530pm find the
mtensity of shear stress m the shaft (W-2022)

Fage | 54



