STRENGTH OF MATERIAL
CHAPTER 1.0

SIMPLE STRESS AND STRAIN

1.1 = Types of Load

Load (& an exlemal force, | ivdraulic forcs. sleam pressure, ensike orce, compressive larce
shearforce, spnng force ard diferant iypes of load. Again load may ba classified as liva load, daead
lnad.

Oeflnltlan

strargth of rmatenal is the study of the Bsbaviour of structural and madhine members urde
th= acton of externalloads. ta%ing into accouni the intemal forces creatad and resu ting deformaticn.

Types of load
'he simplest tvioe of load (F) s a direct pull or push, known techoically as ension or
COIMEressian, T 1

P . L. P

+—— F

II 2 memoer 15 in mobicn the Icad may B caused parlly By dynamic o ineria tarces. Far
instanca. the connesling Rad of a reciprocating engineg, load o a iy wheal

STRESS

Definition

The Force lransmilled aciiss Ay sechan. divided I::l}r IFe area al Bal sedion, 15 calked ir lE;ﬂEil:.'
of stress or stress.

X
P 1 *—E‘ — P
: r E (FiL | A
Jhere w
| =t
F - Load
S Areq

e & - Internal farces af cohasion
Direct stress (Tensile /| comMprassivel

otrasses which ara normal to the plane or which they act are called direct streszes and
aithariensile ar comprassive

LIkl - N7 mz
STRAIN
=tain 15 8 measure of the measure of the deformation produced in the member by the load.

It a red of length L 18 In tenslen and the elcngaticn produced 1S L, then the direct

Elongaton W

girains —mmmm £
I Srginal length =

Tensile strain wall ke positive compressive slrain will be negalive.
[1]



Hooke's Law Y
| hls states that straln 15 oropotional to the sfress praducing i
Aomalenal is sard (o b elasbcil all he delarmabans are progariionzs Lo the |oad .

Frinciple of superposition

It =tatas that the resuliant strain will b= the sum of the indwidual strains causad by each load
acting separately

Toung™s Moduies
W Lhee ks Tor which Hooke's law 15 abayed, the ralio of the direcl stress Lo he shrain

1]

produced 15 Called young 5 modules or the moadules of Elaslicily, 2. E= E=
3;

For a bar of uniform cross-sacbon A and lengih L this can be wnitan as E= :'; L Z:E "

Tangential Stress

If the applied lnad persists of two equal and opposite parallel forges nat inthe same lire, then

thera is a tendency far one part af the body 10 slide owver ar shear from the ather part across any
sachon L,
>

L e g Area of grose section
A G A L S S |5 parallel 10 load

"
!

She=arstress is tangential 1o the area overwhich it acts

F -

Every shear stress 1= accompanied by an equal complementary shaar afress.

=hedr Sirain

L '-._'. . ..'.
.—.ll .III .I' I:'
I. ..I III

_

The shear =lrann or shide 15 ip. 00 can B delned as Lhe Iil'“.-EEII“!-:ElE i e righl {:ngle. Il 15
maasured i radians.,

Modules of ngidity
For elastc materal shear strain i2 propoaniona (o the shear stress

[4atin AN AT NS = Wodules ofrgidity

aftear Hlrain

L

P

Ralio G= MNimnr



1.4 SIresses In COMPOosite Section |y 1

Ay lengike ar comprassig mamber which consisls af Do or more Bars ar iubes in paralka|
usually of different mailenals in called cormpound bars

Anghssis

A compound baris made up of a rod of area A, and modules B and a tube of equal length of
dred Ad and modules BEZ. IFa compressive load Fis appliad to the compound Bar fird bhow the bad
1= shared. Since the road and tuke are of the same Intial lergth and must remaln fegether then the
girain in each part musi be the same. Tha otz load carmed 13 P ard et if be shared W and Wi

E-| ZEE .L1=L?

L' W

5 F ALF.

compatibility equahon

Equilibnium cquation : ¥W. + W, = F

A E.

A E

1

Suhstruring. W, =

1

fram (b & ¢ivgivenw [ 1+ 2} _p oo
A E,
TR .7
VA E,+ &L E.,
oA E

ThenW, = ———34—2

A E &, E

Example

A compaosite bar s mede up of 53 braas rod of 25m diarmeater enclosed in a giesl lube, being

oo-axial of 20 extemal diameters and 30mm intemal diameter 35 shown Delcsy. They are securaly
iz al cach end. [T the shress m brass and sledl are nol 1o axceied FORMPa and 120 MPa respaeciieely
find the load () tha composte bar can safely carry

[ " 251 — [

A0 mm

Also find the change inlength. i the compasite bar iz 500mm long. Takes E for stee! Tube as
200 GFa and brass rod as B0 GFa respactiyely.

Data Glven
Let steal tube deroted as 1 and brass rod dencted as 2
d1{= 40mm E1=20{CPa
d11 = Flmm F2 = all GFa
d2 = 25mm
ar 1= 120 MPa W1 - Load camead by 1ube
T I= 70 NFa W2 - Load carred By rod.
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From compatibility equatian

'L-"-.f_l IIJ.JE

Ay AnEg

il ., ’, 1L I:IE o
=Z(dS —dS J=—(40°-30
Ag=gidy - 1=5 )

:-.-5;1 =5I}E|rr|mE

and A, =— 25 =48 imm*
4
Mo putting inequation - (1)
Loy 350%200
12 ag1x&0

E.EITJ"LI'E

.-'-"|,|=“IEI]-IEEE=F3E5-[I{'JE'|"-.I

W BA000
|
Ao 5y :
d 2R 2B

Fromegulibnumaguaticn

= P= W, + W,
= BOO00 - 2357 = 85,57 KW Ans)

Changeinlength
WL SE000 x [0
I.:|-.:.|: = i'f-l':E =L= %:G.Hmm
F"1 F1 S0 x 200 %10
Poissons Ratio

The ratio beheeen lateral strain (o the liner strain s & constant whizh 13 knoswn 85 poisson's

- 'L"'-.f,l =

'l.l"l.':.l =4

2357 H

ratin
The symbal is 'L’

Bulk Modules

wWhen a body is subjecied 10 three mulually perpendicular slresses al equal inlensily (he
ratico of direct stress to the comesponding woiurmetric strain 5 known as bulk modules.

Fig K = F
av' gy

P - hydrostalic pressure
(1 negative sign taking accownt of the reduction in volune.

[4]
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e
| ;

n n K and E ||
| he above figure represents 3 unit cube af material under the acticn of 3 ura?cjrm pressure B
L is clear thal the principie slresses are -P -Pand -P and Lhe lirear slrair in each direclion is

-F/lE+ HF/E + LFE = ,."-,P (1-2 1)

But we knosy
valumetne sirain = sum of linear strain

-P
By dafination bk = ———
' o v
or K = — F
-
c | i1 ]
oK = — B
341 - 2u)

or E = 3K (1-211)
Halation between E and 5

1y T
e™S¢ :
2 iy
0
i f{-;E- I .
' E

It is necessany first of all to estahblizh the reletion behween & pure shear and purs normal
streas systam at & point in an elasic material

Irr e albowe [guee Lhe applied slresses ane g lensie ocnab and o oompressive on B ! he
stress components on a plane AC at 45" to AB are T o and o Then the forces acting ae as
zhowen faking the area an AL as units

Re=ohwving along and at right anale to A0

== mindE+——Cosd5 =
W o

TII

ando —I':r-ﬂnsﬂr!i =Sin45 1
i W

S0 g pure shear an planes at 45° to AB and BC.

[~}



This gueg showes a square elemeni ABCD, sides of unsbramed @nglh 2 umils under the
achon of equal normal strassas, 7 tension & compression. than it has baen shown that the elemsns

LFizH 15 I pure shear of egual magniiuce o

15 rF

Liner straln in directlan | = = -

Ei-J'_l.'I.:=%{'|—l|:l

ILIT

Liner stramin dire clign Hi Ty .

|-

-
Hano= the stramed langths of EQ and HOare |+ & and |- & respactively.

. €3
The shear strain

£
an ane elerment EFGH and the angle EHGwll Increase by G : |z @Ngd angle EHC =

=N

™
<

Lonsidenng the inangle tan EHO B

|-
=5
tan{—+ 2= ——
g4 ¥ | B

! I
_ lan— 4+ lan—
* _tan 4 -

1-¢ I Il
1 tan  .Lan
4 v,

11 N
gy e
R

then rearranging £= 2607+ |

RIS ¥

by removing L, E -
) gk a3 K

[£2]



1.3 Temperature stress : B
Ceterminatian of tempearature stress In composite bar (single core).
Temperature stresses in Composite Bar

If 3 compound bar made up of several materials 15 subjecied o &8 change in tEmperatura

there wil e tendency for the components pans o expana different amounts due to the unegual oo
afficlent of thenmal expansian. IF the parts are constrained o remain tagetner then the actual change
i fenglh muost Be e same o cach, This chango i e resullarl of Lhe effedds due Lo e peraluns
and siresses condition.

fd er |2 {F, = Stress 1N brass

£ = alrain in Brass
e, = Loefhoent of liner expacsion for brass
A, =Cross sectonal area of brass bar

and (T el o, 2, = Cormesponding valuas for steal

o Bh
£ = Actial strasn af the com posite bar per unit length
Ag compressive 10ad on the brass in equal 1o the tensie load on the steel therefore

(T P =T, A

girain inbrass £ = o 1- ¢

L= - g At

R N i-.‘[_|+ (1., .".'|': = Af iy, -'r:_:l_I

Thermal stregses In gimple bar
| etl = anginal lergth of the body

A1 = Increase in iBmperane

(L = Coothcent of iner exparision.
e kndvw that the Increase N lendih due 1o increase ot lemperalune
L Lee Al

_E o Lir At
| |
otressas  LE

=it

E

Example -1
Ay aluamunicm alloy Bar fiked alils bodhends s heated ihrough 208 Tind he slress deseloped

in iha bar. Take modules of elastaly and coefficiart of inear expansion for the bar mataral as 80
A and 24 X 10-%K respesiivebly

Data Glven
At o= 20K
E = 80GPa = 50 X 10® N/mm?®
L = 24 5 105K



T Jaly’

| hen the thermal stress

ri—a AIE-24 x1]0 "w20x80=* 0"
=384 N/omm’ =33 4mPa
Example - 2

A flat sieal bar Z00mm £ 20mm & 8mm i3 placed behween e aluminium bars 200mm X

20mm X 6mm. S0 8% ta form a composite bar All the three bars are fastenad 1ogether at ream
lemperaturg. Find e shressaes mn cach barwhers the lempaerabone of e saiols asscanbly in rarsco

trun h 500, Assumne F_s200GPa, F_=a0GPa, =1200 "G, =210t
Data given

AlUrmirium =l

Steel AT

& Urmirsum BITHN

Al = 50, Ls = 2000GFa = 200 % 107 Mimm*
Legm P0G PA = &0 % 107 Nimm?

&0

= : 2 -E5 (]
nE—“IEI“IIZI 1) na—Eq:-:“IIII P

Solution

Ac = 2w & =1E0 mm?
Aa=2x20x 8 =240 mm*

S5 24
0, m.‘-ﬁﬁﬁ. “IEIZIHG;I' 1.5cA

R R L

:-.:5 :
75 200 w10~

U a -
EEI= —=—3
B Elx10
fig +Eg=1lintg —rig |

R v - R . - [l
200x10%  20x107

=Rai24x10 P-1zx10 B
1'5':I'E r:-ﬂ

ar,
E{II:I:-f“IIEI:3 EEII“I'ZIH

=A0x12x10 2
-7 g=30N /mm® = JWMPa

o =16a _=1.5%30=45 NS mimS =45MPa

[=]



i r- |
1;
L A -

B % -
1.4. Straln engrgy rezlllence stress due 1o gradually applled load, sudder_{'!'y applied load
and compact koad, R

Straln Energy
The zirain energy (U] of the bar 1% defined as the work done by the load in sirain it

Fara gradualy apphed oad or statc ioad the work done is representad by the shaded area m
above figure.

U==F. X

-D |

r iy

1

ry

1
Ll =
2

1 101
-—GtAL - —%al
3E - 3E -

Besllignce
The strain energy per uni voluemre usualy called as resliiencs in s ple EEnsicn or compression

=
o

Iz E'_E-

Froof resilience

It i5 the valua at the elastic imit ar at tha proof siress for non-fermous matanals.

Strain enengy 12 ahvays a positive quanthy and being work umits vl he expressed s Mm (i
|ouhes)

Exampla 1

Sdloutate the stram enorgy of the Bolt a5 shown Balow undar a tensile lead of 10 BN, Shing
that the stirain enargy 1= Increased for the same max stress by tuming doeen the same af thea balt 1o
the root diameter of the furned, E=20500 N/mm*

Lak:a Givarn . LT

- I P N N H EE BBE e | | . = . = I e —. ﬁﬁﬁﬁﬁﬁ I..I-I.I. .. .I... -
1 nn sl
[ ! | - . | | & ] I | | aE Em B mE ...I..I l..l...-...l...l..l I..-...-...-..-.

F= 10 KM. E= 205,000 M/mm*®

Salutlon
ILis a normal praclice e assume Ihal the load is distribuled avenls over the core.

1
."L:—E1I3 =217 mm?®

B Acdid

atress in sorewed portion = -—~—= — &AM
| Poi00nD L, ..
Stress in shank = 3—=1 -= 3 BN mm°
: :_i'-:EEI:'

rcil



i

e
AN

| (46 X2 10%25 1 31 B x314x50) - BYN ! mm’

| abal strain L nergy =

2w 205000
If turnaedto {6 .Gmm
S.E—%HEHEH&?&]—E-#I"-I."rllrrl
% ANa 00
Imipact |
| C ) Mreadh
Ie5
I

aupposing 2 weight W falls through a3 haight 'R on 1o 'a’ collar attached 1o one end of &
Lunitonm bar, the other end being fined  Then an exdensionwall b caused which is greater 1han thar
dueto ane applicatiaon of the same load gradualy applied

et XI5 the maximum extensian, 3t Lp and the sormesponding strain s
Let P e the equivalent static load which would produced the same extension X.

| nen the strain energy at this instant = Ei= é[:.._ NTPY.

At El=—— (2 - )

41 f

Mg lecting loss of grergy al compact loss of PE of wa2ight = Gaire of 2lrain energy.

Wik | ::!]—:1F":-!
s

FL - 1_.-
o W _E"_EZ-LME
Rearrans raardmeltipyirggthrough SEL
B 2 PO WRAE S -0
soiv rganddiscant ng thenegaties rood
2 W4 W PG AE L
VO[T 10 2RAE WL

Frameshich X —%. H—E A DETauUns:

i,
e e hi=1 F =250

L the slress produced by a suddenly applied load is tavice e static stress. Ex- Relering
ligure-1. lel a mass of 100K falks 4em on Lo a collar attachad to a bar of 2 cm dia, 3mim long Tnd

max sligss, E= 206 000N mm*
P oo

P F e e m e g e
- ey 1414 Zhn ey Wl
F .-'-11 " |
_ g1 [‘1 I_l_ E:-:-'-'Il.'!J-:'l.'1l.'Il.'I.l!EI'.IEI'.I-.".II'.II
100 ".I SR a3 10D
1348 mm’

[1L]
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CHAPTER 2.0. BRY
T

THIN CYLINDER AND SPHERICAL SHELL

LNDER INTEENAL PRESSURE

2.1. Definkion of hoop stress
By symimetny the three principal stresses in the shell will be thes
[ crcumiferential or hoop shiess
L) langiludinal shicss
(] radial siress.
hin cyllngder

If the ratio of thickness 10 intemal diamer 13 less than about 17200, then the hoop stress and
orgliudiral stress are constant aver the thickness and the radial siress s small and can be
negkeched

2.2 Hoop strass or circumiferential stress derivation

Lel  d-inlemal dizmedfer

| - length of oyl indar

i - thicknass

P - pressure

canzicder the equilibrium of a half cylinder of lengih |

seclcn troudh a diameleral plane, « 1 acls an an area 2IL ard e resultant vertical pressura
force 15 found from the projecled area hornzordal d = L
Equating forces

mExsHtL=Frdxl

_ o -FB
Eie T

NCop Shess n a lensie slress 20ls arcumierenbally on Lhe Sylinder,

L ongifudinal stress 7, Dervation

o o
__.-"._ -. __.-::'-' kY
|I. |I.'. .I..
i 0 1 !
| R L 1
—_— 1
i ' i
- I|'—l "
Ly +»
— .-'J Wt - :
" _ "

Consder e equilibnam of a scclion cul By a Panswerse plane, 0 aclts onan amea T gt
X

; ' equating the foroas.

|d should be the main diameaetar} and pacts cn a projecled area of

[11]



Equating the foroes -y
o, xdl- Px—d
4

wWhatever the actual shape of the end

Fd
41

Irt case of long cylinder or tubas s stress may ba negleclted.

e g, =

Thin sphercal shell under Intermal pressure derlvation

Aagain tha radia! strass will be neglectad and the circurmferertal or hoop stress vall be neglecied
and by symirmetry the twa principal siresses are equal, in fact the stress in any tangential direciion

1% eqiual o o
- ‘t
.-"....-- -':-T':"

| I:T
P

A
RS

d - infernal diarmeter

"
Yt

From above gure il s seen haf

IL-P Zgf
ICRLIN | z

I d
N, =
A

[Tyt raln

(i — (T 7

Hoop Strain

1

G

g
(m )

I:IH':.=-EI:'E—|.|]-

4l.E

Longitudinal Strain

[12]



N T
e

Volumetric Strain on capacity ' : {
i ¥

The capacily ol a li]l'|ir':mr%'7:" 1 Lhe dimeension is increased by Bdand & hevolumelric siran

(d + &d1{L + 8L} -d'L
o
[d°L + AL + 2Ad.dL + 2ad.dil - fd L + Ad“dLd L]
d°L
={cd"Gl + 25 dl ) o’
2edid i aLAL

=2 xdamateralstran +longitudinal stram
2 xhoopsirain  longitudinalstrain

change Inwalume = (2 £+ 5, valume
Far spherica shell, volume strain = 3 X Do strln

L-hange in diameter = .0

L.nange in length L

EXamMpig =1

A gas cylinder of iIntemal diameter 40mm s Smm thick, i the iensile stress in the matenal is
not to exceed 2 MPa, find the maximum pressurg which can be a'lowesed in 1ha cylinder.

Craibz gicn
[ = 40rmiemy, L= &

T 1= A0MPa = 30 Mimm?2
Saolution

Hd

W KT oA, 1.
"

F x4l
2 uh

=P =7.MPa

or, Sll=

Example = 2

A cylindrical thin drum &0mm diameter and 4m long is made 10mm thick plates. 1T the drum

1z sub|ected 10an Intemal pressure of Z2.5MPa determine Its changes s diameter and l=ngth. L =
2l aFa.

[Cata gheen

& = B0 mim

L = dm

T = 10mm

[ =2.5 NimmZ

F o 200 w10 K e
[12]



I :l" .
lenti o L
tr.'—_='ﬂ-'
P |
LT
IPTTLCLE
5200
o S RONE oy ek
gl wdOl w1
g xn. 25AB00T oo
4% 200 x7 0"

=0.2omm {&ns}

Change In length

Pd 1
JHE 2
L —E.L
L,
E 3
CZ2axE00xdx10
4x10x200x10% 2

0 SMmdiAns|

E L1 ]

0.25)

Example — 3

A cylindrical wessal 2mlong and SO0 dia wath T0rmen Euck plates in subjeded 1o an mtémal
pressure af dhFa. calculaie the change in valume af tha vessel

E= 2000, u =0.3

Lata gjlven
L =2x 107 mm
d = Hild mm
| = 13mm
F=aMFa

E =200 x 10" M

 Pd A
T
s 1x 500 ?:l—l:l.:a}
2T xZ00x10° 2
-0.D7Sx10 -

We=ldl =—x500° x2x10°
4 4

=302 2x10°mm?®

L-hange in volume
= .I'-'I. ':.E F..- .|' E E:I
= 302 7 (2x 30107+ OFEx10%

=185 x 10 %mm *
[14]



CHAPATER. 3.0 % B
TWO DIMENSION STRESS SYSTEMS

3.1 Determination of normal stress, shear stress and resultant stress on obligue planea,

In many instances, howewer, both direct and shear stresses ae brought icto play, and the
resuliants shigss across any section wall be neither rormal nor tangential to iha plane,

It <. |5 the resultards stress making an angle ¥ wath the rormnal to the plane on wehich of acts.

'--...I:_I..I
ok T T. -'"'....I'|'I -
i A
P
v . L I
g 3.1 3
¥ Fig 3 2
i [Eni
I
L SR R
Stress on obllgue plane
g ! 1
. |0 e
I W r, ‘j:f’ff R ,ff

-
E A, —liE-
F ARk

Fig 3.4 Fig 2.5
Fig 2.3

The problem s 10 find the stress aching on any plane &40 at an angie o to AB. This stress wall

not be normal to the plane, and mey ba resolved into two componentsm, and T,

&5 per Figure 2.4 show the stresses acting on the three plangs of the tnangular prism ABL,

There can ke no strass on the plana BC, which is a longitudinal planea of tha bar, the stress 1, must
E= wup the plane for egquilibrium.

Flgure 3.5 shoves the forces acting or the prism, 1akng a thickness t perpendicularthe ficure.,

| he equatichs of equilibrium resolve Inthe direction af .

cu.ﬂﬂ.t—ﬁ.ﬁ.ﬂ.lﬂcﬁﬂ
I E

=1, =H{E}L."EE-I.I

=g Cos* [

[1=]



Resolve in the direction =5

(AL =G AR EEine

“By i

Sl

=Ty - cana’ NElAn
1

T =5 5 SNt

=1 —-'rl:

—H I, —-_I'I:ﬁ +1:=,j

-+ Cos'u+Cos’L Sindl

C o, = L0

s secn ihat rmasnmum shodn siress 15 cqual o one-hall the appdoed stress and acts on
planas al 459 (ol

Pure Shear

&3 the figures wall ahsrays be nght-angled mangles there vall be no loss of generalihy by
azsuming the hypotenuse to be of unit length. Sy making use of these specfication i wall be found
that the area on which the stresses act are proportianal 1o 1 (for ALY, Sna (for B4y and Sina (rar
AB1 ard future figuras wall shoaw the forces actirg on such an clemant

% i
..I.'-. IH .-".. | I:
|_I| --'--___ .."_ f.-..
el it  Gine
.-|'..IEI
_.l_'||_ .:".-;..I|..-. E
L5

Lat tue r act on a plare AS and there 15 an agual complemantary shear siress on plans BC.
The aim is 1o find =l & diacting on AC at angle & toAB.

Rosalying ir the direction of -,

1 (TS RSNG| (TEINE) Cngd
~Sin 2

Resalving ir the direclion of +,
-:Ex1=[-:5inl'l]5inl'l— o500, Castl

= —zleos20 {0 4h downtoplane

g
G,= 07, + 7, =tal28loT,

'H s
- JY

Pure Normal slress8s on give planes wﬁﬁ______.,.e e

. o *
i & e
.-"___-'
I.'I.-'
Nl
=" : g

A H

e

Lal Lhe known sliesses Beo,on BO ands.on AB, Then ke lorges on ke elemenl are
proporficnal to thoss shown.

[1E]



[Zezalving ir the direction of 7.
g -d. Caz'd o, Sin'D

Fesolving Ir the direction of <,

1, -, CasBBinn o, Sinodas

1
..1:.=EI-'J'-.—-'J',]EII'IEIJ

Ganaral twd dimensional Stross Sysbarm

iy y C
.‘:..'-. I.I.-I -
N A — ,_ nE
i s T Taird
Yy
i} =
‘ Ak
i

Fesalving ir the diraction of 7.

Ty Ty LOSEA05H | 5, GINAGEINE | 1 COSHEINE | T hinBonsH

Tty p JRE-
ITI.'.I:.I_I-l:._.II:E I.I_] I._r:.:['.l—'_.?l}E U_:'

—%.;ﬁ.l. :3,1-%9:... @y TG E - 1 5in

— 1 5in'A

Fesolving i the direction of ©,

c,=m Lashisini-e  SinDCos
- o bonsh-5inbSing

r ;[r_r_l. T [ P LI T v

(=

Example — 1

If the stress on two perpendicular planes through & paoint are GO Nmm2 tension, £0 Mmm:?
compressian ard 30 Nimmd shear find the stress companenis and resuliant stress an a plane at

B ta that of the tenslle slrasaes

T il :

- P
;
':'E""‘m-\_}li": —l—— 405 S0’
W1 EinE

#

Ao
J:lzam:u:m"

WCasE0"

[17]



Resolving

oy, = S0 Coss0 ), Cosbl” - A08ING0" SNEC" - 30C0e60" SnED° +30 SInG0" Cosbl’

¥ o J3 1 9 250
— A A K — ] = e W] — 2 —
2 2 2 2 2 £ 2 £

18 3 T.ES% TS
—o- = T1K{imm®

and
T, — B0 Coakl - Hingl" - 40500 " DasBhT o 300as)" Cassh’ - 30 8inE0" Sind*
S E 10 WE 7.5 225
=58 3 MSmm’
N )

- =112 - 68 F2) 58 AN mm’
al arngle Lo dfee

e=tar | 223 _ggt 15"
i i,:".l (20" to the &0 Mimm?)
A
Principal Planas

Froer: Sguation

T, ;im =, 5IN2 sz

There are vaues of O forwhich %Sis 2 and the plane an whidh e shear coorpoenenl is
zerd arg called pnncipal planas.

From eguaticn above.

A1

lanz, =
I:'T o EF :-:}

pwhen - =0

| his gives twio values of 20 differing by 180" ard hence bwo values ol ddiffenng by 907 e the
principle planes are hva planes st dght angles

- (m. o]
o LT R L

[12]



Principal Siressas

The stresaes aon tha pnrcipal planes will be pure forral fension or compressicn) and thair
values are ca led 1tha pnrcipal stresses.

WS B0,
T, —%{-.T-._ +rr. ) -'-% [, — e 1 Cos+ - Sina)
Frincipalsirasses =
1 .
1 E{"T v O :E.] ’

Kol ool ——
BN P

TLET
——————
- I:F_,.:Ii'l'd-'.':

.

1 . .
(o, @.17147]

1
= —I:I'_I' .|,+I'_I':.::|_ E— E
C T R e R

1 I r———
=E.:{I.-:T.I.+-:T:_::IJ.E-.I|I:_I.'5-_.-—|T:_:_:I +47

sharter method for principal strassas

I..-...
= _-' = z
L SRR TH
e
_f'... .
cSind

-
A -
_l_" risisH =

Ty
z, Ll
Let AG be a principal plane and < he principal stress acting on its, 7 and -t are the known
SLress arn |:I:-HI"I"'..-"5 2L and A8 as belore.

Feaglve in the diresfion of .

e ind —a., SNl tooa

oo -, =tlosl. 1)

[Kesalve in the dirgstion of .

olLsd=n, LCEl+13IN0

nraoa, —akand L d)

Mulliply corrasponding sides of equations (1) and 2] 1.2,
[z-o,)(c-a.1=7

El!'-:_ll [-:I_: s G b st =0

J :

o [
a +b -0 =

[T G [
i

E

ey e
L S ".'I':"-'- HeE ) 4., | 4
2
1 y [ e oo

I:I!-:T-E[I.T__: '_':-:'IE"-'I':ﬁz- ) 41

The valugs of O for the princpal planes are of coursa found by substituticn of the prncipal
stresses values in equation {11 & [2).

[T

[1=]



Maximum shaar stress ! L B

e ot

Lzl AB and BC B e principal plancs and @ - and 7 2 he principal shicsses.

Then resalye
= Cosis Sy =, Sinb, Cosd

=1§{-::-5. 5. 15in20

Henra the maximum shear siress occurd when 2 0= 90° i.e. on planes at 45" o the principal
planes and s magnituca is

1.
Treae — . I-r'FE ¥ .:I

.= 1 ' L i
_E\"Hr:’ -7, 1" +417]
In waedds - The maxmum shear siress s one-half the algebrals differencs betwsen the pnncpal
3resses

Exampls - 2

Al a sectian in abeam the lensile slress dug to barding is 50 N'mm*® and thera is a shaal
strese of 20 Nimm®. Datermine from firsl principles tha magnitude and direction of the principal
siressas and caculate the maximum shear stress

Salution v g b

| SRR TR R W L

l T o e ]
E

NI B G osH
Hesowa inthe diraction AR :
nainu=5405INu-20Cos(l
qoS0-20cath ... 0
Fasowa in the diresdion BL

nLasi =203 ... .. 42)
n =201anfi
Multiphying comesponding sices of eqguations (1 and (i)
55— A0 — 20
n =50n—-400=0
S0 0,25 1)
2
=biur—-7

i}

50+ A4
2

[£L]



=

| & ihe principal stresses are 57 Namme? tension, 7 MImm? compressian, th%ﬁl:ﬁﬂ@ug TEr,

g oy - [}
20 20 20
Giving 0=70° and 180", baing ihe directions of hae prncipal planas.

lard -

Max shear stress =

= —[3;— 5]
=
1

e il
> |

=32MN/mm°

and e planas of maximum shear ara ai 45" to ba principle planes i, 0=25% and 115", {&ns)

Maximum shear stress using Mohr's Circle

The shress circle will e dovelopaed Lo Iird the slress components on any plane AC wihich

makes an angle § with AE. i =T A TR
-'... --Ell.'-
- i
F L __-".. ",
....-l -..-... ._I-' .'_III
.---'I!.... I|
N' e # i
IL._.- I — .."l::l I.I.I h'.l':
' "..' .I i
I |'5I . ||I. .:_I.F.._.". ...I
I ...'- e -'
e L
o, .-"'....
Construction

Mark off PL = ™ 1and PM = 7 2{posilive diractior: to the Aght). i is shown hera for T2 4 0y,
st 1his 15 not @ neceszary condmion. On LA a3 d ameter desoribes a circle center L.

| hen the radius DL represents the plane of 1 (85 and OM represents the plane of 7 20680
plare AL 15 abtained by rmiating AS through g anticlocksese, ang if OM on the 3iress cingle 15
related through 2 & in thee same directon. the radius O in abtaimed whilchwill be shown to represent
the plane AC.

H could equally will b= obtalined by rotating OL clockwise through 180" 2 4, comesponding
to rofating BC © ockwise through 90% .

[£1]



Diravey BN 0 1o P
Than FN = PO+ O3

%[:‘._I | -0 %[rr, i | B
- Casd2n 1 Do)
=, ————+n, —
2 Z

=cr, Fin*U= r,Cos* 0= o, thanormalstrese companent an A%

.
and R E[e.-i o, 1 5inZa

o INESNEAr Sress Sompanent o Al
Al e resultan 15iness

~ ¥, _._II'.I:-'_:::'!II ; —.Eu:l — PR

And g irglinatan ta the nommal of the plane is grean g - KM
%, 15 found to be a lensile strese and 7,15 Cconsideraed positive if K15 abova P

The siréesses o the R | o al r'rghl Ly bess [or AL are abl2aned Igm e radius E'HJ. al
180" to OR

ie.a PN, -RN

and T, —'I:-H butl of opposite bype. ending o give an anticlockwise rotation.

| e miaximum shear stress occurs when EM=0R , Le. o=45" and is egual in magnilede o

1,
CaF =£I_rr,—n“.Th|=: maximum value of O 15 abtained when PE = a tangent o the stress circle

i Ll'ul'i":l parlicular Cases which have prestausly Been treated anahica by will e dealtwith By 1his
Tl o0.

1. PUre compression
|F o 15 tha comprassive stresa the other pnnoipal 3iress 13 zern.

L s [
l:"il.."- o I:: - ks
i 'IJ__.- - -
# ; . :
..__.-' |_-F . ....':I_- i
. L1 2 Fop
-
o . 4
A --""'-{'IJ B . -
g ____.-"

FlL = g numerically, mezaured o the left for comprassion, Fd = [

Hencea, QR —;--5
n,=FN Compressive
t, = M, Fogitive

Meximumshesrstress - OF - 1--1 accuringwhenil=45-

“ [22]



2. Principal stresses equal tension and comMpression

- S
Tk ~~
'I'I_Ih-._._ X et .___"' AT
-.... _ I:_lF
At F B ;
PM = o to iha right = B

FL= s1tothe |lehR
Here O colncldes vath P

ez, = PN tens ke for

Ihetwaan—45" compressiefor
Hbetwesn 45" and 135"
w. — BN when g - 45"
=, EEAchmaximum=rm. on planes when the normal siress i3 zero (Pure shear)
Example -3

A piece of matenals is subjested to twn compressive sfresses al nght angles, their values
beirg 440 MNimmd ano G0 kimmed. Find the posiion of the planse across which the resultant stress in
most inclined o the nommal and determing the value of this resultant stress.

Solution

& = BOMmmSComprzssges)
i, - A0 i (Camiprassurg)

In the figura. the angla s inclined 1o the plans of the 40 tons Kemd comprassion.

—_—._ P
I P
e = - _.l'.. ..."_...
—a  An T
i ) II'..II'
B = R . r -

In abowve igure L =0 PN=40 The maximum angle iz obtained when PR 13 & tangeni to
the stress cincle.

QR = 40, PO = 50

Thenp=Sin" —=11" 30
5

—

o =PR=— JG0¢ - 10°) =— 49N /mm*
20 90 1
I

whichgives the plana required

[£2]



Example -4

At a point i a pieca of elastic matena® there are three muiually parpendicular plangs on
which the stresses are 83 fodows @ fensile slress G0 MNimm2, shear siress 40 MN/mm2 an plane,
compressive stress 45 Nimme and complermentary shaar stress 40 Nimmi on 1he secordd plane,

na stress on the third plane. Fingd (a) the pring pal stresses and the positicns of the plane an which
they act (ki the position of the planes an which thers s no nomMmal stress

Salution
Mark off PN = 50, MR = 40

P = 35, N B'= 40

Juin RR, Gulling MW al 0. Draw circle centre O, radivs OF.

1 .
Than (i = 5 il §

=420

OR=+42.5 + 40° =584
FO-PH OM- 75
(21 The Prindipa’ slresses ans
FM = PO+ 0Ok = E.5 Nitnien” {lensile)
FL = QL - OPF = 50.%2 Mimm® {comprassura)

4] 1 i
ar. 24 = tan-1 4.4 A
42 5

— =21 40"

o I there 18 nd normal stress, en 1or thal giars N and P 20indsdes amd

20 = 180 - Cos! -2 i
R 0
Jip = 47" 24! 3/',;
=487 42 tathe Erincipa pane ..___..-""F +— 505
et L
-
o ar jﬁs.g
T TR
N
[24]



CHAPTER 4.0

SHEAR FORUCE & BENDING MOMENT

4.1 = Typas of beam and load
Heam

A atinuchural member which 12 acted upon by a aystem of extemal loads at right angles to s
axis s Known as heam,

Typis of Boam
1. Cantilever baam

2. Simphy supported beam
3. Ywerhanging beam
4. Riqdiby fixedor bult in beams
h.  Lonlimaus b2am
()
f i ! ‘
- L] o3
| (4
(3) 1'."-4' l Wy l'.-"-.u'
(5}
Typas of load
1. Concentrated or point load
2. Unifarmiy gistnbuted load
3. Uniforrmly varyng load
l ()

low ]

1T 1L} ﬂ
[ T

4.2, Concepts of share force and bonding moment
Shaar force

The shaearng feece al any sccton of beamepresonts the lendency for the portan of beam o
ona sica of the saction of slide ar shaar laterally re ative 1o the other porian.

The rasuliarit of the loads and reacticns to the left of As vertically upwards and the since tha
whle hecame 1510 eguilibrium. the resuliant of the forces to 1tha right of A5 must 380 b= F acting
down ward. F is called tha sheanrg fonge.

[£5]
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i:a' "':-_'_-._:"'"le
Definltion . N
i
| he shearing force at any section of a beam 15 the algebrale sum af the lateral component af
the farces an either side of the section.

ahEanng ores sell B considersd o v when e resullant of e forces Lo I kil s opeeands

or 1o Lhe nghit i dowsmrseand.
1|: l

A shear farce diagram is nonewhich shows the variation of sheanng forez along the length af
the beam

Concepts of Banding Moment

Irt & ernall manner i can be argued that if the momeant aboud the section A4 of the forces o the
left 1= M dockwiza then the mormernt of the forces 10 the right of A8 must be anticlackeaze. M s
called the hending momsni

W W

l.ﬂl" . l 3 . l - ___..

L A

1 <

Befinitlon

The algebraic sum of ihe moments abaut the section of all the forces acting on othar sice of
the section

Bending momeni will be censiderad poezilve wwhen he mome2nl an the 2it af seclian is
clockwisg and an tha nght portion anbclocksise. This s refamaed as sagging the baam becauss
concave upwards. hegative B s terred 28 hogging. A BME 15 one whi ch shows 1he vanaton of
bhending moment along the lengik of the beam

4.3 Shear force and bending moment diagram and |t2 sllent features.
.. Nusiration in cantlever Beam
I uslraticn i simply supporied Beam
i, lestrat on in overhang bearn

—amyireg pairid load and u.d. L

Concen load
Example -1
A canllewer of lenglh L caunes a concenbraled load Woal ils Irea end, driaw ke SF & B
diagram. L)
o

L @—

H |
e

W
o lw

SFD
2 BMO " -eo_ L



[Ty [aly L

I.r
Al a sectlon & datance x fram the free 2nd, consider the farces 1o the et

Then F = =W, and In constant along the wwhole beam far ail values of x Taking momeants
aboul e seclion given = -y

AA=0 M=0 A8l-x=L M= —V¥WL
Al end froor aguilibnum condibon the freang mosmsent 2 W0 and reaclions W,
Example — 2

A beam 10m laong 1= 2imply supported at ks enda ang carnes concentrated loads of 30 KN
an< 50 KM at distance of 3m fram each and. Drawe the SF & BM diagram

SLER al w N
3 11 ¢ 1! A

100

=

108
Solution

IFirst calculate B1 and B2 at support

FAx10=30 17 + 50 x 2

= K1 = 38K

gand F2 = 30450 — 36 = 44K M

Let = be the distance of the section from the lefl hand and.
chearing force

d = x < 3m. F= 36KM

de =7 F=36-30 =G KN

7o x< 10, F = 36-30-50= -4 KN.
Hending moment

d=X dNM=F1X=36x KN

a X T =R A =30 0030 = RE F90 KRNI

o< 0. 7, M= R1 X =30 (X-3] — 50 (X-7] = a4 X + 440 KM
Prnncipal values of W ara

gt X =3m. m= 108 KNM

atx = 7m, b =132 KR

gt x o= 10, M=)

[£7]



CHAPTER 4

BENDING MOMENT & SHEAR FORCE
Introduction

when amy structura s loadaed, siressas are induced in the vanous pans of tha stnucivre and
in arder to oslculate the stresses, where the structure 12 supparted &t & number of poinis. the

bending momants and sheanng farces acting must also be Zalculated
Dafinitions

Beam - Egam is sbructural meambaer wiich s acled upon by a sysiem of exlemal loads al
right angles to the axs.

Bending - Bending implies deformaton of a bar produces by inads pempendicuiario ks axis
a5 well &8 foree couples &oting in A plane passing through the axis of the bar

FPlanc hending - IFthe plare of loading passes through ore of the principal centroldal axes af
[F1e cross seclon af the boam. the Bendirsg & said Lo be plane.

Faint load - A gl load or Concenbraled oad s one wlhich s consicerad Lo acl al a pomnl

Dristributed load - A disinbuied load 15 ong which i distributed or spread in soma manner
owver the lengih of the bearn. If the spread s undorrm. it 15 said to be unifarrnly destnbuted load. 1Tthe
gpread 15 nat al unifarmm rate, 18 28id to he non-uniformly distributad load

L LASSIFICATION DOF BEAMS

1. Gantilever = Acantilever 15 a bearm whosa one end 1= ixed arnd the other and fres. Fig. 4.7
shows a cantileverwith 8 ngidity fixad into it3 suppaort ard the other 2nd B free. The lerngth bahween

Aol B s knoven as the lengih of cantilever
E
Carlilevar
Fig 4.1

2. aimply supported beam - A simply supportad bearn 15 one whose ands fresly rest on
walla or enlumns or knife edges.

s ¥ B B )

simply supporied beam
Flg. 4.2

3. Owvar hanging beam - An overhanging b=am is one in which the supports are not stualed
at the ends 1.2 one or hoth e ends project bevond the suppors. In Fig. 4.3 C & D are hwo suppars
and both the ends A and E of the heam are overhanging bayond the supparts O & [ respectively

Wi ) L
1

l..".' =

- il
ELEEOMEd e

hang vl hang
Flg. 4.3
4. Fixed beam — A fixad beam 15 one whosa both ands ara riqidly fixed or built i into its

gupparting wa'ls or columns,
i
| """"1‘ Wi, ‘ ‘
Fled D2an

Fig. 4.4
[£8]




cupports al Lhe exlrame el and nghl ang called e end supports ard all e Ii:Lrlllr:. :
e cxtrerma, ar called intermadiale supports.

! VT 1T i

Contingcus beam
Fig. 4.5

SHEAR FORCE

In general iTwe have 1o calculate the shaar force at 2 section the follovang procedure may be
Aadcpted.
1 Lonsider the lefi or the right part of tha sestion.

(1] Add the forces normal 1o the member on ang of tha parts.

IFLhe rghl par! ol he seclion & dhosen, a fords on e nght parcl aclng dowarns@rd s 1S posile
whils a foros oo the night part acting upweards 12 negative. For instance, i the sheoar force at a
sochion x of a bearm & reguired and il ke nghl parl x 2 BS considend the forass P & [ans posibigg
while the farce K s negative. 3 F atX=P- 0 H

P i Wi i W v,

=
T s an
1<

Fig.4.6

If the left part of the section ke chosan, atorce or the keft pant acting upsvards is positive and
a forge an the lelt part cowrmwands (5 negative, For instance, If the shaar force at X of a beam (s

required and f A Ais the left pan. the foree O 13 positive while the forces W, & are negative

o Pal K= W, G

BENDING MOMENT
Tofind the berding maomert &t 8 section of 2 beam the following procadure rmay be adopted
[l Consider e left ar right part of the saction.
[l Remoyo all restraints and all forces on the parl salecied

L) Mo nbrociuce each Morce o reacting element cne al & time and ind it ellacl at the
caclion (.. Tmd whelher the mament produces a hogging of sagging ellecl al the sechon). Treal
sagging maments as positive ard hogging momaends as nagative

Mota that tha moment due to evary downweard forcs 15 negalive and moment due o every
upwand forea 15 positive,

afzar [orde and bending mamenl diagrames,

[£4]



A CANTILEVER
|11 Cantilevear of length L carnying a conc=niratad lnasd W at the free 2nd.

W
LI
. .
2 i
3
L] { : E
o A
& o
G i
A ----"Eé.t-'t':“ﬁm
Fig.4.7T

Fig. 4.7 showes a cantiever AB fiked alaand tree at B and Carmydng the bad W at the free and B.

L-onakder a secticn ¥ &t a distance of ¥ from the free end

o Fald=5y =+\y

B.llalX=My =1

Hanoa, we find that the 5. F. 13 constant &t all sections of the mmamberbehvsen A & 5. Byt tha
E.lv at any secton = proporional to the distance of the saction from the free end.

C e UniE man

" :._.-"ﬂ s '.'E'.".'i'ii%ﬂ"' =]

1 —

o L |
WSl r-

|
! - |
--"'--___ Koy

)
: M
“ S F. Clagram | a
% | -
Al
> il |
| T o
Al » =Die. atB BN =0 o
At v =Lia at&, B.M =Wl =
Fig 4 7 showsthe 5 F and 5 M diagrams
(i Candilevar of length L camyng & unifarmby distr buled load of W perunit rur ower the whola

kangih
Wi unit ran

i

A,

|1ill'|'.|_+|l|l'|'.] :- T J

.
| r
:
)

{+)

i, I =
=.F. IZIiE||;|r.s|rnI

5 =
A ——

- |
|_.-.|E | .-..___.-'--
rT - WL~

Fig 4.5 shows a canlilever A2 lixed al Aand Iree al B canrying a unilormiy dislribuled load al
W oper unit mun aver the whole span

[=0]



wansider any section X distant  from the erd B. N - '
il

. &
SFatX=Sy=-Wy BMatX =My =Wy 5=-W %

Hence e find hial the varation of the shear faree 18 accarding taa liner lavawhile the vanation
of the bend ng moment s accarding 1o a parabalic Law.

At » =0, Sy =0 M+ =0

AL

Al v =L 5y = 'I"l."'n.'L.|'l."|'..'=—E-

Ly Carmtilewer of lergth L carmying a uniformly distributed load of WV per unit run over the whola
lergth and a conceniratad load W al the free end.

LUk run

il B

S

Fig.4.10

Fig. 4.10 Showes o cantiiewe &8 Txed alAaard frec 2 B and camyeng the load system menbonod
abowe, Consicar any scchion A distant + hom iha end B, The: 5.F ard the B 2t he secdion A anc

respaclvely greesn by
AP
Aty =0, 8 =00 M =73 L]
AL ¢ = Sy =W My =)

2
1,1
L

=.F. vanes following a irer laerwtile BN vanes following a parabol Law.

At ¢ =L, Sy= +WLHN], My = 1]

(v cartlever of length L camyng 2 uriformly distnbuied load of W per unit run for a distanoa
a fram the free end

Fig. 4.10 shows a cantlever AB fixed &tA and free &t B &nd camying the load sysiem menficned
abowve

Lanawler any section between [ and B distant ¢ from the free end B

Wy -

5 F and R M at the section are given by S =W e Mys 0

The abows relations hold good for 2l valuas of x bebwaen ¥ =0and 3 =a{.e. b=hween B & D)

Hence far this range the = F varies following a linear Law whie the B KM vanas following &
paratzalic Law.

At 5 =0, y=0My=0
[+1]



e N -
ﬁ.tI=FLSj-:=+'-."'.'FJHn-:'JI'.'Il=—I"f |.;.,'=l:-'h;
Mow consicer any saction betwean O & A distant @ fram the erd E.

The =.F & B.M at this s2ction ara given by

S = +Wa and M7 =-Waly - 2}

Hanoe betwaen A & D, 5 F. 1= constant at +wWa b but the B .M vanes according to a linear |z

iy - s

Al r=a Mi=-Wald %F "

At x =L, My =-\a [L—:j

Problam
I-ILI. EN0WS a canliever SIJI:EIJE:IIE-ﬂ o a S].'SlErﬂ ol Icads. Draw = F & B0 IjiFIQTElt'F‘E.

aclution — AL any a2ction between O & E, distant x from E

S F =357 +500ky kg 30Dxg  BO0eg  olkg
0.5Gm l 0.5m | 0.5m ‘
EM=M =-5003% :
E . [ E
ALk =0, M2 =0 Al
200G ke
AL ¥ =0.5m, M1 =-500% 0.5 =-250kg.m B 5 it ka
E— SO0 ki
Al any seclion Bebween C&D, dislanl ¥ Trom E, : '
“ B C D -
5 F =50 = +50lH-MI0=+13KIKg = F Misagiaen
B =Mz =-500x—BO0 {x-0.5) = -1300« + 400 E L b E
Aab ¥ =05 MYy =-1300 % 0.5+400 = -250Kg.m -""'---.EWHE

700k 00k

A 3 = Ah My = -4300 ¢« 400 = K. 1
Py i 000+ 400 = -900 Kg.m B M Diagram

. _ 2 ¢ O ks
Al any sechion b=tween B & E. distant x from E

Fig, 4.11
S F = 5% =+500 + BOD +300 = 1800Ky

B M =M% =-500% — A00-0.5] — 300 {x-11 Kg. M = -1600% + 700 Ko.m
AL X =Am, Mz = - 1600 + 700 = -50 K. m
AL X =10m MZ =-1600x 1.0+ 700 =-1700 Kg.m

AL any section bebtween A& B distant x from L.
SF =53 = +500+B00+300+400 = 2000Kg
E M =M1 =-500x -200{x-0 53300 {x-1) — 400 (x-1.5) = -200x + 1300Kq m
AL x =1.0m My =-2000x 1.5 + 130 = -1 FO0Kg. m
AL X =2m, Mx = 2000 % 2 - 1200 = 2700 Kg m

Beams freew supported at the hao ends.

[52]
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o

Pa
(17 Simphy supported beam of span L camying a concentrated [oad at mid sé’;-.n -

t, . '
Fig4.12 shows a b=am AEB simply eupported at the ends A & B. Let the spar of tha beam bea

L and lat the beam camy a concentrated load wWat mid span.
since the 1oad Is symmetncally placed on the span, reaction an the span, reaction at each

W
supnart = El (]
a Lt2 Li2 g
_ T -
~ Fh = o
Far any seclicn boeleeon & & C SF=5=- 1'.: 7 X
Far any section betwean C & 2 5F = &7 -4y- ; 5 r E;
L N— _— o
At the secton Cihe 5. F changes from - [ 5 3 F Tmgan i
Al any sccon betwoen A & C distant ¥ from the end A
Ihe Dending moment is given by, WL L
i
Mz =1 I';-,.-_|;5,'=1!]!:||n!:||1'||:-n'u=:r'.'r]
At Z =0 Mr=1{ _
| '.l'llurl_ I:I' 'EI
Al X = 5 (EE g B4 Dizirarn
W Flg.4.12

Hanga the B.M increased uniform by fromm zar at Ao yr 3t

o WL . .
similarky the B M decreases unifarmily fiom e at Ctozere at B Maximum bending moment

occurs 3t mid span | e at Cowhere the 5 F changes 1S skgn
[ Simpy supported beam camylng & cencentraled [oad placed eccentrically an the 30an.

Fig. 4.13 shows a simply supporied BeamAB of span L camying a concentrated load Wat D
aocentncality an the span.

letAD=a & EB=h o
Lel K. &H. bethe vertical reactions ata & B " - i ": B e
For eguilibriver of the b=am, L-r L_D —--“
b Wig
Iaking moments of the foreas on the beam about A Fy= Bp= o
wi have Wb
T
7, — Va A b
W W E
Ry 3 i
H. - Il'l.' X E . '-l'lu":l ."I:I L !
- L L T
'.F'le_w;;ltI =%
A, L E
Since a+b = L lor any seclion beleesn s and D B W, Diagram
b Fig. 4.13

Ihe shear force =5y =Va =+ ——

[24]



. A
For any section hetween [ & B, the shearforce = 5 =Ry % T
Al any scechon betweeen A & O distant = fram &, e bending mormant e given Doy
s Wb s s
i =¥ ——y{sagging)

At x =0, My =0

Yirab
)

Al - =0, My =

Hance tha B .M increases uniformy from zero &l the left and Ato Wlﬂt' at 0. Similarhy iha B.IW

will decreaze uniformly from Wall o0 g zero at the rght erd B

|

It may be observed from the 5.1 and B.& diagrams that the maximum 8.6 coours at D

where the =R changes iks sigr.
N Tove FTHA

[iiiy Simply supported beam carrying a S 12'5”1’ l e lzm

number of concentraled loades. 3 .‘ B
- E E
Fig. 4.74 shaws 2 simphy supparied Deam : I‘
. A -10KK G R 1HKH
AR of span @ melers canying concentrated loads a §
of 41N, 10 KN & 7 KN at distances of 1.0 maters, KM e
4 meaters & B metars from the left suppor i S E Dt
S Fhetwean O & T1= + {0 —4 = 1HEN 5 - |:' E =
S.F between D& E=+10 -4 - 10 = — 4KN 4R a
SFhewween F&R® 110—4 - 10— 7 = —11KRN | 11KH  TTEN
B.WlalA=0 15K M )
EMalt Z=+10x 1.5 =+15KNm (Zagging]
EMatD=+10x 4 —4 x 25 = +30 KMNm A . B = B
|:EE';IHiF'|'EI:| =N HE TR E L
EMatE=+11x2=+22 KKM (Sagging) Fig. 4.14
I may be obscrved from the S F & B G
diggrarms hat the maximurm Bo. ocours al Dhwhors o ":"" reh r”_'_-' e o
the S F changes its sign. e i T G
v Simply supporied heam cammying & i—-—l——— G
uniformy distnbuted load of W per unit run gwer R =1""“- L Ry, - E
- B,

the svhole span

Fig. 4.1% shows 2 simply supparicd Deam
AR ol span L canrrying 2 urilormily disinbuled load
W per unit run over the whaole spar. Lat Ha & Rb
be the vertical reactions at the supports 5 & B

MESpeCTvERny

Since the laading 15 svimmetrical an the span.
aach vertical reaction eguals half the tatal load on

e spearn. Fig. 4.15
[34]
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WL
R=R,=

Consder any seclion X dislant ¢ fram lhe el end A,
4.0 & B at the section X are ghven by

e L L r%--'l."'.':r_
WS L S
T =
AT g
|.I.|‘I
B IFIII' T :: _ .
e iL—)
il -0 By "'E'L.nf;-- N
£
vl 1yl
Atv=_5y=- —=-WWlL=—— K} =l
A 5 7 X
| vl o A U i A
Aly— iy - - 0% Rty = L ’
- Lo ey T R L Sl
The S F diagram is a straighl ine. The S.F unilormily changes Tram - ";"- ALA LD ‘;"- ALE &

abwiously thal 5.F al Mid span is Zera.
The B .M diagrzam s a parabalza, The BA increases accoading Lo a parabchic laws rom 2o at

Afo .""";2 at the mid span C and frorm this value the B.N decreasas o zero at B follmenng the

parak-alc 13w

[wi Beam with overhargimg at coe end and canying a uniformiby distnbuicd load cwer the
whiole length.

Fig. < 16 shows 2 simply supported beam ABC vath supporie at & & B, § meters apart with on
ower hang 202 2 meters long.

Lol R, &R, Do e werbead igaclions al 86 B For the equilBaiom of he beam, laking mamenls
aboul &,

.15 m
S Rh=2¢ :
OnEs R =4t 7, — Bt
L Hia=15x8 8 =41ones 41 .
S5.F al lhe el eng = +41 Ty g
. . | ™D |
S Fjustonthe left hand side of Re 14-1 S x = ot i e -
o5.F justonthenghthandede of E=+1.59% 2= 31 5 F Diagram rt
a.Falc=0 i I:ﬁ-'-.ﬂm
- 4 ., .
et = F he 7ern Bty meters from A, +'{
"""-_. addm o e ]
aquatng the =.F 1o zaro. i A
2 B0, Ldagram
wWegel Sy ma4-1.5, =) oy - - 2AETm Fig. 4.16
[35]



E.lMaths=0, A1 any sechion in AE distani = from Athe B M is given by B - '
il

s
It =4I_1E={T

Henge the B diagram s parabolic

Hlat ¥ — 5r~1lﬂ M. :4—- s E’}‘f _—+q Z3Em

!

Bhlaty=6m ie atB= 4}:6—%:6‘ = —31m

Leclian abwhich 1he B M s Zero

&
=irca al ’.-.f-i e B.Mis+h 33 b & at x = 6m the B.M s -3bm thesa must be a saciion where

the B.M 13 zero, This section can e determinea by equaling the general exprassion for B M 1o
Z2rd., | e, Dy The equation

4155 —p
L1 -
=4 =-0.fay=0
=04 1—1:3-433'1
16
Letthe B3 be zera at O, ALk = --E-m

The point Qwhere the B .M 12 zero callad the point of contra flesure or point of inflexior.

Forall sections from A 1o CHhe B 2 af the sacging type while for all sections between (0 &
L the B_W s of the hagglng type.

(i) & Bearm ol lenglh (L+2a) has supporls Laparl wilh an overhang a oneach side. The beam
Carrs a conconlbraled load vy al each end. Draws 5.5 & B.W diagram.

Let DASC be the baam of length (L+2a). Let the supports be atA & E.
=0 that 0A= BC =a

., ABE =L

Each wvarical reaction = W

R, =R, =W
= F. at any sacticn betwean D & A= -WY
=.F. at any section between B & & =+
5 F. 8t any section between A& B = 1
GMatD=00Math= Wa

Al any seclan inAb dislanl < ram L the B0 1S given By
WX = W + WWx-a) = -Wva

B vl al B =-wa BE.M al T =0 wE o
The BE.Mihroughoutthe lengih is of the hoggng type. e Ll
Fig. 4.17

[+6]
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CHAPTER & | _—'l;.-
THEORY OF SIMPLE BENDING B

When & beam |15 leadad 1T Is bent and subjected o bending moments. Consequenty
lnrgitudingl ar bending stresses are induced In cross section

Aassurmpbions m Thaeory of Bending’
1. The maternal of the beam is perfecty homogenoL s

2. Thesiressinducad 15 proparbonal to the strain & thea etrass should not exc=ed the elasiic
M.

3. The value of moddules of elasticdy {E) 15 same, fortha fibres of the beam undar compression
or {ension.

4 The transverse saction of the beam which is plare hefaore hbending. remaing plans after
berding.

5. There 13 na resuitant pull or push on the cross zectian of the heam

(5. The 'nads are appliad in the plane of B=nding.

7. The transverse seckon of the bearm i symmeincal about a lire passing through the
rentre of graviby in the plane of bending

B. The radius of curvature of the beam befora bending 15 very [arge in companson (o the
transverse dimensions

As araesult of a bending moment or souple, a length of beamwill take up 2 curved shape and

g very shorl lenglh may be lrealad as a gait ol Lhe arc of deda, 1 1ollows Thal al e oulor radi fhe
material will be in 1ension and at the irner radii in compression and at somea radius there will be no

stress, This fayer of the malenal 15 the noutral layor or neuiral 2eas.

i1 5 1 shows a lorgitud inal section of & Deam, the neutral layer (axis) oA, Being bent 1o famm
an ars of 8 crse of radius K. Tha neutral layer 15 then, before banding, ihe length pg. which after

bending becomes p'g’.

Consider some layar rs at a distance Y from pg which afier bending becomes r's'. Lei p'g
aubtend an angle o at the oentre of cundarre

g =R aandrs =(R-yio

Iriially the paralkel Ryvers would have «qual Lngths. S0 thal Pg = s and since here 15 no
giress At the newutral layer, than there 18 na strain.

PO =pq
Mows ihea strain in rs=%butrs=pq =p'q
: ] :
7 rs Mo oy ’ A
-Strain=-24_T% 5 o a B
rs : :
A
A N
But p'g’'=Reand r's'=(R - ¥ I G RN ] T T s
~ (R - i NS T e
Sirain Fa—[R - M 3 L T . b == =T
H o F gl B L s
e Fig. 6.1

[47]



Moer if the stress in e = o & young 5 modulus = E R = {
ol
then sirain E=iuri=E...[5.“l;|
E R ¥ R

If & trarsverse sccbon of the Boam iz now consdered (Fig. S.2)lctastinpof area z2a, hoala
dislarnce Y rom e neuliral axs.

B
Then. the nomal forea on this area 'ZHE]—Eb' 1

E

E .
B s e minment of this farce about the nevdral axis 13 —EW SRR ﬁf e

This is the resisbng momenl al Lhe malenal caused by e shress produecaed and he okl

E - E_
A O H}'.ﬁ,-‘-ﬁﬂ

resisting mament is -’*ZH

Al = l:}'?-i".li-'.'l L the second moment of area aboult the neutral axis, i g

S Resisting moment P . X

[

Bl since the resisling moment balances the applied bending moment,

.MéﬂﬂrT_E ; :Hﬁ
E o M o E f |
Bl E=?..._=?=ﬁ e b | : | ";'15
iare |'-.|___|__.|_.i:"_ll__."-.
! g
M = moment of resistance ' :
| = Moment of inertia of the section about neutral axis (M., 1 Jl_f
E = Yong's medulus al elaslicily Fig. 3.2

F. = Fadius af Gursatisre af M_A,
¢ = Bending sticss

The ahowve equaton s kEnoswn 33 the ‘Banding eguation
Position of Neutral Axis

Onsider e ross-sachan ol a bearm (g, 2.0, ere will e no resulianl iorce or e sesion
for condon of 2guilibrium.

The forge acting or 3 small area da at a distance ' from the neutral &¥is 1s gven by

=F - maa E .53
F

[+8]



2r the tatal foree rormal 10 the section : B

F- YT ¥. 48
F'-': 47

S For zar resultant faorce, T % a3 -0

Moy 3 % a8 1s tha momert of the eectional area about the neutral axis arsd sinee this momeni
15 2ora, the s musl pass through He cenlne of arca.

Henoz the newiral axs ar nevtral layer. passes through the oenre of ares
section Modules

[Refernng 1o the bending equation, M o . Iy
oY

& . I
ar m=— whare £ =section modulue =

il ¥

The secticn madulus is uswally quated for all standand sections anc practically 1s of greater
use. The strength af the beam section depends malnty on the seclian modulus.

Ihe sechican madulil O reclangular and circular seclions arg Salculataed Belon,
(I} Rectangular section

Fig. 5.3 shows 2 rectangular section of width b & depth .
Letl e hongcnial Sentrdldal ax s De neutral axis.

ocmend of inertia about themsutrs! aas

Sechon modulus £ = -
IAstance nf the mast diztang i nf the secfioe from the neutral axis

..Tl-l-.:l.
Bt | =2 and Y, =
2 2 - A
pd3 |
b
R, [
d 5
2
Moment of r-EEi:S:lﬂnc:E.I".ﬂ—-jE—c:x%IJLF . [5.4) Fig. 5.3

[11) Hollow rectangular section
Faferto Fig. h.4

Mament of inerlia of 1he sedicn aboul the neultral axis.

BEY B oyl g O
|=—— ——= — (B -Dd" ], Y_...= —
o T ] ? 41D
| . I
Looection modulyg =72 = ﬁ"’...:, - y N
(RO bd'y o . i
g [(B0 bd) r
by L e _ “
’ S Fig. 5.4
Moment of resistanca, M=af=ax %]
[55]



[} GIrCular Seclon
Faferto Fig &.5

Marmont of imerba of e section about the neutral axs.

s =

S 1 PO n
| = |.-_|"-1- e E ...__- ..'"-.
S =action modulus =£= ﬁf—l by — e L
Tl:d‘ ... 1 ._I. ..:_'
-3 Tl:l:'.| ...."' Fat
SRR
__."2 =y 3 pr
ri*
Mament of resislance, M -cf-ox “?E Fig. 5.3
[Iv) Hollow circular sechion
Referto Fig & 6 PRI
Mamoent of inerta of the sedticon about the neutral axis. TN .'“.I
"ok
i\ p J.-'I
ik . i L ", - .
.l DRt | N e, e o
E'q' i ] rTe E e
I il o -
Sootchion modulus =£= v
g Fig. 5.6

R b s
Mxi_i M‘"_iﬂ__:.
54 D 32| O |
3 R
2 D

Mament af resisiance, M ol o¥

Example

A 2H0mm (depih) 2 1&50men (wadth) rectangular beam 13 subjected 1o maximum bending
moment of 750 KNm detemmineg .

(11 The maximum siress in the Bearm

(i f the value nof F for the beam matenal iz 200 Ghim®
Find out ihe radius of curvature for that pertion of the beam where the bending is masmum.

i) The value af the longitudingl 3iress at @ distance of B5mm from the 1op surface of the
bearm.

solution - Heferic Fig 5 7

width of the Beam=b =150 mm = 0.15rm
Capdhy of the bearn = d = 250 mim = 0. .22m
Maximum bending moment o= FSlEN o
Young's rnodulus of clashicily. B = 200 GHNIMZ. ...

[+0]



(1 Madmum stress in the beam By
il

bd” 0.15x0.25°

Momentofinertia | 19 1 0.0001953m*
Llistanceof the neutral axis (M.A) from top surface of the beam
hi 4 N g 125m

22
LA 5111 l!leirgl.aﬁr}np;‘ = E :
A MY 750x10°x0.125

. | D.0001853

=4 By 10" NS mm2 = 4800M S
Hence the maximum stress in the beam = 430N /m* (Ans)

[ Hadivs of curvature, B:

M E El 20Cx10% x0.0001 5953

Lzing ke rglaiicn Z-— g -—= — £ DB (A0
R M 750%10° ;i

il Longiuding! stress at a distance of BSmm from top surface of the beam, using the

TEldL Orl | ¥ ¥

N—— I'..TT'._'.’EI'Jx1I:!”=:J-:-:EI:I:-:1I:I b orert = b
| (L0 Y

=230 4N M LAnE)

[41]



CHAPTER 6.0 B
il
STRUT

A stnucharal member suhjected to an axal compressive force 13 called a strut.
L olemin

It 15 & vertical sinut used in bulding ar frame

Axial load on clurmn

The columm [ails By compressieg slrass,

The lnad. thea l2aai value of P which i cause the column to bucks, and it 13 called the Euler
or cnppling -oad.

The column in actua’ practics 15 subjected ta fallgawing end conditions
11 Bodh ands hinged

(71 Bolh ergs lixed

a4}  ne endis fiked and ather end hinged.

(4] Qe end s tixed and ather end free.
E.2 Eccentric load In columng

Eccentric load
A Gad whiose ne ol aclicn does nal Coincide walh the axis ol & Solumn s callesd eccenlng

iy =

— T

lnad

] | ]
Lerect stresses, bending siresses, maximunm & mIinimeim siressas,

—
k
Al 4 H
-
—— |
I
Flar
& min ” iF e

[42]



ONEer the above coiumnabcl sulxjeched o an eccentrc 1oad abous E'I.'_EE
o

Let P = Load acting on the column
a = Eccantricity of the load

D= ¥idih ol [he Coiumn sechicn

d = Thickness of tha column

Mo Are of the sechion = Bd

Maoment of Inertia. | = dh—
1
ah’ ;
Modulus of seclion, 7 — | - *flﬂ_f“"
y Da, 12

Cirect stress. I, E

Moment due 1o load,. M =p.e
Bending stress at any point of column secticn at a distance 3 iIrdm yv-y-200s

2 & I
1 : . 2
il
&
Ay
Y 2
" L
S 2 GBM Spe Spe
gt db® dgb® AD
Z
Total stress = direct stress + bending strass
B M_P, 6P
ET7 AT Ab
Froblem

A rectangular column 200mm wide and 1&L0men thick 13 camying a vertical load of 120KM at
an eccentricity of SUmrmin @ plane bisecting the thickness detamming the maximurn and minimum
intensities of giress in the sechan.

Solutlon

| 21N

2111}

155mim

M-
& MLn ; ”
. L A
Givan

b = 200rm, d = 15mm, p = 120848, 2 = &0 mm
[4]]



Maximum stress
A=bxd= 200 x 150 = 30,000 mms

P7 &e°
o = T+
) =5 .5 t:l.l
_"iED:l:'ll:I:"'._l_E!:El:'"
J0.000 | 200 .
=10M mm® = 10MPa (Ans)

Minimum Strass

'
]

Y/

2} Columns with one end fleed and the other free

o5 %
2y ‘ ,_ Hus0?
Jg.ood o 200 .
- —2MFa (lension]
B4 BUCKIIng |oad Compuiation lF'
1} Columnz with both ends hinged T‘“xn
[
s s
m ILL'EI |_ : '|
|

ol
p= 3 Wi
Cohers '- II_."
E —Youngs rmodulus li'

| = Moment of ‘nerhia ahout Y ¥-axis
.-".ﬂi’ﬁ?-’ l. Fl T
(3} Columns with both ends fixed, A | M.

|

) L I
1 El |
| M,
T ! o

(4} Columns with one end fixed and the other hinged.

[4=]



CHAPATER 7.0 L -]
TORSION

.1 Assumplion of pure 1orsion

If a shaft 15 actad upon by a3 pure torque T about s polar axis, shear stress will ba st up in
directions perpsndicular 1o the radius on all transvarse sections. This s caled as the shaft under
torzian.

- JOAWING 2ESUMplans are made.,
1.  The material of the shaft is uriform through aut
2 Thetwist along the shaft is uniform

3. Marmal cross saction:s of the shaft, which wera plane and circular batore the tewis
remains plane and circular ewvan afterthe bwist.

4. Al diameters of the nommal cross saechiaon whickh were siraight before the tvasl. remain
straights with their magnitude unchanged. afierthe hwist.

T.2 The torsion eguation for solid shafi.

These ahove assumptian is justfed by the symmetny of the section

The lell hand higure shows Lhe shearn sirama ol elements al a dislance r irom e 2008 (005

conatant far constant T, a0 thatl alineg onginal by OA tessts 10 B and SACZE-0 the relatve angle af
tesis1 of cross sechons 3 distance L apar.

ArcAB=ri=Lo{apprax)

Bk -::-=é. whara Gi—modulus of ngidity

] R =ﬂ
L

.11
-

s ) -

CT

By,
S E

The targue can he equated to the sum of the moments of the tangential 3iresses on the
element 2xndr;

[43]



e T=| t{2mdr)

ar. | i .

L
Yuhere.lpo'armomert of inertial
T_Go
o |

O
cambing—— —— —
L S

i

J2
and tha max stress

“RT [

1, =——7—dilfr=—

. - ¥ £
farahollam shall

fnrasnlidshatt

:
J=—iD* =d*)
32{ .

o TR 12 | At | ]
U J_.I:Di_lji}l" E
-~

Tarsional =hillness H—_III—JTJ

7.3 Comparison between golld and hollow shaft subjected to pure torsion.
Example
=ompare e weighls of agual lergths of hollow and sohid shafl to iransmit a gieen ongue o

the same maximum shear stress if the nside diamester 1S 33 of the autside

Solution
3
Hru.}—%— % forsalkdshai
e 4 ¢
and T_“{:I' ; ]ﬁ:nr hod oy 2haf
L 140
T +0° : "E'ﬁ
or—=——— - —‘
T 15 ; L
Gy’
CBI1%1E
E{1UEI1iﬂE|'.|1ESE1'.'.'IIl$|1ﬂ1l
al®  Bharln’
10 Elz 16

0. =0.3,/81/66 =1.075D

0. -1.0750 \

[+8]



Ratio of weights of equal lengths

:[D1..! _EII.]H:I.!

f 4.
—{D,/d¥] 1- =
5 Il. .HJ
."ﬁ"-

0547

2x1.075

EIoRiem

A circular shafl of 50smm digeeelor 15 required o ransmil lorgue from one sball 1o anolthe)
find the safe torgue, which the shaft can transmit. If tha - 40WFPa

Solution

O -50mm,t . —4KPa
LTTEN A T

=098 2% 10N —mm
~EE2EN-m

[47]



