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SIMPLE STRESS AND STRAINS
I N L B

The main aim ot strength of material is t© oxess

various Pv*opgv'tt‘es OofF material ona Use  them o,ccovdt‘ng “Go
Tequive ment -

,s:a‘bf'@nqt}\ L -
Abil t'-hj ot A mokenal ‘o vesist external  (oad QSO‘mSE
+ailune - . |
Note : - 4

- The pﬁmorcj design pavramcter s Stength .

Al the designs  of Engincering are stergth based design
Or\hj- : '
Stftness: -

Abth‘-hﬂ 1O vesist  deformaton s Stffhess, Stffhess is
the secondcmj design parameter.

T Deflection : |, stffness - |
Jve_c‘epmcci 1o each cther: @]

T iexible _ E

Ass;umpﬁ ONS: - IZ :

4 AY » AY O

I+ Material is solid and  contnuouds . NO cracke in the |
Mcterial and NO volds. . in e M aterial - / rDrl
R Material are homcger\eo-;!s anal _‘tso*:ropl‘c- 'ID'I
Homo gencous —  raine 189

N —< Q) any P?‘” ‘ (D)

Same.  origin — & one direchcsfg!

EXi— Wood, ITron

All the bogce Materials without any mfx-h_;v*e Is alle
Homogencous-

Iso -broP\c

JAIN'S . |
o, q%gz mmm %.,Qprﬁﬁcgg i
- ¢ -38, Suryalok Compi
Same directionat property Abids, Hyq. blex

@ One point N any direchon
P N A

EX:- Fine grained material ik Silver, coppey,
Iron, byass
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NOTE -
_ wood XS & homogeneous but not Isobto Pi‘c, Rross is 1
a Isotopic but Not hOMOGENsous-
All .homog@_neous material nNeed not be iso UOF('Q and e

Vice vevsa but —feuw  homogeneous  Macterial are also Tsotopic: (7’
C

Ovtho -tropic = - .
Ortho = Pe\rpendiculox ~

tropic = direction point.

-

At One Point in Pevpendeculox adirection put

onpev—ties are dHfevrent:

Eqi- Loyered Mmcterial  ore  Orthotople, like  wooed, coal, Mica,

osbestos

e =72
€X o~

An{go-tfgpic (o) Aie.o-tfopic (ot) NoON _‘T:soﬁopic i

At any one POE“’C in  different divection pvoPerh‘es are
Adifferent '
Sxi1- vo materal  with voids and cyacks

o~
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Homogenous -+ Tsotoplc -

At any Pofn*t N any divection property is same -
Eqi- Iron, Gold, Silver:

Assumptions: - ‘
3 seH weight is  ignoved:

Complete Class Note Solutions

JAIN'S / MAXCON
SHRI SIHANTY ENTERPRISES
37-38, Suryalok Complex
Abids, Hyd.
Mobile. 9700291 147

seH wt=o
Wwith seH wt-
H - Super Posi—h‘on Pri’nciple s valid-

/
\L .
TJLT““"” i T |

i al to the
Algebvaic sum of -—total Cffects IS @qu
vesuttant 1€ called Super PDth‘on.

L:m(\—tcrﬁmsf_.b .
! cs (:Lch(\ci over oo Mmember sShowld be with
- Al Hhe oo

al The member
tond s is valid) (or)
PTOPO{‘HOHQIH\:} timit ( Hookes law is

Mmust be h‘neorlg elostc -

& A

(b nearly clastc)

(@] _ 8/
¢ be Os
& Tthe Stopes and  deflections due —o Ioc:s.dmca must
small s Poss(ble-
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3. SLLP@r Posiﬁon PY"‘”C“\P'E’ IS NOt  valld —for Impact toad,

Strain ene\’cal‘es, deep beams .

IN case ot deep becams due o loadu‘ma —torsion 7,

develops which Makes distorsion 0 the shape- Thevefore
the Pﬁndple IS not valiy.

D > 750 mm

Q T
/ /Decp beams

e

h. Circulor shaft cubiected <+to —torsion super Posﬁh‘o/\ is

valdid, non circular shaf+ with ~tovsion +Hhe Prmca‘Ple 's
not uahd- .

U

vaLlicl-

F\ssumph‘ons;'
5. St- venants principle is  vald- Sudden  variation of any

prrY\e’ce\rs causcs sStress  concentaton and  lpads to

fatlure.
N (lf J’{ : —-H—‘-? | ,——7
i )
P

Long columns, Sinking of supports | -this principle ig not
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| | /
Stress - - ® !

e The vesigh‘ng ~force. per unit area. & sStress. The
€ external foree per wnit area. is  pressure.
P pressure IS  extemal, sStess s ivkerpad

Yy,

. ThHE =-tension
& p = /Qestshma “force

- - R = P <] ”“’ P
Nt areal : ' .

ROOE strut = compvesga‘on -

R
A

= = P R=p : ié____P
A

ont z - N /ml cor)

‘ ST untks - ,
Force = N
Distance = M, mm
—h‘me = s
Kilp, k = 103 )
M = I0¢ :
oy g o.
mith = 073 %
Micro () = 107 ° Z:
5.
I M Pa = 108 pa. = 10° N/ (or) 10° Nmm- >
O
b GvPa = 162 Mpan = 10 N/mm> e
p / o
M-
Stress / 0
| @)
r { <
\ N

. Indivect g
Divect %
J 2 shear O
Normal (P) shear () - ="
T —
I el % 3
AC shaft mﬁhg -
p—___K—°F ~ = F ¥ = Bending +avsion 11
-~ :—{;— = % Tt & also T = tovsianal ;
. called tangential Sheay —_
It s PefPQndl\CLLfo ~fovee Stress b B
‘o Surface It is tongential o



normal  and  Shear stesses G‘E?j SR -
Gx = ResuHtant stress = J e <™ ’ &
g — | O
Obliqurty () -
Angle between normal  stess and vesuitant stress
T -
On  any Plcme- , ___,_,,3 . | -
- )
tan g = = 2/ e o
< .
Staing « -

1. Nomal sbtrain @ - (e, g€)
Rotio of chcmge N cimension o oﬁginoi dc‘mensior)_;

E;.S_i

A

ONnits : - NO units  (or) MM )
/ Iy 4 mm o

—

- Shear strain (¢, %) -

et D
Anguiar change between any  matually  perperdiedar &
plianes in  yadians §
I_
o.
4 ¢ =618 :5
' / ‘ = Im:
6, D
> T
. Py
O
) “Z
e| - ¢ = 8|+ 0 = el - )
/ :
PIT7 7777777 (_j -
8,=0 <
Note 1~ @
. Rodian i a vyotio, therefore shear stain s also % j

having “no  unite”

)
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3. Uolumebic stadn (S, E,) =~ :

'_ _ 8v
L€V' T[

ONHs =~ NO  UNite

Note : -

For u’ncompmfssib(e flulds ke watkey, volumetic sbair

1S  zevo / -

Strailn  ig

i‘ndependen-l— parameter, stess develops
due to skain.

Macterial pProperties -
he Elag-ﬁci’-h_j .
A  material  wbhich veqains its  original size and
ShoPe, on  removal of Ioad.
Qe Plo.s-ﬁc'ﬁ% L=
A material under goes permanent  ceformation At
Constant loading is plasticity- O
EXi- Metals loaded beyond yield Point— L/mderaoes P‘G‘Sho
deformation.
3. Ducti‘li"hJ -

<

O]

™e pyoperty bnj which -the maoterial <can . be madé&
Ito thin wire.
Exi- soft metals-

Ductih’-bd S related =to -—tension. It is stronq

Tension ana weak N Shear, Modevrate N COMP'ESS“OO'

e Malleawility -

5,
‘MWW NOYH d3d

~

2
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The property 'bg which the material is made
thin sheets -

It is veloted o c:omp"fess.c‘on

‘ b:, fSYesSMS or
mumca-




5. Bvrttte - |
Tt -ails suddenly such a  material is called as
Britte:  @ritHe mctterials are strong in compr&ss‘aon_,
Mmodevate in shear, weak n —tension-

Exi- Glass, wood, cast iron.

€ Cyeep - o
The permanent deformation occurs ot o constant .

o

L

OY sustained toodi’ng Ovey G long peﬁod of -Hme.

/
- T'Ou(ahﬂeSS \—

Resistance of a material against sudden Con
imnpact loo.d\'ma-
g Fatque -
Reduction 1n stength  due o repeted  toading s
‘otique -
Stess stain curves: -
I. Low carbon steel (Fe 250)
Eg:-—-~ Mt St&él .
pupose of corbon :-
/Tt Increases  the strength -
pPuwpose of manganese:r-

It increases the —toucahness‘
U-TeM & -
Stain qauge ( extenso meter) e used o Measwe
+the gtain
A = Inthal / hominal c/s area

Lenqth over which all extensiong awv Mmeasured

o staln gauge
/ _ }T qauge length = S-685JA°
tj tl 1} .
—2 Goue leﬂg’ch deP@nds ON C/s area (ov) dia of bay (independed
of lenath)
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#* The design stress —for mild Steel  is covresponding 1o 4he lower

{
. 6‘ ________ F N
B2 <— Mild gteel
=250 12) -
-Fﬂ MpPa. D=
A
' L'
independe o
o & <« P *Q&“.\;\u -
I 't_é'.’; " { -
€ = §(Gauge length) e ‘s\%t;{w%“%g
- - AT 3
’ . ';,f:‘l,-’..ﬂ:{l ot “}»ﬁ"; go\‘godo’fp‘ .
G-L ) ‘9 W .»\»'\_.”*‘ !
€ = R c‘m}‘ﬁ"X
A

S = NOMiInal (or) initHal (or) Enaineeri‘ng stress (stess)

&, = R

[ —_—

AO
€% = True stess (or) Instantaneous C?T) actual stess
A

= inthal (ov) Dhominal cross sechon.

7 A= proportionality imit

Upte A’ sStess is Uhearly propo'rh‘ono.l —to strain (Hooke

TEIT O aTE T S Tiia o

_lo.w IS valld) and ‘oA iIe a Qﬁcﬁgh{— hne -

—> 8 = Elastic (imit

Upte ‘B’ moaterial s clastic (can regcu‘n bock 1O
original Shape anal Size).
A to B8 Qgraph is slighty cuwved. Thercfonre Super postton
principle and Hookes law e Not vald.

b

O¥d4 d3AVOTINMOQ

o HoOkes law e walid only upto ProPortionCLh-hJ lim
—7 C = vpper yletd Pom't—

N the yeld zone moterial

Starts Perﬁ»onem- defor —
Mmoion -

— D = Llower Hi‘eld Pof/‘ﬁ:

—> DE = p(osh‘c z2o0one .

fgfiual!A!o

During plastic zone permancent- deformahdh  continue

gieida‘nca Po\"ht—.

097104



* The posittion of lower gyielding point is fixed and

witt Not change witth  the shape of cyoss scction. 'S
—5 F = ulimacte Stess ' ‘
In plastic zone reorientation of molecwles occur due b

0 these stecl on‘ginculj o.uogj ( NON — homogeNeous) bhecomes
HomoQQneeus

A |

Original After  ve - oreintation .
— G = Fallure Poin’c

zones: -/

OB = clashc zonc

oA = L:neqmd clastic zone
AR = Non' tnear <lastic zone
Bc = Almost coindides

cD = (du‘e_ld 20N

DE = plo.sh‘c 2. one
EF = <Stain hcudemnca 20nc
F& = stain softening zone (OY) Necking zONe@
Tension
(Mmild steel)
— cone Afatllve
€— [y
[ nec cup fallure
/‘(
leuder
Hneg

Tension

The vyveogcon behind Cup cone ~‘failuwre (s shear Kilure -

n the neck zoOhe S~ Micvo cracks d@_vetop ‘tHhese are called
Lleuder Unes: (Pevelop due ‘0 shear) -
* staln ot (ield = O0r002 = o0-27/.

& Stain o failure (E44) = 200 to aso (Yleld stain)
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—~

Hi(ah carbon stecis - ; @
Fe ®is

t+ High yleld strength Deformed bars (Hysp) — re <60

. N Fe #is ~—= £, = yis M-Pa
R Thermo Mechanicalty Treated (TMT) — 9

S~ Fe oo «-3{13 = s60 M Pa

Stren ™
T Move carbon cafh
Hardness ,‘
Duct|(; o -
oY /
Toughness |
Offact method -
fy R —> Fail
yield SE@SS-PO?M.‘
poL -F\J:— gi@_ld Shesg (oF) P‘"C»C’F B
Stress
wl
0-002 S %
INn the mactenal where H:‘e(d Poim— is not uistble o<

the stess stain curue, ustng Offscet methad {m"h‘) a fxed
Value of stain (0-2+.) can be located: calted Proot Stess
also-
Britile : -

Fails sSuddenly - ™ britHe  modterial PVOPO*HO”Q“*H limit
coincide with origin: ‘

-

£ <

ck .

™~ cvacking  point
—FCK = CfQCkfﬂa (ot) Desigh
Stress -
| /

v o*ﬁomﬁﬁ—#
PYee mit 6002 &
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Tdealised Sthess staln Cwves (- €)1~ (Assumed)

In o ﬁc\?id bod3 no dimensional chcmges and

NO  volumetric chanaes- O
- C
Stress stadn curue quqtte_\

1 «— Rigid body to y-axis then ft is caled
Stress N . (s

) Ex:i- Diamond Rigid matderial
I

— Stain S
[cp

Stress stath curve 1S ,:cmoutet

pe . T
:D'\CDmPTeSS‘b to X -axis then o is caled
J _ Ihcompressible material

g EXi— woley (v =zo)

In o ﬁcji‘d bod3 there witt be  NO dimenstonal chan~

ges and no  volumetic changes:

) ;mcompr&ssl‘ble €luid  there wit be dimensional

chcmcae.s and NO volumetic chc:waes.

/
s‘ A
(clastic - Plc\shc)
/——-"—" v COY)
VA (clasto plastic)
&
= | (rigid-plastic)
(or)
Jdeal plcxsh‘c
g
s’
Lincar elastc
13
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@

Elastc - staln  hardening

/

clastic - stain sofefem‘ng
(hecking)

*%
*T Factor of safety -

yicld  stess

For uctlt e = - Eq.:~ s J
Duckiity, RS = o D9 Ste Goldt ok

/ —

R B e T { SR S A

T

) W0Tking Sbees gi- Wood, Duqmonélc

Margin of sofeﬁj, c.s = | 8

Scalay - IZ

Magnttude + No direction { pressure, work, encrgy § g

w}

vectoy L - Im:

x. . D

Magntude  + one diection {*Force} T

20

Tensor - O
Magnitude + mMove than One direction { Stess, Skai,

;4omen+ of Inefhg :

Elastic constonts ;- B

k;oungs modx'ulus(E):m oL L
Hooke!s Law within  etoshc umit

€ « BE (exactly upto .PmPom‘onqukj imit)
S = E.e

E = &
£

= NON zerp positive value ond constont oy a given maden

d

woo[fy10466uz|IAID

S r e

m
(/)” ]

= 200 G- P

= 200KI0° M fa. = 2XIOT M Pa,



/
Note: - : S

For all grades of Steel Young's modulus (E) is same

tigh Cben cecl (Fe Sc0)

e Medium ‘ L

Mild stect (Ee Qs0)

Slope, E = arxmw® MpPa

&
oyoungs modulus of- Diamond ( Ediamond) = 1200 G-Pa
/ :
- Youngs modulus of Rubber ¢ € pwber) = 10 G-Pa

T e ’i‘@_lasﬁc?'b:,

G Slope to «-g& curve

Modulus of Rigidity(c, N of G) = -

T =GP

I

Sshear stain

U

/ 4 diistovsion  in shape .

hS
-
o
I

RBulk modulus (K) -
Wwithin clastic  lLimit
& « g, (exacity upto PYOPO‘*ﬁOfnJHH Umit)

& = K- -
£, | - - v
K = G‘J v T
| Sy |
e = Vvolumetic stess ¢ Novmal Stess oll avsund volume)
(o)
( hydrostatic pressure)
= Buk mModulu - \
lus COV) D(Olcrﬁ@f) Congtand

K

W09 [[71046BUINIALD MMM NONS AIAVOTNMOd

Diclation = which causmec ~hande 1h Uokime.



Relation between elastic  mnstants (6 K G, W)~

e Ff > K > Gl] — For :I:so-trop_l‘c Mmateral .

All ove hcxun‘nca untts of stress
POissONs  ratio w- (ud, 3, a=)i~

Lateval stain
Eoagiual Lincar stain

M= Elcd-erctl

& hhecar

Units 1= NO UNts

Range of wm, -ve 4o o's -for General maoterial
M is —ve —for Genctic morterial -
M = O to o5 for Eﬂtan‘neew‘ma materiad

..
M= O —Hor cork - % ""Zw
‘. € latera( =0 |

= O (CO‘TK)

]

g
(
o}

K

)]

&€ nneay

M= 05 —far clay, Rubbey, Poorod:ﬁ‘n tdax
* = 02 —for ;Is()‘tfopfc Mcderiad
= 03 —for cteel

* UL = o.1s “for CcOncrete

- E = QG+ M) — O

- E = 3K (1= w) — &

3' \.ILL = 3K "lG)

ek +2G

N

w0 |y4046B6UIIIAID MMM NO¥H 0IAYOTNMOT



Type of mcxterial Independent Elastic CQDS‘Y"ONS{‘L
te Homogeneous + ISGHOPtt > (eg u) {
R HoMmogeneous + Orthotropic | Ot 'S
3 Homogeneous + Anisotwopic | A
P9 NO-7 |
& Non diiatant materal = ITH ComPVQSS;b[Q +ud  (on) NO

C_hcmcae N volume.

3. - . ‘
E QG+ ) c. e
M =0 (¢ AssuMe) rem > P
7
.._G_'_: O-s '
E
I ton = 1000 kg
M=0'S (Assume) P = icooon kg
G = p
—_l. = 0:-33 & = _I
e / : A
' = l8o0oo
|G = 033 40 oO-5E uxy
= 10000 Kg Jem®
E ‘
S = a (i +u) — i .
G C E= 8 - o = Q- 000S
L 200
= 2 (14+0:25)
€
Griuen K= G JiL = T'( (giuen)
L= 3K- 2G
= 1 JL
6K + 26 &csc—.—v )
= 2o G = o0-8x10% kafem>
&+
/= = ©-1as 7- = Eit _ (59)
8 - \—-—
€Il" Ry

- (‘o~cﬁrofg>
(°55

— 6-2
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|
D -
I L
_ s
E=axio M- Pa_
E = QA1+ M)
QKtOS;‘QGw(Iﬁ--'—)
- q
1>_<105:>.G»(._S“_)
)
G = 08 X I10° M-pq

P-q wNot- 8

e T w=0'5 +then Sv= g

LINEAR  AND VOLUMETRIC CHANGES O©F BO0DIES

Prismatic bar (bar with unthorm C/s) Sublected 4o oaxial toad.

P & 2l
| |
>
SL
e = _P
A
€ = S«
A
E = _§ (P/A)
€ (SA/J_)

where
P = oxal force
A= ipital tength
AT of croes section
E = young’s modulus
AE = Axiat Rig‘,dH.,j
Units 1~

TAs : ] sa

)AE = ol (Irfinhy) ~for Tigid  body

(Q{.’\ = M e Ne el ~ib . PSR

I
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com’;gg‘r’tcg bavs -

[~ L O @

6P ¢ P — X_@i =F
] L
- AE
QL ( RAE) (AE)
(3AE)

EFRy =0 (— ®)
+ 3IP—-X+9P - 6P =p

X = +@p
I ‘x'/is -—ve, change the given  clivection

C
T | - BN
|

. _ y . = 3P <& 3)
ap <-V<ED:——ZP 3p— 2P __9__]

SL = s4, + Sa, + 64y

= ep@y) ,  (-3R(L | (3P(W
3AE QAAE AE

= axfL — 9pPL -+ 18PL

GAE
= 33 PL ‘_
/ LAE Y
=+l PL (1 in tength) (ejonacrﬁ’on)
QAE J
' 6P
3P !
EX o /L - T i
e |, ane) ™| ® ©
ap \L ’
(L, AE) 3p
®
3P = 3Py 4 (=8P
RA E QAE
= o
/

[-—‘)3!’
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—+to erternal 10oad-

e directtu DYOBAYHAAAL = /

To.Peré‘rxﬁ bars: -

- Civcular

d I P __

I

v
il

(a-b)E

: L log
+ (8-b)E <€

8

S

!

~

o]

\—
|

4. Deformadion cue o sebe me’?ahf L

[P
Jw /

— O w=seH weight

* Set weﬂah—t— deformation is hath tot of deformation <

weight denshy, 9= W
v

W = gself weight = Qv

BBUTIAID MMM NOYH AIAYOTNMOA

&AL - YAL:
S
2AE

— 2
&lsw JA |
Note: - 2LE

SCH- welght- deformation s independent- of croass sechonal oreQ

wod°|Iv104



5. Conical bar haﬁginﬂ wrth  sek- Udei"caht"

FalsY

LTI TS Ls

\V) = 4 o

, cone ) Vcsjlz"/\de'r i

< e
OX =
= L[ 54
<one 3 ( 2 Sw ngtr‘f)der‘]
= ; [ '54" o
3 SE .
- ,

cone — _3&
cE

& setf Ude'igh% Stress 1~ ' - -

(1L LLLL

>
C Sw)@*@ee end = ©

N,

$w

2y
S SN)@‘PH(@d end = %

]

-
] ( SLU) @ -fixed

G ek

& Stress due +to sekfs weight s alsa independent O
crocs scechoml avea d\‘mdhj propovtoml o tength -

[

& =
Yy NP7 mox = 3d

«— lihear variadlon

Jw

7

+ Stress due o seH weight witt  be  Ldearly varied -

7. Rar of untform g’uéﬁq«tﬁ -
T a otress deueloPQd OJO,\CJ a  length of bay is the
same  then it 18 @lied Bar of untform Stength:
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P
‘ k]
Y

< & =

P
& = constont A
cuniform)

P
A weighttess prisrﬂc:tﬁc bar sublected —+n cxternald —

foa.d?nca s a bar oft uniform Strength- ,

In practse the members are subjected —o external —
bods  with  setf weight - In such a case +the cross sechosn
Mmust be toppered to have uniforyy Sten qth-

"= Lne‘uaht d@ns‘ﬂl\‘ .
€ = uNtform sitress
L

i

Volumetic stains: -

Tensile = +vue

L \ COMpression = —ve

. z

Sbaing =~

A — & e
Ay - & = X - Sy o S

A & E =
Qy_zgﬂa €Y — - Sy oy s

9 E E = /
&4 - = G

2 g, = L T ST ¥
2 = — _—

Volumetric sthain: -

OV

i
m °)
il
m "
-3
+
L
+
v
w097 v104BBUI ALY MMM NOYH dIAYOTNMOA



E(“ﬂ Lo

Eg -

6";)(:6‘
(9—'3_:
& —
> =
£, = Z — (o) -~ w(o)
- &
=
83_ 0O — 0 — - =
E
/
€. o- w- £ -0
: 1=
EU: E,_-i—gﬂ—&ez
- & —\..L['_i—~d~L' &
E & &=
E = e
v — [ —au
e (4]
28
r . e, =« Tension= +ve
- . Compression
& ¢ LS €y = % Pre::~—ve
/' @Z:O
aL&™
= & - J\ (&
R s g
=
= £+ ade
E E
83: “RE W (o) —M(S)
=) E
T TS _ de
E E
€ = 0~ W(e) - w(-as)
E =
- T L que
e E
/ — S ud
E
€ = S +Ade _as _wg . o
N S E = /E S
= Rl
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vVolumebic staln of o C_xjh"nd@_v‘ L~ @

— . /
g, = g, + eg+ &,
D
v 0 () S S8k 4+ 80 4 80

€, = longitudinal - (o) axial stain

€, = bhoop (or) aircumferential stain
Volumetic stoin @y a Sphere;—

SRELY A 8%

= 80 , 8D 4 &0

5) o D -
EV = 3$Eb
Composi-te members & -
figd ¥ Equittbrium eqMation -
( N “
7 PS + PC = W
Stecl Z Copper COTY\FOdubEi.‘i-j condrion
/ Sd_ = 8ua_
FFIFFT7T 7T 7777777777 s -
f PA\ - (L{
AE/g AE /e

NOte -
To QﬂQleQ& a comPosHe member equiltibrium &Luo:Hons
and  compatabitity condtions  are requived -

P-Q "NO:— 10

t- thiven A= acm™ = Qoo mm™ € = axio% N/mml‘ (ov) M- Pa
P = 4D, 000N L= 10600 MM
SL= P4 _ voooo riocoo
AE 200 X 2XI0%
BL = y mm
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Given 4 = 1000 MM E, = 2%10° M Pa
/ B = " mm
sS4 = P
AE

) (858

QOOC M-Pa = P = &

A
D
o/L '
¢ P Su= _Pu
AE
= pu
T _
T (O-2)-E
/ ' &b = g P
‘n‘on‘
22777
DL = + (8L ) sS4
=N
Jw | (sere wt) (Haw) = (Btexerma)
= WL g
’]\ QAE AE
w (Cxternal cad)
= =W \ \
= ( contrachon)
— £
L, = W - 3A
A A

oF W e doubled then Shese o doubled.

Given P = 1000 N ﬂ

som P lomi—p £
Smox = P :{\ I
Amin Y
= 1000 lgoé
T fs654065] (¥ 10)
Y
= 1000 = 5 Mpa
(50-i10) t
(b-p): £

{P"f.
L

o

Woo*|y404BBUINIAID MiAm NO¥H 3AVOTNMOA
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“

Ly

A 8 (2 c < D
aF |
F ] > F— c—F ] I*’*’F
L,d L,d
L, d ==
& = P = F
AB A T“;_“d’*
L‘\
: (/) y,
L'
=0 A T >
Li
AR B8c L CcD — ke J 6 F . =
e gt e
—4N LR . P
6‘*”\0&( = A mhax
5L yin Amin
= T (3)
5 (
l(l) /
= AN
/
p
:lE e = &)=, ok
QX 2xt0° hxaxi1o® (P-) Pe

_Weo||y0466u3 A MMM NOYH dIAYOTINMOA
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oo g ) e
7 ,
QP L L g - -
<« al Loy
3L = e
= 1 12 &
'3 . [y
tiven
B = _PA
AE
Eta . & _ s
5.y
] : f
i €y = Py 6‘5.:-—&, €= tFy /7_$7[;Z
€y = ok ST -z Fu <~——_j/
= c e e
£ 1\?
= Po—a (R oa (P J
y € (S (=
+ ¢ tensite, = ¢ Com'oress?of)
KL s
R punching head
d-— & y
Punch‘mﬂ ~force = € resisting sheoy —fovee.
&~ (cvess sectionat ara (shearing areay
O of Funch'ina headl)
e
'Omm:;&{ g‘(%dz) = T (Tdt)
3 T A R
Given condrbhon: d=t=tomm
§ = kT
WA =+= 7o mm
18- Given Bndirtion
&
- 6“ !
- S4g = B i
P: &y - Po k2 8*11\/ :DS.L‘I

e e = -

Algf Aj_é?b» oI

Woo|yJ04BBUT|IALY" Minv NOYH A3AYOTNMOA
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For came moderiad ' @

, B =5,

(- S (8 - (D /

E =

s _G?._‘. = o
' €2 =

ok . THERMAL STRESSES (aM)
It is a. indirect Siress

R ‘o’ e A shain devcloped  in o member ~for 1 unit change tn
“l:emPevcrt’uv‘e

X = cocfficient of lincar or tHhermal exPcms}on
I+ s a mMaterial P-foPevtnj - Constant —for o madesial.

- o =€ /0
0<| I = %eonn = 12X10 */°¢c

/ B

-6
Y rass = AIXI0TS /o

b 3 Lnn C
*% P @ P sensitve for —temPcvccmre Chﬂf!aes : T chamge

dimensions

Lo Prismatic bar (ouniform cfs) fee —o expand O conbact : -

+“ai i = T
Stain deve oped, £, >t l T

T
£~t = 54 - <t @ RN
Jo

Frec exfcmsiom cue ~to “temperature

I

5;,\: ¢xt]

For free -to expand Of comtract  sSiess developed is zcr0
* * Note:- | /
Free expansion or contaction, ‘No’ stesses wit be develop

Q- Prismatic bar -ived at ends:-

Free @xpansion = expansion prevented L’_—E ---;'GP
Lxt = /P -
| AE

7

le“_t = M'tﬂ

oo ||y10466u3)IAIF mmm WO¥S a3aYOTNMOA.



.\c‘

* /
Fg Nature ot stess -

& =

< wt-g — Tt : compression

T~ |t : -tonsion
3 Prismadtic bay  wobth gield%ncj supports i (by §)

Free cs.;’tpons‘ron cdue -to temperature

Sk = wt &>

) \
Q- I+ ALt * 5 —> NO stesses E\ E

@,

b f JUxt > § 5 sS¥ess davcbfs

AXtE -

( § «—— p
/ — |
@ 8 \sexpcmsn‘on - prevented

o= equns‘:on alioved
JXt = —total @_xpcmsi‘on T(?.q’u\( ved
Expcms‘ton Preuem-ted Ccauses shtess

(Lxt - 8) = P&
AE

\;’:{: =) CuLKt = 8)5

VL Tt : com[ares.%ion

Jo \ I+t & tension

EX:- A steel bor of 10Mm lengh s having &= 2105 Hpa.
X = |:_mo"6/ec - e bar is ot a yoom temperature  of
Qo'c,/ 1t & hecked +to &cd’c. Determine the -temperoture
stess ¥ e bar IS |

I+ Free o expand

e E-)(Pcmss'ics!\ PT@; v nytecd

i Supports gield by smm

iV S\.\PP(}\“tS yieid by tomm
' _ S ' —
A.  Glven L= jom, E=2XI00 Mpa, & = 1200/

i For fee to @¥pand, &3 =0 . +t =80-20

V. For expansi_on prevented t+=60°
X o = Xt E

= 12010 & x 0% 2X10°

/ = bl Mpa foAMDYECSIARD
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TR Ljield‘mg, & = 5mm

& Free expansion, &4 = Lot
:(IO,OOO)OQ_%IO—C)<€O).
5L = 7.2 mm
Here 4Wxt > § — stress develops
7 s So sStress develops

€, = (rect — s)Jg-E'
L

= (7-2-5) 2x10% 4

10,800

= Mpa (compress(on)

v vd‘re(d}ngj S= 1o mMmm

Free exPomsfon, Se= ax+t

= 10,000 X 12X ©x éo

Z 7.3 mm
t =¢
Axt <« § s0 No skess de_ue(oPs O:
7.2 <10 =
, Z
° P —

5 .,t “-O - I_
’ O:j:
H tress =
oop Stess:- (d< p) ) %
It is also caued Ccircumference stresse RDYV:
- ,steel T
d = inthal dia. of steel ving -

D = Dia of rigid wopoden wheel ? woa

D = -final dia of steel ving
Hoop stadn, g, = D - Td j
T 'e)
= D-~d v S
d m:
HO D~d 8 |
&) S — ~ ) .
p Stress, ) = ( - >,E o
EIJ-I :
.= £,- :
h h =
tk o Nadure O'f‘\s‘{‘fess‘;f— ‘ >
Tension in <teel Ting / .
. ™ o
NOoOden wheel in  Compression %

[



MInImuUM  iNcreace 1IN temperatture OF Stael 1ing I
E. = &, .

oAt = D-d ' ©

€= (Ddyx L

/ d °<

- A min stecl ﬁncj Ao, of 9aa mm is o }be ~ftted ouer
o wooden wheel OF lscomm diar Determine —te mperatue
Stiess  developed  due o —ﬁxirx\tr Aist determine. MiN-
increase 1N temperatture ~for  proper —fixing:

A Given d=9ag mm == ax to® M,mjl o] |
{
D = 10co MM < = 12%167¢/°¢
G‘h = Sh= % X B {
o

= 1900 -999 x 2xi0¥

Qa9

Sh = 2002 Mpa [ Tension in Steel ving ]
)

/ c:ompress‘fon iH wrocoden whee

MINIMUM  INCYease 1N *l:emPem:h.we

[

S = &
~£::(Dd—ci>,(‘>lT

-6

£

2002 X 12X16

o

W02 ||y40466U3 1AL MMM WOH4 d3AYOTNMOA

= 83'4°

Compoe‘rte bars -

-

P — stect copper EQ—P
;@3

Mco,;pe_‘r > Ms—t;ge[

Py

Poteel = Pccsppev =F



Stess 6, = £ . N . .
Actee Tt Both in <o Mpress on
_ P It Beoth In tension
copper -
Acopper
/ _
Q.
Copper _
Steel |
—% NO bond In between &sccPPe\r ond ste@l C"L"d:)coﬂx
T temperature increases, At S
Copper [ __f
OLCDPPGT > Xgpoei Steel |
For free expand, (L)
Stess @ Csieci s E’—COPPQT witt - be S50
= _
copper CBondl) 3 ‘Lo&)co\’Ve‘
Steel 7 ™ Ly
4“7/7 AE .
@ < 8
COPPGY T M;. {a E
Yeopper 7 Xsteel steet | —> P IZ
2.\ OV
Compatabiliy condition J \&43 >
. Jott :
S = 84 e e erteefry
Steel iy O
(Loct) .+(& = (Axt) - (£ %
Steel AE /gteci “opper ‘ AE Jcopper O
Z =
but Potect = PC"PP@ = P = constant
Nature of cisesses:-
Material 1+ Jt Q-
/ <
T, copper compre T m
=i
‘LNr sSteel T C J g :

Note < - .
In a qQood composite Marterial

S0 that no stiesses due o 'f@fﬁf)efoﬁuve.
E-x-\.'— R.C“C’

“od value must be neoly soam

WO2" |10



P9 NOl- S

&.

P9

o -

14+ = aoc

€ = (xt)E

+

L

> %+t E

1-sx 1o €x 20 x AxIcE

So Mpa. (compression)

. -c
Q000 kgjem® = (12:SKI0°) X+t % (axic®

+ =80 ¢
noi- (o
P= P +F —O®
P = e_A_ + Sagc TAgo
toox10° = (&) A+ (120) Agc =D A= YooXI10® _ 120 Asc
(S
c
Compatability condrtion
S4. € = BA
ek A
e E. Ac E,
P .
c = Ac Ec) S, M= Es
Ps AS ES EC

fc = Ac 1y K
es As o0 sub n cq @

= #f £i+ Ac
s Ac

Sub ‘AC] value

= + R [ Ay
ot B[ L 45)]

)] - o
n D
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(‘\

ONIT - 2

COMPLEX STRESS AND STRAIN

Plane stress (ov) abd sSystem: -

) any member or clement
normal stresses are balanced by
~force e_q/um‘bwum , Shear stiesses are
balanced by  mMmoment cqulibrium -

Egi- +thin Mmembers, plates, beams, Sheets, 9
shatts;, cte.
Note: -

IN ap system number  of :‘ndef:endenf stess compane
/

are  —three-

Sbess : Tensor

Stress 1 One magnitude + more +than one mrecticn

RD -tensopr = & "T’,lEj
’Ta(y 6“3 :
XL | - Wk

O

x . : . "
*: Stresses  iInduced bgj Direct SHesses ©N a P(an—: inCi m@_oé
2

at & with +the yertcie Shown in g : - —.
& — Syu+ & &y - & S —t—s Ty >
e — ‘ik___g -+ X Y C()sg_e—i-"‘;ﬂSlﬂP_e - O
2 2 }.é\“ G__e m‘

Sx ‘\5(4 > & D’_

T = & -6y . . ' \ TI-
© X 9 sin2e - Ty c:osy_e/ .9 pol
2 | ,ij CZD

Sign conventions, as shown In fig - ’6.3 ’
Resuwitont stress on  inclined plane (standard element) %
[ = Ve 2

@

Eq - ‘ Q.
ey = +30 MFCL o

20 ¢ T

‘5-"3 = - ao MPQ 2

"ij = ~ 10 Mpa j=>

O = 90-30" = &° O

/- %



(30)+ (—20) + 30-(—20) cos a(ss) + (~10) Sin(ax6o)

& =
& ey o} {":,
= — 1616 Mpa ( compression) o~
/ ' ~
oL o
= +16.65 Mpa (Tension)
S TN o+ T> -

= QRO-iq MPQ_.

Exe-

Ghiven
&y = é‘j = 0 :
Ty = T ~
N
| T
§g = T Sin26 (pure shear condition)

'T’e = -7 C()S%G

Prind':)o.l stresses (- (AbD system)
‘!73”@,‘ maximum  or  Minimum  mag nrtude o normald
Shess. :

Used in the design

. ’ X .
MocuoY — &) = x ey 4 (G‘x-gy)l_‘_*( =
N 2 fos |

pPrincipal stress 2

. e, + & '

MInOY — & = > 9 _ X €y Ve o T
pﬂncepal 2- S

Stress

Wwod"[[v4046Bug Ay MMM NOYS a3AVOINMOd



pﬁndpoj Plcmcz -
The plane  on uwhich pw‘ndpcﬁ stresses  are clc*h'hca~

On Pv‘mdpoj plane shear sStress will be zero -

can’)
TN 2-D system -there wil ke -~two mutually Pe"Pef’d‘C‘“‘i

planes. on both the P(Qﬂes Shear stiess IS =zeyo:

pn'ndpcu plcm& are oiuscsz mutuqltﬂ p@_vpendc‘culcu’

(3 \ ‘
EX - — Ty -
l 6P 3{ > S
l \ﬂ\\
v - )
x3 ¢ — > mauor Pn‘ncquf plane
/6‘ j .
J
W = - &5 - " '
©p G = 116:3 sin 26,7~ T’xkj cos (28,)
tonaes, = Ty
G‘X—G‘H
()

P = anye of mMauor Prfncipoj P(Qne /

—

Opt9I0 = angle of minor principal plane

-

Moximum . shear stress:-

T = (G‘*—G\s B =
Mo J =) Ty

10°MWW INOdS d3dVO INMOA

Maximum Shear stress plane:-

The planc  on wWhich MmMoximum <chear Stess wil be<
achmc3~ , .

u4jiz

IN R-D gystem -there are -two Tmax Planes  separated ng

0. Ange between any +we- principat plone and Nearcst ’“t’qu-n
Plane is  xs°

- On Vinex plane normal stress  wit also  be acting

Yo et e
sz Sauq = S cor) @xﬂf-é‘g(
2 LY

WOD"||v1046



Py g

« oos\
(\“UP&
\gloﬂéﬁ
€3
&
P
N
/ / ) Threx Plcme) )

Mosor

Principal plane

: 5]
Tan (28p) = _:EL

Ex — Sy

Yk

**( Mohrs  ¢ivele ;-
1. Tt 8 a gvaphical method- B -
Q- Tt s devetoped for ab system
porameters quu'l‘fed 0 dvaw o circle @~

t- Distance from orgin to cente of Mohr circle

Ooc = &' = s‘cwa = & +eéu con|®xtSy R
/ 2 Py
R+ Raclius o©f Mohy circle = Troy 6 N (of)\r;::f;/:
‘ 2. (»———l J) +q913
+p

= OC+CA

., OA = OCc+cA

&
1
v T favg + Tnax

€T = 6&4+¢&, P 2
t 2 Y 4 %~ €y \ &
ML ’( - 9"+ Ty

3 it

. Normal stress On Ty plane IS Oc

Woo"|y404BBUIMIAIY MWW WO¥H AIAVOTNMOA



§ & = DbCc-Ac
; - —
- 6‘@;3 Tﬂm
.
- 6"2" 6‘\ ? —
B 2 T = tey “J & —ey e ok

o0 <

g ~. Radius of Mohvs clivale e Tmax
Case: |

Onickial  stiess system (1p):-

«—{ A

TIE * Tehsion STRUT & comp-ress?oﬂ

o) & < A <

ny Element in ol He

£ c egs. |A
2 €=

On any plane shear stresc i zero e principal  plan
The corresponding normal  stress  is - principal Stress-
Case @ >

pure sheav

[

NQdd d3dvOINMOA,

woo’||vlo466uzagA



Qe Fov pure sheay
l\ 3 \.
O‘rlc3tr\”

in clock Wise divection -the

f the QPPI\‘ed shear is
‘complemgrtany  shear stiess’ dlevelops  in Onticleck wise ditection
and vice vervsa- T

2 T
&, =
ij - v ____1
e__w,
’T’wj =T T
— -— G oy - €
Oc = s*cw‘a = W T &y o
2
Raocdlius hax _JC ’L*G’)'F‘T‘x:,
Crpax= T
&€ = oA= + T
/ ﬂ +T CaTN\o8 = - T
| QQV "
A | .
- FOf pure shear normal stess on Cpay PlANC, Saug =0

centre of MOhr civele ceincides with

- Identfy the pwe shear condition [c]

6\3_
EX:- Find stesses-
/
& = +30 (Tensie) (o) Dia.cachqj “kension i
€, = —20 (compressive) (of) Diagonal
ComPTEssicf) s
NCte i -

bo Dio&aoﬂcﬂ
case oOf pme shear-

“+ension  and Diqgoncﬂ compression  develops (N

BBUTIIAID MWW AO¥S AFAYOTNMOA

I

]
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+ C

= + 80 Mpa. (Tension)

€= - T s
= —&o Mpa (compression) T
Case: 3
pure shear -
e = te /0
e &— —> &
6"3 = - Q, ’
’CX&‘ =0 ’Fs‘
0c = 6,,, = Sxtsy a -
3 >
Radhiug, & = &
OA=e6 = +& (tension) =
OB =c;, = -@& CcomP're_ssu‘on')
o
%
Z.._
J T o (8oth are pure shear O
) / QIQMQFT&%
 — 5 m:
D.
case: 2 case:3 T
* A
P . O
case . i Z
Tsobopic  condition -
6‘)L = & :
6~v C n
¥ - & : Q
Craaxy™ © =.
& gl
Oc = 6—.&\13 = & . Q
o
[N LL ‘n‘t C:‘(C‘e ﬂ
Yadius = T nx = 2e¥0(0): — PO o
c 0 — (-:/ =
é . .
I\T/ve @ o Fomrt in any j=>
6 < /"\_—‘96 aivechon property O :
= J/ T same. (Tsetoplc conadton) %



In -this case ai the planes are principal planes
without shear stess: The COwesPond‘ma nomal stress s e

prindpoJ Stess - 5

[
O
&y = - & : R
6\.5 = -& = & 3/ - -
Tyy =0
/ J ! -
ocC = 6"QUC3 = - & &
Radius, CTnax = O
‘éel‘ s
KN Wk [ 1 S & )
pe! | \J,/ .
\; o Ty :
< 7° RN o
Note .-

On o sSubmenged body MOXiMUm Shear Stess is 2ZEro, -

Mohry civale dvwawn will be sSust A Poio*{:-

Radius, T moax = i 20+ a0

= 28<28 MPQ.

il

Cose: s O;
Gvenévcu case oFf beams §

Ty, ,=20M |—

€y = ho M')Cx B — J Pe @OF

: >

6‘3 =0 ko M,n< , > 30 qu D

Tyy = 20 Mpar g
& T

OC = ey = o0 Mpa Py
\)3 O

OA = & = 0c+CA
NAIAY = g oo
, e(e——m = 20+28.28
= 18: 28 Mpo. (Tension)

08 = & = oc-8e

= €. -
g ctqu
= 20 «—28:22

-—

= —8'2R [comDressinn\
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NOote -
N beoaMms

N Noeture.
Stain system:-

Shesses

&

Pﬂ"ﬁdpcﬂ Stesses  wilt be o.lmo_‘js op,:csse‘-‘te

2 "5/9_

sbains  ©on  inciined plane . -

2.

£, €

2.

w©

Ccos (28) + <&) sin (26)
2.

S
(ggg) (%Q—) = _E’Ll;gﬂ sSina2d - (@)cos(ae)

Pﬁﬁdpcﬂ sStains o -

MoJor Prihdpod Strain, g =

Minor  principal stain, g,

principal planes:-

The plane  on which

plancs witt be C\.Cﬁnca-

On -this Plane shear stess Qs wel <hear stain s

2evYo

tan (26p)

]

& Ty,
[y
Q(Eﬁ)

Ex—gs

b 8

Py

Ey—

&y

]

- - /

/

ExT &y

N5 J (E22%)7+ (Br)

€1+ i ‘,_ 2
S5 - (e (B

principal  stresses and princip

d
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/

4;* Maximum <hear sHain i-
¢max - E,”EL
2 2
< ¢m&x =& - EJ—(
Mobhy civrcle of string :-
+d
S OA = g
OoR =
B\ ¢
& U Radius of Mohr circle of
= Staing = ¢qu
/ | =
Strain qauges : -
Stain  Measuring  device 1S calied Stain gauge -
Types: -
I Mechanicay
Q- Electiad
3. Digital.
IN o 2-D system or plane Stess system  min: fhree
Stain caauaes ove. w"e;l,uired to amilyse the membery-
P9 NOI- 33
I 6, = +9 (tension)
G,z -9 (compression)
o P &, = P
ey = © P & \,g P
'?1\\’ =0 .
'Ce = Sx TSy sSin2e - twﬂ Cos20
o
'Ce': _I::smo_e
7
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5
ST = 2000 kglem>

moax

Radius = T :\J(q_ 9)L+ Z:;

2

= 2000\%
t( 290) +o
= \1 1000~

= 1660 ’<9/cm"

sSide of a square

I

(A =Jwe cm

= 10,000

/
e = 10 N/mm™ on Mpa
2= IO N/mm*
2 Given - | - Ol e
Y/ B K B
6"3 —
Tayf3.0
&y = Sy +&y . ! Sx &y cos26 t+ txysmle
2 2
= &+ & cocap
2 2
= £ 0528
[ ' +cos2e]
G‘é = & cos™o 4
7 Given P= 10,000 kg, T =500 kglem>
& = _P_
A
1y bR 2.
adius MOK J = H) + txﬂ
& & —> §:=
_ — ]
-y J (G‘ 0) +DL
o
500 = &
2
€ = 1000 Kg/em™
000 = 16,000
A
A - ip cm)‘ /

>}‘o
W02 ||y040Bu3IAID MMM NOYH AIAYOTINMOA



9. On Trnax P(cma normal  sbess, Sovq = s, :@i o
us p
the Rodiug = Tmax = J(G"L‘CQ)L-%C;‘ o
> v P — p .
= P-C—P)\*
/ \““——““'2_ ) +o P o
Chax= P

(PR \f P 5 -

&y —&y - T

( T> T Sy
13- -
T e e ™
&

4 s Resutant stress = [ e3> AT__}-
- 5 & e/ 2
= J =06 S 2>

Circle
. =0
& = looMPS (tm&)k )
< &
> / 1\/7 ’ T=7
> T L=
& ©
ys

T = 100 M,:q cor) N/mrn"

6. [ 3% 'CXSJ h [30 0]
Gy &y o 30
&y = 30 Mpo &y =30 Mpa. tx-ﬂ =0

{ Fc’i pt civde

< C
—
/ €7 =30 Mpo.
t7“ tm - 6_l —GL
2.
(50,s0) = 2°75¢ =-o
o
(1§60, S0) = 150 -S° - Sp
2.
(0, s°0) = S0 = as _‘
2
(50, —2ae) = ~301200 = 75
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18 - & —
FCMCXK ! Sa {z,aM?FL _ox1? PO
2 o8 = / oA = T
- ~
= 18- o) H{ A
2. \
|12
/

- &+ -
ta\ig Lt o 18-8 = 5.4
S5 —_
1q. £ = ‘ &y
—_— —_— s.Ll —_— —_—
' 3 =3 ®
£, 2w S L3 xu
= =
_ 22
L g)_,_“ M ew s — B
= =
solve ® ¢ ®
<E|+‘J~‘L'E.>_): -—._*VLLL—E'_ ’
e =
e, = E (£l+"u‘82.>
P —a®
= 1«92XpS (o-oooe + o2 (o.ooo@)
{ -—D-J_l
= 128 Mpa (on) N/mpn
RO Ghiven 6y = 1 -
) = Q e, = N = =
X Y 30 txt’ =306 = t‘jl
Radius, =
CT) Cay
= HO —30\
‘(T\O 3 30"
/
= J yo*y3zor
= 50
P9 NOow-i)

2
b h e = £ = 25000 = Gaso kgfom> & = 6250 kgfem
_9 < A o ey = =0
AN Y -'O) thti-

Lo, o= Vo = Femool = erso

v 2 30 »
-~ 1.
SOMV Obﬂq.,UHH —tan ¢ - “?36 -
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UNtT - 3
W\‘w
SHEAR FORCE AND BRBENDING ml‘ ( 8to iz M)
TO onalyse o beam -the NuMber ot unh“bm‘um
cqauartions Qre: £
- £F =0 A
o
Qe 5, =
A A | :

T_ldPG.S of supportz : -

e RO“?_Y SuPPOT‘t-

g& § (One reaction) |
oy |

Ext- pId bridges

2 H inqe Support

— ;E } (Two reactions)
T

3+ Fixed Support

Tt e also called  Ruilt-in Support

/ 63 ' 4? CThvee reactions)

Egi- welded jointk

Types of Beams

e simply supported  beam : -

Vv iy

EX- _8ﬁd¢3e %ivders

We reduce secondary stesses SO0 we /:(chd
One hinged and oNe vYoter: T both Sides is hinged it

1S a  indeterminate structure -
/
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Q.- Cantilever beam:-
4
Z

One. end s Fﬁ'm,d and other end s fee

3. propped cantilever beam:-

% |

One end s -fired and othery ena s vlley

B comhinuous  beam: -

5TTS B /

Type of Loading : -

t- point oOf concentraded Load : -
W
2 \!/ )
] o
EQi- Wheel load, hooks

Q- Uﬂi‘ﬁb'fm!gj distibuted (0ad (UdL)y:—

, Wee -
£ U8 (knm

Eca L, D-L, Wwind lood, snow lead 3
3- UN'FOTMIH Varied load (uU-va)s- /

Qs T_Y‘.tCU)CaLL‘QTZ - f Wwater level

W (KN/m) Water pressure O
Side walls

b. Trapezoidal : -
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‘ C‘_Ouple o -
Effect of o couple s Yotohon

A %:P

M= PpP.d __\17___>
Bvacket connechon:-
e If
[ N

| —

P
Laym=fe
b
Sheay -force d{clcjvmn:-

A ciagram shoml‘ng variation of verticle -force
oY shear —fotce Qlong Hhe lengfh of the beam:

Bemdé‘nq Moment df"qgro.m:v-

A dt‘acamm shouoirg +the variaton Of bending moment

along the length of a beam.
Shear force ot o point (@) section of beam : -
Algebraic sum o©fF verticle —forces cither o the
left (o) 4o +Hhe *ﬁ‘(ﬂh{' of a beam-
Bendmg moment ot a  point (or) Section ef beam:-
Algebvcu'c SUMm of Mmoment cihey —to the left @r)
4+ the right of o secton.

s-‘gn conuention: -

} . S(}g%h’\g is +vue
2. Hogging s -ve

Relaction  petween  intensiy of  load (W8, KNfm)r~

—_ M -
). F = =" KA =M
% P SF(F KN
BM (M, kKN-M)
N W= dF KN ( ‘
alx m

3. = d™M KN =)

02" ||70466UINIAL) MMM 110¥S G3AYOTNMOQ

!



Xy .
X conclusions L~

@

Rate of

I+ Rate of change of Bending moment s SF
Cl’\an%e of SF Is In+ens‘rhj of load (or) Rate oF lcading(wl "

Q- Slope of BMD is sk, Slope of SFD s Intensity of

load

3- F = a M

= oM= BEodx /
ax ! '

The change of 8'M  between any +two points Is —
) :

cqual —+Hn “oxeo. of SFED between the same +uo PG‘U'T*S(F'd"

Ll"‘ A = dl: —
=P = dF = W-:dx
The Change in sF between the -wo points s

cqual o« qrea of IOCLdr‘hQ ch‘cua ram botween the same
two PoOints” ¢ p-aix)

LO(ldi‘ﬂqv SED BMD
J/ Onrform (ov) COAStant Lincar or incalined
T ©) HoMzontal stralght | Stalght tihe («)
NO variaton of line (x®=1)
(Do

2° pavabola. (or) square

parabola (x*)

Linear (or) inclined
A YYD Stalght line (x')

A
_AIHI (ov) square paraboia payabola - (¢ x3)

2° pavabola. (or) cub:ic
I_ Vvt o)

2° para. (or) parabola

o

' Bend\‘ma moment  to be Mmaximum (by maghitude) (max +ve o=,
amM . / MO —ve
A -

b
8

F=0 ,
At -the Poi% Of MaX- BM (+ (ov) —ve) Shear Force: Must b
£eYe- At the poOiINt of MOx-SE, RBM need Not. be Zevo.

ol

woo-[10466u



Cantiicvey beam  with couple: -

o

> 0 P .
H =0 (——33 4 --~——Z) M o
> ) \u NN *1 _
ine) pure bending zone ‘ o~
SFD L
Cc}m’dlev&v beam Subje'ctted o) Couple , “sE wit be Q
) :
B LY,
BMD

Note: -
IN proctise ‘\pwe bendma” s, Not possible- (sck wt-

causes  sg)- : B

Ec = Elastic curve or peflected shape

For cantilever : -ension -—tc>,>‘ Maih Steel on 'tDF

[§

& ¢ SR = . W, 23 — f\S't)"
=% In ‘pure bending Elastic Curve (s Circular arc (R=O

3

on Othery cases elaste curue s pavakola-
/

Si‘mplgj suPPorted beam:.~

"C A"

55 | e A 8

Re=0
A WRa—‘—O e‘
-+, (OY) £V =0 chined
€y ) [~ SFD
Rp+Rg =0 puwre
bendt‘rj\) ,
EM, = O (c:'w is +ve) t [
+M-M - Rg(r) =0 L BMD
RB:O
Ry =0
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L

h = M
gMA*—O N
M- Rg (M) =0 ‘ UnHorm
M M
Rg = M + I
A
SFD
Roy= ™ :
L 1ineoy M :
o N

BMD/

- A the POfﬂ‘b Of cCOnCeNtiated moment (Or)co kLP(@_ N a

beq.\ N theve Wil be a verticle n  inh BMD wihose kength
\ ¢ .
S Mc:.gm-’cu de of moment”

R At the point of Poim- load (ov) reacton there will be 8
a. vevtcle UNe In SFD  whose length is equal +o uMd%n&gf
Oof Force o Reacton' =-
TR et
XL g'{
- AT TR ol ﬂll"“’ s e :
M {3711 381 Surga‘(;\{ygompl O
A 'ﬁ b j 8 ;r_@_ohﬁ‘f 70029114 g
7‘-%< S\ ‘9,]\ &Ry =o %
TRﬁ Rg RA/+ Rg =0 Cz)
b
W\% v +M™M — QB("L) =0 %
7o ’ Rg = M ,
Pramss ; 5
Ra = ~M <
L =
M M T
Fy }T S5
SFD 2
: T
point of L) of
cona c+) ™
Flerre NM 5
(P-0:C) :
H (o 8 .
. (&amMD) 3:



(=3 Qe M -
(1 L
:9%_7 Z;? 6._"7
Exe- W 1 a4 |
I
Q:L'D:% -

poi’ﬁt Of ;zorrbrc:ﬂexmre (P-O-C) -~

The point ot which &M changes itz Sign (0N
cCurvwaduwe of the beam yevevses Mz dirvection
NCte -

The point where sF changes sign is ot given  a
specific Nome.
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chnhte\mzf uurfh Pom—i— IOQd, ' ’ @

W
& Exi- K A
\L ‘EQ&RBHA EV=0
¢ K__fP)M—WJ_
‘ Ra Ra W =0
Ra = 1
W JW EMA =0
(SFD) — WA + M =0 .
M= Wi ;

p W | -

o "y /
(BMD)
Cantilevey (uith Udl -~
¢ Lo (KN/ M) :
/V\/\/JLWY*QE
/‘ Wt &
(SED)
S(OFQ:Q ' C‘/)
2° Nsl-_..l\
qu%,q 2 ( :
(8MD) X /sloe ot mmp
SE=0

RIS S

Siopeto. ‘\‘__‘J t3) (<Y =o
AL Slope of BMD
> ope

Simplgj supported  beam with point- (oad - -

o b
A: J-’ :B Assume (b>a)
_ L=a+b
”% ']\ Mox sp = MaX - yeachon
RA = b PR wWa
N NN  Ra = Wb
[* §
o (o Tow
- , wa. Max 8M = wab
A X
/
ec
s
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Exc- J, .
N Yo 8
LYo 4 ‘
Neidd '
Ta. = we Re = W& .
Ra = == &= 3 O -
I ;

| pure bending zone (SF=0, BM=ron zevo constant) -
w( |

Shear span (o) -

Thg =zone N which SF IS  non zeve constant (Th the
sheav Span zone  B:M may not be zero)-

IN lab ~+wo point load “testing s very common. Fo

bending
testings  veted o BM: pure &M zone is used, for Shear “testngs

sheay S pan s used.

0
\%
J_Z > ¥l
] |
p
| ;
W02 [17404BBUT|IAID MMM HOY4 d3AVOTNMOA



i
Ext- i‘ &
o £ o
& T 0
{ Ra=w Rg=w
4 aheot SPOD

(BMD)

s sheay s.fxm o

B SimP"j Suppov’ced beam with QOd(:~

Vs vd/m

HE

)\CESF .‘:0)
(SFD)N

HE

o Qbo‘o‘
2 por —

G

o
2
Z_
K
O:
>
O:
[TI:
O
T
Max BM @ N
C @sF =)
<
Mo Ra()- e G
M, = {'\u"
)
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ashy A ok

(This is neta point of contrafierare)
(M=0)

Max 8M @ supports

(@MD ) = WXAX &
2.

TRE )
Compared  ~to simply  supported ' M= pat

with  udt beams  g.M s yeduced 22

by %ﬁ = i -Hmes

A A ; : L},\p[m
: NNV YD
A= 0207 o =0-2074
VAN VAN
Y 4 .C)
‘LP‘O . PR
f\‘\ ‘M
] . i
. % W) = wal
/ W(o 'M)L
] = * 20
(BMD) me
M= gd*
compared —to s -s-wHh LVdl beams B8'M b &6
is veduced by he;? - s.a-himes
, Tf a=oc.acta the Minimum &M develops in the
beam ave Sagqing moment = Hogqging Mmoment
'Nc)*’ce‘;-

. 8ecam with <o Quer hcvxjs “dhe  Maximum no- of contra-

flexures ave Poss‘tble - o

EXt— e A //v\‘/m

-% —0.293 4
W Q3 M= W) C%—)
0.0 = wal o w(o2a3)
M C ' 2 T

M M= wa*
23-3

(e ™p)

o / < X > _— Wm ' |
=X M (over hanging beouns) ¢

W00 |7404BBUIIIAIY MMM WOY¥H GIAYOTNMOA.
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S-Nd Beam [ Nos  of p:o-c possib(e
- Cantiicever beam Zero (o)
L | Simply Supported  beam Ze Yo (o)
=N Sincale Over ham% beam ohe i
. | Double Ouerhcma Ibeam Two .
' S. | propped cantilever beam One
& | pixed beams ' Two
Cantlever beam wih OvL - © y,
*
hind =xL—-
(case: t) o
Sf‘A =0 ¥
SFy = ovea of triangt ¢
= 3".‘“‘" £
Las o sarabo'l®
- i Ma = o )
M, = o 1 e (i -
- o Zorea of vigeq
= Loxuex =) O
N = wu E;
(IS s
‘ z > porabo c 5
BMP; >
(BMP) , o
[TI:
O
TI.
A
@)
<
wd 2 pavakole: Ma =0 O
2 —
Ma = QY& t X
(SE =0) 8 A ot Aeré
(SED) Taxxwexez) O
= wat )
2 3 -I-I
L \ : 91 '
3 o AQiaPO\> F= (dM
Sl / a*)SIoPe ot suoj=>,

SFE =06 +then M =

wod



*% _
ote < (Mox SF)

( Mox sF),

(Mox BM),

( Mox 8M),
/

Simplxﬂ Suppov’@d bear) wtth Uyt i—

L xR
EX ix

avs

(RMD)

. 'F ,
ﬂé* MaX- SE in beam = MoX: Reachon =

Max Bending Mmoment = _wua*

SR, =0
q
2.

TR Rgd + ".‘LJ.:(L):Q
2. 3

Rg = b
G
Ry = W

—

3

Lo
3

avz”
Mox Bending Moment flom -l Occurs @ i@
Framest—
- A sEM p M, =0
EX e a_,t : - A
< 3"\—9:‘ am Mg = 10X2= 00 kKN
M. = toX2 =20 kn
Aeam |, Mp = o
\ Mz = lox3 =30 kn
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EXL- P
Ma = O
Line of action of —force passes
‘t‘hY‘Dngh o Pofﬁ‘f.— Hhen moment is zerc
A
/.
P
MA =0 —_
A
/

P9 NOo- i

[

r]\zm 2.M am 2m T EFH =0

RatRg = 12 KN
Ra - & EMp =0

Re e ~8Rg + 18 +20+I0 =
0 - Rg =6 kN

Ra =6 kN

Ra

Symmetr?cod toad

Rp=Rg = Total load _ Qwea in povabola
2.

: 2
— l
= S-wd)

——n

2

o
Wo9"[1v1040bu3AID MMM NOYH AIAVOTINMOA,



00 KN | &

'8 m
7

1\50 KN 50 KN
Due —to stjmmebr'j

MoX sSE = Mmox Yeacton = SO KN
19-

. \LW . \LD_NL AL3N N

. e
/ = Ma =0

“Rg (W) + W) +aw(Qd) + 3w(3L) =0

o
f
-FIS-
f

o5 A

f1

S/, A
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¥

- ONIT < 1

£l - CENTRE OF GRAVITY AND MOMENT w&wr«)

—— =

Centroid (ar) Ccentre of area : - :
The point “tﬁ‘fough which cntre Qreo_- is to be cnnceﬁt;tt _

It g O.Pplico.b(e +o  thin  mcembers

Centre of mass.-(or) Cente  of qravety - -
The poifrt ‘b‘wOucah which entive mdssl ar Wwelght wa

be O.ctif\g- Tt s applicabie Jcaéoltds-

ComPOuﬂd QArCAs & -

g: E AT Y; N X
Aj A

_) EXL- locote  centoid from  basce

A g = Y, T AN, TA3Y,

AtA, +A,

2 (1SOX(0) alR S,

("omso)(fio +10) +

(1oox10) (!%1‘-15*0—&-10)

v

( 1500) + (1s00) + (1000)

= (I1sooxs) + (1Sco X &S)+ (1000X%I&5)

Yodo
= 75 ™M from base
Exi- locate centod fom Y-oxisi-

A+A,

= TR (o) + T(L)(R
TR T

= - R

= (0N -ve <ide of K —ois)
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Moment oOf Inerba : - o

Second Momeft of o %?uen ara. aAbout oo veference
axis E moment of Inertia.
/ ,
— g .

T, = [dA g

Ontt : mmht (o) em't o) mh

Tt 4 stablity = T Stength

N
Moment of Inerba s used N Mmembers Sublected O

eendin% moment  (or) Twisting moment:

Povalicl axig ~thecorem: -

T = = F

N Y ‘IXQ + And :

‘ ‘ X, - - ,
This -theorem s uscd -+ shift :

Centioiddal  moment of ipertia o any &)

Other ()ozfcd el oxis- X
. X

The lecast POssible ™mMomendt of  inertio s the
Centioidal  moment  of Tnertia only-

P

Perpeﬂdéculm oxis thaomm-
Ty = JdA-y*
- N 2

—_— 2 2
T, = JdA. = X yr

=(dA (4 yY)

:fdAlL-{—fdﬂ HL
T, = I+ T
Here T,=3=3I, = Folcu Moment of Ihertia

Moment of werta about an axis perpendicular 4o the
plane of area  ig polay  moment of inertia:

| In bending problems 1, and Ty o used, IN -torsion
progems I, will be used.
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Prociuct of Ihertia:-

Aicular

4

& -

Moment of Inertia  abogt any -two  mutually  perpen-

axis

Iy

T ey 3
Xy can be Posmue, necaozhwz (or) zevyo also

—

NN

iN the P(cme ot avea. g

o]

= JdA. Xy

UNH 1= Mm% cm™ mmt

Ty,

'Y

I

2

, /
Qre olwaajs NON zevo Pos%n‘ue

Pmduc+ of inevha

values -

Anﬂ one axis is sHmH\et\d’ccU ~ther

I‘MJ =0+ Not symmetical any ol

qxl\sl :'-:)(3 :Q& (@)

Pﬂ‘ﬂc&'Po.l Moment of Ihertia: -

Moximuy) oY

Mauor,

MINOY,

stresses

I

I

X

€y

"Cxﬂ

mMmaX

min

f1

Minimun  Mmoment of incrta.
Ihertba
Ty
T

b

/

.
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P Vi ﬁd‘pc‘:\.i OIS L
The axis about Which principal  Moment  of NSt
Wil be actng, about -these axis product ot ‘mev—'tch:fiﬂ) s

zevo- Therefore Pn‘nc( Poj‘ axis are symmetical axis. -
Mobr circie of Inerba ;- Cr oo
%) |
()
g BU : o I\j
(- jI.)uJ)
OA = &, = I, = T« :

= I ~ a " -
Sl 2 = ‘IIY)N\ .

2

* . LY - 1 Y \, 9
+* Radius of Mohy - ciwcle s ' haximam product of inertia-

ng s used N Unsymmetrical  bending
Moment of Inertia of simple figures: -
M
o +/ = bd?3 . = db? b
XX T 74 12 ~
ol ]
. {
Txy = © P R, N
) i : Yoo
= Xy ,: ~ X

bd (e Rw?
T[]

T = bd?3 b Q>
X + bd &
= pd?
3

Radius of gyraton =n (or) k = ’IT

Radius of qyration used in COlumns

W09 [Iy404BBUT|IAID” MMM WOY¥H QYO TNMOA
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e
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xI
n, = 2
x A
= (bd%L)
——
bd
= _d
\}lL
O'IX: a
VI
3’)3 = b
23"
aa® - ol
12 12
ak
12

;:H
1]
H
G
i1
5|2

&H

= 1 Y
F‘.— I, =x,+x, = Tid

Y —_—

2

ng =0 (symmetricar)

N (ov) K =

ko T’ﬁomjulcu

bh3
26

bh3

36

bh3
f2

+(xbh) (b

S5 ()"
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5. Hpllow cCivcle :- ,‘v '
Iy =T, =T (pt-dtT)
X Y 6'1 ( \‘
x — -
T, =T = Ity :
* = \TT- tf i? v o
* T = 44 (D'-d ‘
Iy 1 5. ( ) -
& D > E_
6. Holtow Rectanc\‘le L y -
3 ) ‘a 2 . L
I, = 8D bd3 4
* - T o |
12 lo ( D
X = i - X
= 2 [503.— bdsj . |
(R .
_ . . _~__t__“l"‘ :
Iﬂ = DR - db : ,
12 Y v
/

- 1 3_ 37
;'2_ CDB b3

Slenderness Rahio:-

A= 2

Nmin

A = effective lengm ot column

Tin = | Tenin

A .
It s used iN columns:

~N
09" |4046BUT|IALD MMM NO¥S AIAYOTNMOA



ONIT— 5 @ :

THEDORY OF SIMPLE . BENDING (6 to &M)

8@:\@'{/‘1(3 moment -

NON zevo constant apnd  maximum

Ex.- : " _
: 2 T A -
| ]

Pure (ov) sSimple bend?na s pot possible in quch‘se
but Shear and b@ﬁd{n? avYe SGPOC*”(ItEd usfng SQPQYPOS“'G\OR'\
principle.

i.o r\g%‘tud’ inal  axis .-

>
~

Longitudinal  (of) centiedial axis  (of) Axis clistribtion| BendinglT1:

» Stregs
Neutral oxis: - Slistributio.
P

e = !
m“shqm)dﬁhb@{‘ t &)

Neuttal oxis s (n the cross section passing throu

the centrold wbhere bending  Stess s 2evo-

Angle between centoidal and neutral axis wlili be

WA

qo’
Neubail ,Diqne -

The plane contalning  centoidal  and  neutal XS
F\SsumP'ﬁons L

/
£% 1+ Plane cYoss secton yemains plane ofter bending- AS peY

RerNoullis cssumFﬁon there should not be any distorsion i th

woo"|§10466UI 1A



(39 . ) . 9) ,
Qe AsS per Rernoullh Stain 1 linear with zevoc ot the

centroidal axis and MmMaximum at- the extreme fibre 3

(stain distibution)

7

3 Homﬁgenebus + Isotopic and Hookes Low € valid-

k- TO eliminacte shear beam i1s assumed -to have thin fogcf""':‘
and no sheay between -the layers -

5. ‘L/Duﬂcas mociulus N tensien  zone = yc,uhcas moaduius  n

comp YesSSIion zone-

Tension —  Fcom PVGSSTOI)
Moo vt al pYo 'oev’h\es are constont- in tension and in
compress‘u on-: ’

-

& Radius of curvature 15 lorge  as compared to pPwre
beﬁelm%- wictth ov dQP‘I‘h-

R>>> b Cov)d

/ :
"ﬁ*ﬁk Rent or deflected ShQPe N R = constant
pure bending is “"Arc of o circle” / Bent or deflectad

‘ Shope
!QC\dt‘us = cor\stanf,

- 1( — ’
TN the beams Slo pes and deflections ove very Smald
(Super posttion principle is valld) (=20)

Bending (or) Flexural ec:'/ucxh‘om—

E - M = £
R T 4

E= Ljounq's Modulus

R = Radius of curuature

M/:- Bendc‘na moment

I = Moment of inertlal Abeout Nedkal Axis- (Here n.a is bending
+ = flexurai (ov) Bending stiess oxis )

4 = distance fom N-A.
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A,
. i

o,

Mo
Tz Ty
-+ = M.
[F= sy ,

e -
F Note: - H *<d|

As  per Bending  equation stess is  linear in the Cross
Section -

As per  &ecrnoull equation staln IS lincar th the cross
Section. 1

+* Section modulus (=):—

First moment of arca  about o veference SKiS 2
IS secton modulus (2)-

v 4 £ ms oL QY
Frmax o f\fc’ ﬁ;%'w}f,w
Un\rts‘ 4 m3 sz mm3 '}'i'f':ﬁ:\?’" ;\‘Eﬁ:ﬁﬂ ‘Z‘:‘S{g %Qm&jJa
[ p ; o ﬂ% 2’?’ 5}»‘0{‘%7 g‘{jo o>
T\ 2 T S‘Heﬁa'ﬁ‘\ 1p) bendm3 ® i1\})«(3-1\_6

Flexuratl R&a:‘dﬁ-ﬂ CEXT): -

product of youngs modulus and Mement Of Inertic
IS Flexural Rigidity-

ONMs i~ N=m>, N- mm>

TEI : /]\ ster @ T Tq'cafdl : J,S’oPes and @de@(ec—h‘or\sj

Axial ﬁcaidi‘-hj (AE): ~

AE
I'I‘AE 2 84
EXt~
3
T . (P
BMQX (d/z_)
zZ = bd*
e
case (i)

H
~N
woa"|y404bbuz Ay Mmm NOYH AIaVYOTNMOA |



NOte - -
I particles are away from the Nedtval oxis -theh
beam 14 very Sstong

Case (i) > case (2)

T
z = — -
HMOX ‘
_ 3
= (2e) _ & 3
5 ¢ =4
& =
—
O.
>
O
sings® = Imax T
A O
9mox = % %'f
z O
-+ =
. 2= —
Square with diagonal horizontal Iman
= arad = o )
( o . 2 &V '
= emﬂﬁ\) Sq/u&\‘e - asq}lqyt (Q/ '\r;_) O
CSH@_QH\?) o i‘cwgoncj Zd lagonal é
- \[;. = sy % “
Lo(Stenc = Von oy . . |
"I gquare = (w7 (SHNI) siagonad iy
=
>
o
3




=X -

z = =
Imax
= bh3 -
36
Qh
(L ,
2 = bh*
it
I
— Z.: ——
1 Imax = ‘?_-— Imax
- N = Trdt
&u
(Y2) |
& —> <
2 & mdd O
32 %
=z
—
[ D 2= E_ g
Joox = 5 E Yos :
) 7 3
= WD -t w)
&Y = Ly (o -d4%) T
5 32D pul
< D > ( /L) O
<
. Z %
T Ymex .
= BD _ py3 Q
f2 T2 = . (80 bd
QD

B6UTA

=

NA divides area. equally - *T-nO_
dhis beam na qees upper SIAC ;
COMpare Jo  bothtom side - Pcwh’c(&—z'

Qe Afax QwaYy fom N-A “Ifsen’ﬁwcp
Sec:h@ﬂ have Ymox * 3




R El==

Al are ho.vmg Same  cfs area
( Romk‘/\g] Qs per bendmg S’trenﬂ'h\)

COMFOSH@ beams: - ( Flitched beams)

Bending equation s Aot useful oy Composite  beary
I sSuch O case —the cnlire beam can be converted  Into

Single Material using Modulay  vade:

Eq:- R:CC ( Made of different off Maderial bonded "fbcae'fhev)

Modular  yotio (m) -

=

m = S-tfor:a
ELuer

m = Eg
ELU

b My o
v 1
wood__j| S (B
> 7§ [ o
ckee ' mb
eq,uwo.leni—

& wooden beam

t I ..t [T
|2

Eq/ui walent steel
beam

b
Equivaleat in Steel R =IOMpe

L
[\ g
-
‘WQ?'|,|V*'.°:|56“3|!"!3"V"""‘""\V\|QH;| d3dvoINMOa

I



b
t e > £ mb b mb
7, %
D % | Z D
o / é
4 -
Fus= 10 Mpa Equivalent 1n wood ‘;
& _Fs = Mefiy
(not a. good B
combincxhion)

Becom of uniform Strength -

Along  the (ength of o  beam i the bending
Stess deveioped s the <Same -then H IS beam of untforrn
Sfr@n(ath- \

From pen d;ﬁg G%UOZHOQ ‘ f

M - ¢ .
T Ty | /

M= £.2z

+ = constant

F

M x 2.

For recto.naulcx secten

M bd? M~ b
c M a*

Dimnensians  of a vectangle cut fom A circular log -

AT *
h

AN\

] h -

b -
D VI 5

Note L~

Fory A beam vectanqular s better- E£or oo column
c { vcular s better.-
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f1
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Q- soéne area
Sﬁoma&*
J stesg
{3 - l

I
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8.

E = £
R Yo

QS50 (Oﬂ‘:
f = 200 MPQ

a
Tw = 7 Nmm es:s_:m(é_‘)
= 20 R
= 1Yo M/mmL
Mo £
A -
/]
M= -f.2 Nl
WL = £ dL M= wa
(=
b= 8wl
o>
20
Y YNV °
2 A=z z2m 200
Mz wa>
2 3
2. = 200K 200
Moo= £ | =
< ]
M= f -2z
:5( 2’30“9—003) Mo wdr
& 2
M= & 6611065 N-mm E-6c6z w(zm™
= 6668 KN-~M Q
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r Stength) =N S‘trergrh of cach Sl«ﬂce;
Sliced (2 of each glicey -
n, - =Dy %f) s
(Strength) - -
loose'?] pPlaced (or) sticed beamg =9 sohd (Z)M( ' .
= b nd)* L
p _
(Sb’ef\gﬁx )S oed b " :
, T n
L$ﬂ@'\gm)soh‘d
Q0 E - M - :
R I _ ) '
s 3
R ET J
Poc 1 GruKy a
A
Psnced _ Tsona
Psoﬁd Esh‘ced
'SC b(sdjs/u. -
3 3
3( bd/l)
=9
2cm 2¢em
&l (strength) . d  (Degiy [— s
Stren . (Dgi
( ‘3—”\)31. cedd Slced, L 2aem
% hxyt
&
/ 2x2%
1(22)
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1
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UNIT- &

SHEAR STRESS DISTRIBUTION IN BEAMS (4 -5 M)

T = . Cinalal (OF) Square
=3 RS pereee O W e
I T - 'y -
I ___x:l_;g:__» d ’Cx:; FAY
I-b =
——e e - - /

F = Sheor Eorce

A = Area. cabove oy below X —X

Yy = distance Fom centold of area @ fom NA
T = Moment of Inevtia of -otal cvecs sechon.

b

= Width of /s ot sechon x-x

Auevaﬂe or  NemMinl  sheay suese : -

AR Rectama war (or) Square beam:-

ran, AW -
- AN\
Cls arca :

o.

/ @

b R T =0 E
/ - =3
2 =

g XIH Tmox %

M-

)

T=0 T

_ ;Cg

= FAY
Crnax Th <
= F (e dy(sh) %
bd3 .

= ® @)

"me: 2F é
Qb / m

5

(o

T = =1
- avq b _ — ‘ g
res = 50 7~ 0"{: ~

tm&Y - E_ =15 Lmax ‘C.ng j=>
to_ug > ' 8
S =3



¥ Q- Solhd aveulay  Cvoss

B

Ty fcxmaul Qv

Shess

Sectons-—

2,
Teh (5

= FG' e
(L54) (&)
e = |
IMTa >
e . S
Cl\i3 oy ld-?—)
(5
T
._'_'P_&_x. = _LL_ = 33
Cavq =

thX A" TEH %\:3

At the -point of  MoXximum 'bendmg stress < heay

sechon: —

point of mMmoximum shear siresg

bending Stess Need Not be zevo-

/

1S zevYo, o the
{CMO\X —
- 1S

Tavg

saMme as YQC&OI)Q(Q oY sopare
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A ]

/ ‘
= i Same Aas solid arvcular scchopn
3 .

MOoX Y

h- Diomond section: -
(cr) 2 o ov) 3
(&) (oM v

4
>
I

¥

= |18 +0Q

{1

;
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;
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/ EAY )
~ = AY ~
b
Ib: 1<
Th : 4T
l -
N-A.____—__ - - -~ - - 4
web —
L ]
F(omae

/0 flanged  beams  web Wit pe vesisting _Shear )
—force, Flange © —to vesist Bendn‘nca Momerrt - §

Ancjle (o) T- sechion 1~

Ff‘—j[ |

|

H~ Section (oY) plus sccton: -
/ z=0

IR

Trax 1S NOE MaXiMUM o Neubal  oxis iS Triangle,
diamond, H-section, plus secton
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Q& Tovg o
rCMQX 3
Lf" ’C — 3 - .
mox = 2= (Cavg)
= i_[ = - _
2 bd ‘ -
3 = i[ soxio® | p —
106 Rd :

d = 250 mm

e

E— | |

TEinior

1

wo2"|\y40466uz3IAID)" MMM NOYH A3AVYOTNMOA



ONIT- 7

TO RS | O N AT
N e .

!!!!!

Pure Tovsion:- (1) ¢

Non zevo constant ond moximum- (SE=0  AF=0 8”20)&"}

Eq:- i :
4
T )T A== o
A D) ] \)M _,
\\\‘f/ '
Tovsion about axis emM cdona Hhe oxis
Assump'ﬁcns .

- plane cross section yemain panc  ofter  torsion
2- As per Bernoul’ there shouwld not be any distorsion 0 -
‘the shQPe of oross -section.

/ C/s of shaft Due *©  pending

|

3- As Pev Bernouttt Sheay Stain  1s  lihear in +the cross
Scchion  with zero o the cente of Shaft and mMaximam
ot cxteme -fibres (OY) At Outer sSurface of the shaft

k. Bevpoullls stum?‘tl‘on is  valid —for circulay shafts  only
(both colid and hatlow  clreulay Shafts)

5%. Towion is unrform (or) constant aleng the length of -he
Shoft-

€ Radii remains Staight ofter -torsion: B the  vadi lines
Qre  staight before ond after —torsion 4he sheay Shain
distribution Wil be hneayr and Rernoullis assumption s

valid:
/

W0 ||4046BUIIAID MM WO¥S IAYOTINMOA



Torsion —formulay: -

T GO - _t__
T L R /
T= Toqu/ue

T=T,= T, = Iy +I£-j (polar ™M-x1) ‘ .
G = R}%idu‘-'t\j Modulus —
O = ANQgle of ~twist N /s N Tadians " -
A = length of shaft T
T = Torsional Shear stess

N = yadial distance fom Cente of sShoft

T =z iy
T L

tﬂm
C = % N ; tqu

A Il"neq -
T xa '
B
Q/s of shoft

3
&
Q:

o

0

)

p

0

7

2

b

2.

%

0

&

NMOd

Flexural shear stress distsibuhon.

Limitation: —
- The -torgion cquaiion s applicable  ~for Civculayy Shafis
Only (sSolid and  hatiow  Shafts)

1 = 9___ = .__FC - /
J (4/8) n '

M . E = £

T R J
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V4

TOrsion

Bend;‘ma
- Section modulus, =z = £
Hmcx
Tz & More str@fg'lﬁ N bending)

unts = M3 em3, mmS

- Flexural RI<3§di-hj = ET

Onts ;- N
) 2

. mm
TET @ frigia : P stfness =

{Slopes ¢ | deflechy

. mm“\‘ (ov) I\)--l’ﬁﬁ')‘2

b+ POlar (section) Modulus, “p = 3

TZF : '}\Sﬁéﬂaﬂ'\ iN torsion
onit L - m3 em®, mm

Q- Tovsional ﬁat‘d‘m‘, = QT

N —mm>

Untks 1~

TaT : P vigid @ P stiftess 1 40]

B / —
Axial —force -
Axial Yigidi-hi = AE _
| BuE B4
Ontks @ N =
TAE : | 84
For ste‘nqs:~
t+ Axial stffness, k= W ; f
) W
(Lroad pev untt deflection)
R Torsonal stfmess, Ke = A g
8
. T
/ (Torgque per unit OJ\a(Q of Twist) =

N Seres: -

(S Em==t

EB:Oj

Shadfts

=T =Ta=T

Bmay. (@ Fee end) = ©, 10,164
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Shafts 0 pasllel: -
T
~

® R

T;+T),:T

@ the Juncton (Where —ovsion e applied)
8, =6,
EX: - T
N /
T ('—7 S C"Tn_
(L, aa7) (b GT)
T = QT Sub i O
Tz 3T,
T, =
3
(57 L)
B ot the Juncten = g, =@, = 2T
S, =6, = TL
3T
/
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) d
Asb = &
EK“’_ /] & b I N
Pb 4 —°F _Eé—- Pa
. 7 v Iy Ny
=Xt~ w
Vi il
Wb waL
a4 X
EXt -~
M M
*\1’ a /3 b
éé Ul /\ |
Y aa
7777F
T owam
Y
=SB /
Imaxr SN e
- o' Tl 4
= : = .;33;
— o — " o ()
o o5 e
= T
= T3 =
32
l(13“'~d“)
o Y .“ . > 2
z = _ -
) =D i (o)
] D »
| (" = (Y-t
< = b M 1en
L (ot d)

/
For ’t‘fQﬂS”‘\'t’ﬂhﬂ sechon awa is same  haliow shaft
i bettey than AC\ch(ocr chatt and = s cfraent .
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Combincd Stesses -

an prqchse Shofk are subJected —to Bendmg Mo me
N additon “to —tovsion 1N such A case “‘the d@szalx of shcn‘%

IS based on pﬁnc‘,’)ol Stressceg / )
Diameter of soiid shaft o -
Element on  ghatt K '
N |
’t&‘
== TTei?) UCE :
I
6‘:’ Z 0
-
T = T =4 -
xg ZP -
= T |
a3 / .
1 U
= leT %
T3 = -
=M Y Y 5
J T ™ I >
, o F
= oy TxR= T .4 M-
N T D
=M = & T
S \) ( > +t‘3 )
QCIQ: LA M+Wj_‘]j :
) —_ [: -\ M T .
o
) ! <
Maxt mum Shear S":f@SS’ Thax — -GQ% ﬁ
‘ >
Jd€ - «Q
T = TR [N ] 28, (- T ﬂ 8
—I—I.
2. o
=
= 1 [ ' j—>..
max ™ g (i ] =
O',
3



Equivalent 8cend Eryj Moment : -

T R

c

a2

Eq/uéuodeﬁf T™sion: -
Te= Jer v

Falluve Cvreeyio -

Ductle shafts- F s weak in Sheay

. N s l.tt' e‘rPef\d
E‘:a--— Mild Steel - 90 cvack =_ y vertide © LP% oNS)
/ —>
BritHe o - 15:_” T

EQL'— cast Ivon, cOncorete
Britte Material avre wieak N —tension

In eritle matertal  4s° crack  develops in the axis
of sShoft ' ‘

P-9 NoL-9k

(OGT

/ TrdB
3;.M
-n—d3 )

8(

-i»’r?

= T

—

2M

9 chalk »  Britde

(ed

Clock wise Tarsion: clock wise ips® crack

Anti c.w - Torsion @ AN c.w- p<° crack -

'*A\‘O- TF o Member s Sublected o Torsion tHhe moximum skesse,
(both shear and  Normal) ceveleps on  the surface, the Stoc

dGu_eioP in e Crose Sectdon & zevo.

H.(L 3 -
/ CHHT | )T
s‘*‘.’A Sy
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- Net —torsion = (0 5) ~ | (os)

tay-

6T (oﬂlg for Salld
T3 Shaft)

I€e ('8co x oo kg ~em)

o
o
1]

Aol

n

8
n

m(ie Cm)3 :

I
6 PH <+ gn
| -

= H07-n Kgfem=

s = 7
T Cuoe

i

T= 6aax wdn-nm

= 628 N-mM -

1.

6= o=« degwee_s

- -6 X T

ige YQC’:”OJ\S = Q> fe)) y-qdlbns

S———

:_r_: 6Ys)
J A

tr, 000 n G (6"00
T 4 3
— (s

22 ()

avoINMOa

= O 3
& 856 XI0" Kgjemt

IS- power Transmisston

P= KRUNT T= N-M (ov) Toule(r)

GG A = YPm

MMM NOdH dd

P‘:ng' power (N-M/s) Cor) T roriwe
s

Kn=o/e — kw
[HP = THE w

O

<.

T T g s qiven in kg-m = 0:746 ki én
" il“f Where  T= kq-m %

8o = M ()T :fi ;P’: %
Y450a O



quimum T’OYCbLLG = 30. (Tmﬂ)

€

= 13 3000 .

( ‘TI') ©

Y . = 3900 .
m

16 Given AN SO rpm
T = I1SOC kg-Mm

P= QAUNT

Y S0

= QT X IS0 X 150

Y3oo
P = jomw
<olid Hatlouvs
£x 17
| (Strength) . _ (Zpsond D
/ N T
NG
I (ot -at)
D"
W \VV 24 |
- 16 (oY= (2)1)
£% o
'n—( st
XS
= e
IS®
8. Pp = PB _
RMNAT, _ T NgTg
4soo v ys o0
-/

NaTa = NgTg
lee (10) = 150 (Tg)

Tp = 1008 = &.67 kn-m-
i SC
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sy,
solld ‘Hottow @

/ -
n
2m M Um .
B C EU :
° N oL® :
N O
J 11 =l Cre 2
< — &N —> =3 't"Z_._
T = &6 5
¥ A
>
8xuo€f\3-—mm O

- (8xtwe")(p)
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UNIT =9

SLOPE AND DEFLECTIONS (€ +to 8m)

Beam: -

Horizontal membeyr Subiected -to tansverse (or)
vevtical |oad-

) c o W Inital position (sﬁm‘?h{-) S
S8 T ; i
/ \
. Elastic curve (or) Detlected shope -
. Load
(n9 ShQPe of Elastic curve .
NOC l|oad S’tfcu'ght
pure. bending Arc of a drcle (R = const)
BM4+ sE both are parabola ;
acting |
Deflection: -

The dispiacement of o point- from inital posttion o
the —final posiion on  clastic curve

I

Note:— 7/
A Oﬂ‘j Yigt‘d guPPQH:- deflection i  zervo

~ { 2 J | =
d.=cel,  Yy= oo, y,=0, Jg =0

The angte  Made by o tongent drawn to the clastic
curve  with the inital posttion  is the slope- (shouwd in
radian) e
Methods . of d@:tevmming - slope and  deflections: ~
- Doubie if‘r’cegm‘h'oh '(Mctco.uleg's) method 1~

Curvature  equarhan, &1 3y _ ., m
x>

—
—

2
Y Jd7Y - cuwahure (P) = L = M
aAx* R ET

R= Radius of curvature
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oy

R

-
i

Integrate the eq © . @
ET (ﬂ = M+ c, —> Slope eguation :
L
INtegvade on  both sides

EL (D = f[fMyex+e, — Deflecton equadions

< and <, are iMteqraion  constants  which can be _
Coleulested by boundary  conditions. -

Two boundary Condilons are Yequived —for ¢, and ¢

*®F .
#* Relotona: -
F = dM
adx
ws de
A
/ .
= Deflection
dy
—_—. = S g
ax IOPG
dl

< ¥ LN
T = Curuature (v) = L. = M

Note : -

o % R Er = ™M ( A N uﬂf‘bﬂ) U
3
- L F(ex i : %
R o %) =>-
=

d‘Tﬂ - A dE O
— t =] W ] ~ P . [N

g e e P w (¥ ex ic Unthy) :(D>
n

O

T1

At the point  of mMaximum Maqgnitude ofF deflection Cmoxd
postive yalue  (ov) marimum Negadive  walue ) stope Must be zere=.
Rut at -the Wt Y ' |

pownt  of  maximum Slope, deflechion  pecd not be z&

RBMH “to be MAXiMmes Y9 o be moximum

The above conditen Is Nt valid ¢ the beam is sub
cted o concentrafed  M™Momentts; and  in Cantlevers .
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4 Yo L Y
VYYD 2
A
o.=a A

N
tan B, = B4 &
(=)
‘J,: ee(
Y = &
> BN\’\"Y'\’Y\A

L )

I

4 v
®O=-6

od

G

B 4 N

8 Nz N2 74

2

i

S

3
g = WM e
' eex yger
Y, = w(&/)“t .
8 2 _ ot
KRET 22 EeT
Ba= €4 = w3
Uz ex
= b
oL -+ ee/(A
128X ’ >
= padaM 4+ Nvl
l2eer  ygex
T Jwal
384YET
® Yy, =y = WA 7wt
A max
' 8ex 2RYET
= L{suaf(~7w.tq :
IRYET O:
o = 4lwad %
3RYET =z
Ba = Bmay = ou3 w3 O:
GET YgED >
O
= 7W~LS m
Y8 ET O
-
m‘.
a3 Q
A QUET Total (sad, -~
Imox = Ja = wat W:—'-w-.i%
B ET <
O
ue @ =6 - ="
| 8el RWET ="
Y Q.
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= 3wy 3 o

I



e

&hﬂgﬂ SUPPGﬁEd beam:~

2, P . .
Op = fALT o L e (e
SEITL SET L

(3= 1p)

LEET

gqu: Not under load

Pb ( L,l—— bL)‘B/L

. L > — p . 3
Occurs @ W = ; U-b>  (or) o~ % from centte tine —towaxds
3 |

W3 XL

P
N =b= 4
+ o b = = As, \L ‘k/}__
- _ — 2 M
Brmox=Oa = Bg = _FL T a é"//zgg
iceexT %
Imox = Y. = P2
YBET
(uﬁ
A OV By= 6,4 =6 = o
VYNV : A 8 Max
' -_3 | Imox = 9. = sl
= Imax : LEL
Use W= wi — total lood
HL

g = [ Netar var ]

<
= { SLU ‘LL'_
Py I ——
384 ET
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Moxwe (s

Pa

)

R@.dp'rocoj theorem c—

B
A y

Fa
: L

\

Yn 8
@(w = P (35)
P
Ex~ 9 M (M2 A
AT B N
NHA
JP
78 \
JNHB\
=X - 30O KN
S iy

]

Ja

EN-1

| s =

HO(Yy) = 75(s)

Ja = 9315 mm

/
Yoo
I
bC’_‘la'
35 = ‘IA - L.E)
Ya o Te (db)

{1
~
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W

Net deflection = + | Yoar = 1Y,

=4+ wat gad
R ET 3ET
/
T | e < ued =W
&EL IET
~(al (Ve u]owoxds)
2HET
3- A & » :
[ 93 Ay WB . dA3 '
q B - =0 8
3 Yo wa gy gz
N W/2 . -+
— QM/"’-) . o3 I = bds
W Z.;\d)3 12
=t 9= W
te d3
[ ke
/\ - 3
7@7 Koxex ) g, WL/ e er
w y, | SWL S rveT

gwﬁfmm/\mg = -
7/ Wé /é

Use il =wet

U]IGO

= 002> Yadine = wdd
6ET

Omax

3
WL - 602 %6
ET

\\"mmq =& mm = UL
RAER

g = ds .L) = 18=(0012) o
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=D oMz 2000 MM

vl = 10 KN/m

= 10 ( FOOo N
{000 MM

= 10 N
mm

EL = 2xi0'® kn-mm>
= 2x i0'°®(1000) N —mm=
= 13 2
XIO™ N ~mm

—_ B
HHY)JQ - we
REX

= 10 (2000)"

8 X2 %in's
= 0 mm
k= W
v/
K oo 1
N

1
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UNIT - JZ

PROPPED AND FIXED BEAMS (g o (0 M)

pfopped cantilever: -

;s

R

Tt s betker 4o hove indeterminde Members which

we hoave lessey values of desien parameters (SF, BM
Slope, deflecton)-

TO Qﬁdﬂse an INdeteminade mMmember &q/uth‘b-r‘mm. @CLUQ_.'

-Hon th comPodo\bH.‘-Eg are bowmlcmj condrbons Teq,uki‘mdv

The. number of CDMPQ{anH';] condrons ’rec}uired TS

e cqual —to  ~the degree of Stxtc ind@te'rmchga
Available compertabifity  condion

o /
X AL Eiked suppov-t E0éth s(o,:e and deflechon are zerosr I-f

Other supports de-flection only zero and Slope wilt be there-

N
I M
A R l Ao @E SH 5
Al ‘ .
) Tee
RA
N —
A . Mo \L RN da =0
N
I/ @ LYy & T, =0
T Swe . paud _
E\ Hs EL EY="
/ R
A,r R Rp = i}:’
Ra
S ;:3 Q0 RA“‘f‘RB =W
Mg = Ra(®) = W)
Rg = 1w
= m3wd (hogqing) ' | ic
G

W02"|7404BBUINIAID MMM §O¥H AIAYOTNMOd
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NOote  ~
Over a -fixed (or) CONtinUoUs Support —there wilt be hoggin

moment which Ccreates ~kension on top fibre, ond Main reinfor-
cement also on —top fbre- :

O ,
4 - Mg ‘ -
s fgoﬂmmacge(ﬁ- Hg =0 -
( "\
{A TRA R.B
LJA =0
{ \f wd
OO Y Y YV R + \l/ E’ddt - 1 HRA =0
I//////ﬂwﬂﬂw—i ot (Ry)®
ReT IeT - :
R/.\ = 3w ‘
1\ B
- R
A?\ N aFU:O RA‘T'RBC u+ L
RA
Fﬂ
R

Me = Ra) — (W (L)

&

I

————

I

i — -+ E£fy =0,

Rk — M
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Fixed beoms: -

gy
T

A<
r

Auqi)abte compcnlubih‘—bj cohdion: -

GA:O' 8310
HA:O Kda:’o
S N
MA ? J, I N
Ad ﬁge) 8T 5
a4 &£
B Imax 1\
Tg =W Rg =W
A Y 2.
W
2

HB =0
@ \[" Y ﬁ\ HRE’) =0
+ Sl 43
. Rg =@
384 ET YaET
l Rg = SAW
&

Due to sndmmebﬂ\_! Rp =R

&Ry =
Ra “f-ng«—RC =

Ra 4+ Susa -
A = +RA\LLQML

RAH: 3wd
e ]
verticle toad: - (&Y, €M)
¢

INdeterminate = -2 =5

General load t~

EIhdeterminate = e-3 = 3

MoxX: ¢ =

Max: Reachon

C(E €Y, EM)
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S,
7

Ak |
& . P
M um  deflection  under = .
aximM e load n [ \—JS‘MP‘:’ supported beam:(
= 1 w3 |
Gee |
Fxed beam:-
(o &> A us
ug.LL< A s Y ue kS
> 5e N 12
) T
uet T2
L 1
{
|
LN
> | /
' vt
‘l SED 9
X
(' e st wedd
® > = & ax
US-LL ® | P-0-C P-0-Q\® wou
Moaximum <E = Moximum Teaction = &5‘2_&
Maximuy  support (o) Hoggjfng BM = woaty,
Moximum midqun (or) Segqing BM = TN /AR
NoO: of Poi’f‘ﬂ‘ of contiafleruye = o
* Distonce of P-0.c Gom Support = ©-212 4 ,
At P-O:c BM is zevo
Assume distance of P-0¢c i %X fFom e Suppork
M, = WL gy - = _ w2
R - e M &~
[x: Q.DJQJ_] o Mx=0
wek "
LTI o \L b R what EMg =0
€ E— = s bt
R L 4>
Ra A
R =
"7\ )
Ral (U\’
v 1 R
! %

I
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MoXx: SF = Max veacton = Ry =

Mox SuPPOPt' (1 Hggal‘ng BM = wab*

‘_LL
Mo - mMia Span (oM sagging &M =
No:- of P-Oc = PR
3.
JL/ /2_
M - 1) o N
o | & N
Sagaing) ey (Hoqqing)
/
b .
v R 75 kn-m
7 = s
157 Ki-Mm 6C kN -M (Saqging )
(Hocagl‘f\g)
Tension —top-
EX.-
o
HQW(\%; 3M ———-—E %:l@ KN =M
H h
(sagging) (Hoagin)
' / /; i M
2((4 2"
> 25
Hoggiﬂcj CSOQQ)"“?)

Y- (sagaig)
’\‘3_{2'%/-) .o\_‘

(\' 99! w
SR

Hoﬂcy‘nj

I

¥

o
@
E:.
Z
I_.
O
e
O
m"z
O

TI.
-
@)

=:
O
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ﬁ
5
(@]
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T

Sink {ng of Supports 2 -

=5 ’47]5

/

IN determinake beams ke s:‘mPH Supported, cantile
extay, Mmoement il notf deueioP clue —to Sfi\k‘ina of S‘-*PPO'““

Exi-
X 4 R ‘E
_@,-653:@’ 5
BN Ej
( Hoqging) GET
‘ll.
(saqqing)
- S
6)—-
6,
651(8,28,,)
L »SGEI(S"*BD_)
‘LL
1 R
8 R
} §
Support yotahon: -
A 8
A* '
~3ET$
FEs ‘ s GETXS ) - SET§
L= Ol
Uh= 2SR 0eEy gm0

/

I

“Roler ¢or) l-h“nge »

d?@sn‘b 'i‘qk_@ any -

IALD" MMM NOY¥H d3QVYOTINMOd

WPlYy anticlackuwse O
Moment then fhhackmemg
distibutes ‘hat mo men—
to poiat A« O ;
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8_ "‘18 =

A N 3exs

A N = (tegging)

/ - £

74{ O

Ma=0 B .
Exi- | \?f e
' ( 1 5 : YETQ Appln'ed Moment o S
A cause ‘g’ v e

Qﬂg)M (Sogging) Otetes @ 8
Loy ("bﬂ‘ﬂ"“:’i) )

( Developed)

P3- NG~ 116

= LLS‘
= ¢ N usa®
RS0 ) B8 Chogging
75
3.
X NI AR
' W = o
- woda™ S - WL \ —
Ma R P R R - P00
, ,
L‘L.
Ay
”CQ RJ & Criogging

E. N}
A Yo \LB ‘&/’- C§

5 |

& X ?
Ran = S W
A= g

" P-ropped contilevers thewe Wit be one P'D«¢

Possib(e,

IN the obOue case assume pP.0:-c. iles I8 the zone
BC, udpich i ot a distance ©oF % fom A

Mo = Ra(n) - W(x-3)

At- P.c-c, BM=o
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O = RpA - VI |
A N1<K“2T) /

X= 8 & Hom pyopped
n

,M l%: %u\l fom -fixed end

- =30 KN/M
o ° AN
i R 2 M= wed™
” L= em 12
= 3o(xm)
to
= ho Kn-m ( Hogging)
1o KN
A =lm Y
<> /
CES Ho Xy
8 2
=20 kN -M o :
= R0 kN-M  (clock wise)
(AN clockust se) ;
/>€ et — WL = W g KN~ m
I B -5 g
H
| ey
g
8- \LN
N Mox gm, M= Wd
’;é\:: 7\ | i
2ddd :
- S
QN ),\:'4{ /
?\ \(, fg M= (e = W
S g k
q.
f’\/\r’\f\/'v‘\fLQE T
‘EQ’YWVWW\/V\ ot .
M= — ws = ™
7Ll (@/9 8 a-g TLL\
(S
'ﬁX‘» =~ ‘3_ = 1.5
ussts 2

[AEIER
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ONVT - 1}

COLUMNS AND STROTS

N IN— N~

Columnsg @~

Verticle Coml:;'ression Mmembeyr  in A bu‘t‘lcl_a‘ng (stucture) -
Strut . -

Vertcie, Hovizontal, Tnelined compvession’ Membey. (bruss
ClassiHicahon : - 4
I+ Short Column:—

Most of P\“Clchco.l column  in masonry (o) R-C-C-
(or) short  cotumn Only -

Showb columns ave Sudden oy ushmg, fari -
R L—O”Cj Columnmnsg : ~

Fails - by buc:kh‘ma (gradual fadiure)

EJi- steel stuctures : |

!

Eor thcm\j lOaded column  circuar fyose sectons

OINMOd,

(solid and holtow) are better. For columne and MoMents >
QCCQVHTFCQUE’ looded CcoOlumns "Y‘edz:xngulocr s . botter.

a3d

The main des?gn Cyitoria “Of A column IS Stablilrtry
and  stength.

Eot/um‘br{ um  conddiong -

I+ Stable Eq{uﬁlibﬁum -
l P<#

2+ Neewbal Cquilibrium @ -

BEUTNIAID MMM NOY:

. The condiion of a column  Juse befofe The cotapse
S Neual equilibrium - |

—
-
1
-
Wwo9’||v404



3 Unstable Equilibrium:- £

> fe } LMpossible in practice &

/@ | s

-

Eulers “t‘heo*ra | - e

/'APP“'CleG only —for !onca columns —fails by bud‘”"ﬂ(;f__,

o o> =T . Axpcm,y- 1oaded columns 7
(d TL“ man

COlumns  buckle about  ™Minoy axis - Therefore In, shouy
be WUsed-

(5\7
]

= Euwlers buckh‘ns load

(IR

Young modulus of clasticiy ' B

= cffective length (centre o centre distance blw .
Lo successive POl of zero 8-M)

~
(

) Actual (Q}'\gﬂj of column.

(Both @nds  hinged)

!

L | A= L

J
)

—> Maximum load cowging CCLFQC&E’ S
— Minimum  oad Cox-@iﬂg CQPQCHH s ('Fix~1:ree,

Eal'— p : 2 ,

Fix —Eix _ C A pix -F‘ree> (.1L)2‘
—_—— - — = = 1§
Peix - pree = e::‘x)l, (“gﬂz

P 2

H-H N (Lh-g) \

PN

P - i ( Ap-w)

W02"||y4046BUTIIALY MMM WOYH 0IAVOTNMOA
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i
o s

o~

e
. "
i

NoOte: -

Minimum  Slenderness  yahio () ~for which  Eulers theory
is o]oP[x‘CC\ble s _&_0_ ‘ /
ECJ:-—

Rcctangutcnr CYOSs SechHon @0 200 MM X H0o0 MM

Actual  length of column, L= &m (Fix- Hinge)
E = 2x16° MPO'

A- Effective (engi—h, = L = h = #S00 mm
Py = Voo
2
o= I ETmin
u\l
= T caxios) (roox 200/, )

(Hooo)

857 x 10

k657 MN -

Ran kine’s *t:heow\., s Applicbiec —for all columns

'WQSPQCW@ ot slenderness  raka. Axially (oaded columns

I B I
PR Fe PC{ »

Pr = Rankines Loay

P. = CYush‘mg lcad as a short calumn
Ffe = Eulers (oad as a tonca aolumn .
R}
E M = —
& Pg So kN fe = 30 kN y
N S
fr so 30
— 3I0+ S0
SO0
= &
150 ‘
R = 18.75 KN

[

I
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/ W RY ’ S
Rankine’s theory ( modified): ~ O

"Fc: A i £
R = —
o A t -

= = Mmaximum shtess o strength of Mmaterial

A = cvoss sechonal area
< = Rankine’s constant = “+
, ATE .
A = slendemess totio = 4 o
iy .

Secant —formulac: -
Eccenfrfccuty LOoaded ccolumns.

+* Note.-

H

Oold s 00, column deSigﬂ S based O©H SQCOJH—%Tmu(qf'
-the present TS 800 : 2007 IS kased ON  proffessor Pemd's

—formala.

STmax = %[““ 3C sec(ﬁ’ )] — Sccant formula

[“‘?r - ‘] [' ) ﬁ-] iy MR PQWHIS‘ & rmulda-
(o]

e ey

B

Pe*“jfg “formula  also eccenﬁ:‘cnuﬂ Loadied  columns -

Short columnh  wath cccentric loa_dinﬂu—

D
/ :

e P

Bf-- -2

/s of column
- P M .

Shin 0 S mox T F £ — M= Pe
= & +(4f)

Sign  convention :

‘4 comp Yession

‘=’ Tersion

Wod"[1y10466UTIAID MM NOYH dIAYOTINMOQJ



Most oOfF the <hort columns ore mMmade of brittte madten

cannot yesist —tension. Therefore N —the des?can tension in the
columnh must be avolded -

NOte L~

K Minimum  sStress allowed i the column is zeYo:

e T e— =

Rectangle (or) Square: -

—> FoY NO —tension

e = P
S min = © = A \:e i

= £ - Pe

BD 2

80D
(=2)

c = _g‘i_‘ CORE (ov) KERN (o
KERNE L
Shape 1 Rhombus (ov) -
- 1.D

Ara of ©r, A = Q[ = EB“J : Diamond
:-'_’_ (80]
B O:
1 O
A= i [ Agrese] =
=z -
v v v I_
SOUd  Circwlar  scction: — - G )Keszm(g‘
CORE (O :
RERNE -
——> For NO -+tengion ™

min —_ :
= o
R
= P Pe ”
wo® (T2 =
t 32
c = D

Area of core, Ac =

I

>
o

Note:-

woo"||ya04B6UI A M 1B O3



Note - o
I. Eor solid circular cvoss sechonal  middie forth zone 8 ¢

used —for NO —kension,  in case of square (or) Rectangle (O

Midgtle -third zone is used —for No +tension. o

P
§ 7
N

HotlowV civculor cyoss secHon: -

—> For »NO “kension

s -6 = _P . Pe = 4
min =6 = ? *—{ D s(tbl—'-d:) -
'~ 8D
o =—_° _ P ‘
T 2 2 I
T(D—d) I (Dﬂ_d%) J

o

Drd™
YD

Pia of covye =

Radius of coye = D*+d*+
8D

Dam : -

For/ No —tension

NoOte L~
IN a doam (ov) wall the

|

/707777777 7777

eocutant of alt —fovees should S

. . . N 3
ITtersect Middle —third portion of b

Ms base -for No tension 0 any PR
condrtion - ( Middie thirad Tule S opplicabe) -

Altl are Rhombuy
Cor) diamond

(+) compre ssion ' ‘
- - (ex) €O Tensien (5] I B

W0D*|1y404BBUTIAID MWW NO¥H AIAYOTNMOT
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NOte L ~

P9 NOL-~ 128

9.

-

'3-.

The quadrant 10 which load is opplied  wiii have

Cxlunys Ccom P’ressi ve Stess.

A

/

§7 M=0

A ..-i_.
2- Vo

<E M=o

4> M=0
v

- Cfeechue (enaﬁ) ) -
v= [
least vadlius of gyration A

23 :\/%ﬁ
g it -

= 01L

i

B AS :w hcm
/
= T° ex
o L=3m (Fix~Hinged)
= 3 effechve (& , 4= b = 300
L (QXIC))(ZL;(S)") Ffechue tength, L= — =

300 \* _ _
(ﬁz) Ny = __ZI;T‘CG)&{

Saxfe load, p- Pe

L. =
A =

——

Fs

» = A163 kg

L=66m

-
—
—

Pe

IMes cmt

2
= U &7
J.L

I

-

!
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ONIT — 8

SPRING S
PuYPOSG ie=

i- To absorb shock

X TO store enerqy (strain enerqy in the —form of potentiol ener

Type of springs: - -
- Torslon spring: -

Closely cCoiled  heliaal SPrincj Sublected 1o axkl v
ot unde_rgo pure  Torsion-

/

d= diac of sPrE‘nCJ wire

R = Mcan radius, of cotl
N = N0 of tUrngs or coit

—R—> L = Lehgfh o(lsP-rr‘ng wive

W !v‘t,"—‘ Q’ITRn’

I

%
po
————

B
0d°||v104BBUIIAID" MMM NOY¥H dIQVOTNMOd

Torsion in s’:)'r?ng wire, T = w.p

—

Torsional  shear stress N the wive . of spring
' /

TIr - T
ND n
'CmQX =

e = E(WR)

maxX —_—
o3
S _..,—”’\‘_’________

Angle of twist Spring  wire

. v 2
T = Ge = WR . Ge SRR N
T T S — s o=

T QRN Gd'
32 ,




g

Deflection ot e end, tonO =6

=235 "
R O

S = EHmRrdh V ~ i
GaMt

Stfness of SP'ring’

. 5 P v

U= 32wR3np
\
ak
NOke - ”

I'F/ A clogcely  colled hetical  spring s Subjected ‘tb'rms\‘c’,"’

the wire of he spﬁng witt be gsub)ecked -t Bend«‘lkj Stess

Q- Bef\da‘ﬂa spring -
Tt i ko calked leat (or) Iam?“f\ated ©v) COJ“YH‘“CJ
SPﬂr\cas= INn cose of laminatd springs pbtcs can stde one
over -he othet Without fickon and withouwt Shear shegs - Therfw
laminated  Spring  can bﬁ_. called  as  pure bending  spring.
) d
v
S

The PlO&GS ot the SPrc‘_nﬂ are  bent into semi eUipticat ’

Qrcs

{

"MW NOYH @3QVOTNMOQ

Eqi- Open coiled Springs -

Spﬁngs N serieg s -

Hl
[/\,": N, = b\!3'—‘ WL(
KL
Max deflection @ fee end, &= §,+5, T 5,
Kz
B
Ke K) Ka K3

Ke = cgivalent (oM Sfffctive  gtffness (o) Spring  Medulus
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Springsin

POJ'OM&I’ v

"

Ke = K, tkytKg

/ :
. (spring in spnng)
7
P-9 NoL-i03. -
X k = _Odf Glan)® eyt
G&Rsn Exu Raﬂ %Rgh
Radius of wiwve, r= d_ S
2 o.
. / o
A | 8 Ke (d)"  _ )t =3
a1 2 Kn (p) o =
o
h A 8 ' >*
88 = Re R3 an
N Y N BN ° :
=) A R (R 9
-I-If
®.5. 2 = \ =
< TRt g2
ke = K Ko ﬁ
Kitk,
7. e)
rn _ _—
s= Kk, Pavale | <
Ke =asts / i
RS K, 3 235 = 35 Q.
“_ID_I:.
s | Cke)sc:r?cs a2 o .
! w ] T & — i
(KQ)PGJQQQi a j_>
o
O.
3



q.

4o

Pl

Je's}

Ke = 100+ 300

= KOO KN/m

%

co.

Ke_ = w
8
§ = w
Ke
= HCo kr
200 ‘“W/m
/ 3
= HoaX!0® N
(H-Oox,oc N
600 mm
= tmm
/

Ko = 6(Cho)
Lot Y0

= 8 KN/m

Ke = Q0+ 8+ 30 = 58 KN/m

QON

LLgt s
= %k @ = HK:'—\‘
CkC). K
=hk
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ONIT - 10

THIN CYLINDERS

Pressue vesgeis -

Any  vessel carrying interhal  pressure  is a  Pressure
vegssel.

Classification - -
' Thin vessels can be classifed  in two  ypes
+ =
7 3o

boilerg, Storage tankg
b. Spheres — baloon

Qs ijh‘nders —_

2 Thick vessels 4+ < b

—

20

Q- C‘_kjh‘nders — DNOzzleg, Jets .

b. Spheres

Thin Cylinders : -

Stresses  developed
. h = —-—f-}—D. (CO'TY\PT@SSEOHJ (cY) C€kaKM'FEY‘e/\‘ﬁd sStress

B, ( Tension) (oY) Longrtudinal Stress -

ht

2+
& = G\h
o

iy

!
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Failure  Critericc -

/

1

, Axial crack »
In  a thin (o) thick cgh‘nd@‘r
oionca the okis of the c:x\,tthder.

Thin spheves : -

Stresseg deueloped

h = D (tengion)
HE
-+
*Note ;-

For the came diameter,

Preasuve, the -thin c\jh‘ndev is

stess tHhan o Spbere-

Here Pﬁnd‘fnt Stresses,

Moximum shear stess, =

Mohv  civele —for the sStode of Stecs

of thin sphere-

é_/

com man 'FQE fdye
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