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When @ slender member s su)ojec\-@d o bransverse loo&&l'ha

k loadin

we Say it s a beam.
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In general, beams are long, shraight  bars havina o constant G
ovea. OFften H‘\ey are c‘a\ssf%'ed as +o how H—ney aye suz:r:ov{'@d.

itmed at one end | TE——
Bimpl bod <y | i —
'MPTy =oppeY 7 ol er at other end Simply supported beam

loeam

l

Canhlever beam <> Pxed at one end ;
free at other end I
Cantilevered beam

Overho.ngiﬂa beam <> one end Free /f-ier I ——————

- 0 ———

extended over o
Overhanging beam

Yoller suPPark'

Reams avre im]ocrjcanl- ghuctural elemeniks. Tﬂey are used to
support  the Hoor o o 'oui\dl(na, deck 4 o bridge, uwing c?—

on aireraft ) the boom oF— o crane , bones in our bodies, ei<.

Shear -Pm'ce and Bendmg vament cﬁfcﬂ?‘ams

Because o the qFFlieoQ transverse leads, beams Oleve\oF an
intevnal vesistive csheay -Fowrce ond bendina vwament. These inkewal

shear Lovce and bend\‘na moment  can vary e point to Foin?:

a\ona Hhe \enSH\ (o*r He Ax1‘s) o?— the seam.



“The intevnal ghear fovce and bendina mament functons  can be

pletted and Te]rre.g@n}-ed by gwaphs called shear Lorce and loeno?{g
roment o\\‘ijm»s) SFD £ BMD.

The raaximom values of chear foree, V. and !oendh‘w& woment, M
con be oblained -P'ram Hhese %rqphs.

Procedure "F"" drauo\‘ﬂ% LFD £ BMD

Determine soppowt react’ons

0 FOY‘ beam onbkems, X—-OXIS (c‘\" gl—di\r>

i1s considered o)ona e beam lens{—h

. Usual\«d, we g‘aecf\aa an o‘r\'jir\ O‘F
coot dinate system at the (eft end

» Take sections of the beam at different values & = and

draw Pree - boély— a\«'aﬁrams .

o Assert o sign conveniion 4?0\' SF and BWM

V(% +dx) Positve Sijn
convenhon fwr
- <-[----H {--3---> e,
SF L BM

\,/6
V(=) A&x
- When a dorce or wmoment ack on o posifive -?ace in o posifive

coovdinate divechon, the correglxmdfr% ‘?orce/mameni' s Fosi\'\'ve

- When o force or moment acks on o negative -?ace in o negative

coovdinate direchon, the correg‘:md\'n% ‘?orce/mamen'l' is aleso positive



* The shear —Fmrce.s ave cblained lo)l Sommin& ‘F(rrcex Fev‘pendl‘c,ulaf-
o Hhe beam oaxis

e The beno\l\‘na rmoment is oblained by Somming mements abt
the sechioned end 0{“ Hae seﬂmen‘l'

* Plot the SFD and BMD. |f numerical voluer of V and M ave
posiive | the values arve ?\OH@& akove the =-axie, whereas

negakive values are FloH@cﬂ below the axie.
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SFD and BMD

Consider arigin ot the left end oand take a segment of beam
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We ha'\fé now \em—r\eaﬂ how -1'0 O‘rauo chear f(zov“ce Ownoq beﬂdfn%
vwoment d\‘otﬂrams v?or beams suloJ‘ech:dl o konsveze looto?fnag.

But while o\*raua‘ma them, we assumed the beams to wvat Hdeform.

But the beams curve = That ¢ called RBENDING

T_orc]ue ynament vector

T ¢k>| I}T acks a\cmg He \@nﬁ\‘hoﬁ
the beam _ﬁ% Loiet

Mz
C? ,ﬁ/;) Bsno‘fna moment ack _L_

. L'/Mi Yo the axie c{l the beam
M an) i
gy£ D % benéﬁna
y
My

Now we will {ake ancher step and learn how beam: deform
ox get curved when they are subjected to such loads. The
simplest cose to begin with is that what we call as PURE
BENDING of beams, where o constant moment ocels on Hae
b eam

y
— '. s Me Steaight
= (] ! g -
( : 3 before deformation
z

i
X f

Me i wM = Cuyved
: after deformahion




We 'F\nO\ Hhat %w‘ this \-8?@ oF— load \‘ng (1'- e. conglant vnomenkt
O\FP\\'QO\ o the beam) R Hheve 18 no Shear 'P-orc's cx-rfsin% in Hne
beam 5 and the beam 13 cm\y Sukﬂ‘cze['ecv v a constant \oeno\m%

moment a\dna i length. We ecan veri("\ks these ‘oy O\Ding Porce

and woment balanee at an qr]oi'l'rary gection at o distance x

M
6' - V., M Vo, => V at o dist
%‘[ 13 x M, > ™M at a dist ¢
QZMO =0
+1 ZF\/ = 0

"_’> Mx-\-\,’,(x—M%r:-O
= Ve = O
= My = Mg

No inteynal shear ‘?-cv‘ce
Ber\o\\'V% maoment (s constant

every where

Yor such o case where there s ne ghear «@urce and o conskant

\gen&ina voment -'H'w'ouahou\- the beam with constant cwess-sechon, the beam
bende n such o way bhat it Ye‘wesen’cs an arc aF a FerFecL- cirele.
As sveh, all lines (ov %b@rs) ® the beam q\an8 its 1engH—\ O‘Q{:OY-M to

become oares of a civcle

o The 1on8'1’mo\mq\ lvhes
Y /Ne—”\ becomme curved into arca
)-—n( / \ while the verhcal hansvere
7 - lines vemain s\raigh’c, yet

Underao o vyolahon

/_..__.._.jl




vodivs o The 1ongi’mo\ma\ lines

of ©
Y cuvature become Cu-rvea nto arecs
| N // \\ while the verhcal hansverse
} < o > lines vemain shaight, yet
:QV : Underao o vyolkahon
' i
Neubeal | e The bendina wmaement
surfece X couses the Hbers within

the Eﬁ. Fcrr’ﬂ'on to Sh@"l@n’/
plane after deformabion compress  ond these in
the bottom pertion to siretch

Assumption: Planar G vemains

* Therefore, between the two vegions of Libers caei-h'na cam]:vrosse&
ond elongated, theve waust be a surloee whose fbers do net

uno\erao any e\onga{-ran o compresgion. Thrs sur{%\ce s called
the NEUTRAL PLANE os all longitudinal lines on i plane do
not undergo any change in \enaH'\- ITn Faw\—u‘cu\ar) the z-axis,
ly\'ng in te plane GF Phe cvoss-sechon and about which the

C/a volates s called the neubtral axre

N evlral

axi's

g

neutral

longitudinal”
surface

axis



Larlgi(—uo\inql /loencﬂfn% csbrain

det ve now -@md e avount O€ e[o"nzaalﬂ'on/ cow\]o—ressfm OF He
longitudinal line elements which are parallel to the beam’s axis.

The neubral line is shown in red . Note Hiat we donal Know 7e{'

e locabheon o?- Hiis neulbral line exacty.  We will consider the

x-axie to lie n the mnevkral sur-Fqce.

Consider o longﬂ—uo\ina\ Lver

(shown in green line) at o

dictance v fom the mneubal

\ine.

£ the rodive c€- e neulsal lire
is R, the vyadive oe- the civele

Qowespcmd{ng to the Qgreen line

will be (R-Y) . |f the omg\e

subtend ed 57 Phese arces at He
center (s @, then the lengh
af-— the neulal line will be

I, = R©
Thie \en\j\—h a?— neukral live wust be equal to the undeformd
leagth of the beam L.

Xh‘:R@:L.

/g(vm'lorl\/) e 1en3\-h oe qreen live would be

g = (R-y> 8 = R-yD) RS - R-Y)L = Q—\/> L
R R

A

R



As the uvndeformed length of all \onﬁi{-udfnq\ Jines 1s L, the

longitudinal  shrain £ the gveen line  wil) be

€b=exx=&=x3—l"=—l

L L R
bending
Shran

We have thus oblained \onsﬂ-uol{nq'\ shain a\mna X —a¥ie (hence é‘x,>

e'c\' o~ %enerq\ longitudinal fine at o distance v Lvn Hhe veulval

line.
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Intersechon o?- neutral
sudace with the ¢/s

tension

We see htak any \ongihxo\ina\ line with a constant Y Oike e

green line) will have the same Exx.
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Oblain the beno\(ng shreoss

For He case c?- pure bending_, we only aﬂ”)’ ~oments at the

Yo ends OF- the beam.
7 We donot aFF]V any external ‘gorce

M M I
— — x
(‘- 32‘/—> on the ?ﬂm%, baclk, '\'U'F or botom

~— sufacer of the beam: On these

surfoces, Hhe ‘rachon companents will

be zero.

However‘, we wmake the OSSumFHov\ Hat @y), and Cze will be zero
at all points within the beam. TThis is a veasonable Oppmxfmq-h'm
becavee as the beam bends, it is allewed 1o velox frecly in the

Y- oand # - direchons- Hence, on\y Oxx 18 nan-zero within the beam-

To 5@\— Hhe bendfna stress; we use Hhe *Fo(lowina sbrese - 2brain

Te\a'\’\'a\'\s\ni’: AF'or \‘So["rOPfC watevials :

¥) 0
€ax = L (53 = V(g + 50)

—.__> 0;1 = Eex;{
= - Y
N
Notice that Oxx s CcmFressive above the @
ond ‘Yencile belon it. J

but where s the
neutral axis laca%soQ?



|ocation cs?— neuklral axis

In o pure bendina scenavio, every evose- cechiont  anly has

\oeno\\'ng rmoment och‘n% on it. There is vo extevnal Force cuch‘rg
in the cross-cechon. Hence, the in{’eg'ra{-\‘on c# Gxx 'n the s

plane wust be equal to zevo;

S Onx dA = 0 Umjf*’”
Fo
= - g dA =0
M
P —> vion- zevo tevmxk \(
x/

= ydA=O

Ae Benéma Stress Vaviahore

The f—.‘rs’r moment of- Hhe member’s crass- sechional ovea about
the neubtral oaxvs wust be zed. This condibon con G\n\y be

cabisfed f the neubral axs js alea the hovizontal centreidal
oxis € the . Recal) thot the locabien O%C@nh’ofoq d o IS

area. is defned as ?: gchA Q. SVOQA___O means Y= 0

Jak



Rodivs o curvature o@ neutral line

We also have 1o F—FnoQ R. We firet oblin an exl:ress(on '76::\—

the wioment (aboui: the center of the C/s) due 4o intermal tochon

in the cross- sechona) P\ome

Moment in any ¢/s about =

v4
Me =J{<}’lj+ z'\l) X(o;x'i)}.'lz AA

Ao
=—570;,(o\k
Ao
= J_E_ysz
R
Ao
= E S\/zo"*
R

Ao

This ?n’necara\ s called
the moment & inerhia of the Y Fvo]oerl-na related to the

C/s avreo absut neulral axie 8€0fﬂeh"y G'F th e cvese- sechon
(or the =z-axvs) denoted by I.2

_— Flexvral 'ﬂ'al‘diﬁj
ET
Thus , we v[ll'noﬂb caei‘: M = @ = R = E Tee

R Me

The Froduc{' 0% the \/ouna'_s modulus and the moment
of inecha T;z o called the H exural Y\‘a\‘cmﬂ c{i o beam. The

Yodius 0?‘ curvaruce is \a'rge\" ‘Fo'r' o ‘m\ag'\er value G{L El;, -

: : f H\ahe'(‘ EI;;.

Smaller EIl,, — smaller R — more curvature larger R —> smaller curwalure



tinal expression f bending shess 05,

O = — E—\é—- = - E ->/ M= = - Mq- Y
EIZ% -Izz_
T2 'Ponr a Y‘echanﬂu\av" Crose - S echiowt b

Consider a sgmall skrif: OF HYreknecs cﬁy <
i)’
" I

at o \neiaht- y abore the neubral axis e S
Neu
axis

The woment 0(2 i nevlbiod o?—area about He )

neubral oxis 1s caleulated as -

W,
Iz = fj 720“\ = Jyz b&y = b f\ “ = bh
3w, 12,

moment OF inerbo o?— G area increases with increase in

Lo,
breadth and hel‘a\nl- 4 the beam ¢/, but Vs more sensihve

‘oo ‘W, We can imaaine two Tec{-anaulav beams wode O?— Same

material and same G5 area with the —%‘rs% one ham‘ng Smaller

\net‘ahl: W PHon the cecond one- Because 0{7— larger h, the Ard

beam will have larger Iz and thus a larger f(exvral Wal-d,.B

when compored to the tirst beam. % it will be wore difficult to

bend the second beam a\-\—houah beth the beamc have game /¢

ayreo -





