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~ Mechanics of Malerials € structute
- “ =

————

Siructure ¢ ] '

structure is the mi-mae.'rnc:r&- of siucturd member,
sjructural Member Means beam, Column, Slab Stc. Shuchre
resist £ Hronsfer load 4o the Support:. Exmnple:- Buudmg,,amg,g
j;carn, towet; tc, -

(1] .,
L]

Stress (o)

The Iternal hesisting force per Unit area by +he body ogoinst
H#e d&h—mtﬁ-”ﬁh IS Called stress . mmenoted by & “UniH me:?-
Mothematidally: [siress(s) = Trternal resisting force (R)
v . K Cross- sectional.area (R)
~>Pumericany! Trternal kesisting force = RApplied force
~> T4 s OHginotes only. in defor-mable body.. -5 1N[m*=1pa

: = 1kpa — 1x10°%R
‘]L = 1Gpa = 1X1P°R

5_'3;1'8':‘1' sHess _@Irﬂ*-cd' slress @ Combined S-I!"__q';ss

—> NOFma| sHress :
OF Axiq Stress > Bending siess

— Shear Sitess > Tensile stress . |5 Trsional Ssthess
~ Baring Sftess > CompPrE sSive Siress :

—

Not-rmy : . ng F ' cutar—4 the area
_EF__E__n_l_Eﬂ-Esg — “The Eﬂ-ess qching. perperdi
Foss— : : :
= 0SS~ sectiom o} the memberr .
~> T4 Moy be effher fensile o cCompressive. ..
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43-3.- C‘umprr.: ssive Sitess
- _l 2l ! i

'[!l'ﬂ-: Ternsie Sress
Shear sitesSE) — The stF=ss acHng.
Paranel 40 the cross— E <4 R2.—> L
= .- T+—-.-e, T
Section of the members
) i . 1 W . * . i
i fBearing. sttess' = “The wHess prodlced l(_c,mm,., a !
at the state of Aoad H+onsPer portion of - :

Qlong o—

SE
—

lseurmg.ﬁﬂ-f.:
StHructure, . @L"'
~» Exarmple’ Colurmn <o foundadien 'fourdaetion
" Jood Hransters s o ' al
3 : - I AL E
3 :E"endma_ stress - = | //
—> TRe:stess Pl"oduc::d due { (1’:2
# bénding moment.: © . p v : 5 !
SR Y Sy
- FTarsiornal Siress : ' b
= The Stress dued EC'c_‘en-I-ﬂc A
©Jloading. ; .
a . - M 4 .“;. ;! : __'_____:
Stt-ain Ce) e
__—-—-"""'-
T —TRe vYato of chun_n,e N dirmerision 45 onginal dlmgﬂgnn
_@Merioted b £, Uniltess. -+ .+ i
"Mothematicalys  Fitain (€) «= CHange m dimerision | -
— Origingl dimension e
il R, Y R I
. [ L ' ' "
__.'—-—I—"‘_""-'

' W
i ' " T i
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Tgres of strain

@Ltnalwﬂll”ﬂll Linear-| Norrmdl | Axlal shain
—5 Tt is the dengitudimal dirécton strain due to the Longiyding

d‘r.:c{-whﬂ‘ Aoad.

5 Tt Mmay.be +ensite o Compressive sirain .
" llongitudingl Strain = charge in 1¢tgth (A1) e
Original Length (1) .

@Lﬂ‘i'f-'-'l"ﬂ' I ransyerse Stain a_ R
- It is he lateral direction '5'|+ﬂlﬂ'_5'_'_'— ——— Eﬂd— =

i 1o the Aongitudifiar directional dogd. ] d
—|lateral &train = Changin diqmlmﬂ'"‘ W
ot§inal die™(d) |4 AL F

®) shear strain
> T} 15 the loteral directional Staln due 4o the Aeteral direcHonal

Id. —> <ot is the Stan thek Change the angte of an Objects

- ¢ = shear shain. > 1 g&- A
- - : s ’

) Volumetric shan D’ 2

By = Change.in Volume (aV)* 7T

Orgiral Yolume:lv) —> o+ 1S thiratio of Change in

Volume 40 original Volume.

—

':l‘_'rnpm—n}um pmni--

‘ R;Jid Body. —Dpelor-mable Bﬁdg,
~% N6t change shape ¢ 8lze [ change Shupe#a size Under
With respect fo Atad ~ | Load:
—————
—_— Poisson's Ratio = '
> T4 i the tutis of loteral Sfrainto dongudingl Strain-

.._":_’__"E_‘Julue lies petween -—:l.+0 Q- 3
=7 For= engineering material) 1 vaiue les o +ﬁ_u g,
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> Tts Vawe mag_ sbe ne&nirwe 400+ o Lo
—z "I'l-l's FEFI"ESﬂT*'I:d ba__ u(mu)/":.'; Ul'lﬂ-lESS q‘uurﬂ.‘

" —» MathermaH Calty — Jeteral~shain_ : 9
Xengitudinal stoirr| 0 0
SN faterias | ~NValue of Peisson's ReHoy -
T [ stee - 0:25 —0-=23 |
2 |..ConcCrete 008 — 0:18 5
3 | tley "l 7 0130 — 0-45 Tl ea
4+ | Castiron . 021—02¢™ AN
5| Rubbey . " 0-50 R
|6 Woed '_ ' B Yy 1= f
Nt : ‘Poissen's t'tﬂrh -Fm— mild Steel = 0.25 1@
"~ for shinless steel =0-33 e

Po Mgo Qtade of comcrete = 0015 |

-
—

Hooke's Lauwg : (B
T+ Stotes that ! Stress s divedily. proportional fo the .
S‘H"Gll"l LI[D'!-O cerdin timit. — Robert Hooke — Find’ m 15?"

me-lhemthmlg.r 6. € o— g —FEg

Where, E = Young modutus of elasticiy. D
—— — H! 0 L

i %— = ?‘!EHH- — Nll"ﬁ'l _

' ‘m-l-ﬂ". _________,_

B = 201X 405 Njmm® Horimild Steet - | heE
E’ '2" L :

Ee = ZX 109 N|mm To- only steer e

Ec = 5F0ATex T concrete Tsqsg y 1938 e

Ec = 50004 fou for concrete TI4-56 ¢ 2600 -
Where' Ter = Chatacterlstcs Strength of Cuhr_;_rjtlf_:__,___.
- ____'_-_._,_-l-l""

e
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1_-_-_-—____-.___-__-—___'__— "X A : .""'d_-'-.'-
. -I_')uc-‘.i [
m matenals undergo le Materials

U 2arge amount of def ion be
e — o-rmahon before
Taing-the folowing. figure: shows the ‘sreoc— strain curve for- g

— [
ductile SPecimen.

i L
e':-""?'—.-"-,-m . /Fﬁ:“x

—4 f/ _;ﬂﬂﬂmj b, .'\F ',
s //‘f'hsﬁ'c zmi'gl . ;:i*lﬂlﬂ_mg —— Necking .
. - il ST s C T
i ; %“Mndi@ﬂm#ﬂ- mid Steel:’ . }E
Wiere: R = propor-tonal Hmif. '
" B= Elastic limit
C = Upper Yield poinf
D = Lower— Yield P'O'Il‘r':'
E = UlHrmate stress point
______F = Breaking. point
S Proportionatl tmix )
__"'_z_’__”_iH_ﬁ_ih;s limit, Stress is directy- proportional 4o the Straih.
= Speclme ' [ : [ 1 P
~>Begorg ﬂﬁ: ::E:- ihh::».—i:: m:s:a;:nj;ﬁ ::m .
Pt e ‘
DESHE ._
ZZ U Hhis it the material is said 4o be elastic..

2 SPecimen regains e ol shape # dmerngond e+

0

s e,

"‘Rﬂﬂ_ﬁi"he external od. | — _
- . __ o

m\\_:e::‘s ho regidual deformation is seen in 4hat specimeny
——"%al of the Load - —

4 h ' .: .
Ms point the mMaeria's Soid +o be plashc:

e —

b
L —
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rman : & ._
@ Yield poin | _ _—
* Yield point is +he poirt at Which the meteral Ui h%
an appreciabie elngation’or yelding Wihout any ‘”"—*‘“3_55__
| L
in JAvad- —
@UH-;fﬂcﬂ-e Stres s ! _
T} vrepresemts -the mgxIymurT sires< ‘H‘lﬂ'l' a majerials
can 4ake belore i Failr = F}Heﬂ—-l-hls point, tHe Curve

Starts diopping- oy ‘.- _
® Bl"'eﬁl-:lnan poirk . . ' ' S A
—>. “This s the point at uh:ch the EPE'-'C‘II'”E'-"" -Fmts. .
~> After—the utHimate, Sress pcm{- hECI-ilrtﬂ. of +he
specimen tarkes plece, lWnich Causes a loss tn-the
Joad L’m—rgma, capacity. oF the specumen ¢ lytimately

cuus'e.s - 40 Tail. M 3
T L Neecking

Propertes of Mu+et-lu1r
F@ 'EH"E"TS-"'H 3 ! Ao -d
— Strength is the abilfty of ma-}-ehmg-l-u tuH-l'rs'l-ﬂ"'d
Various =x+ernal Porces. ' . -
—5 T+ 1S usuquy d&scribed as tensiie Sirength, corm—
—I;,_eﬂ-siyg' strergth & shear Strernglh etcy ’__:_
,@_guu&itiﬁ!: eI P, _____
— Property of Meterial by Virtue of Which material,
'l':;;;r-aoes Plistic defor-mation withowt Fatture und er‘_‘__#
+€nsile Porce : —> TEnSile +€st is dove Tor ductite mm
.__? T Carbon Content in Steel is détermine the ducq.mﬁ.
o steel - mfiﬁ"\:ﬁun Cortert in. m;mcrgusi
T Sirength ¢ HardrieSs b decragsa ughnes?
f‘f FE'zEH IS rMote ductile then fesoo .d“ﬂlfﬂ-cpﬁ_%___,-
~7

——

—"

___.—'—""-F-
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e mat-rial fail ""”""“‘m‘ﬂ?ﬁﬁn.

Whncﬂ elongation dué +o +engﬁ;m
- ' . " e
rachre: T e
/E’H"En';sﬂ —
-'_@;"ﬁT; the oppostte OF duckily: T —
—Britle materials fais suddenty without Worring. sigh.

—:?’ﬁ.'n_ggg-i-ics of the ™aterials 4o tettrr Back in aa?nn]

“position atter the rermoval of load.

@rusticts

— propertie’s 0F the rat<rials 40 Nok rekutn back in orginal

poston af+e- the fermovat of load.

@ creepsf '

- Time dependert CohHnuous 'deformetion Under:cotnstant Ind

@ Handness- ) ' s

~> T+ 15 the abiity of metet-ias 40 tesist ab-asion oF Cuthing.

-7 Hd moferials Fesist scratches by Prichon with anotter body.

@ Tughness -me resistance oF material 6 fracture by bending,

Huisting, irmpact of load is known as twghness. '

@_Egh:gue Pefrrament nternal Structire damage dug hm?%

@ Matleabitity. permanemtly extend info Sheets without Fracture

——

bhen tolied £ harmnmered.

ﬁjgfjncss Uirmate Ferisie Sengh of -raicrials .

BShHness fhe Aoad required 40 Pmdl‘lce untt de.-!led-mh-

%ﬂcﬁ Lim# The Sitess below Which ¢ materidl has o

Prbabiiisy of not faning under teversal of stess.

% Siran c:m':rgu- ‘iloa—f‘:d with the elaske Iﬁ:---ﬁ-l--l -
Proof pesiterce Maximum sirain energy. Stored at elashc limtks

Moduis of Resilience e pro} resiiierce per urnt \olume.
]\Hua\.ﬁ..;_g._
=

xex e |

CamScanner



= Sitess produced dueto changein temperature,

—

Eﬂ’ ohe end is ftee, change in +emp” does not WUE
My, stress,

— ¥ bolh end are Pixed, increase on 'lﬁfﬂpe:-t*&ure Produce

Eﬂ'f'jpressive sttess Whercas decreas<s in Hmpﬁ@

__ tducees {ensile stress.
"Thermol Stress (6) =olLdtE

“Thermal strain
—> change m dimension of o body duetb emperature Whh
respect ¥ H's orqininl dimension is called thermat sirain,-
—> Mathematicatly. E.!._-:.Eil-‘-_ -_._-.'-t"ﬂtdt —ocdt

Where ' == Coefficient of thermal €xpansion-
Hote : o¢ P Steel = 11x 136 /o¢

Concrede = 12 x 10~ 6/0¢

Copper = 135 X.1075/0¢

Aluminium = 21X 10-6/0¢

Felgtionship belween three elastic modulys (EGeK) ¢
Poissen's Ratin (M)

Fo-normar siress # shain,  socg 7, s =B —0

“Eor Sheor Eli-Eﬂsifg Staftinyg 'E:Fr:‘( @ LT = ng ___@#

For Uslumetric Stress 4 strainy &y X &y Yy p—

“NOw, Combining 2410, @ ¢ ® —

T E =26 (1+M © Where ; g
T =3k dsM) —@ E= Young moduus of EWE_E
T E = 3K6 —R® (= Shear modutus of l"l&ﬁ’_"?___,
- 3K+ G _ K= buik madunys i
- M =Poisson's ratio.
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1.'..2 o Ly ;.;-

,.-f.-:m;r? St W St RO S

i =7 Young. modulys inversely. prnpuﬂ.;m‘
Ws‘ . mPE.'I"q
W of f-h,sw:ﬂu.[E} = Siress _‘--—-—-.J'Ee
SHmaih

:?’ﬁm;ﬂ Rigidiy.(6) = Shear stress T
— shear Shain —
mdmu':‘.(k} “: TDirect stress —
— .1 \olymertic Strain —
m = Wyean —
—y onen

d——_—-'_—__ ——

Structural property.

@ecbify Ability. +0 remain in equilibriumn.

@ Strengi AbTI4Y +0 tesists the Wood wHhout Paiture.
@shllness AbilHy. 10 resists deforration 0oF body:

.. Strain Energy. .
> Sfrain energy. is Stored energy Within <lastic limit Which resist

the deformation. . P2 du Where- |
> Strdin erergy due t0 A'F. & | e |'p = Axial Force
- N ~n u 0 SF = f \rdy o = cross—sectiond are
J 2R6* \l= Shear force
S T v B (Mg 1= senfirg rarert
| 2ET T= moment of inerta
— ]
_| 26T - | T =polor MO
-—‘_-_-‘-__I - LLLLE IIDNIII IR
ﬁmuﬁm o mem I-z{-’:r'PL__ I
€ l -— " lrl-I
Hﬁl ‘él i TE———"—"__ . l‘ :ﬂj.
—Ftingbow AL —4PL | - Pt
O L YP —
AR ey =
uasw T |




" Centep 0F Cravity ___ =
~ C.ta oF 0 body E—.s fhat point through Which the kesu@
‘of the paralel Jorces formed by the _NBQH of Tr __*
Eﬂﬂicles of the body: ' ! =
~> "It \s center'of Mmass: _
= Tt may aiso lies ousides of the body- |
= Ch=HYy) = fm;lr_gﬂ-?"“zl'-lt'\ {ﬂl‘#ﬁ-ﬁh‘dz\ _

\  mM=-ma }' \ T Y] ).f' v

- | I
'

i i ]_,_""

Centhroid
~ The plane Hijure having only ureu_" bi..f!- ot mass.
— The senme-h-icul cemterof Grea such Nghre 15
Called Certroid: —> Tt is the Certer—point GFarisae.
— certroid = (X,¥) = [ Ai~+Batg\ [ Ay, +Falz
\ e =) ] ' \ Hi+Aq 7

Ceritroid of different’'geometrical flgure —

Shﬂf’ﬂ' 1 FI.SNI‘E 5 -‘ﬂreq‘ i F "“;
. B ‘ 2 )
“Trangle IR S -—
@ g h\& L bh _l;_ h -
B & 3
————y —
b Ml ¥ |3 |3
(3 Circle' z et | g . —_—
l— !

G I o . L. B
@ Semi=Citcle > | e —
B ' : z I ‘ : } Z | 2 - BE

S0 ! it 4 : »_d_:—:—-l
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ﬂf;"ﬂﬂ' e AT
Q,@irfi cmfm
ye ;

'@'?ﬂm’“" o+
n---"""-—___l
PH}-hn‘l"ld
& Hollow cene O
——

‘pyt-aﬂ'ud
@ Solid hemishhEry ,

@) Horow mr.'éfma
@ sphere O ] d | d
2 2z

] Moment oF Tnerta
- The Second momert of area is Cated morrient of inerha:

- ﬁ:.e cecond tmoment of mass IS Calied Mass moment of mertia
- The Moment oF inerto i1s the physical property of a rigid bod!
that dBtermines the armourt u-F Hokque needed 40 rotated the
Jbody n 3iven axis.

> THis defined as the sum of the prnducko% the area of each
Pm—hcte in the body 4 Square of tts distance Trom 4he ax's of hotehe
_iﬁamemmacnug, w—axis, Tixx = YA

Tatdn
reater \lalue of '’ is bedter
__,__—-—-—"___—_——___"

— Y—axis, Tyy =
=¥ Tt yesist deformotion. S0 1hed
ﬂruuum] stability. .

4-
—~> ‘:1:+s \laie is Qlwoys positive & H5%

JM-Fer— rmass momendt of mw"_",',,——
e Y —
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Note Book

Dale : 20

I

Shape [ #Figwe s} e
‘@ Rectangle _‘la (Ta)x [Ta)y [Txx | Tyy
- bd? | db® | bd3 t!h’*'__l
- b 12 12 3 3
@ "Triangle TN bh* b3 bh3 b3
|13 ~_ |3 | 3¢ Az 17~
N k)
@C;PCIE 1 l‘ol( :ﬁ'il.q- ‘D:.‘:Dq" e I"Iﬂl]' i
_ ). 64 64 :
@ SE'I'H;—C;T"C‘E I MR“I" -:E‘Rq' -4 1“: W
‘ 77N g 1
© Quorter circke] [~ 0-055R '] 0:055 R | i
Le N | - '
@cwore | T ], | &% | o | oF | av
. a | 12 12 N 3 J
(@ Holtow tectangle BD = bd?| D8 dp° %
0 |d L 12 17 o
8 | R
® Homw cirete 0\, 2 -:;( it K (%49 T
64- 64 A T
ooy : [ i TR _
r —-I_—l-‘
(9 Trape=adat} h3(ak¢4ab+E) .
coonath T - w36 {awb) 1 I
@Elliﬁs: ’ a —?C—-lllia % hﬂg

-
A

0

_——'-'-

“Axis of symmetry — Such line o~ pPline Hiat dmdes the Whol2

body into Hu0 S PANS. — T+ posses algays Centtold .

¥

.’4—' N il

L)

S
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—

P‘“ 1l “’“ ﬂ R'l" T\ﬂ"(\i‘ﬁh, o ' to Lt
/’I’(;E@.]-r k2 ] "
2ETR | ] -

b
»

=(‘_L'g.,) +-Rh? . b P
;= _t!l_:l_a _|.F|[-|1 » ' '

——1 . -
—  Radius of Guration
5 Radius 0f gyration of any. lewmina (7 body) about QO given ayie
@Tﬂ defined as the distance from o given axis o Which o
ﬂ.,g element pakrts: of the dormina Woud have +o be placed g
as ot H u#%éu— MoT about Jiven axis. AY

Hetrermatically = Y )
Tox = AX Kygse Kyx = Tyy _ A tA]
= e, [ Ko :
Amiary L Y=—axis !, [Kyy =[Tyy 4 3

san -

Polor Moment of Tner+tia
= Moment of ingrtia perpendiculorto the xis of plane Figure is
(illed polor moment oF Inertia. — [Tz= = Tooe+ Ty

——

h_f_lf?““’ Equations or Bending Equations
‘-_-__-‘-_'-———

MGGS‘SEC’HW of beam rermains plane before < aftet

%ﬂ-—&um Obeys Hooke's 1w . bending
Fals of bearmn 1s hormogenous:

W Circula-arc- _

M actg

Ndmu\ur—-{o ihe beom axis t.l 3
@ 'lh:::icu"\“ﬂre IS J.qrg.ai Ler detiection |§ sma

- i e AT
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Note qu__k_

Date:20 | |/

= X " A\
M= Bending. rrmrnc::ni- _ N ___E o ——— — =
= Mimert ol Resislaonce & £ ——aT
i 1 » " -

T = Morment of Tnerdia’’ \ 'K B
0 N ! -
= Bendng stress -1 (‘n__\ ' -
R — Rudius of curyature

E = Young moedutus OF elasHcity
om neuiral axis t0 extreme fiper

“ Y = mistance {r

' . :
"
| ‘

* Note:
d - |de
N 2 A
< Y
- | =%}o-0o--0--C L ! ,
- —
ol s .
d= <Hective depth Bending stress | Shear stress

—in o iﬂﬂ'ﬂ.‘hﬂ_———ﬂ‘tﬁ—u

- ﬁemﬂns. stress in heutral Qxis is ==ro-
__;_5}“::17* siress in heutral qxis is waXimure.
— [+ Neulal axis both berding Sttess ¢ Strain’Gre zetro
“Meudral Axis Arrimaginary. horizortal line thot passes W
C:3 = q of Hransverse cross-— Section « g} Which be'ndln:;« s-h-ess

s Te =eto ff Shear Stress IS taxirurm.

——

B

P e

" 1 . .-r_- .I i

———— e
secdion Modulus : l

__'_.__,__—F"
~ section modulus of @ beorn is the quanthy, ub{-uh-led by
Jviding. #he moment of Ineérta of the bearm, about ﬂ
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. e distance of extrerm

Zagemaficany: [F= = — s,
. - [} * ‘.

“fram bending g T

"'____,..--;_— H o T TTT—

M =— $-—-,"-=-—— P M=T x6 SM=%xe
..--j’:-":"—’—_y_ o H_ 3_‘ Y a
— —
— section Modulus Jor standdrd sechor B

@ngmm- section : —::ﬁ% —
@ Hollpw rectangular section, —=/= 1 (Eobd?)
6\ D

@ Circular section, z = 'fj-‘-r
@ Hollow Circular Section, “z = ¢’ (p4_d4)
' 32\ D ./
Pure Bending -
— Bending of beam due 4o § \],..._
the Constant Maximum ey C;Q; 'JJ.,CE.,., ! v
pending. moment When - I I, o=y o
Sheat force is -zero 1S Called | [ f
pure bending.- ””.;p R .
~ In Pigwe , Pure bending - f/ﬁ"?/ //1 Pla. SED | |
in Co porHoh. o o !
e 1 — Prom SFD, Verticle W‘ZW
__S_th:_’i"f ----- are desighed: |
__'_'_'_*__EE'EI"T BMD, Aunafwdu'nul bars | ; _D;an:n [
Jre designed. o

> The spacing of Shear teinforcerment 1§ more oF Center as

mpared 4o end(suppors) of beorm:
> Bending sttess dictHiburion 13 Frangular

‘-%!'E eqr- 5‘“‘955 ™ | ’ . = E :

- distrbufen 1 parabolic s ] A .

-5 . A _sechoh-
Most efflciemt sectlon L Dlexure membek 15 T
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between deflection curve £ inital GIE'IS\\'HH—
_i_s' Called defiection. -
— TITh 'Fi'glIrE, 'y’ is the Maximum defiectron.
Shpe
Slope of a beam at a point 15 an angle made by the
‘+angert ¥ reference axislat that poindt-.

— Op < Og are the sipe ot A ¢ B, X f—""

Curvoture P TE\\
Hete, the distance 'oc' is tadius of W ,{,;,\ .{%B

Curvature (R) ¢ +he in\’et—sr; of #'s (s _ \;v/ i

Called Curyature.

— Mathemalicay ! |Cutvature =':"§.

Reletonship betweer: siope, deflection < Radius of Cur\'n*“h’f

M= Exd™ | «>"TFis is the diffetential eqn of elastic Curve.
A | — Equations of elastic. Curve.

Where: M = Bending moment
— E = Young modulus.of elesticity.
T = Mdment of hertia.
. d" — double deraVite = Aren unierdhe carve.
—_ qut !

i —

—

“Method of :Ie:icrmmlrt:] slope l‘ﬂhitﬂ'mh S sl
@ Double integration method -
@ Moment grea method [ . , il
@ Corjugate beam method: ., il

fe
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e AR TR IO
Nte. -7 ‘me-Fle:'huh ls mummum !H- Ce:r| ', o{‘v

— =iope is Zevo af centet of 5.5.8

,__?5

—5 slope 1S Maxirmum ‘at Suppory u{'- =SB,

5 “The rate OF change of Strain €nergy. 1< Calted deflection. —

ﬁ‘c tate oF c:hqngco-l: deflecHon (s Called Slope.

> he raie of change of shear force Ts called ittensity of Is qﬂmg_

> — e rate of Chonge of bending. mMomentis Cated Shear Porce

= —» ET = flexure RigidHy

—> ER = Axtal Rigidily

...:, (A = Shear Rigidity

"—% (T = Torsional R131dﬂl_,|,

..y “Re rate 0F Change of sype (Curvature) {s catied Bending. momer

Sloper £ deflection of beam Eft-:ndmﬂg

|peai ¢ Loading, Stope . .| M. defiection| Hox. moment
W ' g p

b v} Wi b sbpport | WE o center | WL

N 1GEIL-L’“ 48X ! .
‘fﬂ-m-..rm., WC ot support S o center|  WIZ
L | 44ET W4ET ?
3. 4 N ML ML M

] MY | EI I 2Ex
g JHIW? o free end [ WIR o Beoemd] WL
B At N [ W3 g Pree end | WIF gt fee end Nl?{ ,'l’_

1 L 6ET SET Wy
e

MNdte: — Tn case of Carilever beam;siope ab SUPPORt Dlwys Zer

2> In case 0f Cantilever bearmidedieetion at Support is always zero:

= Th Case oF Siriply. SUPPORtE ! Bieam with sg,mmeh-:c Yoading, slope

o 2t Center- qlunys —zero,

——y

A=0

N

B
k [
&+
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uln I- o{‘ | Cnrﬂm{‘lt Xure I mFlEr:-fwn
— _iFrE Pmn-l- o Which b-endmg mormerit 2 =zero ¢ "thtm%

ldhn‘:'h bending. moment: diggiam changes: s sign 'F“'"'l
PGSH"IVE"IO he&q,hye or Vice—-\ersas * | . fe 8
—> T4 15 qlso Known Qs Virfual -'h'mga-

f ' - ‘r:: I

———

Nﬂ'PurE of SF:D CffBM:IJ of simply. supportetd Betm,

T Load: . |- ry SFD | BMT® ‘1
. 'L ] constant’ |7 .'}/\Lh"‘e':"' -|
w % ‘Linear Fhrabu‘{E:,_—\

fmﬁ: _ - e < VAR \-;

e IT wmum cu!:ir.f,,.o-;-\\, .
___-»"""I".r'- 1 R -
_ : | L

A L ¥
1 ot g oy W -
Nature of SF1 + BMD of f.nrriitevat-igée::m .. Tl
Load +SFD ' BEMD __"
1 Al '/!/f/j/fr/g/// T
K L — —Condfamt L L-nem‘_:____._[
- x e
4 'ITE‘:H"
H e}

N;H-E |:H-+he=Pom+oF magimum bending momert, sheat”
.Fgrr:e changes the Sign [ z€ro except F‘“""d 10ad)
S Rt point- Where Shear Rrce IS 7zero, BM Wil be etthet” ]

urm 0 T"l'"ll'l"ll'l"l'\urf"l "

fﬂﬂ)ﬁlm _.___________,.
5 m=n case oF point Aoading’, 8mis maximum ek e
“point OF application of load. T ot B
— — .

: i : = _/_'-‘_‘/
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Mec hnn:c s of nr arm

nee
%s the -Pon ce nehngt i—rmgen{rmi 10 the :;T.,;‘;_‘_‘“kch
mﬁs perperdicutar 40 the AXig OF e,
— shear force of a section Moy, be defined asthe algebraic sym
WHSF Torce acting. 4o either Side of the section.

//%/ v N7/ a
"7/// I, N

pnsmve shear force  Negotwe ‘shearforce © © '

— —he diagram of Showing +he Variaton oF shear Force 1s caned SF1.
@ Bending. Mom ent ' :
— Bendmg merment of a section may be defined ‘as'4he argebm
Sym of Moments ob external loads actingd o their etther sides
of sectien. — ~The diogram Showing. +he Variation of ‘bending
memertt along the SEan is Called bending mornent diagrar,
A @ A ——0N
N /4 L7 S N\

Sagging Curve _—'_HD.S&"-TI?- Curve
positive Bending Moment Neg tfive Bending Moment

(3) Arial Feree v

N
=% T is a force actng hormal 1o4he Cross—section oF membet:
— Hmm Porce \sthe algebrdic Sum of all he Force's acting along

e 1z ang|1+udwnal ax1s o fhe rmember On eiher sides of
Con
______E:l_f_l_ﬂ_red section.

S = =1
mﬁa—ﬁr' I ———___ :
% rNBgﬂHve Axfal Force- -
k; ; T.' = R
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1\{ m-l—mn"hm h'r:*“ nr' SF @ (;]rn :r”C -
Ley Us Consider @ tX WEfin , —
S;T'HPIH, EUPPGH{-‘d A ' -I:E - AL‘L:L"L:D: —
beam /B Carrying & { ' '

uniformy disiibted Ko WkNIm .
Avad{uoL) W per ¥ »{\‘C}j fr_' rhj am
unit length. A Q’_ : %
lob cm be et & 5 —

Points onthe beam gla Iy '
distance AH from each olher

The shear force ¢ bending 'rnomr_-.r*rl- at 'c' 1s denoted by
V &£ M respectively.

Therefore, the SF & Bm ot point D Wit be V-+4V ¢
M +Am respectively as showr in figure.

Relation bet" load & Shear Porce

Algebtaic sum of Verticle force is equal o =eto-
>Fy. =0 (t+)
ot V—Wdad— (V—+Av) =0
or A= W Au—A— Ay =0
0‘;" —AV = WAu

C. W= —Av __-
.l AH e
limik Adt —>0
o= —w —0 —
dd . '
-, The \-u+€'0{" Chenge of Shear ’Fﬁh‘:ﬂ*‘g e‘{,llﬂ.l 40 gQyea unti;;:‘
hﬂ Curve. g
n —on inegratin Jpdv= "-L'I Wda —
e — _— _____..—F"'
P Vg—Vn = —(Area under e fpod curve)
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it 'W = —W (F“'Eﬂ under*-ihe mad Cuwe] ‘
“foeHonket sSEgBM . - . 5 T
mm"me“* at point o e —

’Eﬁﬁot"aﬂ- . - e
o M VidH — W Ak g_g___(m_.,_ﬁmj
tH.,rn’—r s Al — WAK? -'Tn-i-arri o ‘
Wm} S‘«’Luqre term Ce
o \"AH —AmM =6
or am= V. A4
L A0 =V

AL
Taking lim4 . v
hrﬂ AM-'_V AR m, pigm e

a=—r0dH

am_y '“_l_""@,,‘l
d¥

’. The rate of Change of bending moment is equalto S'E

=~ load SRR
Tt may be‘ defined as an peent Which Pt'oduce ok +€I'ld$ 40 produc
testoys o- fends + degHoys mMokioh. Uni! R OFKR
Types of Load
‘@Fﬂi'ﬂ‘ Loodd — T+ isq load Which is i_“' :
1

9ssumed 4 oct ot a point. © - s
-~ T4 1 - r;,,!,.ﬂ
--_._j_‘_s alsy cafed Concerirated lad. . | &

—? T} Unit is N orknN< o :
%ﬂ'ﬂ- istHputed Load (LIL), TR kNIm o
> THls a 2ood Which 1s distributed Witrmly. A [4 _,%f

L

OVer Hhe J.en
bearm 4 ™
— “The tinia a.-"“'l!:‘I .?'F:I = I.-r:__ are WAL, Wik v
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@ Uniformy. ve._q_lﬁg; Lodd (Gyr)! ~> ' is a dend “ffith___’__

E distributed hon—uniformiy- OVeEr the J-(‘-‘F"ﬂfﬁ oF bedm:.
= THe unit- of UYL {2 Nim o KN[m = v
¥ T4 is4w Wres. LA __

‘TFiunaulur load rwkﬂlm @'WGFEZ““:‘“ doad 2 WEN[m

—

—

T | b : 1
i v A :
2 Y

Types of support
@ Simple support =N,
—> A simple support offers only a‘Vertical reaction.’
—> Hortzontal morment or totaton of the member ate
hot prevented Gt this support. — Np of reaction =1
—> EXample & masonry, Wal > DoR=2 R
— RotetHon(p) =V — H. dePlﬂCemer&;\/;_rrV:o ™
— Vertical d;splﬂcen1e_-h+ =[_0) X = -
() Roller Support T =

> Tt is Simil—40 Simple Suppert —

B 1
— “The Support Which Provided With koyer ”EFi '
Iler- T
> = v

. S {Example: Roller bearing oF bridges Ytussos, .
—> RotaHon = V" — Hz . s ’ : -b

i

— pacement - v. df -
—> NO.0F Feaction = 1 = m_____;_..;__ A4 dtsphcemenlr .:E
—— - - F HH-_-_

@HIH.‘]EdI PIn SUppoty. - =2 . ' -

i

' w @ — - " -
. 5 preverted both hu.-;-zmm_l_"*_‘“"ﬂs pin.

e P : Hic 1w ‘f
ﬁiumiﬁ! - Single h\re%emi‘*—-—n— Movement

. r] s 2 )
— —
—> RI+atton = ¥ =3 Hz. dig?'m&ménh__ﬁ ; R
' misplu cemernt =g . — > R '
m— " ] . PR
\ _ainu.ofreacﬂuhzw _—
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@ Fix Fixed SUPRort e
Fe S .= SUPPOHF Which provided resistance to.totation abow g

cuppott - 10 the Troverment in Verticle ¢ horizontal divecti, ; zcHion is

mmcd Support., .t M (.;: , |
A ———

= Npvof Fedoton == —>@oH =0 TR

> f Retation =0 —3 H=z. displqc:crr‘lt‘.!n{"=ﬂ SHEEE al}v

> V.displacement =0 _ " :
_:,m‘lﬁ * Beam ¢ Colurmn of -Ft-arﬁEd structure.

Beamn S S :
Tt is the horizontal member ¢f struciure. -> Beams are

mormany. placed in horizontal posiion @ loaded With Verfical louds,
' Types of Beam

@ simply. supported Beam  + ysed s Load bearing wa,

-'—:r T+:1s @ bear With one end. —> D

hmged ¢ Qnother end. Foller Suppott-s: 1 -

® Cartilever Beam : Sl

~ T4 Is a beam With one end Pixed | __gf

¢ intther erd. free. . - F

@Propped Cantilever geamn —~

~> Ttis 0 beam with one end Jixed > 7 oy
3

4 Onsther enq. rorer Bupports-

:ﬂHl‘t T
T =% T+ Is generaly Used in bridge Constructon.
@FI'KE'd Beﬂl“l‘l . . . " | y D
e
:—-:-Etls_ibe“m with ,both end fixed: y % . —§<~—
E}_E_?__‘;:EEEHWI\H- used \n Rcc structure. T . T
1huous ,
H.;________E_\_Ell_ Beam - . ;
'\ﬂ_‘f_}_‘_‘jeum withimore then fwe . —> A————1r o
mw***\ — - .t = T

-
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@ Elastic propped Beam < —_—

~> Tis a beam with ene end’ s~ —
f_tlied % another end elestic’ T _ m_rw .

_mﬂa{ulg;ié' useds _
@ Wﬁ'?h‘l‘mn,?in} Gearmnm | _
> T4 s a beam qt Jleast gne _*JQ; -Mrl '
end out- oF Support- I ol

@ sink propped Bearm BRI
—> Tt is a beom with one <nd 7
fixed £ ansther end roller Support Fotay
with sorme Varticle distance- '

LAY

Static Equilibriurm A particle or rigid is said 40 be in
Static Squitibrivm if it is ot rest.
—> stotic equilibriurm Mmeans the het Poce £ het
momert acting. 0N a body is =zeto.
f:m;r-ﬂ__::-‘r{-iﬁn.- of sfatic Equilibriurm
=fu=o0 - ;E'FH_-=G M=o @
@ -_E'-FH-;G y=0 THz=o0 My =0 ErMy =0 I ___é‘-'

p——

- ""igr-r;':; of Equilibriurr
'@ stable 4§ 4he body. returns back 4o ii's Otiginal 'pasi'riur_:

wnery 15 ey displaced Pamits " T Ty
Pgsﬂ-lﬂn - l-.e:S ’ 1hen W15 Called SHable \\} "_.-..i
1 —7 *, : _ .

: wrlum '

_ @ Ne,ui-ﬁllf A bﬂd& Sad'to'be 1n reutral o--—0
= ium i i is eccup! : vl
2 e | _H_‘t - GE‘{-‘ v, ¥ = - __---":"
af rest {0 4he-position When'it-is Slidely. digptaced  from
-mnul posH-ion. il
..-:———'-"-——.—_

_J
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- T

A T
tﬁiﬁ‘b‘d oppPesite 10 the shable equilibri
___,,.--'-'_-.-_ ' i

—ghc D crminale’ ¢ Todeterminde Sttudiee

—_—F il

= the unknown internal fotces © teackion can ke Soveg Oy,

Teng Stotic equiibrium equation, thenthe Stucture Said 40 b
Eﬁiﬁﬂ,‘ﬂhemihé Indeterminate- e ;QL“‘“
| 3 %
Frame “Truss . Determincy |
3MEF ="314C M 42 ' | Staticany determinatel
I I+ [ M 2 Stelicany. indeterminofe
ImH < 3]4+C M+ <2 Unstable '
ypes of Structure Where: . .

®M=2j—-3 — Detcrmirdate Sucture
@m> 2j-3 —> Trdeterrinant structure
@mM<'2j-3 —> uUnstable Stuctire

M=ng.of m:;bm-s
J = " of J0ints

F = ho eF>réacton -
C = ho of Toop

Degree of 1Stahic Tndetermincy
@Eﬂet-nu] Static indﬁermihcw (Dg) = +—3
@ TInternal Static ihde{-crm'mcg. (Px) =0 for beam

—_ ' =3¢ for frarne
Motey B = M—(24-3) for Huss
O T e

m—'a) <6 o i :

R —> 0 detYerminant buk unstable.
T5tal 4

279l degree o} static inac{-érmidqn&g') = Dg+Dy|
-\‘__‘_—_—_‘__‘__ -
\\_; . !
\\




Note BOQ_J_(_

Date:20 [ |}

f'ﬁ'ﬂ a :z

lH- ‘Iﬁen'.-.} -'
Fl S'H‘uﬂm-e is Sukjected +o an axial Cﬁmpres'swe %h:e
is IS Called Strut. F the strut s Verticle/| 30°+o the horlzorrl_-:i}__
is Known as Colurnm . | : : ,

5 SHut may have.it's one ehd oF both ehd Pixed-rigidly o

h‘“3‘:d o pin jsirted, White Colurmn Wii'have both ends fiveq,

—

Compres ‘sion Member
C.Dlurnn —> Column (s cumg:ressinn mernl:at!-.uhlch
Carties axial Coempression n fram Structures - -
—> Mgst econromical secton of Colurmniis Hibutor- secton.

v Classification 6F colurn

@-LE# - — FE'dES-l-ﬂl]}n"'. . "
dmin
@ 3= deff = 12 — Shott column, o< deff 40
_.';:fln" dmin Imin
@15.',‘.[! ~ 12 —> Long. Column; _'l_'ﬂ, — 40 B
dmin A Frin

Where: Jlepp = E{‘FEC*T?E length of Colurnn.
- dmin = Jeast loteral dimension of Colurmmn -
Yrmin = 1€ast Yadius of gyration.

———

e

Eor steel Colurnn
lef < o —» *Short Columin

®—'—;’:tn - i
Eo.,.;je;.p < 250 ——?m-slmme Coturrry -
@@= Fmin _
6 :lfﬂ"- —260 —>fleng Columity
“Tmin
— I
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Mndu,-s{ﬂ: -Fmiuﬁ'—' UF CMUmn
oo gpe ] shork (Bny | Trtermedioe T
Mede uF -Fu'lmre Crusting | Buckling|: Crushing: Potcking T

i '-[

]

e e | hnﬁ, structural membet: Subjected -{o Compre ssin b
e rnemhe’r ofruss uhuch Corries umy. qxiat Cnmprcssmqwh.m
-H'tﬂ' —> TTension member of Iruss s known as 'HE:. '

4 L]
- L

i

slenderness Ratio
& (s-the ratio of effective dength of Colurmn tothe 1east kadivs
of guration«  Mathematicaly + |glenderness Rotio (3)'=Left

-

Wt L= toral lengih et ¢ !

left = cffective length . .
= le.us-l- tadiws of gurcrhunlut.'} F
T = Morment of inertia

: A= X.— sechonag| area.

Eulet's Theory for Crippling | E!uckhng, Load  °
~—> Load under Which Colurmn Faits due 1o the buckingH s kmiﬂﬁ as

Chpphn,g, Moad ot ‘Crivical 10dd. ~—> TThis theory Valrd for ﬂ"ﬂw

i

~> Crippling oF Critical 100d[P) = C SC*ETmin _
(lePp)® | e
—P= CHPPImg \oad ssanil

—_E = Young moduws of elasticity for the materialse
_.__E_:_'_'FGC“'G#" annourcing For the end Condition «
Thnin = e least moment o area of Secton (™

_.__!-_Eff__— ective -length of cowrmm. ._______d__,_ﬂ-
-_..__________"':’ T+ depﬂﬂdﬂ on end f'."ﬂﬂdl‘l"lﬂ" 5’—_—___,_.-—’

mT ok rr'lq')
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"Sﬁummwn «» TRe tnacrials of Column is homog.enous .
— TnHiay. straight — obey's hookes law.

-
Uniform Xa4cral dimensioh. —> self wh» of NO"'e
olurmn Negleced . — end of Column are

'Pi'lﬁ-mnlcss ~—> Column fails by buckling. onily-

e

B?oE

End Cnndthun

Dale 20

SN| End Condition | Figure | Effective length Criepling lseg |
1 | Beth endihinged | 4 ' ' :
Vo deM =L '-‘J'EI_EI ]
bt b ) . — -l
12+ | Both end Fived \ Jed = J%_ | 4% ‘Ex
L i
L r
g, |one end fixed § ,-"! leff =L | iexter
ther hh&ed ”& - N2 L
| P
4. |one endFixed ¢ ¢ | lefP=2L " }ZEX |
other free | - 412 '
— 4

Miment e moment of force dbout a given pdnt is the

Pt.ugm- of magnitude o the force @ the perpendiculof .

dis¥ance of tre Fum+ Prom +he Xine of acHon of the force+

Mg{-lﬁl‘l‘lﬂldﬂﬂm

(&) ,ml'ﬂfT

Mrde

—

"raklrllf" -+ is+0 be Consider+hat that the Poirt ¢ +he hrie_ e
&p oh action of force Shoud be in the Same plone | o{he.mlse

I =

i

Jorque tg Produced-

__:—-~:"'

~Couple TTRe combinatisn of ue equm ¢ opposite fores
gching. aleng differert lines of action on arigd oy _

s
A

.ng -Couple. ” —ELF,'_,-
> |coupte =FxL: ' =
et car E R
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—

- mm—— - - —— -

1N 3h1¥4 -lhc: pm+tc}c-g whhb in the E“'S‘ﬂc s 5
acevent shift begond {he elasHe H'mik. ‘m
——-————_________lf-tl-

nsp
Which Can be Seen by hecked eye.

—————— - __‘__—l—.____---‘
" * " | L

Majerals | A -

i

@gnw.e moterials T is the matarials -Fm'.s Suddenly Wik
Warring When stressed beyond +heir Strength, —
— e ccrrsp-essmn-&es‘r s Commonly Used for testing 4he
brittle materials, @ 1.

@ Homogenous Materials A Materials having. simjlar Property
throughout s Volume is Called homogeneous rmateruls., .

@ ::so{-tnpic Materjals . H aterials .hqvina.‘ Wdentcal Propeny
in all the ditection is Called 1sotropic.

@ OHFattopic Melerials ~The materials Which have different
preperties in different direction is Called Orthotropic materls.
® Toughness materigls T+ absorb energy at high sitess
withowt failure. — Trmpact test 1s done to estimate the
foughness of materials. .

® VYisco- elastic matetials) <7 ~Time dependent stress-
strain teldion. — “THe molerlal which Shows different: stress-
Strain Feldtion of ditferent Yime.

e .

- XInjernal EHects of Louding

=t=6

_ 7 =% S=ey  e=e TN E
N - ":.5_ ,L’/ / : //I_ — 'H;E
-—~d- e S, S — 'y

. x (__ L1 __——a D
) = =5 =6y =R E

L4

R sy ———H

' Rlﬂq'l';f' clnaes B P . nl;!'L-l-:f SH.IU P'nﬁlc S.!Id
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Note BQ_Q_L

Date:20 |

Hhe"'ﬂ"" 6‘3__. Yield’ '511'::5-_:; .

' 5.-. Hﬁrklna, Sttess :
Sy Su = UHmate strength

_SFg=—== -the externany appied load is such that shess

developed is Xess then 4he Yied stress. o
®tage=In ¥ load goes ncreasmg., o the Sore Valwe of lm.i
the Siress in-exreme fibet reach Yied Sttess

Stage ~amr 'Llith Purher increasing doad, the Yied ‘Stress o
extreme fiber remains cons-l—qnl— but -ihe ‘,-,lmdma. Spreuds -
info 4the armer fibers, L

Stage &I fAgain, (f applied load g0es on increasing o Some

* Value oF Anad @it +he Fibers will be Subjected 4 YieW stress,
—> ~TRe Aoud Carried ot this Stage is Catled ulimate Ao,
& +he strength of malerals Cortesponding 1 the Uimate bt
"¢ Catied MHmMate Strengthy : Y

TR : T .

o !

Structural *mMembers
| {@Bearg, — Members Subjecied 49 bending or Piexure.
@ Ties[time — Members Subjected o only axial tension-

© SHrutsi —» MEMbETs Subjected 4o only axial Compressin’
@msg - Giroup of Hes: ¢ Sfruts. — T+ cmstﬂﬂ
_;mrl-l- that 4ransfer Uﬂl:{.ﬂm axial force. —> <+ fneans only
axial force developed in4russ QS an inrternal ferces-

——t
© Rigud Pramrey —7 T+ Consists of Figid Joirts . 1o fﬂ_ﬁ__‘l'"’j__a_s_
re5|s+m3. Joirt, dhat transfer-all 4he internal %wj__‘*’}f_",‘,.-

1o ax'qh Shelr ¢ bending Moment, RS ___:--*”'
N e
e t— __—
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Note Book

Date

Cltnmr-l-c-r|511r~' OF SFD EH'IJ

20

[y [ Point dead/ Uy ovd L
S.F.D °  |Hz or Verlicieling]  “TRiongle $9+ Parabolq
B:M.D ~Triangle, .. | S¥ Parabolq | CU: Paraelg

ot ]

T Simply- Supported Beam., o - .

‘Loading’ ‘SE EM I‘
@ Point Asad at mid span| Max ot Support = Wz | Mmie =4Ik ot cemteg | -
O UnL | Vg = Wl — W Flyy = WK*%'—J'“—&!
' Max cH-SUPPﬂr‘I' Hl.;z Mmax = _.-%— at cerm.r-l
PR T Ay, hll —-l_.].!l.;
h Ve F 1 Mmax = WL*
Vi Q‘E_E-E ot Support -
| Cantiever Beam
1oading &R ‘BM
moment at end of bearn ~Zero M
}Fpaini- 1oed OF Tree end | Vmax = W (tenstar) | Mmax = W1 ot Supmr-{-:'k
UL Urnax = WL aF Suppor| Mmax = V1= aF Suppor |
Fixed- Beam ™
] : | - g —t ' A
1 thoading . SFD| BmMD 1
oot lod af Cemter | Vimay = W/z Mmay = W/g i
® uoL. - - Vmoy =KL [ Mmax =W -
- ; ) o 4192
r" M M -~
H = Y
7 \
\' T,..\r" ! 1'\{

Fig; Fixed beam
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JBHmug) G ‘Max meﬂcﬂlﬂh |

TR o
TR Wi e
@_a! LL F— T F. ",192ET
L - |
X W

W kNjm Lt NL‘Ltg_e_rer‘]
.@lamcr::Lm—wf-— 17 " 24 3§4EX
K — - q-

it e[ SWE M (centey

"@fezﬂﬂ&‘ 30 ' 20 | %ET ¥ET
7 1 ' ‘i
& W | giooazmal | _0-F3uLY ~
v 2 vy PRSI N T JY:

L1 oxd .y “I“"r'
L
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