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Strength of Materials (313308) AT d1ee (323300)

gfe 1: dew@r uRae
Moment of Inertia
. fawg o= (Course Outcome):-fEOTAT axqHTST Haifdd A 3Mfor Uzt
JIUReH SIS URES (Moment Of Inertia) Il 0T BRI,
. fsia Rrsvar g (Theory Learning Outcome):-
TLO. 1 m SANTA! &FTE HEIH (Centroid), SIS URTA (Moment Of
Inertia) 30T TS 3R 3T MR (Radius Of Gyration) o} 0T B
TLO. 2 GHIGR 3{& TG (Parallel Axis Theorem) A0 S 3 gad (Perpendicular
Axis Theorem) TUY ]

TLO. 3 fG&®ar M (Standard) T 3THR (Solid Shape) 3T UIHS SMHR
(Hollow Shape) WT faUTTIaTeSt STe@rd uRkad (Moment Of Inertia)

Plel.

TLO. 4 ﬁ%_cﬂiﬂ fqumTdt Se=m Iﬁﬁw (Section Modulus) PTcl.

TLO. 5 ﬁ%_(ffﬂ it G'IWN'IBD[ (Composite Plane Figure) S @, LC, T&L
favmTiaTdt (Sections) TS gRad (Moment Of Inertia) PIal.

TLO. 6 faee-3m1 fayrmarat (Built-up Section) EECIERIREN] (Moment Of Inertia)

NESGRZIR

1.1.1 TS URTS (Moment Of Inertia):- SIS URES (Moment Of Inertia) &
TIAT (body) ETHBE WX URISG 3Tg, S GIAT (body) ABS (Area) SO ST
TR TS URISG (Moment Of Inertia) ®led 3Te AT TR R HABSAT

(Centroid) ﬁw faan o (Square) RICH| {UMPIR (Product) %’UI@T TS@rd URT®
(Moment Of Inertia) Eﬁ’q

fdsar (OR)

Sedd uRke® (Moment Of Inertia) g1 DIUTATE! SH&TaR AT aAIJAT (body) e &=t
(Elementry Area) GGl ST NG <] (Second Moment of Area) CRGEEGER (Sum)
3.
NECIERIEER (Moment Of Inertia) &1 W ‘IUTUTT G{I% il STYRITST T &qatb_oﬂ%
ﬁ—g{ fEfa sfemied (ArbitraryAxis) [ UHR TGS 3‘”% % [ARCEL |
SECIERIREN (Moment Of Inertia) BT ‘19T 3T<] 3R afh?ﬂﬁ
SECIERIREN (Moment Of Inertia) I THH: mm4, cm?, m,
e, U Il HR (Irregular Shape) AGBT TOT m THTO fqUTT
ST UHaTd ,

A = DU TR o 8PS (Cross Sectinal Area) 3Tg mm?2 A 31Tg.

X, Y = § SAha el HEiaR U d S&Td Saoadl 3i&T Tddd 3R 3iTe.
1= TSard URTS (Moment Of Inertia)

Maharashtra State Board Of Technical Education. 1
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Fig. 1.1 SEard gRao™! HH@UAT (Concept of Moment of Inertia)

U,
HTSAT (Horizontal) X-X &I qiedoedrd IR (Moment Of Inertia)

Ixx= ZAYZ
qd, 1T (Vertical) Y-Y 31&fT Tad STedTd URTS (Moment Of Inertia)
lyy= TAX2

1.1.2 ¥fE3 TP MR (Radius Of Gyration):- § T 3R 38, SIegT YU &FHD
8 UhT fdgaR dfad Hdl SflT MUGTTST IRWT TSl URTS (Moment Of Inertia)
Ned d SR OIS XSS 3T TR (Radius Of Gyration) g1

IMS3Y 3P TR (Radius Of Gyration) &T ‘k” fohar ' a1 SMeISfeRI-T gfadra.

IS 3HH MR (Radius Of Gyration) o THH: mm, cm, m.

TR,

= Ak?

k= [—
A

BICEAW

|= STSdTd RS (Moment Of Inertia)

A = UGl R 9 D (Cross Sectional Area)

K = IS3T 3HTH TazH (Radius of Gyration)
1.1.3 ARH 'an (Section Modulus):-% ©¢ YR deR S{&Tari (Neutral Axis)
STeard uRE® (Moment Of Inertia) 3IO0T qey 318 (Neutral Axis) d ABHSIG YN
(Extremelayer) AT R (Ymax) EUﬂT‘R %UI@[ J&H nﬁw (Section Modulus).
TR HIGOH (Section Modulus) BT *Z' TT SATISERIT GRIGT.
JRM AIGHY (Section Modulus) d Thdh: mms3, cm3, m3,

TR,

Maharashtra State Board Of Technical Education. 2
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I
7 =

ymax

BIRGEALI]

Z= YR AIGHY (Section Modulus)
1= TS@ard URTS (Moment Of Inertia)
Ymax = A & (Neutral Axis) AT SIFBIHSI@ YN (Extremelayer) grATAS 3dR

1.2.1 GHIGR & oY (Parallel Axis Theorem):-JHIdR & UHY 3™ IITd B,
DIVATE! TxLd FHIR TS SIS URTS § T G &FAb ool HAHT FSHdl
TR 3fefTT Tedrd RIS it daherr S &1 THiaR feffAdie da Sfarm

| il U & SRIST 3.
"B,

D

Centroidal YY- Axis
h
e )
J Centroidal XX- Axis
C A &

lag=lc + A. h?

71 3ot
lag = AB TT THIR &TAT TSdTd URES (Moment Of Inertia)

l6 = Ixx = SAHESTAT GHYTT W%_QTIT TS STScTd URTSG (Moment Of Inertia)
A = HIYAT AR T TS (Cross Sectinal Area)
h =AB 3{Tf0T &thaT AT 3ol el iR
lcp=lg + A. h?
g7 {3epruft
lag = AB TT JHIR SHETST TSard URTS (Moment Of Inertia)
lg = lyy= &AHeSTHT HAYT WT TS STedrd URTS (Moment Of Inertia)
A = PIYAY] AR d &8s (Cross Sectinal Area)

h =CD 30T &I HEHTT SRoQdT AT 3R

Maharashtra State Board Of Technical Education. 3
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1.2.2 09 GT&I'I%[ Tg (Perpendicular Axis Theorem):-

DIATE! TATSG THTG! [hdl HRTRITST IR YSUNTIEAT HIcehHId SRu=T S&Tal
TSdT™ UREd (Moment Of Inertia) § A1 JEHTTIAT HICHMIT SRS GIT HETST SUIT
RGBS m e TS@rd uRad (Moment Of Inertia) I CREIEGE]
3,

Plane object

o X

lzz=1Ixx + lyy
lzz = Z-Z &1 AEd SIS@rd RIS (Moment Of Inertia)
Ixx = X-X 31&fT Fiad STecdrd URTS (Moment Of Inertia)

lyy = Y-Y 37&fT Higd TS URES (Moment Of Inertia)
1.337'@1' HHAD m TS uReae (Moment Of Inertia of standard basic

figures):-

o RN (Square):-
T 1 f3HTUft FRY (Square) AT 19 (Side) “a’ 318
Y

T
|

RELT (Area) = axa = a?

qegfdgaRe- SITUT Y-Y & AT SidhIdhale YR TATIS R

>
1] 1]
Q
S~
N

qefdgave- SITUMRT X-X 3181 3107 SIhIheld YT AFATAS 3R

a/2
Ixx = SFAHBTAT HHUFT SRISHAT X-X &S STScdrd RIS (Moment Of Inertia)

~i "”<I >

Maharashtra State Board Of Technical Education. 4
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4

Ixx = ==
12

lyy = BT AU SASGATY-Y &S] STScdld GRS (Moment Of Inertia)
a4

Ly = 12

o J3TYTd (Rectangle):-
TSl 1 f3HT0M ST (Rectangle) ST ¥t (Width) ‘b’ 318 d Sl (Height) ‘d’ 3T
X

T i

&FHD (Area) = bxd

X =HAfdgae- SIIUMAT Y-Y 387 30T ClebThate YT JrATde 3R

b/2

Teafdgae SIIUM=AT X-X 31&f IO CIdhIhale URT JrATde S’

Y=d/2

xx = ST AU S RAT X-X e TS URES (Moment Of Inertia)

=<l Tl

bd3
Ixx = E
lyy = ST YT SASSUT Y-Y &S SISl URTS (Moment Of Inertia)
o db3

o HHYS AP (Equilateral Triangle):-

ool a1 feH1ol THYS AP (Equilateral Triangle) ST UM (Base) ‘b’ 38 @ Sl

(Height) 'h’ 3R,

Maharashtra State Board Of Technical Education.
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@ThB(Area) = A = %th
TefdgaRe- ST Y-Y 31& HTOT dbThele YN JTATS SR

>
1 1
O
~
N

AHSGaET ST X-X 3{&f ST IbTehale YT AT 3R
h/3
Ixx = SFAHBTAT HHUFT SRISSTT X-X HETST STScdld URTS (Moment Of Inertia)

b

lyy = SAosT YT SASSUT Y-Y &S SISl URTS (Moment Of Inertia)
L
Yy — 48

. a'glw (Circle):-
qyor a1 feHToft T a?jaf (Circle) SIEIRES] (Radius) ‘R’ 3o T (Diameter)‘D’
3Te.

~I '|~|<| >

O<—

[
il g e 1]
W(Area) =A= %DZW A = TtR?

X=aefd STOMAT Y-Y 3481 ST ClbThate YT JiTdie 3o
X=D/2 =R
Y =Aeafdgaes SIIUM=AT X-X 31&f IO TIdhIhale URT JiTdie S’
Y=D/2 =R

Ixx = SFAHBTAT HHUFT SRISSTT X-X HETST STScdld URTS (Moment Of Inertia)
IXX = 67T_4D4
lyy = EHeSTHT AU ST Y-Y & SISl UNT® (Moment Of Inertia)

Iyy = 7TD4

° \?Jihﬁ&' (SemiCircle):-
Aot a1 el Tk Sfade (SemiCircle) ST AT (Radius) ‘R’ 30T &N
(Diameter) ‘D’ Gﬂ%

Maharashtra State Board Of Technical Education. 6
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W(Area) =A= gDZW A= %RZ

X =AeAfdgae- SITUM=T Y- 3{&f 30T ClbTbate YT TS 3R
X=D/2 =R
Y =Heafdgaes SIIUM=AT X-X 31&f AT CIhlbale URT iAo S’
p_ 4R

3n
Ixx = SFABBTAT HHUFT SRISSTT X-X HETST STScdld URTS (Moment Of Inertia)
IXX = 011R4
= Qe HHHFT RIS AT Y-Y &S] TS URES (Moment Of Inertia)

I =—D4W R4
Y 128

. E@?ﬁ'ﬂ a'glw (Quarter Circle):-
gyor a1 3wl T agufir aﬂa (QuarterCircle) STt B (Radius) ‘R’ 3G,

&S (Area) = A:%Dzm A=2R?

Maharashtra State Board Of Technical Education. 7
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>

=qefdgaRer SIUMT Y-V 3 AU AdbIhole YN TS 3R
4R

I

=qefdgaer SUTIX-X 31&f 3107 SrhIhele YT ATATAS 3R
_ 4R

~I Xl

3n
Ixx = EFAHBTAT HEAHFT SRISHAT X-X TG SISl RS (Moment Of Inertia)
IXX = 0055R4

lyy = FhIAT HHUTT SRS GAT Y-Y HETST SIS dld URES (Moment Of Inertia)
Iyy = 0055R4

o UiPo AT (Hollow Rectangle):-

ST 7 3wl Oidhes 3mard (Hollow Rectangle) ST ATl Sa (External Width) ‘B’
0T 3MIet@  ¥al (Internal Width) ‘b’ 318 @ STRRI® $dl (External Height) ‘D30T
N IRIRACE (Internal Height) ‘d’ 3T

Y

’T/‘G%x T
I

8B (Area) = (BxD)-(bxd)
AefdgaRe- SIUMATY-Y 3{&f U ThIhel® YN TS AR

>
I

=< Tfl

B/2

TefdgaRe- ST X-X 3f&f 3107 TIdhIhale U TS AR

7=D/2

xx = ST HEAUT S RAT X-X EMST TS URES (Moment Of Inertia)
BD?® bd?

bx =75 ~12
lyy = oI YT SASSUT Y-Y &S SISl URTS (Moment Of Inertia)
. _bp_ap
T2 12

Maharashtra State Board Of Technical Education. 8
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e UI$H® add (Hollow Circle):-
AT 7 {310l Ueh Uidhed ages (Hollow Circle) ST STeXI® &N (External Diameter)
‘D' ATIOT TS A (Internal Diameter) ‘d’ \311%

Y

BB (Area) = A = = (D?—d?)
Hwi&'gq«w SITOTTATY-Y 31&1 30T TIbThelo YT TFATAS 3R

>
o
U

WWXX&&W@WWWW

’“”<I '|~|<| >
D

aauo—www TR SO X-X SHETST S URTS (Moment Of Inertia)
Iyx = a(D4_d4)
vy = &AHSTAT HEURT SRISSAT Y-Y TS TS@rd URTS (Moment Of Inertia)
_ l 4_ 4
lyy = g (D*~d")

1.3.1 BTE! A ATH AT TSTd URTS (Moment Of Inertia) NYUMR IGTER0!
3ICl. . 1 TH AP SIS BIHed] 3T, A/ Sl (Width) 100 & HT. 7 ot
(Depth) 200 H. . 35, AT SldodrAl FHfGIH (Centroid) SIOMAT TS
(Horizontal) 3TfoT 33T (Vertical) &I (Axis) SSd uRE® (Moment Of Inertia) 3T
SIS TMARIMA (Radius Of Gyration) ZelT.

I :- faoo! arfgd

ARl B el JDHDT

&l (Width) = b=100 HT. =,

QIo! (Depth) = d= 200 HT. H.

ISTTST 2N 3T,

AAHBTAT AHUTT SRISHAT X-X SHETST STedTd RIS (Moment Of Inertia)= Ixx=?
AAH BT HHUTTT SRISHT Y-Y &S] TS@rd URTS (Moment Of Inertia)= lyy =?
ST AU SASHAT X-X SM&TST IS 3T MR (Radius Of Gyration)=

Kxx="?

Maharashtra State Board Of Technical Education. 9
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EABSTAT GHYRT SISHAT Y-Y &S] AS3 3 TR (Radius Of Gyration)=

Kyy="?

Y
\ ]
\
\

x | le | 200
r \ mm
J |
¢ |

| \
Y

~=——100m

‘-—X——J

EI%Q‘EH'E'[ CECIERVRELY (Moment Of Inertia) @W,
JAMUSITST HIfgcll 318 DI DS TTe@rd GRS (Moment Of Inertia)
Ixx = EAHBTHT AAUNT TS GATK-X SETST SIS URES (Moment Of Inertia)

L= bd3
L= 100 x 2003

Iyy = 6.667 x 107mm*

lyy = &Il HHURT RGN Y-Y &S] SIS URTS (Moment Of Inertia)

L db

Yy — E

. _ 200 x100°
Yy — 12

Iyy = 1667 X 107mm4

3T XS 3R 31T TR (Radius of Gyration) MY,
AAH ST AT SRISGAT X-X &S] XSS 3 MR (Radius Of Gyration)

IXX

Kyy = |22
XX A
7 feemTft

K = AfS3T 34Tt TRREH (Radius of Gyration)

Iyy = 6.667 x 107mm*

A = BTIGIT FR o &AHS (Cross Sectional Area)
A=b x d =100x200 = 20 x 103mm?

Maharashtra State Board Of Technical Education. 10
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o = 6.667 X 107
XX | 20x%x103

KXX = 577 mm

ST YU SRASGAT V- SI&ToT S 3T TR (Radius Of Gyration)

IYY
Kyy = |[—
YY A
o 1.667 x 107
w20 x 103

Kyy = 28.86 mm

3Gl . 2 THT 100 H. Hl AN (Diameter) W ada (Circle) GW’IBDI
ﬂmﬁﬂjﬁ (Centroid) SIUMT ATSAT (Horizontal) 30T 3T (Vertical) &I (Axis)
SedR UNE® (Moment Of Inertia) 3T IS 3T TMAREH (Radius Of Gyration)
MelT,

I ;- faoo! arfged

aﬂE(Circle) &Wﬁ

UMY (Diameter) = D= 100 ot =,

AUGATST MU 3T,

AAHBTAT HHUTT SRISGAT X-X SHETST STecdrd URASG (Moment Of Inertia)= Ixx=?
AAH BT AT SRISHAT Y-Y &S] TS@rd RS (Moment Of Inertia)= Iy =?
AT AU SAOGAT X-X HETET ST 3 TMIRZA (Radius Of Gyration)=
Kxx="?

AT AU SROGAT Y-Y eTST S 3T TMARIM (Radius Of Gyration)=

Kyy=?

v
|
X X
L v
-~ 100 mm—=
L-—X——-J

Ufgodicl Sedrd GRS (Moment Of Inertia) NS,

MUGTTST HIRATE B G (Circle) SMPTS! STSard URES (Moment Of Inertia)

Maharashtra State Board Of Technical Education. 11
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Ixx = QABSTHT HEHN SFSSUT X-X &S] SScdld URTS (Moment Of Inertia)

I, = D*
Lx = ——100*

Iyy = 4.908 x 106mm*

lyy = ST HAHUTT SSGATY-Y &S TS@rd URIS (Moment Of Inertia)

Iyy = " 1004

Iyy = 4.908 x 106mm*
3{TAT XS 3R 31T TR (Radius of Gyration) MY,
EABSTAT GHYUTT SFSSTT X-X &S] AS3R 3 MR (Radius Of Gyration)

IXX

Kyy = |—

XX A
7 femToft

K = AS3T 34T TRREH (Radius of Gyration)
Iyy = 4.908 x 105mm*
A = HTUSTT AR ° &FHS (Cross Sectional Area)
A=Ip2=21002
4 4
A= 7.8539 x 103mm?

o 4.908 x 106
XX = 1 7.8539 x 103
Kyyx = 24.998 mm

KXX = 25 mm

T TEBTOR 15k =lyy 3MTE, RUI Kyx = Kyy

Kyy = 25 mm

3l . 3 THT 100 HI. T N (Diameter) STSGAT AAYD (Semi-Circle) MHAATS!
ﬂmﬁ—g’fﬁ (Centroid) SIUMT TSI (Horizontal) 3O JT (Vertical) &I (Axis)
STecdld URE® (Moment Of Inertia) 3101 IIS3[ 3{Tth TR (Radius Of Gyration)
EUR| A

3TN :- %@?ﬁm%?ﬁ

3 (Semi-Circle) 3Tt

Y (Diameter) = D= 100 AL

AT (Radius) = R = D/2 =100/2= 50 HY. HI.

AMUGATST MU 3T,

AAH BT FHUTT SRISGAT X-X SHETST STecdrd URTSG (Moment Of Inertia)= Ixx=?

Maharashtra State Board Of Technical Education. 12
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EABSTAT GHYTT SFSSTT Y-Y &S TS@rd URTS (Moment Of Inertia)= lyy =?
AAHBTAT THTURT SRIGGAT X-X &S] A3 3 AR (Radius Of Gyration)=
Kxx=?

AAHBTAT LR SRIGHAT Y-Y SH&TST IS 3 AR (Radius Of Gyration)=

Kyy=?

WWW (Moment Of Inertia)?ﬁﬁfﬂ,

MUGTTST ARGl 31T B IGB (Circle) HTHaTS! STe@rd URTS (Moment Of Inertia)
Ixx = QAT HEHN SFSSUIX-X &S STS@dd URES (Moment Of Inertia)

Iyx = 0.11R*

Iyx = 0.11 x 50*

Iyy = 687.5 x 103mm*

lyy = &FhosTdT HHHTT SRS HATY-Y &S SIS URES (Moment Of Inertia)

I

Iyy = —R*
vy =g

T
Iyy = =50*
vy =g

Iyy = 24‘54’ X 106mm4
3{TAT XS 3R 31T TR (Radius of Gyration) N,
AAHBTAT HHUTTT SRISGIATX-X HETOT IS 3T TR (Radius Of Gyration)

IXX

Kyx = |—

XX A
71 feproft

K = AS3T 34T TRIREH (Radius of Gyration)

Iyy = 687.5 X 103mm*

A = BTG HcR d &FHS (Cross Sectional Area)
A =2D?=21007

A= 3.926 x 103mm?

o~ 687.5 x 103
XX ™ 13.926 x 103

Maharashtra State Board Of Technical Education. 13
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KXX = 13.23 mm

ST YU SRASGAT V- SI&TST S 3T MR (Radius Of Gyration)

/IYY
Kyy = K

71 feproft

K = IS 3T MR (Radius of Gyration)

Iyy = 2.454 x 10°mm*

A = PTG AR o 8BS (Cross Sectional Area)
A =2D?=21007

A= 3.926 x 103mm?

o 2.454 x 106
Y 13.926 x 103

Kyy = 25 mm

ISl . 4 THT 100 A1, I BT (Radius) TS TGUR IS (Quarter-Circle)
THANTET  AHfAGIA (Centroid) STUMT TSN (Horizontal) 30T 3T (Vertical)
3{&ITHT (Axis) SSar IRTd (Moment Of Inertia) 20T,

I :- faoo! arfged

ﬂ@ﬂﬁada (Quarter-Circle) 3Tt

3941 (Radius)= R= 100 #i. #l.

AMUGATST MU 3T,

AAH BT AT SRISGAT X-X SHETST STecdrd IRTSG (Moment Of Inertia)= Ixx=?
AAH BT HHUTTT SRISHAT Y-Y &S] TS@rd URES (Moment Of Inertia)= lyy =?

xYﬁ

=100mm
Y

ATYGATET HIfGdl 318 B ag (Circle) MHAIIS STe@rd GRIS (Moment Of Inertia)

Maharashtra State Board Of Technical Education. 14



Strength of Materials (313308) I dree (32330¢)

Ixx = QABSTHT HEHN SFSSUT X-X &S] SScdld URTS (Moment Of Inertia)
IXX - 0.055R4

IXX = 0055 X 1004
IXX =5.5x% 106mm4

lyy = &Aoo HHHTT SGGUTY-Y &S SScdd URES (Moment Of Inertia)

Iyy = 0055R4
Iyy = 0055 X 1004

Iyy = 55 X 106mm4

3ql. sh. 5 UdH Ui 3T (Hollow Rectangle) Gﬂ% S HI%W Sl
(ExternaIWidth)'100mm'\’rITiﬁT 3TtE Sal (Internal Width) '75mm’ \’rﬂ%' d an%ﬂ?r 3t
(External Height) '200'mm 3T 3MTcte Sl (Internal Height) “150'mm \’Jﬂ% WCIT
THANTSl  AHfGGIA (Centroid) SITUMAT TS (Horizontal) 30T 39T (Vertical)
3{&IHT (Axis) CEGIERIRELY (Moment Of Inertia) e,

I ;- faoo! arfgd

Uidhes 3IATd (Hollow Rectangle)&m

Eﬂ%ﬂ?ﬁ (ExternalWidth) = B=100 mm

3TAl® $al(InternalWidth) = b=75 mm

MBS SHd! (External Height) = D=200 mm

3G Sl (Internal Height) = d=150 mm

AMUGATST MU 3T,

AT U SRTGRTT X-X HETST STS@rd URTS (Moment Of Inertia)= Ix=?
AT AU SRIGRTT Y-Y &S] TSdTd URTS (Moment Of Inertia)= Iy =?

X F7___G_ —%— — X150 200mm
I

—~=—00 mm—-J
—-— X

UGS HTfRd 318 B Wb AT (Hollow Rectangle) HTHaTA!
&AH S (Area) = (BxD)-(bxd) = (100x200)-(75x150)
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Strength of Materials (313308) I dree (32330¢)

&THS (Area) =8750mm?
Ixx = QABBTHT HEHN SFSSUT X-X &S] SScdld URES (Moment Of Inertia)
BD3 bd3

Iy = —
X712 12
100 x 200° 75 x 150°

lex = 12 12
Iyx = (66.667 x 10°) — (21.093 x 10®)mm?*

Iyx = 45574 x 106mm*
lyy = & osTAT HHURT RGN Y-Y &S] SIS URES (Moment Of Inertia)

DB3® db3
lyy = F - E
e 200 x 100® 150 x 75
e 12 12

Ly = (16.667 x 10%) — (5.273 x 10®)mm*
Ly = 11.394 x 105mm*

1.3.2 9HIAR & UHg (Parallel Axis Theorem) dTd>- HIH®H m TSt
| R [ (Moment Of Inertia) MY IGTER0!

3Ial. . 1 TP AAAHd SIherl dbedl Mg, AT Sl (Widthyb' H. d. g Gt
(Depth) ‘d’ H1. . 313, TT SldeTAT URIT AB (Base) HYH SITUNIT SHETST (Axis) STScTd
PIRE (Moment Of Inertia) 2N,

I ;- feodt mfgd
AATH ] Blha! JDHD
el (Width) = b
Qio! (Depth) = d
AMUGATST MU 3T,
UTdT AB (Base) HY- SITUITAT HETAT (Axis)ww (Moment Of Inertia)= lag="?
Y
\
|
|
|
X FGX
h=Ef2
A | B

Maharashtra State Board Of Technical Education. 16



Strength of Materials (313308) AT d1ee (323300)

JTUGATST HTfgll 31g JHIAR SH&THAT THIATIAR (Parallel Axis Thorem) JHIAR AB 3{&TST
TS RIS (Moment Of Inertia),

|AB:|G + A. h2
g1 fewmroft

o — PHIRUT AB BT 31&f TeAfSg=aT X-X TT SH&TST JHAR 3718,
UGS ARl 38 &1 AABB HHAURT SSIT X-X 3MeTST IATH TS
SECIERIRERN (Moment Of Inertia)

bd?

lo = Ixx = 12

GRE!

A = PIUSTT AR ° EAHS (Cross Sectinal Area)
A=bxd mm?

h =ABS{TIOI 8 thes T AT S GAT H&THHS (Centroidal Axis) 3R
h=d/2

FHIR &I FHITIER

lag=lg + A. h2

ba3 d
IAB =—+ (bXdX (E)Z

12
L bd?3 N bd3
4B 12 4
bd3

Inp = — +
AB 3 mm

3Ial. . 2 T APl SISl Bldbed] 3T, A Sl (Width) 100 | OT. 7 WISt
(Depth) 200 . ®l. 38, AT BlHodrAT URT AB (Base) HYA SIUMAT SfETST
(Axis)ﬁ%ﬁ'@[ 1?I'F\’_@|T'5'(Moment Of Inertia) 20T,

IR ;- WHT%T%

TG BTha! BIHST

¥t (Width) = b=100 . 7.

GIot (Depth) = d= 200 4. 7.

AMUGATST MU 3T,
UTdT AB (Base) HY- SITUTTAT HETAT (Axis) TS URE® (Moment Of Inertia)= lag="?

Maharashtra State Board Of Technical Education. 17



Strength of Materials (313308) AT d1ee (323300)

JAMUSITST HIfRd 3T FHIAR ST YHATAR (Parallel Axis Thorem) JHAR ABSI&TST
WW(Moment Of Inertia),

lag=lg + A. h2

[ — PHIRUT ABET 3H&f HeafSIg=a X-XaT &A1 JHIR TS,
MUGTTST Al 38 B &FhesTl HHHURN SAGTAIX-X ST TGS
WW(Moment Of Inertia)

bd3
Ig = Ixx = 12

100 x 2003
fo =l ==

I; = Iyy = 6.667 x 107 mm*
REiE]

A= m#ﬂ?é &AW (Cross Sectional Area) = BxD = 100x200

A =20x103mm?

h = AB 3{Tf0T @hesT=aT HAYTT ST &HUT® (Centroidal Axis) AR
h=d/2

h = 200/2
h = 100mm
FHIR &I FHIATIER

|AB:|G + A. h2
A8=6.667 x 107 + (20 x 103 x1002)
lA=266.67 X 106 mm*
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Strength of Materials (313308) I dree (32330¢)

34l . 3 Th JHYS FBIUT (Equilateral Triangle) 318, TN UTAT (Base)'b’ 3iTg d Sl
(Height)'h’ 3118 , T FAIUM=T URIT AB (Base) T SITUMAT JHETST (Axis) Te@rd RIS
(Moment Of Inertia) 20T,

IR:- et wifgeht
YS! FABIUT (Equilateral Triangle)
Tiar (Base)=b
Sdl(Height)=h
AMUGATST MU 3T,
UTdT AB (Base) HY-T SITUITAT HETAT (Axis) WW(Moment Of Inertia)= lap="?
Y
|
|
|
X G N\ x. n
| h/3
| ' l
A \ B
— Y .

JTUGATST HIfgell 318 JHIAR SH&TAT THIATIAR (Parallel Axis Thorem) JHIAR AB 3{&TST
SECIERIRERN (Moment Of Inertia),

lag=lg + A. h?

e ——— PHRUN AB BT 31& HHATIGAT X-X TT &S] THIR 3o
TUGATST AIfedl e B1 ABESTAT HAUR SFSOAT X-X &S] SAATH IS
WW(Moment Of Inertia)

bh3
lo = Ixx = %

GRE!

A = PG 4R d 8ABS (Cross Sectional Area)

1
A= Eth mm?

h =AB 30T @AB ST HEHUNT SISGAT H&THHS (Centroidal Axis) 3R
h=h/3

FHIAR & FHIATIER
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Strength of Materials (313308) AT d1ee (323300)

lag=lg + A. h?

bh3 1 h

L bh3 . bh3
4B ™ 36 ' 18
L bh3

34l . 4 U JOYSI FABIT (Equilateral Triangle) 3Tg, ATaT URT (Base) ‘b’ 3Tg d Sal
(Height) 'h' 38 , &1 API0m=AT RREMELH CD (Apex) SITUMRT &S (Axis)STe@drd
IREY (Moment Of Inertia) e,

W:-Wﬂﬂ%?ﬂ

WH\?{W (Equilateral Triangle)

Uil (Base)= b

Sdl(Height)=h

AMUGATST MU 3T,

iU RRIRMEYA CD (Apex) SO SHETST (Axis)STSdld RIS (Moment Of

Inertia)= lag="?

UGATST HTfRll 3MTe THIAR & THATIR (Parallel Axis Thorem) SHIAR CD 3{&TST
TS RIS (Moment Of Inertia),

|CD:|G + A, h2

e Y - PRI AB BT 318 HeAfagaT X-X T &S] THIR 3G
TUGATST Hifgdl 38 Bt BT HHURT SIS X-X SHETST TIPS
TS RIS (Moment Of Inertia)

bh3
I = Ixx = g

Maharashtra State Board Of Technical Education. 20



Strength of Materials (313308) AT d1ee (323300)

GRE!

A = PHIIGIT 4R I 8BS (Cross Sectional Area)

1
A= Eth mm?

h =CD 3T & AT SRTGGAT eI (Centroidal Axis) 3fdR
h =2h/3

FHIAR &I FHITIER

Ico=lg + A. h?

bh3 1 2h
Iep = 5+ [FbXh X (5)%]

, _bh3+4bh3
™ 36 18
, _ bR?
CD — 4

1.4 FTE AFS ATHF TS AR HIGOW(Section Modulus of Standard basic
figures):

o URY (Square):-
TSI 1 fEHT0f FRY (Square) ST 919 (Side)'a’ 31T

Neutral Axis
Y
|
| |
7
xr-———+G —1-—xg
y=al2) |
¥ |
I r
y—a/2_/ Y Neutral Axis
a
JRM A (Section Modulus):

Maharashtra State Board Of Technical Education. 21



Strength of Materials (313308) I dree (32330¢)

1
7 =
Ymax
7 femToft

Z= YRM HIgSY (Section Modulus)
|= TS URETS (Moment Of Inertia)
Vimax = GCRI & (NeutralAxis) 0T SIbIdh SIS YN (Extremelayer) TFATAS 3R

IfSHTN, STSSAT JHeTHIad YoM A (Section Modulus)

Ixx

Zyx =

ymax

UGS HTfgd! SMEARY SMH TS [S8drd URES (Moment Of Inertia)
Ixx = QABSTHT HEHN SFSSUT X-X &S] SScdld URTS (Moment Of Inertia)

4

Q

Vmax = dC¥ H& (NeutralAxis) 30T CIBTH SIS YR (Extreme layer) TS 3R

a
ymax 2

a*/12
Zyx =
a/2

TREYATY T SHETNTAHRI HIgod (Section Modulus)

7. = Iyy

yy

ymax

lyy = &FAosTT HHAHRT SEGGUT Y-Y &S] SScdd URES (Moment Of Inertia)
4

=@
Ymax = 9O & (NeutralAxis) AU SIBTHSI@ YN (Extreme layer) TrATAS 3aR
Ymax =%
_a*/12
yy — a/?
a3
Zyy = 6

e J3MIATd (Rectangle):-
ol 1 {310 ST (Rectangle) ST ¥ (Width) ‘b’ 3T d Sl (Height) ‘d’ 31T
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Strength of Materials (313308) I dree (32330¢)

/—Neutral Axis

WiN

Y=b/2/ Neutral Axis
-‘—b—-—
IR AIgGY(Section Modulus):
1
7 =
ymax
1 fe ot

Z= @Tﬁl:lrhw (Section Modulus)

|= SIg@rd RIS (Moment Of Inertia)

Ymax = ORI & (NeutralAxis) 30T b ele YR (Extremelayer) rATS 3R
IfSH1of, 3rSan H&ﬂ@@ﬂ@ﬂiﬂlﬂw (Section Modulus)

Il
Zox —_ X

ymax

UGS HIfgd 3178 SATAIH AN STe@rd URES (Moment Of Inertia)
Ixx = EFAHeSTT HEAUNT ST X-X &S] TS@rd URTS (Moment Of Inertia)

L _bd’
XX — 12
3rfor
Ymax = A HE (NeutralAxis) IO CIhTh SIS YR (Extreme layer) AT 3R
Ymax=7
bd3/12
Zyx =
d/2
bd?
P =g
YA ST SERNTd Y- HIgod (Section Modulus)
7o — Lyy
¥y Ymax

lyy = &FAHosTAT HHHRT SGGUT Y-Y &S] SScdld URES (Moment Of Inertia)
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Strength of Materials (313308) I dree (32330¢)

L _ap’

Vimax = GCRI & (Neutral Axis) 3T0T SIbTHSIS YN (Extreme layer) TATAIG 3R

Ymax =7
_ db3/12
= Th2
s
yy 6
. (Circle):-

AT a7 {10 T aqdes (Circle) AT AT (Radius) ‘R’ 30T & (Diameter) ‘D’
38

Neutral Axis

IR AIgGY (Section Modulus):

I

7 =

ymax

a1 fowmToft
Z= YRM HIgSY (Section Modulus)
|= TS URETS (Moment Of Inertia)

Vimax = GCRI & (NeutralAxis) 0T lbTdh IS YN (Extreme layer) TFATAIG 3R
IfSHTN, TSN JHeTHIad YR AgHY (Section Modulus)

Ixx

Zyx =

ymax

ATUGATET Al 318 IBTHS] STe@rd GRIS (Moment Of Inertia)
Ixx = EAHeSTT HEAUNT ST X-X &S TS@rd URTS (Moment Of Inertia)

Iyy = " D*

afifor
Vmax = GCRI & (Neutral Axis) 10T SIBTHSIG YN (Extreme layer) TFATIS 3R
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Strength of Materials (313308) AT d1ee (323300)

ymax=;
;- nD*/64
xx — D/2
;- D3
xx — 32

TRAYHT ST STRNFdaRM Jigod (Section Modulus)

I

Zyy = %

lyy = @AHSTAT HAUTT SIS ST Y-Y &S TS@rd URTS (Moment Of Inertia)
A

L, = aD4

Vimax = GCRI & (NeutralAxis) 0T SlbTdh IS YN (Extreme layer) TFATAIG 3R
D

ymax=;
_ nD*/64
yy — D/2
D3
Zyy = 32

o UiPo AT (HollowRectangle):-

g 11 fewToft Uides smara (HollowRectangle) G‘Tﬁﬁﬁﬂéﬂffﬁ (External Width) ‘B’
30T 3G Sal (InternalWidth) ‘b’ Gﬂ% d Eﬂéﬂ@ S (External Height) 'D’ 3T
3TATS Sl (Internal Height) ‘d’ \’rﬂ%

Y Neutral Axis

!

y=D/é e j ' \Neutral Axis

N\
|
5 —
°_
NN

JRM Ag@¥(Section Modulus):
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Strength of Materials (313308) I dree (32330¢)

1
7 =
Ymax
7 femToft

Z= 3QTJWIT-IIﬁﬁ?W(Section Modulus)

|= SIg@rd URIS (Moment Of Inertia)

y = dc®] H& (NeutralAxis) 3107 CIBTH SIS YN (Extreme layer) g faR
IfSH1oR, 3rSan aﬂw@wnﬁw (Section Modulus)

Ixx

Zyx =

ymax

AMUSITST Hifgdll 318 Wehcd SATATH IS STe@d YRS (Moment Of Inertia)
Ixx = EAHBTHT HAUTT SIS GAT X-X &S] STSdrd URTS (Moment Of Inertia)

L= BD3® bd3
X120 12
3{Tfor
Vimax = GCRI & (NeutralAxis) 0T lbTdh IS YN (Extreme layer) TFATAIG 3R
Ymax =;
BD® _ bd?
12 12
Zxx - D/2
BD3 — bd?
Zxx = 6D
ATIYHTOI T e YR AIgSY (Section Modulus)
I
7 — yy
Y Ymax
lyy = &FAPosTAT HHHTT SGGATY-Y H&TST SIScdrd URES (Moment Of Inertia)
DB3? db3

W T
Ymax = A HE (NeutralAxis) IO CIhTh SIS YR (Extreme layer) AT 3R
B

Ymax=7
b _are
7 — 12 12
yy B/Z
DB3 — db3
= Te
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Strength of Materials (313308) AT d1ee (323300)

e UIHS agD (HollowCircle):-
TSI A1 f3H Tt U Uidhes I (Hollow Circle) ST STRI® N (External Diameter)
'D’ 3T 3MTci& T (Internal Diameter) 'd’ 31T8.

JRM g (Section Modulus):
I

7 =

ymax

71 feproft
Z= @Wrﬁw (Section Modulus)
|= TS URETS (Moment Of Inertia)

y = TR 31&f (NeutralAxis) 30T CIbTdh SIS YR (Extreme layer) TTTAT® 3R
IfSeRToN, TSN SH&THIad Ya_H AIgH (Section Modulus)

Ixx

Zyx =

ymax
MUGTTST ARl SMEUIHBAGBIPH TS oIS URES (Moment Of Inertia)
lxx = QABBTHT HEHN SIS SUIK-X H&TST SIS URES (Moment Of Inertia)

_ i 4_ g4
oy = o7 (D*=d")
3for
y = dc¥®] A& (NeutralAxis) 3O TIBTH SIS YR (Extremelayer) TS 3R

D
Ymax =;
T n4__ g4
_a®d)
xx D/2
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Strength of Materials (313308) AT d1ee (323300)

_ n(D*—d*)
xx 32D

TARAYHTIRS ST SETRTa e’ Ao (Section Modulus)

I
7oy
Y Ymax
lyy = @AHSTAT HHUTTT SIS SATY-Y &S] TS URETS (Moment Of Inertia)
A
Ly = 27 (D*=d*)

Vimax = GCRI & (NeutralAxis) 0T SlbTdh IS YN (Extreme layer) TFATAIG 3R
D

Ymax =3
T rp4_ g4
_Z@t-ah
yy D/Z
,  _mDi—dh
Yy 32D

1.5.1 UG (Symmetrical) Gm Tsdrd uReEe (Moment Of Inertia)
MY SGTERUL:

L. . 1 U] JHHAR |-3Tpdraral Tefdga X-X 3Mf0T v-y 3&1eT Sieard URao
(Moment Of Inertia) B

ST HIfgd WS SHHTON 3T,

TSl (Flange):-100mmx 20 mm

HEUT@F?[ (Overall Depth):- 280mm

CEECIRSIE]] (Thicknessof Web):- 20mm

JTiR:-

feo! At

|- SiTepeit

TSl (Flange):-100mmx 20 mm

W@ﬁ (Overall Depth):- 280mm

J9 9t SrSt (Thicknessof Web):- 20mm

3TISTTST NI 3T,

Teafag X-X 30T Y-y S(&THYH SNl &S] (Axis) Se@d URES (Moment Of
Inertia) Ixx="?

lyy=7

o gufrdy I- sneder @e! Srafasamam 1, 2 3T 3 TR Edqd
farmy

Maharashtra State Board Of Technical Education. 28



Strength of Materials (313308) AT d1ee (323300)

/—Fla nge

L @ G,
IR
20 mm=— h
~—Web 1
o Y

;—-—-

Y, i 240-mm X ) Sy X Z%MT h,=0
h3
Y, Y
_y A & ‘
> omm (3 :
| | ’ ; Y *
© \Flange A
100 |mm

3T Aeafdge 3N SR MY USH (7)

V= T4, +4,
Ai = 3T 3MFl-1 F EADHD
A1=bxd

A1 = 100 x20 = 2000 mm?

Y1= U1 OA SHTTOT 3T 3MTdet- 1201 AeAfaguddd 3R
Y1=20+240+(20/2) = 270 mm

A, = 3T 3MT&Hall-2 o &THS

Az =bxd

Az = 20 x240 = 4800 mm?

Y,= TR OA SHTTOT 3T 3MTdhti-2 =1 Aefag wdad $fa”
Y,=20+ (240/2)= 140 mm

As = 3ITITd 3MTddl-3 o &THS

Az = bxd

Az = 100 x20 = 2000 mm?

Y3= TTIT OA ST 3Tad 3MTdhelt-3 =1 Heafag wdad $fa”
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Strength of Materials (313308) AT d1ee (323300)

Y3= (20/2) = 10 mm

2000 x 270 + 4800 x 140 + 2000 x 10
2000 + 4800 + 2000

Y =140 mm

fdrar
fESST 3MTpelt BT X-X SH&TST GHHAT 3178 WUH

7—(D>—<280)—140
—\2)7 )7 mm

THUT STSHT X-XHETST 3Pil-| o SISl URIS (Moment Of Inertia)

7=

Ixx=Ixx1 +Ixx2+Ixx3

= TPcl-1 T AATAGST SUMAT AHSATX-X H&TSTore@d URIS (Moment Of
Inertia)

=TT 3MHd-1 ° 3MPpl-| AT AHTGST SFURT MSAT X-X SHeTGISard
IREY (Moment Of Inertia)

o= ST 3ATHdl-2 o 3Mddl-| = AT SHUTAT TSHT X-X eSS
IREY (Moment Of Inertia)

o= AT 3Mdhdl-3 o 3MTdhcll-1 T HATNGST SFUTAT ASAT X-X HeGTASArd
uRE® (Moment Of Inertia)

IR 31&TT THATTER

lag=lg + A. h?

1 faehroft

Ixx1= lg1 + A1. hi?

lg1= SHTATA 3TPil-1 T HATIGOT ST HTSSAT X-X HEGTAS A URTS (Moment

Of Inertia)

3 3
Igy = 2 = 222 = 66.667 X 10°mm

h1=3TTd 3TPal-1 AT HATSG ST 3HTdhcil-| AT HATGGOT SHUMAT SHTSAT X-X 38
rATS 3R
hi=Y1—¥= 270-140 = 130mm

Ixx1=66.667 X 10° + (2000 x130?)
Ixx1=33.866 X 10°mm?*
ATl

Ixx2= le2 + Az. hp?
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Strength of Materials (313308) AT d1ee (323300)

2= TATA 3MTcll-2 T HHATAGST SRIUTAT TSN X-X HefTSToredrd RIS (Moment

Of Inertia)
3 3
I, = 2% = 2229 _ 9304 x 105mm?
12 12

ho=3{TATd 3Tepcil-2 2T g SMON STpdl-1 =T HEAfGGHT SHUMAT ST X-X &l
AT 3R

ho=Y>—Y =140-140 = Omm

Ixx2=23.04 x 10° + (4800 x0?)

Ixx2=23.04 x 10°mm#

~IRIG] m—1 (Top Flange) 3o 3T W—Z (Bottom Flange) agl IR
SIS

Ixx1=Ixx3=33.866 x 10°mm?*

U THUT STSHT X-X SHETST SHTpil-| o STS@d URE® (Moment Of Inertia)

Ixx=lxx1 +Ixx2 +Ixx3

Ixx=33.866 X 10°+23.04 x 10°+33.866 x 10°

Ixx=90.772 X 10°mm?

3T Aeafigd 3TSd 3R MY U (X)

AX1 + AX, + A3X;

X =4 T4, 4,
Aq = 3T 3MFl-1 F EADHD
A1:b><d

A1 = 100 x20 = 2000 mm?

X+ =XHT OB STOT 31T 3TGhcll-1 T AeATagIddd 3MTed 3R
X:=(100/2) = 50mm

A, = 3T 3MFl-2 I EADHD

A = bxd

Az = 20 x240 = 4800 mm?

X2=XST OB 30T 3T 3THeit-2 =T HeAfaguddd 318 3R
X2=(100/2) = 50 mm

A; = ST 3MTFHdl-3 o EADHD
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Strength of Materials (313308) I dree (32330¢)

Az = bxd

Az = 100 x20 = 2000 mm?

X3=XNT OB S{TOT 31d 3H1Ghcil-2 AT HATSGIIdd 3MTEd 3R
X3=(100/2) = 50 mm

2000 x 50 + 4800 x 50 + 2000 x 50
2000 + 4800 + 2000

Y =50mm

far
fCod! SFdl 81 Y-Y STSTH I 3] TUH

= (2)- () - o

7=

2 2
THUT 3T Y-Y &S] 3MTpall-1 F FSard URTS (Moment Of Inertia)

Iyv=lvy1 +lvv2 +lyy3

lyy= 3{TPpal-1 =T HeAfdgaT UMl ST Y-Y &S] TS@ard URTS (Moment Of

Inertia)
lyy: = ST TPil-1 I 3pell-1 T TAfGST SUMAT IWT Y-V HEST TS RIS
(Moment Of Inertia)

. _db® 20 x100°
w172 T 12

lyy2= ST 3ATHcil-2 o 3HTpall-1 T AATIGST SRIUTAT I Y-Y HETST TSard GRS
(Moment Of Inertia)

, _db® 240 x 20°
2T 12 T 12

lyv3= ST Thcll-3 o 3MTdvel-| T TAfGHT SRIUTIT 3T Y- ST Te@ard URTS
(Moment Of Inertia)

L _db®_20x100°
T 12T 12
THUT 3T Y-Y &S] 3MTpall-| F TS URTS (Moment Of Inertia)

lyw=1.667 x 10°+160 x 103+1.667 x 10°

= 1.667 x 10°mm?*

=160 x 103mm*

= 1.667 x 10°mm*

Iyy = 3.494 X 10mm*
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Strength of Materials (313308) I dree (32330¢)

1.5.2 HfAd (Unsymmetrical) m TS URae (Moment Of Inertia)
MYUIR IS0

341, . 1 U1 A |- HTparard) Aeafagaan X-X 30T Y-y ST TS uRas
(Moment Of Inertia) e,

STpTT Hifge! WTSTSHHTO! 3T,

RIS TS (TopFlange):-60mmx 20 mm

WIS Gl (BottomFlange):-100mmx 20 mm

FIQ:UT@F& (Overall Depth):- 280mm

CEECIRSIE]] (Thicknessof Web):- 20mm

JiX:-

feoat orfgdt

S |- 3Tt

CRRRE (TopFlange):-60mmx 20 mm

TS Gl (BottomFlange):-100mmx 20 mm

FIQ:UT@F& (Overall Depth):- 280mm

CEECIRSIE] (Thicknessof Web):- 20mm
3TIRTTST NI 3T,

Tefag X-X S0 V-V SHETHY UM &TST (Axis) STe@id URES (Moment Of
Inertia) Ixx="?

lyy="?

feooar Tafid |- PHdior Wo! SRATAGATIHT 1, 2 30T 3 7 AT MH T
fanm

3Tar geafdgd IY iR MY WUSE (7)

AY] + AY, + AzYs

Y= T4
Aq = 3T MFdl-1 I EAHD
A1=bxd

A1 =60 x20 = 1200 mm?

Y= TTT OA 3HTTOT 3T 3MTdheli-1 =T AAfaguddd 3R
Y1=20+240+(20/2) = 270 mm

A, = 3MTOTd 3MFHdI-2 I &THS

A>=bxd

Az = 20 x240 = 4800 mm?

Y= TTIT OA 3TfOT 3T 3MTdel-2 =1 Aefag wddd $fa”
Y,=20 + (240/2)= 140 mm
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Strength of Materials (313308) AT d1ee (323300)

-u—x1=X2=X3—|-—

. - 60 mm -
* /—Flange t
20mm | @ d
—=20 mmm=—
~—Web hy
240 mm G, . 280 mm
Y, @
3 X G X
Y, J T
— G
| Y2 20 i 3) 2 I’
1 |
2 \—Flange &
100 |mm
X. A

A; = ST 3MTFHdl-3 o SADHD
Az = bxd
Az = 100 x20 = 2000 mm?
Y3= U1 OA SHTTOT 3T 3MTdhii-3 =1 Hefag wdad $fa”
Y3= (20/2) = 10 mm

1200 x 270 + 4800 x 140 + 2000 x 10

1200 + 4800 + 2000

Y =127 mm

THUT TSN X-XHETST 3MTcll-| I FScdrd URTS (Moment Of Inertia)

Y =

Ixx=Ixx1 +1xx2 +Ixx3

Ix= 3ATHall-1 =T HATNGST UM HTSAT X-X HETSToISdrd GRS (Moment Of
Inertia)

o =TT 3TPpail-1 I HPl-| =T ATNGST ST HSAT X-X &S] TS
uRE® (Moment Of Inertia)

o= ST 3MHdl-2 I HPHdl-| T HANGHT ST HSAT X-X eSS drd
uRE® (Moment Of Inertia)

o= ST MPHcl-3 I 3HTPl-| 2T GHATIGOT U HTSHAT X-X &S] STSard
uRE® (Moment Of Inertia)
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Strength of Materials (313308) AT d1ee (323300)

FHIR &I FHIATIER

|AB:|G + A, h2

71 feproft

Ixx1= lg1 + A1. h?

lg1= SITATA 3MTcll-1 T AHATAGST SRIUTAT TSN X-X HeTSToredrd RIS (Moment

Of Inertia)
3 3
I =25 =822% _ 40 x 103mm?
12 12

h1=3TTd 3TPail-1 AT HATSG ST SHTdheil-| AT HATGGOT SHUMAT SHTSAT X-X &
rATS 3R

hi=Y1—¥ = 270-127 = 143mm

lxx1=40 x 103 + (1200 x143?)

Ixx1=24.578 x 10°mm?*

STl

Ixx2= lg2 + Az. h?

2= AT 3MTpcil-2 T AHATAGST SRIUTAT TSN X-X HefTSToredrd RIS (Moment

Of Inertia)
3 3
Iy = 2% = 22220 _ 9304 x 106mm?
12 12

ho=3{TATd 3Tepail-2 2T HLfeg SMOT STpdl-1 =T HEAfdgoT SHUNAT ST X-X &l
rATS 3R

ha=Y2—¥ = 140-127 =13mm

Ixx2=23.04 X 10° + (4800 x132)

Ixx2=23.85 X 10°mm?*

3Tl
Ixx3= lg3 + As3. H3?
3= SMTATd 3MTPpcil-3 =T TGS SRUTT MSAT X-X &S] TSard RIS

(Moment Of Inertia)

3 3
gy =2 = 22 = 66.667 X 10°mm?

hs=3{TATd 3Tepail-3 T LG SMOT STpdl-1 =T HEAfGDT SHUMAT ST X-X &l
TrATS 3R

hs3=Y3—=Y =10-127 = 117mm

lx3=66.667 X 103 + (2000 x1172)

Ixx3=27.444 x 10°mm?*
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Strength of Materials (313308) AT d1ee (323300)

TEUH UHUN TSHAT X-XHETST 3HTdhcll-1 I TS GRS (Moment Of Inertia)

Ixx=Ixx1 +1xx2 +Ixx3
Ixx=24.578 X 109+23.85 X 10°+27.444 x 10°

Ixx=75.873 X 10°mm?*
3T Aefagd 3TSd 3R MY U (X)

7 = AXa + AsXy + AsXs

A+ Ay + A;
As = 3T THl-1 d &THS
A1=Dbxd

A1 = 60 x20 = 1200 mm?
X+ =XHT OB STOT 31T 3TGhcll-1 T AeATaguddd 3fTed 3R
X1=(100/2) = 50 mm
A, = 3T 3MFl-2 I EAHD
A> = bxd
Az = 20 x240 = 4800 mm?
X>=XHT OB 3{TOT 3d 3HTGhcll-2 T AeAfagudad 3fTed 3R
X2=(100/2) = 50 mm
A3 = 3T 3MTFHdl-3 o EADBD
Az = bxd
Az = 100 x20 = 2000 mm?
X3=XHT OB S{TOT 31T 3HIGci1-2 AT HATSgIITd 3MT€d 3R
X3= (100/2) = 50 mm
1200 x 50 + 4800 X 50 + 2000 X 50

r= 1200 + 4800 + 2000

Y =50mm

fdar
fESOT 3MTpell BT Y-V SHETST FHHCRT 318 WU

= (3)- () - somm

TRUT 3T Y-Y HHTST \’rﬂW'ﬁ—I o Sfedld URES (Moment Of Inertia)

lyy=lvy1 +lyy2 +lyy3

ly= 3TPdl-| =T TGS SRIUTT ST Y-YHETST SIS URISG (Moment Of
Inertia)

lyy1= 31T SATHcll-1 o Hcil-| T HATSGHT UM 3T Y-Y HETOT TScard URTS

(Moment Of Inertia)
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Strength of Materials (313308) AT d1ee (323300)

db3 20 x 603
bvi=25="73
lyy2= SHTATA SMTFHl-2 o 3Mhcll-| =T AATEGHT UM IWT V-V &S] TSard URTS
(Moment Of Inertia)

db3 240 x 203
bve=37="73
lyy3= ST 3ATHcll-3 o HTPal-1 T AATIGST SRIUTAT 3T Y-Y IHETST TSard RIS
(Moment Of Inertia)

db® 20 x 1003
bvs =37 =713

THUT ST Y-Y &S] 3MThall-| F TS URTS (Moment Of Inertia)
lyw=360 x 103+160 x 103+1.667 x 10°

=360 x 103mm*

=160 x 103mm*

= 1.667 x 10°mm*

Iyy = 2.186 x 10mm*

1.5.3T- m TS URE® (Moment Of Inertia) FMLYUTR ISTET0:

el . 1 TP T-3FHa e AAfEGT X-X 307 Y-y &3] STe@rd UREd (Moment
Of Inertia) LI

Tl Alfgd QIO TGHHTY 3,

TSl (Flange):-60mmx 20 mm

HEUT@F?[ (Overall Depth):- 260mm

CEECIRSIE] (Thicknessof Web):- 20mm

JTiR:-

feodt arfgdt

T- St

TSl (Flange):-60mmx 20 mm

W@ﬁ (Overall Depth):- 260mm

J9 ot SrSt (Thicknessof Web):- 20mm

AMUGATST MU 3T,

Tefdg X-X 30 y-y SI&mHYH S0 &S] (Axis)Se@rd GRS (Moment Of
Inertia) Ixx="?

lyy="?

oo qufida T- sMedieT We! qrafaGaTATD! 131107 2 7 31T Hae fuR]
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X1=X2—|-
- 60 mm =
B
Y
/—Flange
i G 4
; 20mm | @ ‘
—==120 mm -=— 1
—Web
c %
X X
h 260 mm
Y4 (2) 2
240 mm G, *
2
] Y Y
O A
X —-
Y
3T AeAfdgd 3N SR MY TUSE ()
g _ A+ AsYs
A+ 4,
A1 = 3T 3MTFHdl-1 o &THS
A1=bxd

A1 = 60 x20 = 1200 mm?
Y= TTIT OA ST 3TId 3M1dheit-1 =1 AeAfaguddd 3k
Y1=240 + (20/2)= 250 mm
A = 3T 3MTFHal-2 I &THS
A>=bxd
Az = 20 x240 = 4800 mm?
Y,= TR OA SHTTOT 3T 3MTdhti-2 =1 Hefag wdad $fa”
Y,=240/2= 120 mm

1200 X 250 + 4800 x 120

1200 + 4800

Y =146 mm

Y =
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Strength of Materials (313308) AT d1ee (323300)

THUT STSHT X-XHETST SPHl-T o SISl GRIS (Moment Of Inertia)

Ixx=lxx1 +1xx2

lx= 3MTll-T =T TLATGDT UM HTSHIK-X TGS URTS (Moment Of
Inertia)

1 =TT SMFHl-1 o SMHA-T =T AANGHT UM MSAT X-X eSS
IREY (Moment Of Inertia)

o= AT Hct-2 o AHal-T T AATNGHT U TSHT X-X eSS drd
IREY (Moment Of Inertia)

HICR 31T THITIER

lag=lg + A. h2

7 f3eruft

Ixx1= lg1 + A1. hq?

lgr= ST 3THdl-1 AT AATIGOT SUMTT MSHT X-X &S] SIScdrd URID
(Moment Of Inertia)

bd®  60x203
Igy=—= =40 x 103mm?*
12 12

h1= 3T 3MTdhdil-1 T HEAfig SMOT 3HTpail-T AT HATGGHT ST STSHT X-X &
rATS 3R
h1=Y1—¥ = 250-146 = 104mm

Ixx1=40 x 103 + (1200 x1042)
Ixx1=13.019 x 10°mm?*
AHTdT

Ixx2= lg2 + Az. h2?
lgo= AT 3THcl-2 AT AATIGOT UTAT MSHT X-X &S] SIScdrd URID
(Moment Of Inertia)

bd3 20%2403
IGZ = ? = 12 = 2304 X 106mm4

ho=3{TATd 3Til-2 =T HATSG ST STpcil-T =T HATEGHT SHUAT STSSHT X-X &l
TrATS 3R
h2=Y,—Y = 120-146=26mm

lxx2=23.04 X 106 + (4800 x262)
Ixx2=26.284 x 10°mm?*
U URHUN STSHT X-X &S] 3Hal-T d S URTS (Moment Of Inertia)

Ixx=1Ixx1 +Ixx2
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Strength of Materials (313308) AT d1ee (323300)

Ixx=13.019 X 10°+26.284 x 10°
Ixx=39.303 X 10°mm*

3TaT gefdgd MTSd Siar MY U (X)

7 _AXy + AyX,

A+ A,
As = AT THl-1 d &THS
A1 = bxd

A1 =60 x20 = 1200 mm?
X+ =XNT OB 3107 31q HTGHcll-T N AT 318 3R
X1= (60/2) =30 mm
Ao = 3T 3MFl-2 I EAHD
A> = bxd
Az = 20 x240 = 4800 mm?
X,=XHT OB 3107 31T 3HTGhcil-2 T AeAfagudad 3fTed 3R
X2=(60/2) =30 mm
1200 x 30 + 4800 X 30

X= 1200 + 4800
X =30mm
far

ST T-3MTPhdlt BT Y-YHEMSTIAA (Symmetric) 31T WU X JTo16 YATO dhig
EIC |

_ B 60
f=(3)=(7)=30mm
THUI IET Y-Y &S] HHdl-T o STecdld URTS (Moment Of Inertia)

Iyy=Ivy1 +lyv2
lyy= 3MTSpdil-T =T AT SAFUTAT I Y-Y &A1 S URES (Moment Of
Inertia)

lyy1= 31T 3HTPHcl-1 o SMFHcll-T T HATNGHT UM IWT Y-Y &S] TSard URIS
(Moment Of Inertia)

, _db® 20 x 60°
T2 T 12
lyy2= ST TPHcl-2 o SHTHcll-T =T TGO SUTAT ST Y- HETST TSard URaS
(Moment Of Inertia)
o db® 240 x 20°
T2 T 12

THUT ST Y-Y &S] 3MThell-| I TS URTS (Moment Of Inertia)

=360 x 103mm*

=160 x 103mm*
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lyy=360 X 103+160 x 103

Iyy = 520 X 103mm4

QL. . 2 DI 3ol T-3Mpdrrel HEAfdga X-X Ml v-y &S] Seard R
(Moment Of Inertia) M.

Tl Alfgd QIO TGHHTY 3T,

TSl (Flange):-60mmx 20 mm

W@ﬁ (Overall Depth):- 260mm

J9 9t SrSt (Thicknessof Web):- 20mm

IxIR:-

feodt arfgdt

IS T- 3Tt

TSl (Flange):-60mmx 20 mm

W@ﬁ (Overall Depth):- 260mm

9 9t SrSt (Thicknessof Web):- 20mm

3TISTTST NI 3T,

Teafag X-X 30T V- S(&THYH SNl &S] (Axis) Se@d URES (Moment Of
Inertia) Ixx=?

lyy=?
eSS T- P AT WIST SRATASATIATT! 137707 2 T AT Speitaed faUn]
B
Y
X
| |
240 mm = Ga +
J % h2 = 260mm
9 ‘I‘
¢ —web 1 1
—=120 i p-—-— 1
L
oo [0 k0] ]
F1 ¥
+1 Q ~_Flange A

¥
—_— 60 M
:{1:}{2—.——

3T Aeafiga IN 3R MY U (1)
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Strength of Materials (313308) AT d1ee (323300)

o _ MY+ AsYy
AL+ A,

A = 3T 3MTFHdl-1 o &THS

A1 = bxd

A1 =60 x20 = 1200 mm?
Y1= U1 OA SHTTOT 3T 3M1dhit-1 =1 AeAfaguddd 3R
Y1=(20/2) = 10mm
A = 3T 3MTFHal-2 I &THS
Az = bxd
Az = 20 x240 = 4800 mm?
Y,= TR OA SHTTOT 3T 3MTdhli-2 =1 Hefag wdad $fa”
Y>=20 + (240/2)= 140 mm

1200 x 10 + 4800 x 140

1200 + 4800

Y =114 mm

THUT STSHT X-X HETST 3THal 3@l -T d TS@rd URTS (Moment Of Inertia)

Y =

[xx=Ixx1 +Ixx2

Ixx= 3MTPpcl Gl -T AT HANGST FUIAT MSHT X-X &S] SHScard RIS
(Moment Of Inertia)

=3 3HPadl-1 o 3Mpdl ol -T A TAfEGST U ST X-X
SeFSIS AT UNETS (Moment Of Inertia)

o= M APHdl-2 d 3Mpdl ol -T A HNGET U AHSAT X-X
S FISIS AT UNTS (Moment Of Inertia)

FHR &A1 THATIER

lag=lG + A. h?

71 feproft

Ixx1= lg1 + A1. h1?
lgri= ST 3THdl-1 AT AATIGOT UMTT MSHT X-X &S] SIScdrd URIS
(Moment Of Inertia)

bd®  60x203
Igy=—= =40 x 103mm?*
12 12

h1=3{TATd 3Tepeil-1 T HHATSG TN SHThdl SHCT -T AT HATSGHT ST HTSSAT X-X
& TFATS SR
hi=Y1=Y =10-114 = 104mm

Ixx1=40 X 10® + (1200 x104°)

Ixx1=13.019 x 10°mm?
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STl

Ixx2= lg2 + Az. h?

lgo= SMTATd SMTPpcll-2 =T TGS SRUTT MSAT X-X &S] Teard RIS
(Moment Of Inertia)

bd®  20x240°
Iy = ST T 23.04 X 10°mm*

ho=SMTATd 3{Thil-2 AT HAfSG ST 3HTdhcil IGCl -T AT HATSGOT SYUMAT TSN X-X
3 grATdie 3’
ha=Y>—Y = 140-114= 26mm

Ixx2=23.04 X 106 + (4800 x262)
Ixx2=26.284 x 10®mm?*
U UHUN STSHT X-X &S] 3Mhall-T o FScdrd URTS (Moment Of Inertia)

Ixx=Ixx1 +Ixx2
Ixx=13.019 X 10°+26.284 x 10°
Ixx=39.303 X 10®mm?*

3T HeAfigd SHTEd 3R MY TBUNE (X)

A+ A,
A = 3TTd 3MTFHdl-1 o &THS
A1=bxd

A1 =60 x20 = 1200 mm?
X+ =XNT OB 3107 3M1d 3Gl I&eT -T =T AAfNguddd 3HTSd 3R
X1=(60/2) =30 mm
A, = 3TOTd 3MFHdI-2 I &THS
A= bxd
Az = 20 x240 = 4800 mm?
X>=XNT OB STOT 3Md 3HTGHci1-2 AT AATAGII T 3MTEd 3R
X2=(60/2) =30 mm
1200 X 30 + 4800 X 30
1200 + 4800

30 mm

%=
X=
ffar

ﬁm-&wﬁﬁﬁv-va{&nwmﬂﬁ?ﬂu (Symmetric) 318 ®UH X To1o G0 BIg
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Strength of Materials (313308) AT d1ee (323300)

=()-(©)-

THUT IHT Y-YSHETST 3l SGCl -T ° e URESG (Moment Of Inertia)

Iyy=Ivy1 +lyv2

lyy= 3Tl IGel-T T AT SUTAT KT Y-Y &S STecdld RIS (Moment

Of Inertia)
lyys = STATA 3MTPHell-1 T SHTPHat Sl -T T HATNGST ST IWT Y-V ST STSard
IREY (Moment Of Inertia)

L _db®_ 20 x 60°
T2 T 12
lyvo= STTAT 3MThcll-2 T 3Pl Iocl -T T HATSGST U JKT Y-V ST SIS
URE@ (Moment Of Inertia)

L _db®_240x20°
2T 2 T 12
THUI IET Y-Y &S] 3Hhdll-1 F Te@rd URTS (Moment Of Inertia)

lyy=360 x 103+160 x 103

=360 x 103mm*

=160 x 103mm*

Iyy = 520 X 103mm4

1.5.4 JHME S fAURT (Equal AngleSection) W’I’\‘l’lﬁ Fsdrd uReae (Moment
Of Inertia) MYUTR IS8 0I:

e . 1 THT1 70 mm x 70 mm x 10 mm A B GURT (Equal Angle Section)
TPt HATIGAT X-X SO Y-y HETST TS YRS (Moment Of Inertia) XN,
ITR:- feo! arfat

70 mm x 70 mm x 10 mm JHM B9 faHTT (Equal AngleSection)

3TISTTST NI 3T,

Teafdg X-X MO V- S(&THYH SNl &S] (Axis) Se@id URES (Moment Of
Inertia) Ixx=?

lyy=7

W{ﬂ THAM ®IF fqUTTeT (Equal Angle Section) G| WWTCITIT&[ 1 3f1for 2 41
AT 3MHa A f[AUR]
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Strength of Materials (313308) AT d1ee (323300)

E Y
10 mm—=
D,
70 mm G |
X T s X
Y1 ‘

S 10 mim
2 [ v

T 70 mm 1
50 mm

=
(=]

3TaT geafdgd IY R MY WUSE (7)

Aq = 3T 3MFl-1 F EADHD

A1 = bxd

A1 =10 x70 = 700mm?

Y= TTIT OA SO 3TId 3MTdhcit-1 =1 AeAfaguddd 3R
Y1=(70/2) =35mm

A = 3T 3MTFHal-2 I &THS

A2 = bxd

A2 = 60 x10 = 600 mm?
Y,= TR OA SHTTOT 3TId 3MTdeti-2 =1 Hefag wdad $fa”

Y =

Y>=10/2 = 5mm

Y_700x35+600><5
B 700 + 600

Y =21.15mm

THUT STSHT X-XHETST 3! A DI [IHUTT (Equal AngleSection) @ TEdd URTS
(Moment Of Inertia)
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Strength of Materials (313308) AT d1ee (323300)

Ixx=lxx1 +1xx2

Ixx= 3THdl FHF DI fAUTT (Equal Angle Section)=T HHATEGHT SRIUTAT STSHAT X-X
3T TS URITS (Moment Of Inertia)

Ixx1=3{TTd \?'I'I§°_cﬁ—1 El &W‘ﬁ AE ®F fAUmT (Equal Angle Section)dl qiﬂ'ﬁw
SUTT TSN X-X SeTGSTSdd URTS (Moment Of Inertia)

o= AT 3MTHdl-2 I 3HTPHdl FHH HIF fAUNT (Equal Angle Section) &1 HHAfdGa!
SIUMAT STSHT X-X HETST Tedrd URTS (Moment Of Inertia)

HICR 31T THITIER

lag=lg + A. h?

71 feproft

Ixx1= lg1 + A1. he?

lgri= ST 3THdl-1 AT AATIGOT UTT MSHT X-X &S] SIScdrd URIS

(Moment Of Inertia)
ba® _ 10x703

Igy == = = 285.833 x 103mm?
12 12

h1=31TATd 3Thcil-1 =T Fefeg 30T 3Tl HH I [AUFT (Equal Angle Section) =T
TfIGOT SUT STSHTX-X 3H&f AT AR
h1=Y1—Y =35-21.15 = 13.85mm

lx1=285.833 x 103 + (700 x13.852)
Ixx1=420.108 x 103mm?*
3Tl

Ixx2= le2 + Az. hp?

o= ST 3MTPpcll-2 =T TGS SRUTT MSAT X-X &S] TSard RIS
(Moment Of Inertia)

bd®  60x103
IGZZ_: =5X103mm4
12 12

ho= 31T 3Thcil-2 =T Fefeg 30T 3Tl HH I [AUFT (Equal Angle Section) ZT
TfIgOT SUT STSHTX-X 3H&f AT Ak
h2=Y,—¥ =5-21.15=16.15mm

Ixx2=5 x 10% + (600 x16.152)
Ixx2=161.493 x 103mm?

U UHUT SHTSHT X-XHETSGT HHaraar B [IURT (Equal Angle Section) I STS@r
uRE® (Moment Of Inertia)

Ixx=1Ixx1 +Ixx2
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Strength of Materials (313308) AT d1ee (323300)

Ixx=420.108 X 103+161.493 x 103
Ixx=581.601 X 103mm?*

quﬁ@ 3184 (Horizontal) W?ﬁ?{\m X)

A Xy + A,
A+ A,

X;=XHT OB 30T 30T 3HTGHcll-1 T AATSGUIT 3MTSd 3R
X1=(10/2) = 5mm
X,=XNT OB 3{TOT 3d 3H1Ghci1-2 AT HATAgIIdd 3MTed 3R
X2=10+(60/2) =40 mm
7 700X 5 + 600 x 40
B 700 + 600
X =21.15mm
THUT BT Y-YHETST it A B [dUTT (Equal Angle Section) T STedTd URTS
(Moment Of Inertia)
lyvy=lvy1 +lvv2
lyy= 3THdl JAM B fAUTT (Equal Angle Section)adT HeAfNGaT U 39T Y-
Y3HETRT TScard GRS (Moment Of Inertia)
lyy1= 31T 3THail-1 o 3Pt FHH I fIUTT (Equal Angle Section) =T HHATdgaT
SIUIAT T Y-Y HETST TSl GRS (Moment Of Inertia)
IR 31&TT THATTER
lag=lg + A. h?

g1 fewmroft

lyy1= lg1 + A1. hq?

lgr= S{TATA 3THl-1 T AATIGST UM I Y-Y &S STecdld RIS (Moment

X =

Of Inertia)
oD _T0X10T e 103t
ATy T T 12 Y mm

h1=3{TATd 3MTdhcll-1 =1 Geafag SATOT 3Tt A DI fAUNT (Equal Angle Section) =T
TefagaT SRIUMIT ST Y-Y 3§ JiATAS 3MTSd Sak
hi=X1—X =5-21.15= 16.15 mm

lyy1=5.833 x 103 + (700 x16.152)
lyy1=188.408 x 103mm*

Maharashtra State Board Of Technical Education. 47



Strength of Materials (313308) AT d1ee (323300)

lyy2= ST 3HTPHail-2 o TPl THH DI [UFT (Equal Angle Section) T HHfEgaT
SUIT 3T Y-Y SfEfTOT STecdld URE@ (Moment Of Inertia)

lyy2= lg2 + Az. hp?

lg2= AT 3MTHll-2 T AATIGST UM I Y-Y &S STecdld RIS (Moment

Of Inertia)
L_dbT_10x60° o,
@29 "7 12 mm

ho=3{TATd 3MTdhcll-2 =1 Geafag SATOT 3Tt UM DI fAUNT (Equal Angle Section) =T
TefagaT ST SWTY-Y 3 TFATAS 3Hed 3R
ha=X>—X =40-21.15= 18.85 mm

lyy2=180 x 103 + (600 x18.852)
lyy2=393.193 x 103mm*

THUT JT Y-YSHETST HARTAM DI fAUFT (Equal Angle Section) T Se@rd URE®
(Moment Of Inertia)
lyy=188.408 x 103+393.193 x 103

Iyy = 581.601 x 103mm?*

1.5.5 A B fAUNT (Unequal AngleSection) SMPEISI TS URTS
(Moment Of Inertia) YUY IGTEX0!

&L . 1 THT 70 mm x 50 mm x 10 mm FHAM B YN (Unequal Angle Section)
TpaTd! Aefeigear X-X 307 Y-V SH&TST TSl GRS (Moment Of Inertia) XN,

3xIR:-

feodt aifgdt

70 mm x 50 mm x 10 mm 3GHE B fTHET (Unequal Angle Section)
3TISTTST NI 3T,

Tefag X-X S0 V-V SHETHYA U] 3&TST (Axis) Se@d URES (Moment Of
Inertia) Ixx="?

lyy=?

ﬁm AM B faURTST (Unequal Angle Section) PG| Wﬁwﬁf 13f7f0r 2
T AT HaFe AUR]
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B Y
—1 0 mm—=
@
-—)(1—-
70 mm G1 1,
Tle
X ‘z{r
Y1 ‘ e
G 10
® |
Ol 50 M 1 a
! G}‘T 40 mm
Y

3T Aeafdga 3N SR MY U (7)

oAbt AT
AL+ A4,

Aq = 3T 3MFl-1 F EADHD

A1 = bxd

A1 =10 x70 = 700mm?

Y1= U1 OA SHTTOT 3T 3M1dhit-1 =1 AeAfaguddd 3R
Y1= (70/2) =35mm

A, = 3T 3MTFHal-2 I &THS

A> = bxd

Az =40 x10 = 400 mm?

Y= T OA SO 3Tad 3MTdhelt-2 =1 Heafag wdad $fa”

Y>=10/2 = 5mm

17_700x35+400><5
B 700 + 400

Y =24.09 mm

THUT ST X-X SHETST il A B fAUNT (Unequal Angle Section) I STS@rd
IREY (Moment Of Inertia)
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Ixx=lxx1 +1xx2

xx= 3Tl SFHF I fAURT (Unequal Angle Section) =0T HEfEGET SHUIRAT SHTrSel
X-X &S] TS GRS (Moment Of Inertia)

o =3I 3MTPdl-1 o Pl AGAF DI U (Unequal Angle Section) T
TefagaT SUMT STSHTX-X &S] TS URES (Moment Of Inertia)

o= AT 3THdl-2 o 3Pl HGAM B [UFT (Unequal Angle Section) T
TefagaT SUMT STSHTX-X &S] TS UYRES (Moment Of Inertia)

FHIR &I FHIATIER

las=lg + A. h?

1 faeproft

lyy1= lg1 + A1. he?

lg1= S{TATA 3MTpll-1 T AHATAGST SRIUTAT STSATX-X &S] STecdrd RIS (Moment

Of Inertia)
3 3
Ig =25 =127 _ 85833 x 103mm?
12 12

hi=3ATd 3fThcll-1 =T [eafdg 31 3dpdl 3EM DI fAURT (Unequal Angle
Section) T AHTIGST SRUTAT STSHTX-X 3H&f AT SR
hi=Y1—¥ =35-24.09 = 10.91Tmm

Ixx1=285.833 x 103 + (700 x10.912)
Ixx1=369.15 x 103mm?*
SHTdT

Ixx2= lg2 + Az. hp?
o= ST 3MTPpcll-2 =T TGS SRUTT MSAT X-X &S] TSard RIS
(Moment Of Inertia)

Igp = % = 40:;"3 — 3.333 x 103mm?*
ho=3TATd 3MThcll-2 <A1 [efg 31 3idpal 3EM DI fAURT (Unequal Angle
Section) T HHTIGST SYUAT STSHTX-X 3H& TS 3R

ho=Y>—Y =5-24.09=19.09mm

Ixx2=3.333 x 103 + (400 x19.09?)

Ixx2=149.104 X 103mm?*

U UHTT ATSAT X-X JHETAT Gi]ﬁ STAF B fAUTT (Unequal Angle Section) El
TS RIS (Moment Of Inertia)
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Ixx=lxx1 +Ixx2

Ixx=369.15 X 103+149.104 x 103
Ixx=518.254 X 103mm?*

3Id1 Hefdgd $ed SiaR MY WUNd (X)

A Xy + A%,
A+ A,

X+=XST OB 30T 3 3THil-1 = HeATSGUI T TS 3R
Xi= (10/2) =5mm

X,=XNT OB 3{TOT 3d 3HIGhci1-2 AT HATSgIIdd 3MT€d 3R
X2=10+ (40/2) =30 mm

X—700X5+400X30
B 700 + 400

X = 14.09 mm
THUT IT Y-YIHETST 3HTPHdl M DIH [AURT (Unequal Angle Section) d STS@rd

IREY (Moment Of Inertia)

X =

lyy=lvy1 +lyv2

lyy= 3Tl SR B fIURT (Unequal Angle Section) T HHATIGET SHUMAT ST Y-
Y AT TS URETS (Moment Of Inertia)

lyy1=3HTdId &W:M o GHTCFI AAM D faum (Unequal Angle Section) =AT
TefEGOT SYUITAT ST V-Y &S] TSdrd URTS (Moment Of Inertia)

FHIR SH&fTHT GHITIER

la=lg + A. h?

g1 feproft

lyy1= lg1 + A1. hy?

lgi= 3T TPpcll-1 = TGRS HFUTAT MSAT Y-Y &S TScdld IR
(Moment Of Inertia)

, _db®  70x10°
1712 7 12

hi=3ATd 3MTdhcll-1 =1 [efdg 31 3dpdl 3{EM DI fAURT (Unequal Angle
Section) T AHATIGST U SETY-Y & TFATIS 3R

= 5.833 x 103mm*
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h1=X1—X =5-14.09 = 09.09mm

lyy1=5.833 x 103 + (700 x9.092)

lyy1=63.672 x 103mm?*

lyy2= SHTOTd &W—Z El 311@9??[ A S faum (Unequal Angle Section) =l
TAfIgaT SR ST Y-Y &S STecdld URES (Moment Of Inertia)

lyv2= lg2 + Az. h2?

lgo= ST 3Tdreil-2 =T ALATUGHT SRIUMAT IWT Y-V &S] TS URIS (Moment

Of Inertia)
=00 _10X40° o 10%mme
2=y T 12 %% mm

ho=3{TdTd \?rﬂ?cﬁ—Z [ nm@"g{ 3{Tfor 311@???[ A B fIUFT (Unequal Angle
Section) T AHATIGST SRUTAT SETY-Y & TFATINS 3R

ho=X>—X =30-14.09 = 15.91mm

lyy2=53.33 X 103 + (400 x15.912)

lyy2=154.581 x 103mm?*

THUT I Y-YIHETST Pl A DIH f[AUFT (Unequal Angle Section) I STe@rd
IREY (Moment Of Inertia)

lyy=63.672 x 103 +154.581 x 103
Iyy = 218.253 x 103mm*

1.5.6 T4® fqUmT (C-Section) m Vs URae (Moment Of Inertia)
YU ITERo!

3SL. . 190! TRIAORAT TS [THNT (C-Section)ATHITST AEAfSGaT X-X ST Y-y
G{&WWW(Moment Of Inertia) e,
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IREME 91 (32330¢)

=20 mm 80 mm

3xIR:-

feoo! At

EEACHIN (C-Section)

RIS TS (TopFlange):-100mmx 20 mm
TGOS TSl (BottomFlange):-100mmx 20 mm
W@ﬁ (Overall Depth):- 100mm

9 9t SrSt (Thicknessof Web):- 20mm
3TISTTST NI 3T,

20 mm

60

20

mm

mm

Tefag X-X S0 V-V SHETHYA U] 3&TST (Axis) Se@d URES (Moment Of

Inertia) Ixx=?

lyy=?

fRF@T TS fAUNT (C-Section) ATHIST WS SRAASATIHTOT 1, 2 301 3 T AT

STHage faumy

G1

-—-hz—-

2 A
G2
3

&0 mm

20 l‘nm

~=—20 mirm B0 m

e [~hy—
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3T AeAfdgd 3N SR MY TUe (1)

AL+ A, + As
As = 3TATd ATHc-1 o &THS
A1 = bxd

A1 = 100 x20 = 2000mm?
Y= TTT OA SO 3T 3MTdhelt-1 =1 AeAfaguddd 3R
Y1=20+60+(20/2) = 90mm
A, = 3TITT MFdl-2 I AT
Az = bxd
Az = 20 x60 = 1200 mm?
Y= TTIT OA STfOT 3T 3MTdel-2 =1 Aefag wdad $fa”
Y>=20+(60/2)= 50mm
A3 = ST 3MTFHdl-3 o SAHD
Az = bxd
Az = 100 x20 = 2000 mm?
Y3= U1 OA STfUT 3T 3MTdet-3 =1 Aefag wdad $fa”
Y3=(20/2) = 10 mm

2000 x 90 + 1200 X 50 + 2000 x 10

2000 + 1200 + 2000

=50mm

fdar
fCo®T T9® fAURT (C-Section) 3TSHT X-X HEGT AT (Symmetric) 38 WA
AHfdgd I 3R WU (V) AT PIg Fchl.

r=(0)=(2)-s0mm

TN TSAT X-X &S] TG [AHTT (C—Section)amﬁw (Moment Of Inertia)
Ixx=Ixx1 +Ixx2 +1xx3

lxx= I® fAUTT (C-Section) T AHTIGST SHUNT HTSHTX-X &S STS@rd URTS
(Moment Of Inertia)

=3I 3TPpcl-1 d I fAURT (C-Section) =T HAfNGHT AU TS X-X
BT TS RIS (Moment Of Inertia)

o= ST 3MHdl-2 d T46 [AURT (C-Section) T TGS SRIUMAT STSHT X-X
3T TS URITS (Moment Of Inertia)

o= AT 3Mddl-3 d e fAUTT (C-Section)adT THfNGST U SHTSAT X-X
3T TS URTS (Moment Of Inertia)

~l
I

~l
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HICR 31T THITIER
lag=lc + A. h?

g7 feproft

Ixx1= le1 + A1 he?

lg1= S{TATA 3MTcll-1 T AHATAGST SRIUTAT TSN X-X HeTSToredrd RIS (Moment

Of Inertia)
3 3
I = 2L = 0920 _ 66,667 x 103mm*
12 12

hi=311ATd 3MThcil-1 =T Teafdg 3 Ie fAURT (C-Section) =1 TefdgaT SRIUTRT
STSHATK-X 3&] AT 3R

h1=Y1—=Y =90-50 = 40mm

lxx1=66.667 X 103 + (2000 x402)

lxx1=3.2667 x 106mm?

3Tl

Ixx2= lg2 + Az. h?

lgo= AT 3THl-2 AT AATIGOT UMTAT MSHT X-X &S] SIScdrd URID

(Moment Of Inertia)

bd®  20x603
lgp =—=—"7—=360 X% 103mm*
12 12

ho=3{TATd 3MThcll-2 =T g MO TG fAUNT (C-Section) 2T HHATSGST SRIUTT
TSN X-X 3f&] ATt SR
ha=Y,—¥ =50-50 =0mm

Ixx2=360 X 103 + (1200 x0?)
Ixx2=360 X 103mm*
SHTdT

Ixxz= lg3 + As. h3?

lg3= SHTATA 3TPil-3 T ATIGOT ST HTSSAT X-X HeGTISArd URTS (Moment

Of Inertia)
3 3
Ips =25 = 19%2% _ 66,667 x 103mm*
12 12

hs=311ATd 3MTdhcil-3 =T Heafdg 30T T fAURT (C-Section) =T HEAfdgaT SRIUM=T
TSN X-X & JiATdS 3R
h3=Y3—Y =10-50 = 40mm
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Ixx3=66.667 X 103 + (2000 x 402)

Ixx3=3.2667 X 10°mm?*

U THUT TSHT X-X3HETST T@ [dHRT (C-Section) d SISl GRIG (Moment Of
Inertia)

[xx=Ixx1 +Ixx2 +Ixx3

Ixx=3.2667 X 10°+360 x 103+3.2667 X 10°

Ixx=6.893 x 10°mm?

3Id Hefdgd Sed Siak MY WUNd (X)

A Xy + Ay Xy + AsXs
AL+ A, + As

X+=XST OB 30T 3T 3THeit-1 =N AeAfagud e 318 3R
X1=(100/2) =50 mm
X,=XNT OB S{TOT 3T 3H1Ghci1-2 AT HATSgIITd 3MTed 3R
X2=(20/2) = 10 mm
X3=XST OB 30T 3Md 3THil-3 =N HeATSgUI I TS 3R
X3=(100/2) =50 mm

7 2000 X 50 + 1200 X 10 + 2000 X 50
B 2000 + 1200 + 2000
X =40.76 mm

THUT FT Y-YSHETST I [AURT (C-Section) o STScdTd URESG (Moment Of Inertia)

T =

Iyy=Ivy1 +lvv2 +lvy3

lyy= 4G TAURT (C-Section)=T TGS UM IWT Y-Y &S] TS RIS
(Moment Of Inertia)

lyy1= 31T 3MTFHal-1 T T4S FAUTT (C-Section) T HATIGT SRIUTAT 33T Y-Y &S
TS RIS (Moment Of Inertia)

g7 fgepruft

lyv1= lg1 + A1. he?

lg1= ST 3TPpail-1 2T ANGST U V-V HEoTSe@rd RIS (Moment Of

Inertia)
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db® 20 x 100°

= = 1. X 6 4
Isq B v 1.667 X 10°mm

hi=3MTTd 3Tddl-1 =T Geafdg 0T =4S [AUTT (C-Section) =0T AHfdgST SUM=AT
JHT Y-V & ATl iR

hi=Xi—X = 50-40.76 = 9.24mm

lw1=1.667 x 10° + (2000 x9.242)

lyy1=1.837 X 10°mm?*

lyv2= ST 3MTcll-2 d IS fAUNT (C-Section) 2T HHATIGST SRV ST Y-Y HETST
WW(Moment Of Inertia)

lyv2= lg2 + Az h2?

o= 3T 3fTpcll-2 =T HEATAGST SUTRAT Y-Y &S] TS URES (Moment Of

Inertia)
Lo_db_60x20°
@297 12 mm

ho=3M1Td 3Tddl-2 =T qeafdg 0T =4S [AUTFT (C-Section) =0T AHfdgST SUM=AT
JIY-Y 3f&] ATt 3R

h2=X,—X =10-40.76 = 30.76 mm

lyv2=40 x 103 + (1200 x 30.762)

lyy2=1.175 x 10°mm*

lyy3= ST 3MThcll-3 o IS fAUNT (C-Section) 2T HHATIGST SRV ST Y-Y HETST
WW(Moment Of Inertia)

lyy3= lgz + As. hs?

lg3= ST 3MTdhcll-3 =T AHTIGST YU Y-Y SHETST TS@rd URTS (Moment Of

Inertia)
Lo_db_20x100°
BT 7T 12 & mm
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hs=3{T1d 3fTghcll-3 =T GAfdg SO T4 fAURT (C-Section) =T HATNGST UM
Y-V 3fef JreaTdie 3’

h3=X3—X =50-40.76= 9.24mm

lyy3=1.667 x 106 + (2000 x 9.242)

lyy3=1.837x 10°mm*

TR U T Y-Y HETAT I fgumm (C—Section)% SSar URTS (Moment Of Inertia)
lyy=1.837x 10°+1.175 x 10°+1.837x 10°

Iyy = 4.850 x 106mm*

1.6 fd@e- 3T fAUTT (Built-up Section):

fe@e-3ufqurTe SaRfITHMfAUNTIHYHIIR G S TAHRT ST
fS@e-SUfqUITRIURHEAAUITRIuEH,  GRATSTORRITO IGda TR Ao g
3.

TTOIE B G C-TAUTTIRE U [Se-3UfaynT TR %7 3%,

N

TG OIS B G |-[THUFTIRE T fSde-SufaunT TR S 6T 3.

=
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gfre 2:91¢ qro1, q1o7 31T Trafue RS

SIMPLE STRESSES, STRAINS AND ELASTIC CONSTANT

o fawg et (Course outcome): fafay @fET uffRuda fiden WRaAE®
T ] ATAIHS da-Td [a=eTooT H.

o fisia Rreror fAw=it (Theory Learning Outcome):
TLO.1 fadhd IR TT0T HTFOT 10T b1 TS &,
TLO.2 §%dl W, Tafue Hafal, Y& Mfor uref oTor, Giag=erd JHTor Jeed

=T,

TLO.3 e IiiiTe! dafadbad HIUid, He®UUId AU 30T Seb AIdiH
BIEGER

TLO.4 il Fafdd Rear aRRe! faoden aifsn uffydia fade
AIINITST 10T UG Jehd TARIRS Hewd W¥-HAI.

TLO.5 RiTTa 23R, Saat fRr3R 31for tff 2fisRe ddmeum.

TLO.6 & YRRATA! feeied Thay faumTTa! Tt fagrdidt TTOMT &,

TLO.7 faciea ffry faurmandt ude wmmitaeia dror Afga o

TLO.8 feciean fg-siaf favar B3-srefta aror yomeamat x, y 3T z-fe=iag amord
TUMET .

TLO.9 fEaedT TG dTe! ®legricd A 3 BlegrH i Saa Migd &

2.1 UR=g

DIVATE! SARATAT WRAd 3 3% T A SR el HRH HRATE Hall
TTd. Ie®R 991 HdMI, fYddrar Aife™ UeR, At ISR 3. Alfgdl ol
3ITH 3T, A== AT HAMT [Afde e Mawads 3ed of faaRId ddeiedn TR
YR YUGIE] TagIRGad! a1 el Ul Blgl aud AdhedT S DI qurd, dq101 i
UHR 1 faward ganfay simed.

2.1.1 AR gifae oty
3Mqur et fafay Tifie quremtan snary HedT, HRUT G Ged HRTE &A1 31T
AT FxamT d YU dear YH®T sead S|

TifA® UIYH (MECHANICAL PROPERTIES)
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6. et
7.y

8. HURGRYTT
9. HSHUUT

1. Mafaddr (Elasticity)

RHT: Al 1 AT OreH TUMH TR drelt offd Sare a1 HR BTG

TH TR HHR Y51 U gIdl ATl daferepdl TUrdld.

3. ¥4 T,

2. TR Ry (Plasticity)

IST: &1 AU HIaH 318 SaTdes I YR ar] SR foars fdar wreeiRam

FHIAD fAHdiam gid.

3. §acioldl (Ductility)

IR B At o omg WU o Ry Pl I S O a9 e
IR TS IR HIed SIS .

3. T, Sfegfifam, 9 ©ia s,
4. f&geuun (Brittleness)

RSAT: JA- HH! YATUNG §e5, 3HTeTd fhal Wleh AR hedraR o g fdhar sl
BIUTT QT Ugit 31Tg T T SRS el SiTd, Tell {3 YUl IUrdrd.

5. araddl (Malleability)

ATRSAT: B AU oI 3T SIS df gTdre] ARG $hdb - dxdl Ulad Jeqd
TR SI13> e,

RERIE]
6. BfeT (Fatigue)

TSAT: Ih 1Y AT fdvid Hifdd fSoTS SIoarean e Yhdl Furdid.
Il ARfFE URT O & Tegd WUe B 3. 9Hd: I afe Ryd=ar siefiq
3 drd.

7.fH9 (Creep)
T 9T fRR YR a1 e il ¥ad fdgpd =0 Sral fobd Tordra.

8. PURARYUIT (Toughness)

RSAT: HURARYUT &1 AU O 3175 SN e Ficied] YgRI ded ATel. [
NS HTHAT HRUGT Qi &1 T § Had Fad Bl Sild.

T UfdeR U Wike T faddid UfdeR HRuar S &HdT, SH=d:
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$SCTGR URHITST et S
9. PSH YU (Hardness)

T UfddhR WU WiRkedh = faddiar fdeR sxuar Jrfi &d], =i
S8 TGN URHIN il T,

BT YT U 38 S YR AN hedlar HIIHGEE! [dpd godaral UiddbR HRodm
&l ol

g Ta HSHUUN fofder] SR fdde! fddhd SIoaRT oIRd UfddR SR,
2.2 T UPR

(3) HOR K]
1. Aafa® a3g (Elastic body)

U a%g I ] hedldR Il G WY U1 SMBHRIG g °gg+ ddl  HT0r
PIgd CIhAR I dd o WEY 30 DR IR [Hesafaa Sd 3=l a¥qd
ofateie 9y UM Sl Sild.

ICTERT- 1) Bl BRIR 2) BIRER 3)H 4) IR d8.
2. WIfke® q18T (plastic body)

ARSAT SlegT: a¥ IR STel YR AT Sl ot HIAERGEU! faghd gIdl SAfOr a1el YR HigH
CIh TR I ATd Hed bRAM UK e Rdbd ATg] ATl WD sle! BUIdd.

JaERUl- 1)WIReE 2)H0 3)YE! S.
3. ®SR a% (Rigid body)

1 TRRTAT URATUT &8 9l o8 HIUIdTe! G d oid Ale! ATel HAR a¥g 3R GUrard.
ATIGIRBESCT, HIUI! IRR YUitT] HoR F9d IR SIS SFAANTE! d HoR
T ST,

IETERVI-1) TS 2)fg”

2.2.1 fd&=Yur (Deformation)

RSAT: SiegT daradh a¥d a1l e 37efi 3Id degl bR AT BRI Blal ad

BIATd. IXAT URHTUHE 95, STel TS a¥edl SbRAMIG BIom=a1 I SGaral
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[CEIREURIGE
2.3 YR PR (Types of loads)
1) 4 HR (3181 HR) (Direct load)
2) faféed 4R (Eccentric load)
3) RreR s (Shear load)
1) 42 UK (&I UR) (Direct load)
a) dJ HR (Tensile load)
b) Wﬁl—d YR (Compressive load)
1. € YR (Direct load)
T TAIE HR TETT IXIaR B Hd S Sared Y01 fohar awrean SHemeft geod
gl I YR T e Tal TUreid WaUMRT 3 [hd! dTdT A4 YR TUIdTd.

< —

P = 09 MR, L = G&wITdl dislt Apfard el wgorerd giRiT AR

—°

Ul HURYE die =, Td Y diel =

2. faféra YR (Eccentric load)

IR QT TG HR TR B HRd 3d SATeAT fohd YT IRRTEAT &= M1
T3 I TS} degT e fafd HR 3/ wurda.
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Eccentricity

pflp

_’77777777'1'77777777"_
TP GRITGTVHTY fAférd YR Texra SI&TUREE fAfaeduum &1 & 317G,

3 . fRI3R &S (Shear load)
R IR Sacied] YEHITIAR WiRfd -Hrf exum=ar HRTET 18R |1 TgUrdTd.

Shear force

2.4 dIUT (o) (Stress) |

SicgT ddftd IRRTER Ble! YR TSl dagl TRRTD Hla! fadbd gid.

RAT: Ui e P a=r=T fagdi<an faeg avqren siavid UfddR raia drol
TR,

M

E

P
f— }R_=p
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dIu o' B 1 HaRMd TRAT R S=IfId Sl Thd N/mm 2 37T

ST s 01 [ ——
SRIP 9 N A 3 3fOT1 p19 faurig &85 A mm[ES 3_d R 2

i) STIATG [AHURTITAST TT0T Wt TeToHTo! HioTel UTfgo:
(i) TR R [AURTHIS 10T W aUHTO HiSTal STdT:

d = TYBIHR ASAT AN

WIATAUHTO qumaTe fafde TR sied:

GRIEIERCIN
|
| | |
e a1 fdbar Y& 0T LEERIW
feba (e aron) UDR)1 307 21
(AT Qo) HITTAe! HHTH TATo
| |
GIUGIIG] gl
Jepfad am ARG
HIRON 0T

1. q< qror far |reT aror (Direct stress or simple stress)
1 107 AT ATSTT= GRS [AmRId SIardR T aTor fdsal HISRE Sy Jehal .

HTHTY dIUT( normal stress)

RSAT: S 10T A (3T, ) faAMTeR 1 et SaTaR Qe 3refigunt srf s
AT ITHTT TT0T FEUTdTa,
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<TUTdUId (tensile stress )

STEAT: STogT AEQAT &I THIA AT %G Tl STATd degl aeqras aror Aar sfor

TATHS T (AT Ial ATAT T qT9T FgoraTd.

< — >

FS, A = DI YRS &
P = a9 fdhdT SNQUIRT YR &

ﬁ?ﬁl‘d dTUT (compressive stress)

RAT: SIegT aX[AR &I FH AT f[d¥eg eadh dTaa STdTd dag] I¥[aR HIBIRH gld
3101 TS ung i gidr &ren Hufie $H WU,

P, -

dlUlc =P /A

F0, A = 1Y Yo=Y &

p = Wi fibaT iR ds A

2. BT a1 q f&dT © (Shear stress)

SR SlegT G- HHI STUT fadeg Weki! G¥Iar Wikieh el BT DA AHes a Al
qUITETHoS YUl fAHRTIA ARebdl g1 Tell BRI dT0T T UTClIel,
qeTH — qgort

M S.| gHT N/mm? 3G,
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AN\ | ALY \‘.
VAL LAY . AL LAY 2
ANV I ANNTRRS S
..... W\ A\ _\\_..‘\ AV

!/ /

ARRRRRAY

. \ \ \ \ .l'.

] SN
e
! AU
\_L/ P/2  \\ \\\ \\
AN

. N \ .\\ \ \

T a
\\‘
Lo \
VALV LN
\\
\ \
1 U

(a) (b)

dThUIRT dTUT (Bending stress)
RS SR s aTel Alfe 3efF 3d deel 3fdd aF] 8id, Il aihuaa!
2.5 dTYT (Strain)

HRHT: At Uard fdval dafe avq s URT=An e Sriea o aRemoige
Faad. Ufd Jos URATNdd a1 Seardr K 3R BUrdrd.

TIOTAIER, 107 = GRHATUN Hes /GRATUNd siad
Tchdh: AIUT IGUH HiUIds! Uhh THT YHTUM TUNTR ATel.
1. QiR qror fdham ¥ G197 (longitudinal strain or linear strain)

dl
<>

SN

e

i
W

RS BT ddfad a¥qd 9 fdhdr dafe adt p die=n SieiF 39d degT d
gara feRH dieme 9ed gidl. Ufd g T aidiadia ar gear see fdhar Wi
o107 FGUTT,
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IR 107 8L fdhaT Xt aTor Je8 didedsed =

S, L ges dfell SL s 3l 2.5.2 A

-GRITITTIHTO IRRTER T HR AL Hedr™ diel 8L 7 dGd dled ofgd.
IRRTER AH I YR AN Hedr ™ 8L HHT g5,

2. SIS e td ol (Lateral strain)

RS SiegT datddh aeq & YRTAT 31efiF 3Rd degl $al AU SISl Le A Sgd
g,

STATGHl arel a1 TRHTOT SAT0T GBS TR TS I SIedid AN gad. e e
GRHATOI 3107 Y& URHATUITCE SeelredT UNRTA de’d ¥ 38 BUrdrd.

uref aror =¥} A Sed/ gos Sl

= STS! A §ad /Hes SIa]

TMATHR g el

Y 7Y 8d &
urgf o1 = SRR

3. FiegAfe® A () (Volumetric strain)

RSAT: SiegT AdTadh I [T dafe g Irear dg=a1aR H1g! adl R A HRard
dT AT HTHRAMT Ui o HTHRAMIG S gld! ATl BlegAed K TN,
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FIOGHCD T (ev) = BIGYH HD /RIGIAAS a0

Y SV ZRRTAT SHTETSTd 9 glal
V = TRRTE G AT
4. HTAROY )$) (Shear strain)
—— A- - A‘ C ______ —'Cl
P— '
4 v
7 o FEL
B D

SR 3] HTARUI ATS p AR P, IR TP HIAR0T 101 AR §lsd Sl G 5T B gera!

T DGR TieTell Sal.
A 2.5.3 ABCD BT 3dIghd sl 3HTg i UhT Ig=aTaR MiAd ol g
- d 9d P AT 318 .P §66 o] dhedlHaR o Tl DI fdafed gid 3Mfor BA' C
D o Td- ®IH AU,
= $(.* $ QU TR 3Te(
2.6 dafawmdr (Elasticity)

ARATAA DT =M TR il Sl HROT <f AT Ored 38 S a UR -
HIgICTH TR AT T8T 4o 3MBR 301 HIHR U HRd Tl darddbdl (TRHTN)
RIS

2.7 941 99 (Hook’s law)

RSAT: Gardmdl =T ARSAT SOt oid HROT . FATHUTET O 38 SHS I HR
PTG CIH IR U J51 He5 DR TN STHR (TRHTUN) U HRd ATST Sdiedd]
TEUTATd.

e g§F i UG RAT NYT DS S, Baad Haidd, d10T JIUmeaT ¢ FHNd
3.

TOMAHER, d107 = d107 = fRR = E/e

SIY E @1 Bafddd AYie fdhdT dSUM HUie 3 TEUIdNd.
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2.8 AISYad TP Adfadmal fhar aound Aisgad "§" (Modulus of elasticity or

young’s modulus “E”)

RSN SafIp FATCAT T, J101 8T a0 A TYHTONT 3RI STfOT J1uT SATfoT dTuTer
TUIRR fRR 3R7d 311107 a1 RRAST Gafadad AMdie fdhar 37 Aregdod Tordd.

B =0 d10T o o= aTuT et g Terd aTor SM1for Apferd aror diel Ui 318, E= e =
2.9 WWHV'I@\FFH (Modulus of rigidity)

RSAT: & HIARY! ATUT HTTOT HTARV! AT0T Fied UMIR TGV GRUTNT hs ST 1T
HSHIUNY Al d FUrard.

% C, G a1 N gR <=ifad e

S.1. U N/mm? 318

daf® Halg (elastic limit):

R GeU T8 SaTadd It qurun dafie uH arTd § SR S dTvr ;
IRRTEAT e YR fapdiar disaad si@

W'ﬁ?ﬁﬁﬁﬁ%

P U () == h1Y IR TRAT o= BT HoT

dIul (e) = URHU §b SHBRAMT TG0

GadHdd Aleged 'S = f&=UUI d1uT / @101 = PLL = 8L = AB AE e = PLA
PTe] Hgwdld! FYIdRol

1.1H =1 x 103 fefl; 14 =1 x 102 4

2.1 T8 =1 x10-37%%; 1 96 =1 x 10-2
3.1 MPa = 1 N/mm?

4.1 GPa = 1kN/mm? = 1 x 103 N/mm?

4.1 kN=1x 103 N

6. 1T N=1x 10-3 kN

7.1Pa=10R&HA =1 N/m? =1 x 10-6 N/mm?

8.1KPa = 1 foa@l U’Repd =103 Pa = 1 x 10-3 N/mm2
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9.1 GPa = 1 T UR®A =10° Pa = 103 N/mm?

PTel 3GTeT0l :

gr o2 100 it vg, 12 ot Sire 31Uy 5 Hiex g JuTe Wi UAT 8T 20 kN 3T 1&g
YR 3Tl g8 B! . dI0T (stress) 31O strain 30T STSHEY TGS N,
take T, E=2.1x10s Mpa.

Given

20 kN 20 kN

12 mm

Sm

1) To find stress/ TN TMYTT BT (o) -
We know that)3Tqug Hifgd 31g f&b(, o = P/A

3
P=20x10 N

A= ¢/s area = bxt

A= 100x12=1200 mm2.
Stress (0)= (20x103)/(1200)
Stress (c)= 16.67 N/mma2.

= 2) To find strain (e) strain YUY BT -
We know that, E=c/e Or e =6L/L
e=0o/E
e =16.67/2.1x105
e = 7.938x10-5
3) To find change in length (5L)/ AITel A ol dad MUY HiaT -
We know that, e = 6L/L or &8L=PL/AE

Now, e = 6L/L
-5
= 7938x10 = 6L/5000

-5
= 7.938x10 x5000 = 6L

6L=0.397 mm = 0.4mm
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Alternative tI'Elféﬂ/

= 6L =PL/AE

3 5
= 6L =(20x10 x5000)/(1200x2.1x10 )

= 8L =0.397 mm.

77 09) 14 YRS TRAT 200 mm2 1T Ug! 'P' KN §R &R axilly) Wdo! .
SR IRAY SRTd SR dT07 30 THUTT(MPA) 3@, 'P' 24 .d 3 Hex=ar 19 didlaR 1.2
.0t = favdR SITSUNT . Youngs HISI&H E 2N4T .

Given A=200mm?2
p e
L=3m

= A= Cross sectional Area= 200 mm2

= ¢ =maximum stress = 30 Mpa= 30 N/mm?2

= L= Gauge length=3m = 3000mm

oL = change in length =1.2 mm

To find, Axial Pull (P), Young's modulus(E).
We know that,

o = P/A
30 = P/200
P=6000 N
Now, E= PL/A8L
E = (6000x3000)/(200x1.2)
E = 75000 N/mm2
E =75 KN/mm2
e dTdTAIcross section T Wq?ﬁ S W TR BIUMR :(dUMd)stress
Deformation of body or Bars of stepped cross-section subjected to Axial load:
TTeht gRifadedn sddt A i uery suar THaAH yard i U AR
I 31yaT aRHETOTET e R ufHTuea qeedr Rl alel Ydee SldbiaR STel
9 g HedTd THU Al 7ed SR ded §Y;
JTIURI04  UHRY YaloHcombinations / TSI ot WTeiTel THTON:
1) UHHHH UeTd URIH §-aidl / BAR JheT UhTd HITT 31
JHSTBAR /
2) UHYHM U URH S-adl AT 3 section-cross STl gIH
fobar aiferep  URTHT e STeidll P SIBAR /
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3) UHYHH URHAT Dimenstion uniform /3erdl or fi=
geryfar e g e qHSIBAR /
4) T O UeT IR e MO fF section-cross SRTCal

P ST BAR/

3T YU THYH (uniform ) fHaT ¥ cross-section RIS ST BAR dXdl & axil &

SRR (Externally) T b GUNI GIR GV stress JATI0T Siall SGGAT BTN strain AT
3T H

i - c D
N L2 | 3

Metal bar of varying Cross section

3TAT R IR A1 Y& U S [GaRId U3 -

.

s 1 sua

T AHTTTE Sqeielt disil 8L =1PL/ 1A
SL =1Change in length for section-1
P = Axial Force
L = 1Length of section-A HIT /1 EISIEI

A=1Area of section-A HIT /1 T section area-rossc
E=1Modulus of elasticity of section- 1

3Tl IR AT A 2 HRTT f[daR &= -

B C
e ]

TRAT AHRTRN St dist 6L > =PL/ A E >
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8L =»Change in length for section- 2

P = Axial Force

L = 2Length of section-,A HIT / 2 EIGIE

A=3Area of section- / 2H,A d ction arease-cross

E=2Modulus of elasticity of section- 2

3T HTT A 7[R ST

~
e
s
~

SAHTTRR Seaal aliet 6L 3 =PL/ 3ASE 3

6L =3Change in length for section- 3

P = Axial Force

L = 3Length of section-3A HIIT/ 3 I

A= 3Area of section- 3A YT/ 3 d area section-cross

E= 3Modulus of elasticity of section- 3

I, 5L dgadicn el g Td [QUTTIRITST 31l §a 'P' Teb IR ABCD &1 didiHed THUT
Fed.
6L = (HTTT 1-2T ATSHEY F&d 2-HI) + (=T A gea3-HE) + (@ diaHe ged

6L = 8L +16L + 26L3

&I &1 &1 U Ial HIUdTe! YT 9 3Hefld 9 )P) gd fobar qRra e sRia.

30T SR a1 o ¥4 U § ThTd e URH §0d 3did dR 8 s Modulus'Young
FAEHRT HRAT THH 3.

FL1 FL2 FL3
sL=tbl 4 2 F3
A1E AlE A3 E

30T SR qeheal =T avTaTTe HITRY fAfHdt dvmarrean ueruf™ uRA e sraeam™
fi H@H—%H@%f‘l\-ﬁ s Modulus'Young

oY fob -
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FL1 FL2 FL3
+

oL= +
A1E1 A1E2 A3 E3

U7 0% ) 3MTdcll A GRIAe @Al IR PQR T fawdR FMUTE=20x 10« N/mm.

P 50 mm Diameter Q 30 mm ExternalDia. and

25 mm ExternalDia. R
70 KN ¢ ) 70 KN

300mm 500mm

3N :
= P = Axial tensile force ddd dd = 70KN
3
] P=70x10 N.
= D1 = Diameter of section-1 1- HIT / dl A
=50 mm

= A1 = Area of section-1 1- HIT /= 833%_05

A= 2x(D?) = 2+(502) =19635mm?

» D2 = External Diameter of section-2
=30 mm

* d2 = Internal diameter of section-2
=25 mm.

= A2 = Area of section-2

A2 = = = 215.98 mm?2
= E =young's modulus

= E=E=20x 1O4 N/mm?2.

* To find elongation of bar (6L) = ?

= 2*(D?-d?) =7%(30%-207)
= let,

6L = Total elongation due to axial load

oL = &L+ 6L
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FL1 FL2
6L= bl 2
AlE Al1E

sL="2" 10 3%300 70% 10 3500
1963.5%20%104  215.98 x20%10 *

= 0.863 mm.

6L = 0.863 mm.

7T 09 Udh o aR 900 A Sia 3118 o Ui fie 9 a1 3R ; Tt &iF <lds 40
firedt 311for 30 et STl Smed SMfor &1 ST qlg! U Sielt 200 Pt 3iTg. SRaT
T YT 15 Tt e S 500 fi SiF 3. SR R 15 kN =71 31&f a1 YRTAT
P 3E, TR AT THUT AR BUold Sfad FooT 956 (L) 2N,

15 KN i o 15 KN
-_ 2. e ... —
T 200mm  500mm © 200mm .
< 900mm 2
Given/wm

Total length @UTFFFS?[ = 900 mm.

Axial tensile load 31&1d P §& = 15 KN
Let, Assume W‘]ﬁ?{ o= fb
Youngs modulus = E= 2x10°N/mm2
Total elongation, Sfed WWW:

_FL1 FL2 FL
6L_A1 Bl T A1Ez | A3E3
5L =7
Where/ ford

P1= P2= P3=P =15 KN = 15x103 N
E1 =E2= E3= E= 2x105 N/mm2
A1= ¢/s Area of section-1/ 4T 1-<T &AHS

A1 :}*(012)
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D1 = Diameter of section-1/ HRT -1 dI A = 40mm
A1 Zx(40%)  =1256.63 mm2
L1 = length of section-1/ HIT-1 gt BT = 200 mm
A2= c/s Area of section-2/ HIT -2 TT &AS
A2 :g x (D22
D2 = Diameter of section-2/ HT -2 dI FFH = 15mm
A2 = g*(15 2)

= 176.714 mm2
L2 = length of section-2/ HI-2 qt BT = 500 mm
A3= ¢/s Area of section-3/ HT-3 T &Ahes
A3 = }* (D32)
D3 = Diameter of section-3/ HRT-3 AT A = 30mm
A3 = % (302) = 706.858 mm2
L3 = length of section-3/ HIT -3 =0 B& = 200 mm

Sfad FSST THUI TG0 -

FL1 FL2 FL3
6L= + +
A1E1 A1E2 A3 E3
5L = 15 10 3200 70% 10 3¥500 15 10 3200
T 1256.63+2%105 176.714 %210 5 706.858 *2+10 5

6L =0.0119 + 0.212 + 0.0212
6L = 0.245 mm.

o Il YU UHHHTF )uniform ) fda1 fF cross-section 3T BAR aXal & axil
STRINTT T SHTARIAT )Externally? Internally) TR Heie TR IV stress SHTT0T Aiat
S GO strain T S{¥IT L.

e Sign Convention.

I +ve, - -ve
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A B C D

P1 KN
——

P4 KN

A
v
A
v
A
v

L1l m L2m L3 m

T SATPHciciad Td U Moo TR Bl SRIdT AT ST« fHesd:

L2

> Sl composite section ﬁ-ﬁqa%ffqlﬁﬁ A gIF fodbar ifde YT=AT Jh ST
Slig" dIR BRI YU g AR Sig] Hocdl g faRH sryar fawr+ sa
HHfad Fd ST AT I AT g AT Gl Uerdi= TR S-ced] qaedi]
GIRHATUTT GRET S gg A,
A A1 e uerd= 7l JUR SI0IRT UM /stress 81 e 3

Concrete

Copper tube

Steel bar

Composite section
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—> Rod-2

Fixed End ’_]
—

P=Axial Load

Fixed End

—

P=Axial Load

ATSYSR UNTR (m) (Modular Ratio) :- ATSISR IR WU GIF RFTaryf=an
Fafdddl (Modulus of elasticity or youngs modulus) WW@H .

d 'm’ T SATATERT GG ST .

[ ] m= E—:
Note:- E1>E2

AR

U7 0% ) . 20 foet =T 4 Wie IRUE T9gd doadl fdUNT (concret section) ST 400
firft IR Fidic WY (coloumn) 3R 1000 KN 31&f YR a8+ A4l Ud® Tard
(material) A& U 101 2NY DRI, Es=18 Ec &

/Concrete
0 [N

e
0 9
Composite section
Size of column THT TRHATIT = 400mm X 400mm
Diameter of steel bar@?’ﬂmﬁﬂm = d=200mm
Total no. of steel barwwam =4
Axial load 3{RIIFES P= 1000 KN= 1000x 103 N
Es = 18 Ec
(Es/Ec)=18
Es = WW Modulus of elasticity
Ec =ishleedT ghsaral Modulus of elasticity
To Find Stresses in each material, i.e. os and oc
g1,
os s = WO IR A1
oc = B AT qTl

Steel bar

A = WU THUT §THS
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A =400 x 400 = 160 x 10* mm?

O = ¥od ¢/s aF
= 4x }x 202 = 1256.637 mm?2.

Ac= C/S concrete T &8s
Ac=A-As
=160 x 103 - 1256.637
Ac = 158.743 x 103 mm?2.
L1= Length of rod-1 concrete IS It Bt
L2= Length of rod-2 o IS ot et
ie. L1=L2
Ps= Load shared by steel TIo A AL ST g
Pc= Load shared by concrete conctrete RIS A TG@T dura

oL1=0L2

FL FL

A1E1  A2E2

F F

T A1E1  A2E2

We Know that,
o = P/A

0s/Es = oc/Ec

Now Total Axial load,
P =Ps + Pc
P = OsAS + OcAC

1000x 10° =180¢ x 1256.637 + oc 158.743 x 103
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IRl a1 (3%330¢)

1000x 103 = oc (181.3624 x 103)
oc = (1000x 103 )/(181.3624 x 10%)
oc = 5.51 N/mm?
Hence stress in concrete is = 5.51 N/mm?.
From equation (1)
os = 18 oc
os = 18 x 5.51
os = 99.18 N/mm?2

Hence stress in steel is = 99.18 N/mm?2
= 11,428.57 N/mm?

2.10 N T IRITSY WIS dT0T d19T T (standard stress strain curve for mild

steel bar)

Stress S

{o)

o Strain (8) —

ToT Habd:

o sirguTfas wafar =
Q Wafee waiar

3R AT I foig =
S = Ul I foig
3= sifqw are uise
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(UTM) (@edd ST HiFar I Wa Heigd eRET Tg-araR Ssd s (
AN e =g Arauil gaat oird
- SO YU TR YR dTead! auadl diol AT gisa SAIfor &1 qromsi
. TTitd BIgt HediaR a1 HRUN A=Y 35 o 10T qUTE deh aR 3MTed.

P— mm (Proportional limit):

- SR I 99 9 Wi USIaR A dl 3d R ATel Hlel faaR fieseor aa .
e 3R X dTor SO 107 g IUTR FHIUTOS JTeid ST 3 foig P
Td TRes YT SR WU foig .0 o P & HHad! Hafal 3.

Q— Tafad TGl (Elastic limit):
- SR 9SS! dled 3| a) IrHten fig Q wdd wafue fadd wu A

YR Flgd STH MR U UG ARl §5T 4ob BRSO TSR W FHrd I 3
fig Q Tdd I Y= dafe o SRIdTd WU @1 fog B dafie Hqatar wuH
3{lEe S,

R 30T S— I A10T fdg (yield stress point)

o SUAET AU TS 10T TgUH URHING b5 ST SR T R3S TRICRM URId
Fd! fhar HHT a1 7 Hal YH ITH gld. IR 10T ST WBIReHl
ewr Q e Udies UERe.

. SR 3 HR PG CTHST R MU H5 THR 30T STHR R s g ABUIR
6!, Uisc R 30T S &7 IR Aee Tise 3l B3R 1as Ulse WBUIdTd.

T— 3ifc| QT (Ultimate stress):

. fog T R, e Sifdw I WU SHle@adl ST U HHIG Hod
i@, UNg TauiHe TIGATST quard Jard Hi¢ Jad e e.

. e X Ulee gl IRdTd 9IRd dIhG 3MTg St Al geuaTgal aror 9g+ Hrat
ST BT 10T qUIG So@IaNIe qard fag 3MTg. fig T R amwht sifdes dror g
D R[ehd TGl

U— Sifde Qﬂ (breaking point):

- AT SifaY qunudd TR SHTYedTe HF dUR glad oY iy YR e
GRS

- e U figar Siudd AT ged gl diodid aror &HT gidl .U avid dTor sifd
XY WU 3fiad S,
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e —— ‘?_ - T —

> é Neck fermation
T P I P

HTHTHT dIUI( working stress)

RSAT: g UK a1 Yo YR fdral T Yo %19 YRS SAae aRdfad HR
U,

HTHBISTAT AT G TG ISYHTU 3T: SRGE 318 a1 afd ot
DTN 10 = b 1 RS &

o QRI&A HTHET A0 HHTS Wb d101 U Slis@s Sirdl. fedear et
GRI& BTHSTITET 101 AgHTE Sdfeies FUiGUET HHT S,

fafaey i fogar aror
.« T Toa! aiur aund 9 qY P, Q, R, S, T IRW TR fig emed, fag p wmet d
T UIAD Tafal Gifdd BRI fdg P aR I 107 Adl. IS YA 107 a0

WGEUET 3l

SL S S0 WU WY M0 e = G Siall

. UL = Yos Old], 5L= Slamee dqo fdg Q safus Halar axifdd, Sid i T
{01 UT=d ofTor T,

o fdg s, T SicgT T SRIE °e gId HTfOT S{TU0T A §-adrT UTg.
U2d 101 = AN A 960 d §&@ AN d = $S d = G AN
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2.11 HYSD SRYTS! Q’H % G (stress strain curve for HYSD bar)
- HYSD SRAT 31 1T T8 o UIgdl, HYSD T8UISl 3= Sd Xa! (9 d aR.

. O I ge-d HYSD IRA el cadbdi] Sd 3rd. it didha
T WU SR 318 U 3Hhd! AL GITIGATIHA Iara fig wyn

gRYTYT BT el
4
500 Fe 500
400
S/ Fe 415
.
Stress "o" ’
(MPa) 200 1,'
100 /'l
’I
Bl s s

0.00 OADIL’ 0.04 0.068 0.08
Strain "¢" ——
E Fig. 2.11.1
. T IR M UDHRY IUG 3HTed
(1) Ble Aoe I IdTG k! ugdl
(2) PGS T I I ekt ULl ATGT WicTe! (@08 fgxes fSwhire aR) IR
fdhal TR e 3 Guiie wWordrd.

gosTd oo dl f[ddd SR TN USATUET 50% SR ST 1ol 3r&dl. fagpd
IRAY §Y AGAVINITS] M1 HihIcHY TR TIRUATIRT GUITRITS!T G
JEUTTR U Uga! 3id. § R ARk Ia fig azfad @i, ®Bu[ Sadml
g I AT 0.2% U 90T SITd] off ¥ ¥ agh aToRe HYiRd Hol S,

1) T &Y a1 0.002 (0.2%) 2 Teifdrd, WF W b JHIGR I B,

R) o fdg g YW1 q1ur qug ok b1dd ot g S drr fasar 0.2% Y Wy
TEUH YT STl

2.12 W LI PIRIEGINGINEED ( stress strain curve for brittle material)

s Aeiae WU S IR 91 HEAT Hidic fhal Bl BRI TRE]
R WIS TRY B TN TR I 48 o @R A 31 3 gise.

P- Wm (proportional limit):
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- fig 0 U P udd Uw TR YT 31Tg oft SRifad Bt aTor JurTaTeT U YHTON 3T .
fdgp IR 9% fdhfud faafed giga.

Q- Breaking stress( elastic limit):

P Q Breaks

Stress

o Strain —»

2.13 GRIYAAdATATTESD  : (Factor of Safty
TEUMSIT ultimate stress (SfAH /ORIICT TUNE ) T working stress (PTIDBIRT qUITE) i

THRIRN Factor of Safty (RT&IA2T 91 Ucdh 3 Wed Sd

W_ Yeild stress (aiﬁnavna)

working stress @m‘mﬁavna)
e Stress (dUMd) az%
o T§UIS] = qUITg (Stress)

F= dd (force)
A= T 8THB(area) I3l S YA ST 378,

EENERG] diet (change length) _ oL

Strain g or e (: H@W(Original Length) L

e Constant Elasticcdfeiandl TUTih:Youngs Modulus of elasticity (E) / (

c (§> FL

= 45— = —
e (T) AdL

B Seoo! ofd = aL= —

AE
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2.14 GRTdT dTUT (proof stress)

101 GRYTIT HR0T SIO7 0T HROI HATUT 31T WU YRTdT AT0T TR el STl .
AR WY %0 3% dehAL dafie dIeh FHIAR Udh WRes NI Hladl! Sild off g
TR ¢ 9% S1ud.dl fdg qRIa1 quita Ja Sl .

15
________________ /’_ - ws an on
Proof 5 oL
stress Pt
s
7’
7’
7
1 ’
s
Stress 1
’/
;i
¥
Y
4
rd
< -—
0.2% Strain% —»

2.15 TG a6 (Percentage elongation)
- VRQT IEIUHR U e Al Irao ol Sid, degl g aiuRe cqhar]
Jeargd! 3Mg,

Cdoh dT6 SRINSD didll - Sifer didll =/ oiell x oo
TR A&l UTM R o exuargdl Tg=ard! et UTM aR ITeol R
T el e,
2.16 % WX STUTHGR JISadd 3P (Solved numerical on stress strain diagram)
HewaT! Y TR
1. I foig= o1 YRS QAR I ATl are/3ifag YR
2. 3T AT01 B 1 YRS & =/slfbTT A
3 ST ¢ fohal 19 YR TRAT [HICUITa dTul]
4. T A1 URIYD diell-3ifad dfet =/ 3MRfH® dielix Qoo

3T .2.16.1: UTM A0+ JUTTaTd I TeredT TR F=aTe! areion YoaTd ${Telt Sfifor @efia
e Figad T = T N -12 i, IR i @il =60 i, IameA fogaR
e =48 kN, 3ifdg die =58 kN, Sifqm 719 didt =72 B, sfdbT Al 32 kN, ITA

Iie IRy - 1: fadiar ser A fodvar =11 - 12 fiTdt A=D2= (12)? = 113.09 fa
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IRl a1 (3%330¢)

RIS T dielt L = 60 i
I figar Ae BT =Py = 48 kN = 48 x 103 N
3{fdH YR Pu= 58 kN = 58 x 103

3ifaq i1 offelt L' = 72 At sfddrg P32 kN = x 103 N
I AT =2, AT dror =2 i1 ¢y =7 31f0r <o 971G =2

TR R:

= A 1. ST AT0T MYTIMTST =? Py 48x103 113.09 = 424.413 N/mm?
= 2. 3ifqT a1or MWYvArRATSY =27 .. 3T 0T 113.09 = 512.86 N/mm? 32 x103 .. SfbT

W =A 113.09 = 282.96 N/mm?>
4. Ta% dI¢ WMYTIRATST =2

s= 3 TS el MRND TS el SRINE TS diell cdbaRr] disl -72-60 x 100 =

20% x 100

2.17 Ifay faumr (composite section)

RIS U HTH HRUAMIS! : TR & e U= seiedn WReHTd

WY Yo fqHNT wordra.

TSR0 UD AT LI 301 Bishled MR 8

FE—

8

e )
? 5 4 .
. A

-I <b ’ ’ ’ . ! ’
.«\;...'r;w.. w»ﬂJM W

I

L.

‘
b
-A-u«a—w»"w,f'-““‘:”:“"‘ F & i R

Concrete

oS Y & ;

Maharashtra State Board Of Technical Education.

86



Strength of Materials (313308) i didhq (323390)

Steel Steel

.
‘ v

I

L—— Steel

2.18 ﬂw '{'[Uﬂ?l'\' (Modular ratio)

AT g HUllsle HeRTegR diudmMeie aF e Inefear safasa=n
T Ay [ OIRR 311,

LA
i o Il srrdaan Sty IRT, ThT HeRgeHe I Hisged E, ST

UL TN Hisgex E2.. AR UIRR, m = E2

2.19 Hftry Ay aror (stresses in composite section)

ini Steel
o Aluminium [—

v

:
| 00077 |
LSteeI

- X fOr G AoTa s-eren Affy faunt faarmd =i,

T, P = & YR AR el P.

I PAI R Udad A8 SfegA-ad PP+PA = Uddd YR S TUedTel ATgId
TG, A. P=cA P = oe A + Al AAl $& =TT dIU, A = AGHTH A T 0y,
LA e &A% HegH-ad Asd AAl 8.

-26

el gl cldh RR 3T GH giedidl die IREd 3d.

L =PLAE
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PL A STegfiifgy s Mo Wier st diel IR 3R,
. JHIHRUT)1) 1 = 0 EA m = ATSIeR ONR  =E

2.20 dTUT (strain)

IARAT. WGl WG] Fdfae Al Seflg il e 3d degl forA
URATIHE FT6! 9o gId1d, KU Hoo GRATIYR URATUIHE a7 §&@ i1 arol
BT,

. dIul = (3)SL/L

2.20.1 GTRATET 10T ¥ AT0T (longitudinal strain (e)- (linear strain)

RSl datad a¥q 3fefid s i S/ degl avqr=aT : §ed didi= ufd gie

SL didHed Sad /e didl

Clng 8L Change in length
'“ L — Original length

______

2.20.2 E'IW?[ Gl (g) (lateral strain (e)

RS Sicg] B a¥q & Jora1 3 3RId degl ST b ool Torl od
GRATUTE 96 Bidl. U N $ ool SOl &d QR Sl dTo7 Id| ITeT arxd

GINRUGIGH

3Pl [AUNTRITS],

8b ¥c fdar & A eI drul
$6, b= faur=R S
t=TqHRTEH SISl
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ob =faymTr=AT $HE Iad
fquTTTeaT SIeld s
JBTHR fqURTRITAT,
a7 QT =8d/ d
%S, d TRAT AN

IRAT= AN ded

2.20.3 U1 '{[Uﬁ?ﬂ') Gﬁ')Um) (poisson’s ratio)

SIRSAT: UTRd 10T T X 10T AT TUIRRIGT Ur e T0TR 3 0Tda.
TIATd TOMRIR Ypior) = - T1%f 10T m) X o101 Utsf qror /T ofror
- Ve fog gfod wd &1 wifdes qror st X a1 favg Fmma Swdd.

IEUIS! 3T Ug ! dial areedTy T Ugid! St SATfor Srat ol gid.
fafay IrfTat ufar gHTor 0.25 d 0.5 Tdd Fgad.
2.21 gaifErae v favar gsféme W Remige sicgafes amn

(volumetric strain due to uniaxial force or uniaxial stress system)

qiel! L. F& oS SIS t Sciell SRdIdhd! Wie f[aaRTd &
u@aﬁﬁmﬁ@ma&ﬁuwmwm

PL\‘A -i—t—‘p

B'e L .

d ST QS L o Srqeied] dgedTd R TS =T STadid S1&fid HR p =T 31 38,
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MRS M A e ——— — — -

P | d
- - o
G5! STadid x faRA amor

8V =V [e (1-2 w)] 3ATdT, [V=Ax L = 20 x 15 x 2.8 x 103 = 840 x 10> mm?] .8V =
840 x 103 [6.66 x 104 (1-2 x 0.32) ] = 08fHHI 313

2.22 fgarafra aror yorredt
RN G dd g IRER dd 3aed] WiaR AN dd Sdid degl
yoTTeliHed qTuT fas Ry giard aranfgsiefa dror yomedt wordra.

TS Px 30T Py § G HR G IR Addqesiar d] Bl STdTd SaTges dlul, ox
30T o, TR BT

aToT x 3107 y fa=M TaR gidrd
.. x G qm

Y fe= amr

Epfq:oxéina[oy%a?IH'Uﬂ_q’ +ve1%'UH‘aT‘ﬂT‘I

. I O AT W 3T ST oy T TR,
2.23 Farefa aror yoret ( Triaxial stress system)
g
S,
Q
P o,
4] 1
9 )
s i
S
R
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oy, oy 30T 0, § 3Nl HEd GRITGATIHIT 3IhH x, y T 2 G- BRI HROM
=7 10T 3{Tgdl.

3 ) = OFEFR) TOIRR.
W,XWHTUTQTGXEEE
ey:yﬁéﬁ?ﬂm

e, = z QR AT
RleqAiee T MYvard],
8VV=e=ex+y+ez

Y oy, oy 3T 0, § IT UHdd TRd dd AT Id dad MYTITS],

2.24 Q}I’F{ﬁ% QT\‘T (volumetric strains)
ST Ufd gfc 0 Qiogiae Gogade 9o BUH I RS Bo! oild
Ev=8V /v

NN

IS, 3, BIegHICH U]

Flegqed 8V gad
V=13 TS

2.24.1 S HISAY (k) (Bulk modulus) (k)

wa@%@m%w@wwmﬂw

HiodT THIUITT HIUIS (k)
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RSAT: Sicg] THTe; a%], JH Tida=ar duieRd di- IRER Sl e S d
degT A TT0T 3107 Ty Hafdd S RATAT d1uMd oNTR fRIR 3 ATt

o HISEY k =RIegAle® ¥ (3)/3¢ A0 )o)

9

/

2.25 Fafadwdr "E” 3T 96 Alegay "K" =T Alsgaaadid AGY (Relation

between modulus of elasticity “E” and bulk modulus “K”)

A

{1 O,
| I 4
i

i
i

/

AT TR T I P 31efa o7 gormett=an s s,
1 fRete )1-281(

%’Weﬁe =WRo,=0n=0,=0= YRRTGT A 0T 8V otata (1-2p) E
30 ==(1-24) E Jch Hiegaudl ARITIR, K = A< dI0T Glegifcd WK ev 3d -
(1-2p)
ERE

2.26 HTARYI TT0T (Shear stress)

RSAT: Segl I 3 U 3T fasg Zracditedn srefq srrd & Wi o
BT, UfdehR BT fAHII, degT RRTET HIT HIY CTehUari! Uge! 3.
BIUTRT AT0T ISR WY WWUH 3@ Sl
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o 2.26.1 7 GRAAGAVHY G Wy Sevame! Regedr aTR ool STl Il
IR 1. ST GF 9UH a0 GF DR g 23R ST $vd SR,

T R@edR T FHIaR0 96 B b SId 0T Rege=ar g fGHRTd T HIavor
dT0] TR 8150, SR 81 HR fdhal 96 @afdd dAdlal ioisd 3fe @ dIe o
2.26.1 A GaIfdeammm Rege Ferl gRe. a1 ST qunard! T Rege=n
I YR &R Rgedr ST HRUMAT Wi JoTd MR BUH Ho! I
[P

TOTTAT TS SHTYUT 31 UL Xl DI,
. BT dT07 )t) = Wi g UfeRIYD Hig Yo &

DIARU! qUTAT Tbdh N/mm? 31T
2.26.1 HTAR0! AT0T (shear strain)

Load m
AN\

V.
NNy — Load

Load

Load

ARSATRISR I ARSAT AR hied ST THAAK A ad diai- HFTeiel! fagpdi= :
NIEIRSYGEIIG]

2.27 Rivra RraR 3for saa RreR dHeu-n (concept of single shear and double

shear)

- s giY g AT BRe T 3iTed.
FOR AT HIIHT ity TIR HUGrTe!, e Iig TR Sarddieau 3al.

TR, STUeR S3Te .
T g BT
3 Wicy Rege Shigded fed Il f[ddR & JIRR6.S .
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Plates =

¥ i
&
1
')

Rivet having diameter 'd'

P @1 WedR Aaad §¢ M, a7 9k Wens RRes wige foers gidl p g
Wered had Uhd B0l Id ST T 3! Hed qRifdeammm Ree Rifa
fRreRwe sreurd Ted e,

P = Applied Plane of single shear
force L
‘-— -
\ B b Applied
Plates ' force
PRI M7 (THA IR0

q = FRISR BRI TRAT PP =A = 4

Y [aN

H16, d Regedr g

Ea

|

Rivet
I ey e Sisae 3ed I R &,

PR T A WeTH P 9 3{d IR P 90 A1 815AS G WICqHY G WA |
PHIAR 3A
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l

e

v nu

l

Piane of double shear

2.28 Ufe T HTaROr (punching shear)

YRSAT: TR 23R 327 TRSAT Ho T Wl SigT We WeHe Blol S19T ARG, dagT U=
IRETET T Weddl HIaRul iaRigdbae! Ui 2R Bordr.

Circular plate having
diameter "d"

1 = thickness of piate

S, Yidh 3fdig P dpfad e,

t = Wicd! Sral.

F = Y Ud SHRUTTETAT TIRTD &
q = IRl ATl

A = W DR &

= TGN R x Wi oSt

A = ndxt

ST 0T )q) (SATSTI(

TG HIARUI AT +Uldld

2.29 HFSHYUITY Hisgaw fhar RISR Aiegaw

RSAT: & BIARUI ATUT HTTOT HTARTY AT0T ik OMR TGV GRUTT ohds ST 1T
HeHUUTY Hiegdod FUrdId.

AT - C, G fharN
. Sff TR 1=/ HTARO! 10T
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S.1 gfHT N/mm? 3T
2.30 Hisgay 3% AafIHdl (E) T FSHYUIT Hisgad (G) TiTdia day

(Modulus of rigidity or shear modulus)
E,G 31T K ieaTdid u Iiad sraaar daw -
a) Hlegad 3% dafddhdl (E) U heH YU AlSIe (G) TiTdia Had-

=26 (14 1y

TgUTS, E= Modulus of elasticity or Youngs modulus

G= Modulus of rigidity or Shear modulus
p= Poisson’s ratio
b) AT 1% AafIhdl (E) S0 deb Hiega™ )k-Tieamdid Sa (
E=3K (1-2 u)
%’UI@T, E= Modulus of elasticity
K= Bulk Modulus
u = Poisson’s ratio

¢ ( OISgAd 31 Adfadhdl (E) HehUUITE HISE (G) ST dch Aled e )k (
e <

E=9KG/G+3K)

Derivation between E,G and K

S{TUeTe HIGHd 318 B, E=2G(1+ u)
1+ u = E/2G
u = E/2G-1

3T TSl ATEId $TE 1,

E=3K (1-2 u)

E=3K [1-2(E[1-E/2G-1)]

E= 3K [1-E/G+2]

E= 3K [3G-E/G]
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EG = 3K (3G-E)
EG= 9KG-3KE
EG+3KE=9KG

E (G+3K)=9KG

E= 9KG/G+3K

% HWITHS IGI8IVT -E,G AND K
1) fafRre InrEiard) aafedd aiega™ 200 MPa 3118 SR TR wHT0T
0.32 3T HSHUYVIY HisgaH AT 96 . Alsgaad! o Hioll.

I -faded mfet-

I Alega™( E) =200mpa, u =0.32
I Alegad (F) =2G(1+2 u)
200= 2G (1+2X0.32)

200=2.64G

G=200/2.64

G=75.75mpa

ST,
Iy Alegad (E)=3K (1-2 u)
200=3K (1-2X0.32)
200=3K (1-0.64)
200=3K* 0.36
200=1.08K
Sedb IS (K)= 200/1.08
| S HTeEd (K) =185.18Mpa

2) 25 ot =T R 75 kN =T W9vdren SiefiF ee @ieET favar 230
ot sidtam 0.1 firedt Wiwran STat T ST .0.004 T} 3@ dv AisyEd .
ET T T ; I TUTRIR (u) ATFOT 9ok Aiegad (K).

IW -feaa Afee-
)Diameter)(d - ( 25mm
34T )Radius) ) r) - 12.5mm
&F)Area) (A) = N*12.52

= 490.62mm?
BRI )P) = 75KN= 75*103N
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IR d1he (32330¢)

S51= 0.Tmm

Modulus of elasticity (E) =7 Poisons ratio(u)="?

modulus (K)=?
6d=0.004mm
oidlt )L) =230mm,
dIul )Stress) = P/A

= 75*103/490.62

= 152.86N/mm?
Linear strain (e) = 61/l

=0.1/230
4.34*10

IEUH, I ATSda (E) = Stress/strain

E=0o/e

E=152.86/4.34*10

|E= 352.21*103N/min?

SATdl, lateral strain= 6d/d
=0.004/25
= 1.6*10*
Poissons ratio- (u) = Lateran strain/Linear strain
u = 1.6*104/4.34*104
U, E=3K (1-2 u)

352.21*103 = 3K (1-2*0.368)
352.21*10 3= 3K (0.264)

K=352.21*10 3/3*0.264

| K= 444.70*103N/mrh12

7 Tt St S ag Wenym MareR g Trerae srger egfafau .
Sify Fravvar arHg150 MPa RIT SATT YEITST YR SRR ardhe 90
MPa 318, a¥ &% Uredr =T fosmar wRkdia oiRa e fAfda svvg .Hia .

HIHUARG AL 19T 313,

IWR- e mifet-
) PIAUIRIG ¥do o = P/A
B )P)= o A
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8 )A) =M/4*d?
oc =90mpa
P= 90* M/4*d?
P=2250d2 e (1)
SR t STS! HIARA UfAHR HRUMR & 37T
A=ndt
GI'I_&pf)t? = (mm
&3 )AN = (d*7
= P/A
= P/nNd*7

U,

{150 = mpa

P= 150*Md*7

P=750Md s )
eI 2 31T 1,
2250d2 = 750nd

d = 33.33mm
3) ATHdl HeA SRETETVHTY A9 Wid Wed g Rdeas disen 3med .
Rgcaar arm30 At 3mg .rivets 220MPa |TST Sifaw wraxor aror .
Fravumed Ry Saered! FvarRdiP Wwia gea fadt ame?

] I =t
&
IWR-  facieh Afea-
T e gedl BIaRuaTeT 3aRd 312,
wUH UST Regeret
= IF/2A
F= 2A%C
G Regewrdl  P=2F=4Ag
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A=1/4*d?

A= N/4*302

A= 706.85mm?

UM, P=230%706.85*4

4) APl AR ATV dF W @ed g9 Rdea Siswn smga.
Regeaar o 30 A 318, rivets 220MPa |13Y 3ifaw FHraxol arvr.
SR RdH Al §1varETd! P 2 Hed fobdt ame?

IWR- fedef anfedt-

RERIGRNED W(Area resisting shear) A =t x 100 x L
=70.5 mpa
P=C;A=05xnx100x L

PHIAR0 I ( Shear force) ( P)
P=50n*L

P =200 kN = 200 x 103N
50 nNL = 200x 103

L =1273.24 mm
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gfe 3 &d- 9o T af$T dide

Shear force and Bending moment
o fawg o=t (Course Outcome):- fafaey g &\ 3for goi=r (Loading)
IRIYFRITST Hcl Fo SftT dfST AHe sdptan 3 s,
o fzid Rrevar gRomd (Theory Learning Outcome):-

TLO.1 3TYR (Support) 3{TfOT Sfte=ar (Beam) PEINEIRI RGN

TLO.2 AR JUMAT HRIE (Load) T} TR &,

TLO.3 T 90, STET AH IO YRT diadT TiaTdie SaY JHe &,

TLO.4 YT SMYR 3fcial & (Simply Supported Beam) pldiegr &g
(CantileverBeam) 30T 3R E\"J‘T Gt (Over Hang Beam) grat & 96
3Tl (SFD) 3TfOr df$T Hide 3l (BMD) Y@Tel.

TLO.5 SRiId SIRd dfe HEE (Max. BM) 301 Afquiads &g (Point Of
Contraflexure) GRAdI.

3149 (Beam):- 1 § WD (Structural) Ycdh U BIRTIN (Defined) CRIG
3{T8 ST Teh GIRHTUT (Dimension) AR G- URHTUN U&T SR IS TR T dbral fogar
quIcs (Supported By loads) 3Tg . BT 3M1SdT YTHSD °eh (Structural Member) 3Tg, i
&S BICH TG SRIUTT HRTA] (Transverse Load) 3{ &4 3fTe.

f&ar (or)
1 T& &fiel fFa1 FHOeT WaTTHS Fa (Structural Member) 38 SITHE T fbal
3fIF SMURTHEY 3R GH% 3TIOT ITT Db & (Transverse Axis) d¥ 3HI d& a'lﬁ?‘ﬁ

' /' di HEo!umn
 4im
17 | - stab
Vi f;k? Z/;/—
Z (;/ | J—Beam
,453U! :f:, d L L
< | L2l
i
/ e
= =7 | -:?

)
Foundation

Typical RC Frame Building
3.1.1 919 9T WA (Span of Beam):-T9 TS TRA-TAT G SMYRMAL (Support) 3icR.
3l TH dH (Beam) far Ud (Bridge).
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- Span(L) -

RA RB

3.1.2 SMURM fafay yeR (Types of Support):-

YR fafay gR 3,

o YT ATYR (Simple Support):-TTHT MYRTAT dladid, §H IR (RCFARA)
SadT I SHY §d (BI) STURIHS gedidRd (CFIHR) hdl ol

3T USRI URaId Uldfdar (Reaction) A HIeH M (Perpendicular) 3 .

m_

Simple Support Reaction Force

ke N

RITRSMYR (Roller Support):- IR U= edid S AAHAR Saci offd
3T PRI MYRARI Uidiehdl (Reaction) Had GSHRTAT (Surface) HICHHT
(Perpendicular) 3.

P e
P
L

.
g
. e

Roller Support
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90°

Reaction Force Reaction 90°
Force

o fouTR SmYR (Hinge Support):-ﬁ\—ﬂ'ﬂﬁ STYR YEHIT=AT PurdTe! foRe ®d
PR KA1 FfAPR HIUIN HEH 315, & FHYA AcTAAS BIvda! UfdDHR U&=
DR T8l

3R YHRIAA MYRERIA gfdfepar (Reaction) SHar I (Vertical) qag emsdt
(Horizontal) 3

Pinned Support Reaction Force

o fUFaT SMTUR (Fixed Support):-Thay UIC T JUIC fhdl HaRIa1 Taid HER UHR
3R, TOhay U ffwa b faha gTeraTe HRUATE TRAMT od ATel.

3T YHRI ATYRE Ufcfebar (Reaction) St 34t (Vertical), 3reat (Horizontal)
R ERPRUIR (Rotational) 3

e

Fixed Support Reaction Force
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3.1.3 §iv9 PR (Types of Beam):-

STYRTT YHRIGR TR arffepon

o YT SMYR T AH (Simply supported beam):-1¥cl fdbar TUTaR = Al
T T EIU0! FUIC bardl S T4 YR 3Faen diF (Simply supported beam) TUH
3fios@ell ST,

A B

Simply Supported Beam |

|

T Supports —

o THIBIEY dIH (Cantilever Beam):- SR d1H UHI IHIST RRR (Fix) 30T go=1
TIHTOT D] (free) 3G R ATGT hiclow? §1H 3 U,

r Beam

Gﬁﬁgﬂﬁ'ﬂ (Over Hang Beam):-maﬂﬂﬁaﬂqﬁ‘cﬁ?&nwﬁv%’a@w&n@,w

— s
A
Overhanging portion Simply supported portion Overhanging
|= Blal nl pOl‘tIOn

| b a Simply 5upporjted portion

|
. @ § T

. TAGIYR S fH (Continuous Beam):- SR S A & S MURIR
(Support) 33%_(‘5"[ 3 IR dl d1F Idd & (Continuous Beam) Ul SGST ST,

\ su;\PoF{;'//

CONTINUOQUS BEAM
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o fohas 19 (Fixed Beam):- 01 f1HT] Gl Tl HARUYI fRR (Fix) 3T ITST R
Gt (Fixed Beam) ¥gUIdId.

Fixed End Fixed End

Fixed Beam

o fOeTREW (Hinged Beam):-
1 d1Edt alb f9STR (Hinged) 3MATd 16T fOSITR & (Hinged Beam) TgUMTG.
Z

VA wi,

o VR AH (Roller supported Beam):-ﬂ?‘%x’rﬂw (Support) &WT SHST ISR a
TEUTe,

3.2 904 UPR (Types of Loading):-

vor [3fdy UeR oM,

3.2.1 Bfgd YR (Concentrated load):-@%T YR (Load) qqouu'&igq{ HAId hoaIfydl
ST B 3Gl ?IOE;I ATST digd HR (Concentrated load) HAHS WId.

W = digd UR (Concentrated load)
T I8 I Thd N fdhar KN 3 318

W

R |

POINT LOAD OR CONCENTRATED LOAD

C B

3.2.2 foRuTyR (Inclined load):-
&I HR (Load) TahT fogar fiRUT Hld oot SHydl 1 dxd S¥Idl degl ATeT favdT
HR (Inclined load) A S,
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W
A | /C< 1 B
Wsin0
W
Wecos 0
A F C A B

INCLUNED LOAD

3.2.3 THOHH faaika @is (Uniformly Distributed Load):- TR TIROST YR 3T
JAdH TRGST 3dl P dHE! Ud® Uhd ol GAM digdd e $ol oid, el
THIHM fadd UR (Load) 3R UM
1 318 o Thd N/m fdhal KN/m 31¥ 318

fW/L .

d

I L

Uniformly Distributed Load(UDL)

THYAH [ddRd HRTE (Load) dhald HRTA (Load) TR HRUI (EquivalentPoint Load) :-

KN/m

A B
L/2 ‘C L/2
1L,
UNIFORMLY DISTRIBUTED LOAD
W=wL
A

c B

L/2 L/2

L
EQUIVALENT POINT LOAD

THIIM fdaRd YR (Load) Haid YRIA (Load) TUIAR HRHT ThaHM faaRd YR
(Load) (udIy=i dierdT 3M1for Uhaar fadiRd YR (Load) TERGS! Gidl A UTRR &1

W=wxL
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G0 $Ho0 UHIIH faRd YR (Load) TRRGGAT et (L) AAfNgR (L/2) B
LG

3.2.4 THOUH T YR (Uniformly varying load):- S YR (Load) AR 372N LG
TRRGST 3l T AT gl TAD Thd Giaiak UHIHM deod 6] THgd 3
YR (Load) ¥UIdId.

I UHRMA Sg THT SIBTST YR I 3T ST gu=T SidhIudd TehaH died! da]

RICIREEAIRYINY (Triangular Load) 3y I,
w KNf’m

b
&
¥

3.3 ©d- 99 (Shear Force):- 81 SIHAT Biadl [daR Al $ooATe! Ul fog axal
HIGSAT (Cut) YT SAIHS fhal Iodidhs B HIUMAT 3T Fod! (Vertical
Forces) EISHUIEGIREERS] (algebraic sum) 3,

@ §d (Shear Force) BT SF 3{YaT S T F 3{YaT V IT 31&RTGR S IAwT ST,

H 96 (Shear Force)d Tahd &: N fdhal KN.

Sign Convention

H- TAGARIG AT ST (Section) HTISTHT ST TG (Force) WG fGRH ST
3E J STAT ISl §6 (Force) TRAT G AT S TR B A3 D TGOS (+ve)
foaRTd =,
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S

+ve

STfoT
H- TATIRIA BT ST (Section) TTSSISAT SIS §& (Force) TR fG2H A S
J ST SISl 96 (Force) T faRH SId 3RS IR Had Sadell T (-ve) AR

| .

-ve

3.3.1 AT (Moment):- TUSI 10T Sidal faaR HRa1 $aaum! U fdg axdl 96
HEad RoRdl fgURHY We Wdle o fdgd 3idk 9 90 Jiar R Boed
HHE g,

P

e— L/2 —i
A8
cL %

fdg A =01 f3@1ul sruiae = 90 x 3R (fdg A URA fdg ¢ 3 3idR)

Momentat A =Ma= P (L/2)

3.3.2 of$T AT (Bending moment):- U ST Gidlal fdaR &Rl $aGdTe! ThHT
TIR ST 3Mg 3 faamEa Yvaret & fag=n Se dg@! dar Ut Aide
YIRS FIOT dIR BIUIRT HHE AT SISO SRS (Algebraic sum) U
SfST Aide 9 Thdh B: N.m.fdhdl KN.m.

SfET AFe (BendingMoment)gl BMG{&WWW.

Sign Convention:-

SR o9 a3 fz2F ared 3 d) dfST AiHc 81 3fd (+ve) 3l AN Sagging 31

TISUIATd. U SR d1Hel a¥dl HITIGT Ga1d (Compression) T0T SHT WG

HITIGT AUMG (Tension) SAGAR SIS AHC 8T 3B (+ve) SR
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" x M

=

.

| X

Bending Moment = +ve
3ffor
R i A WoA &R ared sl @R ofST HiHe 81 BN (-ve) A AT
Hogging 3 TQUMdTd, TgUIoTd SR SH=l Rl HETGT dUlld (Tension) SO ia=an
WISHT HIGT ¢dld (Compression) 3G dfST AHCE 8T HT (-ve) 3.

X X

11

1 |
i i
T i
i 1
i i
i i
i i
] i
i i

M M
X

Bending Moment = -ve

3.3.3 Hdd 99 \3'|'|§3_vﬁ (Shear Force Diagram):-Eﬂ'q?:IT FiEg Ha- ger (Shear
Force) FrraT GRITIUIAT ST AIGT B 90 M (SFD) 31 TU.

3.3.4 of$T Aide \"I'qu_cﬁ (Bending Moment Diagram):—EﬂTI?qT olag sfeT Afedt
flsra gifqur=an sardier dfe Hide 3l (BMD) 3 RUrdrd.

3.3.5 §@, ol qd ATIOT IS A g adie Ja:-
(RELATION BETWEEN LOAD, SF and BM):-
6! GRIGoo! TPl HNT THRAT FOTAT (Loading) 31EiH SISST JTEAT STURTET

& (Simply Supported Beam) G&iad. HTHE TRATHTATIHTO x-x TN x; -x; TT &
SaAdle Siatd e 'dx'dT gehl fadR &,
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w kIN/m
x
V+dV

JM-+dMm

fdg ‘o1 dide gast
-M + (M+dM) - V.dx —w.dx.dx/2 =0
@ f3H1oft M 8T 9T (-ve) UAST HRUI Al TSATBTAT HIcdrdl I@¢ G2 fhd 3
T, (M+dM) BT 3P (+ve) TTGT HRUN A1 TSI HicdrAT fGz2H fhd g a,v
3O dx FHET UMDHR ST @S x3ieR) WS VAT dorar ‘01 foigar diie gaeT Sfor
TTST IOl (-ve)dddT HRUI A SISl BT I6e G2 fhrd 3iig, 3T wal
ud.l= digdl IGA HRUM AT JOMHE FUR HRUINS! GiaH [UTHR BT
U (w.dx) 30T (w.dx) a1 F&Tal ‘04T foigar HHe YUgRIaT (dx/2) I SR uIfdes
U w.dx.(dx/2) @ TTST TOT (-ve)dddT HRU dl SISl Hicdrdl 3o¢ faam
fOhR 15 ]
- M + M+dM = V.dx — w.dx2/2 = 0--------- (SR °Tdich ISGIT GeH THUhS
o8 HO)

dM-V.dx=0

dM = V.dx
dM/dx = V------3cRTed1 TeHid df$ Aife=ar Seorl ek SHa- Joral sRisiET 318,
ETWW (Shear Force) 3o f ST AFe (Bending moment) =T Ao dey 311% .
W(Equilibrium)mg&lﬁm,
SFy = 0 (+ve, -ve) 4 v
-V+ (V+dV)—wdx =0
[ Wio eI T Ioie A GHIHRUMTTIR oiiel &0l . aHe v 8 90
WIGH G2 Sd 3RGAT HRUM Tl (-ve) ¥dST d (V+dV) 8 0 AT fa9 Srd
TG HRUMM YD (+ve) YAST AT w dliadl ST u.d.l. T fSHTUM 318 T FT
T TR BRIV dl Sl Gldl IR TIRGST 3HTe T Gl A ATST Uides Torerd
(Intensity of load x Distance) w dx @ 81 §& WoHI [ ST 3GAT HRUMH Toll (-

ve) U]

-V+V+dV-wdx =0

dV=w dx

dV/dx = w ---------- - SO TGO G BIFSTTAT digd Sadh! S,
81 P 96 (Shear Force) 3Tf0T §& digdan g1 Ta ¢ 3MTR.
U,

d& (Load) = w=(dv/dx) =(df/dx)
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& 90 (Load) (Shear Force) = SF =dM/dx
3.3.6 Ha- @ SMUT AFET HiHE 3Pl Hrer fHam:-

1. Had g0 30T fST A S AT S (+ve) TSAT T WA (Base
Line) OR HISIAT d TG (-ve) I-HT qes o=l (baseline) Qo AIST.

2. ¢ figHY 9 (Load) 7@ R T [0 Sl 9@ ot BT Ieod ATe! S0 T
3Pt B T B'IW 3TST X (Horizontal line) Ad .

3. SR 1 fE@mof IuT 9@ fdvar I ufafehan (Reaction) SRI® @R T fE&T0 Hed
0 dESdId HH! fdhdl IR gidl d dl oAl f[GRIIR dgodl.

4. ©- 90 91 Bl TR 9G01d 8 3T 901 (Vertical Force) HiRdl 3TSdT XS
(Horizontal line) 3l TR THaHM faaRd @€ (Uniformly Distributed Load)
RILIAGECIELS (straight inclined line) 3.

5. of$T Hidcdr oidl TR dgord 81 39T d61 (Vertical Force) HRar fardt m
(straight inclined line) Al W Ub HJHH faafd d@rs (Uniformly Distributed
Load) Tqrat deh(Curve) WESID (Parabolic) 3.

6. Riuch WU SHT G STURIR (Support) ST HHC (BM) I AgHd 3R,

7. HCIOIR AT HYR THS ST CIBTS] (Free End) df$T AHe (BM) YA AgHd
3.

8. 3R T T YR TISGAT BB (Free End) T T YRR dH Yo
WRHGO! ATel 3T TIDHTT dfeTT HiHc AgH (BM) T 3.

9. 1 figaR Fa 96 (Load) (RTSR W) IR (Zero) 3RAT 34T figar f&m Aie
(BM) Tald SR 3.

3.3.73772'[ R ﬁg (Pointof contra Shear):- RISRB \’H’I@?T‘ﬂﬁ‘f‘ﬁ, 1 fdgaR
RIeRer ™ ﬁl%' Gimﬁve) a dull(-ve) fhar qull(-ve) G \3{%(+ve) FCod ol
g1 faigar oS Hide g1 vaid S S,

3.3.8 GT‘IJET FORR ﬁg (Point of contra flexure):- ofST gide H’Wﬁﬂ?ﬁ &2l ﬁ@ﬁ?
<f$T M O fog sl (+ve) T T(-ve) fdal TSll(-ve) T 3HfAB(+ve) daod T
figaT Biel TORR fdg 3™ BUrdrd.

g1 T 3R foig o o) fin Ioe oM arwd. &1 orm foig o SaraR vt agpa
aod.

37 figar df & Aide 81 3T (Zero) SR,

3.4 YbRR-1

Rivelt quids dwar Hfea HR/dS (Concentrated load) Ud AT

331 . 1 WO 3N 7 Rigeh Juics §i7 [ Sidl (span) ‘LHIER 318 AR
"WKNTT Sigd YR(Concentrated load) =T AYHG W]\@H 3ATS IR AT 131 Hel
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W

C

L/2

L

LOADING DIAGRAM

3N:-
TRt 1) :- LIGIEZN (Reaction) YO,

A g Y 1 B

Lz C

Ra Re

THAI® 31 (Equilibrium equation) BN &+ FUICHT UidfhaT 2NYGAT SRS, b,
SFy = 0-------- SO qd gchid! SIorTuld g siol 3 3RI0T 3a=ge 3T

Sign Convention:-
+ve I -vVe l

Ra-W+Rg=0
RA +RE=Wareeeeeeeeeeennns THIHIT (1)
SMA = Oerevererenerenenenene. fag AYIadT A gaaar AaR

JSdISIAT HIedrAl fG2H (Clockwise)AHe fid 3G R 3Mf¥®  (+ve) SMIfUT
ST AT HIcdTAT IG¢ G2 (Anticlockwise) HIHC fhRd 3G aR Ioll (-ve).
Rax 0 +Wx (L/2)-Rex L =0
WL/2=Rex L
WL/2=Rex L
W/2=Rp
Rg= W/2
Re= W/28T GHIDHRUT (1) HY TTH RaNYST SIS, RAhall.
Ra + W/2=W
Ra =W- W/2
Ra =W/2
IRy (2) :- Hd IO (Shear Force) YO,
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Sign Convention:-Bar IoIAT IOl §6 (Load) W&HT G2 I 3@ T STl
SISl 96 (Load) IRAT QR A 3R R AP (+ve) ST 30T Sar=al Il
SISl §@ (Load) AT [ SI1d 3G d ST SN[l 9 (Load) Wo= fazH A

IR d1he (32330¢)

3RS AR IAI(-ve) ST,

T e

+ve -ve
(SFa)L= TUIST faig A =T STET STS[@T -l 96 (Shear Force)
(SFa)L=0
(SFa)r= TEUTSIT foig A 2T IS STS[@T i 9@ (Shear Force)
(SFa)r=+Ra
(SFa)R=+W/2
(SFo).= T8UIeIT foig C =T ST SIS -l 9 (Shear Force)
(SFo)L= +Ra=+W/2
(SFo)r= TEUTS fag C =1 IOTEAT SIS[@T -l 9@ (Shear Force)
(SFor= +Ra-W = +W/2-W
(SFOR= -W/2
(SFg).= TeUNI foig B =0T STHT SIS[@T Haid 90 (Shear Force)
(SFe)L=+Ra-W = +W/2-W
(SFe)L= -W/2
(SFe)r= TEUISTT fag B &1 ISTET ATS[OT il G (Shear Force)
(SFg)r==+Ra-W + Rs
(SFe)r=+W/2-W+W/2
(SFg)r=0

gt (3) :- S ST Hide (BM) MO

Sign Convention:-

SR &1 AT fG2H 91hd 3R® dR Sfet A 87 e (+ve) 344l ANSagging 3™
TQUIdrd. fdar SR &g=ar oA URTST GaTdaid (Compression) 30l Szl ETo<

HITTST JUITATd (Tension) 3dd S,
M ;X M Mo M
i o E
i = a
i — :
1 i
: :
; i
1 X 1K

3TfOT

Bending Moment = +ve
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SR dIH IR W [GH add SRie d) afeT HHC 81 e (-ve) 3Mdl O™
Hogging 3 TEUAId. fhdl SR SiH<T a0 YS! dUMard (Tension) STTOT STH<AT
QTG YIS GETAHE (Compression)ddd 3RIG.

i X X
(M ;x M> <M : 3‘*)
Bending Moment = -ve
(BM)c= UG foig ¢ R &fén Aide
(BM)c=+RaX(L/2) v fdg C =1 PR THT a9 I U3,

EICl|

(BM)c=+(W/2)x(L/2)

(BM)c=+WL/4

(BM)a=(BM)= 0 ....... Rigeh FUice SE=AT aF YRR (Support)

Sf$T Aide (BM)AgHa T Sl
W
A
L/2 C B
L

LOADING DIAGRAM

W/2 W/2
+ve
0 0
A Baselne (C B
-ve
W/2 Wi/2

SHEAR FORCE DIAGRAM
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WL/4

+ve
0 0
A c_*t B

BENDING MOMENT DIAGRAM

TEUH Yt ISR B (Max.SF)=W/2

gat= of$T Ade (Max.BM)=WL/4

3L .2 Woie Hpdl A Rigd quids fid St Sidt (span) ‘4 Hex 318 9 AER
10'KNTT dhfad HR(Concentrated load) =T AUE Wl@ﬁ 311% W T 13t B

10 KN
¥

A ! 2m C T B
4m

Ra 'Re

LOADING DIAGRAM

J:-

gt (1) :- ufaferar (Reaction) YL,

JAAIG 31T BN He- JuicHT Uidfhar RNUGdr SIS, 2rahdl.

SFy = 0 -----e- SO qd e dl dIoNTulIid akiol 2 S0 3z 38 .

Sign Convention:-
+ve T -ve i

Ra-10+Rg=0
Ra +R8=10.ueeererereneennnne THIHRT (1)
SMA = Oererererenenenesenenn. fdg At Hifc gqaar Fax

JSIISTAT HIedrdl &M (Clockwise)AHe fhyd 3@ R 3MfUFE  (+ve) 30T
ST AT HIcATAT IGC G2 (Anticlockwise) ATHE fhd 3RS AR ol (-ve).
Rax 0 +10x2-Rgx 4 =0
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10x2=Rex 4

20=Rgx 4

20/4=Rs

Re= 5KN

Re= 5 KNT THIBRUT (1) HY TTH RAZNYST S35 Aehell.

RA +5=10

Ra =10-5

Ra =5KN
gt (2) :- P IO (Shear Force) YL,
Sign Convention:- &I IAT SOl §6 (Load) TN G2 Td 3 9 STl
SI9E1 §0 (Load) AT A T SRI® W A (+ve) TN SMOT SEreAT IorA
SISl §¢ (Load) 9T G2 SIId 3@ 9 STl 6@l 96 (Load) Qo faxA @
S TR TAI(-ve) ST,

-
+ve -ve
(SFa)L.= TUISd faig A =T STET STS[@T -l 96 (Shear Force)
(SFA)L=0
(SFa)r= TEUISTT fag A T ST SIS[@1 Haid §O (Shear Force)
(SFA)R=+Ra

(SFa)r=+5 KN

(SFo).= T8UIoTd faig C=aT ST SIS[@T ®ad 90 (Shear Force)
(SFc)L= +Ra=+5KN

(SFo)r= TEUTSTd faig T IS SIS[@T daid 9O (Shear Force)
(SFor= +Ra=10 = 5-10

(SFo)r= -5 KN
(
(

SFg).= TEUINIT foig B =0T ST ATS[@] dhaid 90 (Shear Force)
SFg).= +Ra=10 = 5 =10

(SFg)L= -5 KN

(SFe)r= TEUIST fag B &1 ISTET ATS[OT &l G (Shear Force)
(SFg)r==+Ra—- 10 +Rg

(SFe)r=+5 =10+ 5

(SFe)r=0
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IR (3) ;- SfST Aide (8v) YO
Sign Convention:-
SR &1 AT fG2H 91 3Re dR Sfet A 87 e (+ve) 394l ANSagging 3™
TQUIdrd. fdar SR &E=ar a&AT URTST GaTdid (Compression) 3Ol SH=dl WG
HITST dUIAId (Tension) ad 31@?7.)

I}{ M

M M

M

R S N EY RN OOR ORR _NE_AE

X

Bending Moment = +ve

31for

R I A o G adhd e R dfen e g1 HR¥E  (-ve) S
ARHogging 3 BUTdTd.fdbal SR SiH=aT aRaAT URTIST qUIETd (Tension) 30T SteE=aT
WIGHT HITTST GaTarHed (Compression)?ﬁlﬁ IS,

X X
t |
I |
i o i
i _ i
i |
I |
M iX M M | M
Bending Moment = -ve
(BM)c= TUINd foig ¢ aR ofé Aide
(BM)c=+RAX2 oo fdg C =1 HIUTATE! ThT dToH TEITd U35 bl

(BM)c=+5 x 2

(BM)c=+10 KNm

(BM)a=(BM)g= 0 .......... Riuctt quIds dim=ar g SURIaR (Support) e dide
(BM)R[RT 3.
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10 KN
A L §
2m C B
4m
Ra Rs

LOADING DIAGRAM

5 KN 5 KN
+ve
0]
%\ Base line C B
-ve
5 KN 5 KN

SHEAR FORCE DIAGRAM

10 KNm

gy

Base line

BENDING MOMENT DIAGRAM

aurguft (Check):- TSNS TURIUT (Check) o faemafan afgdtefiar emg wfiaa
fofevarh smazgear Amg.

gate R38R BRI(Max.SF)=W/2 = 10/2 = 5 KN

gare SfST AHe (Max.BM)=WL/4 = (10x4)/ 4 = 10 KN.m
3.4 UPRR-2
Rivelt guids AR faféra yR/se (Eccentric load) Ud T,
3aL .1 Tore HHd A Ry quics SiF = Sidt (Span) ‘L'HIeR 38 AR
‘WKNTT faf&d UR/dS (Eccentric load) STHAAT ASTYRUN (Support) a 3aRTaR BN
B 3118 TR T WIST i 5o MfO7 §fET Mide gt Prat.
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W KN

C B
L

Ra Rs
LOADING DIAGRAM

J:-

TRt (1) :- yfaferar (Reaction) ENLLA

TG 31t BN dee] JUICHT Ul fohaT MYSAT TS, 2.

b1 T | —— oo Fd T ST SIS I 3R0Y 3[a3ad 3R .

Sign Convention:-
+ve I -ve l

Ra-W+Rg=0
RA +RE=Weeeeeeeeeeenennns JHIHT (1)
1LY PR | SOOI fig A Yiad! Aide gaaar AaR

Tl HIcarAT fG2M (Clockwise) HIHE fhid 3@ R 3HAD (+ve) 30T

TSIl DI IG¢C &R (Anticlockwise) THHE fhd 3G R Sl (-ve).

Rax 0 +Wxa-RpxL=0

Wxa=Rex L

Wa/L=Rs

Re= Wa/L KN

Re= Wa/LET GHIBRUT (1) TY TG RaZNYST ST, bl

Ra + Wa/L =W

Ra =W- (Wa/L)

Ra=[WL-Wa]/L

Ra =W[L-a]/L----nmnnmmmmm- [ fEHTOft ST (L-a) = b 3™ WU b

Ra =Wb/L

Ra =Wb/L KN
IRy (2) :- Hd IO (Shear Force) EV L
Sign Convention:-Sar I dIS@l §¢ (Load) Wowdl G S 3”@ 9 Sl
SIS 96 (Load) IR a2 WA 3@ @R HAS (+ve) ST 30T e Iora
SI9E1 96 (Load) aXAT fa=A WA 3G d ST JI9Al 96 (Load) Wil faxA SId
3T RIS (-ve) I,
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e EalmsE

+ve -ve
(SFa)L= TEUTSIT fag A =0T STHT SIS[@1 Haid 90 (Shear Force)
SFa)L.=0
SFa)r = TEUST fag A T ISTT SIS@1 - 96 (Shear Force)
SFa)rR=+Ra
SFa)r=+ Wb/L KN
SFo).= UM foig C =01 ST A1S[@T Had 90 (Shear Force)
SFc)L= +Ra=+ Wb/L KN
(SFo)r= U foig C =T IoTcHT SIN@T Heid 9 (Shear Force)
(SFQr= +Ra-W = Wb/L-W
(SFQ)r= [Wb-WL]/L
(SFA)R= W [b=L]/L-----=-===mm-=- [ fEBTUR STUUT (b-L) = a 31 WU ZTdhvdl]
(SFQ)r=-Wa/L
(SFe)L= TEUISIT foig B T ST SIS[@T Haid §& (Shear Force)

(
(
(
(
(
(

(SFe)L=+Ra-W = Wb/L-W

(SFe)L=[WDb-WL]/L

(SFe)L= W [b—L]/L------mmmmmmmeo- 1 fEeBToft 3T (b-L) = a 3R WU Ahdl]
(SFe)L=-Wa/L

(SFe)r= TEUMSIT foig B =T ISIEAT STS[@1 -l G (Shear Force)

(SFg)rR==+Ra-W + Rp
(SFe)r=+Wb/L-W+Wa/L
(SFg)r=+Wb/L+Wa/L-W
(SFg)r=(W/L) [b+a]-W -----=------- [ f&a@Toft 3UUr (b+a) = L 31 U] 2hd]
(SFe)r=(W/L)L-W
(SFg)rR=W-W
(SFg)r=0
TR} (3) :- dfSIT Aide (Bm) MO,
Sign Convention:-
SR &1 AT fG2H 91hd 3R® dR sfet A 87 e (+ve) 34l ANSagging 3™
TQUIdrd. (fbar SR oflH=A1 aR=1 URTIST GETdaTd (Compression)STIOT STHZAT WG
HITTAT dUIdId (Tension) &ad GI@T'F.)
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" X M

=

1 X

Bending Moment = +ve
3{Tfor
R I R o fGRF adhd e R dfen @He g1 HR¥E  (-ve) S
ARIHogging 31 TUIATd.. (fdhdT SR =T aR=al UITIST AUMdTd (Tension) SHTTOT =T
WIGHT HITTST GaTarHed (Compression)?ﬁﬁ 31@?‘5'.)

1
iX

1
]
[}
i
!
M i M M M

Bending Moment = -ve

(BM)c= 0o fdg ¢ ax of$ dide

(BM)c=+RAX @ oo fdg C =T SIUATE! THT dTSH F&ATd U3, bl
(BM)c=+(Wb/L) x a
(BM)c=+Wab/L KNm
(BM)a=(BM)g=O0 .......... Rfuch TUIce SH=a G YRR (Support) STET A
(BM) ~gHTa T[T 3¥al.
W KN
A B
a C b
L
Ra Rs

LOADING DIAGRAM
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WB/IL KN \Am/L KN

2777
+ve 7/
O L 9
C///-ve ///
7z
Wa/L KN Wa/L KN
SHEAR FORCE DIAGRAM
Wab/L KNm
+ve
0L v 0
A Baje line B

BENDING MOMENT DIAGRAM

U
o= Sf$T AiHe (Max.BM)=Wab/L

3Gl .2 Wole sl ae Rived! quids fiF Sar Sia (span) '6 HieR 318 d ATaR
*30"KNTT digd HR(Concentrated load) STHZT A STUYRURIA (HUIE URE) 2 m 3cR1ER
BN I 3R TR T IS i 5o 17T ST Aidfe 3nmgpelt wral.

30 KN

A | C 1 B

2m 4m

Ra Rs
LOADING DIAGRAM

JX:-

gt (1) :- ufaferar (Reaction) YL,

qAAIG 31T BN He- JuicHT Uidfhar INUGdT SIS, 2rahdl.

SFy = 0 —------- oI 94 gehTd! STONTUld g kil 3 U1 3aRaH TG .
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Sign Convention:-

S

Ra-30+Rp=0
RA +R8=301uueeeeeeeeeeenns BT (1)
1LY PR | SO fig A Hiad! difc gaaar Ao

eIl Hlicara] fG2H (Clockwise) AMFC fhid 3G @ 3@ (+ve) SMUT
ST AT HIcaTll IG¢ fG2M (Anticlockwise) ATHE fihd 3@ R aoll (-ve).

Rax 0 +30x 2 -Rex 6 =0

30x2=Rpx 6

60=Rsx 6

60/6=Rs

Re= 10KN

Re= 10 KNBT FHI®RUT (1) HY TH RAZNYST SIS el

Ra + 10=30

Ra =30- 10

Ra =20KN
IRy (2) :- Hd IO (Shear Force) YO,
Sign Convention:-Sar IS dIS@l §¢ (Load) Wowdl G S 3”@ d Sl
SIS 96 (Load) IR a2 WA 3@ W S (+ve) T 30T e Iota
SISE1 96 (Load) aAT fa=M WA 3G d ST JISAl 96 (Load) Wil faxA SId
3G AR I (-ve) ST

T e

+ve -ve

(SFa)L= TEUISIT fag A T ST SIN[@T Ha-ad (Shear Force)
(SFa)L=0

(SFa)r = T8UIST faig A T ITcAT SIS[@T dai dd(Shear Force)
(SFa)r=+Ra

SFa)r=+20 KN

SFc)L= Wﬁg C 1 STAT SIS AT FHa-ad (Shear Force)
SFc)L= +Ra=+20 KN

SFo)r= TEUNM faig C =T ISTET SIS[@1 ol § (Shear Force)
SFc)r= +Ra-30 =20-30

SFc)r=- 10 KN

(
(
(
(
(
(
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(SFe).= TEUISIT g B =T ST SIS[@T di ad(Shear Force)

SFg)L=+Ra-30 = 20-30

SFg)L=- 10 KN

SFe)r= QUM fdg B &1 S5 SN[@T &ad dd(Shear Force)®ad &G
ShearForce)

SFe)r==+Ra— 30 + Rs

SFe)r=+20 - 30 + 10

(SFe)r=0

(
(
(
(
(
(

Ui (3) - SfST Aide (B M) =MieO.

Sign Convention:-

SR &1 AT fG2H dIhd 3@ ar Sf$T @i 81 i (+ve) 394l ASagging 3l
TQUrdrd. (fbar SR oflH=A1 aR=1 URTIST GETdaTd (Compression)STOT STHZAT WG
HITTAT d0IdTd (Tension)?ﬁl?f GI@T'F.)

3Tfor

M ta "

=

1 X

Bending Moment = +ve

R I R o fGaF adhd e R dfen @Hc g1 HR¥E  (-ve) S
ARIHogging 31 TEUrATd.. (fdhaT SR diH=aT a1 YIFTIST quMdTd (Tension)3ATIOT siH=
WA HRTTST QAT (Compression)ddd 3®.)

1
iX

M M M

Ix
Bending Moment = -ve

(BM)c= UG fdg ¢ ar of$ Aide

(BM)c=+RaAX 2 ..o fdg C =T HIUATE! THT dTSH F&ATd U3, FAbal

(BM)c=+20 x 2

(BM)c=+40 KNm

(BM)a=(BM)g= 0 .......... Rigch YaIcs diH=an g STURIAR (Support) STET

e (BM) IR 3R
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30 KN
A
2m C 4 m B
6m
Ra Re
LOADING DIAGRAM
20 KN 20 KN
W
7 +ve”
%Béeli% @ OB
77
10 KN 10 KN
SHEAR FORCE DIAGRAM
40 KNm
+ve
Y :
A B
Base line

BENDING MOMENT DIAGRAM

Turguft (Check):- TSNS TURIUI (Check) o faemat=ar afgdiwiar amg whaa
fofevar smazasar Arg.

gat= of$T AFe (Max.BM)=Wab/L = (30x2x4)/6= 40 KN.m

I FH .4 TOIG 3PHa g Riueht quids i S Sidll (span) ‘5 Hiex 38 9
TR ‘30°KN TT diad HR(Concentrated load) =T A SITYRUTYA (l:lth_cF UR[A) 2 m
SMIARAR  BFL Bld TGS “10'KN T dhfgd HR(Concentrated load) =T A
STYRIRL (HUIE IRE) 3 m SfARIGRAR SN BId 38 o AT WioT RISRBI 1oy &
e 3T BIal.
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30 KN 10 KN
Y Y
A 2 m C 1m D?m l B
5m
Ra Rs

LOADING DIAGRAM

Ji:-

TRt 1) :- LIGIEZN (Reaction) YO,

JAAIG 31T BN Hxe-] JuicHT Uidfhar RNUGdr SIS, 2rahdl.

SFy = 0 -----—-- SO U4 gchid! SIoRTUl g Siol X[ SRI0T AT 318 .

Sign Convention:-
+ve I -ve l
Ra-30-10 +Rg=0

Ra +R8=401uumeeeeereeenenns THIHRT (1)

TSATS AT HIcd=AT f&2H (Clockwise) AT fhRd 3@ qR 3P (+ve) AT

TSI AT HIcdTAT IG¢ G2 (Anticlockwise) HHC fhid 3@ R aoll (-ve).

Rax 0 +30x2+10x3 -Rgx 5 =0

30x2+10x 3 =Rpx 5

90=Rex 5

90/5 =Rs

Re= 18 KN

Re= 18 KNBT THIBRUT (1) HY T[H RaZNYUST ST, Z1ehell.

Ra + 18 =40

Ra =40- 18

Ra =22KN
gt (2) :- P IO (Shear Force) YL,
Sign Convention:-Bar IoAT IOl §6 (Load) W&wT G2 I 3@ T STl
SIS@1 §0 (Load) AT G T SRI® W UG (+ve) TN SMOT SEreAT IorAl
SISl §@ (Load) aRAT G2 SIId 3T d STl SISl 9 (Load) Qo faxH @
S R TSN (-ve) T,
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Em i ——

+ve -ve
(SFa)L= TEUISIT fag A 1 ST SIN[@T Hei §d(Shear Force)
(SFa)L=0
(SFa)r = T8UIST faig A T ITcAT SIS[@T dai dd(Shear Force)
(SFa)r=+Ra
(SFa)r=+22 KN
(SF¢)L= R0 faig C =T STaT S1S[@] dai- dd(Shear Force)
(SFc)L= +Ra=+22 KN
(SFc)r= TUNT foig C =T IS SIN@T Hei ad(Shear Force)
(SFOr= +Ra=30 =22 -30
SFc)r=-8 KN
SFp).= WU fag D T ST SIS[@Tdhd §d(Shear Force)
SFp)L= +Ra- 30= 22 - 30= -8 KN
SFp)r= TUISIT g D <1 STl STo[@Tahd- ad(Shear Force)
SFp)r= +Ra=30-10 =22-30-10 = -18 KN
SFp)r= -18 KN
(SFs).= TEUIIT foig B T ST STS[@1 Haid §& (Shear Force)
(SFe)L=+Ra=30- 10 = 22-30-10
(SFg)L= -18 KN
(SFe)r= 18U foig B =0T 30T SIS i 90 (Shear Force)
(SFB)r==+Ra-30 -10 + Rp
(SFe)r=+22-30 - 10 + 18
(SFe)r=0

TR (3) ;- SfST Aide (svyRIYOY.
Sign Convention:-

SR &9 AT fG2H 91 3Re dR Sfet A 81 e (+ve) 34l ANSagging 3™
QUrdrd. (fbar SR oflH=a1 aR=1 URTST Garald (Compression)3TOT SO WTo<

HITST dUITAId (Tension) WW)

3TfOT

M i % ™M

£

1
1
I
1
1
i
IX

Bending Moment = +ve
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IR d1he (32330¢)

R I R o fGRF adhd e R dfen @He g1 HR¥E  (-ve) S
ARIHogging 3R TUMNA.. (fdhaT SR dH=T a1 URTIGT qUITaTd (Tension) STOT Sz

WA HRTST QA (Compression)ddd 3{®.)

=

M

X

M M
X E

Bending Moment = -ve

(BM)c= UM foig € o df$ A

(BM)c=+RaAX 2 .ooocrore fdg € =1 HIUIATE! TPHT JTSH &A1 U35 bl

(BM)c=+22x 2
(BM)c=+44 KNm

(BM)o= UM foig ¢ SR &f$w dide

(BM)p=+R8X 2 .covocror. fdg C =1 SIUATE! THT dToH F&ATd U3, bl

(BM)p=+18x 2
(BM)p=+36 KNm

(BM)a=(BM)g=O0 ... Rigeh TaIds dim=ar g SURIAR (Support) sfET

e (BM) T 3.

30 KN 10 KN

A A ‘C I'D '

2m 1m 2m
5m

Ra Re

LOADING DIAGRAM
22 KN 22 KN

/+veé
7
0 C D 0

A Base line B
-ve
8 KN 8 KN Z /

18 KN 18 KN

SHEAR FORCE DIAGRAM

Maharashtra State Board Of Technical Education.

128



Strength of Materials (313308) AT d1ee (323300)

AT @4 D B

Base line

BENDING MOMENT DIAGRAM

3.4 YPR-3

Rivelt guids SR UShHHTA faafka dis (Uniformly Distributed load) Ud dTT.
3L F . 1 WOe MHdl AL Rige qaiés &1 [ 36 (span) ‘LHIER 38 9 ATER
'w’ 'KN/m dl UhIHH faafka ors (Uniformly Distributed Ioad)@ﬂ'ﬂﬁﬂ FI"IU]c ICIEH
O] BId 3T dR T IdT Ha- 9@ S ST A et e,

M
AA C TB

L2
L

Ra 'Rs
LOADING DIAGRAM

JX:-

TRt (1) :- yfaferar (Reaction) L

TUAIS 3l BT H- GuIdaT gfafhar NUSaT A1S; AHdl.

SFy = 0-----——- SO Td gcadh d SoRTuld T sl X 301 3z 3Te.

Sign Convention:-
+ve T -ve l

Ra-(wxL)+Rg=0

1LY PR | SO fag A Wiadt Aide dqaar 4R

TSATS AT BT [ (Clockwise)AHe fhd 3@ W AH (+ve) AT
TSI AT HIcaTAl IG¢C G2 (Anticlockwise) T fhRd 3@ TR IoTT (-ve).
Rax 0 +wx L x (L/2)-Rex L =0

wlL2/2=Rgx L

wlL?/2=Rgx L

Maharashtra State Board Of Technical Education. 129



Strength of Materials (313308) AT d1ee (323300)

wL/2=Rs

Re= wlL/2

Re= wL/28T THIBRUI (1) HY TTH RaXNYST SIS 2Aehall .

Ra + wlL/2=wL

Ra =wL- wL/2

Ra =wL/2
IRy (2) :- Hd IO (Shear Force)?fﬁtl'ef.
Sign Convention:-Sar IoAT IOl §6 (Load) W&HT G2 S 3@ T STl
SIS@1 §0 (Load) AT A T SRI® W UG (+ve) TN SMOT SEreAT IorAl
SISl §@ (Load) 9T G2 SI1d 3@ d STl SIedl 9 (Load) Qo faxH @
3G WIS (-ve) Y.

R

+ve -ve
(SFa)L= TEUISIT fag A 1 ST SIN[@T Hi §d(Shear Force)
(SFa)L=0
(SFa)r = T8UIST faig A T ITcAT SIS[@T dai dd(Shear Force)
(SFa)r=+Ra
(SFa)r=+wL/2
(SF¢)L= TeUoI foig C =T STaT S1S[@] dai ad(Shear Force)
(SFO)L= +Ra— w x (L/2)=+wL/2- w x (L/2)=0
(SFo)r= TEUM foig C =1 ST STS[@T Haad(Shear Force)
(SFc)r= +Ra—-w x (L/2)=+wL/2-w x (L/2)
(
(

SFo)r=0

SFg).= TGUISId foig B 2T ST SIS[0] dai §d(Shear Force)

(SFg)L.=+Ra-wL = +wL/2 -wL

(SFg)L= -wL/2

(SFs)r= T8UII foig B =T ST SIS[@T da-ad(Shear Force)

(SFe)r==+Ra—wL + Rg

(SFe)r=+wL/2 —wL+wL/?2

(SFe)r=0
TR (3) :- SfSIT A e (BM) RMTO.
Sign Convention:-
SR &1 AT fG2H 91 3Re dR Sfet A 87 e (+ve) 394l ANSagging 3™
QUrdrd. (fbar SR oflH=a1 aR=1 URTST Garard (Compression)3TOT SO WTo<
HITTAT dUIdId (Tension) &ad GI@T'F.)
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" X M

=

1 X

Bending Moment = +ve
3{Tfor
R I R o fGRF adhd e R dfen @He g1 HR¥E  (-ve) S
ARIHogging 31 TUIATd.. (fdhdT SR =T aR=al UITIST AUMdTd (Tension) SHTTOT =T
WIGHT HITTST GaTarHed (Compression)?ﬁlﬁ 31@?‘5'.)

i X X
M ;X M M : M
Bending Moment = -ve
(BM)c= U foig € aR df&T A
(BM)c=+Rax(L/2)-[WX(L/2)IX(L/4) oo fig ¢ =1 SIUATE! T ST &A1

US bl

(BM)c=+(wL/2)x(L/2)-[wx(L/2)]x(L/4)

(BM)c=+wL2/4- wL2/8

(BM)c=+ wL%/8

(BM)a=(BM)g= 0 ......... Riget Yuids diH=ar g STURIAR (Support) e dAe

(BM)R[A 3.
WM
A B
i P C A
L
Ra Rs

LOADING DIAGRAM

Maharashtra State Board Of Technical Education. 131
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wL/2
+ve
0wz 0 0
ase line 7
A Bl c -ve ?
wlL/2
SHEAR FORCE DIAGRAM
wL?/8
/ +ve
0 0
A Base line C B

BENDING MOMENT DIAGRAM

U

gafe dad 96 (Max.SF) = wL/2KN

gate of$T Ade (Max.BM) = wL2/2

321 F . 2 WIS MHdl AL Riueht Juids iy Sl Bis (span) ‘5HCR 3R T TR
‘w'KN/mdT THEHE fadid 318 (Uniformly Distributed load)dTH=aT YUl Biaar &1
B 3R TR T WIS! B 9@ AT ST AT 3l HTal.

10 KN/m

H5m

Ra Res
LOADING DIAGRAM

JTiR:-

IRy 1) :- yfafesar (Reaction) BV

TG 31t SR Hed qUICH Ukifehal MYGAT SIS, AT,

b1 T | —— oo Fd T ST SIS I 3R0Y 3[a3gd TR .

Sign Convention:-
+ve T -ve l
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Ra-(10x5)+Rs=0
RA +REZ50 eeveeereeeeenerennns JHIHRT (1)

TSATS AT BT [ (Clockwise)AHe hd 3@ R 3HH (+ve) SAMOT

ST IAT HIcdTAT IG¢ fG2H (Anticlockwise) HIHT fhid 3@ @R a9l (-ve).

Rax 0 +10x 5 x (5/2)-Rex 5 =0

125=Rex 5

125/5=Rg

25=Rp

Re= 25 KN

Re= 25 KNBT JHI®RUT (1) TY T RaZNYUST T3> Al .

Ra + 25=50

Ra =50- 25

Ra =25 KN
gt (2) :- P IO (Shear Force) YL,
Sign Convention:-Bar IoAT IOl §6 (Load) W&HT G2 I 3@ T STl
SIS@1 §0 (Load) AT A T 3RI® TR A (+ve) TN SMOT SEreAT IorH
SISl §¢ (Load) aRAT G2 SIId 3@ d STl SISl 9 (Load) Wo faxA @
3G WIS (-ve) I,

+ve -ve

SFa).= T8UIST fag A =1 STT SIN[@1 Ha- dd(Shear Force)
SFa)L=0 kN

SFa)r = TEUST fag A T ISTET SIS[@T -l §d(Shear Force)
SFa)r=+Ra

(SFa)r=+25 KN

(SF¢)L= R0 g CT SToT SIS[@T da §d (Shear Force)
(SFO)L= +Ra- 10 x (2.5)=+25- 25=0

(SFo)r= U foig CTaT I SIS[@T Ha-ad (Shear Force)
(SFQ)r= +Ra- 10 x (2.5)=+25- 25

(SFc)r= O KN

(SFe)L= TUINIT foig B =0T ST ST[G] deid §dl(Shear Force)
(SFe)L=+Ra-10x5 = +25-50

(
(
(
(
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(SFe)L= -25 KN

(SFe)r= TEUMSIT foig B =T ISISAT STS[@T &l dd(Shear Force)

(SFB)R==+RA—10 x5+ Rg

(SFg)r=+25-50+ 25

(SFe)r=0
TR (3) ;- SfST Aide (svyRIYOY.
Sign Convention:-
SR &1 AT fG2H 91hd 3R® dR Sfet A 87 e (+ve) 344l ANSagging 3™
TQUIdrd. (fbal SR oW1 aR=1 URTIST GETdaTd (Compression)TIOT STHZAT WG
HITTAT dUIMdId (Tension) &ad GI@T'F.)

M T e

X

Bending Moment = +ve

30T SR S o WAl [GRF adhd SRi@ d) dreT AHe 81 & (-ve) 3Rl
ARIHogging 31 TUIATd.. (fdhdT SR =T aR=ar YITIST AUIdTd (Tension) SHTTOT =T
WIGHAT URTST GaIATHE (Compression)ddd 3®.)

I |
iX i X

(A,

M | X M M (I

(BM)c= UM foig € aR df$ A

(BM)c=+Rax(2.5)-[10%2.5%(2.5/2)] ......occc.. fdg ¢ =1 ST ThT deH
ISR REEI)

BM)c=+25x2.5-10x2.5x(2.5/2)

BM)c=+62.5- 31.25

BM)c=+ 31.25 KNm

BM)a=(BM)g= 0 ... Rigeh TaIds dimea g SURIAR (Support) SfET AiHe
(BM) [ 3.

TURIUR (Check):- TEH® qurHUlt (Check) Wad faematear afgdfiefar smg
e fofevar smazaewar gl

gate da- 96 (Max.SF) = wL/2KN = (10x5) / 2 = 25 KN

gat= of$T A (Max.BM) = wL/8 = (10x52)/8 = 31.25 KN.m

(
(
(
(
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10 KN/m

C P B

25m

5m

LOADING DIAGRAM

25 KN

+ve

o) 0) 0
A Baseline G B

25 KN
SHEAR FORCE DIAGRAM

31.25 KNm

e
0
A Base line @ B
BENDING MOMENT DIAGRAM

3GL. % .3 WoIGoadl AHPHdNITS] Ha- g6 0T ST A 3Tedl HIal.

10 KN
20 KN/m
A
! 4m C i } B
8m
Ra Rs

LOADING DIAGRAM

Ji:-

gt (1) :- ufaferar (Reaction) YL,

qAAIG 31T BN Hxe-] JuicHT Uidfhar INUGdT SIS, 2rahdl.

SFy = 0 ------—-- SO Y4 gchid! SIoRTuldIg siel X[ 3RT0) AT 3T,

Maharashtra State Board Of Technical Education. 135



Strength of Materials (313308) AT d1ee (323300)

Sign Convention:-

wel e

Ra-(10x4)-10 —(20x4)+Rg=0
Ra +R8=130 eeeeeeeeeeneennnn. THIHIT (1)

TSIl BT faRM (Clockwise) HIHC hd 3RS R 3D (+ve) 30T

TS ] DU I6¢ AR (Anticlockwise) TIHC fhid 3@ TR G (-ve).

Rax 0 +10x 4 x (4/2)+10x4+20x 4 x[4+(4/2)]-Rex 8 =0

600=Rex 8

600/8=Rs

75=Rp

Re= 75 KN

Re= 75KNGT THIBRUT (1) HY TTH RAFNYST SIS bl .

Ra + 75=130

Ra =130- 75

Ra =55 KN
Ty (2) :- Had 90 (Shear Force)'iﬁ"i-l'l?f.
Sign Convention:-Sar I/ Jo@l §6 (Load) TG [G2H SId 3 9 STl
SIS@1 §0 (Load) AT A T 3RI® W UG (+ve) TN SMOT SEreAT IorA
SISl §@ (Load) AT G2 SIId 3@ d STl SIedl 9 (Load) Qo faxA @
3T RIS (-ve) L.

+ve -Ve

SFa).= T8UIST fag A =1 STT SIN[@1 Ha-ad (Shear Force)
SFa)L=0 kN

SFa)r = TEUST fag A T ISTET SIN[@T Ha-ad (Shear Force)
SFa)r=+Ra

(SFa)r=+55 KN

(SF¢)L= R0 faig C =T STaT S1S[0] Ha-ad (Shear Force)
(SFOL= +Ra- 10 x (4)=+55- 40=15 KN

(SFo)r= TEUM foig C =T ST AT[@T Head (Shear Force)

(
(
(
(
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Strength of Materials (313308) AT d1ee (323300)

(SFc)r= +Ra- 10 x (4)-10=+55-40-10
SFc)r=+5 KN
SFg).= TGUISId foig B 2T ST SIS[0] dai §d(Shear Force)
SFg)L.=+Ra-10x4-10-20x4 = +55-40-10-80
SFe)L= -75 KN
SFg)r= TUINIT foig B T ST SIS B §dl(Shear Force)
SFe)r=+Ra-10x4-10-20x4 + Rg

(SFg)r=+55-40-10-80 +75

(SFe)r=0
TRt 3) :- GT‘IJET RreRr ﬁ@ (Pointof contra shear) 3R BT
TSI, X § DIl RISR fdgd (Pointof contra shear) 3R B fdig U 3%

(
(
(
(
(
(

A FAp T qoreH arae
75/x = 5/(4-x)
75(4-x)=5(x)
300-75x=>5x
300=5x+75x
300=80x
X=300/80

TR (4) ;- ST Ai¥e vy,

Sign Convention:-

SR &9 AT fG2H 91 3Re dR Sfet A 81 e (+ve) 34l ANSagging 3™
QUrdrd. (fbal SR oflH=a1 aR=a1 URTST Garard (Compression) 30T SO WTo<
HITST dorard (Tension)%_OR‘T 31@?'5.)
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Strength of Materials (313308) AT d1ee (323300)

£

Bending Moment = +ve

3{Tfor

R W W ol [GAH a6d 3Re @ Sfen AHc 8 UFE  (-ve) Sl
ARIHogging 31 TUIATG.. (fdhdT SR e aR=ar YITIST dUMdTd (Tension) SHTTOT =T
WISHAT URTST GaAHE (Compression)ddd 3®.)

1
1 X

C

M by M M M
Bending Moment = -ve
(BM)c= UG fdg € ar of$ Aide
(BM)c=+Rax(4)-[10x4(4/2)] ...oocc.. fdg C =1 HIUTAE! THT deH ST
U Al
(BM)c=+55x4-10x4(4/2)
(BM)c=+220- 80
(BM)c=+ 140 KNm
(BM)p= TgUIeI foig DaR df$w didie
(BM)p=+Rex(X)-[20xX(X/2)] ....occcoo.... fdg D = PTG THT deH F&ITTd

U Al

(BM)p=+75x3.75-10x3.75(3.75/2)

(BM)p=+281.25- 70.31

(BM)p=+210.93 KNm

(BM)a=(BM)g= 0 .......... el TUICE SH=T GF YRR (Support) ST&T
HiHE (BM) gHE T 3R,
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Strength of Materials (313308) AT d1ee (323300)

10 KN
20 KN/m
10 KN/m
A i1 B
‘Tigl m C D 4 m
8m
Ra (4-X) X Rs
LOADING DIAGRAM
55 KN
15 KN
+ve 5 KN _pPoint of contrashear
0 0]
A Base line C -ve B

75 KN
SHEAR FORCE DIAGRAM

140 KN 210.93 KNm

7

+ve

\

AN

NN

0O
A BaselineC D B
BENDING MOMENT DIAGRAM

3.4 YPR-4

HIolaT dHAER Higd HIR(Concentrated load) Ud ST .
I H . 1 TOIe ATHd 8 HloidR s§F SArd! Gl (span) ‘L' Hiex 38 d AR
‘W'KN T dfgd YR(Concentrated load) STHAT YR THGGAT CIHTAT (Free end)®T]

B 3R TR T SHATS! B 9@ AT ST Aiie 3l HTal.
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Strength of Materials (313308) AT d1ee (323300)

W KN
A B
L
3TR:-
TR (1) :- yfafsear (Reaction) L
W KN
Ma
B
A i
Ra -

LOADING DIAGRAM

TG 31t BN deed JUICHAT Ul fohaT MYSAT TS, 2.
b1 T | —— oo Fd U ! ST SIS I 3R0Y 3[a3gd TR .

Sign Convention:-
+ve T -vVe l

Ra-W =0
RA =W KN...veereeeeennens THIHRT (1)
1LY PR | SO fog A Wiadt Aide dqaar 4R

TSATS AT BT [ (Clockwise)AHe hd 3@ R 3HH (+ve) AMOT
ST AT HIcdTAT IG¢ fG2H (Anticlockwise) HIHT fhd 3@ @R aulT (-ve).
Rax 0 +WxL-Ma =0
WxL=Ma
Ma= WL
IRy (2) :- Hd IO (Shear Force)?fﬁtl'ef.
Sign Convention:-Bar IoAT IOl §6 (Load) W&wT G2 I 3@ T STl
SIS 96 (Load) IR a2 WA 3@ @R HAS (+ve) T 30T e Iotam
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Strength of Materials (313308) AT d1ee (323300)

SISl §¢ (Load) AT G2 SI1d 3@ d STl SISl 96 (Load) Qo faxA
S RIS (-ve) I,

. R s

+ve -ve

(SFa)L= TEUISIT fog A T ST SIS@T Hei §d(Shear Force)
(SFa)L=0
(SFa)r = T8UIST fag A T ITcAT SIS[@T Ha-ad (Shear Force)
(SFa)rR=+Ra
(SFA)R=+W
SFg).= T80T foig B =T STET AIS[@T Hai- dd(Shear Force)
SFB)L= +Ra=+W
SFg)r= %’UI@EI@@ B =T 3ol a1 BT (Shear Force)
SFg)r= +Ra-W = +W-W

(SFe)r=0
IR (3) :- dfSIT Aide (BM)MEOY.
Sign Convention:-
SR &1 AT fG2H dIhd 3@ aR Sf$T @i 81 31 (+ve) 394l ASagging 3™
TQUIdrd. (fbar SR oW1 aR=1 URTIST GETdaTd (Compression)STIOT STHZAT WIS
HHTTAT dUIdId (Tension) &ad GI@T'F.)

M i M

(
(
(
(

5

X
Bending Moment = +ve

3o

R I A o fGRF adhd e R dfen e g1 HR¥E  (-ve) S

ARIHogging 31 TUIATG.. (fdhdT SR =T aR=ar YITIST qUIdTd (Tension) SHTTOT =T

WIGHT HITTST GaTarHed (Compression)?ﬁﬁ 31@?‘5'.)

|
EX

M M M

-X
Bending Moment = -ve

(BM)aL= TGUIST fag A 2T STHT SIS[@T sifet dife
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Strength of Materials (313308) AT d1ee (323300)

1 fdgar dife @1Td 3o 31z fdgar dfST diide gdarT & foigan Srem 9 Il
(BM)AL=0........( A T ST IOTSE UdeT 3Rl Saral S[ol deel The! g0
(Force) fdrar ufdfehar (Reaction) TTal)

(BM)a r= T8UIGIT foig A 2T ST TS ST HIHS

(BM)ar= -Ma

(BM)ar= -WL = ------- (Hogging)

(BM)c= O ... HCIBIR ST YR ISl BTG (Free End)sfSTT T (BM)
L .

U

Tald SIRd dad §6 (Max.SF)=WKN
Faid SR dfST AHE (Max.BM)=WLKN.m

W KN
Ma
' B
A A
Ra -

LOADING DIAGRAM

W KN W KN

+ve

%\ Base line g

SHEAR FORCE DIAGRAM

Base line B

A
0 //// 0

-ve

WL KNm
BENDING MOMENT DIAGRAM
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Strength of Materials (313308) AT d1ee (323300)

3AL P . 2 WOl ATHd A h<lolaR i Sl Sidl (span) ‘5" HieR 3Te T AR
“12'KN T $i&d YR(Concentrated load) STH YR TIGGAT CIHIBT (Free end)
O] BId 3T dR T ST o g6 30T dfST HIHT M HIal.

12 KN
A Y B
5m
3R
TRt (1) :- LIGIEZN (Reaction) YO,
12 KN
Ma
4 B

5m

R
* LOADING DIAGRAM

TUAIS 3] BT H=-1 GUIdTT Afafehar NYTAT WS, APl
SFy = 0 -------- IS T4 Tedhid! StorToitdId SIS Z[RT 30T SHazad T8 .

Sign Convention:-
+ve I -ve l

Ra-12 =0
Ra =12 KN...oovuerererenenens eI (1)
1LY PR | SO fag A Hiad dic gqadr AR

e dlearadl fG2H  (Clockwise)AHe fhid 3@ @ 3Mf¥® (+ve) ST
TSI BT IBC G2 (Anticlockwise) AIHC [hRd 3G R TSI (-ve).

Rax 0 +12x5-Ma =0

12x5=Ma

Ma= 60 KNm
IRy (2) :- Hd IO (Shear Force) MY,
Sign Convention:-Sar I dIS@l §¢ (Load) Wowdl G S 3”@ d Sl
IIS@T 96 (Load) IR G WA 3@ @R HAS (+ve) ST 30T e Iotal
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Strength of Materials (313308) AT d1ee (323300)

SISl §@ (Load) aRAT G2 SI1d 3@ d STl SI6dl 96 (Load) Qo faxA @
S RIS (-ve) I,

5 o

+ve -Ve

(SFa)L= TEUISIT fag A T ST SI[@T Hi §d(Shear Force)
SFa)L=0
SFa)r = TEUST fag A T ISTET SIN[@T -l §d(Shear Force)
SFa)rR=+Ra
SFa)r=+12 KN
SFg).= UM foig B =T STET AIS[@T Ha- §c(Shear Force)
SFg)L= +Ra=+12 KN
(SFs)r= 18U foig B =T ST SIS[@T @i adl(Shear Force)
(SFe)r= +Ra-12 = +12 -12
(SFe)r=0
IR (3) :- dfSIT Aife (BM)MIEOY.
Sign Convention:-
SR &1 AT fG2H dIhd 3le ar Sf$T @i 81 31 (+ve) 394l ASagging 3™
TQUIATd. (fdhdl SR S a1 HNTS! GaTald (Compression) 30T STH=T WG]
HITST dorTard (Tension)%_OR‘T 31@?'5.)
]

M ta

(
(
(
(
(
(

M

=

1 X

- .

Bending Moment = +ve

3{Tfor

SR dF A ol GaAH ddd e @ Sfen HAHc 81 HUF  (-ve) 3Rl
ARIHogging 3R TUITA.. (fdhaT SR dTH=T a1 URTIGT qUITaTd (Tension) SIOT Szl
QAT HRTST QA (Compression)dad 3{®.)
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Strength of Materials (313308) AT d1ee (323300)

1 X

|

M I3

Bending Moment = -ve
(BM)aL= TEUTSIT fag A =T STAT STS[0] dfeT AiHe
1 figar HiHe o 3o 3= foigar Sf&T dibe Uarn @ foigean S/ 9 Jofadl
(BM)aL=0........... ( A T 3T IO Ude] Al Dardl ST deol Uha! d6
(Force) fdar ufdfe-aT (Reaction) TTa)
(BM)a r= T8UISIT foig A 2T ST TSI SIS HIHS

(BM)ar= -Ma

(BM)ar= -60 ------- (Hogging)

(BM)c= O ......... HIolaR dIFAT YR IS CIBIST (Free End)dlST HHE (BM)
T 3.

TURIUR (Check):- TSNS TUTHUR (Check) wad faemafz afgdiwiar smg wfhaa
fofevar smazg®ar Ams!.

Tafd SIRd ®d- 96 (Max.SF)=WKN = 12 KN
Faid SR dfST AHE (Max.BM)=WLKN.m = 12x5 = 60 KN.m

12 KN

Ma

A 4 B

5m

R
* LOADING DIAGRAM

12 KN 12 KN
// ///
A // OB

SHEAR FORCE DIAGRAM
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Strength of Materials (313308) AT d1ee (323300)

A Base line B
0

e °

60 KNm
BENDING MOMENT DIAGRAM

3.4 YPR-5

FIBIaR G THHHT fIaf¥d @S (Uniformly Distributed load) A ST .
JELF .1 IO AP 8 dlolar aid S Gial (span) ‘LHIER 38 TR
‘w'KN/mdT THadaH faaRkd o (Uniformly Distributed load)sitH=a Fl'qpf [JICICH [RIU
B 3G IR T SHAT! B 96 STUT dfST Aie 3dhd B,

w KN/m

A B

Ji:-
IRy 1) :- yfafesar (Reaction) BV

M M/m
AL B

RA [ m
LOADING DIAGRAM

TG 31t BN dee] JUICHT Ul fohaT MYSAT IS, 2.
b1 T | —— oo Fd T ST SIS I 3R0Y 3[a3ad TR .

Sign Convention:-

S

Ra-wxL =0  -------- 1 fewmToft Uh HHH fgafva ors (Uniformly Distributed load)
BT HEId IS (Concentrated load) 7Y FYTaR HRUTMTST drerdl ?!Ui|@5 RIGH (Intensity x
Length) 3 H.
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Strength of Materials (313308) AT d1ee (323300)

gedlesrAT Hicdrdl fd2F  (Clockwise)dHe fRd 3/ W 3HFH (+ve) MU
TSI IAT HIcdTll IG¢ G2 (Anticlockwise) HIHT fhd 3@ @R aull (-ve).

Rax 0 +wxL x (L/2)-Ma =0

WL2/2=Max

Ma= WL2/2 KNm
IRy (2) :- Hd IO (Shear Force)?fﬁtl'ef.
Sign Convention:-S&rT oA J9@l §¢ (Load) TN [GRH S 3@ d STl
SIS@1 §0 (Load) AT G T SRI® W A (+ve) TN SMOT SEreAT IorA
SISl §@ (Load) AT G2 SIId 3@ d STl SIedl 9 (Load) Qo faxA @
G TR I (-ve) ST

RS ===r

+ve -ve

SFa).= TUIST fag A =1 ST SIN[0] o 9@ (Shear Force)
SFA)L=0
SFa)r = TEUST fag A T IO SIS[0T - 9@ (Shear Force)
SFa)r=+Ra
(SFa)r=+wL KN
(SFs).= TEUTSIT g B =0T ST SIS[@1 ®cid 96 (Shear Force)
(SFe)L= +Ra-wL=+wL-wL
(SFe)L= 0
(SFe)r= 18U foig B T IOIcAT SIS[G] dad 9@ (Shear Force)
(SFe)r= +Ra-wL=+wL-wL
(SFe)r= 0
TR (3) :- SfST Aide (svyRIYOL.
Sign Convention:-
SR &1 AT fG2H 91 3R® dR Sfet A 81 e (+ve) 34l ANSagging 3™
QUIArd. (fdbal SR ST a1 YRG! Galdld (Compression) 30T =l Mo
HITST dUITAId (Tension) ad 31@?'5.)
M X 5

(
(
(
(

M

£

X

Bending Moment = +ve
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Strength of Materials (313308) AT d1ee (323300)

3{Tfor

SR dF A ol [GAH add 3e @ Sfen AHc 81 S (-ve) Il
ARIHogging 3R TUMTG.. (fdhdT SR dTHaT aR=dT YFTIST quNard (Tension)ATIOT SH=dT
WA HRTTST QAT (Compression)ddd 3&®.)

1
i X

M M M

X
Bending Moment = -ve
(BM)aL= T8USd fdg A =1 STo1 SIS[@T difet dide
1 foigar dife od 3@ 3341 foigar df$ Aie gamr o fogan e 9
(BM)aL=0........... ( A AT STHT SOT86 UqoT 3Rl Dardl SIAT dI9oT Tdhs)
do (Force) fdoar ufafeean (Reaction) 7-|'I_&ﬁ)
(BM)a r= 0TS foig A =1 39T d19[oT SfeT diHe
(BM)ar= -Ma
(BM)ar= -WL?%/2 ------- (Hogging)
(BM)c= 0 ... HCIOtaR SIHAT YR TISGAT SIDIST (Free End)sifet A
(BM) [T 3.
U
Hald SIRd i 96 (Max.SF)=wLKN

Fatd SR dfST AT (Max.BM)=wL2/2KN.m

M /\M/m
A a7 B

RA L. m
LOADING DIAGRAM
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Strength of Materials (313308) AT d1ee (323300)

wL KN

+ve
W\ B
O Base line 0

SHEAR FORCE DIAGRAM

Baseline

)
|
<
M

wL2/2 KNm
BENDING MOMENT DIAGRAM

3AL P . 2 WO ATHd A h<lolaR i Sl Sidl (span) ‘6" HieR 3Te T AR
‘5'KN/m dl ThHHTH faaRa @is (Uniformly Distributed load) ST FF{Uf NICIGES
O] BId 3T dR T ST o g6 30T dfST HIHT M HIal.

M/m
A B

6 m

Ji:-
IRy 1) :- yfafesar (Reaction) BV

v W!m
W B

6 m

Ral
§ LOADING DIAGRAM
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Strength of Materials (313308) AT d1ee (323300)

TUAIS 3l BT H-1 GuIdwT gfafhar NUSaT A1S; AHdl.
SFy = 0 -------- IS T4 Tedhid! StorToitdId SIS Z[RT 30T SHazad T8 .

Sign Convention:-
+ve I -ve l

Ra-5x6 =0 --moee- g1 3Bl THgHH fddRd IS (Uniformly

Distributed load) @1 F%ld BIS (Concentrated load) AY FUIAR HIUIMTA]
Tl 7O BiET (Intensity x Length) 3 60

gediesrAT Hicdrdl fd2F  (Clockwise)dHe fRd 3G W 3HH (+ve) MU
TSI AT HIcaTAl IG¢C G2 (Anticlockwise) AT fhid 3@ TR IolT (-ve).

Rax 0 +5x6 x (6/2)-Ma =0

90=Ma

Ma= 90 KNm
IRy (2) :- Hd IO (Shear Force)?fﬁtl'ef.
Sign Convention:-S&rT oA J9@l §¢ (Load) TN [GRH WA 3@ d STl
SI9E1 §0 (Load) AT A T SRI® W UG (+ve) TN SMOT SEreAT IorA
SISl §@ (Load) 9T G2 SIId 3T d STl SIedl 9 (Load) Qo faxH @
G TR I (-ve) ST

D o

+ve -ve

(SFa)L= TEUTSIT fag A =0T STHT SIS[@1 Haid 90 (Shear Force)
(SFa)L=0
(SFa)r = TEUTSIT foig A =T ST ATS[G] daiH §O (Shear Force)
(SFa)r=+Ra
(SFA)r=+30 KN
(SFg)L= TEUISIT foig B T ST STS[@1 Haid §& (Shear Force)
(SFg)L= +Ra-5x6=+30-30
(SFe)L= 0
(SFe)r= TEUMOIT foig B =T ISIEAT STS[@1 -l G (Shear Force)
(SFe)r= +Ra-5x6=+30-30
(SFe)r= 0

TR (3) :- SfST Aide (svyRIIYOL.
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Strength of Materials (313308) AT d1ee (323300)

Sign Convention:-
SR &1 AT fG2H dIhd 3@ aR Sf$T @i 81 i (+ve) 394l AMSagging 3™
TQUIdrd. (fbal SR oW1 aR=1 URTIST GETdaTd (Compression)TIOT STHZAT WG
HITST dorard (Tension)%_OR‘T 31@?'5.)

! M

M ta M

=

ix
Bending Moment = +ve

3{Tfor

SR oiH g wiol QR arbd 3o @R SfST HiHe BT 3D (-ve) A

ARIHogging 3R TUTA.. (fdhdT SR dTHaT aR=dT YFTIST quNard (Tension)SATIOT =T
WA HRTTST QA (Compression)ddd 3{®.)

1
ix

i
1
i
i
1
i M M

M ix
Bending Moment = -ve
(BM)aL= T8USd fdg A =1 STo1 SIS[@T st dide
1 figar dife od 3@ 3341 foigar df$ Aie gamr o fogan e 9
(BM)aL=0........... ( A AT STHT SOT86 UqoT 3Rl Dardl SIATl dI9oT Tdhs)
do (Force) fdrar ufafeean (Reaction) 7-|'I_&ﬁ)
(BM)a r= 0TS foig A =1 ST dT9[oT SfeT HiHe
(BM)ar= -Ma
(BM)ar=-90 ------- (Hogging)
(BM)c= O ... HIOIR AT YR THOSAT CIHTST (Free End)sfEST Ade
(BM) [ 3.
TURION (Check):- TGS TURIUN (Check) Wad faematzar uigdiwiar emg wiga
fofevarh srazawar Ard.
ald SIRd P §& (Max.SF)=wL = 5x6 = 30 KN
aid SR sfeTT AHE (MaxBM)=wl?/2 =5x62=90 KN.m
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Strength of Materials (313308) AT d1ee (323300)

Ma KN/m
A#Jj B
RA 6 m
LOADING DIAGRAM
30 KN
+ve
0 0
A Base line B

SHEAR FORCE DIAGRAM

A Base line B
07 7/ 0
90 KNm

BENDING MOMENT DIAGRAM
3.4 YPRR-6
Gﬁﬁ? 3"11 R %t»—ﬁ?r 9 (concentratedload) Ad .
AL F .1 WO EHdl A [Goaar siaR 87 el dad 96 S §f$T At

3Tl PGl
5KN 8KN 4 KN

2m 1m 2m 2m

3N:-
TRt (1) :- yfaferar (Reaction) EL L
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Strength of Materials (313308) AT d1ee (323300)

S5KN 8KN 4 KN

Y h j

C D A E

2m 1m 2m 2m

Ra 2 Rs
LOADING DIAGRAM

TS 3] BT He=-1 GuIdTT Afafehar NYTAT WS, APl
SFy = 0 -------- IS T4 Tedhid! StorToitdId SIS Z[RT 30T SHazadH T8 .

Sign Convention:-
+ve T -ve i
Ra-5-8 +Rg - 4=0

RA +RB=17 eveeeeeeeeeeenenns BT (1)

TSATS AT BT [ (Clockwise)AHe fhd 3@ W AH (+ve) AT

TS5 IAT HIcaTAl IG¢C G2 (Anticlockwise) AT [ 3@ TR IolT (-ve).

Rax O +5x2+8x3 -Rex 5+ 4 x7 =0

10+24+28 =Rex 5

53=Rgx 5

53/5 =Rs

Re= 10.6 KN

Re= 10.6 KNBT THIE®RUT (1) AY TTH RaZNYST SIS, b,

Ra + 10.6 =17

Ra =17- 10.6

Ra =6.4KN
gt (2) :- HA- I (Shear Force)'iﬁ"i-l'lﬂ'.
Sign Convention:-SarT oA J9@l §¢ (Load) TN [GRH S 3@ d ST
SIS 96 (Load) IR a2 WA 3@ W HAS (+ve) ST 30T e Iora
SI9E1 96 (Load) IAT fa=A WA 3G d ST JI9[@l 96 (Load) Wil faxA SId
3G AR GOl (-ve) ST,
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Strength of Materials (313308) AT d1ee (323300)

+ve -vVe

(SFa)L= TEUTSIT fag A <01 STHT SIS[@1 Haid 90 (Shear Force)
SFA)L=0

SFa)r = TEUNT fag A T ISTT SI[@1 - 96 (Shear Force)
SFA)R=+RA

SFA)r=+6.4 KN

SFo).= UM foig C2a1 STaT SIN[@T HaiH 96 (Shear Force)
SFc)L= +Ra=+6.4 KN

(SFo)r= U foig C =T IoTcHT SIN@T Heid 9 (Shear Force)
(SFc)r= +Ra-5 = 6.4-5

(SF)r=+1.4 KN

(SFp)= T8UoT fag D =1 ST SIS[@1 Haid §& (Shear Force)
(SFp)L= +Ra-5=6.4-5= +1.4 KN

SFp)r= TUISIT foig D T IS SIS[OT i 9 (Shear Force)
SFp)r= +Ra-5 - 8 = 6.4-5 -8 = -6.6KN

SFp)r= -6.6KN

SFg).= UM g B T ST SIN[0T - 96 (Shear Force)
SFe).=+Ra=5-8 = 6.4-5 -8

SFg)L= -6.6 KN

(SFs)r= 18U foig B T IOIET STS[G] dai & (Shear Force)
(SFe)r=+Ra-5 -8 + Rg

(SFg)r=+6.4-5-8+ 10.6

(SFs)r=4 KN

(SFp).= T8UIST fag D =T ST SIS[@T @i 90 (Shear Force)
(SFB)L=+Ra=5-8 + Rs

(SFg)L= -6.6 KN

(SFp)r= TEUMSIT fag D T ISTET STS[GT Fai-l 96 (Shear Force)
(SFp)r==+Ra-5-8 + Rg- 4

(SFe)rR=+6.4-5-8+ 10.6- 4

(SFe)r=0 KN

(
(
(
(
(
(

(
(
(
(
(
(

TR (3) ;- SfST Aide (svyRIYOL.
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Sign Convention:-
SR &1 AT fG2H dIhd 3@ aR Sf$T @i 81 i (+ve) 394l AMSagging 3™
TQUIdrd. (fbal SR oW1 aR=1 URTIST GETdaTd (Compression)TIOT STHZAT WG
HITST dorard (Tension)%_OR‘T 31@?'5.)

! M

M ta M

=

ix
Bending Moment = +ve

3{Tfor

SR diH g wodl iR aibd 3o @R SfST HiHe BT 3D (-ve) A

ARIHogging 3R TUTA.. (fdhdT SR dTHaT aR=dT YFTIST quNard (Tension)SATIOT =T
WA HRTTST QA (Compression)ddd 3{®.)

1
ix

i
1
i
i
1
i M M

M ix
Bending Moment = -ve

(BM)c= UG fdg € ax of$ dide

(BM)c=+RaX 2 oo fdg € =1 HIUATE! THT dToH &A1 U3, 2Pl

(BM)c=+6.4x 2

(BM)c=+12.8 KNm

(BM)p= TgUISd foig D aR &f & Aide

(BM)p=+RaX3-5X1 covvrrec fdg D 2T HIVTATE! DT JTo &I B3> Al

(BM)p=+6.4x3-5x1

(BM)p=+14.2 KNm

(BM)g=-4X1 ................ fdg B =1 HIUTATG! ThT Ao S&ATd U3, bl
(BM)g=-4 KNm

(BM)a=0........... Riuch TuIcs ST STURIAGR (Support) df$T A (BM) I
3.

(BM)e= 0 ...37aR 7T SiH=T 3R THORUT CIBTAT (Free End)sfST AFeE (BM)
T 3.

Maharashtra State Board Of Technical Education. 155



Strength of Materials (313308) AT d1ee (323300)

SKN 8KN 4 KN
A B
2m C 1m D 2m 2m E
Ra 2 Rs
LOADING DIAGRAM
6.4 KN 6.4KN

7//4 4KN 4 KN
7V AAKN1AKN [rve

UWM A,

Base line D/ 7,
A C ¢/ B E
%M

6.6 KN 6.6 KN

SHEAR FORCE DIAGRAM

12.8 KN 14.2 KNm
Z
tve oint of contraflexure
0 B
A CaBaseline D -ve
4 KNm

BENDING MOMENT DIAGRAM

URRY (4) :- ﬁET FORR ﬁ@ (Pointof contra flexure) 3[R G
fdg D o71f01 B a1 AL &G (Section)X-X &g E UREA X m T SaRTaR &,

SKN 8KN y 4 KN

5 B
2m C 1m D2n 2m E
Ra 2m — Re
L Xm |
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(BM)o= TUISTE B (Section) x-xaR SIfST HIHe
(BM)xx=0............ DIl TSR fdgaR (Pointof contra flexure) CISURSIE A

-4 xX + 10.6 x (X-2)=0
-4X + 10.6X-21.2=0
6.6X=21.2

X=21.2/6.6

X=3.212m .. foig E U,

3.5 YhR-7 GT‘IJET TR ﬁiﬁ' (Pointof contra flexure) 3fc¥ Cariy)
3N &1 R THHH fAafd 9@ (Uniformly Distributedload) A SRAATAT.
AL F .1 WO EHdl A [Goaar siaR 87 SiHwme! dad 96 S §f$T A

3Tl Dlel.
5 KN

Wﬂw@
A

4m 1m

3:-
TRt (1) :- yfaferar (Reaction) ENLLA

10 KN/m
A W /

i A C

4m 1m

Ra Rs
LOADING DIAGRAM

TG 31t BN deed JUICHT Ul fohaT MNYSAT IS, 2.
b1 T | —— oo Fd T ST SIS I 3R0Y 3[a3gd TR .

Sign Convention:-
+ve I -ve l
Ra-(10x4) +Rg-5=0

RA +RB=45uuumeeeeereeeenens THIHR (1)

Maharashtra State Board Of Technical Education. 157



Strength of Materials (313308) AT d1ee (323300)

TSATS AT BT [ (Clockwise)AHe hd 3@ R 3HIE (+ve) SAMOT

ST AT HIcdTAT IG¢ fG2H (Anticlockwise) HIHT fhd 3@ @R aulT (-ve).

Rax 0 +(10x4) x (4/2) -Rex 4+ 5x 5 =0

80+25 =Rex4

105=Rex 4

105/4 =Rg

Re= 26.25 KN

Re= 26.25 KN BT HHI®RUT (1) HY TTHT R IAUST WS APl

Ra + 26.25 =45

Ra =45- 26.25

Ra =18.75KN
gt (2) :- Ha- I (Shear Force)'iﬁ"i-l'lﬂ'.
Sign Convention:-Sar IoT IOl §6 (Load) W&wT G2 I 3@ T STl
SIS@1 §0 (Load) AT A T SRI® W A (+ve) TN SMOT SEreAT IorA
SISl §@ (Load) aRAT G2 SIId 3@ d STl SISl 9 (Load) Qo faxH @
3T RIS (-ve) I,

+ve -vVe

(SFa)L= TEUTSIT fag A =0T STHT SIS[@1 Haid 90 (Shear Force)
(SFa)L=0
(SFa)r = TEUTSIT foig A =T ST ATS[G] daiH §O (Shear Force)
(SFA)R=+RA

(SFa)r=+18.75 KN

(SFg)L= TEUISIT foig B =0T ST A1[@] daid §O (Shear Force)
(SFg)L=+Ra- (10x4)=18.75- 40

(SF)L= 21.25 KN

(SFs)r= 18U foig B =0T IS0 SIS i §O (Shear Force)
(SFB)rR=+Ra- (10x4)+ Rs

(SFe)r=+18.75-40+26.25

(SFe)r= +5 KN

(SFo)L= T8O fofg CTaT ST ST9[G] daid 90 (Shear Force)
(SF)L= +Ra— (10x4)+ Rg =+18.75-40+26.25
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(SFO)r= +5 KN
(SFo)r= TEUMI faig C T ST ATS[G] deid §O (Shear Force)
(SFA)R= +Ra— (10x4)+ Rg-5 =+18.75-40 + 26.25 - 5
(SFA)r=0 KN
TR (3) :- SfST Aide (svyRIIYOL.
Sign Convention:-
SR &1 AT fG2H 91hd 3R® dR sfet A 87 e (+ve) 34l ANSagging 3™
QUrdrd. (fbar SR oflH=a1 aR=a1 YURTST Garard (Compression)3TOT SO WTo<

HITTST TUMETd (Tension)dad 318d.)
M X M M7 M
: i
; — :
i = i
i i
: :
1 X 1K

Bending Moment = +ve

3for

R I = Wow fGRF ddhd sle R df$T WAC g1 S (-ve) Sl
ARIHogging 31 TEUIATd.. (fdhaT SR dH=aT a1 YITIST quMdTd (Tension)3ATIOT siH=
WISHAT URTST GaTAHE (Compression)ddd 3®.)

iX X
M EX M M : M
Bending Moment = -ve
(BM)g= g0 faig B R df & @i
(BM)g=-5X1 ..o fiig B T PIUIATG! THT SIS GEATd U3, bl
(BM)g=-5 KNm
(BM)a=0........... Riuch TuIcs ST STURIAR (Support) df$T AFe (BM) I
3.
(BM)c= 0 ...3{[aR 871 ST 3MUR THGGAT TIHIST (Free End)SfeT HIHE (BM)
T SR,

R (4) :- Bi-el RI3R fdgd (Pointof contra shear) 3R H1GU.
TSI, X § diel RISR fdgd (Pointof contra shear) 3R A fdg U 31T,
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18.75KN oint of contrashear

+ve .
0 Base line 0
X -ve
21.25 KN
A FH 0T OreH aroed
18.75/x = 21.25/(4-X)
18.75(4-x)=21.25(x)
75-18.75x=21.25x
75=21.25x+18.75x
75=40x
X=75/40
R R-T AR R — A fodg U

IRy (5) :- ﬁET RreR ﬁgﬂT (Pointof contra shear) feoolt wafa s
(Maximum) Sf$wT Aide Hreu.

5 KN

Point of:w 10 KN/m
A M/V_‘B Y

k k C

m 1m

1875 m

Ra Re
LOADING DIAGRAM

(BM)max= U] WV?AT EIEIN ﬁ_g'?ﬁﬂ (Pointof contra shear) f3aTuft gafd sa
(Maximum) sfeT Ade

(BM)max=+Ra X 1.875-[10x1.875%(1.875/2)] ........cc....... fadgapi-cl RIsR =1 Bivrarst
TehT dI9 G&aTd 3, XAbdl

(BM)g=+18.75x 1.875-[10x1.875x(1.875/2)]

(BM)g=+17.578 KNm
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X 5 KN
Point of contrashear " —
B
A Q] £ c
1m
X
Ra 1.875m 8
X
LOADING DIAGRAM
18.75KN oint of contrashear
5 KN 5 KN
+ve e
0 0
A\ Base line B C
-ve
21.25 KN
SHEAR FORCE DIAGRAM
17.57 KNm
tve oint of contraflexure
0 0
Base line B‘%C
5 KNm

BENDING MOMENT DIAGRAM

IR (6) :- ﬁET FORR ﬁ@ (Point of contra flexure) 3 FIGUl.
fag A 3M1f0T B AT AL W& (Section)X-X foig A URET X m AT SfeRTaR &,

X 5 KN

10 KN/m

A

Ra Rs
(BM)e= UM foig ER df A
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(BM)e=0............ ObT';I TS RIR f&'gqa (Pointof contra flexure) afém dide YA

RaxX =10 x Xx (X/2)=0
18.75x X - [10 x Xx (X/2)]=0
18.75X-5X?=0

18.75X =5X?

X=18.75/5

Xe=3.75m .. fog A ORTH.
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gfAe -04: oA Aefie FHUr SOT HTaR 0l Ufdae
Bending and Shear stresses in beams

o fawg FreoRit (Course Outcome): AT AFET TRMRUGIHE dHAS IIH!
3TTOT TR quITa Ffgd H.
o Tuyia Rreor fAwRft (Theory Learning Outcome):
TLO .1 B3R afeT (Pure Bending) 30T dery 318 (Neutral axis) Jb e JHG
T,
TLO.2 TRIRRA BiRAl aIE UdHR HAHT (Resisting moment) 3ATOT fGHTT
Tlega (z) Ffga &
TLO.3 AF® HRTH W (Point and UDL Load) 31¢iH 3rciedT Tad HAT 30T
Hicdley dHHe fdded RIFER FHUR Ufdad (Bending stress) MfEd
h.
TLO.4 ST TN TUBIHR AUNTITST SIRdTd SR SHATIOT TRIERT HIaRol
1T TSI 3107 HTaT,
TLO.5 feoaar faumTRTe! e Wieudd HIaRor T faaRu Sidh«dl Hlal.

YEHTd 'FIT%?ﬁ( Introduction)

ST dHaT S| HR (External load) 3{Jdd (vertically) TN] Hal dl, degl § Smeh
ammﬁﬁﬁ&n%ﬁ,aﬂWWWWaa (Shear force) \’rﬂﬁfwm
(Bending moment) 3Idld ST TP U HIaR0 a9 (Shear force) 3rfor W
Af< (Bending moment) H@' fafRry ﬁﬁ (Deformation) Id, T dHAT IIEgR
(material) UfdPR Sl STy ﬁm .(Deformation) W (resistance)

3fcTd BTRUI YTl (Shear stress) SMTTOT FHUIRT WAl (Bending stress) T .

41..1 FHUITT RS (Theory of pure bending)

LPUIRT AA< (Bending moment) fdhdT Sle@r= (couple) W CEEIRICICED
PR U5 ST TS TH SIeIeT IqBTH HHHE YN THST 1S JHd. § WS
A0 38 DI, S ﬁ\_:qlﬁg (Outer radius) ] qomard (tension) A &G ST
3o Bsan HHUT (Compression) T 3G AU Fle! M BT TS HS.
YT 8T TR de® Wik fdhdl dey 318f (Neutral axis) 318,

I G

Al v e e B_Iv
I - == D

£ F

(a) Before bending
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(b) After bending

W 4.1 Bending equation
TPl 4.1 A AT @R [TURT SRAGAT 3178 TR 3187 ( 6 TR BIl,

C'D’ = RO 30T A'B’ = (R-y)0

oAl THIR TRl dfet 90 SR CD = AB BIsd Sl & Ao WRIaR
DIUTATG! dT0T (stress) TIATISS DIUNTe! HIG-dT0T (strain) Ad ATe1.

C'D’ = AB

3Tl T

WA= AB - A'B'/ AB --------——- TRJAB =CD= C'D’ 318

UM, 3= C'D'- A'B'/ AB ------- TRAC'D' = RO

SOIA'B’ = (R-y)®

WU, ¥ = Ro-(R-y)e/ RO = &

3TAT SR I AB = ¢ 31101 I Iﬁ@@ (Young’s Modulus) =E,
R =2
E

WU, 2 = TS = oo ()

y

ST, ST TSN R [aaRId 9 3Tt 4.2, SAHeSTd! Udh UL (strip) TCT A&
(Neutral axis) NI y SRR 318 3R A,
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3Pt :4.2 GABGET! Teh UGt

AR, 1 GATRIS HHT 9 (52)= Xysa
ST R Sfefel T el A= =X yéa Xy fdbal -xy?sa

fAmfor STeieaT TRMYes 0T SIOMRT Uerfan 81 UicRiyd Hif< 38 31 uferiy®
Af< (resisting moment) ?rﬂ%,

= ZEXyZSa fobar EZ y*8a

MO S y26a BT ACR 38, [T @ATBeSTAl AR HIAT 35
gfeRIy® Hii< (Resisting moment) M = EXI

W, gfaRIg® AH< (Resisting moment) L TATHT A= (Bending moment) Hﬂﬁlﬁ

E M E
M = XI fdar = = 2
g 2==2
y R
M_ o _E
" TR

Y M = UfdpRET A=<,
| = fQUTTTAT Je HETAT (N.A.) STedrdl HiH<

G dafddbdl Hledad =E,
R = N.A =T asbard! Baar afor
o = FPUIRT UfISel (Bending stress)
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et FHIBRUT GeHUIR FHIBRUT' (Bending equation) TEUL fies@el T,
41.2 Fp-1T Rrgiardia T[%W ( Assumptions in theory of bending)-

1) S gTegd fAHIT S FHAd SHied, FHudl 3Nt il FehedaR Uul JHdd
RTedld.

2) S A Uy, SIS 38 10T gha Rigiad ura @l

3) dUMdId (Tension) 3for w (Compression) 7 dafdddd HTS?EI\GH (Young’s
Modulus) JHIH 3R

4) S GIATAIAT TR 3107 B AR THIHHSMG-.

5) TI® R JuIard (Tension) 3{for WUT (Compression) o Had 3T, AT EGRS
RIS Wi 3Tg.

6) =T <;\I'{-I06{-Ir faurTda afvomHt 5@ (Resultant force) R \?rﬂ%

4.2.1 FAFRA JHIH0T (Flexural Equation)

M

o
I y

E
R
4.2.2 JHIBRITTE gedbiar (Meaning of terms used in equation)

M _ E
- =

c
y

Y, M = UldHRET AH< (Resisting moment),
| = J &CT (Neutral axis) f[AHURTTT SIS AA<

EGTTd dafdad] H\IJSIJ_\G{-I = (Young’s modulus),
R = dc¥® HEAT (Neutral axis) CEREIRES RIS

0 = JPUIRI SIRC (Bending stress)

4.2.3 LPUIRT PIGE] (Bending stress)

SiegT SIH SRl AIfST=aT Sl 3RId degl SiIed (vertically) AL Bld, AT FhUaTTS!
(bending) 3fd7d TIUMER (internal stresses) G Peied] UAPRR FHURT YA (ob)
U,

4.3 9t udia ufaga snfor fvmeE B-HT\'ﬂ' (Bending stresses and bending stress

distribution diagram)
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h/2 :‘_, :~_-
h ~—'_ .“._
h/2 =N ——__
B wo— ~—OCy :' I~ Oy :
X IRCIEIRERII] Ryeoef guids SR i
TPl :4.3 AT d! faurTa ufdee fawre=

4.4 HTARU Yfdaar THIHT (Shear stress equation)
PR Ufdad THIHROT (Shear stress equation)

_ FAy
)

4.4 1.PTaRU! UfASATT FHIHATT (Shear stress equation) ATIRATIT YA® ThTT
3

_ FAy
)

Y, q = PIUIATS! TFIEY fAUNTHE HTaR0! gfadd , N/mm T 2

A = TR 3(&TAT (Neutral axis) GId HITTE &Fthes Rz Ay

y =dc® &TAT( Neutral axis) IR AT TciedT ST HeAad! U Sfax it g
A Xy &FheTd! Ufga AHE =

| = J & (Neutral axis) o1 STe@ ‘T

F= PIARU 90 (Neutral axis) 3Tg .

4.4 2.3 TP AT TYSTHR FAHUTTATST, SR SR ( Maximum) {101
TR (Average) CAGELRIGE] (Shear stress) qreATTel A Y

1. GHTEI'IW'ﬁ faumT (Rectangular section)

GreiTel Tl 4.4 SRAFAATIHTO STIATH T f[AHUFTHTST BTaRUl HfdaaTdle
(Shear stress) Taid daa-
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Z
'
'

a) Rectangular section b) Shear stress variation diagram

Gﬂﬂ)_\'ﬂ' : 4.4 Shear stress variation in Rectangular section
q. = IRIRT BRI Uidas (Average shear stress) = F A=F bd
Qoo = ST STRd TR0 Uie e (Maximum shear stress) = 1.5q..
2. Wﬁﬂ-ﬂ'ﬂ (Circular section)

Greitel 3Tl 4.5 GrRAfATyHT w fAUTTITS TRl UfdEaTdid (Shear stress)
EISNECAR

q=0
X
| &
i =—0q
' N & cimax .3 av
D
a) Circular section b) Shear stress variation diagram

\’vl'l?_tﬁ : 4.5 Shear stress variation in Circular section
g. = IRIR] HTRY Hldds (Average shear stress) =F A = F (D24)
Qoo = SR ST BTl Ufaao (Maximum shear stress) = 4 3q..
3 W faum (Square section)

WA THAH) 4.(6 TRITIITIHTT AR [AHFTITST BTl YfAFaTdid )Shear
stress) EEI'I@@W—
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Gﬂqv_cﬁ : 4.6 Shear stress variation in Square section
0., = TRRIR] HTARY UfAGS (Average shear stress) =F A = F a:

A = SR SIRd BT 0! Ui (Maximum shear stress) = q...= 1.5q..

4.5 QAT fAURTTATS BTl Ufdad fAHTST (Shear Stress distribution
Diagram) \’rl'ﬁﬁﬁ

4.51.3MATPHd! f[AURTRITST HTaRUI Ufdad fAUTST (Shear Stress distribution
Diagram) \’rl'lﬁﬁ

TP 4.7 AL SRATGATHTO SfiH T STl U Hdadl g S $at ‘b’
STIOT WTetl ‘o’ 3MIf0T Teb AR ‘RS’ BT AR &MU )Neutral axis)'y’ SaRTAR g .

' Y
A J B . q= 0]
- g Z P —
‘ ——%;#v*hﬂrﬁ—'ﬂr—— \\
4 RF ZZ 22k 3 >
L b P . \
N_}__.,—-JL_._.IL__J&__ A ke ;}1 OGmax = 15 Qay
[ |
' /
_q_ /
2 l /
'
L | B J
e N b ! ,.C Q=0
I |
a) Rectangular section b) Shear stress variation or distribution

diagram
Gﬂqv_('ﬁ: 4.7Shear stress distribution in Rectangular section
UG A = BTifhd &3 (shaded area)) = £-y)xb) ........ i
§ =deR S&TIRIT (Neutral axis) BT d &ATAT  (shaded area) AHA! HFT 3R
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T=Y ) 29) = D 24 1)) e 0)
AXy = &RthesTel Ufgell HHE = b) £ -y)x3) < +y)
= g)%z—yz)) ...................... iii)

o\ N N o . . 3
| =TERY &N (Neutral axis) [SPTUT S TRST (Moment of inertia) = 2

TEULH, T YT TR0 UfASd (Shear stress)'q’ BT WICAYHTO! JHATSHTY,
FAY
"o

FHIBHRT iii) ST (iv) AT AXy T fHa THIBRT )v) AH 33,

b d? ,
_ PGy

- bd3

A= ()&= y2)) v vi)

THIBIUT )vi) TS 3 A& Ad PL,HIaRU Ufddd (Shear stress) BT A J&UNYA
(Neutral axis) 3R ‘y’ FHH B dTaTed Sl S0 At fhAd de=y era (Neutral
axis) ST ST 31l

1. URTTAT )layers AB and CD) G4 SATIOT WTEAT SIBTAT BTVl Ui

)shear stress)

YRieT )layers AB and CD) XA 0T WTeTedl CIebTatl,y = 5

y I fhad IHidRum vi) 78 33,

T 0 = 4R )layers AB and CD) IR HTfOT W< CIhIdT
2. dc¥Y &Il Neutral axis) ST yfaad )shear stress)

dc¥] H&TellNeutral axis),y =0 Bl fhua gHie Vi) T 33,

6F) d? _15F

g = Qmax =(ﬁ X

4  bd

Omax ST = ST BHIARUI UTAEd )shear stress) BT T Sf&Te(Neutral axis) 3R =
1.5F
bd

qmax 1.5 = qav
2?f?},qav) TR BT UfdEd = shear stress) = %

3. ATl [AUNTTHTS IBIUTATE URTAT HTARUI YT )shear stress)
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a= G-y

4.5 24O R fAUTTRITE! FTavr ufded fAUTSH) Shear Stress distribution)
3Tl

T, 3Pt 4.8 G SRAATIHIN Th O dUIDR [GUET S B ' Sfor 'dy!
SIST 3l Ueb Ugl )strip) Uefai! foTell o= 31&1T (Neutral axis) URIH Sl 'y' 3178 .

a) Circular section b) Shear stress variation or distribution diagram

amﬁ: 4.8 shear stress distribution in Circular section

THSM,q = fAUTTTIT STaR0 UfAa® (Shear Stress) BT AR 31&@T )Neutral axis) JHIIR
(parallel) 30T @ N-A 2ft '0' 10T -l

Tgl (strip) I8IAXy = (2xXdy)y

JTifdhd SN (shaded area)AXy = (2 xy)dy
PQ =b = fAYNTE ¥ 2 =rcos 6

I =Ixx

= Ina) TOUTTR SIS = M. 1. of section) = %r“

FAy F [(2 xy)dy
WU = 2 - [emy

gr‘* (2rcos0)

_ 4F r 2 2
= ——Jiy s(Y7? = y*)ydy
4F 1 3 r
=— ——(Tz—yz)g] )
nr5cos@l 3 rsin®
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3
__4F Ao 520Nz (2 .2Ys
o (r résin 6) (rs—r4)z

3

LI r3(1 — sinze)E

3mrS cos O

o = ST ST BTARY UfATS (shear stress) = 4 3Fr2
q.. = TRTER} BTl UfAES (shear stress) =Fr2

W. Omax = 4; Jav

6 =90°,q0 = , T fAURTI=AT a1 SHTfOT W b Tl TR BTaRYl Ufded )shear
stress) &1 ][ 3 .

4.5 3.U1H e AT [AUTTATS! )Hollow rectangular section) HTaR0 Afdaa
fAUTS )Shear Stress distribution) 3T

A, 3Tl 4 9.9 TRATATIHTY Udh Ylhad STl fAUNT 3HTe ST dTgxal
f{HT)B X D ) 32T 3MTed .b= da=il dI 30T t Felor SlIa! =

(Flange)

M

Gﬂ?cﬁ: 4.9 Shear stress distribution in Hollow rectangular section

() g = 4RI AT IO WG CIBTGT HIARY] UIATS = 0 .....(AXy =
0)

() g = 99 A0 GSSrAT ST [0l HIARU! UfdFS = FAYIB ........(A
=BXt,y = h+t2,F = BRU §0)

{11 PR Ul S (shear stress) SdlHdh qztl?if?'[ qred!.
Q. = B 2bXQ) e ('2b' HRUTIY 2 9 b Baid 3Med.)

0. = SR SR DIARY] UTASS (shear stress) BT e 3&ST )Neutral axis) Sl

= + Qoo
Y, .., = HYHAT HTARY UGS (shear stress)
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Q.= FAYIB ..o (A =2(bxh),y=h2dc® A& )Neutral axis) U )

4.5 4. A fAUTTETSY )Symmetrical | Section) FTaRU! Ufdae fAUTS )Shear
Stress distribution) 3Tl

THS, 3T 4 10,78 GRATATIHTO Udh JHAC| fAUFTRITEY )Symmetrical | Section)

\?rl'l@_cﬁ : 4.10 Shear stress distribution in I-section
STATHY,B IR 101 Wlered] eford] el =
b del &l = b
t TRfoTa! SIS = t
h =EF YT TR 31&1 ( Neutral axis) TR 3R

() g = YT G 10T WA SIDIGT HIaRY UfddS = 0 .....(AXy = 0)
(i) g =99 A0 G giear Srsr fEanTolt HTarvl Uidds Toreid EF 0T GH
= FAYIB .......(A =B X t ,y = h+t 20C® 3{& )Neutral axis) URIA,F = BRI

)
(iii) PR Ul ® (shear stress) dHdh qztl?fﬁ qredl.

_B
gz = FXC“

0. = ST SR DHIARY] UTATS (shear stress) BT dCR &S] )Neutral axis) STl

=0, + Qs
Y q.., = MDA HIARV! YA (shear stress)
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Gadd =) o A) =bxh (3 = SR 31 ( Neutral axis) TR (

4.5.5 T-fAUTTATAY ) T-Section) HTARY Ufdasl fAHTSI )Shear Stress distribution)
3THat

HST, 3T A 4.11 SRATAITIHIY T T — fqUTT ) T-Section) 318 .

Flange
- B [/ ,{g
I
A { B_ ____________ q=0
% .......... ‘B‘h qz
C h E F D
N - -t = = = - e=fce 1 Smae = OGmax
- b |&—
+— Web
G [ |

Gﬂqv_\'ﬁ: 4.11 Shear stress distribution in T-section
S, B TRiord! &al =
b derefl &I =
CSEEIEISICILE
h =EF AR ¢RI 31&f )Neutral axis) TR 3R

i) q = AT WRT=AT SR 0T W SIHTGT BIARU UAae (
Shear stress)l%UI@?IAB 37T GH =T fdarolt = 0
iy g = 99 A0 oS At e fEamTult HraRvl Ufdee worerd EF

= FAYIB wooorern. (A=BXt,y=h+t2F = B0 §0)
iii) CARRUYRYIRES] (shear stress) 3dHdh qztl?f?[ ared.
g. = B bxq;

Q.. = SR ST BIARY] YIS (shear stress) BT TR 3BT )Neutral axis) 3.
=Q: t Quu

Y .., = MDA HIARV! YA (shear stress)
(.= FAYIB ..o (A= (bxh),y =h2)dc® & )Neutral axis) URJT
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1. SR SR FHUIRT HIHT (Maximum bending moment) 5 kN.m 3Tfor 8o ot
x 240 Toe} Wd marddl [AURT U= e aRaAT HIaT=T @t 25
3RIR JPUIRI gfded (Bending Stress) e,

feerett wnfed-

b= 80mm, d= 240 mm, Bmax = 5 kN-m,
06 BT 25 mm S faHTTTAT a1 BT TTal 25 HHT fdRTaR ey 378,
JW- V=2

2
240

=20 _ 35
2

= 95mm

Bmax = 5 kN-m = 5 X 108Nmm
ope b
NA= —

_ 180 X 1202

12

= 11520000mm?*

0b=¥XY

5x10°
=— X95
11520000

ob= 41.233 N/mm3

2. O TMIAIBHR 1 YRR 3cied] diveicieg ST 01 3 Hiex disiear gad
TIBTaR 35 kN WW YR (concentrated load) Iq 3ﬂ% SR dUMdId )Tension)
febdT GaTaTd )Compression) HeEl SR SR FHURTHIAE 120 N/m U&TT SR
TR ST 1Y . (diameter) BIEGKRE

fedrett miRdt-

L = 3m = 3000mm

W = 35 kN = 35x103N
ob = 120 N/mm?

D ITYOT 31Tg.

Jii- siqol}l =0 {-IJ-InIdNUIIj{-IN (Bending equation),

Mumax = WL
= 35X103X 3000
= 105 X 1T0N-mm

JHIHRT (1) 9%,
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105X 10,3 _ 12D

/64 D/2

64 x105 X 10°

D3 = 105 X 10° X 64
T mX2X120

5. \/m
nX2X1

D = 207.33mm

. x’riTEI?I'W'ﬁ faumr )Rectangular section) 230 fodt g onfor 420 fdt @a

SIAUMAT STFOT TR 40 kN T HIARU §9 (shear force) T8 3R YUl

faHTTTId SRt SR BTaAR0 Ufdad )Shear Stress) TN,

feareh arfedt-
b =230 mm
d =420 mm

F = 40 kN = 40 X 10°N

IW- Il ST,

Qmax = 1.5 Qavgeeeeeeeeeeeennns ()]
5 f
URd, Gavg = Y
_ 40X103
T (230X420)
= 0414 N/mm?
THIBROT (1) T,
gmax = 1.5 Qavg
= 1.5X0414

gmax = 0.621 N/mm?
. U] IUBIPHR S SRdld SR 10kN ®TR0 §d (shear force)3g SR
SR SIRd TR0 Ufded )Maximum Shear Stress) 1.5 N/mm? Gdd Haffed
3T ST ATaIH A ( diameter) TN,
fadreh arfed-
f=10kN = 10 x 103 N
gmax = 1.5 N/mm?
FW- TUBTHR SHAL,
Amx = (2) Govgerrr D)

=(§> XF xD2
/4

~ (%) X 4 x10000

T

. (g)x47)r(10000 D2
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o 15Xm

D= (2) x4 x10000
B 15X7

D= (2) x4 x10000
D = 33.64 mm

5. TohT Rgel guIds sfivren W Hiex 6 3MTe ol 9ol W &R 12kN/m 1 THIHH
fadvd YR (Uniformly Distributed load) dTg =dl 30T 10kN T dbfad YR )
Concentrated load ( =] HEHHRT ?rl'l%) ST IR SR .material)
PHURT Ufded  )Bending Stress) 8 N/mm? U&T SR T8 @R Sfiw g
Tt faurT Aigd e $diear gue Wi =i .
et arf<di-
|6 = HicR
w 12 = kN/m
W 10 = kN
ob 8 = N/mm?2
d et = @ieft for b i = ¥
d2=b

10 kN 12 kKN/m

e m

3m * 3m

3ATP: 4. 12t guids din

12wl
M= "=+ = STl
_12x6%  10x6
M= s 3
= 69kN-m
= 69 x 10°N-mm

bd3
I =lxx = Ina = —

Flexure TT AR,
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M_O'b

I y

69x10°
0.666b%

_ 8

b

69x10%  b*

(0.666x8) b

b3 =12.95x 10°

b =234.84 mm

b =240 mm ............ Bl
d=2b=2x235

d =470 mm

TEUA, STHET 91 Taarg el faUTRT2 40xfet 470 Biga.

U1 fA 3607 @iat 107 ot G diH 24090 8 T 3SR FhURT . Ufderal
(Bending Stress) 81 18N/mm? UefT SRd T9d dR.SORd oid of &iF fbdt
THYA fdaRd YR (Uniformly Distributed load) Tﬂﬁqﬁﬁ‘_w.

et arf<-

dffret 360 =, bfFHT 240 =

L8 =Tl o, 18 = N/mm2w = ?

SW- M=

wx 82
8

= 8w N-m.
= 8 x 103wN-m.

R ———

3ATHl: 4. 13Rmwedt guids din
_ bd3
T 12
_ 240x 3603
- 12
= 933.12 x 106 mm*
Flexure T AR,
M _ Op
T Y
BXIOUW A8y e y = 22 180 =foref
933.12 x10 180 2

_933.12 x10°x18
~ 180x8x103

11664 =  x103 N/m
w 11.664 = kN/m
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7. THT A-AURT )T-Section) &HHEA 8§ HWiclgWhidcg WX 80 kN/m
UHIAMAARIT UR (Uniformly Distributed load) 3Tg.SR Uisl 180 Tt g 3for
20 ot St erae enfor d91s0 fardt < enfor 20 forft STSie T g .

RS SR HehUIRT Ufdeel (Maximum bending stress) BT,
3R -

80kN/m

I 8Sm

TPt 4. 14RTelt guids i

M 180 mMm——»

©)) zf)mm

----- 1
¥ .4
T=121.3]»mm |5‘1mm
20 ja—
mm

STHAY: 4. 158-fAUTT (T-Section)
A1=20x150 = 3000 mm? y1= 2% = 75mm

A> =180x20 = 3600mm?® y, =150 +2> = 160mm
_ (A1y1+A2y2)

y= Al+ A2
(3000x75 + 3600x160)

(3000+3600)
y= 121.36 mm
Ye = 48.64 mm, yt = 121.36 mm.
Ixx = Ixx1 + Ixx2
= (Ic+Ah?)1 + (Ic+Ah?);
L +AR2); + CL+AN2),
20x1503 180 x20x103

= > +3000x(121.36-75)%)1 + ((T)+36OOX(48.64—10))2
= 12072748.8+ 5494978.56
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Ixx= 17.568 x 10® mm*

EIESIGAT IR APUIRT A=< (Maximum bending moment)-

M :WTIZ: 80x8% _ 640 kNm = 640 x 106N-mm
S ST Ufded-
Oc = MX yc
I
= G0x10° 18,64 = 1771.97 N/mm2 (C)
17.568x 10
M
Ot = TX Yt

- 640x10° 15136 = 4421.198 N/mm? (T)

"~ 17.568x 106

Ot = Omax = 4421.198 N/mm? (T)

8. Wﬂﬂﬁ?ﬂq | faurTd (Symmetrical | Section) Udet A 150x fHH 30T
30T 3rgeid o9 et 300 X B 203M8d SR UHT fAURTIITE HTaR0l I (shear
force) 100kN 3Rd R YUl AU STt SR 31101 TRIRT Hravor wfdea
(Maximum and average shear stress) PIal .

IWR- T it 150 =x fiH 30
da= et 300x fiHt 20
Jeeit Siret (0)fEHt 20 =
PR F (shear force) 100= kN= 100 x103 N
2 = X 1088
a) SR SR BRI UIATAHTRIA BRI (Gma) 311G,
) q TIHTET =HIAR0 Ufded 0 =
i) oIS ATOT A9 AT ASTaR = HIaRY! Ul

FAY
qr= -
IB

3
= e 7 = 150+ 2=165 foref

=2. 475N/mm?
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150 mm

l‘

"

150 mm

amﬁ: 4. 1699firdta | faumT (Symmetrical I Section)
iy q13EF® q, Wi aed

150
T 20
Qmax= (2 *+ (add
FAY

Qadd= T

_ 150X 20X 75X 100 X103
- 20X 2 X108

(A =txh=20x150,y = h/2 = 150/2 = 75{0H)
= 5.625 N/mm?
Qmax = 18.56 + 5.625
gmax = 24.185 N/mm?
b) TRTERY BIRU! UTATAHTEIT BRI )qavg) TR,

A THUT = AR AU 8athe
150)2 = X 20) + (30 X(300
15000 = mm?

x 2. 475 = 18.56 N/mm?

F
Qavg = &

3
100X 10
~ 15000

Javg 6.67 = N/mm2
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Sample Questions
e U RApat a1d 80 it x 50 e HIg-Ya_ 5 Hiex WA difowr B
qIRST Sal. d Gad cblol 1500 N dT UR dlgd. R SIRdld SIRd qordTd
(tensile) R NUEEIEIS] (Compressive) PIRCRAGIECRCELR (3<R- 0. = 6. = 140.63
N/mm:?)

o gHMCI fAUTT (Symmetrical | Section)ﬂ?aﬁ 150 forft x 20 forft wbwr anfor
HﬂWaHBOOﬁTﬁX 1OWW.WﬁWWW(Shear
force)100 kN \311% W fAUNTE SRdld SRd ®IaR0! ufdde (Maximum shear
stress)IﬂfﬁH PR, (3TR- g... = 33.606 N/mm:)

o T ATl Sl Wio! 300! 318, THT BRI1fd® fAUTTaeRadld SR P10
PIREY) (Maximum shear stress)10 MPa \311% A dcR] JHETUHT (Neutral axis) 75
ot enfor 50 e} SiaRTaR SIiTd SR TR0l UfdeS@ (Maximum shear stress)
PIGL.(STR- q. = 7.5 MPa 31fl q.= 8.9 MPa)
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afire 5:8e ST FrHOTR Wit

DIRECT AND BENDING STRESSES

o fawg Aot (Course outcome):
faaeror AiféT aRkfRdid TRads wR gdta e 3fir aidbaedn drurd (Direct
and Bending Stress) fa=eioor &,

 fuzia e fAwRdt (Theory Learning Outcome):

TLO.1 WiHiaR e 31Oy faférea YR guTd Wy &,

TLO.2 T 3HeffUdh! UHTaR fAGEur YR SoaGar SR MaRara! giRome
qMUT-fAaROT 311l Hlal.

TLO.3 STAATg ! SN TUBTHR THNTS! WY, FAHTT=T TTHT aImét 23 aadh
(Zero tension) @ﬂ%ﬂ%ﬂ

TLO.4 dTdTe RdcAl RN fedoar TR s, geurdesyud
0T TFOT SruTel} Sl a1 T3 ez,

TLOS W W\'Té?ﬂ (Euler's Formula) 30T Y&Ted qv—\IJTEIET (Rankine's

Formula) A0 WHTHAE TH 0T led! Yh AU THSH .

PESICE )

DIUATE! SOd TG, WY UM, U1 Siegl 1&g URTAT e /&l degl A< arvl duR
B, SR HER faféd YR $RRA 36 @R AHUIRT a0l AR BIse. TUA SU0l
THERI® I 301 JIhoaal qumardl TeHd URUMET [aR $% ddl. dges
SRIRET T ST T HadH YU HioHIR SReld SR 10T HHld BT 101 Hig,
el BT YST HRIAT HATIARI® U 3T FHUIRT 101 T8 9 gled, Hi-gow, fgfdm

1.1.1 9T YR fdar srefig uR (Direct or Axial load)

SiegT TGl YR TWT HeRaR S dd 3dl ! fobar Helidar &1 &l &
TR H&RA Joodl degl ATET A UR fobar ey YR 3 wurara.

e dror fbar 31 &ﬁ'q dIUT (Direct or Axial stress)

I VaRMA & YT YRTH OIR AT I qTof fahar s1efta aror o Tordd.

Jedllg, = 2

A
P

" bxd

0o

3Tl 5 1.7 gRifdear o 3effg pfad YR P aTg- ~um=T b 30T SIS d =
ATl (U= WHMET foaR Sl YR P faumT= deise G o} 3[HyUul
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S IRl Al ‘P’ G5 APfad WRUEl de vl Idl ! g Jqul Hig-
JRMAL THIAM 3Hd WU Hig-YRFT SHIUATG! CwreR=n diul /A
3T T THAT URATasd aror faaRor st 5 1.9 cRifaen yAm ueh
3ITAd 31T A< A0 00 §IR GRITAel ST,

lp

1
I
!
!

(i) Elevation

¥y
x—-_.-!fc.’_—-—x I
F >

Y:
e—
(i) Pian

UL

(lii) Stress distribution

3Tt 5 1.9 dTor fhar Stefig aror

®BUH e Ao, = 2

A

go _F
°~ b xd

5.1.2 faféra 4R (Eccentric load)

SgT HR Headl sremaafaad THeR &Rl Hd ! dagT &1 HIRTT faféd HR 3/
TSI,

faféra YR )P) &M M = [t g
M=Pxe
fafared YR ATHUIRT d10T )o) T A< AT )a,) FRHTT HRa.
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e | P =Eccentrc

4 load

r<——~t‘>——>i
GI'IQ’_cﬂ 5.2 faféra uR (Eccentric load)
R RN 3Mpd e HRTES p, e w0 e o,
M = P x e 3{I01 T FHUYTHoS 1o AU Bl
5.1.3 faderor uRT g fAmior gomR wfaea -

T YR Sl ST &Rl Thy gid ATe! ATell fad&on YR 38 BUrdid axd]
Wit 3rer SfoT UR foigquedta siaRTen faceron mafer weorara . ‘e 3 xifaar S,

3feflg YRS Hhad ¢ 10 Al ok fafénd YR Ue T8 IIHUMRT o107 FHI01 Bl 3Mdhat
fadern Ipfad UR p = S1efiF SrIAdr Ue WY ABCD oXifadl p UR fafy Sieh
SRIIT TH JABCD) A1 3t U E figar &1 il WUroid X-X 3HefaR FgUrord Y-Y
31&reaT TEHid ot faciarT 3iTg . WU 3ick GE o1 faféredan 3 wordd.

3t fegor

() IR IS G TYA SIUMAT X-X SOTY-Y f&fi1 a<a 31&f fbar gayd 31ef
R TEUMTA HR BT Y-V &l Heuid faaem ory =),

(i) HRBT X-X 3&T Fgufd facerr oy rbdl fhar alel siem daufd fademr sy
Tl .

(i) SR YR T Y-Y 3 Ayl fadenr SR, &R Texrd aIhol Y-V SHETR g .
37T IR, Y-Y 3181 8T TeR 3 TGUH daa Sirdl 3107 faurT=ar Seard
gReEd Y-Y 3f&idec &rdl.
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(iv) SR HR BT X-X 3f&fT TgHd faaefn sRid,aR T daIhul X-X &R 8iad .
3R U, X-X 318 8T de & WU Uddl Sl o1 faummean
SIS UREd X-X 3&idee &l

5.2.1 faféra yRT= fazeruor:

ST ST 3Tl e T GRATATT YHON WY ABCD Toid 4=, Sy fafdd UR &
fo=g E aRall Srif-ad dal Il 3118 .G § Udamd dhgd 3RI GE § 3R e 3R TaId A
3Te.

—r o 1 1 I —-j=-
2 e !
A I e ! R
i e : — I - i |
~ I I
(4., 4 ——— 4
) () (=) (<)
P Y" s x bntf |
x..j_gf_g._x p i o= v__.G-l___.,_ 1 (51[; L —
o 4 C l . —T N - = M = xax s
v + L
te) ® (2)
3Pt 5.3: faféra URT™ fazdwor

3Tl 5) 3.b) A GRIfAT THIU! WU SR G forg IR a9 THH 31T fovg YR
0T Bicid, HRUT SIRT 4R BT fog £ IRl BRI 3aT ol aR Sfudedt YHT0 YR P ot
<iaar & 9qul Udd ABCD Rl UHuHH SRid JaM, favs Sftl TEy Jayes
YA AT YA Sead Ag! RO drdl URUMH X 3178, AT fawRT YR 71 fog £
aRdt gal IR Sriad 3g. WU SM1dl AT fdeIHR aR 3T Aed gRafdedl JATo!
faUTTe OIS TahdTd .31efla 9a p 3Tt

5) 3.c) AL qrAfded YA G fagar HHIi-ad glad 30T 3 5) 3.f) AL grafdedn
THIU Wies G TR B HRUIR UTH! g P YT quNg A0 e . 3dRd &H a9 3aT .
WU fafad o p oftr T Sl siefty 9 p 8 gt fG¥H sied dar
B I HEEg G aUd URTA M = P x e 3T Pafag G Ml 5) 3.g) TW B
HROTRT uRREd AT e BuH ffdd YR de 984 arefaum ufded fafor gidrd .
S B @A feedT gHTo!

42 YR P Y3 TR GUR A UTA =50 = = fhdl g o= —

b Xd

JIHIAURT YR P b IR BIUIR dHiqUIR Ufddd g Ufdad ARSudr siRdl o

gfdedrd g3 UehddhduTflexural AT AR B
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R

Y, M = UidHRIE GREe)moment),

| = faHFTT=AT TR 3f&Tel )N.A.) Hiadd Sieed TR )Moment Of Inertia)
EATSYaY AT ddfddhd =,

R = N.A =0T Ichaiit 3 3for

ob=wm (Bending stress)

IR FHIHR W W’(Bending equation) U 3@ Sl
U GF%XY

M I

Ty "

oM
b=7

sﬁ:
| = R mITe qeRy SHETe IN.A,) HiadR SIS aRad )Moment Of Inertia). = 22-
y= IR )layer) T 3&f Y-V TR 3R ) =d/2)

Z= YaRM Aregad )5)

I bd’ bd?

; :Z = %’ Z:—
2

U, & Y-Y U $EcdTg! ARG JUR THUT aRumHt ufded =
¢ Ufded + JHIAUIR Ufdad
0r=0010)

M = PXe QI UITAT YRS G5, UigS G IR BT HRd A, Y-Y SHefTAT Iordidbard
YT A Terd Ufdaarean it S Snfor v-v Sfar=an Sdidbald YT qUITayRd Ufdeer=ar
3 3T YA 0,81 BC AT W 3101 AD AT = 3 .

PG B AT C TS P =0T 9 3T, SR SR Ul B 3101 C I HIgHTaR TR
BT B A 10T D, P A8 U g1 e T {1t Holt a3,

UL ST, BC oR w07 1o uRom 9fdsd  =0,=00t0, =< +
ST AD R FH10T BIOR TR 0fdeel =0i=00t 0, == +

) Compressive)

N|X

N|=
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39

1. BC 3Tf0r AD SAdCIHTAT WRIGRATHUIRTIRTAH S0, y A Y, TeUrord
Ymax=b/ 2318 Tdd UIfgol.

2. 3Pl 54 U cfdwm@Em fafégeg aifém ges gRomdl qoumart Tom
HROGTTS!, i U0l T 3R

3. SR o,>0,3Nd R Il fqUITA vfded TR 3Rid WBUed Ygiad

4. SR, =0,3Nd W Aquf fqurTdia ufdea TEia THM WU Sfd Guord
TP fId UT DR, 0,0 226, 30T 6,y10.0=

5. 0, < 0, AT fdadl RA: a7 AT 3f27ch: AP frd 3R,

TIferet i UepRuTe! Ufded faaRor siigpdt 5.4 Hell gRifqeamHToy 3.

B L S

=t T
il

y

W

)|

L4 A 4

(W)

i

3Tl 5.4 : fdaer faavor

Q
“|] |+

A gitied AR A9 BIURT Uk 3iefiy a1 -

Holo! UhT difcdds S1&T Hdd! )X-X,Y-Y) TSUMAT dTdh I Udh 3&Y dTdh 3 Tl .
JRIMYUIX-X SHETARP Fittedh YR TR AR &1 J& JTeidl dieh UTfgal.
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Y
T [ e |4
N P, s @
]-x iG XT
D f C
Y
b ~—f

TPl 5.5 : TG HYIs® AR TA FIUIRT Th (& a1

3T, TPpfad YR P BT Y-Y &TR E figaR F1 Rl S TEid &F gl Sl
fOfAeTaTal X-X SR & 3T T S 3Tl 5 5.7 gRaaad 38 .

P M
0'r=0'oi(5b = Zi;
P PXe\,y
0r=00t0) = Zi xxXZ
U &1 AB aR JUIR ufRomdt ufded -

0r=00+0) = - + EXy) Compression)

30T §T9L CD R JUIR URUMH UASd :0,=00—0, = = — —=x 2

WTad] [HARG! Fidted Ufdad a7 bl STd T deel,

Omax=0, + 0o8 UG ATHEH WEUR A 3T 6,,,) =60< 6,TTP =
UfIad, 60> 0, = AUISH UfdTd WU 3:9a(.

REARRUE

o (@ 300 il g 3o 200 A SISt SApl Wid 318 AT Widr=dl SISl
YA 100 kN 2T YR 402 fasaroras guIieid dedr dm AUl BHTd
3T fore ufdara e,

I e Afgdt :b = 300mm, d = 200mm, P = 100kN = 100X103 N, e = 40mm
TUddr & :bXd 300 = X2 HiEH 600 = 200
g} gfdad Yvar HRA™ G 0r=00t0, =

bd3

| ey bd?
le—=7= —1dz =— =
y 7 6

:bl'U

% ) Compressive)

100X10% = 100X103X40

600 —  200X3002
6

)Compressive)
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100X103 | 100X 3X40 .
Omax(aB)=0o T Ob =~ ———=057—) Compressive) 3 = N\mm?
6
100X10%  100X103X40 .
Omin(cD) =00 — Op = oo~ zooxase? ) Compressive) 0.34 = N\mm?
6
D !Y A
i f
=]
X=p=re=- & .o =-X 200 mm
> € e i
! B
ta—300!mm-—
ly
2
0.34 N/mm 5
2
3 N/mm

TPl 5.6 : ATIATP It @i

R TP (Ulhes TPl h1g-Ja-=dl Tebl 8 T ol A4 #H x 1.8
3{Tg 30T Tl St 20 et oMg @iE S g @ faymmren diftifaes
&MU 30 At =7 fadefurd aR 500 KN @ 3Hdd R AL BN .00 MO 6pin
MYT?

fearett arfgdt 8 1800 =fiHiD 2400 = farft

3fdid URHTO: b = 1760 = 20 - 20 - 1800

d = 2360 = 20 - 20 - 2400f&H
&9h: = BD —bd
1800) =X 1760) - (2400 X 166400 = (2360 HIH
facerordr e = 30ffH
WIEP = 500kN = 500X103 N T8UM 6,0, 3TN 6,31

1 3 3
E(BD —bd®)

L5 I
ﬁ"] |'|T|' Iﬂm Zyy :yyy - v
max 2

3 3
=%(2400x1800 )=(2360x17607) _ 10468598527} 3

1800
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iR gferret evan HRAE G or=coto, ==+

) Compressive)

500X 3 |, 500X1 3X30
166400 ~ 104685985.2

)yCompressive)

_500X1 3 500X1 3X30
166400 = 104685985.2

Omax(AB) =0 T Ob ) Compressive)3.14 = N\mm?

500X103 500X103X30

Omi =0, — 0}= - mpressive) 2.86 = N\mm?
min(CD)™ "o b 166400  104685985.2 )Compressive) 2.86 \

(PR —
|
l
:
1
L ad vl

3Pl 5.7 : Npes AT

4. 150 T} soTETET B9 9@ TER IUTT ST83Id HISTaR 50 KN T IUT YR
AR FHIAd BT .6, STV 6,,,;, HI.

fedeht mifgeh :@mD= 150f8Ht, P = 50kN = 50%x103 N, fafdrddle =R=D/ =2
75 = 2/15010H] U MYTITST:

_—e = R

toe—— 150 mm —»

TPl 5.8: 1 TBTOR WH
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_ P _ 50X10° _ 2
Oo=~ = _,:—(1502) 2.83 = N/mm
T n4
Z= 5:64([‘,’ L = T (150%) 331339.85 = o
2
M_ M _PXe_ 50X10°X 75 _ >
7 Ty Tz Ts3130ss 11.31 KN/ mm

Omax=0, + b = 2.83N/mm?+11.31 KN/ mm? = 14.14 KN/ mm?)Compressive)

Omin=0, — 6b = 2.83N/mm?-11.31 KN/ mm? = -8.46 KN/ mm? )Tensile)

¥) 9Tel N 250 ot ofdr ofciia o 200 B SRicidAl Uihed aq@dTdR KT
iftifas g 75 e fadeod @ 90 kN o1 IUT YR FHEifad Hed
Omax: Omin EIRIGICE

IR feeielt Arfget D = et 250, d = Tt 200P = 90X 103N, e = At 75.
IIBTHR THTE 8BS A== (D2 — d?) = = (2502 — 200%)17671.46 = mm?

[

*
2¥35

Stress distribution (N/mm>)

TPl 5.9: TH® TYBTHR WH

s
@*-dY  n (D*-a%) 7 (250%-200%)

I
Z =-= D =
y = 32 D 32 250
905662.2mm?3
P 90 X1 3
O'O = - = =
A 17671.46
5.1N/mm?
M M PXe 90X103X 75
—= op=——= —= ———— = 7.45 KN/ mm?
y/ ayy)  z 905662.26

Omax=0, + 0b = 5. 1IN/mm?+7.45 KN/ mm? = 12.55 KN/ mm2(Compressive)

Omin=0, — Gb = 5.1N/mm?2-7.45 KN/ mm? = -2.35 KN/ mm?( Tensile)

Maharashtra State Board Of Technical Education. 192



Strength of Materials (313308) I dree (32330¢)

TAB] THAR! TIHHR AT Dbl SITdl, T It

Opmax=0, + 608 UAEd TP WEUM A 31T 0,,;,,) =00 < 0, AGISP =
UfAad , 00> 0, = TIP WU YTdTasrEa(.

TP HR SHIAd U IR IV Ufaad HIgl IeTg vl Iifed :

W) TehT 200 T S onfor 20 it STShan WiaAn quie widlardr 10 fat=n
fIAEUId"200 kN T TOF YR HRNd Hedy,oleld gHSI® el Jaard

)Y-Y) .Omax:Cmin 1O DA .

faareh wrfgedt : b = 200mm d = 20mm, dT® HR P = 200X103N, faféradr e = 10mm
WIdl =7 YUIE Ugid 8% A = bXd = 4000 =20 * 200mm?

A AY 3
|
x*.._._ ....... _4_._..*._-‘-
T
D ¥, c

P 200X103
O'O:—: =
A 4000

50 N/mm?2

db3

1 _7 -1z Z_db2 _ 20 X2002
=Z =-327=— =
y 3 6

=133333.333 mm?3

M PXe 200X103X10
= op=——= —= —————— 15 = KN/mm?
ayy)  z 133333.333

M
Z
Omax=0, + Ob = 50N/mm?+15 KN/ mm? = 65 KN/ mm? T STS)AB)

Gmin=0, — 6b = 50N/mm?-15 KN/ mm? = 35 KN/ mm? d=d& dIs)CD)

5.2.2 Y[ dYD ) Zero Tension): Rufa

TYUT TTget 318 B Sicg] fafad Tpfad R THTaR ST Sl degl dl I aid aihuIRT
gfdad AT Rl 60> o), SN URUMH! Ufdad AH I 3R, SR 60= 0, TR fHHAM
RS (0 i) LI A SO HATT UG 20, 3 A0 Ufdaara faavor dgpfrd
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3T W 6 0 < 6, 3TN Uldad 3iR[d: AHfad o1 SiRa: I SRIdl DS
IRA=T graTRil U g o= ufded Ui fasRid 819 Wdhd A - a4 ( Zero
Tension)m,afuﬁaﬁ% IH AU Ufdeesuern i fhar sRIsE 39 .

S B

Q
o

V
Q
=

\Y
N|=

\Y
|"U

N | X<
)

v

N N N B - N
NI| @

v
N| ®

[0}
IA
N

RIS,

Y TUD ( Zero Tension ) TUFATAT, faféredar z/A Oam &t fdbar St oIRd z/A
T RIS ST,

faum ﬂ"lﬁ\?’lﬂ )Section Modulus):

TERIT & Ui STScad URaad ST Hare WRI IR de (HIHe 31t SR
i iR g TUIaRIT fAUTT Aiegad 3 weUrdTd Si&

Z e =X-X & TG TIUTT AlSe ==

Ymax

Zyy =Y-Y 31&T Hiaate fauTT Afegey =22

Ymax

5.3.1 faféraqum=it wafar (Limit of Eccentricity)

ST TG fAwe&U YR WUIGR HI &l dagl df 4 dM01 dd arhUIRT T FHafor
Bl TR T U1 Il SIRdld S o101 3l (A S0 drbe Gl du]
ARSI dD]) ST TSR SH&TAT AT A[@T fhTF d1ul 3l (A dT0T TS dTeh UgTeA
U1 FHM). UISH 3R $EuN o g U5 $I Sudd FHUIRT 10 4 qT0MUEl
ST gdr, gRumt aror Spfrd $RId). SR dIdhUIRT dTol 4 drom=dl sRiaREl 3RS, d)
U] S L dT0T 3RS, U SR I UG 10T 4T AToueT SRd 3RS ar UhT aIe[oT
AIUIAUIETT 33, 3 % 3 3R,
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SR T dIUMST WA Il 9, d¥ dihuRT diol I diomuer &1 3rgrar fdar
SR SR, ol ¢ dTom=aT SRIsRIET 3T,

Op < 0o

PXe P
_S_
Z A

=

NG
N| @

<
e 312 ST P BIUIATET 7 FRUHTSY, faféreere 2 18 e gdfdb fohat e Uem T arard.
5.3.2 MaeR fAUrmaEdt faférauumht wafer (Limit of Eccentricity for circular

section)

THS 3! 5.11 AL GEAAYHA MABR [AURT €1 AN d - A0 7= JaRH
TSy 3Tg,

(]
N

Z="xd3
32
A=Zxd?
4
esE

A
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3

5 xd

I

X

IA

[o- 3 =Y NE

<

0]

grar 3 3R P, YR WIS Haren SIoTgt aele, d/8 = sRIas, e oy

AGAIDTR MR ., 3ATHT 5.6 AN f3UP SrTciedn g exifaeamyHm), de=n oo
VT 3T I U Il ST agesld SiRid, ) 1ol Squiyor Sgpted grad.

53.3 3AAdPpdl AU HRar awfar foRT A9 (Middle third rule for

rectangular section):

3{Tpdt 5.12 G faen Jam0 YUl SRydrghdl fAUnT fdarTd 93 S dfel b 3for

SIS d 3TE .
UM 836 A=b X d

r 3
o
X

2y
[

a

S~

w
I

f
fi_.._._i’_e_.;;._._
!

.-~ =

—
o
@
g "
n—%*

= b/3 —uo—b?a —i—D/3 —»i

W b/2 ——{¢—b/2 —
¥
STt 5.12: SATTaTH <t AU Hivar geaxitar fawxr fFam

Lex
Loy =
Ymax
ba® ba?
—_12 —
Lox = d Loy = A
2
T 7, =2
Yy Ymax
db3
Ty db?
—_12 —_
Lyy = b Lxx= P
2

3l YL T Ulded Rufd SRar ar yiferdean yomor
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d b
e, < - 3'II|BI e, < -
X =6 Y—6

BUH Il He TRATded THT0N SR HR 81 HYT Heb HRTIA FUrd dsil 3101 i o
I YT A faUTiod Hear AegedT THaisi HET AL SR WX HEi-ad ol a)
JAHl [AUNTHS Fode!l d0d Ufdad JUR ATe! 3YdT AT YN I a9F giaad
fqumT weurar aa 3for are faa Aeiter faeRT faa o detud o

5.4 W AT JRATaAT (Introduction to Compression Members)

WEAAHD  (structural) TCHIAG  (members) PHlal UchiaRk Had Gadld
Compressive) 3IUMR & (Axial) UR (Load) GFS ST, TS 31T GTHT KT
(Strut) 3R UM, ATUHT § ¥C (Strut) IW, @nga fhar foRU ¢Ele 3y T@arg, I
RIS T SHUIT WK C ()Strut) BT TH (Column) 3 FYS ST
5.4.1 W (Compression) 3HUTT=AT gehrl (Member) WT

W STHUIRT Ych &1 HadId IAFTHD (structural) ‘EIET:b"I_cﬂ?F (members) Td
Yech (member) 3178, TT TCHIGR Bad Ygd (Compressive) STUR YR (Load) ITGS
(Carry) SIIdTd.

, WY (Column/Pillar), UI3R (Pier) T USRI UchiaR Wk HPpa
(Compressive) 3UIR HR (Load) RERIV (Carry. SIIdId.

Y (Column) R (ier) o b
TPl 5.13: TH (Column) T TSR (pier)

1) 8T Y (Short Column)-:

2) SigT UYTAl Biel (Effective Length) d SHld B YR anq%ﬁ Ofdll (Least
Lateral Dimension) ITd UMK (Ratio) & R U&T HH! Ad degl AT WU GgH
WY U 3NesEe Sild.

3) fdpar

4) ST PIvATG! WY BT Had i HR fdhal 4 Gararies (Direct Compression)
b ded! / UG (fails) 3Rl ST WU I8 WY B 3Ny S,
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5) dd Y (Long Column)-:
@%‘[W—ﬂﬁﬁ IE] )Effective Length) g HHId HH &ravnﬂa’mzﬁaﬁ )Least Lateral
Dimension) ?ZH%[’IUﬂT'R )Ratio) § R U&IT SIRd Id degT U Al Y U NBES .
fdpar
SegT DIUG! WH BT ok FHUAMS fdhal arepuargeded! ) (Ui /fails) Sl =TT

U Ald WY BUH Hid@d S
5.4.2 GHTdt Fl'iﬁ() Effective Length):-

DIVATG! T IRATHBESST UHTG! dieT )Effective Length@l @T ( T
W Rl SRIOI=AT q'T%_c’ 3% EIO‘TETQ@W )Point of ContraflexureAdid ol (
3RTd

UG U1 ST Qiad feaiedT i A Uige A 9 B Sfvad Syar aiqedta
Ixfaaa iR g UHTdl et T 3ie@d Sd HRUT Uise A 9 B & aleigl Ulse 3ih
ﬁ'grqﬁam YPoint of Contraflexure( &H%?f )

Actual Length (I,)
L,=051,
Effective Length

3Pl 5.14: WUTHT AidT ) Effective Length(
5.4.3 RS =41 (Radius of Gyration):-

gk YUl qid Uedhd q¥gHM disd 38 o TfRd R Sd @ fdgd /
URYHUIIAT )rotation) &TIREA )Axis)d IfTd SR gRRE AT (Radius of gyration) TUH
3B ST,

q3-:

Therefore, k2 =

AL dluj;-la d*lrﬂ\ob 3] )Taking square root on both side(

k = L

A

T STUTAT Ko U ST IRIS LA Wl YA G DHRIdl .
— Imin
kmin = ’T

Kein -1 dHHT RSB 34T )Radius of Gyration (
Imin- PHIT HHI STSATT &7 )Moment of Inertia (

forr,
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A TAHTE-h 1] Ya-I )Cross Section@THS (

5.4.4 TSI ‘Iuﬁ?l'\' (Slenderness Ratio) A -:

fourmenr @l HH ReRT B Jleast Radius of Gyration) GRERESEIE
HHJA)Equivalent) fhar  srmfda )Unsupported) SICiE] {[Uﬁ?lw e {[UﬁTﬂ
)Slenderness Ratio) 31 G ST,

1 - Left,

Kmin
o,
A- @?Rﬁﬂ’jl?ﬂ?l? (Slenderness Ratio)
kenin ~PHIT HHI TR AT )Radius of Gyration (
Lesr, ~XHTIT GHTAT Aiel] )Effective Length(
a) THTAT FHTG T fRUfa (End Condition) AUPR -:
1. Q%1 2l MRRYd 30 (Both end Fixed).
2. GGl CIBHT [4SFR $MUR (Hinged Support) 30T (Both end Hinged).
3. Us < [RREd 38 YT =1 Tb faSIFR SfIUR (Hinged Support)
3{UI(One end Fixed and another end Hinged).
4, Uh GG ACIFER] \’rI'I%' 3T 'gﬂ:{ GG Eﬁf (free) 31Ut (One end Fixed and

another end is free).

" . b
-
=
! L
e 2 g g S| $
o & = & = § S| §
128 o J
2 c: 5 é‘: ™~ _- - i-
> k. | & I &
o 3 e S| 8
& rf g 5 & 4
2 |
!
* . -——“’:*v-v -..qu .....
BOTH END HINGED BOTH END FIXED ONE END FIXED AND ONE END FIXED AND

OTHER END FREE OTHER END IS HINGED

3Pl 5.15: TAUTAT G AT fRUTT (End Condition)
1) Sl SIPiAT feeIR SR (Hinged Support) 390 (Both end Hinged)
2) IR GHIGT GRIRUARET THTdT el a1 JHIRAT THTAT fdiaRe Qe
WS> Q.
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3) ol gaTGd! (U aFe o fRufa s, a1 Rydia uurdr sist wym=n
Sie JHE 3R,
4) 91 Rycid, WU Tg1 €l TheR U Hhoo!, Ugics fhal MoHR Hoo!
ST,
le =1L
o, le = gAd ot
L —qRdfd aiel!
c) &l=e! €I A3 =AY (Both end Fixed)
1. WY HGOT Siarl g WH YR Suar &d diad.
2. B! gaid Aoeg WY T Ryt 318, gl cidbi RRIS WM SRdia
SR HR 3T ATIOT a7 FRyret guTdt oist Tgpur Wy aidien sieff Aol

.
Ie:Z£
o, le = YA aisl
L CISIECAIE]]

d) U@ <o f[Afda sme nfor go=aT ST fASINR STYR (Hinged
Support) Gm'l?f(One end Fixed and another end Hinged)- :
g1 {Ycfld, WU T <l i Tolgd 3¥d, dR g i Jud HHPAd 3 Hadl .

le = L/\/;
o, le = QHJ didl
L SIS CCAIE]]

e) Th o fAfda GI'I% 3rfor w G2 @a’ )free 3oy ((One end Fixed and

another end is free)-:

1. 1 Agea R WHRR sk 9d Adean Rudifae Tuher s 4R
e BT &HdT 3.

2. 3R RS WY § YU HAGAd ST

3. Eﬂg%ﬁ%ﬁ (Fixed) 30T GG (Free) 3R], THM Sial WIS IGHHIO!

o, le = QA didl
L SIS CCAIE]]

le= 2L

Maharashtra State Board Of Technical Education. 200



Strength of Materials (313308) I dree (32330¢)

& HR fadiedr &H™ PP )Buckling)

Le=L
(EFFECTIVE LENGTH ) oC

B

A
P

1. I AHdId Gaigedr gHl, fdg A T B a1 fEeTol Wy foomR SuR fador 3g @
P T HRTHoS &Y GRIAGIT YHTU A-B-C T ST FohooT fagd Adl.

2. WYERI® SR SIRd Uida® (Stress) 0,.81 S@dH BRI Ui Sdd] deodHes
TP Gl THT0 AeAfag C IY ArSdl/ SUFai 3.

3. WU FHU § WA FH YR Saded 3Rd, Spdld aifdadl YT
Sl Gl 8l JETK fog 8 faoTR UgdiF fade srdid dgT Ad BAT aia! fdgar
fI&ToT 81 3T (Zero) 3 TR T fagaR AU (deflected) ThTaRT (Curve) IAR
(Slope)%ﬂaﬁw 3.

4. A 9 B A iR fa&TU (deflected) THTRT (Curve) SAR (Slope) ERITAGHAT
wffeT Aoyt 33 St € THrdt it BUH sfiewo! 9.

5.5 é?r\tf Jard (Euler’s Theory) -:

BI§ WU (Long Columns) RRTHAAT 3NARY HRUITET URST dheiTd Wad
m (Euler's) T BB @T‘ITR:IFFT IRCRICEY (Bending Stress) IBIESRIE]
TH=AT aIhUM=AT (Buckling uwgyww TIR &S, § YHIDHRU TIR HRd
ST IT UIITSTT (Direct Stress)TRUTH GO 1d ol 61, § G THId &I, Bid
U d¢ Ufde® (Direct Stress)dibuardl UidG@TAT (Buckling Stress) q@-d 110G

3B,

AR § ST YA ST, 2Ahd DI 304 (Euler's) T YT GG W HIAT S
JIRS SIS, 2ehd Alel, HRU G U dIddid 4 Ufddd (Direct Stress) 8T [daRTd
STa] ST 30T U ol goiad Bl ol 2Adhd el .

5.5.1 Yei¥ (Euler’s) Rrgiams Fadt W (Assumptions) :-
1) TH FHaTTe Yuiiol IR 3Rd IO HR 31efauu) ar] T Sed.
2) U AT Ty SIfOT SIS (Isotropic) M.
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3) WY Gfial Al dafdd Hgicd aiul Ul A% 3HIg I WUH wY
I g fHr UTe ovdl Uifgol,

4) DU Yldaerea orid THHE [aeRid §10RT 4 Uided YU e 3Rid.

5) TIUTAT SR URHTUIT ga-d WHT die! U HIdT 3 .

6) WIH Thcd FHeH eI glad .

7) Ty Squf AidiAed WU g ek THOHH J6id-

5.5.2 g (Euler’s) Rrgiar Adiewafar (Limitations) :-
geR=AT RIGIATIaR die WTHR™TST FHUMAT HRTE FH SHfteer! fdeit 3,

p - & fdpar

L2

n? E
&2
3TN Hifgd 318 B, Le/k = slenderness ratio
1) aﬂawwmwmmﬁa{%
2) oY Wiex"d UUﬂ?R S Bld a9y fohgdiIfdeaaredaRumd Wexy .
TUIRR YEITR Ue e, fhudimfaad sHdadd dighadl, o sardgRaese
T TR,
3) SR WIS TUIRR YHIUT 3R01dds FATGUET HH 3¥d, TR fobuaiiufdad g
SHIRAT Ufdae Ual SIRd 3Rdl, S AagIRGbesedl e Aol ., Jaidid
Tafedd SaY (Euler's) G SR Ufdearan sRieH fbueli ufaeamard! ang
3R,
FHUMAT HRTH! UM HRUYTATS §eT¥d (Euler’s) =T FHIPHRUMET AT -:

GGl SToT faSIFR SMTYR (Hinged Support) STRIOTT dd 31&fid YR SR0M=T L
SAD! Sl AT Aie THT BT S (Buler’s) Tl FHUTAT HRTET (Buckling Load)
far fop Ui URTERTUMT HRUGT HIdT Wieitd THI0! I3 TR &l 3178 .

[e) =

72 E Ipin,
Pe = o
o,

Pe = 3a (Euler's) a1 FHURT HR (Buckling Load)

le = YT GHTA! ofiell (FAT AT (RUfd TOR)

E =TT Mgl 9T Aafeebdar Adidh

Iinin. ORI St WU 1 HaRH AT HTHRITAR =, fdaT
T o diaedld HH Se@d UREA )Moment of
Inertia)

, 2
Pe = %
PE - T f;:k
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a@ﬁ,mmmf%—qﬂ&n%k:\/%) 3T | = Ak2

n?EA m
PE = =

S &Y, MueTeT Afgd 38
Le =XdYT=l gyTd! ot (raTaien fRUfd TOR)
K= R B (Radius of Gyration)

g A= Lt

K
A

_T[ZEA
AZ
g PeTE
A a2
o.=:E 2 (PRU[ 6. =PEA)

5.5.3 Il fobar fopuelivT HIR (Buckling or Crippling Load PIEUATH AT (
{130 A P 9 T SUGH
mﬂﬁ (Rankine’s formula): YBT3 U UG URAIAd B o1 GATd
19 T AR 38, LT 9T 3D HAUD g HI AHH el $eH o U oid
Ty 31 WY et 9d AT UHR GHIAY 3M15d, SUihe- a1 JAME] dTR Ho-
T8 WA TEdd (o UR 81 AcRUH SHGoWo] SiTd], TSI WU dedid
fPUBIT UR BT Pe HOOTST ST,
(BETd PER F1d WY T e WY T1 Glal HRAT ITIRVIRITS! W61 g TR
Fe SIS 38,

P =PI~ BRI YR fdar fopuefim yR

P. =hMTHR =ocx A

Pg :g?lﬁ (Euler’s) ﬂTﬁ“—ﬂ?)Critical = 4R (%)
TG ICCHTST, BRI YR 8T Pc TN YHT0 Hlgal STl

Pr = Pc = oc XA

ford),

fc :W (Brittle) geryiarsl A BRI ufdad (Crushing Stress) 31 dafas
(Ductile) ARSI EIRARIE IR 3] (Compression) ST gfded (vield Stress)
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g TSt
RNo G Pc 8T FRR(S 3], T8 WHNGTE! SR SRIAHT Pe 8T BR HHI B,
TS (1/Pe) %rlafm(Value stﬁﬁ&nﬁrm Pc d G0 BR HHI gId ol

Pc®l g@l&ﬁ BT SIS e,
]%-UEI

1

=~ = 0+ Pl—E ATD) Py = Py 3R THTL (
Wﬂﬂ%ﬁﬁﬁ%@%ﬁﬁ%ﬁﬂwwa@amwnmaﬁww
TS dhd .

%ﬂ"lg?‘:l% YA (Rankine’s formula),
1

_ 1 + 1 _ Pc+Pg

PR - PC PE - PC.XPE

E I I I

_ PcxPg _ P¢
R Pc + Pg Pc +1
PE
ocxA
PR: <

/ ocxA \+1
1'[ZEImin.
\ LEZ }
PR I FRH 3R, B = ocxA ST py = —ipin
E
ITSUT 3TGUT P, A1 FAR UG Qiehd JHT0l Jig e,
Pp = —C e ML) Iy, = Ak? TT TR HE(

R O'CxAXLEZ i1
2 E Ak?

P, = ocX A
R™ & 2
(@5 +1
, P = ocXA
o U )]
e Ao = (55 T ATURIDPTETEARUIeh U AR SATel(

gme,
Py =PI~ BRI YR fdhar fpuefim 4R
le = WU THTG ot (AT AT fRYfd TOR)
K = IR® T B (Radius of Gyration)
o = 3ifaq SR ufdad
A =g YR d EAHD
a =YhTETd fRRIH =(5< )
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