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Rational :

Diplom in thi 5¢ are requi
el thi reqi il;s(lidﬁ::t :rli;llu; co(il};la:c are “q‘ll.md to analyze reasons for failure of different components and
lect or different applications. For this purpose, it is essential to tes :
betuciples, suplications and practioes i i se, it is essential to teach them concepts
; actices covering stress, strain, bending moment, sheari |
o | ‘ , strain, g nent, shearing force, shafts and
baslil:ms‘. It_ is e.w_&pccted tha.t efforts \\'.lll be made to provide appropriate learning experiences in the use of
principles in the solution of applied problems to develop the required competencies.

DETAILED CONTENTS
1. ?tresses.and Straips (10 Perlods)
.1. Basic assumptions; Concept of load, stress and strain
1.2. Tensile compressive and shear stresses and strains
1.3 Concept of Elasticity, Elastic limit and limit of proportionality.
1.3.1. Nominal and true stress-strain diagrams.
1.3.2 Hook’s Law
1.3.3. Young Modulus of elasticity
1.3.4. Nominal stress
1.3.5. Yield point, plastic stage
1.3.6. Ultimate strength and breaking stress
1.3.7. Percentage elongation
1.3.8. Proof stress and working stress
1.3.9. Factor of safety
1.3.10 Poisson’s Ratio
1.3.11 Shear modulus
1.3.12 Deflection and stiffness
1.4. Concepts of fatigue, creep and stress concentration
1.5. Thermal stresses
1.6. Principal stress, principal plane under direct and shear stress,
method.
2. Resilience (04 periods)
2.1 Resilience, pfoof resilience and modulus of resilience
2.2 Strain energy due to direct stresses
23 Stresses due to gradual, sudden and falling load. (05 Perio ds)
3. Moment of Inertia
3.1. Concept of moment of inertia and second moment of area
3.2. Radius of gyration
3.3, Theorem of perpendicular axis and p

graphical determination by Mohr’s

arallel axis (without derivation)
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mon geometii
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3.4. Second mom
d moment 0

derivation); Secon
3.5. Section modulus
4. Bending Stresses

4.1. Concept of Bending s;rcsses

2. Theory of simple bending
23 5se o?lthe equation oy=M1= E/R
4.4. Concept of moment of resistance
4.5. Bending stress diagram
4.6. Calculation of maximum b
4.7. Permissible bending stress

5. Torsion
5.1. Concept of torsion- difference between torque

5.2. Use of torque equation for circular shaft
5.3. Comparison between solid and hollow shaft with rega

5.4. Power transmitted by shaft

5.5. Concept of mean and maximum torque
6. Shear Force and Bending Moment (10 Periods)

6.1. Concept of beam and form of loading
6.2. Concept of end supports-Roller, hinged and fixed

6.3. Concept of bending moment and shearing force
6.4. S.F. and B.M. Diagram for cantilever and simply supported beams with and without overhang

subjected to concentrated load and U.D.L.
7. Columns
05 i
7.1. Concept of column, modes of failure ki
7.2. Types of columns
7.3. Buckling load, crushing load
7.4. Slendemness ratio
7.5. Factors effecting strength of a column
7.6. End restraints
7.7. Effective length
7.8. Strength of column by Euler Formula without derivation

79. <1
. Tiin Rank.me Gourdan formula ( without derivation)
L Cylinder and Spherical Shells

(06 p eriods)

ctangular, circular, and T section.
nd symmetrical [ sectiop

(04 PeriOds)

of re

ending stress in beams :
tangular, circular, a

Section modulus for rec
and torsion.

rd to their strength and weight.

-

8.1. Introduction to longitudi
ngitudinal stresses, ci : i
8.2. Lonoitud: ; es, circumferential (04 Periods) |
8.3. ngzxg?na: ond Cfrcumfefential stresses in thin cylir(l)é hoop stresses and radial stresses |
5. Siopeand Ina a'nd circumferential stresses in thin S 'er
S h t[‘l  Deflections of Beams in Spherical shells
efl :
slope and deflection for the foflc tion, sign convention, Cirey] . (08 Periods)
(2) Cantilever hav; ~101lowing standard cases | > bending. Calcy] ti i
aving point load at the f y double integration ation of maximum
ree end Ormoment area method.

(b) Cantilever havin

(¢) Cantilever o g paint load at any point of the Span

unifonn]y dlSt .
ributed load
over the entire
Span
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(d) Cantilever having U.D.L. over part of the span from free end
(¢) Cantilever having U.D.L. over a part of span from fixed end
(f) Simply supported beam with point load at centre of the span.
(2) Simply supported beam with U.D. L. over entire span.
Note : All examples will be for constant moment of inertia without derivation of formula.

LIST OF PRACTICALS
To find the sheer force ata given section of simply supported beam for different loading.
To find the value of ‘E* for a steel beam by method of deflection for different loads.

To determine the Max-Fiber stress in X-section of simply supported beam with concentrated loads and
to find the neutral axis of the section.

To determine the ultimate tensile strength, its modulus of Elasticity, stress at yield point. Elongation and
contraction in X-sectinal area of the specimen by U.T.M. through necking phenomenon.

To determine the ultimate crushing strength of materials like steel and copper and compare their
strength.

To determine Rockwell Hardness No. and Brinell Hardness No. of asample.

To estimate the Shock Resistance of different qualities of materials by Izods test and Charpy test.

To determine the bending momentata given section of a simply supported beam for differentloading.

Top determine the various parameters ofhelical coil spring.
To determine the angle of twist for a given torque by torsion apparatus and to plot a graph between

torque and angle of twist.
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(STRESSES AND STRAINS

§ 1.1.1 9R=F (Introduction)

TSR 9o @A | IHh T T IR H FI-- . :
T, TR1 F S (Elasticity) 1 00 8 %méﬁ m_mfomanon) T i

forell sft =l = & (Structure) T Fmto e 9% WM T A
\ ¢ o T W gfe ¥ 7
W%ﬁwmmwﬁaﬁmmuﬁwﬁﬁm%wmm(Nature)%ﬁrhmm;:g
TR Am H a5 F I R T wE i T o wE Y wherkgEE ot W

§ 1.1.2 §a (Force)

"' ST I ST HRUT R, W fuve @i fermrere o ue wHe i o sraen Ay wew
‘m.mm%l"ag@mw%lmm%ﬂaﬁm%ﬁ“mam%aﬁi*ﬂ’ﬁﬁimﬁﬁ?g?;
TE B ofq: oot 98 W &, e g e (Work) Temam s 81

Hied Jomet (MLK.S.) T =ct St TS foheiiomd kg ©, g W 368 forammo (kg) & foman st 2
& Sh1§ (Gravitational Unit) Fd B ¥ '
ST Jotedt (S.1. Unit) T I i 375\%:’@_“‘ (Newton) et € R N 3w e foman v 21

1 kgp=9-81 N = 10 N 1T

F® T& 3Eal (Units)
1kN =1000N =100 kg

1 Ton = 1000 kg = 10* N=10kN
| MN (3 =29) =10° N=10° kN =10" kg;
| KPa (fell TReher) = 1kN/m” = 10° N/m” =10" Pa
| MPa = 1 MN/m’ = 1 N/mm” = 10° Pa = 106 N/m” (- 1Pa=1N/m)

1 GPa (7T U=hed) =1 GN/m> =103 N/mm? = 10° Pa= 10° N/m* _
79 312 H BA TS A1 B (Structure) & E'W'ﬁ 71 31994 (Parts or Elements) W El| aﬁ ERIC] aiaﬁ
A S S| “mmwﬁaﬁﬁmm%aﬁﬁﬁwmw(Load)ﬁ%%l” SR—Fem
maﬁ'q'n‘fmW(Beam)mgamwwgamaaﬁm@ﬁmwmaawml |

§ 1.2. YR I &5 & UBR (Types of Load)
fafe=d
(1) 37T 79T =1 9T (Dead & Live Loads)—S1 T g, T o T foen et fe Fe

Wﬂmm%,mwmaﬂa(mauoammﬂ &
ﬁ@—ﬁiﬂ@wﬂ?r@ﬁmmw,g&rmw,éﬁmﬁaﬁém@eam :
YR, T W dR A Higd & 9 T A
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O ‘ ; x . i yfaarcr-<tadr (Intensity of Stress Ii . .
m%ﬁa@mmﬂﬂw%ﬁﬁﬂumﬁmmﬂﬂdﬁmﬁuﬂﬁw_ T B () : )~ = W A & T T, e E, e
DI (2) arefig adT ATIE 9T (Axial & Transverse Loads)—SiT R ferdt a9 41 : sat Eunﬂﬂﬁ_m & wma:w;muh am_,am_ﬂi A AT AT G T (Resisting ?:wﬂﬂ.«

frqn B T B4 &, ST8fT AR FEem EqAw P mmn_w_mwmwﬁm__maam: ﬂ&ﬁsdm_m_: e &_am_ F p W [ WMo AW B & A 7 W w7 7 A

rﬁuﬁmﬂw%w«mﬂmsm&w% g 3 0 .
eﬂﬁﬁizmwmﬂﬂsuﬁﬁnﬁﬂaﬂ%ﬂwﬂ%wﬁqﬁﬁ (TR T —

Fear &l z%n&%%wﬁmséﬁi%m&dﬁz&ﬁﬁﬂw_ R 1.1 (g . e 1 A, G p= mmglu.:w: (=)
W Auvmﬂﬂmgﬁ&ﬁﬂﬁﬂﬁ,n:m:m@Oc:.—:.omm?o ,—Lcm%vl@.l%m.ﬂﬁ. TS iy = Unit of Stress)—Sfae =1 — .

ﬁﬂ&@%m@mﬂ%ﬁmﬁﬁgm:are_&ﬁww@@@m_._ (&) # el _,%amwmmw Nw_n_ T A
®) . - = (kgs /cm?), A/ (N/mm?)

e p, @ W A MR % &Y H O E Q e % Fret s @ A = o #
Dl gmﬂﬁﬁmﬁ%&&%@mﬂwm@mﬂmﬂ%z._AAOanRmm?n (o T e WR) F-Fl 2 3 sl & .

RET 1.1 ) fepeirey/ i (KN/mm®) o1 FT 9T (MPa) A T AR (GPa) Rl
e (Plastic) 99T 3¢ (Rigid) faug—fFd o @1 fove W 9w T &

fee i (c) FIT® (Elastic),
| ﬂﬂﬁdﬂﬂ%&m@%&%iﬁﬁ%ﬂg%g%im%gﬁgwl

(i) were fave (Elastic Body),

(i) enfes faUs (Plastic Body),

(iii) g% faUs (Rigid Body)!

(1) weare faus (Elastic Body)
(Shape and Size) 9l ik n@n |
R He §9 9 SR T A oA E
fas & g O A ST € I A

Load) ¥8d €1 S fo 1.1 Amvmmﬂ@mﬂﬂ%ﬁwﬁmﬂaﬂﬂw
> %mﬁ%%%gﬂﬁ%ﬂﬁ%%ﬁmiw
g 7% arefta WX A1 WiF AW (Direct Load) ¢ wed 2
=5 (4) FAT W AT HAT I (Shear Load or Shear
/i tudeamimﬂﬂmﬂﬂﬂzmﬁnﬂzﬁmﬂﬂmﬁ@ﬂa
1 A\UMW:%AQQJ:Q%Q%H%%%%%&%&%
: S FaT G 1 HA g Fed &1 7 P ST W T
¢ Herdl 8—
faa 1.2 (30) m,ﬂmm@wmmﬂaAEﬁEa._oSc_mﬂgﬁw_wﬁm
m@ﬂmﬂ@mmmmﬁﬁmmmvwmimmﬁ%mﬂﬂwwﬁm
3 5 fde 31 ared & fod T & @ e f 1.2 (9) & SR
%_ﬁﬁgmmﬂ&mm@mﬁﬁﬁﬁmﬁ%mﬂim@
w2 § fi32 1 ST 9 < 3R fEge S g, S S wilel % |9 L Z
fide, A e AB W e fhEe ST 81 39 i F1 e 1w )
(Shear) 4 ¥1 7% fFel € & HRU & T T Tl F B Fedd qd § 1.4. ufraeil & PR (Types of Stresses)
(Shear Force) a1 @dd M (Shear Load) #&d &l el el ear W3 3 RO g e T
(1) T qdql qrires wiaae (Tensile and Compress

§ 1.3. 918 el a1 WRi & gHE ¥ gardf &1 ZEER !
o fera 1.2 (@) ) Fda ar smgEqu gfddd (Shear Stresses),

(3) 32 faus (Rigid Body g
i oo ST @1 94 g8 fvs FE €

ive Stresses),

romnmummsmso:_‘ of Materials subjected to External | Gy i e st (Direct and Bending Siresses)]

e e ety e peafStrets & Scaln) S fsh 75 ¢ wirr & 7 il Mwﬂ_ﬂﬁaﬁﬂﬁﬂié g o () H o

wﬂmmiﬁﬁﬁﬁw_ﬁ%&.i%omﬁamﬁﬂwaw_wﬁmﬂﬂﬂm&mﬁww@wm& 3 g1 g Wfaeel F T Hse Fed ¢ (@ 7 11 @M.ﬁﬂmﬂﬁ&aﬂ.m%ﬁgw —

u@memMMW %Mwﬂ% R T fow ¥ g (Stvain) e a5 & Garef § Susr Wi @ - MM_ MM“_ wfeae A zﬁﬂs wferae (Shear M:.w,ammmﬂﬂnd% Mmmm (Shear Stress) e
(Shear Force) ﬂamﬁw&ﬁm%%%ﬂmﬁﬁﬁws Yy & wefdm ® ©

v = a1 favs 9@ 79 F 9l ufiriyg 3 9 w.%%n@ﬁ%uﬂ@&%wmém@ﬂ

favzs m aeg T2 SEEA (Fail) & S 8 T ST foem sifes 2y 2 afg w1 § AC
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= %ﬂuﬁwmﬂ.«.grm_fg-ndﬂzaﬁ-wﬁﬁ:rZ::: n&dﬂﬂnw.w_
e i v o 1 el WS WR, T

e . Bending Stress) .
E@wﬁ R ﬁ%ﬁ%ﬂﬂﬂsﬂ wirael 3 9 wfaad (Direct Stress) FEARIY R g
; o § T4 : ) . v
o M._Mmmiﬁz.,mmﬂmﬂmaﬂ&w_uw:sfdmﬁw,w_
ﬁ@lﬂ@mﬁﬁﬁ%ﬁ%w%nzﬂa?ﬂnaarcu&. zaﬂﬁmwﬂmﬂﬂmﬂwm mﬂ.& ”@w
arh.%maﬂﬁ,wﬂnenm,@gw.ﬂgmnﬂmﬁwﬁ,wﬂswﬁmw._ﬁ Ty
: %%ﬂAwﬁmﬁwmozsm’“uﬂn@ﬂmﬂmww_mw.? .
ﬁ%aﬁﬁﬂ%%,mnﬁanrseﬁsﬁww&ﬁﬂmﬁm@awaﬂm
e T S O T W T A 81 3% § S ol § GQred H SAUHTH A€ LA e o
) S Gpux =04 +0p

T =Ta+ S 319ar ﬁ max H_
T.iu =f; I\L Omin =04 —Op
§ 1o~ (Strain)

dﬂ&ﬂﬂwgmmﬁ,ﬂﬁamg»mgﬁgamn&mn_wmmu_Qmmaas @ﬂmew.m
y e 3 @ ol R € w P R e g

e - R
Cwmi > I T & w31 4 TR o O 2, o T # 3 T e
1.5-1. Eﬂw & 9BR (Types of Strain)
5% 562 %9 § fer e wem 97 o 2
() S35 fagfy (Longitudinal Strain),
(i) ¥ fagfy (Shear Strain),

(iii) 9rvd fFfa (Lateral Strain),
() 37 93568 (Volume Strain)|

P . . _ ,
ﬂﬁmﬂﬁﬂmﬂ?& al Load) m%:m.”“%ﬂ”ﬂm;mcmngwwﬁmﬂ dugginil |
T % o gt e
T fogy, o <Al

l
‘,Nwﬁuwmﬂwﬁﬁ.ﬁﬂa /

B T F T /2 sk
am,ﬂmmmﬂ?&o%aiw_wﬁﬁzmwmﬁwﬁﬂmmaﬁvw%

W favda, af @u% o % L

g o W e bl

T B TR mmmi@aaaﬂmﬁ::gﬂ :w_.-{_z

T4 TS Y ofigdg ]

.@ DN”\’ANI@D”@\ W

a7 1.3

sl @ Rl

5

erard § wite fagfa, ,...upﬂ\ - al

] .
ﬂﬁ&ww@mﬁsiﬁwiﬁﬁwﬂﬁww_ﬁﬁj,ﬁw% 3
weft fahfa (Direct Strain) #ed 1 T fagfa =1

(i) T fa@Hld (Shear m:.u,:wlm.ﬂ& TE W Tk (Shear Forces) & #rv 3= %
Eﬂa%%gﬁmamswﬂesﬁﬂgﬂ&w ﬁ&.um
Fot 1.4 (31) ¥ T 57 3 et 1 B 99 (Front View) 8 c_F

ABCD T 17 & foreht wel o[ a9 o 131 v 4
=% 9
*H

%1 TA AB & (Fixed) ® 3 90 7@ Cp ¥ 0 wowii 57t 7
F1 F@ T T T € B Tqem F ot w99 AB T AR

e n o A B
Tk Tl 9 F, S T CD | o 30 9t % gHeR 9 i (Before Shearing)

= 1.4 (a1

= HUM 376 951 1.4 () F o78R, fren 7e1 4B, o o
% FR R M Ty S qe F1 ¢ § wem o foafa
ST ST ® S B B Bl (Face) ABC'D’ 3R & 81 S0rm
ﬂﬂgﬁ%mﬂﬁﬂmmﬁ?n@mﬂemsﬂumﬂae

I T B
1’ ’ /
w4 fasfa 6= % = .Ww F ///w/////////////w///
. _CC'_ DD’ (After Shearing)
3R :Selmﬁ.l AD 1.4 (@)
ﬂﬂ Eﬂuﬂ.. € = tan 9
T 10T § H A FEA S G €, 3T tan b = ¢ T

A fapfa e=0
A fopfa =1 01 wohr o wfonfya fea <1 g S -
afg et aeg W d= 9 (Shear Force) T STaT & O 30U ST = WTaret g, 7o awg
% UeTY & AT HIATER (Modulus of Rigidity) G, 3 3T & & fa&fa (Shear Strain)

FEd €, T ¢ ¥ Wi = §) ot
w1 fagf, Tﬁmi ()

(iii) wTe faeRfa (Lateral m:»msvlgm.@ﬂﬂwmmﬂgwmﬂﬂlﬂaﬂnﬂwﬂﬂm&m@ﬂ
® e fogft Fed §1 AR @ = 9 TS (Rod) H T o Y o F wRadd (Ad) 0 & 7|
- dﬁg~

d
] S0
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arrare faefd (Volume Strain)—feredl 7 i

@) ol A g R (A @ a7
~ .— ») .
S I ST i e € v /]
s ¥ fergfa, “=y

fom 1.5 % ogen, At frdl st 3 g & wedl g
(Faces) W =1 @R W19 1 39k @i o nfvads 2y 4fz %z
e 87 WAV ® A IR A Y OE, a6

st fosf,

A g ufads o AV

&= T v "

§ 1.6. SO 3 A (Elastic Limit)

TS € o s, Wi o o o & o s, 7 1 g (Deform) %73 A7 41 a5, |

T T A Ve T T A (Shape and Size) A AT A B T A ) e,
%-%m%%ﬂﬁﬁgﬁﬁimﬂ@ﬁﬁﬁjj A4 FrerE 57 ) .
&mﬂzﬂﬁﬁ%mﬁg&ﬁg&ﬁi_ﬁ”ﬁﬁﬁwwl \

ﬁﬁaﬁnmﬂﬂﬁmﬂﬁmﬂ,ﬂdﬂﬂdmﬁ i
ﬂﬂgﬁﬂﬂﬂmﬁﬂzm.&ﬁ%ﬂ% =

TOF Y ¥ T s

Py

& W T FA F 6 (Elastic Limit 5 5

IQSAm_mw:e Limit) =1 T 2] 7
.. AR 199 21 21 A v e 0
AHTUT HAT (Limit of Proportionality) %4 & % Turm a3 14 yfamm iy Pt Bl

o . 5 ) _\iad..mﬂ‘um...qﬂﬂuxu.._
gs@w_ﬁ.ﬁ%ﬂgﬁﬂmﬁmﬂmﬂﬁﬁmﬁmﬁ %u..w....._i.u.w_a_i,._.%:_
: I A 11 4
§1.7. %@ o1 Fram (Hooke’s Law)

T T % ST, sremeern <o 3 B
FHET (Directly Proportional) Bt %
et

@ ST B U3 (Stress 0 ot faat 3
85), 297 T HM.MN«MNQEM

s A (1) o forgi (o)
nammgu@dﬂxnﬂm‘. (¢)
- LG
) e lmﬁdﬂﬁnozmﬁmchm
E=L
3 feortis i oo foopgi -
N : ' .
A i) (Hooke mQasésuﬂﬁaﬁﬂ?o%_s. —— .S.m:
dﬂ%ﬁ@%gm S0 asticity) u,..nu.a.wmﬁ
5] £
- TET T 1 T Wi T o
E W%ﬁﬂwﬁﬁaﬁﬁmﬂg i ﬂﬂﬁﬂdwﬁrﬂﬂﬂmgwuﬂvﬂ@ﬁiw
1) ST Tqorieg ; i | N
. . RUEUR: i (Modulys of Elast
=) T A A F a1t o e ,
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(1) =T AT (Young’s Modulus) ST €1 % R el oeq W stefid o ot § Seg=y
& fiet (Direct Stress) T I A forfit <5 STU i Sremeer oiish 41 3 W9 Fed & a9
£} Wil e T
<. 3T AT, muﬁﬁu@mﬁéuﬂﬂﬁmﬂ@

. T § fag i (o)

a muh

e
ﬁﬂm@%%mﬂau%wﬁskﬁﬂﬂmﬂmﬂa&%w%uﬁm p B 2, s e
e/ (F)°, Z(F)°, =y (fdt)?, S wwearet (GPa), 3 TRk (MPa), R () el
(2) ST WU (Modulus of Rigidity or Shear Modulus)—SRd |9 & 31T e Afdea

(Shear Stress) ¢ 3R THF g 3= e forpfd (Shear Strain) ¢ % STIU I e HTUiH Fed & q91 3
‘G A C | WERE w2
! ; et A Wl (¢)
I FAH A = 1
9w )

(3) T AU (Bulk Modulus)—3fe Semeerr 1 & 21X fFeft sfa9e W WeR @ fegnsti
TH A T FHH o W et @11 g R W S I W vfreret den S A FIFERT (Volume Strain)
% ST H ST WIS hed 21 30 K Y JSHE B B

. . ___ item yfeereT (Direct Stress)

" R, k= 3T fagta (Volume Strain)

Sre—sfeere 1 T feerfa, firos =1 foret 57 % o1 ol it 1 <1 et & e < e et

- ¥ fivg | @ 99 TE ©I

§ 1.8. U 3FU (Poisson’s Ratio)

e fofell B W e H, 318 99 (Axial Foree) TR T W B 1 ol ¥ g 81 A & Wy
- THF AR H FH 37 SR 21 A I e F e s A e ¥ w5 qon o ¥ ofg @
mﬁww_ Aq: mﬂﬂﬂ:@ﬂﬂﬂ«:ﬂ%%@%Wﬂ@ﬂﬂﬂ%?ﬁoam_mﬁivﬂ%_w_

TG et oht o fown & g o =l 7 e, TR oft =9 # uftads & S R

Ge AT ST % 3T UIYd I fd (Lateral Strain) 2 R

aq el faPfd (Longitudinal Strain) =1 UM

wlg R ®a R T UM b UASH SuW ©v i
Quommmos,mxamovm.aw.%mﬁw@% ﬁt@ﬁ.@dmﬂ.@ ’ ! \., ........

¥ A v H A A o e R et [T R

TS H A [ T A 2 3R 39 W e TS 9 * 1.6
wéﬂn@ﬂﬂamﬁzﬁﬁamﬂiﬂi
i

g a3 (Longitudinal Strain) = D* :

i Ired fafa (Lateral Strain) = b%
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firg 1.7 (#1) § #PER @ (Cuboid) fear T € fag!

i Study Pewer tw%‘

I
[}
. s ¥ 2} x -1 F g | 1
-m -ar;ra" 4 : A9 [ b d91 £ el 2%
%ﬁ%ﬂﬁéammﬁmﬁﬁqﬁaﬁmmwb Fyx<1— ’}l;];g" _
T © ] @]z, 432 ? o t
HmAzEﬁgl - 3 ey ¥ o
" e . - | .
T Al = (e T ), i e s ) e 4 e o @ » 1 %1‘/-&?3
Ab = 27 B i (S 3 9 Ab T At e i feum s
F o fam H €)1 e 1.7 (&)

At =90 T ARE § F9 20

ib—Sb?
}4 [ >{ <>
FEFS SeSmemes sl pasn— I T ,'--—_l .
Eﬁ—: e i :I(t-(‘)l)
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6. 93 T # FORal AA FSYT (Hardness and Toughness), Neameal (Elasticity), =i
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7. g @ YER Ol ST 11-4 %1076 9fd ° K F 2
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& .w m m = - = L E= o “When a Rod/Bar is gripped at the both ends, the stress developed in the bar due to the temperature
m difference, is called thermal stress or temperature stress.”
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s T v H A

et o gl 27
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(4)
__ 30
T (20)%/4
_ 30x 4 _ 2
= 3145400 = 00955 KN/mm
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x 10° N/mm?) ¥ &Y 50 kN & 21efia aadftew & fordr frer 7 @ifoa—
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afe g B 50 N/mm? &1 Wfearet Iea=1 &Y, @ 93 A 8 Wieaet a9r 4 @ B B &1 &1e 3 SAwet 7
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TA—fEA R, S0 KN %1 9 e 8 R 4 | 20 cm (200 mm) F G W (A fog € W) wEH A
% B A THH T8 = 60— 20 = 40 cm (400 mm) TR
N TS A H fawE 7 Fam o B ¥ fawmE aa Py 1
S 4 ¥ sfoa@ p, a1 g B U Wawd Py Bl
TS A F FE F AP 4, 99 BE B H FR F 4B 4, 2

Scanned with CamScanner



P =3
E; © ]
E, 2x10
= —£=50x
P1= P8 Xy 0-9x10°
. 2
oz AT 5, py =120 11111 N/mm -
Fy
.Eulﬂ
N.k
A =4
7
%x_ooo ,
= = =
A= ~To000 ~ 00 mm
F
- nmumw
7 &uhﬁ
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Dga?ggiﬁﬁagg5&%%5%&4%%3%& wﬁ L }
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S c 1x10 fa=1.38 . ﬁgum.gmﬁﬁ%@a%ﬂg& _—
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© g o S .& Kd @ IETETUT 40. T Ffaferd chanre T =T 150 mm ¥1 30 6 FET i B Wiaer og S T &
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qor Tube = 4 3 qqr wfiae $t WHfd = HdeT (compressive) I
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ol B Fea.t.E.4=0134x706:86=101-79 kN |
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7 {1 @ T 2o § 5 F 9 W w9 99 Rrx 1.47
& 9@ 2
A 79 (F) ¥ UegHiEe ©F &1 @ | gia
=t __Fx300 T =82736x107°x F
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T GEE W29 F IR 599 93 F1 99 § 1S 553 (BD)
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97283 x107°F = 0-1446

a

a: F=14864 N

ﬁ%msﬂmﬂn?n%nu?umz\ai W
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R r e s LB
C Rialhat .

o mumammﬁmem_mﬁqﬂwmﬁi
S LI E hﬁﬂw%u%W%naw_gg |
Chirqma gy BT T IS C O T ey s g 2 T 7 90 570 gy

= un.nﬂ,@.m@wmﬂqwu@ﬂ

| = =18x10 ‘OH
= L = C o -6
10°N/mm”, Uy 12x107°7° q4ara,

105 N/mm > E
E,=21% 100 N/mm~, £ } e z..vu
= (steel) F1 B F H@TA py smasogaz

v&WﬂNWmﬂlﬁNI ﬂ,rﬂw‘ilw_

B3
< bt == 7T 4= A= AT

— -

O
al
>
d W.TPn:anQL E-Al
-
e
p)

== 1=250°C-15°C=235°C

== § viEas, Al=2mm

Nﬂmuhﬁunﬂwﬂ.—

{
A

5]

53 =5 e n . s
e s |
a=10, [ @ 1 T T 2]

Fa T E. E

NF. Pec

-235x-L-[18-12]

2x10° 1x10° 108

Nﬁﬁ"Nw.M X6
= pe=70-5N/mm?

51 (xii}

1

ﬂﬂ,l.uuuﬂﬂwmwﬂmﬂ AT, LM.WXNO =314 mm*

o 3e § wEEE p, o1 @ 1 p. A.wm._ﬂ,ﬂﬂ.w.mﬂ
™ 2 fE,
7oqra | fagfa + 974 8 fagfd = 1 (@ - a,)

s . Pc
|M|+NWH~A.Q.,|C_V

() - (1)

aq 7o § fagm = = 9§ T 99
Ha: ps A, =2 p. A,
px314=2p. x314
p=2pe ..(3)

() . (2)
(wafE o = QBT ¥)

p, F1 3 °A (1) ¥ T@ |,
NEJ +||I\w.|w.nm|w:w.m|_mv
2x107 1-2x10 10

s.TJrTwao.m

71 pe=17-727N/mm?

s HHe (3) |, po=2x17-727
=35.45 N/ mm? IW

IGTEIUT 49, Teh T Teit, FTaent ae =9 2-4 cm € T97 3= =976 1-8 cm ¥, 3707 3<%

1-5 cm SATH AT Aia i TS 1 & T@HAT & 791 38T el B & W 7aT | gl fad et g1afy
quw,nﬂaﬂﬂ,_.w%ﬂﬂmﬂﬂ%&ﬁmimiﬂdﬂ%ﬂﬂﬂﬁuéﬂ%
|

74 THo (1) F, p,=2p,=2%70-5=141 N/ mm*
Eifl@&ﬂw
2=1{12x107° x235 + E;
2x10 3
4 4x10° = 124 X235 +1410)
i i I=567-37 mm Ma“
SCTET0T 48, Imewy & 2 m T 79T 20 mm T w9 § s areht teel)
et B Al =¥ ST et B Fa (8
A R LA LR R B

AAHT 50 K =gt feam s )

£, =200 2
s KN/ mm oy =12x1076 /K

E.=120kN 2
¢ /mm 0, =18-5x 106 /

E,=210000 N/ mm?
E.=100000 N/ mm?

o, =11x107% /°C
o, =18x107% /°C
FA—Tube #, steel 1 A& = (outer dia) d, =24 mm 91 <R A (Inner Dia) d; = 18 mm

2 _ 43
- STHE (Area), A= F;i T3,
2 2
(In steel tube) A= Eﬁ =197-82 mm?>
2
(In Cu rod) 4,=E ﬁ.& =176-625 mm>

TR (temperature difference) t=473-283=190°C

(UK. 2012, S)°
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By, =
81 (xiil) \\\\\\]

™ rod CRIGER 51 (i
s steel tube & R p, A copper ot - M A, et @ gt (xiv}
p— pA= e ‘ (& p, FAA () 7T T,
- po= 112X Ps p.%x0:33342p, =72
rb -
] i 72 . 2
=12 __30.86N/ Escd
O a b{mhu:nﬁ-n: P =3333 = 30-86 N/mm
DI e b s p,=30-86x0-333 = 10-276 N/ mm? =
" U122 190x 5 A8-1D) )
Qv 2.1x10° 4_x3m 10° 374 WY=44 (assembly) # faFfd
- N ! ] .
112 mumﬁu?:mml. ek
= o[y ] ,,
51211 .
] i e ® e=12x107 x 60 + 22 276
O huHWMMN N/mm m 2210
ki
DI T (I) Fu_.:xwu.ﬁuﬁ.uuz\aau “ —7.2%107% +5-138 x107°
I £ S ) - .. {
WA T 4 cm T F gy =7.7138 x 107 L1

aanaﬂﬂngﬂmﬂﬂw;:_ MNP A
& ezl w1 TS AN IA A R UHTRATERS 3oy 51, 25 mm AT S U I DS 25 mm S ST T 35 mm 2T S F WA

TZTZIOT 50. 8 cm FTE TH
foreama (displacement) 7 &1 ¥7 W=D (assembly) Ja 3 oo 7ot & wmet & ( Fort 1.48 )\ % TT FT 7z ] ZA FE A & 6 33 H 10 N/ mm® @ gl

A A A= 1T AT

fomr 398 B3 AIGH (relative) d e o .
Hnuﬂ@ﬂﬂﬂ»%ﬁﬂﬂd?ﬂ@mﬂﬁ%%d%ﬂmﬂ g TATT £1 T AT Felt § ACAT 60°C AT AT §1 P WA oAt F (fww whower v grm
4=  mfm— m,umx_emz\asn.n_nc_ccce_:\on,m,ue.wx_cmz\aa;ﬂfuc.gg_eﬁnnid_

— :
S E,=2%10°N/mm®  a,=12x107 per’C - s (U.P)
5 3 6 Cer®C ALALRLLLELEANERLRNY ARNANNNNNNAN )|
E.=1x10° N/mm® = 18x 107" per \:\\\\\ 3smm | I
- - - K. 2 _in 2_ 1256 2 Steel ! v 25 mm \ k
FA—74 F1 B2 F FL F HAGA :.‘&qua =12-56cm” = 1256 mm \ ANAEEANARMNANNNENAN ANNNARANNRNN D)
~ & % T2 4 , 9 Head of Bolt Rm L
EE-793 T 3R F] HA5G, A= .ME- -4°)=37-68cm~ =3768 mm~ rass Tube Steei rod
. 3 ey 3. 5 R 1.48
T fF A Am A A p, AW p TR, A A P fE ot W) e Y 5 S = 10N gm® ()
W-Wuznnln.v s T U W AT 2 EAEA,
4 (4
Mﬂ II >
A =—=x25" =490 8 mm~
a s L6008 %10 -12x107%) 4
22100 1x10 am A F A T AT FE AT,

N mfxnsax_c;uuo ..,um/a.mnu.}us_as“

i p+2p.=T2 . Nut-Bolt F ¥fda= g/, 7990 03 W 3@ 79 = VA€ F1 T4 W HFWE 99

fz7 79 :

Y 28 W@ oﬂﬂ.—n_m&.\q“ﬁngﬁ \‘./.A‘”%.UK.AW

I 37q: 9 F] Tell T e

2t b-x\*.n.bnxka d: 9ad w1 Tl 1 "H9rzs uwfags

px A _10x4908 1 53N mm? ()

=pxd_ 1256 \ ._n ;
Ps Fx}:bxgnha\o.uuw P Ap 471
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Study PowerPoint

# 150°C 7 TN W@ &1 AS

s fif, @O T3 \ ()
m...\,.\...hb‘n (3 - oty)
E,  Eb () ™
xx\ X ..uu = Nv.r. X ..; LOO q ﬁ
kit . x A, XA 5% 0-042
P = N\\;l\ == P

».,,\ﬁnmﬁﬁﬂ:,mawﬂ
o e _ 60/(0-000019 =0-0000117)
P |5510° 0-8x10°

pl =243 N/mm?® (FE)

ag o, = py X1:042=24-3 x1-042
unm.umz;_—:“ &:LIERD) 3

[ B § sfaw wfaae =10+24-3
~34.3N/mm? (@) 3

Graq 7 § ¥ waed =10-42 +25:32
~35.74N/mm* (HUET) :

JETETOT 52, ferelt B3 1 TS 5 m AT AT 2 naw_ﬁ%&gﬁwﬂmw_wmﬂﬂﬁaa
fti @ WS 3 mm el @ A A1 T T AA T a0

a9r

w = 11 x 1075°C 74T E = 200 kN/mm*1|

w2, /= 5m=5000 mm

=9 (Dia)d = 2 cm =20 mm

At (Diff. in temperature), r=150-30=120°C

-+ fall 1 9F% (Grips) 6 = 3 mm @HE 4 Fel (yield) 21 9 2

o Al= o -6 9@ faFfa (strain) mub.\lxuoﬁn:lwu (94)
aa ST (stress)  p=eE [ E&S
)
b“ﬁalﬂwh (94)
A9 FFZ Z M I, F=pxA
_ 5
ﬁlﬁﬁ\lﬂwmk Aﬂmﬂv
o, S T 20)°
F=1x10%x120--3_ )2 x10° x ==
\ 5000 ) <2X10° XT3 ﬁ

=45216 N=45.216 kN

v wen Rt

51 (xvi}

faehy : ufd qen e | wEfea e

STEUT 53, A 35 U Tet STa R 60°C T T Tt Tt ok 1 Hto Samey 26wl o7 wrgrann A
w.iﬂ»%ﬁmﬂaﬂﬁﬂmﬂﬂagwﬂﬂwﬁiﬂﬂﬂﬂ%ﬂ%%ﬂgm

aftfer wfiraret sft 7 T WIRE o = 107 ¥fd °C Td E, = 200 GPal

To—fea 8, a9, 1=60°C

9fed &1 =49 (Dia of wheel) D =1m

TRR (Tyre) Sl A<RE =AM d=7?

g7 2R F1 Ry wfdeer (Hoop stress) =?

ﬁiw@uﬁm%%@?na% )

91 it wfeEd (circumferential stress) or Hoop stress
-d
p=eE= ﬁwwlnw E

st ﬁnﬁcm& 1

SAF&XF

b ﬁ_dmun 105 _ 10000
& 10000 — 10000 d = 64

a1 10006 d = 10000

a d =0-9994 metre
B d =999-4mm

gftfer wfa"a (Hoop stress) (p) = ﬁ{u Eg3d

1000 —999-4
999-4

=120.07 = 120 N/ mm’

(U.P)

. e

()

()

qxuooxscoz\asm

I

ISTEAVT 54. T 33 Ufed X, Frgamr s 1.2 m &, 1:19952m a7 AT &1 2T TH ST a4t
P Tt AT ST &1 ST 3 T 2T & wfeler et W A | 2v & o E = 200

GPa WFT TR wE & fod W =g et AOne q T

a=1x10"K
Fa—fc U W™ D=12m

AL R ™ f =1-19952m

w0 & avaEAl ug?
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51 {xvii)

D \Rw PE:c A
_EZ——|E
. oy wiEE (Hoop stress) E\ﬁ d

\\\\\\__u\_._c&uw\ 200 x 1000 = 80-03 N/
= \.uﬁ 9952 ) it
.nmu waad, ﬁumoz\:zsu |
., ‘p-d)1 gz 3
| S AR, ~uh|\\a wn A
e _.ul_._comuvx L 40°C
W auﬁ 9952 ) 1x107° y
e ﬁ_ﬂsmw%w&ﬂaw@%ﬂiﬁwwﬂaﬂﬂﬂﬁ% —— o
DI %wﬂm&wwﬂmﬂﬁﬂm%&d%ﬂ_ccz\a:_-% N._d,« ST ,Nﬂaa_wgﬂms
Magﬁmwaﬁﬁwaﬂmmﬂig%adm%ﬁm Nuo__Mw_ﬂﬂﬁ

y..x;s\onm&mu?aaz\aau_
O FA—. Ued ¥ E D=800mm
TR F1 HAE AE, d=?
R, ¢ = 25°C W e WA p=100N/mm? &I
- D-d).. »
s, unﬁ\aﬁwm T3 7,

_Suﬁm%l\wﬁx.%
d

(fem ?)
(74 & 2)

Stu

7 800-d_ 5
d 10000

A i 54 =8x10" 10000 d

a 10005 d = 8 ¥ 10°

ki d=799-6 mm
=0-7996 metre

. =, ~ubnm|_.nmcc|.\.cc.o4 1
d @ 796 "jix10°

ST AT (last temperature) = 25°C + 45-47° C'= 70 47°C

(t

= 45.47°C

51 (xviif)

e @ gt
PART-B : J& Hfciae a1 §&0 |
(Principal Stress & Principal Plane)
1.25 URerd (Introduction)

o9 9% Waael § TrEfud gAN AEAIA Shed WERT FE Jaad (tensile stress), Tz wfEaaA
(compressive stress) @91 Tda Hfcael (shear stresses) aF 7 Hifgd Te1 21 W F ufifeafad | 3 wf
nﬂmmmﬁﬁsﬁmﬁw@wﬁ&ﬁmﬂiﬂﬂ%ﬁiﬂ?ﬂlﬂigﬁ,ﬂﬁﬂ&mﬁ
F 3 fafa= fagnai § @ T faach % 2199 (resolved parts) o e @ AuaE i famEt ¥
T T £1 38 yoTelt 1 fafafadg one (Three dimensional system) F&4 ) mE AT WEA TR F
mm_d:wﬂwmﬁ@ﬁwgAmw__mv:wozrmmm:g.nncﬁ%ﬂ%w.dﬂiﬁﬁ.«:mnﬁﬂﬂﬁ
umams_saﬁasﬁﬁﬁgmm_aieiﬁagﬁﬂmwﬂi%ﬂiw ELG|
wfrad Fad 3 aeddl § @ &4 w1 a 39 WOt I fzfafadra womett (two dimensional system) F7d ¢
ﬁﬁqﬁﬁ&ﬁﬂﬁw@gﬁmﬂwﬂm&%g&m?mﬂﬂ@w . drHt THad W
7 & A e ufqEe g 2

ﬁnﬁd&u@ﬂ%ﬁnﬁmﬁﬁwﬂﬁmﬂaw@ﬁammﬂﬂ Afgwan gfaad, wed F
e § i & SeE ) g21d F A € g e A F1 WEE 39 T W TEE AHEA
(fail) &1 ST 21 STOEr &1 92 |1, gZ1d 1 GO S (proportional limit) 92 241 2 fors = 3fiE

a1 W @ fFa 9T d 399 Tl a9 (permanent deformation) T 2

1.26 RRE S1E W w1/ T o= Hfcael

(Normal and Shear Stresses on an inclined Plane)

(1) *aa TF & &fa 98 & FRO

(Due to only one axial force)

fag 1.49 § fiFdl 9T W @A T FaE TF @ A& 99 A TR (Load) ¥ FWU 39 fatel F12
(Oblique or inclined section) T e q&1 Tdq Wiqad (Normal and Shear Stresses) 14 H)

fom § SR | 0 T T €@ (A FE CD W, BT W @ FEF N F, A TF T
(Normal Force) N @41 CD & R 5% 9 (S) 2l

S=Wsin 0 N ——

./ B/
A W T3 T I
T omom | T N0/ - ———-———> (Force of Load)
(Force or Load) -

\ c

N=W cos 8

fory 1,49
o " 9faas (direct stress) o, T f, = m*.
BC #1 &7

. 0 BC TR =
ABCD 1, :.é-as:uﬁm . cosB

e N M b 3
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51(xix)
L
CD &1 S35 (area of CD) = 558

= - ==
s @ el (Normal Stress): 0, = mm\w_\%\.w 1/cos6

. et e WA yfrae (Normal Stress)

fa ﬂaaum\mnomum Eoed
cp T & 4 (5)
ﬂd%ﬂ AQ uﬂthH ﬁabmm—w.m.ﬂﬂ
Wsin® _ W . o9 (TF)
(¢ MOs) = Y7cos® 24 xsin20 (T4
- (05 ) = 37502
i (1) § (f, FO,) ¥ affysan 7F & ¢

oommn_nnOmOO.ﬂmnoo

- /. 71 s A = x1= f, ol
- iﬁs@ﬁ%s@ﬁuﬂ%@w

- = sin20 = 1=sin90° 41 26 = 90°

W/S 10 < 450 T F S 3 S A & fod S €

k W _Jf A

dy PowerPoint

a7 T £ o @18 ot o wiaereT (Direct stress) 3T GUAE (Plane) ¥ 45° % hT0T OT 3|
3ATE U T FA T Yiaael (Shear stress) Scq— hldl 2

“3q9ga Wad (Important Signs)
(i) T (tensile) O Tt @ S (Normal stress) A (+ve) WM FId d
(i) FHE (Compressive) It qeft o Wfdeel (Normal stress) RUTH (~ve) A S {
(iii) %D 7 (Oblique Plane) T YA (Anticlockwise) Fd & aTel e Wfqaa (g 416, T4
AT (+ve) T FRfAT0T (clockwise) T FA ATt &l Widerel (Shear stress) = (¢ g
0,) TUTHF (-ve) T T &I
(iv) M&ﬁ%\ia_v ki WS G F feT H (Clockwise) HT91 741 107 6, Negative (V) 749
T % fawdia fam & (Anticlockwise) H19T T oy (6), Positive (+ve) HHT Sl 2l

r\.mwaﬂmﬂmﬂgmﬂﬁmﬂ

(Normal and Shear Stresses on an inclined plane)
G917 (Condition)-
WE @5 3 a6 % FR (D .
(Due to two mutually perpendicular forces/stresses)

51{xx}

for=t 1.51

fafafiser (Three dimensional) f& 1.50 # T F afae 1@ (x-Axis) B fewm A sifers figama =« W,
Frd w0 &, frges s 34 e @ sfaad o, T £, g1 20 ¥ T TR SEAER S8l (Vertical Axis) y-318
%mﬁm@mammﬁ.ﬂaﬂ&w.w_ﬁwﬂﬂsﬁgmnmmmqvﬂ_b%ﬂ@ww_

Wm_CHmdﬂawﬂwﬂmﬂﬂmﬂu%8;25&%&%.&@&3@wﬁm@@ﬁﬁm
;owamﬁgﬂw_ﬁa@%ﬂ%mﬂ&ﬁﬁmﬁwﬂu@mﬂﬁgwﬁm%mg“
(6, A f,) ¥R Aqv_sbvwﬂﬂﬂww_a@%;nﬂmﬂuamm (c, @ f,) T 0 & o= =@
(Normal mogovzwgwu_ww«—ﬁqaﬁmmﬂﬂmﬂﬂﬂﬂmm (Shear stress) (g Ao, A o,) I B
w%ﬂﬂumﬂ@%%w.ﬁ@msﬁm@ﬂa%&ﬁwmﬂagaw

: Fe (W,) = Saae x f%a (Fel fod)

afs ot W,=ao, x(BCx1)  (fo= 1.2 § &9%d <@) (1)
Tl TR FHEalE ad W, =06, x (4B x1) e (2)
) Tast 1 AC 9T o & (Normal Force) ERT o Qfaaet (Normal Stress)

T o, N = W, cos® + W,sin@ (o 1.3 7 &) e

T o T (V) = dfaee x &b
T N =0, X (AC x1) (@
THiETT (3) 9 (4) ¥ N F UF TE @ |

G, X AC x1= W, cos8 + I¥,sin®

= (6, X BC x1)xcos® + (G, X 4B x 1) X sin®
G, =0, XWM,I. Xcosb +0, X Wm Xsin6

a G, = G,c0s’8 +G, 5in*8 S e - (5)
A f, = f.cos’8 +f, sin’@ )

70 7 A R e W @ Sfee (Normal Stress) T a1 ST €1

A
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21(xxi) I\\\l\ t.ﬂ#ﬁ
yfaere? (Shear Stress)

rce) R AT
(2) foreedt @z 4wt @ a1t (Shear Fo vt e Rt ‘ 51
faa 1.51 & AR i
a7 @@, § = W, cosd — M sin® 1.28 W=ger & ford 3Mavas R Bl fraer
) § = wfaed x CELR " (Complementary Shear Stresses for Equilibrium)
c ™ cx1) Ny o )
m S5 =0y x (A fa # ABCD 3TE AT a1 U IR (Rectangular) =T &1 U a4
o , ) A @ T— *| e (one face) fe@ran T 21 W o TEF WHAE AB G491 CD W g, WA F A ——
O il (6) 71 (7) . . .
Q.x;ﬁx_nE.nOmolﬁm_:o el AT (Shear stresses) 1 T €1 37 Sfeereli % @ el ® RO T A

Dl ) ~ Q. « AB x1)cos0 - (G, X BC x1)sin@ fadia fewn s1afq wam (anticlockwise) faen & @@ g™ (couple) M =tar w,_ 92
- =(0, pr 5. ", ﬁm“ﬂﬂﬁﬁdﬂu#@wﬁwggmﬁmﬂ%?o%_?ﬁd %

e aqna_,me\,xn%ouo.qumxz:o m&mﬂmﬂao%_ewﬂwﬂdﬂg%_ﬁﬂ%mﬂﬁfooé_aﬂ H

. - oiOsind ﬁdﬂﬂﬂﬁwﬂ?u_msn:_moo:v_ovﬂw@ﬁﬂﬂ%ﬁmﬂ%ﬂﬂﬁﬁﬂﬂ D — c

W =0, sinfcosd ~ 0 cosOsin i Afeer G AD AA1 CB TR FA HE €1 5= e & ferd ¢ W wd &

O = (0, ~0,)sinfcosO aell F1 9f (moment) @ W, g, X 9HAE AB 1 &5 x CB fRr 1.53

G o) . = gy X FHAA AD F HARA x CD

DI Oy =—73 xsin20 () il g xaxlxb=qgxbxlxa

y Sy=J 020 (9 el AB = CD = q TS
d areren q= |rl|||.N X S Hm,ﬂv ae AD=BC=b I_.E.; 3

T g g fave w1 R A Sfwe (Shear Stress) W fA S 21 g =q; ie. 1,

u (3) arftramew e wiermer quT o Wfa@s (Max. Shearing Stress and Normal Stress)— a: ®re @ fF “fdl T ufdaa (Shear Stress) % w w.ﬂa S WM 1 0 fawdia g gof
<—J ©,-a,) : ‘ (Turning Moment) ﬁm&un@ﬂﬂ.inﬂmﬁﬁﬂﬂgdﬁuﬂaﬁnﬁ ﬂmmﬂﬂgw.?@.ﬁmﬂ.
S .. ¢ Aoy =—* 3 — Xsin20 A 7y ufd@e (Complementary Shear Stress) Fed g1

(¢ May) ¥ aifiway 7F % o sin20 = 1 | 1,26 g ufiEe qu g wHaE
: $in20 = sin90° AT 20 = 9(° “ (Principal Stresses and Principal Planes)
g 7 0 = 45° | 7o ferd Ul Feam FfTd 6 T ST™asR 3 (Cuboid) 71 SATHR 219 (Cube) &t TH FIT &
y o, -0 | ol e @ dER steEr wae W W@ € S e TH-gW % ey e B
\ . =0,
£/ .\%nﬂsuﬁ 3 w (=) of ard: “awq % fareht farg W afe sk e fafir fewnedi & om @ € ok 3 fag ¥ €0 guweER
4 . _ 7 wwaa € 59 W ufomd wfisre (Resultant Stress) FEY (Normally) & 8 a1 TeR ol 9
HY T G (5) § 0 = 45° sfyaa Nis ) ormally)
e 45° R &= o g | QA &I Fae (Principal Planes) F8d § 3 1 W M G101 ey TR Siaael ® 5e
On = 0y(c0s™45°) + 0, (sin"45°) Hferee (Principal Stress) Fgd 81"
o, = (0, +0,) ( “Atany point of a strained body, there exist three planes (mutually prependicular to each other) which
3 g
(4) T T Wl whras . & carry normal stresses only, no shear stresses act on these planes. These planes are called as principal planes
I ‘\,l. ot (Resultant of Normal and Shear Stresses)— . and the normal stresses acting on the principal planes are called Principal Stresses.”
sl i ,Ao.=+9.vﬁmﬂ Ui +q7) (1) e VQm (0 7 .m_.m..e_._.,<o&_:nsmmosamv\mﬁswm@%nﬂﬁﬂ@n@ﬂmﬂuﬁﬂﬁﬂﬂﬂ.ﬂﬂﬂ.&%ﬂ@ﬁﬂﬂﬂ
m.a..xaﬁs::fﬁ.msq:Wﬁﬁﬁ:QmQﬁWﬂE A o a L (0, Wo,) T W T, T O srferran o fieel qen gk Aan o Saae Fean )
TR u@mﬁﬁﬂwa@dﬂﬁﬂqw_ ! s H fa 1.6 H TF SAFAHR I (Cuboid) 1 Th Heid (One Face) fa@man man 8 fomll Hedisr
(5) TR u@gﬂ&ﬂm (Direction angle of Result (Vertical) § &I W Fahl f@&T & (Inclined Plane) T -5 @1
gl ) Ry T-S W @& ad (N) % HROT o Sfdalel (Normal Stress) 6, B

IRV Sfiae Ox I fat s 40 3

T I o § T RS WA (7-5) F1 4G = a

THAA BS F GFFA = acosd

forx 1.52
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Study PowerPoint

1armal stress)

\Q} ={i

! force) jﬂ

N ={ Nomn3,

| v e gl 51(xxiv)

firg 1.54 (iand ii)
— SHae BT ¥1 §%d = asinb
; . y v
O . WIS, (e = et x &Rd
wra®Y a9 (Normal Force) =0, Xa
97 9o (Shear Force) = gg X @
(2) §Had BS T,
ey ad (Normal Force) = 6, X acosb
%44 5o (Shear Force) = ¢ X acos8
(3) §Hqe1 BT ¥,
TEEY q6 =0, X asind
A 96 = g X a sin
& Fger % ford
SH=0T,
0, Xacosh - g X asin® —6,.a cos® — g X asin® =0
i G, cos — ¢ sinb = 0, cosB + ¢sin@
TV =039
0, asind + g X acosf —G,aXsinf-gxacosf=0
Bl

G, sinb + g cosf = G, sinB + g cos®

ﬁﬂfcﬂ@&wﬁﬂﬁs@&%lﬁﬂ@&%ﬂ

_ 2 .9
On =0, ¢05°0 +0,,5in°0 + 2gsinBeosd ... (3)

T

=0, -0,)sinBcosp + q (cos?0 —sin29)

FiFEm ) a @) AT I IE @ W
H+n.wmwc AT sin0 = _ln.wmmm

o, =0, ﬁ_+n0mmmu+0._. H_la\wmucu+amm=~o

,
cos“0 =

\v -

¥4 fit® 78 W o= wfdsel (Normal Stress on an inclined Plane)

‘ g, =%1%) 6 qu c0s20 + gsin20 ’ @) .. (5)
QAT 70 FHAA W Had Aqad
(Shear Stress on the inclined Plane)
6,-0,) .
g o, Ao, = hlw|w sin20 + gcos20 () ... (6)

¥d o, H 6 & WU FAHAT (differentiate) FHTEH W TH 7ATq TFMP_U =0 @ W

AQ.« |Q<v .
%Almiwov X2+qcos20x2=0
7 , Sin20 = 2gc0s20
Ao..q Iq_v
|2
& tan20 = Th |o._.u () ()
=+ < _ 2t,,
M g F 1, WA I T tan20 -6, ()
ﬁﬂ%mé%%ﬁ&nﬂﬂﬂ.@ww%@%ﬁﬂﬁww.aﬂwnﬂa_ ame, T
8,=0, +90° . (8)
" WH (7) W, tan2 = — 24
AQH .IQ.‘.V FXY%
2
sin20 = + 2q /9\9. 29
VO, =0, +4¢?
20
Rill cos20 =+ ©x - Sy) (0,75,)
a\ﬁq.ﬂ.labu+§u o 1.55

TEl (+ve) HH U HHGA F T4 (-ve) WH TN AR F W 2
FHF (5) H sin26 T cos20 F TH TG R (+ve) g T T T e G RIGERH
- AQ.... + Q...v + AQ.« IQ...V @, IQ._.V 2q

2 X 5 g T X e
S (e e e Ty

O

- <
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3 e,
..HMT,.\GMNN%...«AA.»M&N.W%?

X !Q.w
- # y

o === =53 S (Mizimum Principal Stress)
TR T

————

fic,-0,) +47]

{g, -0} |
C= T3y

T

3 5o ¥, ¥OS 5N was (Cnitical Normal Stress) 5t FEE 2

nwﬂm& (Important)

5% S99 (Principal Planes) T F97 X9 (Shear Stress) Y[ (Zero) B ¢

0, -0, . R
—sunXd +gcosd JI TR

gs WY (05 T 0,)=

gs FTA{0; TWo)=0TE W,

@, -¢,)
——sn¥ +goes¥=0

-

Study PowerPoint

Y X

gwﬂl. =
0, -0,) (o, -a,)

[ w2 I,
| na®= T : (33)

©,-0,) @, -0,)

* M FEA TS 5 qmwaﬂmqamvﬂﬁmﬂ.Nﬁﬁaaw_

1.30 Fftaaw qun
- ,uﬂmmu&mn@mm?mxm:a Minimum
mwﬂ.ﬁnanﬁ“v ,Wﬂ.imuﬂ..o. e e b .
CUIg N Iy ) W sh = .
FEBERAY e
(n wEs 7 57
(1} ToFam 54 FATF (May Shearin

Shear Stresses)

g Stress)
g A= © -a,)

= o—
-

(2) T T S i
99 (Minimym wyn&sm Stress)

- ~

{3) .w.lnwduuﬁ..Wuuumﬂﬂ 4

FQMOQ.. [ 5 —————— - = — g X <q
o:=—35 "2  Jo, -0, +4] VIO, ~g )2

T A . shrran w4 W
(Minimum Shearing Stress) ¢ (¥

whveet e Rl

510w}

HRIY (Summary) ¥4 b

fa9re (Important) ar ag TW—

I

1o

s

(i)

(i)

&nﬂnm&uﬁﬂﬂuﬁiwﬁ%ﬂmﬂdﬂjgﬂgm@av
(+ve) WA aTell HAUHAH T (~ve) WA FEN =LA Fd1 wfqas weend 81

1A oA W o qAd Wiaad (Tensile m:du,b..ﬁa.
WM G,) T (+ve) T TG THAE T o HHATEA
BIGES] (Compressive Stress) (—ve) <+ €l

Block 3 =l 3R fa& T A wfdact (Shear Stress)
g AT, 1 Anticlockwise &1 T A.+<3 q41
clockwise &1 W (-ve) T 2 ) a,

e 9 (oblique or inclined plane) Vertical | ’ Z
EaLf (angle), anticlockwise L IEERR (+ve) q4l _

clockwise A9 T (- ve) & Bl

e o 3 HaEe (o, 9 6,) 99 Block ¥R
Frail | FdA fdae 9 [TE FA4 Haadt g AT,
M EH W

9 WA W o ytaae (o, a1 f, T )
(Normal Stress on an oblique inclined Plane)

6, -0,
Q:nﬁa.wa,g+h — ,qnomue‘ra: sin2® ()

YAl Ix nh\. +.?v+h,\,|.)/v8wu®+nn=u®

)

Tq WHAA T &dd Wfaas (¢, @ o, qo,)
(Shear Stress on an inclined plane)

6, -0
(o, 39 o,) nﬁ : .qﬁ:&...fn&u@ )

By

\ \.— - \.. s
Shc dg = ﬁ 5 qz:uc +qeos® ()

(iii) ufromdt ufqas (Resultant Stress on inclined plane)

g =@ +01) T fy =13 +ad

A9 T T (Inclined Plane) ¥ Sfoms (Resultant) ¥ F0 a 4l
a !

a4 tane = —* q1 tano = =+
a, qa
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51(xxvii)

(vi) T T gferaret (Minimuim Pri

G, 10y
0= -

\

2

(T

(T

\Nuﬁ&&,w Sy +4 ()

Agdl
(vii) wﬂ.wmﬁnmﬂﬂqmwﬂ (Direction of the Plane of Minimum Principal Stress)
vii
8, =6, +90°
(vii) 3TTa&HaH 7 wfeaet (Max. Shearing Stress)
0, -9 _[A=L2
T= _ 2 a 9= ﬁ 2 w A.mmv

(ix) wﬂg%ﬂmﬂﬂwﬂgﬂﬁ% (Direction of the Plane of (1, or ¢;)

0, =6, +45°

()

(x) AW FA gfeaet (Mini. Shearing Stress)

e

(o vae [125) o

(xi) 30 A FAT Gfdael & GHAC HT R0
(Direction of the Plane of (T, T g,)

QL H@u +45°

()

(xii) TS TH & Axial Load & HNUT 7 HHA UT
(a) TE-Yiaae (Normal Stress)

W s 2
(o, f,) = 90578 =f,cos°8 (F%)

(79)

(c) Shear Stress (g) F ¥R T4 (Max, Value) % frd § < 45° 2y & 9
_ 450 7 &

(b) AT AR (Shear Stress),
¥ .
g= q—lmwswm
W
Q«.ﬂ.mk = .NIM = %

()

e @ Bt S . 54 (xxvili)

(xiii) TE&T Wioarer q4T YT HHA &Y aftstrar (Definition of Principal Stress and Principal
planc)—aeq 3 fepsit forg T Af T W faf= femmedi # @m @ ¥ ofv 3@ fag | ¥ g0 A A
@ (mutually perpendicular) @ Tuae (Planes) 39 TR € ff s HHGE W ofromft sfeaer A= 2
21 TER T T G 1 € g ' (Principal Plancs) F&d € iR 37 e weEel T e afomE
wfeercll @t §&A Hfaee (Principal Stress) Fzd 2

“At any point of a strained body, there exist three planes (mutually prependicular to each other) which
carry normal stresses only, no shear stresses act on these planes. These planes are called as principal planes
and the normal stresses acting on the principal planes are called Principal Stresses.”

3tgdrt (OR)

fgerell %l Two-dimensional system % w9 fret fag W o Sfeea fafa= femed = FRED
T qRtoTE Sfeerell & Aferehad e =LIaH T wfeerti @1 A Niaa (Principal Stresses) wza €, foms
1Y had ufaad (Shear Stress) ummww.m»_ ﬁ@dﬂgﬁﬂﬂﬂ_mﬂﬁdﬁdﬂﬂw@

lane. The stress across this plane

“A plane, which is not subjected to shear stress is called as principal p

is called principal stress.”

1.31 ﬁ,ﬁa-ﬂﬂ (Mohr’s Circle)

Tz w T fafd (Graphical Method) & ol et § St 1 ={aH J&A wfeere (Principal
Stresses), HUHaH d <AaH - Afqac (Shear Stresses) 2t foFdl T 99 99ad (On an inclined plane)
T @ Hfderel (Normal Stress) 991 7d FHAT T T fderel (Shear Stress on an inclined plane) anfe &t
s fafir (Graphical Method) BT Si2iiq et 96 ST Fd foan S 2l

fafer (Method)—w@mem 7 farg 0 & Tt g8 98 & &4 31 Y@M x-Axis q91 y-Axis G |
i £ wgA F svgan fom ¥ feu e ufaas (M (Stress System) 3 g9 WREE (Tensile Stresses) 3G
(o, 1 f,) @ (o, T f,) 1 7 farg O % <rll R (Right Side) el 1 (Scale) (F8—1cm=10
KN/mm®) R FTed €1 98 AT A firmg, & AR T@ (Vertical Line) y-318 F1 faan # (g 39 1,,) &
T FIEd €, 6, i G clockwise T W gefag O TR F AR (~ve) AR FEAE, AN (g T 1,),
Anticlockwise (+ve) TH T FEEER (Vertical) @ W AR Fed uw_ )

(1, 9@ a._..v =l A e (compressive) B W T fag O F 9l SR (left side) Hfaa @
(x-3181) T e €1 T IH (1, 9 1) 3 e T fg (M) 3R (o, T 1,,) § gE fag (V) @ Em
SFi =1 frem T T, (x-axis) aTeh T $1 fom fag W Fed €, 9% fag Wel 99 F F C e 81 3=
C 1 7% WP CM ™ CN f= (radius) ST TH 9 0 F 2, 79 HIEX T4 FEA &) T I x-FE
F1 f 3 SER D T £ W FEA 31 qEfag, 0 W Rdi OD aA OF F B shae: SEwan 4 =
T whEe % TR W[ R 4w C ¥ ww oW g9 w OuiE @ 0 Tm ¢ W fama &1 7@
CQ= m.,m \,Hv FHehad o =LAad Fdq fdad (max. and mini. Shear Stress) F 1M wef¥[ T TR AR
TOA T %1 79 99 W fFE o fag F S (coordinates) (f, gg) FIH (6,,,0,), 38 fag z0 Wt
T T T e e W S S W 96 R AR 1 T 9 w5 e

(1) Max. Principal Stress, (o, f,) = 0D g x Value of Scale

(2) Minimum Principal Stress, (6, 31 f5) = OE x Value of Scale

(3) Max. Shear Stress, (1,31 q,) = CQ T x Scale

(4) Minimum Shear Stress, (6,31 q;) =CQ ’ x Scale
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(c) iferhad HaA et % guad &1 HI0
Direction of the Plane of Max. Shear Stress (t; &1 q) MW

(5) wfdarei ¥ fed T wth H FEAE A<n:.§c@®%ﬂmwﬁﬁm:%_.so&u_u:aw@wnﬂ
mdmwﬂ»G.@ﬁmﬂA>:an_onw§movﬂmm=.w.wxo%gﬁg%w%ﬁﬁd@@ﬂ,wﬂ
Em%w_w@.«.&aﬂ%obw@ﬂmﬂw%ﬂmwwmﬂﬁxwm@ Y@ W A PL Sled § 9 T
Eﬂmﬂ‘w%sﬂi%Gou_swméﬂwmnﬁnmamdﬁmﬂmﬂnamﬂ (Normal Stress)
=0y %ﬂmaﬂﬂw_m%nﬂzmﬂa\ﬁ% Scale ¥ 0N A T G A oS T TS W &4

sffed o5 AT go =1 wefa e 2l
firy T for® WA TS o T §HaA Woy msquwﬂmaﬂwwﬂmw%ngﬂgmﬂﬁ
Eﬂmﬂww_aw%&ww\@mﬂaémm#ﬁmﬂ@mﬁﬁmﬂwﬂnﬂ%

5{xxix)

ga @ ot WP g
0 ¥ qon @ WiEd o 9o &g (Fda wfwea) (o, Ao,) qfcomdt wfdee (Resultant Stress)
mw%w@ﬂd%m@wmsﬁn%mﬂmxms_aﬂdﬁﬂﬁu ox + 2 T B I FW ¢

obn?wmm«. ﬁ_wmmﬂam 3STE0T (Important Example)

~ve) | _

yad %y Q (On Inclined Plane) ROy e T e U@ o e ae ﬁA_SW%ﬂﬂmﬂm&nﬁmﬂﬂguﬁ
PL= oy () (Normal & Shear Stesses on an oblique plane due to only one Axial Force)l

R ﬁaus\mﬂ@&@wmwu&uﬁﬂﬂﬂwmascaafw_wﬁ%ﬂm@&oﬂmw%ﬂ
foRaT q9Ta Uiase (tensile stress) R (induce) B A %ﬂﬂﬂ%@ﬂﬂmﬂ (Pull) 10
Tensile (+ve) gw_dﬂﬁﬁmﬂﬂﬂgﬂﬁ&gﬂ%ﬂ ﬂwm._m.m.w,._
Ox:y TA—fEA T, &%a A =100 mm”

Stlidy PowerPoint

Compressive (—vel
QHQ.\.
27ef1g &I (Axial Pull), W =10kN=10x1000N
geael &1 Vertical | 01, 9 = 90° — 45° = 45°
w4 ) W
, (Direction axis) (i) e HfEd, m G, =~ cos 0 u
Anti- |
e
Qnmmﬂ“vmmr\ﬁ?lr\l H_Oﬂ%%ooanmoz\gu I
5 d._.Q * o
¥ (ii) Sferehem w1 @ wfdaw 79fq_ STIETU Ffqae (Shearing Stress)
fira 1.58 : Hg} ga (Mohr’s Circle .
ga( ) Max.o, = o, = M‘M () (-9 =45° o ©)
10090 =50N/mm” I

~2x100
FETEUT 57, SETA (Steel) it Terl 7 41 SIS TS 1 & 1 em? $1 3T Y 45° TFD
T e T AT Wideer 50 N/ mm ¥ fordt e W Ay afa e ae (Axial Pull) FA HITTAL
TI—fER Fe W a7 wiaea (v @ 9fawd), o,

f, o, = $8m~m T H

T 39 § N @ MF) 3 Y e a1 (Direction Axis) Bl 3 =t Y@ & oD,-OF 79 C0 5
ﬁmmﬁ«aﬁiﬂg&wﬂssﬁmﬁmﬂﬁzmﬂm@m&w
(a) reHaH qEA Waaa & FHAA F H00
(Direction of the plane of Max. Principal Stress) (6, & f}) = W A+<mvw

(b) FFH GEA Saae F FHAA FI H0T
9 = 90° — 45° = 45°

(Direction of the Plane of Mini. Principal Stress) ©,d f,)= +@
N au ;u_oamn_ooa.:

Aiﬁﬂsvﬁmiﬂ%ﬁ%ﬁmpmﬂﬁﬁ@Té%ma_w;

2
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-+ " Oa g, XA
e W=z (o %
- siei g 9, c0s0 "y,

_50x100_ 19000 N=10kN

=100 x cos 30
VARS W= 75N 2
«§ om*©

e e Reptt

54 (exxii}

w

wdq ufdad (¢ M og M o,) =5 sin2 = '\Mhmiwo

24

=7

100 in60° = 50 Lumu 43.3N/mm? (clockwise)

(@) W=
cos™43°
D| Mﬂ%%ﬂa;:%ﬁﬂw%on_: gn&.ﬂwa A gfromdt wfaaet (Resultant Stress)
| — ﬁﬁmwanmu«mwu wqreem ¥ sfrerstd (Normal), ﬁﬁwgmﬂﬁnwwe::i or w__cqﬂﬁ__ op T fz = (Tiq A A
FEWIK ] %.W FTZ (Sectt n
e%é&;a.._.:;q?m?a,_uma%nﬂmﬂma 7 (Section) gy _ J@5) + (@33)? =86:6 N/ mm’
. (UK 4
25“%2““&% ~_ (= 60x40=2400n 3 . 2y, aiftrran @A ufaae (Max. Shear Stress)
P mmﬂma. - \. -
' = 45° —ZXTA_
O Axial Load (1) = T2 kN = 72000 N 0= 45" T guux =5 T
DI nﬁmﬁ%?%&:wmﬁm%ci% N;En_lgmu%z\aaN i
y (i) ey sfEe (Normal Stress), TaTETT 60, TS 36 21 g g, AT @ (Section) 100 mm x 200 mm ¥, =1 ferx 3 arEn afa=
e o =Veoste (T ,@Soﬂﬁmﬂﬂma_:sﬁmﬁﬁnﬂﬁEu:ﬂniw_wmﬂmﬂ.«w Fyefra fgama 7 (Axial
1 Pull) P & {1 & P o1 {IET 0T (safe value) T &t FaAfH n:z&uﬁﬁmﬂ%%ﬂm%
- _ 72000 3 _ 225N/ mm? (Permissible limit of Normal and Shear Stress) 3 ¥ 2 N/ mm* 72T 1 N/ mm? &1
i’ 2400 4 3 Guedont =30
(ii) =¥ A Wiaae (Shearing Stress), -
N . . G
o,=57sin® () —
60"
72000 3 . B C ~_ -
PNdeoaxuuln_u.cc./.:5,- o, @ f,
: -X2Z - (Normal Stress)
b i o v, o, = ol +a)) () , RN i
¥ FETRE AR FA—faw ®12 4B T ; ; 3
m_‘ 3 4B F1 ST/ FO (Angle with vertical of the inclined Plane 4B) 0% @
= J(22:5) + (12-99)* =25.98 N/ mm” 3 8 = 90° - 60° = 30°
(iv) o 1 fem, ana <% 25 | 1o WA W e, o, f,=2N/mm’
‘ ﬂqN& ) G, 12:99 e QUSQH_Z\:gu
o ol H g 3 I P, ,
T 9. AT _ @ =tan"(1-732) = 60° 7 fir 7@ (Safe load) P =
e (tie bar) W7 UHETT 7978 BIATA (uni ! fardt w1 W @ wfaaa ’
Mﬂgiﬂﬁ.?ﬂﬂﬁﬂﬁﬂw w,«ﬁu.« ™ (uniform tensile stress) 100 N/ me _ LR T fma, = Leoste )
» T 1 uQ‘u 5 " " 4
%ﬁmau_wum (Shear Stress) 79T gfroms u?ﬂﬂ:zuﬂ FI01 TATAT &, 7 e wiAae ../.c..z_u_.ﬂﬂ ¥ = P
7 ﬂwa.mg ek esultant T:‘:- »ﬂ - - = % == a— - ﬁu >
u@“wvﬁum&wa%a ,_ ) % W AT wif ) Hiw 2= Tee=sg X 08 30
¥ —/, Wo, = Mna“m TR o=y . = P 40000 160000 _ ., g
- Angle of Plane with Vertical) U iR
P N2
A:Hv\qﬂg.w KNJ
P =53-33kN
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g T2  Fam T
) g™ Q.AINL
i xsin (2%30%)
m 1= 55100 200)
O 40000 _ 80000 _ 46188-02N
o - T
— p=46188 KN )
i =TElE T o7 griad g (Less Val
eW ﬁmﬂwﬂﬂmmm@\mmmﬂﬁaﬂﬂxﬂmhmﬂ g coo:ﬁ
gy — p=46188 KN B
O 7053 4¢ ﬂﬂm&%u@ﬂgﬂ%ﬂﬂgﬁﬂﬁh

frIg—fEaT g e WHAIA A ‘
- n an oblique plane due to two mutually vm_dgem

rees/stresses)! 5 A "
gm_.@ﬂwﬁﬁﬂmﬁﬂ%ﬂécz\aq (@ -Tensile ) 3T 100N,
TES -SEE‘Sm?mVw.ﬁﬁﬂﬂ%%&m@.m@ﬂﬂﬂﬂﬂ 60° n%.ﬁ.]ﬂ (inclined) w,a?a
Z5Fern 39 fag T USTd W IR T H oy

= @7 QAT (magnitude) 7 fevm 71
ot 373 F AT (U.P. 2013 0y
FA—7 7 174 w.u;\ f,7a,
G, =200N/mm”,
c,=-100N / mm” (compressive) \ | 100 Nimm?
=97 1 TR (Vertical) § 4 F101 j/
6 =90° - 607 = 30° 6,2200
A 7 T (1S) % 7 7t (Nommal Stres) ) V60" Mommr
qu, =0, cos’8+0,sin’0 [T F g
=200 % cos*30° + (~100) x sin>30° y /
uuco.\.mloowwu%l r 2 s
7 (7= =125N/mm
(774) f,Ma,=100
5 G, =125N/mm> — for1 1.60 (a)

T7 FHAA G Tt
FAT GIaaet (Shear Stress on Inclined Plane)

( -
‘O-H ﬁqx a ﬂm q1 va ”ﬁqu N Qk&m-.ﬂN@ MMM .@

= =100-200) .
2 stxuod

vt e Bt 51 (xxxiv)
ul_moxu\qmnuao.oz.\asu !
~129-9 N/ mm- (Clockwise) I
.. gfromet Hfaae (Resultant Stress),
Op = 6% +o3 TR |
op =125 + (-129-9)* = J32299-01
it

_180-275 N/ mm’

fros 1 fZen (Direction of Resultant) 7 THa §
_oxn _ Ju 125 _0.9623
NS VI

o = tan~1(0-9623) = 43-898° = 44°

a1 1.61 Acvmﬁmﬁmﬂsﬁ,%ﬂw_
g HTEq Hfged (Maximum Shear Stress) & AT

N s O.<|O.
®HAMONQN.N.NQB§H .«N % A.mm_.v

R _ —100—200
05 Fdmx =T 2 R 1.61 (b)

— —150N/mm? (clockwise) I
ﬂn%iﬂdﬂscv@»ﬁmezﬁw.&

T g Uiaaet el

FITE0T 62. Tk famd
FEaq Aet UT At g1 Wiel g9 (Mohr’s Circle Method) & atfrerearad waet Y wE i
q@ﬂ%%ﬂﬂﬁ%ﬂ%ﬂw%@mﬂgdﬂﬂw 30° 3 W07 T HaA
. (U.P.2011)
TA—Tel e %, f. @ (5,)=100MPa |

fy @ (©,)=50 MPa 6 =30° (angle of inclined plane)
T §EET (Scale), 1 cm = 10 MPa

74 T 7 fafy | aad ﬁmm?q_wimﬂmmawAmnm_aﬂqasa%wiiﬂnﬁﬂomSm
ﬂﬂﬂ.@ﬁw%%ﬂmgﬁnﬂ@ﬂn%ﬂ@wmén&ﬁﬂﬂ%s@&wﬂ:a&&,.
mﬁwﬂﬁmﬁww_ﬁo.ﬂwxmuwxuoo — 68° 1 FIV A T v Wrawt 9@ W fag P
ﬁww_@;@ﬂﬂEmawm\@_ﬂwwms?ﬂﬁnﬂmaﬂ&w_

a3 1.62 ¥, (1) 2ifera gfaaet (Normal Stress),

fy oy = PL @ x Scale
=8-8 cm x 10 MPa =88 MPa
(2) Tyt T o1 AT Wiqaet (Shear Stress)
G, Ao, Al gy = PS’ TS x Scale
=2.2 cm x 10 MPa =22 MPa
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51(xxxv)

1

f, (o) Q
e—— 5
T (-v,) Side Clockwise
L ag HZQ..V
(-ve) Side " $
it b F\V X
| \m.

| \w AQLH Q
MPa—

Q\m\o\g—u\ml\.\lﬁ AquH_ OO

fax 1.62

PowerPoint

oot gfaee (Resultant Stress)
g fp Wog=0F a8 x Scale
=90-5MPa

y

d =9.05 cm X 10 MPa 3
- Wethodk1l (Gl &1 o1 &<
= .
S ) o gfeae (Normal Stress on an Oblique Plane)
6,+0, [Ox—Oy ;
fy @oy="" ¥ +ﬁ 5 wnomwm#a.q sin20 t
7= T8 el
ud&mxwumi MPa 7
3794t (OR)
fy Wy =0,c05°0 +0,sin’0 T Y f 919 X T T
=100cos230° + 50 sin%30°
u_gxwioxTdtw.muﬁ.mzwm 1
(2) Tl TE1T Wiaaet (Tangential Stress) 3TFET & wfaeet (Shear Stress)
G, =0, | .
Ssqhﬂ@nﬁ wN wmswwiqoomwe (¥
50-100) .
uﬁ 3 vmsmooivu |me%
1

=-21-66 MPa = -22 MPa (clockwise)

51 (xxxvi)

il wer gt

(3) afturmdt gfaae (Resultant)
op T fi = (0% +07) = {87-57 +227 =90-2MPa —
\uﬂm\ﬁ&.&ﬂa@dﬂmﬂ@mﬁmﬂﬂﬂﬂ@%wwﬁﬂg%iﬁﬂdﬂﬁg
wfiaet (Shear Stress) @7 @1 & fordent ufamer 20 KPa £ TET g w1 IE R g 5 fag Wy
feraret AT YA WHAE! i (GO FA i) (U.P. 2009, 12 MOS)
FA—UTEL g9 (Mohr's Circle) B0 H&4
Faaell @ feufd, qET wHAEl W
sfywan qea wiied, Treed Faad e
e, sfuEFad o =R Had (STTEI) f, 3 0,=0)
(-ve) E D A+<Qv§

Hfiad 3T T & fast F12 (Oblique Plane) — <— o
W o A e Sed e o
Shee T 59 S ¥ see ST e .

1

< gt 7
et g T gA—d el (direct Q (0,20)

stresses) 1 YR HH Al 949, €O =20 = 1.63

KPa 1 fiFi W1 T Scale W @ied 8, fored

mﬁ%ﬂmwﬂimﬂ#wwo%mﬁqﬂ%w I

T S (Scale)

Q'(0,-20)

(fqrs W

1 cm =5 Kpa
tferraq g Niaae (Max. Principal Stress)
6, =0D = CQ =20 KPa

A4l gAqH q&A Fiqee (Min. Principal Stress),

G, = OE = —20 KPa I

ﬁiw@gﬂﬁm%wﬁiwﬂg%ﬁxeﬁma@ww.mm”mﬂ%wanﬁw

ad fFd W €1 o
(1) ifirsan T Siae aTe whad @ Fw W | i fEf

0, == =45° _—
@umﬁmﬂnammm_@ﬁﬁmﬂﬂmssm@ﬁ%@a
8, = =135° il
3) Afran B ThEe 9T guaE H frew e ¥ @i fafq,
B;=0°
I

(- CO Ta1 & frdw 1 ?)
éumﬂ%%ﬂm@aﬁm%%saw%ﬁg*
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o foFd 2ot e
64. for 1.64 mmﬂweﬂﬂ_z:_s_“m&_é N/mm S ;oi@;u@ﬁgmﬂm
IGTEIT 64. A 2 140 mm 3 N N
yferaret (Normal and Shear Stress) yferarel A 280 N/mm m&: frn ﬂww.#ﬁ%g o o, ¥ avEad g FAaH 7 fera—
S — A T T g A T T \ ' —o
FEaq g W Il (p, d oy o0+ 222 (5in20) X 2+ T, (c0528) X2
S T st A Y w2
] m o A Rl T 2 0= (0, —0,)sin20 +21,,c0s20
. ulmmoz\a% : - (©,~0,) wmsmonannOmNm
DI g, =560N/mm oy (2w u - (2)
P 471 1, = -14ON/m’ wwﬁh o n2={5,-o,
7 incipal Stresses)
L .. st @ = gEA S (Principt @) . e e Sw % w1 A
W 0, +0y 140 Nimp i
O 0,02=—5 B c 8,=3 6, O,
2 140 N/mm?2 ’
-280+560 . 1 [~980-560)% +4(-140) ol 3 T
DI === 1t (f, c,) - e i ﬁﬂs_ 2%y |, I
2 qa o 5 1 -1 + =
> = (140442 72) N/ mm 560 Nimm? Oy =0y 3T =g haﬂab 2
. incipal Stress, . GELE] . .
- Max Eegn +442.72 = 58272 N/ mm? (tensile) o7 wHio (2) § 0 9 A (angle and sides) BT
o, =140 for 1.64 i
u d91 Minimum Principal Stress, , ) fet 1.66 F— 2
S g 0,=140-442.72=-302-72N/mm (compressive) sin20 = [ Qu +412
. . 2 < + -
S T AP A = e e & wael 1 HefeR (Vertical) G FIvita feafat o, T0,4 O = 0y) + 4%y
2 N . — (©, —0,) for 1.66
Swmmn 5, -o, T 9 + \ﬁo.u |Qwv~ + aame
= 1, i 2x(-140) " ﬁﬁmﬂnmumﬁm@nammﬂﬂnq,m&%@%sgw,
k) 8 =3t | 50560 | =022
B q.4+q._+qk|q<x (c,—-0,) it 21,
; — °0_0Q. ° _ 00.79° Oy = - - ) ¥
o wm.,q 6 +90°=9.22+90° = 99-22 i 12773 2 H%q.ﬂ —0,) +41%, + /0, -0,) +415,
365, Tewit forg W Wftrerer w6, 6, FUT T, o6 oI WeT (W ) Wherae A 0,7
o, ¥ 7a fag =i fin (Prove that) By o,+0, [, -0,) +415]
R Gpy=— + -
. 01+0,=0, +0, (U.P. 2009) | ., 2= T, Jo.~0,7 +42,
T 3 @& =it 4BCD femm T #)59 w A D\ 6. +0
Mﬁo}q...v&ﬁmmﬂgmiw_m&ﬂ == %3
% Ty <
e <, 4 fot % sam o ¥ o+,
s % -
%\ R a9 Qo Nﬂ—ﬁ& g O..«.TO._‘.
] .—,x\ a1 G, = 5 y _
&x S W fe A o, +0,
0. 2 %*0, o, -0, 01 +0,=2x| =5 |= o, +0,)
T T s Bt ey (1) A _,
Proved

0, +0,=0,+0,
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e e Bt
=1 " (+ve) = dop’ & °H (-ve)

dor
- .. ayqeyur Sfaa@ (Shear Stress) = OP e x Scale
c o G w1 GV =2-8cmx5=£14MPa &t .aMM
pa— i oy T W (Stresses) T VHRAS
o s 67. e & feret g e 1.68 () w = WRTeT (Shearing Stress) T W @
DI T BD T aTet arfirera gfteet (Normal Stress) Tl (U.P. 2007)
— Eaiell i
0,+t02= 0, +0y = 3 :59
g . —m—vﬂﬁmmmmv ﬂg. NO gmﬁ” ” k 40
umﬁﬂamﬂw (Principa ﬂ:/_ a’|(0-40)
garevor 66, ferel fag T o1 3 TG U STOEAIT T (Shegy o
bs Ci mq.__wm §
O o ford s (Mol n_a_ew_saaﬂzqﬂsqamm,, HAT ARy, 40N
() fe R v I3 by W | e
i e 6,=6,=20 MPa(dTd Tensile \ @ oxds® b, @)
T ’ e ' . A (400)  E ciN ! —
> 6,=0,=-10MPa (Hdted Compressive) " e a M
@) B e s A A, lem=5MPa A (Scale) 40Nimm? | ,/X +40
u (-g)or \\ N
g t_ (Clockwise) Q[(0,+40)
S Y Dl H —40 —><— +40
o
A # 40 N/mm? I
b
fer= 1.68 (a) Hwé
Normal Stress ¢ p Normal Stress for 1.68 (b) : Mohr’s Circle
,.w.,,, (-ve) < 0 c 0 —- (+Vve)
w Ao.m_ Ov AO.A_. v
\\,\ (+10.0 (@0, 9) . gE—(1) dvaries fafr (Analytical Method)
P : A 6, = 40 N/ mm?* ()
wI,oq_ (20)—f ag G, =—40N/mm’ (Ffte)
10 BCTHAE | F0T 0 W g WA T WS (Normal) T T Sferet (Shearing Stress) % W
ﬁéa TR BT R g R TR e—
7,, (Anticlockwise) O, +0,) [0,=6, ;
o 1.67 G, = 2 + > cos20 + g sin20
(1) 1 39 & sty
STEY Nfrarey -
o (Shear Stress) LR 6, 9o, Aqgy= h@ aawm.—uwm +q cos20
= BT N=00=3 omx Scale 2
@@ﬁﬁﬁmﬂs@mﬂmwéu;zs o g 1, =0 Tan s (FF e T )
7 T (Normal Str . . ACHTEE & fag, =45 (fem ?) (fa= #) |
T §), 7 gy ST (Shear Stress) €55) X[ (zero) # ( i et farg @ < a®

™ (circle) % OP =1 op’ ﬂ«w 2RI Nﬂgﬂwa_

i
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51 (xxxxl) u c0s90° =0N/ mm?

40
d%\ncw\%&ﬁ.\\

oic=(F7
n m. R \\\\LQL@%SQ
gas = Os o= ﬁ 2 (s 9y
O - -40N/ BBN An_on_ﬂime _
3 .. .@ 0= _45° ~
ferd Frai 2«:.8: Eaul
_ _ gt BC & T, BC .stao\NALenamxImJuoz\ \
Q “ oy = \u foadiil o
-n- J 3 ° ﬂ
W - Sa\nA oQ\aSmiNxALG ) =40 N/ mm?
q457) =98 —3 i
a9 . FEA® g .
i o 1,68 (b) HEE R S
g7 g s Circle Method) faa 1 ,
S o5 0 0 g € A ¥ 1 Ac, fa=a CD | Ham Ausan_cn_?”,
iy

. v s =0 &l ~

2

o 44 wfaae (Shearing Stress) = —40 N/mm |
weffd yfqerd =0

3 Q g goad BC T, ST |

qen Fd4 wfaad (Shearing Stress) = 40N/ mm? } |
T 68, ferelt wfeaet T (Stress System) o T fag uT gferarel el uiuTTt (Resuy

Stress) U@ AWAC 91 (on 2 certain plane) 50 MN/m 2 md_.mr-m:m_._m yEST ﬁm,mm.ﬁﬁdmﬂﬂﬁﬁ,
77 7 (inclined) &, FT T 1.69 (a) 5 Feramar T &1 FH A § €A GHHAAA GE Wy
gfiaet 30 MN/ m* #1171 Fad—

) ﬂzwﬂnﬂﬂﬂ%u@% (Resultant Stress on Iind Plane)

(2 &= yfaaer @41 J&d GHdcl &7 feafa (Principal Stresses and Principal Planes)

%)) SFAEAY FTEUT YHae 79T 39 WHAH @l featd (Maximum Shear Stress and Posi
its Plane)

Dluxteucoq
.. o gra seff @i AC

y

Stud

———

30 MN/m? 6,230

Aﬁ.‘l‘l
2
51 (000

,_ e @en Bt

Fe—(1) dweifad fafd (Analytical Method) fot 1.69 (2) @ (b) <EI

woq| A EF T T gfeae (Normal Stress on Ist Plane)
= 50c0s30° = 43-3 MN/m’

a1 weW WEAA EF W € @i wfaEad (Tangential stress on Ist Plane EF)

T, = 50sin30° =25 MN/ m?

[Ind Plane T T T&T0l Hfaael (easita wfaee)
(So, complementary Shear Stress on IInd Plane)

t,, =25 MN/m”

(i) TR FHad T qfcomdt wfdee (Resultant Stress on 1Ind Plane)

.

.
e

R oy = 25 +(30)° =39 MN/m? I
(ii) Principal Planes and Stresses :
T 9 €, - 6, =433MN/m’
G, =30 MN/m” T T, =25MN/m?
%
ifaran a1 <JAad geA dfqee (Principal Stresses)
Sy = hs‘w,r uJ 133307 +4x 25
=3605+25-86
Ffishan H&A "idad (Max. Principal Stress)
6,=36-5+25-86=62-:51 MN/m* (F79) I
qgr JAdq q&A gfdaa (Minimum Principal Stress)
G, =36-5-25-86=10-79 MN /m* (T7)
IW

6, = 10-79 MN/ m? (tensile)
e wfaael & guad & i @),0,)

(Direction of the Planes of Principal Stresses)
2t,, 2x25

G0y @330 > °

tan20 =

2 =tan"'(3-76)=75-1° T 6=37-5
- 0, =0=37-5° =37 30" (30") (o, & THaa ¥ fag ffa)
39 6, % FuaA F1 wwa fefa,

0, =0, +90° (FA)

0, =127-5°=127° 30" (30") I
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ing S
iy 7 e (Max Sheariné | =% 3 e e Bl 51 (300cxiv)
ot —g (@) =72
- o = 0.79)_ SL72 e 70, TE fooe & ww g W G, =+100 MN/m?, ,=-80MN/m’ @@
m uﬁmww_\mv\wu\n\ o = +40 NN/ m? e § T Fronfefa ot g A
a 25.86 MN/m’ Asvm@qaﬂﬂaﬁm@qﬂiwg%%mg&_ m
= ’ . \* - -w - ‘
hearing Strss Amvmﬂmﬁqsﬂﬂmﬂgﬁm«w%mﬁwi wiraer s €1
o ¢ of the Plane of Max- (31) 108-5 74T —88-5MN/m o8 deT | A9 12° wAT 102° W
Angl _p, +45° (T
D % \L o445 =825° 82030’ (Withthe Plane £p, () +98-5 MN/m? e et | hurer: -33° T -123° W (U.P.S. 2010)
W \nm_m.&ﬁna 100 MPa TT45 3.? w_w%m_.im.ﬂ . g@—(31) g&F wfeae (Principal Stresses)
O e %.ﬂﬂwﬂﬂﬂ%“.ﬂﬂn@mﬂmﬂﬂn 75MP. mﬁoawﬁ@_nmﬂna_ﬂﬂdﬂwﬁdﬂ 6,,02= %:*% 41 e =
%mﬂ%ﬁ%ﬁaﬂ e o e 27 5._ 2
al o e g A S € 7 e s A 100 MPa a1 —g L
_dﬂu.“o.‘_nlmmgwm Aﬁﬁa%mﬂf msmﬁ 2
> %%ﬁﬂﬂﬂﬁwﬂwgﬁﬁw: =10+98-5
d g 5. =100 MPa 741 6, = 45MPa E.: -, sifsan 7ea Sfaed (Maximum Priacipal Stress)
b . : _ —35MPa 2l @) oy ~10+98-5=108-5 MN/m? (Td-Tensile) —
) %ﬁﬁaﬁqndmaqﬁq‘_;adq
dd T . (i) = eA Ffded (Minimum Principal Stress)
. aifiepa &Y Nl (Max. Shearing Stress) .
S " ot 1 - qmu_onom.mnlmw.mzi\sxﬂ&ﬁ Compressive)
e FL0 =77 =3 (0, =0y +4To () = -89 MN/m?
(iii) 31feran g Sfdea (o)) & FHAA H HO1 0)) | A
N PR 2t
b T 55=4(75-0,)* +70° Rl ey A
- (55 = (15-0,)" + 70’ = wss-_ wawmo = was-_e.ﬁe - w % (23-96°)
& (75-0,)* = 3025 - 4900 = —1875 L
3: 0, HIIH (imaginary) BT, S TR 2 . = x24°=12 —
T 9 o &4 Sl § @ 100 MPa @ (tensile) &1 € A1 45 MPa Hfre (compressive)t (iv) =T & S (o) % FHGE B R O;) B R
& °N 6, = +100 MPa &% 6, = —45 MPa | 0,=0,+90° A
IR g, G T T— ’ . 8,=12+90=102° -
ﬁ_ooim | (=) (i) T TUEUT Wiaael (Max. and Mini. Shearing Stress)
2 wu m,\a-qam +(2x35)° q1 gy S T, T, = wﬂq_ msw = A
a1
145= (75—, + 70° 5488
a7 ) A Q;v +70 qy, 92 A4l T, du“HhaﬂHowwgz\au
(75-0,)"= (145)" - (70)* = 16125 if) sifereha STTETY S 1™
" 75-0, = 16125 =126.98 = |2 ¥ (g, @ 1,) & THASA (Plane) 1 H1ofta feafd (Direction of Plane of 1)
7 0,=75-127< =1 Pua_lmjmmﬁm@%_mmq_wﬁmm@%w:
d: 6, F1 YT 52 MPa %ﬁ:mﬁﬁu&ﬂAmnmw MPa =12°+45°=57° oy
ompressj 2
pression) e g A S R B, = 0, — 45° = 12° - 45° = —33° (clockwise) e
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59 (xxxxv) mw
¥ guact _
i) g HTETT e (2 T 1) e ol maos
A_—: Qu - QN P &Mc ﬂ (o 23 ﬁﬂm__m m~_
u_cmo+&on_ﬁo .
] 90°-33°= ~123° An_onwianv
e =" e
Mmﬂ“ﬁ%ﬂﬂ (Graphical Method bY Mohr's Cir¢ e)
2
=20 MN/ m”-
darr (Scale) Iem | | |
el ( 7gd @l & dfast @ FHE @ (Horizontal and Verti :
Y

Ty (-ve )

o 7 g (0) T

Oy A,_.mam:mv
(+ve)

0
o, Aooauammz& E %

Study PowerPoint

g —
awuomk (6,=0D) [

v f7 1.70 : Mohr's circle
T 45 (Origin) O # 2 AT 0, = +100 MN/m” & fa@ AT (1 cm = 20 MN/m’);
sem W fag & /R 38 fag § 99 Vertical distance T o, = +40 MN/ m* F faa o
. . o
wﬁﬁ% 2em F Q0 W g (M) &1 38 g (M) F F7290F (Coordinate) (0, T, ) = (100, 40) #1F
AT W T W7 6, = -80 MN/m? (FEq) 31 1, = ~40 MN / m” (Clockwisy
SR 0 8 7 5 4 em 9 28 7 S 5 39 (ve 2T Clocke |
2 EAT T & AR (- ve fom =
form > . & N ve Clockwise @ FIUI) 1,2
gwsaﬁwﬁdﬁk:-s-sé 1

M- N % frem w e T | o -

@ ® 3Tz 4 ¢ g ¢ 33 A g4 & #E Y

(Compass) T@F OM 71 O frsm ; T 77 W
. M T ON T (radius irole) T A B 5 70 N E .
AH (Direction Axis) 81 (radius) B 77 (circle) I TR AT ga €1 TFH N H ueg

L _m“mﬂlwﬂu - h
nrE? Wﬂﬁ.’ SDIAEFIOF

(&) (i) #fgmwag
T&T WA (Max Principal Stress)
0) = 0D 4T x Scale

37 0D 371 OF F991: 6, A0, A

ﬂo i

51(xxxxvi)

e @ Bt

= 5.4 o x20 MN/m’
=108 MN/m?’

(i) =gew e wiae (Mini. Principal Stress)
6, = OF &g x Scale
= 4-4cm x20 MN7m’

- 88 MN/m”

(iii) o, % guad @t faan (Diresction of the Plane of ©1)
o 22y =¥
G_ "INl A+<0vl. 2 |~N

(iv) 0, ¥ THaer 1 Il ( ot ) (Direction of the Plane of 53) .
I

oNu+Wn~\wmn_oNo

d Minimum Shearing Stress)

Amvmﬂﬂqmqsﬂmﬂfzmr an

(i) Max. Shearing Stress
(g, @ 1) = +CQ x Scale
— 4.9cm x20 MN/m?

=98 MN /m’

(ii) Minimum Shearing Stress
(g2 1) = —CQ "X Scale
= -4.9%20=-98 MN/m’

(iii) (g, @ 1,) % wHae i fom
@w“.l

-2 *

1 _ 66° _ &
=== =-33

ul

(iv) (g, T T,) & FHAA =i fem
IEHIN.«OHI_MDO 39

0,=-12= I|
o) ]

(stress system) ¥ auaa 71

E.—..us

N - -
TR 71, Fa 1,71 (a) ¥ fe@md ma N/ mm * % ufaaer

ofqad @@ (Tensile) ¥
wm&m

T yfeae {d i
Fe—i-ga Fa 171 (b) ¥ fea@mn o #1 96 o, = SON/mm”
mﬂ@wﬁsﬂmﬂ&%ggw_aquuoz\guﬁ%Anoava&oBQW%O
form T €1
TS guast = Cp ggﬂw&ﬂmcwuxwouﬁ%ﬂéw_ﬁnﬁmﬁgm
p g Tu W § S fE e v i —
G, =+32 N/mm-® T4 (tensile) |

aa o,=-30N / mm*
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o 1.1

Study PowerPoint

Emﬂ%%ﬂmﬂﬁmﬁ%ﬂ%@aﬂﬁmﬂmﬂﬁﬁm@
6,’=-2-75N/ mm?, §UET (compressive) L

aqr Qa\u&oz\saw ko

w Farernn 72, Fert 1,72 (a) B Fe@m@ T N/ mm? & wfeoarer fenrd (stress system) < ToTa Ty
T yfaet 1 w91 3% 39 WHAC U Yeroid it | (UK. 2010,
T—7 0,=20N/mm’ I Fewe w0 ¥ I R FAN FiH AT TA H g A

0, =40N/mm’ F Tl R TR Ff 98 WS (compression) H €1 FHAA 4B, Id W wﬂj
SRR 211 21 S T 1S 1 AB W § g 30° %, 31 7% e Fat 1,72 (b) ¥ Y cP amd
# 2x30° & B gr1 e @

AT (Mohr's circle) ¥ P farg a1 75 WE W,

T Hfaaa

0, =5N/mm*, T4 ¥ (in tension)
91 Fd7 e 0, ==26 N/ mm>
u&ﬂ.uﬂm@f.ﬁ@mmﬂi

ckwise) mﬂw%ﬁ@wﬁm@aé%_nﬂwﬂ.fée%wmﬂsﬂﬂuﬁwﬂwﬂﬂ%

54 (xxxxviil)

RSl

""" 75,240

anlmo
4 X O y cMf
n.\ -
N -
Q
o, =40 < O.NHN\OV
ﬁ i
(b) (c)
1.2

SaTeRT 73, afE el 3 U fag T =en @ ifuean gEa giqac wee 30N/ mm* T
8z\asmﬁ.mﬁ&&mﬂm%ﬂﬂwﬂwﬁﬂwwﬂwm@mﬂﬂ%%ﬂﬂmﬁﬂmﬂﬁmﬂ

AT FAAT, TR T A 36 g T T 96 ¥ W0 tan~(0-25) ST &

(UK. 2011, 8)

Te—(1) dvatiyes fafir (Analytical method)—
TETER Wi e fo 1,73 (a) & e oigen, o 6

6, =90N/mm?, 6, =30 N/mm”
78 q&4 T BC &l
ff 7-S WA &1 BC § H0
0 = tan~'(0-25) = 14-036°
@ TUAE TS W o 991 He e, WA i A 6, 9 (o, W oy) 2
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(b)
fa=1.73

o, +0, G, — Gy ) .
TATER,  Normal Stress 6, = 3 + 7 c0s20 + ¢ sin20 (=T8T g
y

j
90+30 (90-30)

+q
(1)) (+ve)

P (-325,2175) |-
Q T -325 |Yk

(b)
= 1.74

51 (xxxxix)
30
?. " niﬂ - e wen Rt 51(xxxxx)
‘m 9 EH 70
) | v 90 87 T
90 \ C A ! B
. m ¥ i ™o a.nwml-:.wmﬁll
/1 e = 20
O ) © sl 1"
al £
5
-qle——87 \¥“
= ﬁ .
O P (87,-14)
Dl ?mo.ﬁw 2x14 - H.Hmvﬂ Ay
> ° . ? @0 70 c P’ R
—f E| . 2x30° +f
© ‘q A (o) W ()
-
o |
J
4

2 T2

T @ 6, = 86-47N/mm? (F1)

0s28-072 = 60 +26-47

© — 0y :
T TR Sfered o, A 6, = ‘N vmgwalsniﬁﬂaucwv

_ (30-90) .
=T sin28-072=-30x0-47

96 =—14-12N/ mm?

(2) Tet-ge iy .
) et faf—fiy _.E&wﬁmm?ﬁu%g&ﬁummﬂm 1.73 @Qﬁ@%

Qﬁ«ﬂﬁﬁmﬂﬁiﬂﬁwwwﬂﬁm_ﬂ
€% B 173 (c) ¥ wefi wvﬁmﬂmsiﬁaﬂmﬂﬁ 87 e ~14 N /mn'™

A/ 74, et 1,74 @) ¥R TN 2

T T 1 e ity 3%
7 1 ey &@wﬂm@ﬁ_%gﬂgﬂﬂmﬁﬁﬂga
K

- E—Fe W e wited ¥ €, el vt e fag 0 @ o SiR SR SR 36 YR wEd
' BC, 99 W forg D A 3ef¥a € 81 37 CD W2 x30° % IV (Clockwise ) BT TS WHae T et P
| gr wefiE g .

T PR,

- 6, =-32:5N/mm?, §fEq (compression)
(6, A q,) =+21-75 N/ mm?
(2) (0, T gq) F1 M (+ve) &, T8 7€ f3 1.74 (c) W THE W T (anticlockwise) fam b

| fe@mn T ®

fo Ao, U (~ve) B & HRUT HdreA AooBEA.wmmwosv ¥ femman @ 21
e wRomd sfoed, o= A\Q% + @MV =OP . |
= ,\:ls.% +(21-75)*] =39-11 N/ mm?

e IR F o, A fy B EFE o TH W
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21-75 _ 0-669 e e Rl 54 (il

51{xxxxxi)

O, <« ==

S:Qumﬂ.- 325
._m o =33-7°= £POF 3 =4 yR, RS T 75 W,
_ g0 ~33-7=56'% ) ,
" — I %ﬁ%ﬂ&ﬂa 9 %z:__a:mﬂmvmﬁéz::s“ y o sfa@ed, 6, =35N/mm’ (TE)
O uﬁﬁs.\wmﬂmﬁﬂ% m%uﬂﬂﬁ@ﬂmdﬂ%ﬂmﬂwdﬂﬂﬂﬂwlgoﬂ:_ai_ Fdq wfq@d, o, =43N/mm’
s 3w s A T K i iuna%mﬂasqms%%aﬂmj Sfomd wfew, o = 55N/ mm? (OP W FEA)
..&ﬁ.«d..%ﬂﬂAmvs?ﬂauamﬂ, (ii) AR o T g " o
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n_ ' - m&wgﬁﬂ%mqgéﬁﬁ@mﬂa:_ . ! . . .

D ton A5 %M_ cp ¥ 2x-30° RPEA fot® 7@ 75 W Mﬂaﬂg T T (Axial tensile force) T &1 €19 & farelt off Tt UT A UTAae (Shear-stress) 0-1 KN/
5 mu_w mm? ¥ arfires =&t B SNfeU) B o1 A (diameter) m_._m.m..w.m.mﬂ_

Cp # @i fw 78 (Direction Axis) A
- 3 T rﬂ _ .~ A
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ot . .
fagd e forelt 3 and Shear Stresses) UMty farfyy . 8 mu@ 51 {xxexivy
+— i MMﬁﬂ?ﬂi  a H (Norma! ;__..“. =
A 5 i I —— —
zxﬁoﬂhwawﬂaimw. P U () A g 7, e 7 frE(Deformation) 7 Liatd
" m 150N (v) & A et s (Shear or Tangential Stress) W FmoEAwm xvd w7 #
25MPa A 75 MPa (vi) FFf (Strain}, €= e mm
Dlr 75 MP3 Na 25MPa (vii) TfEeF S (Poisson’s Ratio) .,_mn kA
e . (viii) s =1 wfaae dra = M A (E)x T
150 MPa
. o wfdad
W R 1.7 (ix) VeI IO, £ = s o
@) ; . st (1Nt
................. . ruagresonrioiiis B - SRR CR ] E3
[ w—fm s o o, = 75 MPa (Tensile, * ¢) (x) farpfa =1 forfa & i 2T W T
: ) shear stress =25 r S 4 Sy cadissasasmessnat
o, =150 MPa (Tensile, +ve). shear stress, Ty, = 25 MPa (xi) #Af=m wfa=e (Ultimate Stress) 341 FrAFT WA (Working Stress) & FAIA
y and Angle of section plane 18,8 = §5° (in clockwise), wed 2
O = e # Wi T8 79 7 2 (xii) SFEATEAAT F HA (Elastic Limit) et e T W T T F 3 sl &
u A EMA._.N mmw ................. ﬂ.ﬂﬂ.ﬂ .W_
+— ?::?muswaﬂsﬁmﬂw.%ﬂwsdﬂﬂwﬂ«m@nﬂﬂw.ﬁ&ﬁ .................
S iy (-ve) FEerd
75MP3 - FdT wfaaE (She : : N S :
T (xiv) (Shear Stress) a1 F44 faFfa (Shear Strain) F FTA F =z £
o " v
; , (xv) E 841 G & B §3 E=2G 1+ ...] ¥ (UK. 2014, 5)
o Dy (xvi) E 71 K § WA qE=3K 01— ] 2 (UK. 2014,5)
150 MPa (xvii) ﬂﬁéﬂgnﬁnﬂgﬁuﬂﬂﬂw%*gﬁ%ﬂﬂﬂ_:unﬂ.hmaqm
{+ <m~ Mmﬂ ................ ﬁml.mj ﬂ.um W-
. @ (0) S A (Mohes crcs (i FTE S sl 3 Prpfedl 3 oo do = Raahd
. Py 4,77 A (xix) fFfl o (Beam) ® o F FTO A AW FErEA Wews TN 6
(xx) T TET (Mild Steeh) ¥ T TN F TAE WAEA 50 95 (Stress-strain curve) F fR
FM—  Normal stress (6,) = ON = 761 MP fi W fan g fagfa a9l 8, 38 A (Range) | =1 E
MPa (from Mohr's Circles) (i) AT W AR R e T IafE AR AR Em | o

Shear stress (1) = PV = + 26| MPa

FYOTH (Exercises)

L. 53 frm vt 2 975 s et & 2y

() T (Sress) # SL¥m {Unit)
AT T (Uni

(i) fom Sy ) T Lig
P ¥ 7 v W v a wa i (UK. 2018
(1) T F g gy e Y SR D gy e Frd B

W w4

(xxit) TF & fromeEn, 3= wRel v e o

.:.__,.; w4 fove AT TR A A fawg § oo oiER TR T (UKL 2004, )
(xxiv) wed fapfa aa s fagfa & sgpmw o wE@ B P..r.,uo:..mw
(xxv) A AN (Pnincipal Planes) WU siaa = T .

(xxvi) 3FHFan Fd ( TEgo T 3 E ;
_.3 - F (HTEET) WA F s, (e TR TN
AL A

. EMWES

(xxvii) SRR A =Eam W s gl (e e Few . @R

(xxvii) o wfyeel % owwm wem R FEmwmEE WML
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2 iiy fearet a1 S A, (iii) N/mr’, (iv) F@Hd (Strain), (V) TRy by,

(i) N/mm”~, (ii) " e fapft (Lateral ST (i) frFfd (Strain), o

(vi) 3R o gfted, (vii) w&mﬂ fagfa FQPE.EEB_ Strain) .

g, (x) T, argded, (xi) e T (Factor of Safety), (xii) ST ﬂﬂwa:_» Mgy
, (x) 99, 0 .

(xiii) FERAT (Hardness), (Xiv) 7 Argis A1 gedl

. _ . ‘
MSHMA@,?S .\y AxSV wlxc@& wq»
(xviii) 3T g, (xix) ety s A ad, (xx) W (Yield), (xxi) E=ra, e, (xii
mﬂa (xxiii) T SfdEe (Thermal ~ stress),

A.ﬁ&i qrgeid  3TIAId Quommwon.m _m.
d (xxv) FaT ?ﬁﬂ. 37q&YqY) (Shearing Stress) (xxvi) 45° (xxvii) SR (Equal) o
u Aiamﬂ%ﬁge.g_azi %f...ﬁénmv E&E

%
) 3y

¢
'

PowerPoint

i)
f W (xxii) 1 (Graphical

S , e
(f) 2. fror i i @iferd e s 3 e
(i) SHEE (Stress) T 38& JHR
(ii) faFd (Strain) T 3% THR
(iii) SeaTea S (Elastic Limit) (UR)
(iv) &% F11799 (Hooke's Law) - (UK.2011,12; U.K. 2013 W; UK.y
(v) 94 Siqaed (Thermal stress) (U.P.2003; UK.
(vi) F9 f9Hfd (Shear Strain)
(vii) 9% fa&fd (Lateral Strain)
(vii) 3T T (Volumetric Strain) (U.R2
(ix) F07 Yfaad (Shear Stress)
(x) ﬁm nz @91 §Y e (Direct Load and Direct Stress)
(xi) 71 5T 31 S e (U.R.20
g 4 N..I,%N T o s ge N
( ﬁ: ﬂeﬂ. (Modulus of Rigidity) (U.P.2000; UK2
«.ﬂ:.vm(ﬁmu A9 (Bulk Modulus)

(xiv) W3 $TT (Poisson’s Ratio) (UP
(xv) m.ﬁm.ﬂmuswﬂ Q..moaﬂowmmmmﬂv\v (U.P.2003.10 12-S H:A.Ne
o . ‘ P. ,11,12-S; UKX

(xv1) 5743 @Wﬁ%ﬂ?&&w&&b Stress) , g E.E_

(xvii) Trar (Elasticity)
(xviii) TAZFqr (Plasticity)

et e Bt

10.

11.

51 (xxxxxvi)

(xix) Tl (Hardness) (U.P.2013)
(xx) = (Tenacity/Ductility) (U.P. 2013)
(xxi) Il (Malleability)

(xxii) ST FT (Toughness) (U.P.2013; U.K.2014 S)
(xxiii) ST (Brittleness) (U.P.2013) m
Frer § 3T HHAA—

(vi) Herar gl ST (Hardness & Toughness)
(vii) ST feret qo SR Sfasre (Ultimate Stress & Working Stress) ~ (UP.2002,10)
g 35T o fordl T Wt 4 sfaee-fagfa (am-faaon) arE T | 36 fargati =t sifsrd ™
fafea qan et gftm fafaa (U.P. 2006,08,11,12)
Hged ¢ (Composite Bar) = WY ag syEm fafadl

ammwwﬂaAzmaman_v&@aﬂﬂumﬁwmﬁumﬁéﬁgiaﬁw@w

Wfaa-faia o3 Taizd aa1 T Sifa— (U.P.2006,08,11,12)
(&7) v Hfead, (&) FEEAE dr,
(|) = wiqad, a1 (7) faviem wfaem

(i) Young’s Modulus (£) @41 Modulus of Rigidity (G) ¥ /g T3 Tafua hifewy

(i) E 99 K ® 9=y g wfyq wifsm)

fefefad =1 aftnfad SifsE—

(i) e ufdae (Working Stress)

(ii) 279&u faHfd (Shear Strain)

(iii) 3ETT AR Ok (Bulk Modulus)

(iv) @9 ufdael (Tensile Stress)

(v) 994 fag (Yield Point) (U.P.2010)

(vi) & Tk (Factor Safety) (U.P.2010; U.K.2014S)
g TE@ (Mild Steel) 3 T&A it o1 fafEd| 54 Hew i ngngdl (U.P.2012)

faRy : uftrer-fagpf vd erard 4 aRad () W smenRa
T TEIT % R BRI 2-5kN 9K i IS 31 GR 1 =7 o4 el 2 =fed foredl S st 100
KN/mm? & @ 7 217 of 9R 1 o 5 WeX § A A F g (A) B 7| Fifed
E=2x10° N/mm? AH <ifed|

[S¥X : d =0-18 mm, Al = 2456 mm] , .
T (Steel) 1 T el Tg, Forgem =am@ 2 T 8, R 30 kN 1 7 9@ o €1 98 | T Saad |

FF SR ST o 30 0 S A I (A F T F Eg = 2x10°N / mm® R
[T : p=295-5 N/mm’, Al =0-0001432 mm]

Scanned with CamScanner



——

mawd gfg E=2%x10° N,

O @3 2 .
wﬂ«mﬂ _85
12.7 N/mm’, womxs

0 amxSL 0-0805 mm]

yﬁdﬂu 79- /:Eu
D wmaﬂ M%aa i 5 e 7 (Square secton)  Fl (ends) T T T (i
mﬂiuam_%ﬂﬁ%mﬂﬂaﬁﬂaﬂﬂ (Square section) F1 € 91 39 geg uSAF
u o 7 1 T size) T g, af T T 3 S (stress) 140 M,
Sﬂﬁdﬂmﬂmﬁmzna__n force) 87-5KN CEE Wﬂ&ﬂ.ﬂﬂ H 9f& (total extension) . Ty
200 GN/m (U.K. 2013, W; C—m.g_.

[3w: 25 mm * 25 mm, 1-79 m]
60 mm x 60 mm

60 mm x 60 mm
4
> 3 |«
g75kn| E E [87.5kN
£ j wm \ £
3 3
3m >
fem 1.79

15. mﬁﬁmﬁﬁﬂéﬁﬂaﬁﬂsggwmﬁﬁﬂmﬂ%Wﬁ@ﬁzmﬁ%g
F<1 R 91 F1 £ = 106 x 10° N/mm? (U.P.2010; UKX

[T 2 Al= 01132 mm T %7 2y

80 kN
20 xz
D

TomoavTIaslvT.ISalv_
ferr 1,80

10 kN
| ———

Zaaﬂnam ﬁmo?

as}yw vy e Bt

16.

17.

18.

19.

54 (oooocviil)

# ftad I Ffea Jafs
(U.P.2002,U.K.2014,8)

Dia = (¢ 35)
1 s
40KN

}e— 1500 mm—+<-1000 mr>+— 1500 mm—>
forx 1.81

= == # 2vs 9% W 97 1.81 ¥ e A o ¥ T F Ol A

E =200GPa®l
(37T : A/=0-687 mm = =T § )

«| Dia = {9 35)

Dia = ¢ 60
30KN _

e e —— ——
50 kN

forr 1.82 % 2oTHé TE @ i qui wnaTé H fadT (Change in lenght or extension) T ITAAN(

e
E =2x10° N/mm”) 1
2400 mm? -\
600 mm?2 1200 mm? -
50 kN 350 kN 500 kN l 200 kN
— ,l' Ap—
__ 1000 mm “ 1000 mm __ 600 mm i
ferm 1.82

Y777107217177 1717177714

for 1.83 § fearl T e R o 2 Hex o 6 ot T Asrwe are

CHETA FE F T W AR @ 31 B W o § FA g6 I9 Hifwal B a
E=2x10° N/mm? 2 [3W : Al=1-1mm] |50
mm
2000 kgf Wc
¥ 20 kN | mm
« #
3000 kgf | 750
40 Tto TTE, 4.5 Arflo SR 3iR 5 Tfto TEE AR G W TH TS & fad =130 kN | mm
ﬁggmﬁgﬂg%%_ﬁﬂaexzﬂsﬁa w.
grdted SR T T 21 5 9 e § 0-00 Ffto Fi wHH A e | :
0-003 Tfto i 4000 kgf
e Bl .w_ (U.P. 2002) el
= 1.83

[S¥ : 0-9x10° N/ mm?, ||o 3]
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it =T 1, 200 fidto 20 fing
%ﬂﬁﬁﬂﬁuﬂiﬁﬂﬂﬁﬁa

A N..,_u
b

o fee 30
20 @mmogomﬁmwﬁﬁ Mﬁﬂaﬁmﬂﬁﬁn
tiwﬁ_ogoﬂaﬁw_im

23
_ 100 kN/mm
nﬁuowzﬁmaw_anwm 2 pl=0-84 mm]

. /mm”,
T~ .46 N/mm?, 9554 N/ n’, 38216 s, i &S (Connectin
[3¥ : 420 ’ = 7 200 mm €/ & Rog)
O anmm:nu 7 fgeed <l ﬂJWJu
el 9T 3T (Stea , )

" fr Nw_nmﬁm@dﬂmﬁaﬁmﬁmﬂaﬂfz
p_.ﬁﬁmﬁﬁ%%ﬁuﬂ Nona%@w_muwxamz\aamw_

P%ﬁiﬁmn@mﬂﬁ. |
: ¢2.5N /mm Al =0-1875mm |

o @ﬂﬁﬁﬂﬁawggm&m_N&ﬂw_ﬁwﬁwwwﬂngém&ﬁﬁ
: . ? 105 N/ mm? & T TS H TS H e

¢ fFarT < 8 N/mm $1af E=2x o
dgw%wm Eﬂauq.m;

il
wuii%mwmgﬂaﬂ%@ag@%&mwﬂ&ﬁﬂaﬁnﬂﬂﬁﬁ
Szi&%&%m%ﬂ&%@w%%%%&

25. ﬁ@gﬁawafs_cévﬂ_.oxs@zﬂﬁmﬁ e o 2, S T =T e (Ui,
w_%aﬂﬁsﬁﬂamogoﬂa.%ﬁ S =T T

Stress) 480 N/mm’” 3241 €1
(U.p.y

TR U1 (Factor of Safety) 19 4 WA Tl
(3 : d'=140-8 mm]
Rty : ured fagpfer e digsr A TN anenRa we
26. T TT T B W Tl A | It 31 22 kN I W TR W W 39 SArE H 0-0004 T
o & T 21 7 E = 200 GN/m’ B A SiESH ST 9 Y [ST : 01

27. Nogﬂaﬁﬁﬁ_ﬂz%mﬂmfgﬁmﬂm%ﬁmﬁ*ﬁ%%@mﬂ:sﬁzwm.

T T I R 4 WS ST 0-25 91 E = 0-9 x 10° N/ mm? 813 e & st o
[3¥ ¢ 0-0265 mm)]
28, uoowzﬂ@ﬁwoﬁogﬂm,mﬂo&ﬂ%hgogﬁm@wﬂa%@m%ﬂ&iw

fom 3 T 1 e S e w1 R AW AR E = 2x10° N/ mm? O

(Poisson’s) 3741 0-25 WM wifS3|
[T : AV =2250mm’]

U

¥ ot faptct

0.

1.

(372 7065155

34.

29. T 2 IR T T, R SRR SF F1e 60 fireft x %H&W%@ouﬁmﬁa%aa

a8 Fdl 2l .
il ﬁm%ﬁgggﬂgﬁﬂ_ﬁsuw.oﬁmuwgos 2
¢ T =2.002 m, ST FTE 59-9983 x 49-9986 )

37.

51 (XXXXXX)

Zoqa 20 mm =4 @ 200 mm T TS F 25 kN F T a0 & A 73 x 1072 mm % ST & 3
w\mwd.%.mm.umx—o&Badnmmumgw_dﬂuémﬂdﬂﬂmmw_ [V : 0-297]
@%q%ﬁ@m%ﬁﬂaugﬂ.mﬂmmgmsdﬁm 5 it 1 39 R HEN: T e
# 150 N/mm” ﬁﬁﬂ@wa%ﬂém 120 N/mm? &1 Tefte ae T i fom | 100 N/mm’ &1
%n@ﬂﬁﬂaw_@wﬁgmﬁmsaﬁﬁﬂ%ﬂﬁﬂnﬂm&ﬁﬂwﬂmﬂl

£ = 2x100kgf /cm?(2x10° N/ mm?) 201 wu w 2
[3C : Al=1-55 mm 4fg, Ab=0-073 mm F4,

A¢ = 0-023125 mm FFG, AV = 2600 mm® FE]
T 30 mm T A 300 mm T i B (Bar) T 56 kN 1 T W (Tensile Load) 0T 1 T
(Reading) 3 91 gaW foh 3o e § 98 0-12 mm qE E 1 = (Contraction in Diameter)
0.0036 mm #1 T AT FE—(i) W= FTH (Poisson’s Ratio), (ii) T SR % HIHH ¥ A
(Values of Three Moduli) A9 E, G and K.
(3 ‘_la ~0.3, E =1-9815x10° N/mm?, G & C=0-762 x10° N/ 31 K =1.65 % 10° N/mm’])

e - Tgee BE W snenla v
FAH T H1 81 TS A 991 B Sgoﬂﬁﬂaﬂﬁiwméﬁ&aﬂ@mﬂﬁaﬂmﬂ%
.w_ﬁ@w%_‘m_%m%w_ﬁﬁmowzﬁﬁkwwo@&%%ﬂ%mﬂw&@mmfo
z\aamﬂnmmmaﬂﬂmaw_@mmmnﬂmﬂms;mmﬁﬂm%mﬂﬂd%%ﬂﬁﬁﬂﬂ&%
1 T 5 SRR §—E,, = 2x10° Nimm’ 741 Eg =0-9x10° N/mm”1
. (39 : 111 N/mm’, 300 mm’, 333 mm’]

wﬂams%&ﬁﬁmﬁ@mﬁ%ﬂﬂmﬁgwo@%w%wﬂaﬂmmﬂmmﬂ%w_
iﬂ@m%mﬂm%gwﬁwﬁ@wﬂwmaﬁmﬂﬂﬂ%ﬂwéﬂﬂammﬂﬂﬁﬁg
oz 7 e § 3fs I BT E, =2x10° kgfem® 7 B, =1x10° kg/em” B

. [37 : 1000 kg/em?, 2000 kg/em’, 0-5 mm]
4 T =9 w1 T e B TS 4 T ﬁﬂwﬂﬂamsmgm@ﬂaﬂmﬂa%%@gﬁw_
n@a%mﬂmmogw_ﬂmﬁﬁ?mmnazﬁ&_omxzwg&g%ﬂd%ﬁs%wﬁﬂ
g B I Waad a9 e § IS e 3 Ffs E, =2x10° N/mm?, E, =1x10°
N/mm” [3¥ : 123586 N/mm’, 61-793 N/mm?, 0-494 mm)] (3o o 2010)
@wﬂa%ﬂ@m%mﬂmwogmgﬂawg@ﬁmﬁmﬁwﬁﬁmﬁiwﬁﬁﬁ
St = 2-5 i e e oA 2 T 1 T T (Assembly) T 1000 kef 1 et < € G
a1 wE § FEE W H T T R WA F A T FN Eog =0-8x10° kgflem’,

= 6 2 .
Egs = 2x10" keflem [ : 25979 kgflem”, 1039 kef/cm?, 0-0039 cm]

T Wfaferd S T S 150 mum T TS 2.5 m $1 FEH TG T R 15 mm =@ R0 B
o frede # T BT Y o 8| T T sawzﬂﬁzﬂgqsw,%mﬁmﬁamaﬂﬂ
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Al
i T T g 1062 : ,
. - 200GPa .62 Nimm? S ﬂ?
| Wu Ac mv M.o.?
. - concrete column) Cafeacs A.man:osvcuoo mm x 3 ,wﬁ,
Ouu @%ﬂﬁm% (reinforce o - g ot i xzﬂ X

g | aas%c ° .2 3 yfaed (Stresses in stee] & B
20 mm ¥

(Compressive L0 oN/m’

T :
mm?.mu.uﬁooz\a VEe [3¥ : 2-847 ZZ\BN, AMWMNS
Ul

: : ,wﬂ@aa%maugégaaw_ﬁw%m.ﬁ_m_ﬂ@@ﬁﬂwﬂay.
9, mmﬁﬁMMMM A WEHR 400N 1 gaa e (Compressive m“:omv HAefty o»aéy_
AT S :

5mm ¢ U
s A S TE 88 3 S B s K.y
ECS [ST: p,=73-375N/mm°, hau.u..w;.m

S, %M.umm.ngnaiw,.m.wnmm&mwﬂmwoxuo@&w_%mﬂ%ﬂ@@ﬁﬁﬁﬁﬂ&mﬁu
mmﬂmaw_wmmaﬂmoﬁﬁx%ﬁmmm%w_ﬂmﬁﬂﬁwﬁﬁgw.;
5 e m R E R 15T T 9 19 5 3 S g
[3¥R : 75 N/mm?, 5y,

5 T4 (Steel) mﬂ%wﬁﬁo%m: F1 & §JF 98 (Composite Bar) %ﬁmﬂm Eal gm_gn.
fo 75 1 9% 900 mm” 31 B F Fol W 300 mm § 991 39 W 320 kN T
(Tensile load) &1 81 S werdl  ¥fowwt a1 0% 1 ovald § 5 I B el £,
WNom® 7 Eg,,,, =90 KNmm” 21 (UK. 20

, . [$¥ : 222-139 N/mm’, 100-06 N/man’, 0-33

2. 15184 5 750 e ¢ 91 97 ale) R S O e TR S 99 TE T 2 5
0§ o1 31 ert 9 2 1 e €1 91 e 3 s 72 mem a9 2 ) i)

A1 F T 24 mm F91 7 3 3F1: 741 T A FA- Nmaamsumaﬁw._m@ﬁﬁ.

owerP

y

wﬁmﬁ.wguw%ﬁﬁﬁ%g%%%mﬁﬁa%%%_

w==20N/mm’, Eoo =90 kN/mm? Wi, (URS?
[3: 299 % 7763 Njmum? writem, ez # 69.09 Nimsi 7
\l?cm Bolt

xHead of Bolt
Body of M/C

L0008
................

n@mﬂmﬁmﬂm

\

43.

44.

45.

46.

47,

48.

49,

51 (xoxxxxxxii)

e : e e (Temperature Stress) W 3menRa we=
400 mm TN A9 60 mm AT T 5 73 7 g 3 ferdd e gy # ¢ e 7
ﬁ@ﬁwﬁ%Nmam_%ﬁﬁaﬁggaﬂﬁ%iﬁﬁﬁﬁﬂﬂmm
ST T T T R A e, =18-5x1076°C T Eg, =110 GN/m?l
[S¥F : 50-875 N/mm?, Tdted]
(U.P. 2003)
@ B 10°C W 2 M Tl 1 T H1 W0 70 Fiford 9o A g0 80°C T et < 21 A
st e e STt @ <t et sfearehl = 3/ FREN £ = 1105 N/ mm? a9 o = 12 107 5 °C
st mm F I [3¥ : 1-68 mm, 84 N/mm’]
(U.K. 2009, W)
[ AT A G T ] B S R T e § Tt § 9 31 A %t 5% M 3-5lem
4T ST H TS 1 A 4-06cm T T T TS 1A 35°C F 146°C 7 FgT1 S 1 Q4
¥ wftee 9 e § P (strain) 0 FR 3o F A o=11.7x107%°C 7@ F fag
o =17x107%/°C, E; =200 kN/mm?, E, =100 kN/mm?]
[3¥R : Wi H 42-826 N/mm’, T # 32.008 N/mm”, 1-4587 x10°]
T T B TG T A B TL ) el B ke qen was W € a i ol R gea A R T
#| e YA 15°C 21 TEIH TS W K1 B % e B Tl {1 SHH AGHA 250°C TF TG T T
we F o 2 i 95 S ?1 T O F) qu wwe a9 g Sfhed 9 H1
E,=2x10° N/mm? E, =10’ N/mm?, oy =12 x1075/°C 7 01, = 18 x107%/°C whfSl
[S¥R : 567-37mm, p, =141 N/mm?, p, = 70-5 N/ mm*]
(U.P. 2001)
el 1 T g F1 3T S 40 mm T SR W 12-5mm 1 TR AETE 1500 mm B o @
) AT 40 mm ST ) TR F1 T DT g F X G A Rl T g e o A R
A% 79 T T F A9HA 60 K 51 fean SR @ 2ga ¥ woew 9w il
didel % ferdl, £ =100 GPa, o = 18 x107°/°C
A TE % o, E = 200 GPa, o0 = 11x1076/°C [3¥ : 23-07 MPa]
T 1.2 m ST 5 5 T 3 T T A T 2 (Tyre) 1 T 5 e g <l ot €1
T ¥ T TR H TR SR (Hoop Stress) 120 MN/ m? 6 Hfi & @ 2 F1 i =
Qaé&s%ﬂ.mﬁﬁﬂﬂ%wiﬁwuﬁﬁaﬁmﬂi%%%ggﬂ
¥ vard % o £ =200 GN/m? 79 o =12 x1076/°C AN [zew: d=1-199m 7N =69-5°C]
T TR (Steel) 3 R (Ring) F §0°C 5 T T T 81 T FA F {7 (Forstoring the water)
iﬁﬁaaéﬂm_ﬂsgw_ﬁﬁﬁa_.wawaﬂaw?mﬁiﬁwﬁdﬁﬂ@%
T4 % 99T Ring & URefg 9fdeet (Circumferential or Hoop Stress) T ol E = 210 KN/ mm )
o, =12x107%/°C 21 [3¥ : d = 119988 metre, p=20-16N/mm’]
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Aot (4 +1L2)
EgAast L+ 1) gerrn ) = BSOS

(A + o) Ay + 2 A)

P |E+~UXN\N ...mwu.“_

L Histe Last+Lost =" " "4Es

e.... A < d4y) ooostress Eﬁn%.u@ .
] N - - - -~ - - -w.-v
WE aﬁﬂﬁﬁ%ﬂ@ﬁsﬁﬁmﬁﬂ@m Fce CRIR R (U.P. 88,;.5

O pal stresses) 39 [EZ:R-con n

O = = (UP. 2011, UP. 2014, Cryy,

2. (i) ﬁm%ﬁgﬁ %ﬁ&aég@mﬂaﬁwﬂﬂﬁﬁmmdcﬁwﬂwﬁ

3 F 354 JO08, O—e

VJ =T ¥aas g g3 A0 il . . )

O ) =wefa s 3 Fret g 0 et v e BT 9 € £ 0,0, T 1, 38 farg

- firifataa  ford =9 o= Fal— (U.P. 2012, Crvyy

d (1) g3 waad (Principal stresses)
ﬁ D (3) wfaFaq ATEYU Hqad (Max. shear stress)
(W) g7 qael 1 F1afeafd (Direction of the principal planes)

53. A wfaad (principal stress) 341 J&F FHqA ﬂ gftsrar i) (U.P. 2001, 08, 13)

54. 9 HEAERAA 34 ‘T Wae @ # qE €2 qEA Hiadel F1 e 91 82 T (U.LP. 2003)

§5. WE Hera fave fafy & we Fifed fF g gHad, Afasan sToEqv Yfaad ard THae |

R w4 A 2

(i) e 79 fafa (Mobr's circle method) 3T T wfgad (Princi

(U.P. 2008)
56. 7% e farg W ofeet s 0, 0, 91 1, % oI WA e 36 6, T, €1 @ FiE FRTI—
a +O_N =0, +O.‘< Ac.m-. Nacev

O 57 T T e e et 100 mm 1 599 1 R 45° g W T e o 9
w e (induce) &M, 3z v T T aret FrT (ensile pull) 10 kN 32 [3¥% : 50N/ mm’]

%. - , . (U.K. 2007
Maﬁ&%%aﬁ%ﬁ&gﬁogﬁgﬂhﬁwﬁﬂ 75 kN 1 3
forein g‘ﬁ&@aﬁgﬁﬂﬁﬁﬁmﬂ%%@&@ww ST T

(3% 22:5N/mm?,12-99 N/ mm2, 25.98 N/ mm’]

(U.P 2008, 11)

faa | g5 & faard W@wﬂafﬁ AC — e
: : 51 F19 HIrea) T . 1T Sy .
60 i stresses) T sy i T Frn, T I wfiyaci (Normal and
. (U.P. 2012, CIVIL)
g, = ~14:91MPa, 65 =10-15 MPa;
Oy =22.65 MPa, 6, = —17.655 MPa,
MPa Ty 3 gy =20-15 MPa]
«/'5 MPa
Ao 10 MPa
20 MP.
61, & et G T RIS STET Mo 20 MPa w1 frawiet 31 fret st 99w woH ShE

62.

63.

64.

65. ﬂawﬁﬁﬁmez\aﬂﬁ_%z\guwa%ﬁmﬂﬂﬁaﬂﬂﬁwﬁ

3 Ffor aen 39 FHAe e i wey f w o e e (U.p. 2009, 12)
[T : 20 MPa, — 20 MPa, 20 MPa % %A ¥faad e Twae ¥ 45° T M1 31
& WIfd 3T (loaded part) % W% WUE T 60 N/ mm? %1 Y& TTET0] Sel (shear stress) T
@1 €1 et~ ! HETAal § A Sierel I A ad R O i fean e svema w geis
[Eeha : |4 Ffdaell (direct stresses) @1 Y AR Hrel-gq Wil el W wfiaa & a0
+60N/mm> o€ 8] (U.P.2012,S)
ft farrg W W STl 1 HHF AW 20 MPa AT - 10 MPa 71 39 foTg Hiet g4 o153 9o 39
TG T ST et 71 Fiferd f8 W sifiers vt Y 21 ifuswan srreww sfdee w1 qE 9§
Eoee] [ST : 14-2 MPa, 15 MPa] (U.P. 2008)
fiFet five T80 N/ mm? & 40 N/ mm? 3 Sfieraiia a7 sfeeret 31 wrvaraq deil R frarnedic 1 39
T qoEe W, FreeT ST’ 40 N / mm? SR i 352 Ta T 35° v R g N €, (i) e
S, (ii) SUYRE (tangential) Se, T4 (jif) TROTH St T Fiowd| T w7 o
fremfer (UK. 2010, S)
. N N 2 g S5w7S1: 80, 20 T 80N/ mm”]
[S¥R: (i) 53-2, (if) 18-8 W (iii) 56-4 N/ mm? Td T SHferwan 71 7% 80, .
T T IR
fem % 40 N/ mm?2 1 T SFTEYU FfE o framia g1 Arel-au AZoE,moma_oV%ﬁmﬂﬁwﬂm
G _ 3 (i) T R 1 e
5 Y (i) e wfer, (ii) SHwad S STaEU Sdaed
o .
2 g gEad § 22-5° A9
(3% : (i) 176.57 wen 6343 N /mm? (ii) 56-57N/mm” (iii) 160 N/mm s@ :

~67.5° W] (UK. 2009)

e |
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51 (x00xxv) 2 25N/ D
T 75 N/mm iy,
3 ¥ arta e g # A9 faf sy ™
58 ﬁn@“ﬂa Mz\guw%naﬂmw%%% %1 W 791 59 Ty mq:?
C gt ¥ smgma%_&zﬁnﬂ% 220°,110°,32 N iy
- — n@ﬂ%”ﬂ].ﬁmﬂ%ﬂ Nﬂdwuﬂa_ﬂmz\:é y =YV s s L \E—dw.ma..,.
O i 1w i e 2 s&hc._.;g;_
. . 7SMN/m” TIISMN /24 ")
al v el 5 A 7S ",
@ﬂlﬂ@.&ﬂﬁﬂﬂm&ﬂd@ -y a7qEqul Hfdae | 3
K o e () v s 1 s () 70 o o
) s & & 30 wIgF %aﬂmﬁﬂs%m E._..gs
|

~ - o 2 .
%:&n@mﬂmﬁ%a.mﬁ:&mﬁ.@ﬂ. 32 MN/m?, (ii) 67-27 MN/m=, (iv)20 My,
[ 2 (i) 65 MN/m?. (i) 1732 M et FRAiTet &1 e 3 oo
. e - fsir v f 1,30 7 A ST o T
6 RS .ammuﬁﬂ ) wu Sfaad (Principal Stresses) &1 A1 w« YA :.::g?
7a e & 73 wm? Eud o < o sy Sfa@e (max. Shear Stress) 1 11y a,_w“
Planes) 1 feafa 3 FfU ¥6 (U.P. Ncco‘ﬁ

, o A 14-75° AT 104-75° T g = 60.5 \py.
(3 : 68 MPa, - 53 MPa, 60 MPa & 1475 91= 605 p,

45 MP.
30 %»‘LI\.&

Stud
%

N 60 MPa

|

30 MPa

: .w _& MPa

7 fer 1.85

69. T ) <.
Mﬂmﬁﬂgiﬁﬁ_szzﬁ 50 MPa % %1 797 WM A9 (Tensile Principal Stres
AT I 21 522 39 3w 1 8 S, T wE from wfaae (Nom

Mwaamggxaagaaamzﬁgﬂmnnﬂ W # A F g5 yym weaa 3 30° & #OF
] & “ A 3 )
(U.P. 2010

(397 : 88 MPa, 22 MPa, 90 2MP

P,

&z T ft a 51 (xxx iy

1.31 i P 170 v wfaaa, -

ﬂa&mﬁ%@u_ &::Eﬁqﬂasnﬁﬁﬂgﬁ.ﬂg&
[T 18436 MN / m2.17° 37

-128-48 MN / m?, 1077 3%
156-42 MN / m?, 62737}

ferm 1.7

1. Aﬂm.m& qT 100 kN F 31513 fa=ma 91 (Axial Tensile Load) F Ha-m3 30 kN = T F4R a3

(Transverse Shear Force) 1 7m 2 FrefatEd oF F swEm 9= = s =m o S
(e T WaFe 1000 N/mm? 391 HUFAR F4 Wqm 500 N mm? T () Hww v
wfaad (Max. Principal Stress) (i) 3{9%a8 Fd3 Wa=as (Max. Shear Stress)!

3T : Bo = == d =12-4 mm,13-42 mm}
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MOMENT OF

| _

. iawaﬁgﬁaﬁj
w gt w1 A€ o frad (Newton's EMMMM.”_MM%% 7@ (external force) % ‘E Py
. e A i § W xR S & TR iy g

T 3,
ﬁwmﬂm%nzma_w_maﬁﬂ#ﬁsﬁ

ﬂwaﬁ& 71 fdia u:ﬂ& (Moment of Inertia or ”naoo:m z_osmsc @uf

N»qmas ,M_gﬂ%ﬂ“mﬂa%%aﬁm&ﬁmgﬁﬂiﬁﬁiwmﬁiﬁi
ﬂaw.ﬁﬂﬁrﬁ%%%_a»&w%ﬂm&ﬁaw%zﬂmwﬂ,ﬂ_ ,

] ym%ﬂ%i:ﬁm%ﬁ%ﬁﬂwgg%iba I T

mazﬁaﬂaw_ ,

AuvaﬁmﬂAﬁnéwﬂﬂﬂm%ﬁwgaannvwgﬂwﬂﬂ HAFA & BRI

s SR % SR, FAC m F X - X 5 F W A = my? 2@y oy w8 T Eeul
“-:.N .m,g_

i faUs (body) 3% BI2-TT2 ZoAH (masses)  frert 701 31 #1 53 70 7w & wsi Zoawr 1
Y-\ W§AA Y - W F WE F3E A,

Iy =Em? (1)

& ,

L Iy = MK}
 (£2s wica amyol & wiférs 7w (Physical Significance of Moment of Inertia) ) J
T TS - Foes q1 Iy = 2myv™ (2

et w7 A5 GV, S TS TG TG (couple) F ¥ (tandency) F AT wEa & 5w a ry = Zmy

) e 8 e g o SR & o qeg i a9 F w0 A H gha w1 am b L Iy = MK?

. R 50 A 99 3 o e v e R e o 3 i w aren # T WAE W < W (kg -m°) #1 T% TH 29 A (Scalar Quantity)

FE S I A FH H R w3 ) 3 e @ F Ige sgel i § sftada w fan wea
W TN w1 e W (fly wheel) W W3 & FOW qoiA-nfa § sfai v § 2.5 gRuwoT 151 (Radius of Gyration) o .
fatrs T &1 3efeed “hawers W (1ly wheels) 71 31 7 W T@ A A TRWTAT (Defination)— e YoiA s ¥ wia: fae favz R v (39 TR) w0 (K, 598

.u«m_sﬁﬁ%.ﬁq&ﬁig&gio;mazeavﬁ HHTA (study) F71 B, TEE Tl 0 e g ¢ Furk @i W oz s zeme (M) | T R IR @ s W w9 & o fooz %
ﬁﬂﬂﬂmqgm&cna&argmﬂ%wma ST A9 (deflection of beams) @A fw #fam 2T wg@ sl (/) % wEr aa 6
u«ﬂﬂagw_smonno_géﬁgmﬂﬁ.ﬂmﬂwmﬂu._.mﬂa.w_: R [ = MK?

§24 Fet T S e s i [+ -

(Mass Moment of Intertia or Second Moment of Mass)

—"fat s 3 ] 3

iﬁ%wﬂaﬁwmﬁeﬂgﬂ 739 A W A A 39z (mass) 39 F §2.6 et STgca amget o R syt

amiy ® T g b (Area Moment of Inertia) Or (Second Moment of Area) e ok

Rk E P — E ‘ T (Defination)— e W ¥ W () Amm.wn_mﬁ g A
Lo TR -¥)amm uﬂﬂuxﬁrﬁw%ﬂzxaogs&::w%z.? v-x) #7 WIT (4) 7 st @ IER g F ol F g ® T y 2wy - ¥ W 7w b

T ¥ 0 e gwﬁﬁwﬁ@%ﬁ.ﬁ\h*&ﬂ.ﬁ_&&%w W W dpwe 4 g o gk w8 AR T L L Xmmy oy
R 5 72003 0 12 7 8 w20 S 0% 75 s e w2 R i v 9 A e TR

<H; ¢ : 2t 2. s T
DAL LT 2R R B fead . aat R e o sy B
A . ’
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o @ T T (Lsection), x-& (w-Axis) AT - (y-Axis) T F T (Symmetrical) !
e & o = (C.G) Ffm X @ 7 2 #) ST T € FE T 57 (6) 4 W (100
mm) T F& TeTE (200 mm) F WA (middle) H FTI , L

g 3mgul (MLO.1) T T ¥ faw a2 s@d ABCD & 95 el (MO § 8 TR fat =
4 Yeral o TR (Rectangles) A, 4, Dy, A1 3T ByBC,C. T 75T (MO F R A =
& 3 i A3 o ]
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fRm 2.15

-lsoxnsulgx;%
ba =172 2

= 66666666 67— 43740000
=22926666-67 mm”

Study PowerPoint

_ 6 4 .
=22-92x10° mm o
_10x100° . 180x10° | 10x 100

- w=—f—+—T1% *t—n
=1681666- 667 mm*
=1-68x 10° mm* ) ™
SFH H9F (Modulus of Section)
_Ixx & e
v qu.mm.@ AﬂﬂEHFHNI.MON_%
_22.92x106
e =22-92%10* mm’ Eid

T s, fom 2,16 (a) ¥ =z r .
Dyx 71 -3 (p-axis) T ﬂ«”ﬁﬂﬁ% Iyy) mﬁm Mom.m_s_mv_ﬂ x5 WAGT @ﬂﬂi (M.O.I at x-axis)

=160x 40 = 6400 mm?
mﬁ.ﬂﬁﬂ#ﬂw_ﬂﬁemﬂq_vng

IMMNOBB
T 3
8T (area), 4 =20 120= 2400 2

65
T\Aoo:.__ﬂll-v_nﬂ. )
Flange (3 |40
_ H H_ﬂ
—{ 20 |
a1
! L~ 921 (Web) £
£ ® 5
o
P o
i
[fose O Jo |
T\\I.;moaa.lv_uﬂ - fa—
(a)
o= 2.16
TF o F g, F S8 Cii?r@“o =100 mm
(3) A (Rectangle) F1 &% (area), a3 =100 40= 4000 mm’
3 F% (g3) B F9E y; =200-20=180mm
s_antaytay
Y at+ata .mmq.@
- _ (6400 20) + (2400 x 100) + (4000 x 180)
Y 6400+ 2400 + 400
=85mm
: fa1 2.16 (b) & STTER by = - y =85-20=65mm
TR YER by =g, TN G & &= 0 (Gap) = y, - ¥=100-85=15mm
A by = g3 3 G & 99 G (Gap) = y3 - 7=180—-85=95mm
o L=l + a1+ lg, +arhi)+ (g, +ayd] A F
u?;owsw + (6400 65? @ %ox%ou +(2400x15” ;
%sow&% + (4000 952 ;
= 67946666- 67 mm” ERiS
o ~$.u~v.m_+~§~+~§u I
_|40x160°  120%20° | 40x 100’
12 12 12
=17066666- 67 mm* kil
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nﬂaﬂm.m-.w_
u — uﬂ\ﬂda

@)

= :

2 | SEI
O ] »
a MLH
>

©

=

217 (0) T

/Iﬁ (Web)

N
a
frx 2.17

Web 701 Flange ¥ 379 (Rectangle) ¥ ¥% (centre) F: g TN &2 F1 FAEG ) AW » (s

a;_ﬁwwﬁdaa&veﬂer i
43 (Web) F1 &% (arca), g = 2x 4 = §cm”

mﬁiﬂAEm&ﬂ@mﬂm& uoxmu_NnBN
ﬁﬂwiwsﬁﬁfum&s
Q%EW@JW@NNN.JNERG"&,.v_H:S

wnn_w.”?mm CEk) [+ yaxis F symmetricat
|+
_8x2+12x5_16+60_76_.
YRR T2 C3p ) dem
=38mm
g AG % 4970 (Gap), = 5- p
=3-8-2=1-8cm
ﬂﬁuow&mﬂaﬁéus-w
=5-38=12cm

~ (XY= X)axis R 359 39 (M.OL at ¥ - x axis)
I=[1 $
=g, +aR )+ 11, +a)

- 2x 4
%#;x_.m_;%* _Nx_.i

S

= 57-8666 cm® =
em” = 578666- 66 mm* = 5. 75 1 mm* 1

67
e —

— s - faq T A F T
ofz T y-axix T W v (M.O.L) qaf I,y 7 w0 B @ FE

qe— ;
Iy=lyg +1yg, TAH

_4x2  2x6 _ 4
Ly = bS5 =38.66666 cm .
= 38-66x 10* mm* o
{ =TaFfA K.20
%s?ﬁ.;Ewmaaiﬁﬁzasaﬂﬂmﬁm&adﬂ?ﬂ (UK.
Y
P ~eb :
ﬁu\ ||||| L — ani2a (2,)
g, |
] \llA_l\ ol
12cm nﬁ.&or- —Thy ©
= s I area (a,)
o~ *TXx
I*l n y T_ ' ’ I*|
L 4cm * 9, .ﬂx L 4cm
— T Qg ¢/ e—— ! T
_I\\I\.l 24cm |\I|!_ — 24cm

fRrx 2.18 (a) R 2.18 (b)

§A—¥7 g T S (Rectangle) F1 &AF (@)= 24X 4= 96 cm”
¥% g, T 394 (Rectangle) F &FFA (a)= 12x 4 =48cm’
afz fag 0 B T ATER xeaxis H g T g, Fi gfcal FE: y A )y €

v_uua.f._ﬂuufvmn_OnB

aa .:u..w.uuna aa@ 3
it WER y-axis | 998 £l ﬂw&.mﬂ«_“ x 991 x; (4]
@ .:nm%u_un_.: qa \Juwuuﬂ:mﬁu_
o A AR raxis F 3 A A paxis F FHEA (symmetrical) 2 sm Y @@ ¥ 2 9@ F
Ll
T= ay +ayx (96 x _~v+2mxuvn 1248 _ 8- 6666 cm
a +ay (96+ 48) 144
=86-67mm
w.ua_:+abwunﬂooxuv+tmx_3uwmn“. -
’ a +a; (96+ 48) 134 -
=46-67mm

3 g, A G ¥ dra I (vertical) T 4y s
g2 G ¥ W9 IR (vertical) 0 4y T
h=¥-3 =4.67-2=2-67cm

hy =y - F=10-4.67=533cm
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erPoint

¥

tudy Pow

4
_ 7752-0016=2752¢m

_2752x 10" mm’ o
sG¥ad 35 (Horizontal) T8 H1 .m..mm.
3G ¥ 99 & (Horizontal) T H,
=y -7 =12-8:67=333cm
=6-67cm

£t

82
Hy=Xx-1n= 8-67-2

~..u. & :._Nn

2
+n_3u_+_..\._.nu +hu~._“- kS 3

3
[4x28 oo 3332 4] 1224 1 8% 667

- 12 12

-~ 7872-0016cm® = 7872 cm’

= 7872 10° mm* =78-72 x10% mm
—zrr 8. Far 2,19 (a) H @M Y C-31E (7 YT ) T g AU (M.O.L) P

4

™

T 77 &1 (Find [y & Iyy of given channel section in Fig. 2.19) A..moWo 2014 5)
{ | 80mm
! _|l —_— ku llu'_ I+!
12mm 9 12
~{ KT . |mm
—po—22 |\
_ IN_< 30 a3 M
W nn_ o_ _ h,=0 ™
Flanges E— %1% X
E 2
s [ |
X~ h a,
3 HN ghei] ;_l /
1 mm a0y 7 12
- y ﬂlm_“a mm
—n—| i
(b)
e 2.19

ET—F77 2,19 (1) 33

) g8 v o

ﬂﬁ

i,

T =80 a0 + gy,

4 +ay +q

@n.o.ﬂgﬂai_

FIZ, x-axis 3 i
XIs % Ty aS:SQ:S_V 2 o Toe g (C.G.) % feafy 3 forg A #

69

x
(=}

¢

x == =40mm=x; qq X =—=5mm

NIS

w|

ap=ay =80x 12= 960 mm*
a; =10x176= 1760 mm?

¥ = (960 40)+ (1760 % 5)+ (960 x 40) _ 85600
‘ 960+ 1760 + 960 T 3680

X =2326mm
E o FES AT g 9G * 919 3= (Vertical) g0

by =100—6=94 mm hy =0 (g, a G ¥ @ Vertically 1)
Mgy a6 F = FHEE U (Vertical Gap) by = by = 100 - 6= 94 mm

Ixx

EL Lo =llg, + @b )+ (g, +ah3)+ (g +ashi] T R
3 N 3 53 ,
. Imo“w_m +960 942 | + _ox__q; +0|+ mov_w_- +960% 942

=[8494080] X 2 + [4543146-667)
=21531306-67 mm*

~§ﬁaﬁw.ﬂ@mw_mmwﬂ% 8ifast g8 (Horizontal Gap) H, a1 g, 9 G % =4 &faw g H, 3 g,
4 G ¥ 99 &faw g (Horizontal Gap) Hy &, &1 J1@ T €Il

I

KX m_ "\/\_ |\#\
= 40— 23.26=16-74 cm
N*N"MI\%\N
=23.26— 5=18-26cm
N.Nu Hku Iw
=40-23-26=16-74 cm
. 2
. Iy =l +aH1+ Uy +aH3) 4\ +aH) TS
- %3@5@% + %iq%x;.w%
+ vawm,é%xaﬁw

= (781018-496) + (14666- 6667) + (781018- 496)

=1576703-659 mm* IW

FEET 2. o0 2.20 W 2 L-TE (Angle Section) T HAISI (combination) e Tt &1 €
g Aot (Moment of Inertia) 1 yy T Iyy % W I S5 (centroid) o UR: T it

T—FR 2,20 % AR 39 F A A H Fa (divide) fFa (S ST (Rectangle) OBCD Tl
34 PORS)
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7
o7 58

T
p L =50-29=21mm
(- Area (37) Hy=%-x (=2 3)
» — \n =59-33-50=9-33mm
O s Ixy =g + ahi)+ gy +@h3]  (WHRR 318 3653 4 H)
ax [ H0X10 00 042 |+ 20X80° L o o2
— — 12 2
}N
D e ) = 818066+ 6667 + 1558933-333
4 I
W vm_\\ﬁ\\\l Ly =2377000 mm
O hy y \.|>am (@) u! <« TR Iy =Ly + aHP )+, +ayH3]  (FAIRR 18 S A R)
ol 1] 0 |
e ot 4 i A0mm _[10x146° oo 10.67 || 89%29 4 1600 0.332
. : . 5T X-Axis 12 12
> Tor— . 1
© | a0mm | = 2446055-127+192611-5733
T 50mm 1 | X =t
) ferx 2.20 . = 2638666+ 7 mmi
e zareeon 10, Ferr 2.21  feam 78 fiox areft &1e (Hollow-section) & F& (centroid) (G) FTE &

5 2 SR 7 (centioid) T g, T g & SR TR y-axis TN x-axds F e oy A o AT (X - X) axis T TGAOT (MLO.L) ST Ly F10 Tl

nin & ‘

~

= Y
.«_uﬁu%uéaa 9l x, = 50mm . - _ ‘
- - 200mm
5=2=5mm 71 3 =10+ 0= 50mm ] | |
/ /,,///,// ///4. .//,/////////,
34 (Rectangle) OBCD 1 &% (area) a) = 140X 10= 1400 mm> = o é N///MN/W/// ~ ////MWN//// $150 area (a;)
100mm ////////// NN Dia (Hole)

#7d (Rectangle) PORS 1 &%e (area) @, = 20x 80=1600 mm’ \

¥ % WIHE B (Combined Section) x-axis 3R is ¥ | ical) ¥ \
TN o e s x-axis 3R y-axis fredt % ot TmfiE (symmetrical) ¥ | \k.l S

£
\ﬁl\"h_»\_ +ayx; s A_AOOXQOV+QQG®X MOvl m
a+a, (1400+1600)  ~>7 33mm 3
T F= a0ty _ (1400% 5)+ (1600x 50) -
- ) o +ay (1400+ 1600) - 2omm \
|81 9 G 3 (axes) F o ; 1 AN
i, ﬂ@awvv hy mﬁm_w&.ﬁwu qG &t e Amxova%m.ndAQ%} // , ///
h=5-y (fm ) =
o fim 2.21
H=x-% (fm @) . FE— (T {5 2.21) STFAHR 9 (Rectangular Part) T %75 (centroid) g, i ki

FRR Y S )y B FoR (Hole) 1 9% gy, 0 (a) TN 9 35 Rt & Sy, B1 ot s 9 fom

HNOImow = 5 -
3=10-67mm (Hole) 2% % =g F9 o/ T =1 e % (C.G) “G” ¥ T Fg G/ (X - X) oref Wi s
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a1 A (ares), & x (150)
(ared) 2=~ 4

AFMWN=7

e

a6 & A et (X —X)
Iy =l

= (476108
=362.585

tudy PowerPoint

0 & ST At

S

1z & 7 (circle) & FR

(UK. BT.E. 20115)

V T 222 ¥ AfEi—
i zD?
\hﬂ"ﬂll\hwu..vhmwu
_n(200° _| 80 50°
) ﬁ = +(80x

= (78500000) - (3333333-33)
= 7516666667 mm*
=75-1667% 10° mm?

0 12. TR - T FT . 5 . ?

:353%5%ﬂﬁﬂ§12o:
T 223 8 4 76 7 (so

y-axis T 20 Fa5% oy A wm__w Y -7 axis W wofyg (symmetrical) 31 3fd: & 37 (C0 .

>;mmﬁﬁﬂwﬂ.ﬁ 5
- - er o™ .O.vw_. g ar . .

T _;x&. A @y T BC A F , 4 (area) a) 321 BC & Siemi y, ¢ e oA (Recta?
. HAFA (A ABC), o = TRX T

. ~ 100
ﬁﬁﬂaxuag !

Lo an-an
wﬂm%ﬂmwu\mﬂn\n‘m\

0x150-17662:5%290 _ 129.14

wuwc.o\aq%.o\..\_w\am.&\\\

A E)=N"

g A )=n"Y
: +n_w_~“_+;~w~ +a~\~wu_.mm— QY

zzrwo 11, ot 2.22 % firaré 3 AT AW (shaded)

(Horizontal axis) T Frgangui (M.O.L), [y 1 Fifadl

2
2 _17662-5mm

LG
300 _ 150 mm

V“NOQBB

wuwo.mmaa
|HQOMOBB

64

4
200 300° + 60000 20- w& +T (150)

= ST
ﬁ 12

fiﬂniﬁ%@w?&ﬁg

+ :aow.mx Ny

376)+ (113523768 8) = 362584607-2

x_cmBE“

dferer arey

50)x N&

A Ffe

X axis W g amgut (Monet!

mE i

73

QOH::
[ \\ Laa I
o | o
AL _
> 9177 27
gy

w7
7 \\ 77
//

\\ \\0& 7 IAW\\\
| — 2k

= 2.23

_100x 90

a 5 =4500 mm?

S (Rectangle) F1 &6 ay =20% 30=600 mm’
1

SR BC ® g, M $8 :uwxmnwxguwoaa

A ST BC W gy W FAE 3 =30+ 3 =30+15=45mm

~_ AN — @Y _ 4500x 30- 600 x 45
r= 4500— 600

a-a

ummmuﬁ.%ssuvﬁqaa

9 G A AR X — X Y gy T g, TR GRA FA

h=n-y T k=n-y
h=30-277 qA@ hy =45-27-7
=2.3mm d91=17-3mm

Ixy = _“wa_ + &—\:Nu - _..Nxmu + a~>wu

uﬁsx 90 4 4500x N.%w ITOX 30, o0 :.i

36 12

= (2048805) — (224574) = 1824231 mm"

=182-42x 10" mm*

3
imnwﬁ%mnﬂﬂm&ﬂﬁz.obuﬁ% T 3
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_ 0mm (frd &)

g
¥z @) ¥ 8C
. D*m—aﬁgavﬂwwqﬁ.ﬂ@\@“«

. Rectangle) F 2
e B e

Isc =l .
o0’ |_[20:30 , go0x 45°

n\ﬂu\\\ 12

N = &M 3—3

- [6075000] - 1260000]

owerPoint

- 4815000 mm’
- 481.5x 10" mm’* ,
samren 13, for 224 # @ 00 & FE e i
(cross-section of Beam) g 7 &1 o o I i
DI FX An.n.vwa_ws% X - X 378 (axis) WAF  ored (@) 7 mm
amgut (Moment of Inertia) I Ff P /) G \\R\\ B}
S —fmon @ wRy - 3 @xis) AR s,
b N 7k Zh
O & wifim (symmetrical) , 37 § 9 sdm ] eb kK
u@mﬁﬁﬁa%_aﬁﬁs.ﬁﬂ%ﬂ;ﬁ AJ, L Y],
g o A 2.;%% w,z = 9 H e " e u_w -~
.. forx 2,24

Sﬁamgssms@nu
ﬁmﬁﬁ.@mw@.ﬂc@%%ni_

i/ _m(60) 2
34qd (Semicircle) ¥ T, 4 == "3 5652 mm
] A
\ Qh-_ =N I Mm.m—.@
_ 4x60 _ ¢ _ne.
N =314 =25-4777=25-5mm
S (Rectangle) 1 &% (area), a, = 40X 20= 800 mm*
a Og, = n%u_oaa
' wun_xlntwummmmxmu.mlwcox_o
a-a 5652 800
_ 136126 _
4857~ 28mm

h=gG=5-y=28-255=25

b =G=5- 3, =28-10=18mm
\\S\Qntmni_o + o h2] — r7Rect 2
x| ahi’] ,FS +ayhy]
=10-11/ 3
[0-117° + a2 - bd

7tk

N\ TN PR & (Semicircle) F1 oA F%
2 | . ,
& % (Centre of gravity) 82 (sh 4B @ Wﬂ. T T A 5 T TEH H

}‘
75

=[0-11x 60° + 5652 x 2. uu_-ﬁsx 20!

5 +x%x_x~.&

= (1460925) - (285866 66)
=1175058-34 mm*

=1-175% 10° mm* = 1.2 % 100 mm*

F2TET 14. fax N..Nm ¥ plarer wm (Shaded Area) @7
T T AAT BIATETT W1 (Hatched Area) @

i #% (C.G) t
- amgot (Moment of Inertia) 3G MN & afta: (about

py) FEFA L
ga—faA 2.25 # 3 (Rectangle) ABNM 5 8 AB H1 7714
& a78ad (Semicircle) FT21 T HECR LS

‘ameter) "
mﬂﬂz s (Hatched Arca) 1 T &% (C.G.) & frafa ma w1k

v T T S 2
7 amaa (Rectangle) 1 F% (centre) g, &FFA (area) q) g

.

250

ad (area) @ 79 MN F 3y, B
fIFA g = 200 % 250= 50,000 mm? (+ve)

2
A (area) ay = % = 15707-96(~ve)
(T 9 FT T R)

MN B g %mﬂa:nm%u_mas

- —(250-24r)={250- 2X1001_15¢7.
S\@S&ﬂnslhuo wL TS uxu.:ulwo:aaa

x 125—-15707-96 % 207-54)

— ay—a ) = AMOQOO
(50000 - 15707-96)

a—a
2989969- 982 _ ¢-.
3420000 o/ 19mm
Iy = 344 (Rectangle) 1 MN ¥ uftd: Sea-amol —
ar€ad (Semicircle) F MN & Tfa: T e

Uxg) +a)t]- g, rapd), (R MN Vg T g F o y @ gy &)

y

No?_%%u 450000 128 | ~ [0-11x (100)° + 15707-96 207-547]

(1041666667) — (687586630)
= 354080037 mm*

=3.54x10° mm*
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0y \\
ny
A

D=3591 (Semicircle)

F1 A (AB=60mm)

(g4t A9 mm )
o 2.26

Study PowerPoint

T— Iy, L, T Lyyy T a9 (Triangle) ABC, 37894 (Semi Circle) ey T
(Circular Hole) % g 30 (Moment of Inertial) AB, ¥ fta: B
Inx =Ly, + e, ~Lyxy @

_ b _ 60x60° _ 4
- I = 2 = S5 = 1080000 mm
1o o1 a1 (60 4
wry =3 % = x EOL = 317925 mm
4 4
0 gty u_m.u%uuﬁéam mm*
& AB W N§M~§_+N\G«N lngu
=1080000+ 317925 - 39740. 625
=1358184-375 mm* = 13.58 % 10° ?
R AR (ling M
etho
A4BCH ¥ (0.G) i X

y 8 R s (o)
Iy, =81 _ 60x (60y°
17736 = 36— = 360000 mpm?

39 A ABC 1 4
B R Igw I (Mo, about 4p)

ﬂw 77

T !
=Ly, +ahi)

NuQD

(S @ = A ABC 1 &A%
Ay = T gy W AB H G )

2
= 360000+ %w 0. @ x é

= 360000+ 720000 = 1080000
s@ad (Semi circle) T AB g (axis) T Sg@mwi (M.0.1)

2
o 4 (607 _(4x30
Iy, =0-11x (30) + 225 xm - u

=318399-3631

_nG0* _ . (gurr fom #1)
Inxy =6z =39740-625
Tyx “N\ﬂ&\_ +~§‘N IN.K\w‘w
I

=1358658-738 mm” = 13-58x 10° mm”

e 16. fers 2.27 R cH w@rEet W.mﬂ._ﬂ_.aﬂﬂ (Hollow Triangular Section) Tegran T
i.mua.w aafia (Symmetrical) ¥1 (i) 39 3R (Base) BC W Fg Frgut (M.O.1) A Eaieel

(ii) 5% ol F% (C.G.) G | o e dfe s W o Few A (MO.L) I T il
T— T T ¢ enum g W B &
. o R
Sroc-amet = B (Width) x S (height)” o1y

12
Ige =92 A H BC WM.O.L - B2 A F AR 1 WM.OL
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\\\\I};j
78 3
kau pxh

\\
P 60° of —2:16x 10°
120x 60 _ 10.935x 10"~ =
g =
_.E.:
A _ smrso00=8775%10 0_ i
_mox _ooaa '
D (i)
on%n m?
r hal%bggl u@ga
. Hlxooﬂuo:‘:ﬂ
QWb gﬂmqwnw>w..wﬂm_%m.mn T3
- — -
. =1 60=20mm
gwﬁ.@%bw«uﬂﬁhwﬂwmﬂﬂb
@) __ap-ayy _ 8100x30-3600x 5
3 F wa ey T 8100-3600
Dl BC 8 5@ F% () a-a
y .ﬂ.uumg
; g 3G F @A (Gap) =5~ (Ff 9)
0 suumuuoumaa
- am g, G F @4 g0 (Gap) y =y = »2 (A )
S hy =38-20=18mm
9T A ABC F1 G 1 4 W Iyy, uS@ +apht]
E%N;Eﬁqﬁsmﬂf“u:asti&
%@Dﬂ\h"\q_l\hm
180 90° 120x 60°
EM 5 ;ssn&-ﬁla +3600x 182
= 4163400 - 1886400 = 2277000 mm*
=2277%10° mm* -

E
1. e e o qy (Fill in the blanks)—
(a) Tt 318 (axis) wﬂm@%mﬁﬁgﬁ

2&@%# ................ ¥
() AR ST T (Parg TP % R g gy

llel axis theorem) % FTER—
(c) ifirera & ﬁ%ﬁ g +Ax....... (IS W
& (Perpendicular >§m .:_ooasv Ed
122 5t =
............ (s 2

%gﬁm&‘ Lid

fredt Fpydel 92 (Lamina) 1 53 AT (MO T55 S a2

(UK. 2013-W)
?éﬂuﬁnﬂl.. A ::mjﬁuﬂqﬂ:.j:;n sirFan 7f @@ e (wra) Fgd ()
o THATHRI HE B3l vduw.? A (Modulus of section)

(d)
(¢)

%ﬂ%w%?iﬂml

N
AT 2 T (U.K.2011-8)
@ ak\%iu_ ameterd) F G (circle) F1 5rFf war (section modulus) FanIRA|
(U.K.2010-W)
) e .@ﬂmﬂ garki del (Hollow Circular L amina) 1 .ﬂ.wd =AM (Outer diameter) D a4l i
=74 (Internal diameter) d 2 \: - \: = B R
0] @ ErEe AR F AR H WL (B) 30T D % am swa @ e b i e d # e
ﬂ%izlz&jﬂﬁﬁj\.:n. . T 2 )
() et w.m.ﬂﬂz A (Triangular Section) e »ﬁﬁ (b)y AWM =4 (h) B, H ITH TR

(centroid) | M AT A (axis), AN F GEATR 3, F 9@ we@ w0 (MLOLL), Ty =
................ o 21

(k) T FAEFER 1 (Triangular Section) F1 SHR (h) 741 St (h) 1 e s o
AT (MLO.L) [y = e

n @ G ﬂa (Semi Circular mnn~.53 F A 2 (G) A TH Al ®e (axis) W Igyy =
................ &l 1 Afe B (radius) R €1

(m) TF FET (Semi Circular Lamina) % SUR F = (Diameter of base) d T g S
wa.b'mm R N,,_IQ— W_

- SRymoy w_ﬂﬁ (Radius of gyration) < AT TN AL 54l

(n) T d A (dia) F1 AR FE (Circular Section) F el Frged amwi (M.O.1) = ek
(p) = FHY (M.O.L) &l F&F (Unit) = a2
(Q) ¥ A (Section Modules) F &2 (Unit) 2l (gowho 2014,S)
Raa =l & w1
(a) & (Square) (b) h* () Iyy +1Iyy  (d) 5@ gui (1ind Moment)
: : [ _bd? [ _nd® n(D* -d*)
Likic = ~=== —
(e) 3mHfd (Section Modulus)  ( i (g 53 (h) &
3 3 3 3
I BD” _ bd’> N bXh bxh ) 4
D) Ixy = h 2 2 Q) 36 (k) 2 (M O-11xr
1 4 4 4
(m) 5 x B = 2 2 () (mmy® 1 ' (@) mar® 1 m’

+ WS AU (Moment of Inertia) & T T HHHA €7
+ STHf Ao Amno:os Modulus) #! SRefia FIf ag1 THeR HHH Fazdl

(Foho 2014, S )
Tha—z= 1

(Foo 2014, S, B.P.)
ﬂw.ﬂv,.ﬂ = m AHM
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@ﬂ%g%@\b/ = \C 54 j
(UK. 2009y %g

(UK. 2008-8; 12y, w
S

y

|

=Z- amqet (M .
| - \\N\x\xﬁmﬂgﬂﬁm@aAvMo.H.ugE«\%sx_Mso_vw@ﬁw
- wed : O.L
_y-y W ey Sl T
=t Secton) & T F € 2 (UK. 29, ™
R e (RN pralal to axis) ¥ . 2013,
me g @ 9 a4 i llow Rectangular Section) &l TS Sty .5_
e e e e (0 Wi
g, faa228 Ky
FI 4 gx_
4 qe Iy = 2100cm

S =4060cm

]

2. fem229% arEe
A e ST F1 (Hollow Rectangular Section) & & g | WM arell X -1

Pj_wﬂﬂwﬂwﬁﬁ~§b&aﬂmﬂ§m@ﬁmwﬂwﬂ®i A%@Hﬂﬂ@ﬂ e E.iaaw_

¥ g mmw,.&.mﬂaﬁnvvﬂsu::'.
e TCHFAG hy= ), 5 ’
Toc =l + @)= (1, + appd)

= 34219093-33 - 37) 7484 .
= 30501607- 33mm* = 30.5 1

55& u %

o L

81

e 2,30 # S T S FE (channel section) 1 ¥, 7, Ly 791 Iy, T A1 (UK. 2012-5)

-

20

80—

for 2.30

V.
i AT T s A 1y : o
R LT W X =27 14 mm, ¥ =80mm, I = 18666 10° mm* A Iy = 3021 % 10° mm®

T 20

— 10 mm '

l« 30 mm ‘__I»I

|
fem 2.31

(i) foir T e FE Fo 2.31 A F Ao ot % R STee et 9@ Fia)

mdﬂ.m..lnN xx

11, frA2 ¥REERT

= 9.2x10° mm]

STt 1y T R Iyy o 510 i)

f——t15em —{ |

=

_ 5cm

e
ferm 2.31

(goho 2014, SBP )

12 (T-Section) 1, 38 o F5 (C.G.) T 9 Frell X — X 318 & Wiq: Siec

(U.K.2008-S, 09-W, 10-W)

—~f 10
[
€ on_.
5 ¢

i a— m+ ...... X N

_ 9+ ;‘_oBS

P E—

fim 2.32

IW—Iyy =5312:5%10* mm*, Iy =1562-5%10* mm*
12. fom2.32 ¥ femm 7 568t A-F1 (Inverted T-Section) F 38 e 7% (G) | B I a1l X — X 318
% 9ft@: (about the centroidal X — X axis) g@-3MU1 (Moment of Inertia) F1d EyiEofl

[BT—Iyx =1520000 mm* = 15-2x 10° mm*]

(U.K.2011-S;2014-S)
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13. fE=2.33 # frgr T |

_W%Wﬁammaﬁ%mﬁamW(hw I

L

60 \
86x 10° mm’” - 1 |
FW— Iyy =56 I oJ !
5 4 3 20
Iyy = 8-6166X 10° mm
—»| 20 [=— T
—gomm—= |
10 mm ) g
2
£ E °
—| € |~ g
o £ -
- £ I
& X_f """""""""""" X
e
‘l‘ y=60mm J\
e g,
10 mm i i 2
—somm— T » toomm ——— T
fRmr 2.33 A o 2.34

14. ot 234 ¥ femré T -9 (I-Section) F X - X & % WR: (about the X - X axis) wgm ,
(Moment of Inertia) F1d SISl FHaHT o &% (C.G.) Foat fFR ¥ 60 mm TR Rl Iy ‘?;{;
Fiford| '

UK.
SW—I gy =12-853x10° mm* | (UK 2y
Iyy =20-93%10° mm*
15. 9 2.35 ¥ fG@@ T L-93% (L-Section) 1 X — X axis 3 9 Ve ST J

[FF—I gy =290-66x 10* mm*] (UK. 2013-5) Iy
I ~ 5 |« |
_r ) !
|
! (Dimensions are in cm)
£ 60 I
£ , !
e X—f—-— —G+— ------------ X'
|
| i |
L —: )
m I i °
80 B |
mm\..| T yl T
: ferx 2.35 ~———40mm ———
16. fax236 % f
| ' 6 3 fed i a7z (L-Section) ¥ fer 2.36 g
Fifer ) T % (G) I 9 et sqeiy (axes) W Ly /T
W—X=9-87cm, ?:19-87cm,1 (godho 2014}
T =173950- 1 em* a1 7y, < 62700.11 i ]
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Study PowerPoint

[ 3 J (SHEAR FORCE AND BENDING MOMENT)

3.1 9= (Introduction)
fz et T (Bar) T 8T (Beam) T F8 9R e oL T 8 1 98 & (Beam) <l =1 @=ie ST €
et goF ) € 141 TH e ehd € foh 91 1 T (Bending of beam) 21 T 81 T A (Bending)
g (Beam) W Ul “m}f\(LoadS) 7 Al b 70 (Moments of Forces) ¥ w0 g 2, o A =i
(Bending Moment) Fgd 8| U i TH1 G (Bending Strength of beam) ¥ fog g &1 fafa= A
el (at different sections of beam) I THA El;Uf (Bending Moment) b1 HI1 SIEAT AT h Kl '2’, 3Tferenad
7 Sl W T el TR St g el
A T o IR 1 gl &k HROT o 1 fafi=1 el 9L shad da (Shear force) sﬂmm%,ﬁm
mmﬂaﬁ’ﬁ%'ﬂhﬁﬁ'ﬂﬁm(Algcbraicsum)@aﬁm\‘rrm%lsﬂ@ S 1 HE] W hd A
(Shearing Strength) =T STTHI T ST 2l

3.2 &R (Beam)

“ g (Beam) , AT &I (Uniform Section) STl T (Bar) & e TR T aTel W (Loads) SEEhT
TS aTeft 378T (Longitudinal Axis) & T (Perpendicular) e o 1 arerar | U T A
ST Tt e =1 T (Couple) T Tl TS oht 31T (Longitudinal Axis) & ST 16t GHA (Plane)
el (SEfea3.1) 38 S T T AT T et SR A (bending) F € S4Tq Foh1d 2

Wﬁaﬁﬁaﬂaﬁwaﬁqﬁﬁwﬁa@ﬁwm%l ¥ 1 STAM Yol A B H (In
Bridges & in Roofs) Y 1 9 T o fordl e S SR 9 i a1 hiedl & &9 H 79
T & MERI (Beds) % ¥4 (Beams) T4: THI (steel), @&l (wood) dAAl FehIe 1 oA Sl 2l

/EIFf (Force)

Vertical
Plane
—_—

%,& """""""""""""" Ete

W I
i e 7770

(X-X) 318§ S Fel T T (Plane)
o= 3.1

At A ( 37era ﬁwmmﬁ)ﬁ%WW(Beam)aﬁmaﬁm(h)’M(ma
e B =Ifed vt 4 > b BT =R
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of the Beam)
Y= s o o gl A O (TYPES of m%ucm_“m%% 3
c e 25 (Supors) T ¥ 1 T
g o Roller Support),

(1) @ @ 2o 2 (Simple or
(2) F=rR A f-3% (Hinged or Pin Support),

(3) % &% (Fixed Support of Built-in Support)!

O
al

ol :Vﬁﬂﬂ@m«wﬂamaan or T
e Roller m:una5|®mm 7, fad 3.2 Ed (Hinged support)
W ¥R @& we @ W @ TR %\%
) (Roller) 3§ T4 2l IR & mﬁwﬂ /\ )
O s 3 1 Swm 371 7 ﬁ

95 %

Fwd ¢ 3 7 @ I (Structure)
(Fixed Support)

o7 (Longitudinal) oo & & ¥
FA € TR F WA ged u
: y?é%amwﬂ-ﬁa%m_m&
" et o F R  (Inclined) e

! (2) FoReR a1 -2 (Hinged or Pin Support)—&=3IeR Ts ey (Hinge) &1 Tl B1 3G
, = o : ; ) ge) F1 TTE BNt 21 3 f
] 53@&@@&&@wﬁ@ﬂﬁﬂ@%wﬂﬁn@@f?ﬁ%i%ﬂﬂﬁw%@

TR TF
(Rollar support)
TYPES OF SUPPORTS

= 3.2

ﬁﬂﬁ%s@@%wmﬁ,ﬁwﬁﬂ-ﬂﬁﬂ%ﬂn@w&ﬂ&wﬁ*ﬁ%@mﬂmﬂw
w ,%éwﬁﬁ-ﬂﬁii%u%wﬂﬁﬁi@ =

. mﬂm ) %%Mwm (Fixed Support or Built-in Support)—f &t sy 3 T R 4 &7 =1 21 i 4 798
] <R 1 W i g (Fixed or Built up) faar R 1 fird = iy = 35 2 (Fixed Support) Fed

) T a1 A
load)— N w_.d A (Co .
Wﬂ% WMMM W.Ww nﬂﬁﬂmu@w@ szMMnM_MQ or ,vo_i
H 0 (g o SN T, o e e T

7 (Beam) g 33 IR Wy R g

R 3.3

U.D.L. ON BEAMS

R34

(iii) TeR AT &Y H ST A AT URaewiter 9
(Uniformly Varying load)—39 J&R &% 9R THA R F A
ol e X FAA E9 W N R E Ao o W
For forg, T agerd] Sl €1 Afe <ieR % Hen firgdt 1 g
P 2 M T ST 91 9 S9 WM R Redawia 9] 5
FeTETOT BT

3 THR F IR HI o 3.5 § guta w1

(VARYING LOAD)

= 3.5

3.5 ¢l & 3MEIR TR &RF & UBK (Types of Beams on the basis of supports)
(i) T &R (Cantilever Beam)—3% YR &l 8 H Th  ag faw

0 o % 921 Wqw (Flat Surface) W 9% (Fixed) 211 & @21 (Fixed Eno) .
S R fo1 Zo o1 gu Tt (Y Free) o €138 o 3.6 MM?&
il mm.awﬂ (Examples)—aTaTst 41 f@ea! (door or window) 47 B
TR T Tt (Sunshades) den fFsht &gt fafeen & q@A B8R ¢ W T T L
(Main Entrance) @ &1 =12 o=yt (Big Shades) 3 (SPAN of BEAM)

fer 3.6

QsA“.c TS o o T A T g
Awamnw ,mﬁ.e p mﬁ& Beam)—3d W&R FH ﬁ,ﬂq (Fixed Support) —/\
ﬁéﬁﬂdﬂ@ﬂﬁ%%@ﬁ%w. A
ssaﬂmﬂijﬂasﬁw T & Hem § Het /\
ﬂﬂﬂiwﬁmmwm.an:&ﬂ%d@_

(Roller Support)

T T —
R L R
e b i e A5

IS »:_‘_,_.‘*

5 e N A T
AR s ) i ﬁf#w’r
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¢ hanging B¢

i) T w%ﬁnﬂwﬁmi EUR]

s fa 3.8 (a) 70 O

P e Nﬂ\ﬁ\\l\ Span .l\.\l\vh.«\aﬁ F
= : S OVER HANG BEAM)
BEAM) (BOTH SIDE
e (ONE SIDE O<Ammw HANG '
W form 3.8
O:; sirarg 7 (Fixed Beam)— 8 991 # fa39% ﬁﬁ: el i
@ﬂ Jram w92l T (Flat Surfaces) W STHE & wuﬁ: a5 (Buiitup o .\ )
=) & 21 98 Cantilever F1 T8 figg w1 € €1 Buildings ® F
T IR € Z

( s) F1 & (roofs) § et T Beams
“ 2 Span
w fRr4 3.9 : FIXED BEAM
) WAQ T AT G arel ar (Continuous A 8 o
e Iﬁgu._cﬁﬁmﬁmﬁ%@m@ﬂmﬁﬂmﬁ J D
o o &1 e—fwE T T a4 @ @9 g (Long Bridge) R} = ;
%&@&ﬁa@sm%%%&ﬂwﬂ_ﬁaw_ ~ w

CONTINUOUS BEAM

ferm 3.10

3.6 @i aET A1 T gOf B Hbedl
(Concept of Shearing Force and Bending Moment)

9 el T (bcam) TSR N A & T T A A 3 (Develop) 77
o A FE Am..,,.aag_ Loads) Ud 37 SfafFsit % wsrd § 41 974 (Beam) J=qfed (Balanced) 7@ 2
ﬁﬂﬁmww.:_mﬁgﬁﬁfwwnﬁ-ﬁnﬂ W A 3 T

) w.wﬂﬁﬁﬁﬂaﬂ@%ﬁﬁﬁdﬂrwﬁ“ﬁﬂﬂn&aﬁﬁzws%

77 AT AW

1 BD WM ¥ T ¥ 3
I BRAAEA Ry = W25 p 3 : i
A Ry = 5- 1R B C o F 701 (S.F.) 29 G 3w 1 s gy 79 A @A

Z(DWNXF 3 i
(DREXFR) RETHA TR 3 Q7 L o a9 1 sim ad 0

om)— %8 TR 1 o (beam) P 3.8 % appe n m

W2

c
@) (W12) 8D ?
2

wi2

(Wi2)BD  (Wi2)8D
(c)
fem 3.11

ovise) () e 3 S 1 T o 78 e S A T
Fron # D W 21 1 1 F BD I T 6 R
@%w_ﬁmﬁcﬂ?ﬁmqﬁamgﬁmﬁ

#4aB

, .. W . ae o s - r
ﬂulmmwﬂﬂ%mgbnM%mmﬁﬂw@miﬁ%ﬁ%ﬁﬁ%@xmwu

A 31 @M <1 BD F F1 ¥4 (Anticloc
A 71 T el et (Clockwise) (4)
o T2 311 ¥ fF Beam F W BD F

(Torque) Fd F T—
W m s aa = #: %m&ﬂag%ﬁaﬁamﬁg_gﬂﬁm_

(i) WAFFE DTS
h B ox EL e =51 efeq M (Clockwise) ¥ AT (torgque) F74 o i (D) T

B

(i) & DR

T S (BM at D) FEA € ) .,
wﬁ_uﬂms%ﬁmcﬂwaawﬁ.%wamﬂﬂi_ﬁﬂnﬁmﬁ%ﬁa
311 (b) & 12 DT L ot o @ E

mﬂ#%ﬁﬁﬂﬂ%ﬂw.wﬁmﬂwﬂﬂﬁﬁu&x%.m_z&?
T o 7 v T o e A (S F)
_ () FHdT =T (Shear Foree)— T ﬁmm&ﬂﬁﬂ%mdﬁ

ﬂd— ﬂ,ﬂm s . - oL -k < .W v

T T T arsmiordr G # Al g &l o o
) 4 N praic sum of the forces acting either right si&< OF ek
n b

mﬂwﬂ%ﬂﬁam@sﬁé% ¥ T T
_.nmvﬂmww_ .
gfefma 6&3@5&3\.
m.m.,ﬂﬁﬁﬁmmﬁg%a

o
i

Shear Force at any section of the beam is the alg

Side of
0 : . o i
[that section of beam. Or we can also s3¥

cam 18 the Shear Force.”

Unbalanced force at any section of the b

l
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WS Ea:\mﬂnma
L Note : J0kN= 1 Ton -’ _ v_« ﬁ .
i . e -
. ¥ @l % - ’
m Wm.w.:gs,wﬂabﬂm.xmbnl g (+ve) ! fve)
_ — - greral AD B
O:oE:& Hd B 3 (9% 8D ﬁﬂn&ﬂﬂwﬂ s {LHS) " Aw_..s,
%ﬁ:ﬁﬂ.ﬂ»&m«n (Tendenc o " oy
. w.. s 7@ 39 FE | T Syl (Bending _-“.s ﬁ b Aﬁ
; > & ' 1 =ve
Moment) FE4 gl I * )

s %A T FAT I 5 fe 7 A F fu WOTTEA (SIGN CONVENTIONg
Wﬂz o Fn € R 3.12 )

(2) I (Bending Moment— e # N or
Omamafﬁy%aéﬂﬂ,%ﬂaﬂms i D il
Dkﬂsm&%%m&ﬁ%maﬂ%ﬂ - X/

o A S &l e " Aﬁ.
% | +
y «Bending Moment at any section of the beam 1S the  From i ve)
f the forces acting either  (LHS) - ﬁw.s

dmgamn sum of the moments ©
f that section. "

1
(=
(~ve) " (~ve)

uz side or left side o
) TR (Unit)— e -1t (iN-m)
S Fa1 Z5-Hie (Ton-m) x
oz WUTET (SIGN CONVENTIONS)
fer 3.13

3.7 Jqce (Sagging) a1 e :._ommse

e et (B-M.) .
A FE T (beam). R (load) T % T A 7 B,
Amwmmmmm. mummw st s7aae (Sageing) F frgfy 57 (beam) T TH1 ¥07 (Bending Moment) 7
(+ve) G 81 SH—T@ FEAraa T (Simply supported Beam) T T B0 T TH (bendiy

position) 2

(

BMD
(+ve)

Jacit

Haae
(HOGGING)

(SAGGING)

R AU Y S———. fer 3.14
q@amimmﬂﬂg&%ﬁﬁ%ﬁﬂ:sdis_uiﬂﬂiA%\n i
_ ve) € €1 79 FER H %_ﬂmm 57 (Hogging) F24 €1 7q fegfe & 7 70 0@

“The sign convention for bend T (Hogging moment) Feel I

or bending moment is

; o agaa that a beam in “hoeeine” condition is subj

>nding moment and in a “Sagging” condition to coﬂnf\wﬁwh“. hogging” condition 1S subject 10 n
ing moment.”

antilever @m\
(BMD.

)*

mr;n.n

(ReIT
e 313 # fel nﬁwagé CD W Nding
U.p.L) T El & « TwkN Ome
( ﬁﬁﬁﬂﬁcm o nt)
.—.ﬁﬂ wkN/m

T
A T0 i i AB (T 5x) Ty

m_@namw .
wﬂmw& (Bending Moment) M &7 T §) =5
%%tw@ () 4 AR
;\ﬁmﬂ%&iﬂmﬂ%aguﬂo_ﬂﬁw P —
AT (B M, w | I

Pl s i
.:a.:mawwmﬂbﬁ.ﬁédﬁmﬁﬁa M+ s
e T -
A F9 qR ABF 7= # (at middle) F/ Fom) ) wx dx) A _n.%_T,xA !
%Nw Tofd q— AM—\HOW._M_V T v F
ﬁ%%m&m@.ﬁ%uwﬂﬂ%%,ﬂ |
EoIGH (F +0F)+wxdx=F R 3.15
@ OF =—wxdx
SF
a %Hl:. S dF _ ,.
; =y
x Q)

o T (i) T T A = ¢ f o
FE W, Fd F 3 ]
F % itada 31 X (rate of change of force) dar
dx

I T R =i &L (rate of load) w F TR el 8

— Rate of change of S.F. aF | __
g i Rate of Load (w/unit length)

@ el (Moment) % Tge & o, LM =0
7@ 4 W @ (Moment) T R—
Clockwise Moment = Anticlockwise Moment -

F x 8¢ + M = (M +8M) + (wx dx) x mw.

Nﬂxm.dum.i+o A...«cx@%“ﬁﬂﬁmmmﬁw}ﬁ%ﬁv
SM _
dx =F
7
aM _ (i)
- dx F
% _,m3@%wﬂ@ﬂw@@g%ﬁqﬂﬁ:wﬁﬁﬂﬁ%%%ﬂ%
TR Bt
(F)atthat section.”

* “Rate of Change of B.M. at any section is equal to Shearing Force
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st (point Load) &
7 @ L AW

s - _ fer ?o:ﬂs:&

d odd ¢ I T ¥
Constant) T&dl d

a7 (.F) R
dM _ f = fer®

[aM =F ldx
¢, T fet €

i 2 Faferd GahiHa O (Point Sﬁ:mwmgmuﬁﬁzmﬁ

& wa W H
i 2T 8 i
vﬁa%dﬁna.a.sﬂ

afz v T w KN/metre R cAcalsLik]

+—
S w4 (i) 9,
a

FEeE T T (on integration)

%1 9 (UD.L) § T

: F=-wx+C

- =@l €, T THEE freti® (constant of integration
ﬁﬁn@ﬂ%&%mﬁxﬁah;ﬁﬂ

M _f - wx+Cy

e uftaad (linearly change)

dM = (~wx + C5) dx

FAET F |, fdM = (~wx + Cy) d

B :Hu . .
.w&.ll.'Nl.‘ﬁn.ﬂ Qﬁu
WG IR feati® 41 72f 7w e e i o 3 e o o T
second degree equation) 19 3 2 < o T TEEA (parabola) F1 WEfiE FT = z :
wU: # TR T Asﬂmﬂ?& (parabolic) 21 & @z 21

(iii) SferHAT T YUi—38 TW H T R a9 g3 ¢ A

91

Bm_“mﬂ 3 =09
QR
uﬁﬂa.z.ﬁﬁuﬂﬁwﬂg

e 2 T T T By ) 4 ) H T

M. REx

d [M s 1 =prmm A bl
dx =0

\@5.;

gon 9 U1 3R
39 mv\%_ ad ) mﬂm (Shear forca and Be
¢ (beam)

@
ma%@mﬂa 2l
ﬁ%ﬂw&mﬂnﬂ@%dﬂﬁmﬂﬂéwﬂmﬂﬂﬂﬂm
o 1 T T S a&@éﬂﬁﬁﬁyﬁ%%ﬁﬁ%@gg
(To Draw Shear Force Diagram and Bending Moment Di
g & e w1 W F49 9d (S.F.) 94 T 90 (BM.) i _mms.a fora Beam)
e SFD 71 BMD 7 ¥ T (B 0 8 i) 1 0
iy T& ..&. m_w_ﬂ. d 8 Fw,.m. Beam) F1 2 ¥ wawe fadi w wfatwad ﬁxnunmcaﬂmamﬂﬂw.
(i) HTH F T A nﬂ,ﬂﬂﬁmﬁﬂawmﬂ@as%zm@w.%mﬁﬁgm
T i T R R O WO F e
(iii) inqmmaﬂw%E@mﬁﬁiqmwéﬁ%mﬂﬂﬂ,ﬁas;%&ﬁﬁ
(support) 1 Sfafwal o I (algebraic sum) okl
ﬁmnﬁ%.auﬂﬁ&ﬂﬁmﬁiﬂmﬂ@%%ﬁﬁmﬁ%ﬂafﬁﬁ@i_
(iv) uﬁi:w.y:uaﬂiwaﬂﬁﬁ ﬁﬂ%im&wﬂ%ﬂmw%ﬁaﬂ&w
n&%ﬁ&%%.ﬁﬂmﬂﬁﬂaz..ﬂﬂaw_
(v) ,ﬁa,_%qa.,wﬁﬂ@ﬁﬁeﬁa_;g%uwimﬂw_ﬁmﬂﬁ;ﬂﬁi
FE T FA A9 F 9 54 ™ (calculated) T s 74 8 mmmmu@..ﬁwmm: 8..:.2.5@%

3.10

ST R T 7 S WA S o
(vi) T w0 S E;ﬁ,:;ywﬁgﬁﬁ@mﬂﬁﬂﬂ%ﬂ ek
,wﬂu~\' ) .‘..._ )
o % g fag T AR e @ E g

(vil) T TR T ) R 3 s e T /5SFD. 3
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faradt wea Ten w wAer 9% (Paraboli I T
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i
4
e
-
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@ @l (diagrams) ﬁwﬁi
(afe B ) 9 ey N
intofcor ure) | Y
erey B (<O (V) F .
FEA ) T O<2.:m=m;m r:;

W . wawmanmﬂmamﬁaﬁﬂaz
beam) 4 & fad m&dmﬂazhﬂﬂwa
. m—.g

Srteital rel Cantilever

% m.m”“ﬂ”ﬁﬂh A ntilever cwn.:_ﬁmm&.ﬂw ﬁ.._.:rcuv 3
Force diagram) aqr T amgut 3@ (Bending e
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TG AT SAfreha™ FRE (instantaneous maximum stress) Td oM (strain) 1 F1d HTd 81

52,78 T IR (Some Important Definitions)

() fepfa Sl AT ARG (Strain Energy or Resilience)—"“ffeft Tered (31gen o) ® fopfa
(qrain) % F9 H THETT T Sootl 1 bl =t ferpfir--wrotl sreren v et 817 e o o 6 v
i 31 41 T o, Pt e 3 e A 2159 U % el B

“Energy stored in the form of strain %é_ovma in the material (or body), within elastic limit is called
strain energy.” ,_

(2) O FereR et st (Proof Resilience)—Seeerdl-Fiel 3 ST (within elastic limit) fret wared
(s g W) form vt forapfa S m_mﬂl,,u_duw tfererad Tl ST (strain energy) TS i ST Hehdl 7,
R 7 i S0 (Proof Resilience) Hed T

“Within elastic limit, max energy mﬁoa,a in the body (which is without any permanent deformation) is
alled proof resilience.” /,,

(3) Tagfer st TquTieR (Modulus of ﬂam_ms&lwﬂ@a @t G % =T (within elastic limit)
¥ werd ¥ T e A (in unit volume of the material) Eﬂ g forpf Seat fohdl, forereft aafreham
Pt 3o s o) < e €, 9 fopll I T S €

“In unit volume of the material, max strain energy stored (without any permanent deformation) is
"lked modulus of resilience.”

ﬁ% T WReT (Proof Stress)— AT A il w1 e # Wl # S g o F
R R ‘

,,coion& stress, in the condition of proof resilience, is called proof stress.
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mHN “Nx_mo

% HPx60x1000
-

258

N,
§
f_

:oxmox_ooo
@
2% quoo

3@ HP. T3 80,  Taverage = 21N
uumcw._maﬁ N-m
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|
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¥ \JNH& o 4_y717x10° mm’ =310 N2
) ’ p0* cm = an gfdsd (shear stress N i
~17-17% )t &
C \_M oxJ omx_omx%mx:.:x_%xy %ﬁnﬁv_ . d iuﬂsﬂﬂyﬁ-ﬂ:
e x0xJ _0- x =T _mdt 43,406 orque),
r=="1 R Tl
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= —@ " b4 X—CO HONN "
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oo %dﬂmmﬂzéﬁ%ﬂﬂnwﬂm%nﬁﬁ.aﬁiwﬂy w_gau a5 ™ T (Torgque) "
e 30T 10.TH ﬂﬂmﬂ.ao«ﬂkﬂ.\gh | a%ﬂﬂg gw: y T HMWEHWAVL%XN.@ >
e et e e T UK, g0 X 7553
Gra =ma = 0-6 I 2n NT W - ..Nﬁ MN-m =0.233 8 Nem
_ E.v.uwﬂ\_gm \mma A‘ﬂoﬂsmmvwmmﬂ—gi.ﬂ.@wﬂmwﬁﬁw@mm
Dl BT 1601000 “M %%c.gﬂiﬂﬂ@&ﬁﬂ@_ ﬁﬂmﬂﬁ%nﬂﬂﬂﬁrnﬁﬂam&d
P.x CCily ) .

q dﬁﬂﬂ.@.ﬂﬁﬁﬂaﬁnv 2N dﬁﬁ.ﬂﬁ.@m&ﬂnﬂmﬂ N
> 294560 X1000 _ 35093.66495 N-m ; , %ﬂsoﬂ_ﬂm&:o@ﬂnﬁ_ﬂw_ ﬁnmﬁﬁiiﬁ%&wﬁﬁwgw&
d - Trmean =~ 27 80 “ﬂ% e @Ol (Torque) 7; B (Fiifs 7 1 A @ﬂw_uazmv Tl Bl 3

) ~35093664-95 N-mm N T =0-228 MN-m = 228 kNopy — :
= . 2d> SITH Tl Tch VTR T W i
e 12. 124 . (strength) T «4” e 7t et gt oz @ !
a1 sferran WS ¥ { STOTe T ST STy “
N (Tios) = Tinean * Tean X 40% ot () %@ﬂww o Mﬂw it BN @ |
max: T X140 FA—A fw MM HhaW Hdd Siaw (shear stress) =1 9H Q .
= Tpean X 1" R TR Ay =i
3509366495 x 1.40 = 49131130-93 N-mm 24 =R e T (torque)
. . . ﬁ”%“&xbx%&. AHHM..WV
Jomd, —d) (&l T TR d; =06y ! J R
32 ) ' J =g el e 9 ST S (torque)
4
nmx&w [1- 0-6)*]=0-08545 d; mm ﬂuuaxbu@x.\uxw
2
. d, 2 3
7 Az F B (outer radius) R == T © A 0 =60 Nfmm” & /@ g § ST, Wnﬁ_.ﬁ Nxxw xwqu_
v IS gE Iz 4 49131130-93 _ 60 2 &xm : ?
J R 0-08545x dt 4o P L _n@d) xkxﬁ
2 N.,N 32 2 nd
3
d; =4791411-247 7 d, =168-58 mm o 161,32 o I8
qqT ST -0. - W 327201
i d;=0-6xd, =101-15 mm arfireran TS Widee (torsional stress)

EHESW :.giﬂﬂﬂ.mﬂ.gﬂﬂ.m M«.—gg 30 ﬂdA..qﬂ‘w.w._ Mﬂdﬂ%.—ﬁ dﬂﬂ.ﬁq—.nu.,ﬂﬂm% §~ﬂﬂ%g%@i.ﬁ% A =
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T E =N 3 eme ¥y et R YR 3% s AT AR S 3 I [UK. 2006, S; U.P. 2005]
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..&eu :|=NZ_+=NV

B a3 ( -n?) | -n?) _ a\cllzmv

B A-nda+nd)  (+ad)

M
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G MR % 3 a9q7 @& A (inner & outer dia of hollow shaft) sHAY: d; 991 d, ¢ fim
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v el (torques) H I y (torque) fagy -
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A
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F¥IER,
q4._j5xL 0
.\nx k.,. % k\.
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ﬁuﬂd@g%%ﬂwimﬁmﬁ
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ransmitted) T (POWE) T Ty g

g d wfeEc (shear stress) @rypy ﬂ?&
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n ﬂmd:ﬂﬂ Wm.ﬁﬂ.—.. | \IMOX~OQ Z\SN wa.v.u
— ngle i.?.wcg.w.udﬂ —50MPa= |
e 3 v =500 rpm 1 & 07
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a(d, —d) _ T (30* ~30%)=171805-8482 mm*

O = g2z fl) o 2 @07 =300 171 mm

_ 2aNT 3
H.P.= 60 x 1000

_10x60x 1000
N“:n_.unn wau._hxmoo

Tuverage =159-2356688 N-m
Tpax, =159235-6688 N-mm

md HrEs TR F AF Fde W ATEYY Hfdad (Shear stress on inner surface of shaft)
?.n.ubn_m mm &)
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J

~ S

1 YEY Ufdad (Shear stress)
T

Qhﬂu.WX\

1592356688 s _ 3. :
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(2) VTR 1 60 TAE T TIEY Hfaed (Shear stress) (T R n% =20 mm)

1.9

J R
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0
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/.ﬁ/ﬂcmﬁwwgaﬁﬂn
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ﬂm.\

a .\axhu.\\_xh (= v O .
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(iv) MR WS I .

PowerPoint

..... &
. éﬂn%ﬂ%ﬁ B . r— e 3 ¢
R ®IHI & TR
() 96 7E (Pure Torsion), (i) 7 (Zero), ma,mmﬂﬂ (max.), @) k=Jxg, (i)
(Perpendicular), (v) Zp = 53 STFH AT, (vi) T (bending)
2. fr= w2 @1 oftsfoa FR3 91 TR —
(i) e «.H& (twisting moment)!
y (iiy Y& WZ (pure torsion)! (UK. Ncs,é
d (iii) TTZ &M (torsional rigidity)! (UK. 2009, W)
u (iv) garg #AFfd A19i% (polar modulus of mmn:onw_ i (U.P. 20y
+=J  (v) =3 Fza 9 (polar moment of intertia) T 3T (U.K. 2009, W; U.P. 2002, 05, )
()3 o o v =t 20t #2
4. T % TG WIZ (pure torsion) F F A4 €7
5. TZ T F HFEAE 9924 (U
6. Wz B fafad aa fafe= w2 T (U.P. 2013
7. WIZ TS TEA Fi941 (U.P. 2009
8. UF 21 W F AU Wiz gF #1 7 FIAU 991 39F W2g § ATET HAad F 92 9 6
% frama (U.P. 2006

-

(i) 3 A e T e A A T e T v S e e we
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. T I8 FAHI A 180 r.p.m. T 70 60 kW T v e 31 9 e Aferran @ S,

A =t ST H 20% A 2 THN &1 W Ve ¥ v e s T e 65 MN/m?
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o, = 5x2x1000x U0 _2.6x10™* Radian gal=— 1 1 s\mgza Wtz
6x (2-5%10°7) ~umg\\moeo mm* A
=0-0026 Radian wm | pme g W W =12 kN % SR y
e @Tel T FaeTa A <hifera- émismmdgﬂw_ﬁm
(UK. 2013, CIviy) | L LXIL ML
5 kN . 2 2
= 2
=2xL
¥=5x

FA—fem & E7 =8x10*kNm? =8x 10N -mm? 21
R 7.15 & fd T 4 (beam) % WA R (free end) B 1 il 8T (total deflection)

L=8m _ | 5 r
fem 7.15 B, = E 1 (b) BM.D. due to only Point Load atBi
' 3EI _. _
__12x1000x (4000)°
3x2x10° x (54675000)

+ UD.L. % 9 % = 20 5) kN % ol fa&

g = (= 5kN) % 9IR & FROT faam )
=y, + (0 +0c x BC) ~41 mm 2 '
e TR it . ¥R T W el UDL F FA . DL oM
_ A duetoUDL.
3er | ser Teer <) Néoiuﬁooz BB
. . ﬂ«,.s Bending Moment Diagram e 7.6
_ S000x B0, (100x1000)x (5000)° _ (100 1000) x (5000)* x (3000) © R fem e 21 g
3x(8x107)x10 wxﬁwx:uavx_o@ mXAmXMO_uV &Mo BN %ﬁu vw\nhn A...S\Nuéxs
=10-67 mm +[19-53 +15.625] mu@;uh\wm\uﬁ“ 6
= 45.825 mm E >
| = 3 3
_3yp==xL
X = »xv n
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*«J —

X Lid
mﬁ%ﬂ)ﬁz=%,—qiﬁ“ﬂmﬁ =:;I;3ymm'%l
2400 % (4000)°

B =1-756 mm
Y82 T g2 x10° % 54675000

. ft B W F A (Total deflection)
¥g =Ygy + VB2
:23_4],,|.75(,;25-1(»7mm
=25-17 mm
i v (vertical hollow ciecular pole) g,
ms.@mmmmm_ i -
& T we f it 3 T 1 gAY fat 910 kN WWW“’;}%'@‘“(PME)W&W?V
mmegngibxe)maﬁmwwmﬁwmmmvﬁw HRITHT [ =500 104
U7 E =200GPa &1 . . .
FA—@™ (Poles)  Cantilever Beam F1 7€ F14 Hd Bl A Cantxlever*%ﬁmmélﬁ
@y & IR qF fit g fasd (deflection) 3
=L T8,
B 3E]
Ed W =10 kN=10x1000N
L =6 m=6000mm
£ =200GPa =2x 10°N/ mm”?
7 =500x10* mm* =5x10® mm*
_ (10x1000) x (6000)°
3x2><105><5><106
yp =720 mm IN
ITEAT 7. TRt WawTT ot &eleital BT (cantilever balcony) 1-2 TieX ATET @t AR Fwe
T $1 T T 5 KN/ m 2 6T WIS ST ST §1 Gt oht Ueh HIe TTWalTg ot g 3k for Sttt
ForearaT {1 Fiford FRAeat oot @t §fa et oarg & fort SgaT ¥ut (moment of inertis)
1=30000cm?, E =15GPal
TA—T W FA 9 | m TR §
=5x12x1=6kN

T IR TN F 12 m TEE & AR GAH B a0 8, 9
TAM FY Y & 91 H 9M,

(U.K. 2006 ) (U.P.2004)
f——12m —

i tix
i 8 g,
| 15—l
% =n‘1m=ozaﬁxm-) m
| )':”'L)
P b1
:‘6’”
eiolaaig b
g, T I-HTE H cantilever bea X100y T <0268 1y
ﬂ:#ﬁm—(ﬁﬂ(ﬁxcdcnd)ﬁl.g,m mm Ls"‘mﬁmﬁ .
al 20N
,(ﬂb;ﬁ arferara™ fa@A (max, deflection) 7y 0N/ by m‘fut i ¥
g ; (slo RARY L P
{ z)‘ms MPa @l Mmm‘hmm‘m
| £ 5 N
e % SFAR Beam F 145 7,15 4§ frge
&« 3 (U.P. 2006)
y ford T o M F T 51 1 fadg (deflection)
2‘;”8 () & femn T
‘ ﬁmﬁgmf‘aa‘w yp SEHT T T C W faiy
W &
R T .
a@ W=UD.L 1 R =wx [z
=20x1-5=30kN :
HETHCAB T W AT E@@ |
gl ;
TAA 0, =0 = wb W o) !
B =VC T 6EI  6EI ; ,
_20x1-5)x 1000 (1‘5x1(100)2 _0-000502Radii | (Detecioncibeam
6x2x10° x9500% 10 i —
I Y e l.o
v W fy B W sty fagw (max deflection) B
" Yp=)c +0c xBC A H 7H T R, i? k_;;q-—»\«u-lnm—»\
. wt 2 ‘
_E+EX(L—I) (£)BM Diagram
R 1.8
_ (30x1000) x (1-5x1000)* _ ¢.go0592x (1x1000
8x2x10° x 9500 10*
=1-258 =1.26 mm
Methoq.y . 4 .
. N/ mm 6
‘T g E =2x10° MPa=2x10 petgppmn’ 295310 T
 =gsonem’ =55
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200 E
7 ment, max =y W3
R (Fixed end) A T Max- e " 5)x k2 =22 SKN-m =22:5x108 : 3%
habii =(w/)><'=(20x 2 i 2
My 2 ~E\IY‘£ G
a7 et (area): 1-5%1000) x 22-5 x 106 3
fors (o) % e A BMD o beMa BTG =003, 4
d 10 0 3
0 ) =0.069
=1-125x1 ) ' - sl)eﬂe:lgn at freeend=69‘8 ’:m%g.“mm
3+ - * 10. -Sm cantilever ¥; .
oo (G) # T mBag 4 o T ﬁ{;ﬂﬁ(ﬁxed end) ¥ 1.3m3ﬁ§&w35 fie (Free eng) " =
F=3x(1-5x1000)+ @5 -1:5)x1000 mm ) T (slope & deflection) T =, E ‘““wﬁgmﬁml KN 1 fag wm (point
4 p . =108 oy 2 R S g
=2125 mm _fe 7.193,—:@ . T =150 1074t &y '
= Beam EZASLEIH
a7 ol &we fafy (Moment area method) ﬁ_ 7 fa 2, AB=L=25m WA3SKN w25k
Ynax =98 =] Gm | AC=1=13m
_ 0:125x10%) 2125 _ 1 255 - 1.26 rum b o i W, =25 kN
: = > |
4 2x10° x95x10 ™| W, =35 kN
: -4 fm. &
| s T (slope), 0 =0c = 77 (T | Joung's Modulus,  E =2x10° KN/ 2 B 1
=_’l’125_"1ﬂ; =0-000592 radian ' Moment of Inertia (M.O.1), I=15%107% -
2x10° x95x 10 R E (l)ﬂqafa’((Free °“d’B“W““’Pﬁ)%ﬂ’\%meﬁm%me ‘
T 9. T dm T cantilever beam ¥ T F (frec end) T Fmﬂ (g , B = WP 1 ’ L
Point Load ) &1 £, f T (beam) ¥ 3ifera TEATT (max. slope) 1-5°% A1 g T9Y B W Sty i mex =S ET 357 =3 AL - TP
RY&T (max. deflection) FTd STl \ =+_3me2_52 3l
FA—f2AT 8, span of beam, L=4m 2x2x10% x1-5x10
T »
Maximum Slope, Bpmax =05 =1:5°=1"5% o5 7 0 ax =0-00359 radian e
) : 2)qE fA (Free End) B W Siferad {448 (max. deflection)
=0-02618 radian (given) ( . ! . . _
yg =W, ¥ FTO0 fa < W, T O e ]
i xS 2 30 ¢ 5 1 i
Deflection at free end (B), ‘ Yoax H'\L” iz Ei -E L \ ¢
7 H 39 feafa & (In this case of beam)— = _SE—I\’MEI SH \. ;
2 | &
Max. Slope, B =% (7 _
w7 _\.B:=}L.¢GC\BC
W2 o W2 [ 3 32 -05-13)
0-02618 =— a1 == =2x0-02618 . iﬂ;_;as_,_
2% E 25x2.5° \‘ ’5;" =R METTR)
=| ——— - L& iXe \
=0-05236 3x2x10° xlsx107 | {3210 .
2 L
2L 1 w1 fa819 (Deflecton) % T 4 7, =(0.00434)—m-00°3>°‘°"’°“33’ -
0006371 m =637

i ‘
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202 By
ﬁmmtmﬂﬁm'ﬂm %

6 ¢
TR AT & T T gy
. TR fryamantt
T L m t,gg;rmmnuﬂaezarnnz""’;“g) ﬁggmmmw M(r::\%

of beam) Q¥ 10 kN @7 WU e &1 vw
; E =200 GPa wiFr .
' ¥ ¥ agaR fow 7.20 <@
W=10 kN
. B
trtm ——1 Wy
2x
o+ fara-—BTT 8T (Simply Supporg, X105, 757 =01069 Ragy e
a) Loaded beam ' 4m ﬁ'ﬁ'ﬂ‘ ed Be, an 5
(a) ' ﬁ{m 12. T mm A n 'ﬂ‘g‘mﬂfm Euny
ﬂ‘ﬂtlgﬁ‘q‘wﬂ (at mlddle)ﬁmﬂﬁ_3 :ﬁ
(max- deflection) 12 mm gy T (Poinu.,,d) TE 159 mm vt e 250
T T (1o R wezr 3 arferererm
(Secton of beam) MI P) NIR B £ - 6 10° KN/ m2
ﬁ’m? Prefcalice= {(Span)L - /m

5% 1 =121 (width of section), p= =150 mp

(b) B.M. Diagram

- F TeE (depth of section), d=250

A- ' 1
7 0 T 12 @ A AT (MLOLL) I=M( s
Curve Ymax | 12 ) .
150x 250y $
(c) Deflection of beam J— I= # Aot !
for17.20 o % HEA W AT (deflection), Y= Yome =12mm
7@ £ =200GPa=2x10° N/mm? I ¥ 7 W1 KN 1 Point Load ¥ 3|

sfeman [T (max. deflection) v
wn60°=3hmh=3!an6()°=3ﬁ M (max. deflection) g = g -

| " 3 §
bx i o 122 WO . g _gxi0tion/m?
Fe =% v i A (6x10°)x1.953 <10 :
3 i - 2
1=8X0B) 3 sgem ’ TS
36 ! TR
P | I =1035KN
7 /=23-38x10" mm Wt ()
99 o 3@ (B.M.D.) F &TFA (area) @) HferamaT ZE (max. slope), S = 1]
,4=1"‘”7‘=L1'2eim.f:2x/‘ | W '(\_()_5_5",‘@‘_’-‘—“—0@—
2 2 3 | 0 ax ‘TRl mx(ﬁxlﬁ‘)“ gs3xt*
g7 gt B W fa%9 (max deflection) 2
2009 Radisn

AA
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_ Ty
w7 ¥ srefad 87T (a simply supporgog
ST 13, 4m 3 e TR O “W AR (U.D.L.) T §1 8 beay, of
span 4 m) % Q¥ RIGT (span) T 20 kN/m m&_}.mﬁlf ~2x10° N/mm? QT [ = 5, 107
(max. deflection) 79T T (slope) @t Mt & N
(U.p, 2013) = = X lOO())X (4000)2 Rt
e—fr 721 28 r 20 kN/m X @x105

¥9 ¥ (beam) F1 B.M. Diagram UD.L. & HRT T
FY (curved shape) & Brm (o 7.21 (b)) T8I

o 14. T 75 mm S et D107 =0 9053 radian
m T W T WU 1 kN iy ]

4 ) g . T W,
%Wﬁ&ummwmm%mhmm

sa¥ sifrmad 9 g1 (B.M.) Ewmzonstm zmm
o P (U.P. 2006)
w2 _20x4? _ SN-mm=h (W)
M_—s" g kN-m =40x10"N-mm (a) Loaded beam
; w2 d=75 mm
qam Ado  A=Zxbxh () g1 ; B ¢ fe
3 i %
=%x(2x]000))<40X106 ‘ Section of beam
|
=5.33x10" !
oo (G) # B & g ‘ |
;?:%m G | i
=§x(2x1000)=1250mm i
-+ T4 (deflection), T % WeA & aHfersam 2l :
= 0c=0 i ¢ X
Ymax = JC =%— Eel kil (c) Deflection of beam ! i }‘_ _’1
. o ¥ ; (b)BMD i
! I 7.21 ‘ i :
_533x1000x1250 _ e 7 mm AG 5y
2x10° x5x107 —
Al fall R T (slope) T BN 3T: 0,4 =0, =% T H ‘ (c) Deflection of beam
fA7.2
5.33x10'° . r
Opay =04 =05 =—2°°""7 _—(.00533 radian i
™ 2x10° x5x107 T (beam) T T (Wrede) e A (MOL) ¢
gt fafer (1ind Method)— 1 I Jﬁ:ﬂg—ﬂ'ﬁ“o
9 F FR W 3ifuemad 8 (max, deflection) &
_ =5 u/LJ gﬁﬁy
Ynax = Jo == x WL
) e O T R
Sl W =U.D.LF IR A1 W =20 4 =80 kN ‘;
i = 55 B0X1000)x (4000)° _ ¢ 6 um
@x10°)x (5x107) o |
=6-7Tmm
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(Slope) 6, =0, =9
2
0= WL % w2
16EI * 24F7

o) AT TR atfereha f8T (max, deﬂec““n)

ment ared meth
e 7 gl G faftT (o uF :
JYmax = El ‘ﬁ)
”12 X L 3
J6 3= T
= 151 T a8El W “Hr@qw’
3
: i (1><1000)><(4X1000) —=43mm
. Jmax = 32 200x10%) x1:55x 10
:' mﬁAHmbm(ﬁrﬁﬂm)ﬂfWAﬁ’“
| Opme =04 =05 =2 (T
: 3 oo 2
a Bz ./ ¢4 =@%)
16El e
2
__ (1x1000)x (4x1000) 0,032 Radian
16x (200 10%) x 1-55x10 -
@t fafer (1ind Method) :
: WL
(1) #RA T =1 fa8T (deflection) J¢ = Jmax = 387 )
2
G (Co)

(2) 7 3 farl W @i (slope), 04 = 05 = Omax = 1577

on) @el @@ (slope) < AH T o2 ST T B

% IER Wi &1 e o weA farg WX faweme w
[U.K. 2014, (S) CIVIL]

& SR T § A T fag (deflecti

I 15. T Pgrertiad a7 ot 7-23

FARTA E = 2x 105 MPa, 1 =25x 10* em®.

2500 N 1000 N/m

fm7.23

Ta—fad % IIER, 939 & o (Span of beam) L=5m
(1) <3 fag (C) W Tt faward (Deflection),

ycza‘mé:mwfaiqr{(PoimLoad)m=2500N?$mf‘arwq=r(y|)+m'—l(beam

w1000 N/m @1 1 kN/m % U.D.L. % FROT faeared ()

: YVe=R+n W@l (UD.L. I 4R W,

3 3

LT T g

48EI 384 EI

_ 2500 % (5000)° s 5000x (5000)°

48 5 7100 3885 15 s 10°

x2x10° x25x10* x10* 384 2,10%x25%10

(T 1=25%10% mm*)

=0-01302+0-016276 = 0-0293 mm

) T

=1x5=5kNé)

el

_ 2500x(5000)2
\

16x2x105x25x103*u5°00-w
z x <
16. TH [-FE mw‘mmt -mels,qoa“’s’tlo'Snmm -

e i W
(deflection) T T ey, 1o o1y
fad T V%2 3 g h)x‘t;jﬁmvmx.m%m%

o
ﬂi" (Web) QT T (Flange) a-?nfm-g T 3
m,
ﬁre(Se“io“) ) “Eﬂg =80 mm, E - 200 o :ﬂlnn)‘,ﬁm —
. . =2410° N/ mm? 5 u
7207 @, 0.0, 0 T ’:_“ yfe
o 3 T TS (ML) 60500 IO ey
Iy =20% (60~ %
Sl e U
0x80° 49, 43
2 Ty
=2346666-667
=234.67x10° st

W=5kN

10 kN/m

(c) B.M.D. due to U.D.L. o0 bea™

Rm7.23

B
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298
ERELE \
mﬁlst—mmmmﬁ%aaﬁgmm%mawﬁmﬁ Ti%(BM,D‘)a:
7.23 (b) % IFER &AM m
Zx — 2
2”4 _WL
&% (Area of shaded protion), 4=<"73""~"g
Fodgled
- X=3%273
. % W g 9R (Point Load) # ¥F ol faa (deflection)
p L,
AX _16 3L
48El (

yC] = El - El
_ (SXIOOO)X(7XIOOO) =1-7755 mm
48 x 2 x 10° x234- .67x10°%
gfafed SR (UD.L) &€ @@ BMD. fim 7.3 (4

ferfe [Ind—H11 37 8% (Beam) W Fad

SFER T 7
.. &A% (area of shaded part), A:?xb x h -
A=3x «Lx B SR W = wx 14
? 5 _5,L_5L
a1 A—’;ﬁ H%ITX=§xbase ST
.. U.D.L. &% SR e 3 Weg e ey (deflection)
o L _AX gy AR @ W
wi? 5L
~384 EI

T El
(10x2x1000)>< (27‘1000) — 4-4388 mm

%100 x 234-67x10*
£ /oo Anflartion at centre of beam)

384

-~
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vz 060x1000)x 10x1000)
Bending Moment L .
= = 4x10° N-mm
G _ b §
yoE L dm

7 ¥ 667x10° 'S
- hzgﬂ":’_&’ﬁ:m.z;m mm
=TT 19. 4-8 m FAEgTA (span) ATEH T AL T (rectangular section) Fi m::
37 figif wT FgTAfEAd (simply supported) & gar it Faegfa (span) T 45 KN S T dmfes
wrr(v.n.x_m-rrmamgnma’raﬁgxé(b)mmé(d)ﬁmmmﬁmw&
e G (beding stress) 7-0 N/ mm” 2 sifera 1 €1 T A STHAH (AT (deflection) 9.5,
25 T 211 TS T E = 1-05x 10° N/mm? #l (U.K. 2008, W) (U.p. 2
TH— A7 (span), L = 4-8 m = 4800 mm
UD.L. % 57 97 W =45 KN =45000N
75 ¥R (bending stress) f = 7N /mm’
Beam ¥ w94 & sfawag 449 (deflection) =9-5 mm
E=1.05210° N/mm? 21 %12 71 719, b=2,d ="
Wi WL _ 45000 (4800)

afewms T (max. BM), M =YF=%= -
M =27%10° N-mm
bxd® d
= a4 y=—
=3 r=3
M_J a
1y ™,
6 6
27x10 =.Zzn1=27x7]0 .

5, 45000x (4800

6
1.05x104x@xy
o __ 5x45000x (4800)° x 7 .
9-5x384x1-05x10* x27x 10°

=168-42 mm

o 20- 4 A T L T i vy 037 206820y

i o3P
& (simply SUPPOrted beam) 3y ‘ﬁﬁifﬁam
T L R g N
RS 8 T " ‘

ﬂﬂﬂ‘ £ 7 (beam) 1 A ey (@electoy mwh‘ﬁw 4
P! W
- 3pg?
ﬁ,gﬁaﬂ'ia' Hid AT HE ey o R
e R, al=Exl
AXE ‘ﬁi
5=—LxL 4 T
o,
TXE nd x§
s simply supported beam & ey i W;TR A 89 (deflection at centre) 4
_WL ’ 1
Vo = g 0 9 %
max. deflection, y=¢l i
48x£xﬁ
md’xs 64 '
_6axnd B _paLl |l
agx4PLxnd P o
T 21, 4 m TR F e F e # we 10 en W6 e TR R
T T 500 Kg/m (475 KN/m )BITU.D.L.WTT%l o 3 e forg T Frean O (deflection) A fmi
VT (slope) St AT HUE =0-8x 100 Kglcmz | (UK.2013,5)
5 3
TW— H e w ] =de2— =m913‘62'
2
W1=34133X105 mm4 qq E:QSX]OSN/mm %| .
Bam® UpL. #1 Fw T W—wa=5x4=2°“N’2°xw°0
DL. & Fd T
" Deflection at centre of beam, ¥= 84 7l 3
Xwomx(‘moo) =6'1mm I

0
%‘wxm

(yﬂﬁx) o W)‘ (0.8)(105
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aim,@w
302
R T ds),
Y iYW @ (slope at the ends) o ox 104 (4000)2 -
0,=0p =§4_Ef=24x0-8x105"341‘33"10
=0.00488 radian I

Cases) FaR
fa

§7.4 &R W 9R P} P& TG A3 (Standard e e G S BT

HTHE (Double Integration) &IRT
(Double Integration Method for Slope & Deflection)

7.4.1 Cantilever with a Point Load at its Free End
T e 7.25 ¥ dteltat m%gﬂ(mﬁ)fﬁ%BmWﬁﬁ“ﬂW?”"%‘“W@emm
@@ R B & x T W e (X - X) B 3 I X
s T’f kel Fixed 4 A
M, =-Wx End

[(~ve) 4= (sign) clockwise moment & HRT )|

2
a7 Ay 0
d‘:z

gH1he (Integration) FH W

Yy, . (i)
dx 1

2

Hﬁﬁﬁ%ﬁﬁﬁﬁx:l,ﬂﬂ%ﬁﬁ(slope)%:ﬂ 2

2 2
O=—-W.%-+cl'¢ﬂcl=%

I GHF (i) H TH WA |
dy__wl W2

EIE— 3 + 2

Ig T HHIHIYT (Slope equation) 2 Foreh GRT €9 foRgt +ft forg o foTq x o1 AT T@aht @M (slope)

... (iii)

3 : a1
D 1w 9 R w E](%j=_l;.x%+cl (o, = T oo 2)
THIHTOT (iii) T T7: GBS (integration) A T 0
dy\__(w e
w. i, WA El— =) ™
EI-(}’)=—'—2—X?+-2—.X+02 dx
o d R
Exy=-3 P2y, (@) 3= L % T W e (slope) 2 =0 T (= .
2 ' 0=-2L+qTe=gh
-+ 9 x =1 8 79 fa89 (deflection), y=0 2 6 W
,
__m B (w0 {E)L
0=+t EI(% =5/ \6 j
_ ‘

! W

o4 _ A @ e

I M(,V)ﬂmr@ﬁmhm%(s ‘2\:% =

f (Eny,y. I“""‘f) ’ -\;‘\
o) 3 forelt oft forg 3 CreE

gﬂﬂfﬂagq) 3 % fom My L

T ey
ﬂ‘(ﬁnﬁfﬁaﬁﬁm%%%m Pty
o i) Hx =0 T, Sty T (emh"‘(r.um .

#* LETRY ’B%,:ghu«m i
(E.Lyg, - 2 e
=0 M oy
del B’m ('Iﬂ)
(&1 ﬂec;,im) T A ¥y

Vg =040 W
S T’“}’nh@
Wnwards) 31y % = 4

o (0 7 X =0 T T, S g

sign ﬁa‘q ﬁ Ll 3?'-{ (do

(-ve)
Jmax = yp =%
42 SRR BN T TR R w 58 0 o o
" (cantilever with a U.D.L. at ts full lengtn)

7 7.26 B L TE % cantilever W wlmette 1 UDL 70 &1 7% 8t B 4 y 2 w0 i
(- #1 9 TH I T A T (B M) B W x 30 WA w
2

o :

(=T —ve fo% clockwise % W 3)

E,]ﬁ =M =_£2
dx?

%)

IR 7 &

2 (Curve shape)

THhe (Integrate) FH W B,
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= ¥ fag &1 AF @ T 9)
* i

a2 e e (slopeeq“)i?lsﬂ“f*ﬂ"'(b“"“’)a‘mﬂ"ﬁﬁﬁ [dxj‘ﬁ

TF 9 I A i
welo (i) 1 AT T T T 4 WP (o= RRap
B =X R )

L
EI ()= ( )’ +(W6 ]”Q o i)

caEfRWr=L%, e T F (deflection) ¥ = o g
=—(W)L4+——+”2

? = 2=%5 6 24
, o (2 )l .
wto (iii) EI ()= ( )x % 3 (i)
z:gmﬁa(;v),ﬁa‘maﬁoélmﬁx%mmﬁ@ﬁﬁﬁ%mﬁﬁq@)ﬂmmmm
& L
- sftran =M (slope) Ta&d (deflection) e R B & o g Fer (i) 9 (iv) Hx =g
@ e & "
W
a(g)ofa(F) =l @
a wL4 )
a9 El (Ymax) = °+0'T Ymax = VB = g7
ﬁz—sqﬁaaaﬁqsifﬁaﬁum..mwmw:;vxL@mﬁaatgﬁaéaﬁm
_m e
08 = ggr ™ 8 = 3T ()

7.4.3 iR 3 v RR B ¥ gerax flt 31 firg W farg s o7 &
(Cantilever with a point load at Any Point)

o= 7.27 T cantilever F TG FRA T ITARFATC  Fiyeq L ’_’q Free
7 point load " &M 21 C R fady Jo TIB W fadg VB 2 end [:——_—l‘—;: — () end

#HR 6y =0 F a?:mgmﬁrﬂ%mwr@%m, A

ul W[3
O =0p = SE1 o = 35T 77 faw
HI ACMB, B,
_MBy _ (s =3c)
tan0, ] 5C

fRm7.21

Study PowerPoint

y = 7
#ar 3E
ﬂrgaem“’m“UDL g

aﬂz’ ye T Oc %mmmgﬁ = Sexne iy g
ﬂﬁﬂ F@ Yo=2L _pp 'D‘L?"{i\’*il.%
yﬂ;nﬂ 81~ ssx'mec_\_ml
“‘( @3 RR A e 1

tilever with U.D.L. (wimetre) a1 , o atineg
mﬁW@BW"“fmﬁmmm Bctromimend)

fm e () w

XEI mmeﬂ "iﬁ’\ W= “L%X

A F UDL. MR fE8T qe o VW )
% EIEt 97 AC= '
3 7 oG T mumm (
;f.aqﬁﬂw (89 (-ve) fen ¥ v 3 i qz‘(””““‘:?;:ﬁ;;vmmw
| =
DL*?"yB —}C+9CxBC%§mmm%mmy - 7= @

WP
“*“HL N Wy =vid)

et o 8EI ~ 6EI
mﬁaq I F 2 fad (Resultantdeﬂecnon)i‘l'qﬁ (BW), y = oy - 3y TR

i - T RO TAH (Resultant Slope), 6, = ‘I{I‘I Vg; TTE TR
14575 ETERE O & T Wl WK (g )

(simple Supported Beam with a Central Point Load)

mvzsmﬂmWWmemmﬁgcmgmmmmmw
ad o T 3 fF S i A 9 B WOAGRE Ry = Ry (398 H W S ¥ =) &

W # @ fuf % Fro Hs ) fad
Hection) Sfereham dd g™ (slope) T3
) M i Sl W fade @ T
T (dope) Afrspad X oW H R
84‘93) W fewm # fawda (TF clockwise
"m aticlockwise) 21l 3@ FRB A Y

TR X -y W A A (Bending
M"mfnt)%ﬁq-(

W
M, =Rsx=7* g

& beaml
Sag'gmg 0{
[. ve due to aﬂt.lC '

Scanned with CamScanner




Study PowerPoint

¥
-
) & o 8T

. e} e fafy (double integration method .
A £
BEF=M=T

(i)

1,
qaeReT X T (Integrating above €q) .
P ) (¢, wer fetis )
2=

~ (i Wgamcﬂwec=0%@~(m

- | T AaEFan g -
ﬁﬁﬂﬁ%’ﬁ»‘ﬁﬁﬁ'::%{ﬁw{aﬁﬁ(slope)a%——‘()%' P s

5 ) 2rm)1 T TR =03, R e :
A T =% Ry =W _ gy 5 % . :
0=—4—x—4—+cl 1 1 il Ry=Rp 7 =4k 2 { o !
% fra :
s q Wﬂgqﬁﬁ" (ii) ﬁ@“ i sz . aﬁm (X—X)WWW(BM) [Takeh,efm') Ve l
av)_mxt_WL ' B ) Ve forly
EI(EJ' 3 16 G| Mx~Rgxx~w_x_§{w\L3x &w}z
. TEHT 2 ) T\F |
wwwo(smemu)?mmmmﬁﬁﬁ%iﬂ;:m wﬁ@wm(ﬂ% Eldiy_ » 2
1 T 7 R G § o (i) F1 TH AR R T TE - ' Px) ‘(T)x-(%\)xz
_w . x _PL 4 C, .
EI()=7*73 16 r+t2 e T T, EI(%):(&\)xi_(ﬂ)xz
mﬁaﬁm&%ﬁ::omﬁéﬂ(deﬂection).l'=0§‘ m: €y =0 2) 2721340 -G _
W L i Faa-fgCcH =L
34 ¢ FT WA @A W EI (¥ =_’%—I—6.\’ (= fag @i ® w (iv) A (beam) fag faw, x 5 R T %}0%\
o/ B W St e & forg e (iif) ¥ x =0 W, ’ . 0=(ﬁ}£-ix’} ¢
” W0 P qg, =L 3 1)) 2 uth
EI(—' ____XO_R-W B 16EI
&Jup 4 - . ) c=ﬁli_wl? D P
(ve) for 1 o7 €, B e 7 o e, AB W anticlockwise R A M ATA SqMA TR _ S T TR T TY
TaT clockwise ¥ & F107 GIMt {9 A T F0 (FAH slope) +ve FI o (i) ¥ q 1 TH @ R, 3
0, =03 _ne (€:e) El L%):(%}J -L%‘}x‘ -% ~ ()
: 16E1 2
_ : N L oy ‘ mRimsFBEIEFE AT TS
a7 sifewan fagm ¥ fog o (iv) ¥ 75 fag C & fla =2 WA W, T 7 TE B g 3§ fEd g w e a R
5o, o L g w1 Tl (i) T R T 3R
E](;-):EX Ly _BL, (L dx s g L8
¥)=5*3) "6 (2 EARMEILE AR
y EM=\7 |37 \6)3 |3
e e .
9% 32 . C, =0T .
: . TR B W =0 7 iy y=0 BFCZED _@
- __wp? __pr NIAREE iy
% 9 48EI 2 BW=7* " L -
(~ve) o Faa 9 F IR gFW (fadw) = <wim 3 i " (mmxiafﬁ:ﬁ“
PP o P 3 ) deflection) T &1 T FHTC
WW(M&?@WW).)r:% (@) gy, Ceflection)

Scanned with CamScanner



Study PowerPomt—

1310 \\\\\\\\\\\\\\\\\\) i
e

Y e R S
@) @u&%@ﬂ%f&l%%

~a) ﬁd%@d_ﬂﬂé%_
|am¢@ﬁan§w%m\uﬁ.ﬁnﬁ

3
Jqe
. Q_\.._._.maw.ﬂ_ : { R s&
MMW Eﬁu_ﬁmw_nwm‘%nﬂwnwmﬂ LRl w_ovnmaﬂwmm@.m%swwz @ Bo:amwcaaﬂ_ﬁs | sﬁmﬂﬂﬁ&ov‘ﬁ.&o 9.@ o/ucmé: t n:nnz
W i o) gl B | E@&uﬁ#&:@& By _W
T fafy =) el gR1 ST | wEE W RRAY 6L ~b%) - Fa~qp
) ABT T farg AR vy & e
%N.ﬁhgﬂﬁaﬂaﬁw.m.wnva - B o) .ﬁﬂ‘wo Qwv i
@uﬂ@ﬂwﬂﬁ_Wﬁmnzgw_avew_ﬂaa._w_m %maﬂ& W o (i)
(i) W% farg C W 8w (Deflection under the load) EI (y) = T @ e iy
(i) 3Tferaaw fa&T (max. deflection) W e e 36 g C W fed —~9
i) T o e :nns_%san;:oa ()
e 3e Ha.\%w BRI
="ba" Wb
NN..‘Q oL m Q.u - %v 5
=_Wba
6L L =0~
ql=a+b ¥l S L =0 + 5 +20p
ElL yc nlm\%ﬁnu +%+5-%-3
TA—A W Il o1 W __wa’p
RgxL=Wxa ﬁxmuv\Mm. 3L (-ve for% 4R 3 i ke 9 e )
_ walb?
Ry +Rp =W Y ="3p1L
; = %2
\ ik Sty g7 e R W SR e— a enuﬁmm : e
FE X - X HAI
A x 2y Wb (i) Srferaha ™ fa&a (Maximum Deflection), Yy
My =El = =" =W (X =) . e fadre ¥ fag R & (slope) Y (zero) T
zar % fod 9o FH W, LTRIH Hfto (i) wmﬂ_ﬂ_hmuuﬁ@wﬁ
d\_w 5, o Wa=a)’ MU e
EI| & =22 +(C - 2 2 ACHH i
Taw L2 2 oua\wm -%@FSE&%&% Laststep A2
faerq % fow g G 0 |, .
’ Wx-a)’ . @) T o+l
S

3% A W x =04 {489 y=0
h.N"O

Scanned with CamScanner



s

g, TH AH Bromtecal qf=oe 75 mm * 100 mm F45= :
lldwﬂﬂﬂﬂa%ﬂw,

D a7 x 1 A fad FHto ( , 22
| 2 32 Lr'-b Free End ®), (i S
Wb p2-r| B 12 - b’ \\Iw fat ( » (i) Z3
S mc._.avnmi 3 AR 0 (PP, (5 3, (1
. > ’ 2. A%
7 O Wb o2 vuvus 1 1 H— mma:. 73 Sl (slope) A% faum Enzoﬁmgw (viy .\M&H.» i iy ¥ Foax .N.wuw.
=—— L - i i 9 3 '.n‘l.< K.'m.. 5
al A 5o 0 W =g © yo Sl s g EAale Al g
. S £ 90~ 16ET 39 B D 3 PRb=k g W & =
| by _ W2 _p2y32 23 % Jan fa il T g (W &
; e == & -5) »\ul uJ\MH_ 6L ) x 5 | wM— @m@ o ¥ &Y (slope and deflection) 5 %ﬂ%ﬂﬂhuﬂ” wal®; ax
v 2 22032 2 312 > o, CKmisek e z
W __m-b) ﬂ:w@quflwmw\ e & ot (s10P€) aen faam (deflection) %1 Fri-irs= &% Euh.g..xﬁ:ahsﬁ:. S
, O 93x1 93>l ' ﬂ?+3~ 3 %w_ % ar method, W A TR <
DI N A (a? 206" | , T S (simply supported bearm) ¥ 5 % = 7 %ﬁm&:ﬂ.;é .W,
T B EL : m%maﬁﬂm,wmmﬁaAg&vﬂasﬁm«mﬂ%ﬁmﬂm,aﬁmr il 5
ﬁ dﬂmmﬁ%mﬂﬂ.wﬂmﬁmﬂwﬁmmmﬂl b et el .F:.P.FBE 4
> sreTa! m| s ® s a4, T e T w e £
e ) —_— , és.wz\a%ﬂm_ﬁn&mﬂﬁﬁﬁﬁﬁﬂmﬂ FEoETAE (LR 2012, 0l S
1. fae fram wam 9id (Fill up the blanks in Sentences)— | 6 T A (cantilever beam) T fsoq @as 'L TR 9 mw.wﬂﬂm%ﬁﬂﬁ L2
=5 (i) %t 9 (cantilever beam) 5 sfmad e (deflection) wooooeoen. TE w oy p T T B 5 AT TR TS (LR 211, Meek) (LR 2012, 00D
- ~ R (U.K. 2012, S,2013 B Ma._ i 7 1. 5m i FETEEL ﬁnusﬁ.__ncm:am.ﬂ‘.mmm.?d (free ﬂ.h.‘u... SN T T T {concemirated 10ad)
S (ii) =Te swmEa A (simply supported beam) & F(TFAH M (slope) ........ Ta 4y am &1 afg E =200 GPa T FEEEL & 52 & = o (deflection) T8 T (slope) B
........ | i SHeEt w1 #1220 em * 30 em 2 7= 2318 apa.,s.gg
e e AmE F T TR R 1n®

(UK. 20145 m

2 ~ . ..
TR AR Nﬂ.‘ =EEea R

() e ST S (5. beam) 5 A 3 P & T S T (deflect
o) T % Zm Rl on), %3 | %ﬂ?zﬂ%. £ W A
(iv) T #7219 (moment area method) ¥ fas (deflection) F1 FH, Yy = | E =200 10°N / mm* @il e.m.pwmw,
27 (slope) FTFO = o 3 F) Ymax = | . = £ 10-8 .0 ]
. = 3 3 - s T | A W Frfaaid
Cy— L LA S rigidity) FE4 €1 vk | o mm * 200w ﬁ@ﬁ%ﬂw&u_.ﬂﬂﬂmﬁaﬂm o]
viy Erx22 : K. 2007,%) ; o e w1 BTN
ivi} m\x%n M, TEFF e T 1 S e 3 =g f6 g fgu o Smm * o .;.wmbwzvu&a.d.ps&
5 My TR cronasesanes TT Sesmmmemmmmne d . 2 .
i . DL
(viij TF L =731 F cantilev 2 . (UK. 2010,5) | ! - & ﬁﬂﬂwﬁwo.a%ﬂﬁmuﬁéﬁ%ﬂéEU .J,
g v.t,:...,rﬁﬂc%wssmﬂwmﬁagn&ﬂnﬂﬁﬂﬁ W a ET R AR 0, T A A SR Xﬁ@%%mﬁﬁwﬂmﬂm%ﬂgﬁwﬂ%
. T FEFA% S84 TEI T ® ﬂwm 3t [ aq u.nv_ . gﬂfﬂm%ﬁ%qwgax 130 == TR ﬂMﬂA .O\ﬂ.g.?n:ulw g.ﬂwh a@
.—,«..mwu.st.mmv\\ s\,l_t‘tlﬁqcl.muq e ‘ 5 e e > _ e ._ o= n R
s cantlever beam % T Fa=aR (while span) T w kN/m F1 UDL am it | E=011x10° T 7 . Woamamnm_aw,ﬁm%&n.&.ﬁms
i end) T° 1389 - ~ it Pt i e . -
) 57 (Freeend) T 357 oo g zAA 5 o I Awﬂ&mﬂm‘mmﬂmlj s 6cm »mﬂaﬂ»ﬁﬂ%ma%,mﬁw
(ix) @ T . ; o A zl . x| ﬂ..nmm":ﬁ_ﬂ - ﬁﬂ.ﬂ,ﬂ Ewwl.mun.m.mﬂww IS e 7128 )
i s =3 ) % = (1) 7o S W A W A e fera & 7 A F I e 3 3R WA
PETE AR e, 941 3 | =4 F fei E ~200 GPa #Aal . N«Tmﬂw.wwﬁaﬁ.ﬂ%é € .
_.H.w l\%ﬁ“ﬂm 579 (SS. bes i ) . ........... el _ o - R«Aﬂmﬂﬂmﬂdﬁm n_ NW—%%ﬁgﬂgwwa
s o - beam) 1 T TG (1) T HHAAIE . g o S A T g ax IO =
sEF=a 9T (deflection) 3% T (s 7 FRfaafa wi (U.D.L.) w/m F1 @0 i famgfd 2m a1 T3 Tz =G, @ 200 Bnm.ﬂb G
wony) 7% 271 (sio e - A .\h\uum.n\.u.:k_ " \
P¢) TF o 01 2 5 o 3 ¢ Y mgonﬁ%aw.ﬁﬁ@ﬂﬁ%né Aﬁnﬂ
¢ - @R - - mﬂ%&fﬂaﬂﬁ
13 Aﬂﬂiﬁ.mﬂ%% ,“w.}ﬁnnﬂdﬂmmpﬂﬂm?mf e

,

i

m

w _ i

_m 0k 1 e e 200 GPa &
w



S — e S —CESE v
Feragyy ¥ 2

b 314 %w&%ﬂﬂn@ﬂﬂ&ﬂwamgmﬁﬁumgw,ﬁ

ﬁﬁ_aawﬂaﬂx@gcc

40 Gpa A &

o ﬂg i

15, % S 7 o7 ) nmwﬂmi@wﬁ@ﬁuw%@ﬂ 1 firg S e

@) ft T gaA a1 a8y & _”mﬂ.«“m..\maal.mx_o B&E.FNSA
o1 SR T 9 omx )

E =200 GPa g 1§ em x 126mT
g,
16. TF GrEd FEHR FE H forel N«amﬁmﬁﬂﬁﬂﬂaﬂ?z\sﬂﬁ@mﬂ

SHefettat 3 e % T 8
mwaucmwwaﬁ%ﬂ%sﬁﬁn%&w@wmﬁw%@ﬂﬁ%m&oﬁa
= ) u~ﬂ.mm
17 mﬂ@_dwwmﬁm_ﬂaﬁﬂﬂmﬁm@%;x;oamsﬁ_.lﬂ_mﬂmd&f?a%m
A ﬁ%ﬂwﬂmﬁagﬂ@@ﬁ&mﬁmﬂmaawmsﬂﬁﬁmﬂa%oz\smﬂaﬁ
DI nﬂﬂ@mﬁ%msmﬁ@ﬂawzﬁﬁﬁ%

frdrgor 91 A £ =2x10° N/mm? [S¥ 2 25.17
s, TF | FIE F1 Heeital mﬂﬁwﬂau.m%w%mﬁﬂmc@oJﬁ%ﬁﬁﬂ@m@dﬁ@bs
fereae 3R T I RIS AR ey

T (Free) fR & 1.5 o # g o o 2 ST
[T : 4.745 i, 0147 (U.P. 209 9

©
s ggal £ x 1 =19x10° -1 2
B R @ R (free end) B § C T w kN/m T UD.L. 7 ¢

-
9. U L T (span) it HER A
a9 AC =/ @reht & at aiferehad fagy qgr g (max. deflection and slope) I S|
(UK. 2009, W)

«  [Hed : Cantilever ¥ case V &I 3]
$Scftat 97 (beam) W 9% fA (fixed end) ¥ 5m =T d% 20 kN/m

8.@5@&?%3%
U.D.L. @ g f&R (free end) T SkN 1 fag WK (point load) m_aw &ﬂmﬁﬁﬂ@ﬂu.&m
(slope) 741 8T (deflection) TTd Fifidl Safeh £I =8 x 104 kN-m” 2

[ : 0,, =0-0721ad, Jymax =45-825 mm] (UK.2013, (5)

[Hahd : 3o 4 3H]
21, ﬁmaﬁm&w&%ﬁﬁ%@mﬂaﬂué\sﬂ%ﬁzmﬁ@ﬁ%ﬂw%@

Tz e fd 91 A 9 T A ¥ R T gEd £ x [ =2-5x10'2 N-mm?

[37C : 0 =0-0026 radian, yg =4mm] (U.K.2012 (S), 2013 (Sp- B.P)

«» 9 (gJTeT €A (Simply supported Beam) TR SEMRe 7%
22. T SATER F7E F 4 25 om x 50 cm TET & T 4.5 m T T YSTTH | T % 200 kN F
YR T A1 A R T R ao e T Sfee ffd af £ =20 GPa @l
| i [3¥7 : 7-29 mm, 21-6 MN/ m>] (U.P.2000
2 simply su W
A - 1 v e 1 90
E=20x10* N/mm?* 21 [¥ : 10 mm] (U-P-2009

mﬂauaw?mmogaﬁw_mﬁﬂmﬂa am_mﬂ#mﬁ t

4
m 05 w |

157 RIS A sy s

1.

.

.

3.

i,

c \ .
N of 20 ky, KN, 7166 |

mw:ﬂﬁ%@w_ﬁgam. m) T A 86N P 2012,
HlE=ay am) % R faem w 20

(slop®)
e rs 67 mm, 6 =0-00533 rygjgy

, (UPr.2g
i B3 3 9
fad 732 # el o % R oty
ga O ST
g =8x10° KNm® I 3
[UK. 2014, §), B.p,

A

/+/5!v_

fo .

aﬂﬂ +0-036 mm, 5-7x 10" radian]
& 100mm < @ 160 mm T

[ : y=6-1mm, 6 =0.00488 radian] (U.P.2013 (S))
FAAEHT HIE 1 T T Tt e 30cm T YRIiar F 6m #1568 7.5 MN / m? 55 e
@ gfaad & ol s W fa8y I FI6 o ) F% o @ 2 sl £ =120 GPal
[3¥ : 12-5mm]
T YETeId SR i fergf (span) 10m & 31 38 T 160 kN F1 sz o (forg i) 7oA
(at centre) T T3 S| A Hfefehaw g Siere 7 & FOT (bending stress) 120 MPa 3R 75
% fqeam (deflection) nMA_&x ot (span) § e 7 3 A o # W (@) TR
E=2x10°N/mm? A w.a”goa:_a._ﬂ.ééé.a._v.zmw
g T (&
T YTeifard & (simply supported beam) ¥ fre 5m & ﬂwﬁﬂﬂﬂ%_ [ : 14-5 mm]
fig ) 7 % ferd T o e g 0.8 £ 3
48 m foregfiy are e TR T A A T
kN =1 equt e s S ST 19:5
&&%W 9.5 mm
ﬁﬁ@ﬂiﬂ%ﬂéz\égaﬁ%%

S o1 £ = 1.05 x 104 N/mm* T (U.p.2002) (UK. 2008, W)

704 mm, d = 337 mm]

ﬁdﬁvu-
¥ - semeeor 19 24

Scanned with CamScanner



5 | Stuc@weergmy

e e W05 oy 3~
32. 2ma@wm(mldsteel)3ﬁ®{{ammmiécmﬁ 7eg ® 3-5 kN &1 T T%WE
9 M Rl W yreTera =R (simply supported) 2 density) 7-85x 103 k% kit
(concentrated load) &7 B 3k 9 s (mild steel) <l g (de e 0 o g/m
THF 5 W R (deflection) 91 Rl T FE (slope) T | E = Al
[3¥ : 3-623 mm, 0-5446 x 1072 1, .
[6% : Tube F1 9K U.D.L. &9 & Fr Tl 81 I¢ AR 7 = A0 'le 'EI' :g‘lx L deng; )
LW =181355 N @ %= W W WK Wp=3-5 kN =3500 N, [=831609.375 ¢

3 3 2 2
'-'ym:{;s < L +WzLJ&[e—WIL +———W2L}

84 EI  48EI T 24EI  16EI

33. TF WA A9 €11 ), g d=i 7 ammmEf%,wﬁa@ﬁ“ﬂ(UDL.)w
T R o @ §1 <ot S fafy @ g stfteman fagg 9@ il
5

R VY. /i
W *+ Ymax —384x EI ](UcP.2009)

34. TF Hfeeer, fms Had fR (Free End) ¥ fa&fa (Span 6fbeam) & FS 9T R UD.L. & 2
@ 991 989 (Slope & Deflection) 1@ X, .

[¥ehe : Cantilever ¥ Case V #1 20| (fer1 7.10)] (U.P. 2014-Mech)

Q

Scanned with CamScanner



| - Study PowerPoint

\{0 U b}be—éo”[’tow c L?{{j:\(lfghxl
! BIeTH AT TEC
—__ (COLUMN AND STRUTS)

A F Tt (i of mach;
m (high voltage line tower) 3“:& ?;)7”7;11:[@ (railway-bridges), B (roofs),
Itk ¥ & T— TS A ey (o o o) B
8 T (elements or members) FEe ¢ S

.
.

m
0 kel (Columns)

o = (S:;%

FdET (Compression Block Tits .

(1)) aife F g 3 51 W gdie ‘mo c(CZ)mEFI' , —u9f (machines) 1 @ (structures
o T;—g ﬁcis;ﬁqﬁ o B e g celon load) S R 2, G (compreseion
! 3 ’ . g & A T 2, W sreE (compression members) FHead

i) 9 gFs (blocks), ,'3' T T TR S % A 30 T @ %W At €, B Hiem (short

column) FHEC €| |

(iif) 3 TS, forant T, ST A % T 30 T ¥ e Al ?, @ ™ (long column)

Fead Tl _

(2)'57’(’!'“' (Columns)-——ﬁ'?ﬁ @M (structure), A (machine) a1 <H (truss) 1 & HIH
fnember) ST herct seafer feafd (vertical position) ¥ A fooa o € o @ W goq s1afig arited R
fwial compressive load) STFST Senfied WX (eccentric load) # % FX (a9 5 a1 9R Tensile Loads

WA ), Hed (column) HETl gl
LS a@_ﬁmﬁmmwﬁm%mm@m (=11 faerd Pillars) w1 hicTH
Uk ' |
] Definition. “A column is a long vertica
% and it is fixed rigidly or hinged of pin jo
O)RE (Strut)—fret Ba (structure).
(A::]aim (vertical) ! BIgHT 3T fepett ot <M .Wa—gl
‘ compreSSive load) g’} -a:,'[ﬁ ‘qﬁ '@z (Stl'ut) hEC _ . .
Rl ﬁmammmmmw
Revumet S—ge 4 Tl @ el (trusses) Harsi% gUS (connecting

( , ' kil
r‘:su)lp"fssive load) 37raT &1 T syfafiad Sereton | fired TS (piston magw)él
R . U
] Hlsg—a;l‘szﬁ :de links 11 forging rpac . . )
Deﬁniti “ ; oo in any position other than vertical, subjected to a compressive
' on. “A strut is a bar or member 11 |

ang . 0 poth. the ends.”
fixed rigidly or hinged or pin jointe '

| member, subjected to an axial compressive load or eccentric

inted at one Of both ends.”
79 (machine) T 24 (truss) 1 T ¥SH (member)
st for T et S1aftd TS R A S

d at one Of

Scanned with CamScanner



”rﬂqmq

318

“._I. § 8.2 377 @1 FBA (Fail) EF @&sﬂmﬁﬁéwﬂawi
(1) TE @ geieT 9a § FHaa (On crushing directly b mpressive load)
(2) sEFE 4 efem &1 (By crippling of buckling
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ferdl

Pﬂuﬂt@lﬂﬂm 71 FRierT (Buckli .w_mﬁ@m_nﬁaw
3= g3 Wiaaa, sie Sfaad (breaking m:.nmmv@ﬁ%%.ﬂw,
Vﬂdﬂmu‘ Qmmiﬂmmﬁawwmﬂfﬁsﬂmﬁimﬂfw

dﬁsﬂﬁﬂ?ﬁa%aﬁimﬂ%ﬁ%ﬂm (fail)
il .
e = T o foen & g €, ford gEa wHe R
FHETA stiffness) gATH Bl 2l
FAT F aRFH sy E9 ¥ FO e A E—
(1) %ﬂm&ﬂ@%ﬁu%ﬂ_
(2) T =9 F He&ig 9R (axial load) T T T ,
(3) T TE W GAA FIE (same cross-section) AT T (density) =T T &Il
(4) FHad =l qe1d FamEd (homogeneous) 7 gl

§ 8.3 35 geg IR (Important Definitions)

(1) FHTEAT | AT GgaTd 9 (buckling load) =1 Thifa 9T (critical _S&l:wa L
ﬁﬁmﬂﬂ%ﬂmﬁsﬁﬁﬁi%ﬂﬁa@iﬁgmﬁ (7 @) S &, T 59
ST ST 1 FHE 9 (buckling load) 71 Fa H (critical load) Feam g1 HieW & IEF
T (C.G.) 5 T el for a3 (X — X S Y - FH) WA #mu (moment of inertia) Iy

T Iy, FJGE A A, Fd IH A4 F AN FERd 2l
Definition. “The maximum limiting load at which the colu

displacement) is called buckling or crippling load.” The buckling takes place about t

minimum radius of gyration or least M.O.L (in / yy & Iyy).

(2) T @l BLES e@Te (Equivalent Length of Column)—Tfei
91 (buckling load) @M ¥ IHF! et v ¥, i.%n@ﬂ@MEmaﬂ (deviation)

- Em‘m mn,m_.o:v 71 €, 39 TR H R H qaqed s (equivalent length of column
25 L 7 €

Definition. ..;m.&mssom between the adjacent points of inflexion curve is called equ
_ effective length of column.”

T T oty

(Buckled
Position)

e

mn tends to buckle (or Jateral
he axis having

Fiem W e W dEn
& A
yF e

jvalent Jength of

- HW e 2

Tt | :
% (€0 g o) Temgth) 1 i
dﬁﬁmﬁ?&a&ﬁ&

. jo of unsu
“Jt 18 the ratio 0 i v,muoﬂna ~o=m5 of the
- Bmm.mnosos of column.
C

mﬂmﬂﬂ.ﬂ.m e a1 __.p..HNAAw:nEEm e

)

A nﬂﬂdﬂjﬁdmmdsgvxw 8 P~ 1 v et (1) o W B
%ﬁﬂ muamﬂﬂmmmlwwumw;.ﬂu»wmn%m%ﬂdmw

adl e T TS o Hie O U e B v s et b

BE=L_L
. K Kk
» “Itistheratio between the equivalent length (L) of the colorn tn 2 rmimirrem radius of gyration (K).”
L
BF.==.
wo. K

§8.4 BieT BT aAifa=oT (Classification of Columns)

%%%ﬂ@nﬁﬂﬂ%?ﬁﬂﬂﬂ_ﬂﬁwl
§)) ﬁzmwmﬁm:gﬂﬁiwgfoﬂﬁwﬁaa&aaaé
(a) *efg wftd (Axial Loaded) Fi&
(b) IehsmE W@ (Eccentric Loaded) o .
Sre— e e T M TR TEH %ﬂﬁ@@%ﬁﬁwﬂﬂﬁw
TR § Selfeh 38 Qamv@ﬁﬁm,dﬁﬂﬁa% %

7 7% @ "
o IHEA W@

(2) AT U & AE T (On the basis of Slendermess Rati0)
(a) B¢ Hem (Short Qapéﬁ
- Ly<30
w1 A T (SR R
1l i fumn)
(b) e Hiaw (Medvm Co b o
ﬁ,quﬁa s (SR

2 noEBa
. (¢) e (Long OOV

ﬁﬂaéaa.wam
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@) whers =i ereaf (p war T (@ F T AT (Onthe basis of Relation
en

length and diameter)
(a) ©12 FIEA (Short Column)
9 /<304
(b) &= FlA9 (Long Column)
¥4 />30d .
(4) fau-feafirdi 3 3mamT o3 (On the basis of end oonm_:w:m.v .
(a) 21T fat F=9=R FTa (Both ends are hinged or pin jointed) .
(b) TF fgu 9% aa1 gaq @A Fiad (One end is fixed and other Q.a is free columy,
(c) UF g a% au1 3Ha Feaar FHiad (Oneend is fixed and other end is hinged colump

(d) =i fat @ FTer™ (Both ends are fixed)

Os 8.5 @7er 2 wmred (Strength of Columns)
I AT 3 T S (SR W L) % A T A A € TN ST A

>
©

._w._ HATTGER A (Euler’s Formula) )

S T g FAm TE 2 7 Hem F fard @ g 2, fa wer (1), 39F A (diameter) d F 3073
F s gt #1 Araew 3 F FAM G F9 HOEA JfqT (direct compressive stress) F1 AT (negligible)
v # 3 e 79 A (BM.) F AR R T6F A (fail) T3 F o0 AR (1 FwE)
92T % g7 919 F13 £ §A # faf&g (Derivation of formula) ZHT7 TZTFH (syllabus) ¥ 72l 2l

firit % foafrdl & 9w W 73 90 FAww F FeFEA § 9 (fail) T F AU 79973 w6
(equivalent length) F W21 & “sraew”’ 3 = g7 faa—
FEFMA W1 7 fEufan a7 W A 9,
P, AE, WP, nh,‘MlN@
T £ = F19 F 9214 F1 %7 A9F (Young's modulus)
[ = FF9 F1 FF F12 F1 FI99 73 A0
(Moment of Inertia, / = less value in /gy and [yy)
L = FI9 %1 HR4e3 79 (Equivalent Length)
= FIAR F1 AFAlTF 74T (Actual Length) .
¥4 AFAT A A AN TEF FAR F) G773 A6 (L) #1 6, fr # feafa & san g e
a2 A 5T ATAAF T (actual length ) | F #5707 wwara o fEafam wm 7@ #44 €

e - Uiy %
Ay 4 S
Chad b
(e i ! B
- VT ok e g, el N

werPoint

%ﬂﬁ&ﬁﬁﬁ@wﬁﬁﬁﬁaﬁﬁsﬂﬂiwmﬁsiﬂmﬁm@mwﬂg
fasifya ¥13) #1 5319 (tendency) a7 Al & o .
(2) Fiem %1 g 9% fail &1 feafd (end conditions) T €1 A9 FTl 2

()

2 W (Forif 2y v 5,
;

(End 3:&:25

Amonr ends are hinged)

-

7 91 TH
(One end fixed & other free)

-

e a1 @ 9% 94 Wﬂm W FoweR Fay
(One end fixed & other free)

(|2 fE W TE = ew
(Both ends are fixed)

52 fisufer siftrae aren e S (Crippling stress and Slenderness Ratio)
T A T ¢ o 21 foil T #9927 (hinged or pin jointed) Fiem % ford T o 7 foraiem W

&ler o crippling load)

_ZH {rL=1%m
E«llﬂl
IR v 4 #, T = 5 A MOL)
1= AR

K <72 . = o o st of i) ¥
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=

owerPoint

2 E (4K*) _ °EA
P= = 2
r L
()
. P
a1 fpgfem wfaeet (crippling stress), Oe = 71
p_ nE
o, T for = th = \l~\|\~. A.ﬂc
()

-

E

|
=
=
2
&l

R

.nmﬂn\mn 1 & aFar 319 (slenderness ratio) HEQ 4
m wﬁnﬂ _Nc@ﬂnmsm%ﬂmnwgsi

. 5 e e e 3 Fog T S

»
3
g

R Fiem & fagra A ArFgard
(UK. 20013,y

theory for Euler’s Formula)

~>.8.5.3 TR A >

(Assumptions in Column

e fagr g Frefarad araael T e §—

(1) Hicm ARfEeH FTET 3 faegper Wi (straight) T FaEq gl

()] ﬁu&ﬂnﬂ.ﬂawdﬁmﬁ@%ﬁﬂgmsﬂ%@s

(3) e H1 gafm@q (homogeneous) Gl

(4) Hew H AT TR T g
(5) HaH W ¥R, g FE (limit of proportionality) ¥ a7 @l
(6) FeeR far =evr Aed T 54 fR 3 (rigid) I

(Pin joints are frictionless and fixed ends are perfectly rigid.)

§ 86 =177 FA (Rankine-Gordon Formula)
AT e T AT SR g

ﬁﬂ#w@ﬂi@%ﬁa&%%ﬁﬂsﬁﬂ@:% T ;
fop?) T &1 T3 HeAH Fe (medium column) F o (T A @_.c%wam%ﬂm,ﬁ%@sgw_

ﬁﬁmﬂnwﬂaﬁ&ﬂn%u@mﬂ\ﬁéqb.w%zﬁmﬂmﬁdivw‘ﬁ%%

¥ FrgFd (fail) B & forg fRfert WK A 7€
P,=f.x4 Hgar P,=c.x4

a1 e 7 81 F i feafa § aftran weed S (F,)

Stud

W wey ) A A

78 aAfysad .
aﬂawﬂm&ﬂﬂnw@mmﬂm%@w&nﬁumﬂmwﬂmﬂwﬁs%@s%wﬂ
%ﬂ%%ﬁnﬁ?ﬂ@ﬂﬁﬂdﬁ?gml

11,1 ()
P P R
1 _Poptb,

i P PyxP

!
unn \\\\) i

o
_+\,x;x9~
)
e [t
= Jex 4 r
J/
~+hloqx hu . )
2 )\ [ 1= 4K ()
y b“hdﬂﬁ. ﬁﬂ.@&ﬂmﬂgﬁw
el AN E ankine oozmgomﬂw ,w_
u@%gﬂ&wgaﬁ_%?ﬂ@ﬂ@

\nxk ¥
ﬁh“\\\.\\.lh Mﬂm«%m/mg?
=0

s \hw@@umﬁ%

K= T B faef fiey

pidl A . b (least radius of gyration) Fed € A=
S St R, B §

: T;‘% a Lyy Wm
: et oo hier o fere, fafet waraf
Gl F 0 £, 7 o % W e 82 3 RA T B

e 8.2
, ad (Material Name) it Hite wivaw (Compressive e feertien (a) T
stress) ( MPaat MN/m” ) & a=f,l 2E
‘\l\\\u\\ —Jc

g (mild steel)

77l et (cast iron)

30 / K L
7500

550 / an if
1600

el it (wrought iron)

Wﬁﬂ (strong timber)

e

Outer dia of strut

4y =3

2 5
9000

nmﬂm& Za7exI (Important Examples)
10 mm A ST (inner dia) =

T 1. U gg L gga (Mild st
4 mm WA ¢, T yerad W (st
llapsing Joad) s FifeA E = 2-1 10

d, = inner dia (4;

eel aa&ﬁ,z m ¥,

s 2 ¢ fEX
w Zaa;m%n.w_

§ 2 T A Tt ¥ From \E
(U.P. 2014, Mech.

R ]
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. A.\ .m...mmd USSPl ronés.mkﬁs@ . R
324 \\\\\I\l}%ﬂﬂm o aﬁoﬂwa AT T AT
. SES 3Mgef (Moment of Inertia), 4 fe= m\w\x wf 2 “liy
[ o Ju\—.«
c 1ozl gy o
 — X un.nxz My s 47
O 1= & 8% ~30%) =62561-36 =035y
R (Safe _P
DI . FEm@ 91 (collapsing load), 374 3Tae ¥R 74 GH (Safe load) -.mM.uEn:
b— p _mEL _ P x2:1x10° x62561.36 . ST T I T g o 3B
e <2 (4000)* o a 2 ﬂn._..ﬂ#quﬁ.».ﬁ U 129 ﬁﬁaﬁiggdﬂ zey
W [+ @ RR Hinged &, 31: L = /=4 m=4000 mm] %%_ . nzsxffwwaiﬁ -
O P,=7718-198N= 7-718kN T P . o (Buckling Load),. P, nnu/mqn%m 53 ) ™ .W_msnwow
T 2. T 1.5 e oA g S fwawn w 50 findto & R U AR iy @ S TP WY
Dlmﬂwmﬁ RAT T (free) ¥1 T OIS (factor of safety) 3 21 GIET W (safe load) T By P - E ™)
A : : 2
n N
(%)

> ) *@ﬂmﬂﬁ%%alwa@:%aﬂm%z:\i%?;ﬂsw_
O i) siraere s o e S E A F A (£) = 120 GN/m? #1

D TR, /=1.5m =1500 mm, =9 (dia.) d =50 mm

m_\l.u TF o 95 9 Q0 W @A W L=2/=2x1-5=3m

2 2
e 1 T (area of section) A =" = mmp ~1962-5 mm?

4 4
Sigd mﬁmp.i (Moment of inertia) / = Hmml =X va =306640-62 mm*

_,mma_"_ frear (radius of gyration),
= \l& g7
a.l

306640-62
= =4/156-25 =12-5mm
K 1962-5

(@) & gF & v gr—
frufer weites i@ f, =560 N/mm’

et =L
biCT )8 =1250 (e @)

w»nll\qu ek

2

L

1 2
+QN‘N\M

560x1962-5  _ 1099000 _»9702.7N

N:
_+_x§o
1600|125

=29-7kN

ﬁk"

(UK. 20145 & @ a7 (Slenderness Ratio) = % =120%

| g4 (Buckling Load), P, =  x @x10°x g x100)
5 (120"
P, =137077.84N

=
=137-078 kN

- Iy Q

7 4. T _SW ﬂ%ﬂ x 100 fieft FTTIHR e T 175 et ek e v g e g e
_am&mzw_ﬂﬂn SEHTS H N HI T | I 6 o e W o s it
A O 5 1, E = 200 GPa i@ (UK. 2012, 5, 2013, Sp.BP)

F— A @ TRl STEAHR e R A G, T8 T (MOL) 7 T
3
21200007 _ o7 E =200GPa =2x10° N/ mm?

I iyin 12
" FeW w1 T T ﬁmsﬂmamﬂ%w.ﬁéu%%_

1-75%1000 _ 1911,
L= ..\m =1237-44 mm
T PIE (Factor of safety), §=5 2
M TEHE W (buckling factor) sy S W,
PElL g3 8,

Pe=—71"

N\t
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._m ~12877-78kN
S 379 gAfEa R (Safe Load), ™
@) _ e R (Fe)
= @ T (F.S)
DI _12877-78 _575.55 kN
r M =+
QL JETETT 5. TF 2 msﬂﬂqmamﬂﬁﬂﬁs___asﬁﬂﬂsaaw_sﬂﬂﬁga..u_.aﬂ
column) ﬁnﬂ?dmﬂw,ﬂ?ﬂmﬂadwﬂw_ m___sﬁﬂmn&&ﬂwmmmﬁgunga
; ¢ load) A HIRTALE = 200 GPa §, 35

i (U.P. 2013, Mechy.
TA—Hieq F FE F Fed dgei M.0.L), 1 uw%«l ek Cehanicy)

_ 160" _ 35850 mm*
1=280 63

el FTem =1 T U 98 791 gE0 HHER €, I
;] 2-5x1000
L= =1767-767 mm
2 2
.+ E=200GPa=2x10° N/mm? a1 gu&t o (F.S.) =33
%ﬂﬁ@ﬂﬂﬁmﬁsﬂﬂﬂﬁv

_ (314 x2x10° x 635850
(1767-767)
=401230-48 N =401-23kN

319 FRI9e WdeT R (safe compressive load)
Fe 40123 _y14.64 kN
IW

“FES. 35
n) ( T T gagar & R (fixed) 70

“FS.

F2TETT 6. Tk WG HIE ATAT Swie (hollow C.I. colum
G U E % ) forgent oT@T AT (outer diameter) 150 mm &, o gufera wHUTaa g &t T
2711 T ST (internal diameter) 100 mm 7T T 10 m $) STTETT 3 G 1 T I

T GO T (F.S. =5 79T E=95GN/m” & (UK. 2010 (W)
gA—.  hIC HI S§H 3o (Moment of Inertia),

dy -d}
N“qﬂﬁ@% -v AMﬂmv
7= ms0* —100°

64

) ~19931640-53 am*

Tty g ™ e

#uqs . AT
B 10628 1y RS o)
(A1 IR »ouoz:%”&
; n\mﬁ_ﬂﬂ.—m ), x_§z\55~
H / =0:95, 105
P, < TE X10° N g2
R -

uﬂ_\m«q_.q..mmg i mwﬂﬂ::. LRI
ﬁaaaun&.w_m«quaﬂﬂ (safety ?QS.VNM..MMM# TR 15 n % 3R T firw mﬂmﬂuﬂ
%w_ E =100 GPal ﬁm ﬂmﬂﬂﬁwgﬁﬂﬂﬁ%
ge—Hrer 1A e e, & b (UK. 2008, S)

N = #X A.w _ 4
2 =21-33cm =21-33x1078 ¢

o TR T N, (TR T F TR Fw ¥ ¥ o =L )

N
TeehdH AT = Iwﬁnm 2% 7 x100% ox .
) s mHn = __A.u% 2 Smu_wj.mz
3T R R = o ()
TE T (F.S.)
e T 2

safery, ferr e o = 0120356 N .
0 8. 2, ﬁﬂ%mﬂﬁ%%ﬂ@ﬂﬂ@%g%ﬁ.%w
?ﬂﬁﬁﬂmﬂdﬁmﬁﬁ%%&mﬂﬁﬂ%ﬁaﬁgyiﬁﬁs
T gt S A e UP.2000)
%aﬁ%%ﬁm%agm@iﬁﬁ?

!

_ﬂlﬁwgasﬁ%m&
T R g A, (L= 1, R T O
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)
=
T . :
4 244 xlm‘m|
< = (1) H muwx%« = Xy
M m."mm
P. 3 .
T 350 N g
mﬂﬁsw.ﬂﬂﬁuﬁf.umamﬂw%&mﬂ.ﬂigﬂaﬁmﬂ Sy
DI W.N,Bﬂz.ﬂ_m.mEaﬂqg%ﬂw.ﬂmd«%m&ﬂmﬂgﬂmﬂﬂdwgwu&dgﬂa
S St 3 e fuferT ST O @ (UP. 200,
d TA—NHER JEreted mﬂwﬂ% -,
W - .
- Y8 El 48y
=) oa i o el e W EeR fRufen W,

2 gp _BxW_ wx350x125

=2 Wy 48y T 48x12-5x107

=7196-5N
IeTERT 10. foet Hiew @t &e 1 £t fa fa=t 8.

HTcT 3 Ul TUTieh 9T 400 KN ST T TER Tl &1 e T R WA
mﬂmﬂﬂﬂ@é%%ﬁ%mﬂwﬂm%_mu 150 GPa
(UK. 2006)

3 3
10x10° _9x8 TPESV
yi
_449-3cm* =449-3x10°m*

1x10° 8x1®  1x10°
lw=—pF"*"T12 "1

=167-33cm*

2@ F12 1 gAd9 FEa I,
[ =Iyy =167-33x10% m*

I ‘.
yifrmd Wi 10—

12 ¥ «—100 mm—
for 8.2

L=uims,
I;ox:uc Z\Bw
1200 x 103 u.am x150x 19

q

: 1=0-718m =
& =3 Bl.:wa_,:
aﬂs:..&ﬂ%wﬂwmﬂ&ﬂﬁ&x Giej
ptional 1imi6) 350 MN/ m” R 3 E <339 Gp, 2

MﬁmA#ﬂ (Euler’s mcqsc_»vﬂﬂ%gﬂﬂw mﬁﬂﬂaﬂﬂgﬂﬂaﬁﬂﬂdﬂdﬂ
@y\owm_.«.m_ . TR ¥ A e e 9
Fe—FE 1 7T S (MO,
lpx%
=5 =9em* =9x10°
mﬂ._.m._ﬂﬂ &ﬂ.ﬂlﬂﬂ xAHwXAH.—NQdNH—MXwOLBN
A iR e B A ] & A SR WP R, WA E 5 (L= H T )
; i @n@
2
.. fpuferm wfer (crippling stress),
P _wE
A 4P
73 T 3 FH W B9 A S fed,

. = it jonal limit),
forqfen it = SR S (proportiont ! P

Aq&%%u&o%

2 _3350x10° N/m
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-8
10— _o.46

oxScxox
uilnhwm.mm\\.\\lﬂﬂ.\

= 3s50x10°x12x10

4

/=0-6818 m
37§ IR WR & HA

gverPoint

xq..ox_oOxchxw

ﬁnm\ tuﬂlu.\n.r\\\.\\.\\\\\\

485

_42.388x10° N

P==z"" 0-6818)°
= 42-388 kN . -
mm_ﬂs:.nﬂ_maax_mS_%qﬂa%,?ﬂwﬁaﬂmﬁmﬂﬁim_wﬂnﬂﬁq@?swas
ﬁ%ﬂm%@ﬂﬂﬂwaﬁw&&g%wﬁmﬂmwiﬁﬁﬂ
oy,smz\ssN%%mﬁWH. e T [3¥ : 704-653kN] (U.K. 2995,
al mﬂluﬂmﬁzﬁﬂmmwwmﬁmmﬁaﬂw_ le——15cm B
=y .:H_ﬂm.nm..mn:_
m.uhG!.HInE

¢ ¥ 91 3 H He, a) =2x13=26
anuc

& ¥ ardl 3T F &Ho, ay =15
h_.—g +Qu.—.u

Study

4

+30 ..&;%M_ ~1159-65¢m

y 4
:“ mm

uoﬁmﬁgm: I Bk
a +az
ﬂHEH_O.MNSS
. 26 +30
\;n.ﬂ|:u_o.mmlo.mn.~.cw cm
a9l b=y —y=l4- 10-52=3-48 cm
Loy =[xy, + a1+ Uxgy * ayd] A
3 <3
HTG +umi.o¢%\\\_ux-
12 12
13x23  2x15° .
@ lyy = _a.. Jr\\\.‘_J _571-166cm” =571-167 %1

. mEER AN [ =y Ty & % =9 AN 9F A9 Iy

Zr FEREE @ L=/=4m= 4000 mm
frafem W1 p luuﬁt_.w._tuxux:m «571:16
¥ P (4000)°

=703934-7692 N

= 703-935 kN = 704 kN

~571.167x 10" mm’

4

7%x10*

4 e & A (tube) 3 gy
iy

aH&OES

A d; =25 mpy
4
NHE

647 =10643.96

A Nﬁakm.lk_wv

”n / -

a7 () = 60 KN = 60,1000 s
: i

Nux\ 37
s@ M= 4E K

a3

653
. T it FEIE strut ..dxm T E=61244.488 N/ rm?
7 , SUUUE M g
T =l=Sm=3
5 gge 34 H CIGED (tube) F1 FT y_p . m =30600 mm
) m"ﬁdm.ﬂa
(3000)*
=2570.8 N=2.57kN
e Hired v (safe compressive load) L
FEAL 91 (P <
Pase HLHEI N\
S T F) 4 e -

@-ﬁmﬁam@u&omﬁ%ﬁﬂw&owg%ﬁﬁmg

2T 14, T
aaWﬂnggﬂnggWﬁ.ﬂwﬂNSzﬂ et s
aa%ﬂﬂaaw_mmﬁﬂﬁﬁﬁwﬁmﬁaﬁsﬁ.gﬁgﬂﬁﬁa
T AT, A 3 - ST T WA A F [U.P. 2004]

s W
et &9 = — 4
i a VR T
5 ; 16x10"
e g - 200x Q00) a  H=
s Ex]
. ] 3000 q  [F=4500000 W
¥ = (column) ¥4 W, L= =70
N~

N -
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S - TER sWHEA WK (Euler's r&&@um.mmw T 8,
m wu\l\\\\\n“x_?_o: _ 462164 N=14:62KN
O ¢ " 45x10° x 240
Dl e TN arenRa T
card § m e S 1S aa_w_dmuww.ﬁﬂwﬂ?ﬁ

IETERT 15. G Fat Far@E S
s i A?n.c_.i.mu?a.vmw.mwuﬂﬂﬁﬂﬂdﬁﬂﬂ

- .
Su&vmﬁﬂﬂwﬂwﬂmﬂﬁsz.%ﬂ% o .
mm&%wwﬂw% & ag E = 190 GN/m?

Wmu_.n ?n&ﬂﬂﬂd.m@#.ﬂﬂm.n.ﬂ—dﬂ el
a— T § f e, K- 2005)
“ unmm ()
fo=ax ~E - (i)
n_n,n_\%/ = x190x10° —1040-735 N/ mm®

(- E=190GN/ m2=100x10° N ) m)
/]=3m

o= STeT = Teqed T (equivalent length).

huu~nuxmn_o m= 10 x 1000 mm

Study Po

A uw x5 =176-625cm” =176-625% 10° mm
w157
1= _2453.79cm* =2483-79x 10 mm*
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