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SYLLABUS

(MECHANICS OF SLIDS)

w.e.f. July 2019

Rational
Diploma holders in this course are required to analyze reasons for failure of different components and

Select the required material for different applications. For this purpose, it is essential to teach them concepts,
principles, applications and practices covering stress, strain, bending moment, shearing force, shafts and

columns. It is expected that efforts will be made to provide appropriate learning experiences in the use of
basic principles in the solution ofapplied problems to develop the required competencies.

DETAILED cONTENTS
1. Stresses and Strains (10 Periods)

1.1. 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 Chaurasia1.3.5. 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 offatigue, creep and stress concentration

1.5. Thermal stresses

1.6. Principal stress, principal plane under direct and shear stress, graphical determination by Mohr's

method. (04 periods)

2. Resilience
2.1 Resilience, proof resilience and modulus of resilience

2.2 Strain energy due to direct stresses

2.3 Stresses due to gradual, sudden and falling load. (05 Periods)

3. Moment of Inertia

3.1. Concept ofmoment of inertia and second moment of area

3.2. Radius of gyration

3.3. Theorem of perpendicular axis and parallel axis (without derivat0n)
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.+. Second moment of area of common
geometrical sections

:Rectangle, Triangle, Cirol.

aerivation); Second moment ofarea for L, T and I section.

3.5. Section modulus

cle (without

(06Periods)

4. Bending Stresses

4.1. Concept of Bending stresses

4.2. Theory ofsimple bending

4.3. Use of the equation ay = M/l = E/R

4.4. Concept of moment of resistance

4.5. Bending stress diagram

4.6. Calculation of maximum bending stress in beams of rectangular, circular, andT section.

4.7. Permissible bending stress Section modulus for rectangular, circular, and symmetrical I Serti.

5. Torsion

tion.
(04 Periods)

5.1. Concept oftorsion- difference between torque and torsion.

5.2. Use of torque equation for circular shaft

5.3. Comparison between solid and hollow shaft with regard to their strength and weight.

5.4. Power transmitted by shaft

5.5. Concept of mean and maximum torque (10 Periods)

6. Shear Force and Bending Moment

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.DL.
(05 Periods)7. Columns

7.1. Concept of column, modes of failure

7.2. Types of columns

7.3. Buckling load, crushing load

7.4. Slendermess ratio

7.5. Factors effecting strength ofa column
7.6. End restraints

7.7. Effective length

7.8. Strength of column by Euler Formula without derivation
7.9. Rankine Gourdan formula ( without derivation)

8. Thin Cylinder and Spherical Shells
8.1. Introduction to longitudinal stresses, circumferential or hoop stresses and radial stresses8.2. Longitudinal and circumferential stresses in thin cylinder8.3. Longitudinal and circumferential stresses in thin Spherical shells9. Slope and Deflections of Beams
9.1. Definition of slope and deflection, sign convention. Circular bending. Calculation of maximum

slope and deflection for the following standard casesby double integration or moment area metnou.
(a) Cantilever having point load at the free endb) Cantilever having paint load at any point of the span(c) Cantilever with uniformly distributed load over the entire span

(04 Periods)

(08 Periods)
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(d) Cantilever having U.D.L. over part of the span from free end
(e) Cantilever having U.D.L. over a part of span from fixed end
( Simply supported beam with point load at centre of the span.
(g 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
1. To find the sheer force at a given section ofsimply supported beam for different loading.
2. Tofind the valueof E" fora steel beamby method ofdeflection for diferent loads.
3. To determine the Max-Fiber stress in X-section of simply supported beam with concentrated 1loads and

to find the neutral axisofthe section.

4. 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 their5.

strength.
6. Todetermine Rockwell Hardness No. and Brinell Hardness No. ofa sample.

7. Toestimate the Shock Resistance ofdifferentqualities ofmaterials by Izods test and Charpy test.

8. Todetermine the bending moment at a given section ofasimply supported beam for different loading.

9. Topdetermine the various paramcters ofhelical coil spring.

10. To determine the angle of twist for a given torque by torsion apparatus and to plot a graph between

torque and angle oftwist.
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1 (STRESSES AND STRAINS)

$ 1.1.1 uRaa (Introduction)
HT f5 ilfafT FfeestUI 3ATT T vit fyus ri zE (Perfectly Rigid) T F fTs

S 1.1.2 TCT (Force)

Toraia (Gravitational Unit) ed EI

1 kgr= 9.81 N= 10N TTHT

F T 3hIAT (Units)

1kN = 1000N = 100 kg

1 Ton = 1000 kg = 10* N = 10 kN

1 MN (T ) =10°N=10 kN = 10° kgr

1 KPa (f URDT) =1 kN/m* =10 N/m =10' Pa

1 MPa= 1 MN/mÉ
=

I N/mm = 10 Pa= 10 N/m (* TPa=1 N/m")

1 GPa ( im TDT) =1 GN/m* = 10 N/mm° = 10 Pa = 10 N/m

H 37E44 H H HNTA G (Structure) 34971 (Parts or Elements) T 4T R

S 1.2. 47R I ai HBR (Types of Load)

) TTT TAR (Dead & Live Loads)- T 41 , HT 1 TA fI 5I TE
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f7 1.7 (37) ATTATATN ETH (Cuboid) faTi T41 4

-1

f 1.7 (3)

-00

t-)

-b--d +öl-
Side view

1.7 (a)

frpfa=

b

Ty ferpfaaaT 3rcuifapii qra (Relation betweenLateral Strain & Longitudinal
Strain)

Tp fargft 37EUÅfugpf

APA-fapa
(Volume

Strain) a 7m

m
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b t

=xXe

TE AT9V = lxbxtÈI

oV = ôlxbXt+ôbxlxt +ôt xlxb
V ÀaAT 3ATT ATI 5TA R, (TaV = Ixbxt )

Refaq " 3raäapta (Volume Strain) airitfeat äfasfaaTfuraieraTHZTT E"

m

m

3EUICH -ve) TiI

VO e-S-+V m m

.i)

6V=o-d +2d 8d-

R fapft (Lateral Strain) =* m
() .11)e-2e1
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E G

(Otimate Strength Nmm) T HINTEhdA Te
Nmm

kg/m o.fC H_
130

2-03x10 |0.90x10
7-7x1011-4x109

S-S*rd (0-1% T4) 55 350439.
(Mild Steel)

frzai
(Wrought Irom)

105

1-90x10 0.7x10 7-7x10 12x10
350 420 280

180

121-05x10 04x107-2x10* 1-8x10
140 S60

(Gray Cast Iron)
_

30

336 75x10 0-85x10 7-2x10 119x10
378

(Malleable Cast Iron)

EAT (0-2% TT)
160

420 2-1x100-84x10 7-84x10
560

P.
125

630 315 2-1x10 0-84x10 7-84x10°| 11-7x10
FA (0-2% T4) 420

6. (Te zifera)
290

2-1x10084x10 7-84 x 10' 13x10
HRT (1% H) 135840

10 2.6x10 23x10x
90 13:5 07x10

0-9x10 0.4x10° 8-9x10 16 7x10
210 315 189

9 I(GaTE1)

T

w

E
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(U.R
13. f 2.33 Rar TI-IE Jr TTA AICT TT 5 H9H TSra HTyoi (1

,

6Umm

L 203R-xr =5:686x 10 mm*

-8-6166 x10°mm

20

80 mm

10 mm

y=60mm

91L

10 mm

100mm -
80 mm

A7 2.34TeM 2.33

14. f 2.34 fRa nd 1-TE(-Section) X-X fa: (about the X-X axig) :
(MomentofInertia) Tii alrISHIT (C.G) Fr fR À60 mm g

(U.K.2014-
3-x= 12 853 x 10° mm

Y=20-93 x10 mm

15. fa 2.35 feEr T L-UÍTR (L-Section) 1X-X axis Yta T THui zTa I3T-x =290-66x 10" mm] (U.K. 2013-S)
Y

20

(Dimensions are in cm)

20mm

80mm

aa 2.35 40mm-

fe 2.36
16. 7 2.36 4fFEr TËL-AE(L-Section)

Toa () T at 3AT (axes) 2014(Too3R-X =9.87cm, Y = 19.87 cm, Ixx =173950-1lcm
7T lyy = 62700- 11 cm
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3 (SHEAR FORCE AND BENDING MOMENT)

3.1 Re (Introduction)

q77 (Beam) T I RT (Loads) aT ui (Moments of Forces) 27 TTUI FT E, fTH

(Bending Moment) 5Ed EI 7 51 T41 HIH (Bending Strength of beam)T KI 1 faA TJTA

TeT (at different sections of beam) T T41 ui (Bending Moment) EI HT ST1 ATYT EAI E, 3TT5H

(Shearing Strength) 51 3T4T7 TTIIAI S

3.2 eR (Beam)

T (Beam), HHTT HTE (Uniform Section) ari E (Bar)ETTHTTTTT AIT TT (Loads) 34hT

RT at a7T (Longitudinal Axis) qaaT (Perpendicular) T a EI 374AT faTH TT Hr T

aTT HH TA I TTH (Couple) 9 t 378T (Longitudinal Axis) H T aTT AHTT (Plane)

Bridges & in Roofs) 4TRI 1 6 tA fM fAI STI TI H-7 i B IA ¢i 5 Y 7T

HRIT-T3TETRT (Beds) T tT (Beams) T: FFHTT (steel), THZI (wood) 11 Te aAR TI

(Force)
Vertical

ej

Beam

X=*
Longitudinal Axis

(Beam)

fa7 3.1
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B.M. at A=-15x10+5:75x8-2x6-2x2-0-3x10x=0

B.M. at N =0

-1-5x y-0-3 x yx y +5:75 x(y-2)=0

0-3
-1-5 y-x +5.75 y-115=0

0-3y-8-5y+23 =0

85+8-5) -4x0-3x23 8-5t6-682
2x0-3 0.6

(+ve) T, y=25-3 m (3944 ) BTg 2

ve)TT, y=3-03 m (37: C N i zå 3-03 m 1)

F- T 3ITTT (S.F.D.) 1 37E77 37T frAT (inspection) À À TA EaI

àB S.F. I
1 kN 51 TR TI 3T: C T ikN 51 f HT (Point load) T

334 z B 71 TAIFTT TE7 3.49 (a) H TEA 7,

Rg =1 +4=5 kN ETet di

F S.F. I HI B TT 4kN DT1 kN T5 fRKSi tEI (Inclined Line) Y JZI T sHH TT

V=

w kN/m
374 5 D T S.F. YHEH (Suddenly) 4cial E HH T EIE 5D YT g TR (Point load)

=+1-75 =2.75 kN 1 T EI

H T f57D T S.F. =1-75 kN A T S.F. =3.75 kN

w =1 kN/m TI

Reaction at A) R =3.75 kN I
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26 kN

168

1 K1 kN

1N
(+)

A 2 kN
2 KN

-26 kN

-2m -2.5 m 2.5m =1m
fea3.77

3TR: M =-2 kN-m, -2kN-m, Mg =31.74 kN

33. fa 3.78 üer T4 S.F.D. H Beam Load a7 B.M. diagram aI

4 KN

2 KN

()

4 kN

2 kN

4 kN

m 6 m- 3 m
aa 3.78

3:BTC Z7 i Mc =-10, Mp = -4, MB =-2kNm
34. HA TÍTA PRTA (S.S. Bcam) 1 AVEUUI aA ATT (S.F.D.) VT ATYM ,TH5I T I(B.M.D.) HIEAI

HE:3ETUI 37 I (U.P. 200)

(3HT: 77 3ATEI 7 34Ta a AB = 1,T =+ W, Ta Ri = W, KB

3ATRC Wx! =W
1 ,

4Aqui M = Mp=0, **
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4 (THEORY
OF SIMPLE BENDING)

s4.1 qRe (Introduction)

fs
TZ ai (shearino e7 (Beam)R ATR (transversea (shearingforce) 4-A2NI (Bending Moment)4A aETM EI H7-F14 4

load) 5 6RU| ETTA 1 75

alpa izi Aita T54 T EI T7 T4A (bendingofbeam) Ä FTq
ci 3Ta1 (roois), *Floors), (Trusses),ar). Zi (Trusses), *I (Shafts), I (Axles), iai, feri (Springs) mT 4ITA STETRI A T

s4.2 P T HRGT FH (Pure or Simple Bending)

f (Bending Stress) 3rii al, h AM (Shearing Stress) 3 i, a H ETR 7747 l GH 41 (Pure or Simple Bending) TEi Tl 3441 971 f HM a 74 i (BM) TEa7 I TT

A sfraci (Shearing Stress) T 3F T I FI
Definition : "When a beam is loaded in such a manner that it is subjected to constant bending moment

only and there is no shear force. This condition is called pure bending or simple bending."
f7 4.1 (a) H EETY TAT TT 41, T4 TR (Point

Load

()

M

()

fa 4.1
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-4233
0x (40MM0

Vs n.c4675000 y
EI

fat B a (Ttal dellection

=23.41+1756= 25-167 mn 8. beam žm à..

T6TUT 6. U taaai 3TUT THT UTT e utar pole) 6m frhia TeATTT (max. deferti 20kNim t s r

-9509em

17 mn

(Nepligible) ¥TTa T 3fihAYfarT TT YR 5E II = 500x
1 x 10 ra o

dur E 200 GPa ti

.E (Poles) t Cantilever Beam 1 7 414 EI SN: Cantilcver 81 *TI

0.P.2006)

oeeeon) DL

= 10 kN =10x 1000 N
***

E U.D.L IK = wx /T

20 x1 = 30 kN

=6000 rmm

E=200 GPa =2 x 10"N/ mn"

I 500x 10 mn" =5 x 10° mm

(10x 1000)x (6000)

*x 10

L=6 m

TT

m (cantilever balcony) 1-2 TeT arET zt 3TT fA
20x1-5) *1O00xSXI=0-000592 Radk:

6x2x10 x9500x 10"
tarar ati btatat o ytt zteT AT 5 TET gAT qUT (moment of incrdi
= 3Q000 cm", E = 15GPal (U.R. 2006) (U.P. 2004

td R B * 3fërs faus (max defletion) E

2xl=6kN L = 12 m

E (-9
bEI

fex 7.16
w 5 kN/m

-30X1000) x (0-5x 10DO0-000592 x (x l00

8x2x10 x 9500 x 10

W
5 KNM

1-258 = 1-26 mmW=wx L

AAAAAMMMÁA lethod-Il

E=2x10 MPa=2x10 N/mo

I=9500cm"
=9500x100ren'

=95x10"mn
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g
Mornen,

ft (Fixed end) A * 1.00x1-s)x 223 KN =m =22.5 x 10.**0xJ*=22:5 k.

fus te) agam aàB.M.D **bxh _Jx Ma S*ID * 10

N-T

G-05236«

=125k10 006981
m

\neen at trec end64-1 an

6 ed
end) à11

cantikever
TA tt (Freeend)

25 N fSkNfdellection) zd *I Maie E«ix 10°kN(m =1-5 10 m

(nobutX-x15xl00) + (2-3-t59* 1000

18, Beam hi g
aF u a6 f4TE (Moment area methou)

AL F-3 m

-125 x10*2=1-258= 1-26 mm i =25 kN
STt (Loua),

2x10° *9 *U 22
tta 7.19

Young's oduls, x 10° kN/m2

Monent of inertia (M.O.L),

a fat (Free end) B (Slope)Ba aT4,+T *R0

=0-000592 radian =15x10
2*10" *: *V

deEtut9.dm cantilever beam yai " (tree end) T A (f

Foint Load) 6, arg br (beam) SEH (max. siope) 1> 6 ai 4a H BT3rfu

(mat. deilection) SiTE 2TTI
87-4r E, span ot beum, 2x2x1015|25 -35x1.3

Maximum Slope, 0-00359 radian

(2) T (Free End) B * ST96 TA (max. detlecrian)

=002618 rudian

Dellection at free end (B),

4r H " (ln this case otfbeam)

(Max. :Slope, 2ET

25x2-5 3513.5«15-5-1)
3x2x 10 x15x10 3x2x10 x15x102v2x10° x}5$10|

0.02618 2x0-02618

=0-05236

1HT faerr (Deflection) z T, 00434)-0008S4-0 001183)

=0006377m=6377mm
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* Z00 GPa ViTTa

-* ga fux 7.20 Ke

Max.supe dx2x10«339
10AN

w

im

fa mply Supportad *2338 jo*0-1069 Ra

i H aH (at middle)fsranfaeI 3-X
(mat. aeiection) 2 mm t (poinuelosd)Wm

E6x 10 ANi
Sect on of beam)G. - K (Span), L

=4nm-4"*

150ATE Section),b=15() 8.M. Diagram

T2 T1 " (acpin ot section), d 250m

|= 1.953«10m12(C) Deflection or bearm

20

HTT * EN Point Load miE = 200 GPa =2x 10° N/mn i
() sfira faet (max. detlection) na Etan60"-I h =3 tan 60=N3

48x (6« 10)x1953 x10

IX NS=23-38em*

55LN
I =23-38x 10" mm"

2) 3trhau TETA (max. slope). x16ET4T STTa (B.M.D,) *I N7 (area)

16E 16(6x1f)x i999*

TA fa B 7 47 (max deflection)

0-009 Rad3
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294 HIHT

u . dm T a EIHI
(a smply support

(slope).

24x1
TOT 14. "I at THT h x10" ndi

4 (beam) thi B.M. Dhagram U.D.L YYYYY

** (curved shupe) H eI (ITA 7.21 (6)) qul

- 722 <al U.P..2006)L=4r
WetiNM KN-m 40x10°N-mm =h

-T

*2x100)x 40x 10°

R 2-5.33x 10

o Eo (0)1B (a) Load be2030 mm

b) BMO
8 Ma. T

x2x1000) 1250 mm

fheeettOn or Deam

D

7.215.33xL0x)250 _6-666 mm =6:7 mn
2x10 xSx 10'

x 0g =0-00533 radian
2x10° x5x 10

Ttt fafr (1lind Method) =1-55x1

T 37INhR4 4 (max. deflcction)

(Max. B.M.)=*.
TEi W=U.D.L.A K 1 W=20x4 -80 kN 6.M. d gram 5 shaded T a

owx34 6-666 mm

*10)x (5x 10')
A

0- mm
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(SopcA B9 (

0-6E96 T *14na max, deflcerion

inux 0x 2* 10" x25x10E

1251t ndian 3

(Flange) * ieig omm,
(lange)

ht -6 tam

x1000) eXU =4-3 mm

ax48x (200x 10)* l-93 *0

(SecuonT6T80 mm, t. * 20 Gpa(e2.1® Nien'y

C 204 (gLK. 2014, BP

=
6

A
Ou16E7

x000 0-00322 Radian

6x (200x I0)x1-35*x 10
4

fa (tlnd Method) 234-5710
Ve5N(1) T A U (detlection) je Jax48E7

U.K. 2014, (S) CIVILI
sitri E = 2x 10 MPa, I=25x 10" cm.

2500 N (a) LoadeDDeB

C

AfET 7.23

U2en L3 m

(1) a Tas (C) P14EI (Defiection), o s.M.D. due to painit load cn bean

2 w

a4 * TG * (Point Loud) WW
= 2500 N 5 I fraTv ()+ (beam) ai *

A 1000 Nim 1 kNÝm 7 U.D.L. ArRUI TaRTA (2)
BM8

GET (U.DL 61 47 2=1x5=5EN
*2

wwwwdB

SE '34(=25x 10" mm) TT (W=wL) C -
-U2

00x {5000)

48*2x10' x25x 10" x 10* 384 2x10x 25 x10

=0-013020-016276-0-0293mm

e B.M.D. due to U.D.L on ea

fan 7.23
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ATe (B.M.D.)

f
7.23 (b) 3TTAR TII

. (Area ofshaded protion),

f M (Point Load) W UI faT (deflection)

48E (

(5x 1000)x(2x1000)

48x2x 10°x 234-67x 1047755 mm

Tata lInd-1 37a atT (Beam) 7 a7 FHfsafta HTR (UD.L.) FI E TA B.M.D. fTA 7,23
(e

b (area of shaded part), Axbxh

U.D.L. TIUT, T7 qE7 3frha4 fay (deflection)

EI
(10x2x1000)x(2x10U0=4.4388 mm

384 2x10 x 234-67 x 10

-S amsal daflertinn at centre or beam
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y*dly-*is842-1A37Bending Moment

T
b

28568-7M
6-6IO
-400-2a 400 mm

ply supp
a

faaTT (Aeection)or 19, 4.8 m terTa (span) IT ruT E (rectanguiar secetion)

zETETUT 19. 4.8 m rakia spau
ut faa (span) T 45 kN hTT HUfaa (beam) T TUCaT tTT

S*TTEU *Taa" (smply saPpore

TETTUT (beding stress) 7-0 N/mm 3T6T TZ T Tag (defleetion) 9-5 mm

7 zif4T ETI 6 ery E = 1-05x 10" N/ mm

5- (span), L = 4:8 m= a5 mi

(U.K. 2008, W) (0.P. 2002)

Irerd, AAxE

TH (bending stress) J = Nr Ttd
4*Bean SGH a (dellection)=9*) mn

E =l-05 *10 N/ mun* EI 7 %, b=7, d ? sa simply supporeu on R * TR jdetectionat cenre),

T 7 (max. B.M.), M-
M=27x 10 N-mm

max. deflection,

48x-x T64A

48x4PLx d2
7x] 1027x10 r 21. 4 m Tarrat t Tt ai T 10 cm IgI aUT 16 cm "iE EA rT fri=L = X

S00 Kg/m (T5 kN/m )TU.D.LFUEI6IgUErA (e

(slope) TUTAT 67IE =0-8x 10° Kgi cm
. 2013, S)

TT4 1484 (Gciection), 384 E

95 X 45000(4800)
105x10x*xy

341-33 x 10 mm aT E =0:8x1U" Nm

U.D.L. F RW-w**
5x4-202N=20x l000X

x 450Ux (4SDU =168-42 mm
9.5x 384x1-05x 10" x27x10°

4

Detlection at centre ofbeam, 384 E
(20x1000 6l en

Unux
38408x10°}x041:39%0
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7 fTtt yt ae1a (slopc at ihe enas
10)x(4000)

24E 24x 0-8 x
10* x341:33 x 10

=0-004N8 radiun

F
(Double Integration) iT 3ITU TGaIy del Eeiln id oAll

(Double Integration Method for Slope & Deecton

(EI)B0+4.1 Cantilever with a Point Load at its Free End

a , 31aE GeT(ma.dcilesticn)

747 B.M.) E) -040--x
M, =-*. 8

(-ve) PE (sign) clockwise moment U T) ve) sign 1te

CLrve) ()

(Cantilever with a U.0.L. at ts full length)

s 126 L A 5Cantilever wlmcte1 U.DL mi BÀO
B -

M,- end end

-+ = (T61-ve a clockwise GT E)

E. M--
2

EHITA (Integrate) R

RI-0-
(E0)xy +tr+

( T

X=LE eT (deflection), y=0 E1
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04 e *dc * BC

Beam Iag T UI

0)- * ***c*Bc UDL
L

faT X=L E, TEI T AY (deiloctiou

Cantilever wiun d.(wmetre) at a distanceBr
R

S7 ()(ii) ,

a

C (Resultant Slope). 0, -

bE 6E

ET()040- anx E ( Simple supported Beam with a Central Point Load)

()

-Mstan) 3t17*5 T (slopc)

(Cantilever with a point load at Any Point)

f 7.27 cantilever ft A HI CFixed
R point load *N EI C K B K g

NA

Free .
) TT frm fareta (T dlockws

clockwise ) E| 3T4 ET B HX A

2 X-X 44 (Bendig

tC.

C X---- ) t ,
AC, 1MB, , (Curve

M, =Ra
tanO-=

(Line)

f 7.
oue to

anticlockwISe
momentr sasEmg en ean
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r te

oeait Wilmetre
unortea seam with Unifesimply

29 a panl R Distib

S.. e A 7 B
**o HeA TN (double iategration mcthoa

rouedL.oad)
(CR.206)

*UEe| A U (Integrating above eq

d +C (C FIhe11 e 5

C

RAR-
t7.2

-vefora
M,-Ras-

Sopa)

*316*
g4 TdT f x=0 faT (deflection) y'= i S: C2

ET () - (TE faer atto *) (bean) » -43C Te

E 0- E
-ve) f a1 3 E, B Ti Ri TT, AB anticlockwise TE 4 T 4Tat E aT A

clockwIse ei I7 II 3aTd A K r (GeiI slope) *ve gi

166T

T B T x =0 am fae y=0 : C; =0a
WE-3W_-2 EL-48E

(F (deflection) FHtETUI EI EE

E
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316

8 cm 3tt TE 1 HET 0-5 cmi

JEa a (simply supported) i f H5 H H3:5 kN

(concentrated load) Tm 3ir ar4 FFTa (mild steel) EA (density) 7-85 *10° kg/m3 s

T ETYT (deflection) a7 fri TR T7 (slope) FIT 51Il E =200 GPal

32. 2ma TA FA (mild steel) YT 7

3TT:3.623 mm, 0.5446 x10-2
radian

lensity)TH: Tube 1 U.D.L. Fy FT TTaI i TE TR = ATYTAX Ba=(A x Lxden.

M =181-355 N 77 4R W =3.5 kN =3500 N, =831609.375m

T:a 34 (UP.200)

34. ia, f RIf(FreeEnd) å qa (Span ofbeam) F UD.L, I
I TT faT (Slope & Deflection) Td
[Hh: Cantilever Case V ai ( 7.10)] (U.P. 2014-Mech.)
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u b.fechaic StudtulYou wih Aul

B (COLUMN AND STRUTS)

aRa
(Introduction)

314q1 27 tTT (mechanism ofmachine),taa-i (railway-bridges),
TG 2ziaR (hign voltage linetower) 3f¢ 5 Bi (bars/ rods) EI IGA

(cranes),qTi
(parts of structures) 375 q7a 41 FA (elements ormembers) 8ed SR 4

a ZH 4a I (Compression Blocks)

C)T
(Columns)

()
(Strut)

ts agT (Compression Blocks) aifaqU-Ti (machines) q a (structures

3Tf 3T1 T * IE (compression load) T à, Ti 3 (compression

kcks)ETaz (blocks), fT-ri cTr E d di t, Tvisa srava (compression members) *i

) à g (blocks), fyr TAT 3T TE TT 30 T À54
, Tè ÍTA (short

column) 5ecid Ei

) à g, fT1 TA, 315 H FTT 30 TA À ft% Ei 8, F ia (long column)

(2)hiH (Columns)-5 T (structure), HiM (machine) a z (truss) HGA

aialcompressive load) 7741 3rh R (eccentric load) Ei T (TTT 4R Tensile Loads

), T4 (column) TET I

Dennition. "A column is a long vertical member, subjected to an axial compressive load or eccentric

xed rigidly or hinged or pin jointed at one or both ends."

(Strut)-ft a (structure), ¥zit7 (machine) 1 W (truss) 7 E TEI (member)

Arial

pressive load) {i R, RE (strut) F6cIil 6
T (vertic

mpressive
load)

(connecting

nition. "A strut is a bar ormemberinanyposition otherthan vertical,

and fixed rigidly orhinged

-4 (side links in forging machine) M T E
al, subjected to a compressive

orpin jointed at one or both the ends."

Scanned with Camscanner

Study PowerPoint



**********

t

Scanned with Camscanner

Study PowerPoint



S

*

N

A

Scanned with Camscanner

Study PowerPoint



--
1

.
+

Scanned with Camscanner

Study PowerPoint



3

Scanned with Camscanner

Study PowerPoint



2

E

a

Scanned with Camscanner

Study PowerPoint



T

X

T

1P

Scanned with CamScanner

Study PowerPoint



-

Scanned with CamScanner

Study PowerPoint



9

1 eE.

B

.

#

"

a

2 .9

Scanned with CamScanner

Study PowerPoint



l

a

Scanned with CamScanner

Study PowerPoint



NIN

1

ina

Z

10m T

2

A

a

Scanned with Camscanner

Study PowerPoint



A

X

x

Scanned with Camscanner

Study PowerPoint



alo

z 3

Scanned with Camscanner

Study PowerPoint



342

40 G ciTE 5 3 m a TE ry (column) ZIE TI aIKI TH 5 cm di s4I: AIH 2 cm i t
r (hinged) I zf va1d 1 3HfTH teaei (ultimate stress) Jc =560 MD.

I3T-55-78 kNJ (U.P.2010T600

29. TET C.I. column foRI TEÀ AT (outerdia) 200 mm 7 I (thickness) 20

,aT71 frRiT TE (fixed at both ends) ài zH TTH T 45m i žI51 IT ERI

Sate load) TR T TH ren Tois 4 I rik a =00T1 =550 MN/m

20mm

3TR-0877MN]
30. STei e (Hollow strut) I a6 aTH (diameter) 40 mm 7 UiIRh AH (internal dia) 3

mm TH Z fR Pin jointed Euler 741 Rankine H crippling RT (Loads) UAc54 3AfEThTH fTAT (Yield stress) 300 MPa aT E =200 GPa ar Rankine's constant
a7500 3T-0.945

31. 5 Hollow cylindrical C.I. column 4 m 7I T7 75 E HR TE (fixed) al H TAHTI 1T4, a E7 T 250 kN ftT 4TR (safe load) II I FT T"I5 (F.S.) 5 I THATTR5 TH (d), aTEÜ ZAF (D) TI0-8 TI EI Atdei (stress) o, = 550 MN/ m* AI A HE
a

1600

3T-D =136 mm, d =108-8mm32. 2 m 7aÍ TIR I raT UIE7, f9H1 3AH 80 mm 71 AK6 AH 60 mm ,E
I f =60 MPa i

3R-659.73 kN] (U.P.
a47 T ETT HT fyE6 aT TTHI i9I E =2x10° N/mm, tf5 constanta =1/7500 aT YTTT Ar9 S =315 N/ mm ilAI q TEna7 HTAI

3-1-06] (U.P. 2001)
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9 HIN CYLINDRICAL AND SPHERICAL SHELL

s 9.1.
YRTT (introduction)

TT (Shell) 2 K z Zr (High Pressures)

1 2 (Air Compressure'sTank), yt , tzra, a, T7 zf47 (Steam Boiler) 1

faf-7 54 Iyadl 5 3AT9T TR AfT6 aTTETR (Cylindrical) 741Ta (Spherical) 3 (Vesse

$ 9.2. TT IE TICi (Thin and Thick Sheel)

(1) YAT TTT (Thin Shells): qH UTT, fTI zTaTr HTETË (Thickness of Plates) 31 1 TI

(2)HTETTM (Thick Shells):H Ta,fT ZTATT TTË 31 T T 7% ET1 E,
10

(Behaviour of Thin Shells for Internal Pressure)

(P)

fra 9.1

gETiei
(LongitudidnalStresses) sri TT TI
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360

r:3TETUT 4 &T] 3T: IN/mm"]

(U.K. 2014, S Mech.
c: a P=px gh=Ix 9:81x 25 = 245-25 KN/ mf =0 245 N/ mmn

FRT S 1= T f20-70 N/man'a ny=0:70
21m|

3FT: 6 mm]

:t= 4fn

YGIM 51 ATFAI TYT5 200 x 10° N/mm T4T TH 3TTYA 0.3 6, T Id ll
(U.P. 2011)

3:Jeh= 93.75 Nmm, =e, = 9.8 x 10

N/mI ifq E =200x 10 N/m r 1/m=0.3 (U.P.B.T.E. 2010)

37:A-Vx 2.2x 10 mm'
6

29. a T Y IT ada (Spherical Vessel) AH 200 mm T1 ac AET I mmI È TT (Sea)
fe TETE 75 T 5 TE O.01 mm5 i STT? zR Hi TA 3HTYfYE5 TRw= 104 kNn
(1040 kg/m') di =025 siR E =100GP, Im

3R: 12.8 mm]

(FH6I 3E6T 17 TT)

2-5 N/ mm a1 si TR TI 75% I afm=4 aT E =2x 10r N/mm? a i 4 3*

3TR:S=104.16 N/mm', Ad =0.39 mm]

2-5 N/mm'TI ZTR E = 2x 10° N/mm 7 =0-3 a afereoaH T ufa7, AE 4 R

3T: 78125 N/mm", 0:2734 mm, 4:295x 10 mm']
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