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COURSEOUTCOMES
2

CO 1
Use the appropriate method to determine slope and beam deflection 

for different beam sections.

CO 2
To analyze the structural sections subjected to torsion.

CO 3
Analyze the crippling load and equivalent length for various types of 
columns of different end conditions.

CO 4 Calculate the strain energy, stress distribution & deformation in springs

CO 5
Calculate the stresses and strains associated with thick-wall cylindrical 

pressure vessels and rotating disks. 



UNIT - I Deflection of Beams

Uniform bending ïslope, deflection and radius of curvature ïDifferential equation for elastic line of a beam ïDouble integration and 

Macaulayôs methods. Determination of slope and deflection for cantilever and simply supported beams under point loads, U.D.L.uniformly 

varying load-Mohrôs theorems ïMoment area method ïapplication to simply supported and overhanging beams- analysis of propped 

cantilever beams under UDL and point loads.

UNIT - II Torsion

Torsion: Theory of pure torsion ïAssumptions and Derivation of Torsion formula for circular shaft ïTorsional moment of resistance ïPolar 

section modulus ïpower transmission through shafts ïCombined bending and torsion ï. Springs -Types of springs ïdeflection of close coiled 

helical springs under axial pull and axial couple ïCarriage or leaf springs.

UNIT ïIII Columns and Struts

Introduction ïclassification of columns ïAxially loaded compression members ïEulerôs crippling load theory ïderivation of Eulerôs critical 

load formulae for various end conditions ïEquivalent length ïSlenderness ratio ïEulerôs critical stress ïLimitations of Eulerôs theory ï

Rankine ïGordon formula ïeccentric loading and Secant formula ïProf. Perryôs formula.

UNIT - IV Springs

Axial load and torque on helical springs - stresses and deformations - strain energy - compound springs - leaf springs.

UNIT - V Thin and Thick Cylinders

Introduction - Thin Cylindrical shells - hoop stress - longitudinal stresses - Lameôs theory - Design of thin & thick cylindrical shells- Wire 

wound thin cylinders - Compound cylinders - Shrink fit - compound cylinders
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Def lections



Introduction

ÅCalculationof deflectionsisan important part of 
structuralanalysis

ÅExcessivebeamdeflectioncanbeseenas amodeof 
failure.

ïExtensiveglassbreakagein tall buildingscanbe attributed 
to excessivedeflections

ïLargedeflectionsin buildingsareunsightly(and unnerving) 
andcancausecracksin ceilingsandwalls.

ïDeflections are limited to preventundesirablevibrations



BeamDeflection

ÅBending changes the 
initially straight 
longitudinal axis of the 
beam into a curve that 
iscalled the 
Deflection Curve or 
ElasticCurve



BeamDeflection

ÅTodeterminethe deflectioncurve:

ïDrawshearandmomentdiagram for the beam

ïDirectlyunder the momentdiagram draw a line for the 
beamand label all supports

ïAt the supportsdisplacementiszero

ïWhere the moment is negative, the deflection curve is 
concavedownward.

ïWherethe momentispositivethe deflectioncurveis 
concaveupward

ïWherethe two curvemeet is the InflectionPoint





DeflectedShape



Example1
Drawthe deflectedshapefor eachof the beamsshown



Example2
Drawthe deflectedshapefor eachof the framesshown



DoubleIntegration Method



9ƭŀǎǘƛŎπ.ŜŀƳTheory

ÅConsidera differentialelement 
of a beam subjectedto pure 
bending.

ÅThe radius of curvature ris 
measured from the center of 
curvature to the neutralaxis

ÅSince the NA is unstretched, 
the dx=rdq



9ƭŀǎǘƛŎπ.ŜŀƳTheory

ÅApplyingIƻƻƪŜΩǎlaw andthe Flexureformula,we 
obtain:

1
=

M

r EI



9ƭŀǎǘƛŎπ.ŜŀƳTheory
ÅTheproductEIis referred to asthe flexural rigidity.
ÅSincedx=ˊŘ̒Σthen

(Slope)dq=
M

dx
EI

Â In mostcalculusbooks
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TheDoubleIntegrationMethod
RelateMomentsto Deflections

d2v
=

M  

dx2 EI

dv M(x) DoNot
IntegrationConstantsq(x)= =ñ dx

dx EI(x)

EI (x)
v(x)=ññ

M x
dx2

UseBoundaryConditionsto 
Evaluate Integration 
Constants



AssumptionsandLimitations

×Deflectionscausedbyshearingactionnegligiblysmallcomparedto
bending

×Deflectionsaresmallcomparedto theŎǊƻǎǎπǎŜŎǘƛƻƴŀƭdimensionsof
the beam

×All portionsof the beamareactingin the elasticrange

×Beamisstraightprior to the applicationof loads
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aƻƳŜƴǘπ!ǊŜŀTheorems



aƻƳŜƴǘπ!ǊŜŀTheorems

Theorem1: The changein slope between any two points on
the elastic curve equal to the area of the bending moment
diagrambetweenthesetwo points,dividedby the productEI.

dx
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aƻƳŜƴǘπ!ǊŜŀTheorems

Theorem 2: The vertical distanceof point A on a elastic
curve from the tangent drawn to the curveat B is equal to
the moment of the area under the M/EI diagrambetween
two points(AandB)aboutpoint A .
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Another Solution



Conjugate-BeamMethod



Conjugate-BeamMethod
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Conjugate-BeamSupports





Example1
Findthe Max.deflectionTakeE=200Gpa,I=60(106)



B B'
q=V =-

562.5

EI

=
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(25)=
-14062.5

EI EI
B'B

D =M



Example2
FindthedeflectionatPointC

C



EI EI EI
C C '
D =M =

27
(1)-

63
(3)=
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Example

3
FindthedeflectionatPointD



360

EI
720

EI

EI
D D '

=
3600

D =M



Example4
FindtheRotationatA

10 ft



EI
A
=

33.3
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Example6







MomentDiagramsandEquationsfor 
MaximumDeflection





Example4
FindtheMaximumdeflectionfor thefollowing structurebasedon 

Thepreviousdiagrams















































































Module 6 
ColumnsandStruts



ColumnsandStruts

ÅAny member subjected to axial compressive load 
iscalleda columnor Strut.
ÅA vertical member subjected to axial compressive 

loadςCOLUMN (Eg:Pillarsof abuilding)

ÅAn inclined member subjected to axial 
compressiveload - STRUT
ÅAstrut mayalsobea horizontalmember
ÅLoad carryingcapacityof a compressionmember 

dependsnot onlyon its crosssectionalarea,but 
also on its length and the manner in which the 
endsof a columnare held.



ÅEquilibriumof a columnςStable, Unstable, 
Neutral.

ÅCriticalor Cripplingor BucklingloadςLoad at 
whichbucklingstarts

ÅColumnissaidto havedeveloped anelastic 
instability.



Classification of Columns
ÅAccording to nature of failure ςshort, medium 

and long columns
Å1. Short columnςwhose lengthis sorelatedto its 

c/s area that failure occurs mainly due to direct 
compressive stress only and the role of bending 
stressis negligible
Å2. MediumColumn- whoselengthis sorelatedto

its c/s areathat failureoccursby a combinationof
directcompressivestressandbendingstress
Å3. LongColumn- whoselengthis sorelatedto its

c/s areathat failureoccursmainlydueto bending
stressand the role of direct compressivestressis
negligible



9ǳƭŜǊΩǎTheory

ÅColumnsandstrutswhich fail by bucklingmay 
beanalyzedby9ǳƭŜǊΩǎtheory

ÅAssumptionsmade



Case (i)Both EndsHinged





Case(ii) Oneend fixedother free







Case(iii) Fixedat both ends







Case(iv)Oneendfixed,other hinged







EquivalentLength (le)





Limitations of 9ǳƭŜǊΩǎFormula

ÅAssumptionςStrutsareinitially perfectly 
straightandthe loadisexactlyaxial.

ÅThere isalwayssomeeccentricityandinitial 
curvaturepresent.

ÅIn practicea strut suffersa deflectionbefore 
the Cripplingload.



ÅCriticalstressόc̀)ςaverage stressover the 
crosssection

Ål/k isknownasSlendernessRatio



SlendernessRatio

ÅSlenderness ratio is the ratio of the length of a 
columnandthe radiusof gyrationof its cross 
section

ÅSlendernessRatio= l/k



wŀƴƪƛƴŜΩǎFormula 
OR

Rankine-GordenFormula

Å9ǳƭŜǊΩǎformulaisapplicableto longcolumnsonly for 
which l/k ratio is largerthan a particularvalue.

ÅAlsoŘƻŜǎƴΩǘtakein to accountthe direct 
compressivestress.

ÅThusfor columnsof mediumlengthit ŘƻŜǎƴΩǘ 
provideaccurateresults.

ÅRankineforwarded anempiricalrelation






