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15.2.0 STRENGTHOFMATERIALS

15.2.1 INTRODUCTION
Strengthofmaterialsisamoduleunitthatdealswith
materialsandtheirapplicationinstructuralengineeringand
toolroom processes.

15.2.2 GENERALOBJECTIVES
Bytheendofthemoduleunit,thetraineeshouldbeableto:
a)Understandtheconceptsofthestrengthofengineering

materials
b)Selectanduseappropriatematerialsforfabricationwork
c)Producemodelsofdesignedprototypes.
d)Apply the knowledge acquired to improve the

performanceofvariousequipments.
e)Observesafetywhendealingwithvariousengineering

materials

15.2.3 MODULEUNITSUMMARYANDTIMEALLOCATION

STRENGTHOFMATERIALS

Code Sub-Module
Unit

Content TimeHrs

T P Total

15.2.1 Stressand
Strain

 Determinationof
elasticconstants

2 2 4

15.2.2 Shearing
Forcesand
Bending
Moments

 Determinationof
shearingforceand
bendingmoment

4 2 6

15.2..3 Bending
Stressesin
Beams

 Verificationofpure
bendingtheory

 Cantilevers
 Simplysupported

beams

3 3 6

15.2.4 Deflectionof
Beams

 Determinationof
Young’smodulus

 Cantilevers
 Simplysupported

beams
 Verificationofthe

principlesofsuper

6 2 8
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positionof
deflectionin
beams

 Determinationof
fixingmomentsfor
loadedbeams

15.2.5 Thin
Cylindersand
Shells

 Determinationof
thecircumferential
andlongitudinal
strainsand
stressesin
pressurizedthin
vessels

4 2 6

15.2.6 Torsion  Statementofthe
simpletheoryof
torsionofcircular
sectionbars.

 Explanationof
parametersinthe
simpletheoryof
torsionequation

 Derivationfrom
firstprinciplethe
relationship
betweenstrainand
twistperlength.

 Usingtheequation
todevelopother
equations

 Applicationofthe
equationstosolve
problemsin
torsion

8 2 10

15.2.7 StrainEnergy  Definitionofstrain
energy

 Derivationof
expressionsfor
strainenergyfrom
firstprinciplesof
differentloading
conditions

 Definitionof
resilienceand
proofresistance

 Derivationofan

8 4 12
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expressionfor
strainenergyofa
threedimensional
principalstress
system.

 Definitionof
modulesof
resistance

 Definitionofa
maximum
instantaneous
stress

 Definitionof
maximum
instantaneous
extension

 Derivationofan
expressionfor
strainenergydue
toinstantaneous
loading

 Statementof
Castigliano’s1st
theorem for
deflection

 Applicationof
Castigliano
theorem toderive
expressionsfor
deflectionon
variousbeam
loadingsystem

15.1.0
8

Springs  Definitionofa
spring

 Identificationof
varioustypesof
springs

 Derivationof
stressexpression
ofsprings

 Maximum shear
stressforcoiled
springs

 Saggingunder
axialload

8 6 14
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 Maximum bending
stressforaclose
coiledspring
sunderaxialtorque

 Maximum bending
stressforsemi-
ellipticspring
undercentralload

 Proofstressfor
semi-ellipticspring
undercentralload

 Max.bending
stressforquarter-
ellipticspring

 Max.bending
stressforplain
spiralspring

 Derivationof
deflectionof
springs

 Derivationof
springrate
expressionfor
varioussprings

 Applicationofthe
expressionsto
solvespring
problems

 Derivation
expressionsfor
stiffnessof
springs

TotalTime 43 23 66
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15.2.1 STRESSANDSTRAIN

Theory

15.2.2T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
todeterminethe
elasticconstantsof
commonengineering
materials.

15.2.1C Competence
Thetraineeshould
havetheabilityto
perform and
demonstratean
experimentto
determine:
i) Young’sModulus

E
ii) Modulusof

rigidityG
iii) Poison’sratioγ

Content
15.2.1T1 Determinationof

elasticconstants
i) Young’smodulus,

E
ii) Modulusof

rigidityG
iii)Poisson’sratio,γ

Practice

9.2.1P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
toexplaintheelastic
constantsofcommon
engineeringmaterials

Content
15.2.1P1 Explanationofelastic
constants

i) Youngmodulus
E

ii) Modulusof
rigidityG

iii)Poisson’sratioγ

15.2.2 SHEARINGFORCES
ANDBENDING
MOMENTS

Theory

15.2.2T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
todetermineshearing
forceandbending
momentatdifferent
pointsalongloaded
beam

15.2.2C Competence
Thetraineeshould
havetheabilityto
perform experiments
todemonstrate
shearingforcesand
bendingmomentsat
differentpointsalong
loadedbeams

Content
15.2.2T Determinationof

shearingforceand
bendingmoment

Practice

15.2.2P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbeable
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todetermineshearing
forceandbending
momentatdifferent
pointsalongloaded
beams

Content
15.2.2P1 Determinationof
shearingforceand
bendingmomentat
differentpointsalongloaded
beam

15.2.3 BENDINGSTRESSES
INBEAMS

Theory

15.2.3T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
abletoderivethe
engineers’bending
theory(purebending
theory).

15.2.3C Competence
Thetraineeshould
havetheabilityto
perform
experimentsto
verifybending
theory.

Content
15.2.3T1 Derivationofpure

bends
15.2.3T2 Cantilever
15.2.3T3 Simplysupported

beam

Practice

15.2.3P0 SpecificObjectives
Bytheendofthesub

moduleunit,the
traineeshouldbeable
toderivethe
engineer’sbending
theory(purebending).

Content
15.2.3P1 Verificationofthe
pure bendingtheory

i) Cantilever
ii) Simplysupported

beam

15.2.4 DEFLECTIONOF

BEAMS

Theory

15.2.4T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
ableto:
a)determineYoung’
sModulusfor
beams
b)verifythe
principleof
superposition
c)determinefixing
momentsforloaded
beams

15.2.4C Competence
Thetraineeshould

have theabilityPerform
experimentto:

i)verifythe
principleofsuper
positioning

ii)determinefixing
momentfor
loadedbeams

iii)determinefixing
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momentforbuilt-
inbeams

iv)determinefixing
momentfor
continuous
beams

Content
15.2.4T1 Determinationof

Young’smodulus,E
15.2.4T4 Derivationofthe

principlesofsuper
positionofdeflection
inbeams

15.2.4T5 Determinationof
fixingmomentsfor
loadedbeams
i) Builtinbeams
ii) Continuousbeams

Practice

15.2.4P0 SpecificObjectives
Bytheendofthe

sub-moduleunit,the
trainee shouldbe
ableto:

a)determine
young’smodulus
forbeams

b)verifythe
principleofsuper
positioning

c)determinefixing
momentsfor
loadedbeams

Content
15.2.4P1 Determinationof

Young’sModulus
15.2.4P2 Verificationofthe

principleofsuper
positionofdeflection
inbeams

15.2.4P3 Determinationof
fixingmomentsfor

loadedbeamsBuiltin
beams
Continuousbeams

15.2.5 THINCYLINDERS
ANDSHELLS

Theory

15.2.5T0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
ableto:
a)Calculatethe

circumferential
strainsin
pressurizedthin
vessels

b)Calculatethe
longitudinal
strainsin
pressurizedthin
vessels

15.2.5C Competence
Thetraineeshould
havetheabilityto
perform an
experimentto
determinethe
circumferentialand
longitudinalstrains
andstressesin
pressurizedthin
vesselsandshells.

Content
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15.2.5T1 Calculationsfor
circumferentialstrains
andstressesin
pressurizedthin
vessels

15.2.5T2 Calculationsfor
longitudinalstrains
andstressesin
pressurizedthin
vessels

Practice

15.2.5P0 SpecificObjectives
Bytheendofthesub
moduleunit,the
traineeshouldbe
ableto:
a)determinethe

circumferential
strainsin
pressurizedthin
vessels

b)determinethe
longitudinal
strainsin
pressurizedthin
shells

Content
15.2.5P1 Determinationofthe

circumferentialstrains
andstressesin
pressurizedthin
vessels
i) Thincylinders
ii) Thinshells

15.2.5P2 Determinationofthe

longitudinal
strainsand stressesin
pressurized thinvessels

i) Thincylinders
ii) Thinshells

15.2.6 TORSION

TheoryandPractice
15.2.6T/P0SpecificObjectives

Bytheendofthe
sub-moduleunit,the
traineeshouldbe
ableto:
a)statethesimple

theoryoftorsion
ofcircularsection
bars

b)explainthe
parametersinthe
simplesection
bars

c)derivefrom first
principlethe
relationship
betweenshear
strainandtwist
perunitlength.

d)usetheequation
todevelopother
equations

e)applythe
equationsto
solveproblems
involvingtorsion

Content
15.2.6T1 Statementofthe

simpletheoryof
torsionofcircular
sectionbars.

15.2.6T2 Explanationof
parametersinthe
simpletheoryof
torsionequation
i) Polarsecond
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momentofarea
ii) Angleoftwist
iii)Modulusofrigidity
iv)Shearstressand

shearstrainin
shafts

15.2.6T3 Derivefrom first
principlethe
relationshipbetween
strainandtwistper
length.

15.2.6T4 Usingtheequationto
developother
equations
i) Hollowshafts
ii) Steppedshafts
iii)Solidshafts
iv)Torsionalrigidity

15.2.6T5 Applicationofthe
equationstosolve
problemsintorsion

i) Hollowshafts
ii) Steppedshafts
iii)Solidshafts
iv)Diametersof

shafts
v) Torque
vi)Torsionalrigidity
vii)Maximum polar

sectionalmodulus
viii)Maximum shear

strainsacceptable
ix)Thicknessof

hollowshaft
x) Angleoftwist

15.2.7 STRAINENERGY

15.2.7T/P0 SpecificObjectives
Bytheendofthe

sub-moduleunit,the
trainee shouldbe
ableto:

a)definestrain
energy

b)derive

expressionsfor
strainenergy
from first
principlefor
different
loading
conditions

c) defineresilience
andproof
resilience

d)definemodules
ofresilience

e)define
maximum
instantaneous
stress

f) define
maximum
instantaneous
extension,

g)deriveon
expressionfor
strainenergy
dueto
instantaneous
loading

h)state
Castigliano’s
1sttheorem for
deflection

i) applythe
expression
development
from
Castigliano’s
theorem to
solveproblems.

Content
15.2.7T1 Definitionofstrain

energy
15.2.7T2 Derivationof
expressionsforstrain
energyfrom first
principlesof different
loading conditions
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i) Tension
ii) Compression
iii) Shear
iv) Bending
v) Torsion

15.2.7T3 Definitionof
resilienceandproof
resistance

15.2.7T4 Definitionof
modulesof
resistance

15.2.7T5 Definitionofa
maximum
instantaneous
stress

15.2.7T6 Definitionof
maximum
instantaneous
extension

15.2.7T7 Derivationofan
expressionforstrain
nergydueto
instantaneous
loading
i) Axialloading
ii) Torsionalloading
iii)Bending

15.2.7T8 Statementof
Castigliano’s1st
theorem for
deflection

15.2.7T9 Applicationof
Castiglianotheorem
toderive
expressionsfor
deflectiononvarious
beam loading
system under

i) Bending
ii) Tension
iii)Shear
iv)Solving

problems

15.2.8 SPRINGS

15.2.8T/P0SpecificObjectives
Bytheendofthe
submoduleunit,the
traineeshouldbe
ableto:
a)definespring
b)identifythe

varioustypesof
springs

c)derivestress
expressionsfor
springs

d)derivedeflections
forsprings

e)derivespringrate
expressionfor
varioussprings

f)derive
expressionsfor
stiffnessof
springs.

g)applythe
expressionsto
solvespring
problems

Content
15.2.8T1 Definitionofaspring
15.2.8T2 Identificationof

varioustypesof
springs
i) Closecoiled

springs
ii) Opencoiled

springs
iii)Semi-elliptic
iv)Quarter-elliptic
v) Plainspiral

springs
15.2.8T3 Derivationofstress
expressionofsprings

i) Maximum shear
stressforcoiled
springs

ii) Saggingunder
axialload
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iii)Maximum
bendingstress
foraclosecoiled
springunder
axialtorque

iv)Maximum
bendingstress
forsemi-elliptic
springunder
centralload

v) Proofstressfor
semi-elliptic
springunder
centralload

vi)Maximum
bendingstress
forquarter-
ellipticspring

vii)Maximum
bendingstress
forplainspiral
spring

15.2.8T4 Derivationof
deflectionofsprings
i) Totaldeflection

ofaclosed
coiledspring
underaxialload.

ii) Windupangleof
aclosed,coiled
springunder
axialtorque

iii)Deflectionofan
opencoiled
springunder
axialload

iv)Angularrotation
ofanopencoiled
springunder
axialload.

v) Windupangleof
opencoiled
springunder
axialtorque

vi)Axialdeflection
ofanopencoiled

springunderaxle
torque

vii) Deflectionfor
semi-elliptic
springunder
centralload

viii) Windupangle
foraplain
spiralspring

15.2.8T5 Derivationofspring
rateexpressionfor
varioussprings
i) Coiledspring

underaxialload
ii) Torqueperturn

ofacoiledspring
underaxial
torque

iii)Semielliptic
iv)Quarterelliptic
v) Torqueperturn

ofaplainspiral
spring

15.2.8T6 Derivation
expressionsfor
stiffnessofsprings
i) Springsinseries
ii) Springsin

parallel
15.2.8T7 Applicationofthe

expressionsto
solve

springproblems
i) Bendingstresses
ii) Compressionof

springs
iii)Materialsize
iv)Angleofrotation
v) Deflection
vi)Bending

moments
vii)Loads
viii)Applied

moments

SuggestedLearningResources
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- Relevanttext
books

- Handouts
- Workpiece
- Testingmachine
- Proceduresheet
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