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STRENGTH OF MATERIALS
AIM & OBJECTIVE
 To understand the nature of stresses developed in simple and composite bars.
 To understand the nature of stresses developed in beams.
 To understand the slope and deflection developed in beams.
 To calculate the elastic deformation occurring in various simple geometries for
different types of loading.
 To understand the nature of stresses developed in cylinders and spheres for various
types of simple loads.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain

5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity
6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading
8. When a body is subjected to two equal and opposite pushes, as a result of which the
body tends to reduce its length, the stress and strain induced is-------------A. bending stress
B. shear stress
C. tensile stress
D. compressive stress
9. A concentrated load is one which
A. acts at a point on a beam
B. spreads non-uniformly over the whole length of a beam
C. spreads uniformly over the whole length of a beam
D. varies uniformly over the whole length of a beam
10. The ratio of direct stress to volumetric strain in case of a body subjected to three
mutually perpendicular stresses of equal intensity, is equal to
(a) Young’s modulus
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

THEORY BEHIND
SYLLABUS: STRENGTH OF MATERIALS
UNIT - I SIMPLE STRESS AND STRAIN
Deformation in solids– Hooke’s law– stress and strain –tension, compression and shear
stresses– composite bars - elastic constants and their relations–Volumetric, linear and
shear strains.
UNIT - II SHEAR FORCE AND BENDING MOMENT DIAGRAM
Beams and types–Transverse loading on beams– shear force and bend moment
diagrams– Types of beam supports–Simply supported, over-hanging beams and
cantilevers– Theory of bending of beams–bending stress distribution and neutral axis–
shear stress distribution– point and distributed loads.
UNIT – III DEFLECTION OF BEAMS
Deflection of a beam using double integration method, moment area method and
macaulay’s method– computation of slopes and deflection in beams–Maxwell’s
reciprocal theorems.
UNIT – IV TORSION OF SHAFT AND SPRINGS
Torsion–Stresses and deformation in circular and hollow shafts– stepped shafts–
Deflection of shafts fixed at both ends–Stresses and deflection of helical springs,
laminated spring - principal stresses and principal planes– Mohr’s circle.
UNIT – V THIN AND THICK CYLINDER
Axial and hoop stresses in cylinders subjected to internal pressure–Deformation of
thick and thin cylinders–Deformation in spherical shells subjected to internal pressure.

INTRODUCTION
Strength of Materials is the study of the deformation and motion of solid materials
undertheaction of forces. It is one of the fundamental applied engineering sciences, in the
sensethat it is used to describe, explain and predict many of the physical phenomena around
us.
Here are some of the wide-ranging questions which strength of Materials tries to answer:

Strength of Materials is a vast subject. One reason for this is the wide range of
materials
which falls under its ambit: steel, wood, foam, plastic, foodstuffs, textiles, concrete,
biological materials, and so on. Another reason is the wide range of applications in which
these materials occur. For example, the hot metal being slowly forged during the

manufacture of an aircraft component will behave very differently to the metal of an
automobile which crashes into a wall at high speed on a cold day.
Here are some examples of Solid Mechanics of the cold, hot, slow and fast …

Here are some examples of Solid Mechanics of the small, large, fragile and strong …

Aspects of Strength of Materials:
The theory of Strength of Materials starts with the rigid body, an ideal material in which the
distance between any two particles remains fixed, a good approximation in some
applications.This is the study of some elementary but veryrelevant deformable materials
and structures, for example beams and pressure vessels.
Elasticity theory is used, in which a material is assumed to undergo small
deformationswhen loaded and, when unloaded, returns to its original shape. The theory
well
approximates the behaviour of most real solid materials at low loads, and the behaviour of
the “engineering materials”, for example steel and concrete, right up to fairly high loads
Plasticity theory, which is used to model the behaviour of materials which undergo

permanent deformations, which means pretty much anything loaded high enough.
Some other topics embraced by Strength of Materials are
Rods, beams, shells and membranes, the study of material components which can
be approximated by various model geometries, such as “very thin”
Vibrations of solids and structures, where particles vibrate about some equilibrium
position, giving rise to vibration and wave propagation
Composite materials, the study of components made up of more than one material,
for example fibre-glass reinforced plastics
Geomechanics, the study of materials such as rock, soil and ice
Fracture and damage mechanics, the mechanics of crack-growth and damage in
materials
Stability of structures, the study of whether structures have the ability to return to
some equilibrium position after being disturbed, or perhaps catastrophically fail
Variational

formulations

and

computational

mechanics,

the

study

of

the

numerical (approximate) solution of the mathematical equations which arise in the
various branches of strength of Materials.
Experimental mechanics, the design and analysis of experimental procedures for
determining the behaviour of materials and structures.

APPLICATIONS
 In Civil Engineering to design foundations and structures
 In Geo-Mechanics to model shape of planets, tectonics and predict earthquakes
 In Mechanical Engineering to design load bearing components for vehicles, power
generation and transmission
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.

 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Pressure-bearing components: pipes and vessels which contain internal pressure (ie
almost all pipes/vessels) must be designed so that the walls are strong enough to
withstand the hoop stress created by applying radial force on the walls.
 Tension-bearing components: suspended pipe used in drilling must support its own
hanging weight.
 Compression-bearing components: pilings and drill collars must withstand
compressive loads by not buckling and not shearing. Compressive shear failure is a
direct function of yield strength.
 Bending: pipe drilling in deviated holes, cantilever beams, wellheads under sideloading, etc.
 Just about the only use of metal in the oil industry that DOESN'T rely on the strength
of materials is as weight/ballast for holding things down.

MCQ POST-TEST
1. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is the internal reaction in bottom 80 cm length will be
(a) same in both cases
(b) zero in first case
(c) different in both cases
(d) data are not sufficient to determine same
2. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is
(a) same
(b) half
(c) two times
(d) four times

3. The strain energy stored in a body due to suddenly applied load compared to when it
is applied gradually is
(a) same
(b) twice
(c) four times
(d) eight times
4. If percentage reduction in area of a certain specimen made of material ‘A’ under
tensile test is 60% and the percentage reduction in area of a specimen with same
dimensions made of material ‘B’ is 40%, then
a)

the material A is more ductile than material B

b)

the material B is more ductile than material A

c)

the ductility of material A and B is equal

d)

the material A is brittle and material B is ductile

5. The shear force of a simply supported beam carrying a central point load changes
sign at its ------a)

Midpoint

b)

End point

c)

Anywhere

d)

None of the above

6. In a beam where shear force changes sign, the bending moment will be
a)

zero

b)

minimum

c)

maximum

d)

infinity

7. When the shear force diagram is a parabolic curve between two points, it indicates
that there is a
(a)

point load at the two points

(b)

no loading between the two points

(c)

uniformly distributed load between the two points

(d)

uniformly varying load between the two points

8. When the bending moment diagram is a parabolic curve between two points, it
indicates that there is a

(a)

point load at the two points

(b)

no loading between the two points

(c)

uniformly distributed load between the two points

(d)

uniformly varying load between the two points

9. A rectangular beam of length l supported at its two ends carries a central point load
W. The maximum deflection occurs
a) At the ends
b) At l/3 from both ends
c)

At the center

d) None of these
10. A hollow shaft of same cross-section area as compared to a solid shaft transmit
a) Same torque
b) Less torque
c)

More torque

d) Unpredictable
11. Two shafts 'A' and 'B' transmit the same power. The speed of shaft 'A' is 250 r.p.m.
and that of shaft 'B' is 300 r.p.m.
a) The shaft 'B' has the greater diameter
b) The shaft 'A' has the greater diameter
c)

Both are of same diameter

d) None of these
12. The buckling load for a given material depends on
(a) slenderness ratio and area of cross-section
(b) Poisson’s ratio and modulus of elasticity
(c) slenderness ratio and modulus of elasticity
(d) slenderness ratio, area of cross-section and modulus of elasticity
13. Slenderness of a column is zero when
a. Ends are firmly fixed
b. Column is supported on all sides throughout the length
c. Length is equal to radius of gyration
d. Length is twice the radius of gyration

14. A column is said to be a short column, when
a. Its length is very small
b. Its cross-sectional area is small
c. The ratio of its length to the least radius of gyration is less than 80
d. The ratio of its length to the least radius of gyration is more than 80

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize various types loads applied on machine components of simple and
composite bars.
 Recognize the stresses developed on various types of beams.
 Recognize the slope and deflection developed on various types of beams.
 Evaluate the strains and deformation that will result due to the elastic stresses
developed within the materials for simple types of loading.
 Understand the nature of internal stresses.
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VIDEO LINK
https://youtu.be/GkFgysZC4Vc

ASSIGNMENT

1.

Explain the applications of strength of materials in mechanical industries.

2.

Explain the applications of strength of materials in civil Engineering.
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ELASTIC CONSTANTS
AIM & OBJECTIVE
 To understand the nature of stresses developed in simple and composite bars.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Geo-Mechanics to model shape of planets, tectonics and predict earthquakes
 In Mechanical Engineering to design load bearing components for vehicles, power
generation and transmission
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.

MCQ POST-TEST
1. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is the internal reaction in bottom 80 cm length will be
(a) same in both cases
(b) zero in first case
(c) different in both cases
(d) data are not sufficient to determine same
2. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is
(a) same
(b) half
(c) two times
(d) four times
3. The strain energy stored in a body due to suddenly applied load compared to when it
is applied gradually is
(a) same
(b) twice
(c) four times
(d) eight times

4. In a prismatic member made of two materials so joined that they deform equally
under axial stress, the unit stresses in two materials are
(a) equal
(b) proportional to their respective moduli of elasticity
(c) inversely proportional to their moduli of elasticity
(d) average of the sum of moduli of elasticity
5. A steel bar of 5 mm is heated from 15° C to 40° C and it is free to expand. The bar
Will induce
A. no stress
B. shear stress
C. tensile stress
D. compressive stress
6. Which of the following statement is correct?
A. The energy stored in a body, when strained within elastic limit is known as strain
energy.
B. The maximum strain energy which can be stored in a body is termed as proof
resilience.
C. The proof resilience per unit volume of a material is known as modulus of
resilience.
D. all of the above
7. The ratio of change in volume to the original volume is called
A. linear strain
B. lateral strain
C. volumetric strain
D. Poisson’s ratio
8. If percentage reduction in area of a certain specimen made of material ‘A’ under
tensile test is 60% and the percentage reduction in area of a specimen with same
dimensions made of material ‘B’ is 40%, then
A. the material A is more ductile than material B
B. the material B is more ductile than material A
C. the ductility of material A and B is equal
D. the material A is brittle and material B is ductile

9. A steel rod of 2 cm diameter and 5 metres long is subjected to an axial pull of 3000
kg. If E = 2.1 × 106 , the elongation of the rod will be
(A) 2.275 mm
(B) 0.2275 mm
(C) 0.02275 mm
(D) 2.02275 mm
10. The strain energy stored in a solid circular shaft in torsion, subjected to shear stress
(τ), is:
(Where, G = Modulus of rigidity for the shaft material)
(A) τ²/ 2G × Volume of shaft
(B) τ/ 2G × Volume of shaft
(C) τ²/ 4G × Volume of shaft
(D) τ/ 4G × Volume of shaft

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize various types loads applied on machine components of simple and
composite bars.

REFERENCES
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 L.S. Srinath, Advanced Mechanics of Solids, Tata McGraw HIll, 2009, 3 rd Edition
 Beer & Johnson, Mechanics of materials, SI Metric Edition, McGraw Hill, ISE, 2017.
 S.P. Timoshenko J.N Goodier, Theory of Elasticity, McGraw Hill International Edition,
2017.
 J. B. K Das & P.L. Srinivasa Murthy, Mechanics of Materials, Sapna Book House, 2018.
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VIDEO LINK
https://youtu.be/sZi0W3pr8Jg

ASSIGNMENT
1.

What is poisson’s ratio

2.

Write the relation between the modular ratios.

3.

Write the formula for volumetric strain.

4.

The following data relate to a bar subjected to a tensile test:
Diameter of the bar = 30 mm
Tensile load = 54 kN
Length of the bar = 300 mm
Change in length = 0.112 mm
Change in diameter = 0.0036 mm
Calculate Poisson’s ratio and the valve of three modulii.

5.

Determine the change in length, breadth and thickness of a steel bar, 4 m long, 30
mm wide and 20 mm thick when it is subjected to an axial pull of 30 KN in the
direction of its length. Given that E = 20x105 N/mm2 and µ= 0.30

6.

A steel rod 5 m long and 30 mm diameter is subjected to an axial tensile load of 50
KN. Determine the change in length, diameter and volume of the rod. Given that E
= 2x105 N/mm2 and µ = 0.25.
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STRESSES IN COMPOSITE BARS
AIM & OBJECTIVE
 To understand the nature of stresses developed in simple and composite bars.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Civil Engineering to design foundations and structures
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.

MCQ POST-TEST
1. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is the internal reaction in bottom 80 cm length will be
(a) same in both cases
(b) zero in first case
(c) different in both cases
(d) data are not sufficient to determine same
2. The stress induced in a body due to suddenly applied load compared to when it is
applied gradually is
(a) same
(b) half
(c) two times
(d) four times
3. The strain energy stored in a body due to suddenly applied load compared to when it
is applied gradually is
(a) same
(b) twice
(c) four times
(d) eight times

4. In a prismatic member made of two materials so joined that they deform equally
under axial stress, the unit stresses in two materials are
(a) equal
(b) proportional to their respective moduli of elasticity
(c) inversely proportional to their moduli of elasticity
(d) average of the sum of moduli of elasticity
5. A steel bar of 5 mm is heated from 15° C to 40° C and it is free to expand. The bar
Will induce
A. no stress
B. shear stress
C. tensile stress
D. compressive stress
6. Which of the following statement is correct?
A. The energy stored in a body, when strained within elastic limit is known as strain
energy.
B. The maximum strain energy which can be stored in a body is termed as proof
resilience.
C. The proof resilience per unit volume of a material is known as modulus of
resilience.
D. all of the above
7. The ratio of change in volume to the original volume is called
A. linear strain
B. lateral strain
C. volumetric strain
D. Poisson’s ratio
8. If percentage reduction in area of a certain specimen made of material ‘A’ under
tensile test is 60% and the percentage reduction in area of a specimen with same
dimensions made of material ‘B’ is 40%, then
A. the material A is more ductile than material B
B. the material B is more ductile than material A
C. the ductility of material A and B is equal
D. the material A is brittle and material B is ductile

9. A steel rod of 2 cm diameter and 5 metres long is subjected to an axial pull of 3000
kg. If E = 2.1 × 106 , the elongation of the rod will be
(A) 2.275 mm
(B) 0.2275 mm
(C) 0.02275 mm
(D) 2.02275 mm
10. The strain energy stored in a solid circular shaft in torsion, subjected to shear stress
(τ), is:
(Where, G = Modulus of rigidity for the shaft material)
(A) τ²/ 2G × Volume of shaft
(B) τ/ 2G × Volume of shaft
(C) τ²/ 4G × Volume of shaft
(D) τ/ 4G × Volume of shaft

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize various types loads applied on machine components of simple and
composite bars.

REFERENCES
 S. Ramamrutham and R. Narayan, Strength of Materials, DhanpatRai and Sons, New
Delhi.2007, 15thEditon.
 L.S. Srinath, Advanced Mechanics of Solids, Tata McGraw HIll, 2009, 3 rd Edition
 Beer & Johnson, Mechanics of materials, SI Metric Edition, McGraw Hill, ISE, 2017.
 S.P. Timoshenko J.N Goodier, Theory of Elasticity, McGraw Hill International Edition,
2017.
 J. B. K Das & P.L. Srinivasa Murthy, Mechanics of Materials, Sapna Book House, 2018.
 S. M. A. Kazimi, Solid Mechanics, Tata McGraw Hill Publishing Company Ltd., 2004.
 R S Khurmi, Strength of Materials, S. CHAND & COMPANY LTD., 2008.

VIDEO LINK
https://youtu.be/aQf6Q8t1FQE
https://youtu.be/6muueP7xzEM

ASSIGNMENT
1.

Define Hooke’s law.

2.

What is the young’s modulus valve for Steel and Aluminium?

3.

A load of 300 kN is applied on short concrete column 250 mm x 250 mm. The
column is reinforced by steel bars of total area 5600 mm2. If the modulus of
elasticity for steel is 15 times that of concrete, find the stresses in concrete and
steel.

4.

A concrete column of cross sectional area 400 mm x 400 mm is reinforced by four
50 mm diameter round bars places at each corner. If the column carries a
compressive load of 300 kN. Determine the stresses in concrete and steel. Take the
modulus of elasticity for steel is 12 times that of concrete.

5.

A steel rod of 25 mm diameter is placed inside a copper tube of 30 mm internal
diameter and 40 mm external diameter and the ends are rigidly connected. The
assembly is subjected to a compressive load of 250 kN. Determine the stresses
induced in the steel rod and copper tube. Take the modulus of elasticity of steel and
copper as 2x105 N/mm2and 0.8x105 N/mm2 respectively.

6.

A copper bar 900 mm long and circular in section. It consists of 200 mm long bar
of 40 mm diameter, 500 mm long bar of 15 mm diameter and 200 mm long bar of
30 mm diameter. If the bar is subjected to a tensile load of 60 kN, Find the total
extension of the bar. Take E=100 GPa.

7.

Find the stresses in each section and total elongation of the bar as shown in Figure.
Take E=2x105 N/mm2.

8.

A bar of uniform cross sectional area 1000 mm2 is subjected to forces as shown
below. Calculate the change in the length of the bar. Young's modulus of material
is 2x105 N/mm2.
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BENDING STRESSES
AIM & OBJECTIVE
 To understand the nature of stresses developed in beams.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Mechanical Engineering to design load bearing components for vehicles, power
generation and transmission
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Bending: pipe drilling in deviated holes, cantilever beams, wellheads under sideloading, etc.
 Just about the only use of metal in the oil industry that DOESN'T rely on the strength
of materials is as weight/ballast for holding things down.

MCQ POST-TEST
1.

A beam is loaded as cantilever. If the load at the end is increased, the failure will occur
(a) in the middle
(b) at the tip below the load
(c) at the support
(d) anywhere

2.

3.

The neutral axis of the cross-section a beam is that axis at which the bending stress is
(A)

zero

(B)

minimum

(C)

maximum

(D)

infinity

When a rectangular beam is loaded transversely, the maximum compressive stress is
developed on the
(A)

top layer

(B)

bottom layer

(C)

neutral axis

(D)

every cross-section

4.

In a simple bending of beams, the stress in the beam varies
(A) linearly
(B)

parabolically

(C)

hyperbolically

(D) elliptically
5.

The rectangular beam ‘A’ has length l, width b and depth d. Another beam ‘B’ has the
same length and depth but width is double that of ‘A’. The elastic strength of beam ‘B’
will be __________ as compared to beam A.

6.

A.

same

B.

double

C.

four times

D.

six times

A body is subjected to a tensile stress of 1200 MPa on one plane and another tensile
stress of 600 MPa on a plane at right angles to the former. It is also subjected to a shear
stress of 400 MPa on the same planes. The maximum normal stress will be

7.

8.

9.

A.

400 MPa

B.

500 MPa

C.

900 MPa

D.

1400 MPa

The bending stress in a beam is __________ section modulus.
A.

directly proportional to

B.

inversely proportional to

C.

equal to

D.

None of the above

The section modulus of a rectangular section is proportional to
(A)

Area of the section

(B)

Square of the area of the section

(C)

Product of the area and depth

(D)

Product of the area and width

A beam of uniform strength has
A.

same cross-section throughout the beam

B.

same bending stress at every section

C.

same bending moment at every section

D.

same shear stress at every section

10.

In a simple bending theory, one of the assumption is that the material of the beam is
isotropic. This assumption means that the

11.

A.

normal stress remains constant in all directions

B.

normal stress varies linearly in the material

C.

elastic constants are same in all the directions

D.

elastic constants varies linearly in the material

The bending moment of a cantilever beam of length l and carrying a gradually varying
load from zero at free end and w per unit length at the fixed end is __________ at the
fixed end.

12.

A.

wl/2

B.

wl

C.

wl2/2

D.

wl2/6

When a rectangular beam is loaded transversely, the zero stress is developed on the
neutral axis.

13.

A.

Neutral axis

B.

Centre axis

C.

Top fibre

D.

bottom fibre

When a cantilever beam is loaded at its free end, the maximum compressive stress shall
develop at

14.

A.

bottom fibre

B.

top fibre

C.

neutral axis

D.

centre of gravity

The maximum compressive stress at the top of a beam is 1600 kg/cm2 and the
corresponding tensile stress at its bottom is 400 kg/cm2 . If the depth of the beam is 10
cm, the neutral axis from the top, is
(A)

2 cm

(B)

4 cm

(C)

6 cm

(D)

8 cm

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the stresses developed on various types of beams.
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 L.S. Srinath, Advanced Mechanics of Solids, Tata McGraw HIll, 2009, 3 rd Edition
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 S.P. Timoshenko J.N Goodier, Theory of Elasticity, McGraw Hill International Edition,
2017.
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 R S Khurmi, Strength of Materials, S. CHAND & COMPANY LTD., 2008.

VIDEO LINK
https://youtu.be/-KYPDEdkr9w

ASSIGNMENT
1.

Write the assumptions made in theory of pure bending

2.

Write the equation of bending theorem

3.

What is bending stress?

4.

A simple beam of span 4 m has a rectangular section of 150 x 300 mm. If the
maximum bending stress is to be 36 N/mm2. What intensity of UDL can the beam
support over full span?

5.

A beam I – section is simply supported over a span of 8 m and carries a UDL of 2
kN/m over the entire span. The I-section has a flange of 100 mm x 20 mm and a
web of 100 mm x 20 mm. Calculate the bending stress across the section.

6.

Calculate the maximum stress induced in a cast iron pipe of external diameter 40
mm, internal diameter 20 mm and of length 4 m when the pipe is supported at its
ends and carries a point load of 80 N at its centre.

7.

A rectangular beam 300 mm depth is simply supported over a span of 4 m.
Determine the UDL per meter which the beam may carry, if the bending stress
should not exceed 120 N/mm2. Take I= 8x106 mm4.

8.

A square beam 20 mm x 20 mm in section and 2 m long is supported at the ends.
The beam fails when a point load of 400 N is applied at the center of the beam.
What UDL per meter length will break a cantilever of the same material 40 mm
width, 60 mm depth and 3 m long.
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SFD & BMD
AIM & OBJECTIVE
 To understand the nature of stresses developed in beams.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Civil Engineering to design foundations and structures
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Bending: pipe drilling in deviated holes, cantilever beams, wellheads under sideloading, etc.
 Just about the only use of metal in the oil industry that DOESN'T rely on the strength
of materials is as weight/ballast for holding things down.

MCQ POST-TEST
1.

2.

3.

The point of contraflexure is a point where
A.

shear force changes sign

B.

bending moment changes sign

C.

shear force is maximum

D.

bending moment is maximum

When shear force at a point is zero, then bending moment is __________ at that point.
A.

zero

B.

minimum

C.

maximum

D.

infinity

The moment diagram for a cantilever carrying a concentrated load at its free end, will
be
(A)

Triangle

(B)

Rectangle

(C)

Parabola

(D)

Cubic parabola

4.

5.

6.

Shear force for a cantilever carrying a uniformly distributed load over its length, is
(A)

Triangle

(B)

Rectangle

(C)

Parabola

(D)

Cubic parabola

The point of contraflexure occurs in
A.

cantilever beams

B.

simply supported beams

C.

overhanging beams

D.

fixed beams

The shear force of a simply supported beam carrying a central point load changes sign
at its -------

7.

A.

Midpoint

B.

End point

C.

Anywhere

D.

None of the above

The bending moment of a cantilever beam of length l and carrying a gradually varying
load from zero at free end and w per unit length at the fixed end is __________ at the
fixed end.

8.

9.

A.

wl/2

B.

wl

C.

wl2/2

D.

wl2/6

In a beam where shear force changes sign, the bending moment will be
A.

zero

B.

minimum

C.

maximum

D.

infinity

The shear force diagram for a simply supported beam carrying a uniformly distributed
load of w per unit length, consists of
A.

one right angled triangle

B.

two right angled triangles

C.

one equilateral triangle

D.
10.

two equilateral triangles

When the shear force diagram is a parabolic curve between two points, it indicates that
there is a

11.

A.

point load at the two points

B.

no loading between the two points

C.

uniformly distributed load between the two points

D.

uniformly varying load between the two points

A simply supported beam of span L carries a concentrated load W at its mid-span. The
maximum bending moment M is
(A)

WL/2

(B)

WL/4

(C)

WL/8

(D)

WL/12

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the stresses developed on various types of beams.
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VIDEO LINK
https://youtu.be/C-FEVzI8oe8

https://youtu.be/arr_xwk-JsM

ASSIGNMENT
1.

Define point of Contraflexure

2.

Where the maximum bending moment does occurs?

3.

A cantilever of length 3 m carries a point load of 20 KN, 25 KN and 30 KN at 1m,
2m and 3m respectively from the fixed end. Draw the shear force and bending
moment diagrams.

4.

A cantilever of length 2 m carries a uniformly distributed load of 1 kN/m run over
a length of 1.5 m from the free end. Draw the shear force and bending moment
diagrams.

5.

A cantilever of 2m length carries a point load of 20 KN at 0.8 m from the fixed end
and another point of 5 KN at the free end. Draw the SFD and BMD.

6.

A Simply supported beam of effective span 6 m carries three point loads of 30 KN,
25 KN and 40 KN at 1m, 3m and 4.5m respectively from the left support. Draw the
SFD and BMD.

7.

A beam of length 10 m is simply supported at its ends carries two concentrated
loads of 5 kN each at a distance of 3 m and 7 m from the left support and also a
uniformly distributed load of 1 kN/m between the point loads. Draw shear force
and bending moment diagrams.
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SLOPE & DEFLECTION – DOUBLE INTEGRATION METHOD
AIM & OBJECTIVE
 To understand the slope and deflection developed in beams.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain

5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity
6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Civil Engineering to design foundations and structures
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Bending: pipe drilling in deviated holes, cantilever beams, wellheads under sideloading, etc.
 Just about the only use of metal in the oil industry that DOESN'T rely on the strength
of materials is as weight/ballast for holding things down.

MCQ POST-TEST
1. A beam which is fixed at one end and free at the other is called
(A) Simply supported beam
(B) Fixed beam
(C) Overhanging beam
(D) Cantilever beam
2. The neutral axis of a transverse section of a beam passes through the centre of
gravityof the section and is
(A) In the vertical plane
(B) In the horizontal plane
(C) In the same plane in which the beam bends
(D) At right angle to the plane in which the beam bends
3. The ultimate tensile stress for mild steel is __________ the ultimate compressive
stress.
(A) Equal to
(B) Less than
(C) More than
(D) None of these

4. If the section modulus of a beam is increased, the bending stress in the beam will
(A) Not change
(B) Increase
(C) Decrease
(D) None of these
5. A continuous beam is one which is
(A) Fixed at both ends
(B) Fixed at one end and free at the other end
(C) Supported on more than two supports
(D) Extending beyond the supports
6. The neutral axis of a beam cross-section must
(A)

Pass through the centroid of the section

(B)

Be equidistant from the top of bottom films

(C)

Be an axis of symmetry of the section

(D)

None of these

7. The value of modulus of elasticity for mild steel is of the order of
(a) 2.1xl05 kg/cm2
(b) 2.1 X 106 kg/cm2
(c) 2.1 x 107 kg/cm2
(d) 0.1 xlO6 kg/cm2
8. A fixed beam is one which is fixed at _________.
(A) One of its ends
(B) Both of its ends
(C) The middle
(D) None of these
9. Shear modulus is the ratio of
(A) Linear stress to linear strain
(B) Linear stress to lateral strain
(C) Volumetric strain to linear strain
(D) Shear stress to shear strain

10. The simply supported beam ‘A’ of length l carries a central point load W. Another
beam ‘B’ is loaded with a uniformly distributed load such that the total load on the
beam is W. The ratio of maximum deflections between beams A and B is
A. 5/8
B. 8/5
C. 5/4
D. 4/5
11. The bending moment in the centre of a simply supported beam carrying a uniformly
distributed load of w per unit length is
A. Zero
B. wl2/2
C. wl2/4
D. wl2/8
12. The bending moment of a cantilever beam of length ‘l’ and carrying a uniformly
distributed load of ‘w’ per unit length is __________ at the fixed end.
(A) wl/4
(B) wl/2
(C) wl
(D) wl²/2

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the slope and deflection developed on various types of beams.
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VIDEO LINK
https://youtu.be/HSMsxihUd4M

ASSIGNMENT
1.

What are the boundary conditions for a cantilever beam?

2.

What is the maximum slope and deflection formula when a point load acts at the
end of the cantilever beam?

3.

Obtain a relation for the slope and deflection at the free end of a cantilever beam
AB of span ‘l’ and flexural rigidity EI when it is carrying a point load ‘W’ at free
end.

4.

Obtain a relation for the slope and deflection at the free end of a cantilever beam
AB of span ‘l’ and flexural rigidity EI when it is carrying a uniformly distributed
load ‘w’ over the entire length.

5.

A beam of length ‘/’ is simply supported at the ends and carries a concentrated load
W at a distance ‘a’ from any one end. Find the slope at each end. Also find the
deflection at the center.

6.

A beam of length ‘/’ is simply supported at the ends and carries a concentrated load
W at the center. Find the slope at each end. Also find the deflection at the center.

7.

A beam of length ‘/’ is simply supported at the ends and carries a UDL over the
length. Find the slope at each end. Also find the deflection at the center.
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SLOPE & DEFLECTION – MOMENT AREA METHOD
AIM & OBJECTIVE
 To understand the slope and deflection developed in beams.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain

5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity
6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Civil Engineering to design foundations and structures
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Bending: pipe drilling in deviated holes, cantilever beams, wellheads under sideloading, etc.
 Just about the only use of metal in the oil industry that DOESN'T rely on the strength
of materials is as weight/ballast for holding things down.

MCQ POST-TEST
1. The bending moment of a cantilever beam of length ‘l’ and carrying a uniformly
distributed load of ‘w’ per unit length is __________ at the fixed end.
(A) wl/4
(B) wl/2
(C) wl
(D) wl²/2
2. The maximum deflection of a cantilever beam of length l with a uniformly distributed
load of w per unit length is (where W = wl)
A. Wl3/8EI
B. Wl3/24EI
C. Wl3/6EI
D. Wl3/48EI

3. The ratio of the maximum deflection of a cantilever beam with an isolated load at its
free end and with a uniformly distributed load over its entire length, is
(A) 1
(B) 24/15
(C) 3/8
(D) 8/3
4. In a uniform bar, supported at one end in position, the maximum stress under self
weight of bar shall occur at the
(A) Middle of bar
(B) Supported end
(C) Bottom end
(D) None of these
5. A simply supported beam with a gradually varying load from zero at ‘B’ and ‘w’ per
unit length at ‘A’. The shear force at ‘B’ is equal to
(A) wl/6
(B) wl/3
(C) wl
(D) 2wl/3
6. A fletched beam is used to
(A) Change the shape of the beam
(B) Effect the saving in material
(C) Equalize the strength in tension and compression
(D) Increase the cross-section of the beam
7. The shear force at the ends of a simply supported beam carrying a uniformly
distributed load of w per unit length is
(A) Zero at its both ends
(B) wl at one end and -wl at the other end
(C) wl/2 at one end and -wl/ 2 at the other end
(D) wl²/2 at one end and -wl²/ 2 at the other end
8. A beam of uniform strength may be obtained by
(A) Keeping the width uniform and varying the depth
(B) Keeping the depth uniform and varying the width
(C) Varying the width and depth both
(D) Any one of the above

9. The section modulus of a rectangular section about an axis through its C.G., is
(A) b/2
(B) d/2
(C) bd²/2
(D) bd²/6
10. The change in length due to a tensile or compressive force acting on a body is given
by (where P = Tensile or compressive force acting on the body, l = Original length of
the body, A = Cross-sectional area of the body, and E = Young's modulus for the
material of the body)
(A) PlA/E
(B) Pl/AE
(C) E/PlA
(D) AE/Pl
11. If the modulus of elasticity for a given material is twice its modulus of rigidity, then
bulk modulus is equal to
(A) 2C
(B) 3C
(C) 2C/3
(D) 3C/2
12. A rectangular beam of length l supported at its two ends carries a central point load
W. The maximum deflection occurs
(A) At the ends
(B) At l/3 from both ends
(C) At the center
(D) None of these
13. For a simply supported beam, when the load W is applied in the centre of the beam,
the maximum deflection is
A.

Wl3/48EI

B.

Wl3/24EI

C.

Wl3/6EI

D.

Wl4/48EI

CONCLUSION
Upon completion of this course, Students should be able to
 Recognize the slope and deflection developed on various types of beams.
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VIDEO LINK
https://youtu.be/kVJRHaoZfvI
https://youtu.be/whBaUyNmXeA

ASSIGNMENT
1.

State the two theorems in moment area method

2.

What is the maximum slope and deflection formula when a UDL acts entire length
of the simply supported beam?

3.

A cantilever 120 mm wide and 200 mm deep is 2.5 m long. What is the uniformly
distributed load which the beam can carry in order to produce a deflection of 5 mm
at the free end. Take E = 200GN/m2.

4.

A beam of length of 6 m is simply supported at its ends. It carries a uniformly
distributed load of 10 KN/m runs over a length. Determine the maximum slope and
deflection of the beam. Take EI=4.5 X 108 N/mm2.

5.

A beam of uniform section 10m long and is simply supported at the ends. It carries
concentrated loads of 100 kN and 60 kN at distance 2 m and 5 m respectively from
the left end. Calculate the deflection under each load. Find also the maximum
deflection. Take I=18x108mm4 and E=200kN/mm2.

6.

A cantilever beam of 5 m span carries a point load of 10 kN at free end. Find the
slope and deflection at the free end. EI = 360000 kNm2.

7.

A 2m long cantilever made of steel tube of section 150 mm external diameter and
10 mm thick is loaded at free end. If E=200 GN/m2. Calculate (i) The value of W
so that the maximum bending stress is 150 MN/m2 (2) The maximum deflection for
the loading.
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SPRINGS
AIM & OBJECTIVE
 To calculate the elastic deformation occurring in various simple geometries for
different types of loading.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain

5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity
6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Pressure-bearing components: pipes and vessels which contain internal pressure (ie
almost all pipes/vessels) must be designed so that the walls are strong enough to
withstand the hoop stress created by applying radial force on the walls.
 Tension-bearing components: suspended pipe used in drilling must support its own
hanging weight.

MCQ POST-TEST
1. A composite shaft consisting of two stepped portions having spring constants k1 and
k2 is held between two rigid supports at the ends. Its equivalent spring constant is
A. (K1+K2)/K1K2
B. (K1+K2)/2
C. K1K2
D. K1K2/2
2. In the torsion equation

the term J/R is called

A. shear modulus
B. section modulus
C. polar modulus
D. none of these
3. When a closely-coiled helical spring is subjected to an axial load, it is said to be under
A. bending
B. shear
C. torsion
D. crushing

4. A body is subjected to two normal stresses 20 kN/m2 (tensile) and 10 kN/m2
(compressive) acting perpendicular to each other. The maximum shear stress is
A. 5 kN/m2
B. 10 kN/m2
C. 15 kN/m2
D. 20 kN/m2
5. Two closely coiled helical springs ‘A’ and ‘B’ are equal in all respects but the number
of turns of spring ‘A’ is half that of spring ‘B’ The ratio of deflections in spring ‘A’ to
spring ‘B’ is
A. 1/8
B. 1/4
C. 1/2
D. 2
6. Two shafts ‘A’ and ‘B’ are made of same material. The shaft ‘A’ is solid and has
diameter D. The shaft ‘B’ is hollow with outer diameter D and inner diameter D/2.
The strength of hollow shaft in torsion is __________ as that of solid shaft.
A. 1/16
B. 1/8
C. 1/4
D. 15/16
7. When two shafts of same length, one of which is hollow, transmit equal torques and
have equal maximum stress, then they should have equal
A. polar moment of inertia
B. polar modulus
C. diameter
D. angle of twist
8. The following assumption is not true in the theory of pure torsion:
(A) The twist along the shaft is uniform
(B) The shaft is of uniform circular section throughout
(C) Cross-section of the shaft, which is plane before twist remains plane after twist
(D) All radii get twisted due to torsion

9. The torque transmitted by a solid shaft of diameter (D) is (where τ = Maximum
allowable shear stress)
(A) π /4 × τ × D³
(B) π /16 × τ × D³
(C) π /32 × τ × D³
(D) π /64 × τ × D³
10. The torque transmitted by a hollow shaft of outer diameter (d₁) and inner diameter
(d2) is (where, τ = Maximum allowable shear stress)
(A) π /4 × τ × (d₁⁴ - d⁴₂)/ d₁
(B) π /16 × τ × (d₁⁴ - d⁴₂)/ d₁
(C) π /32 × τ × (d₁⁴ - d⁴₂)/ d₁
(D) π /64 × τ × (d₁⁴ - d⁴₂)/ d₁
11. When a closely-coiled helical spring of mean diameter (D) is subjected to an axial
load (W), the deflection of the spring (δ) is given by (where d = Diameter of spring
wire, n = No. of turns of the spring, and C = Modulus of rigidity for the spring
material)
(A) WD3n/Cd⁴
(B) 2WD3n/Cd⁴
(C) 4WD3n/Cd⁴
(D) 8WD3n/Cd⁴
12. When a closely-coiled helical spring of mean diameter (D) is subjected to an axial
load (W), the stiffness of the spring is given by
(A) Cd⁴/D3n
(B) Cd⁴/2D3n
(C) Cd⁴/4D3n
(D) Cd⁴/8D3n
13. In leaf springs, the maximum bending stress developed in the plates is (where W =
Load acting on the spring, l = Span of the spring, n = Number of plates, b = Width of
plates, and t = Thickness of plates)
(A)

Wl/nbt²

(B)

3Wl/2nbt²

(C)

2Wl/nbt²

(D)

3Wl/nbt²

CONCLUSION
Upon completion of this course, Students should be able to
 Evaluate the strains and deformation that will result due to the elastic stresses
developed within the materials for simple types of loading.

REFERENCES
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2017.
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 R S Khurmi, Strength of Materials, S. CHAND & COMPANY LTD., 2008.

VIDEO LINK
https://youtu.be/2PbLT9o_BJ4
ASSIGNMENT
1.

Explain stiffness of a spring

2.

Differentiate open and closed coil helical spring.

3.

Write some applications of leaf spring.

4.

It is required to design a closed coiled helical spring which shall deflect 1mm
under an axial load of 100 N at a shear stress of 90 Mpa. The spring is to be made
of round wire having shear modulus of 0.8 x 105Mpa. The mean diameter of the
coil is 10 times that of the coil wire. Find the diameter and length of the wire.

5.

In a close coiled helical spring, the diameter of each coil is to be 10 times that of
diameter of wire of the spring and the maximum shear stress is not to exceed 60
N/mm2. Maximum permissible deflection under a load of 400 N is 100 mm. Take
rigidity modulus as 90x103 N/mm2. Determine the number of coils, the diameter of
the coil and the energy stored in the coil

6.

A helical spring of circular cross-section wire 18 mm in diameter is loaded by a
force of 500 N. The mean coil diameter of the spring is 125 mm. The modulus of
rigidity is 80 kN/mm2. Determine the maximum shear stress in the material of the
spring. What number of coils must the spring have for its deflection to be 6 mm.

7.

A close coiled helical spring is to have a stiffness of 1.5 N/mm of compression
under a maximum load of 60 N. The maximum shearing stress produced in the
wire of the spring 125 N/mm2. The solid length of the spring is 50 mm. Find the
diameter of coil, diameter of wire and number of coils C = 4.5× 104 N/mm2

8.

A leaf spring 750 mm long is required to carry a central point load of 8000 N. If
the central deflection is not to exceed 20 mm and the bending stress not to exceed
200 N/mm2. Determine the thickness, width and number of plates. Also compute
the radius to which the plates should be curved. Assume width the plates is equal to
12 times the thickness and E=2x105N/mm2.

Sri Chandrasekharendra Saraswathi Viswa Mahavidyalaya
DEPARTMENT OF MECHANICAL ENGINEERING

COURSE MATERIAL

Name of the Course

:

Strength of Materials (SM)

Name of the Unit

:

Unit IV

Name of the Topic

:

Torsion of Shafts

Prepared by
Dr.A. Nandakumar
Assistant Professor
Department of Mechanical Engineering
SCSVMV

TORSION OF SHAFTS
AIM & OBJECTIVE
 To calculate the elastic deformation occurring in various simple geometries for
different types of loading.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain

5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity
6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Pressure-bearing components: pipes and vessels which contain internal pressure (ie
almost all pipes/vessels) must be designed so that the walls are strong enough to
withstand the hoop stress created by applying radial force on the walls.
 Tension-bearing components: suspended pipe used in drilling must support its own
hanging weight.

MCQ POST-TEST
1. The safe twisting moment for a compound shaft is equal to the
(a) maximum calculated value
(b) minimum calculated value
(c) mean value
(d) extreme value
2. The torsional rigidity of a shaft is expressed by the
(a) maximum torque it can transmit
(b) number of cycles it undergoes before failure
(c) elastic limit up to which it resists torsion, shear and bending stresses
(d) torque required to produce a twist of one radian per unit length of shaft
3. The value of shear stress which is induced in the shaft due to the applied couple
varies
(a) from maximum at the center to zero at the circumference
(b) from zero at the center to maximum at the circumference
(c) from maximum at the center to mini-mum at the cricumference
(d) from minimum at the centro to maxi-mum at the circumference

4. In the torsion equation
(a)

shear modulus

(b)

section modulus

(c)

polar modulus

(d)

none of these

the term J/R is called

5. A body is subjected to two normal stresses 20 kN/m2 (tensile) and 10 kN/m2
(compressive) acting perpendicular to each other. The maximum shear stress is
(a)

5 kN/m2

(b)

10 kN/m2

(c)

15 kN/m2

(d)

20 kN/m2

6. Two shafts ‘A’ and ‘B’ are made of same material. The shaft ‘A’ is solid and has
diameter D. The shaft ‘B’ is hollow with outer diameter D and inner diameter D/2.
The strength of hollow shaft in torsion is __________ as that of solid shaft.
(a)

1/16

(b)

1/8

(c)

1/4

(d)

15/16

7. When two shafts of same length, one of which is hollow, transmit equal torques and
have equal maximum stress, then they should have equal
(a) polar moment of inertia
(b) polar modulus
(c) diameter
(d) angle of twist
8. The following assumption is not true in the theory of pure torsion:
(a)

The twist along the shaft is uniform

(b)

The shaft is of uniform circular section throughout

(c)

Cross-section of the shaft, which is plane before twist remains plane after
twist

(d)

All radii get twisted due to torsion

9. The shear stress at any section of a shaft is maximum
(a)

At the centre of the section

(b)

At a distance r/2 from the centre

(c)

At the top of the surface

(d)

At a distance 3/4 r from the centre

10. The torque transmitted by a solid shaft of diameter (D) is (where τ = Maximum
allowable shear stress)
(a)

π /4 × τ × D³

(b)

π /16 × τ × D³

(c)

π /32 × τ × D³

(d)

π /64 × τ × D³

11. The torque transmitted by a hollow shaft of outer diameter (d₁) and inner diameter
(d2) is (where, τ = Maximum allowable shear stress)
(a)

π /4 × τ × (d₁⁴ - d⁴₂)/ d₁

(b)

π /16 × τ × (d₁⁴ - d⁴₂)/ d₁

(c)

π /32 × τ × (d₁⁴ - d⁴₂)/ d₁

(d)

π /64 × τ × (d₁⁴ - d⁴₂)/ d₁

12. If Th is the torque resisting capacity of a hollow shaft and Ts is that of a solid shaft, of
the same material, length and weight. Then,
(a)

Th > Ts

(b)

Th < Ts

(c)

Th = Ts

(d)

None of these

CONCLUSION
Upon completion of this course, Students should be able to
 Evaluate the strains and deformation that will result due to the elastic stresses
developed within the materials for simple types of loading.
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VIDEO LINK
https://youtu.be/ICDZ5uLGrI4
ASSIGNMENT
1.

Define ‘polar moment of inertia’.

2.

Write the equation of torsional theorem

3.

A solid circular shaft is to transmit 200kW at 100rpm. If the shear stress is not to
exceed 80N/mm2, find the diameter of the shaft. What percentage saving in weight
would be obtained if a hollow one, whose internal diameter equals 0.6 of the
external diameter, the length, the material and the maximum shear stress being the
same, replaces this shaft?

4.

A solid soft is to transmit 300kw power at 250rpm the angle of twist in length of 2
m is not to exceed 10 and the maximum shear stress allowed is 30MPa. Determine
the shaft diameter, if C = 100GPa.

5.

Select a suitable diameter of a solid shaft to transmit 112.50 kW at 200 rpm. If the
allowable shear stress is 75N/mm2 and the allowable twist is 1º in a length of 3m.
Given that N = 82GPa.

6.

A shaft running at 140 rpm is required to transmit 37.5 kw.If the maximum torque
is likely to exceed the mean torque by 25%.Find the diameter of the shaft,if the
Maximum shear stress is 60 N/mm2.Find also the angle of twist for a length of
2.25m. Take c=8x104N/mm2.

7.

A hollow shaft, having an internal diameter 50% of its external diameter, transmits
600 kW at 150 rpm. Determine the external diameter of the shaft if the shear stress
is not to exceed 65 N/mm2 and the twist in a length of 3 m should not exceed 1.4
degrees. Assume maximum torque = 1.2 times the mean torque and modulus of
rigidity = 1 × 105 N/mm2.
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THICK CYLINDERS
AIM & OBJECTIVE
 To understand the nature of stresses developed in cylinders and spheres for various
types of simple loads.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Mechanical Engineering to design load bearing components for vehicles, power
generation and transmission
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Pressure-bearing components: pipes and vessels which contain internal pressure (ie
almost all pipes/vessels) must be designed so that the walls are strong enough to
withstand the hoop stress created by applying radial force on the walls.
 Tension-bearing components: suspended pipe used in drilling must support its own
hanging weight.
 Compression-bearing components: pilings and drill collars must withstand
compressive loads by not buckling and not shearing. Compressive shear failure is a
direct function of yield strength.

MCQ POST-TEST
1. A cylindrical section having no joint is known as
(a) jointless section
(b) homogeneous section
(c) perfect section
(d) seamless section
2. A boiler shell 200 cm diameter and plate thickness 1.5 cm is subjected to internal
pressure of 1.5 MN/m , then the hoop stress will be
(a) 30 MN/m2
(b) 50 MN/m2
(c) 100 MN/m2
(d) 200 MN/m2

3. When a thin cylindrical shell is subjected to an internal pressure, there will be
a decrease in diameter and length of the shell
an increase in diameter and decrease in length of the shell
a decrease in diameter and increase in length of the shell
an increase in diameter and length of the shell
4. The stress developed in a material at breaking point in extension is called
(A) Breaking stress
(B) Fracture stress
(C) Yield point stress
(D) Ultimate tensile stress
5. When a thin cylindrical shell is subjected to an internal pressure, the volumetric strain
is (where ε₁ = Hoop strain, and ε₂ = Longitudinal strain)
(A) 2ε₁ - ε₂
(B) 2ε₁ + ε₂
(C) 2ε₂ - ε₁
(D) 2ε₂ + ε₁
6. Formula based on IS codes is based on
(A) Straight line formula
(B) Euler’s formula
(C) Rankine’s formula
(D) Secant formula
7. A thin mild steel wire is loaded by adding loads in equal increments till it breaks. The
extensions noted with increasing loads will behave as under
(A) Uniform throughout
(B) Increase uniformly
(C) First increase and then decrease
(D) Increase uniformly first and then increase rapidly
8. A pressure vessel is said to be a thick shell, when
(A) It is made of thick sheets
(B) The internal pressure is very high
(C) The ratio of wall thickness of the vessel to its diameter is less than 1/10.
(D) The ratio of wall thickness of the vessel to its diameter is greater than 1/10.

9. The force acting along the circumference will cause stress in the walls in a direction
normal to the longitudinal axis of cylinder; This stress is called
(A) Longitudinal stress
(B) Hoop stress
(C) Yield stress
(D) Ultimate stress

CONCLUSION
Upon completion of this course, Students should be able to
 Understand the nature of internal stresses.
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VIDEO LINK
https://youtu.be/Z9KGMaN4gfY

ASSIGNMENT
1.

What is thick cylinder

2.

Define Lame’s equations

3.

A thick cylinder of 100mm internal diameter and 150mm external diameter is
subjected to an external pressure of 1.5N/m2. If the maximum hoop stress is
restricted to 10N/mm2, what is the maximum internal pressure permitted.

4.

A pipe of 200 mm internal diameter and 50 mm thickness carries a fluid at a
pressure of 10 N/mm2. Calculate the maximum and minimum intensities of
circumferential stresses across the section. Also sketch the radial and
circumferential stress distribution across the section.

5.

Calculate the thickness of the metal necessary for a cylindrical shell of internal
diameter 160 mm to withstand an internal pressure of 25 MN/m2, if maximum
permissible tensile stress is 125 N/mm2.

6.

A thick-walled closed end cylinder is made of an Al alloy has inside diameter of
200 mm and outside diameter of 800 mm. the cylinder is subjected to internal fluid
pressure of 150 Mpa. Determine the Max and Min hoop stresses.
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THIN CYLINDERS
AIM & OBJECTIVE
 To understand the nature of stresses developed in cylinders and spheres for various
types of simple loads.

PRE-TEST
1. Strain is defined as the ratio of
(a) change in volume to original volume
(b) change in length to original length
(c) change in cross-sectional area to original cross-sectional area
(d) any one of the above
2. Hooke’s law holds good up to
(a) yield point
(b) limit of proportionality
(c) breaking point
(d) elastic limit
3. The materials having same elastic properties in all directions are called
(a) ideal materials
(b) uniform materials
(c) isotropic materials
(e) elastic materials.
4. Modulus of rigidity is defined as the ratio of
(a) longitudinal stress and longitudinal strain
(b) volumetric stress and volumetric strain
(c) lateral stress and lateral strain
(d) shear stress and shear strain
5. The intensity of stress which causes unit strain is called
(a) unit stress
(b) bulk modulus
(c) modulus of rigidity
(d) modulus of elasticity

6. Which of the following has no unit
(a) kinematic viscosity
(b) surface tension
(c) bulk modulus
(d) strain
7. Resilience of a material is considered when it is subjected to
(a) frequent heat treatment
(b) fatigue
(c) creep
(d) shock loading

PREREQUISITES
 Engineering Mechanics
 Basic Mechanical Engineering
 Material Science

APPLICATIONS
 In Mechanical Engineering to design load bearing components for vehicles, power
generation and transmission
 Strength of materials is lot more important in an industry. In case of civil the
positioning and construction of beams and trusses involves strength of materials. For
eg suspension bridges involves air bending and friction so strength of materials is
important in the distance between support pillars.
 Strength of materials is also responsible for stress distribution. One can even
simulate a machine or a component and can define its factor of safety or even a
maintenance schedule.
 Pressure-bearing components: pipes and vessels which contain internal pressure (ie
almost all pipes/vessels) must be designed so that the walls are strong enough to
withstand the hoop stress created by applying radial force on the walls.
 Tension-bearing components: suspended pipe used in drilling must support its own
hanging weight.
 Compression-bearing components: pilings and drill collars must withstand
compressive loads by not buckling and not shearing. Compressive shear failure is a
direct function of yield strength.

MCQ POST-TEST
1. The buckling load for a given material depends on
(a) slenderness ratio and area of cross-section
(b) Poisson’s ratio and modulus of elasticity
(c) slenderness ratio and modulus of elasticity
(d) slenderness ratio, area of cross-section and modulus of elasticity
2. A cylindrical section having no joint is known as
(a) jointless section
(b) homogeneous section
(c) perfect section
(d) seamless section

3. A boiler shell 200 cm diameter and plate thickness 1.5 cm is subjected to internal
pressure of 1.5 MN/m , then the hoop stress will be
(a) 30 MN/m2
(b) 50 MN/m2
(c) 100 MN/m2
(d) 200 MN/m2
4. Longitudinal stress in a thin cylinder is
(a) equal to the hoop stress
(b) twice the hoop stress
(c) half of the hoop stress
(d) one-fourth of hoop stress
5. A thin spherical shell of diameter (d) and thickness (t) is subjected to an internal
pressure (p). The stress in the shell material is
a) pd/t
b) pd/2t
c) pd/4t
d) pd/8t
6. When a thin cylindrical shell is subjected to an internal pressure, there will be
a) a decrease in diameter and length of the shell
b) an increase in diameter and decrease in length of the shell
c) a decrease in diameter and increase in length of the shell
d) an increase in diameter and length of the shell
7. If is the internal pressure in a thin cylinder of diameter and thickness, the developed
hoop stress, is
a)

pd/2t

b)

pd/4t

c)

pd/t

d)

2pd/t

8. When a thin cylindrical shell is subjected to an internal pressure, the volumetric strain
is (where ε₁ = Hoop strain, and ε₂ = Longitudinal strain)
(A) 2ε₁ - ε₂
(B) 2ε₁ + ε₂
(C) 2ε₂ - ε₁
(D) 2ε₂ + ε₁

9. A thin mild steel wire is loaded by adding loads in equal increments till it breaks. The
extensions noted with increasing loads will behave as under
(A) Uniform throughout
(B) Increase uniformly
(C) First increase and then decrease
(D) Increase uniformly first and then increase rapidly
10. A pressure vessel is said to be a thick shell, when
(A) It is made of thick sheets
(B) The internal pressure is very high
(C) The ratio of wall thickness of the vessel to its diameter is less than 1/10.
(D) The ratio of wall thickness of the vessel to its diameter is greater than 1/10.
11. The force acting along the circumference will cause stress in the walls in a direction
normal to the longitudinal axis of cylinder; This stress is called
(A)

Longitudinal stress

(B)

Hoop stress

(C)

Yield stress

(D)

Ultimate stress

CONCLUSION
Upon completion of this course, Students should be able to
 Understand the nature of internal stresses.

REFERENCES
 S. Ramamrutham and R. Narayan, Strength of Materials, DhanpatRai and Sons, New
Delhi.2007, 15thEditon.
 L.S. Srinath, Advanced Mechanics of Solids, Tata McGraw HIll, 2009, 3 rd Edition
 Beer & Johnson, Mechanics of materials, SI Metric Edition, McGraw Hill, ISE, 2017.
 S.P. Timoshenko J.N Goodier, Theory of Elasticity, McGraw Hill International Edition,
2017.
 J. B. K Das & P.L. Srinivasa Murthy, Mechanics of Materials, Sapna Book House, 2018.
 S. M. A. Kazimi, Solid Mechanics, Tata McGraw Hill Publishing Company Ltd., 2004.
 R S Khurmi, Strength of Materials, S. CHAND & COMPANY LTD., 2008.

VIDEO LINK
https://youtu.be/tXPks3VXUPY

ASSIGNMENT
1.

Give examples for thin cylinders

2.

What is thin cylinder?

3.

What are the two type of stress developed in thin cylinder subjected to internal
pressure.

4.

A thin cylindrical vessel of diameter 125 mm under an internal pressure 0.2N/mm2.
Determine the thickness of the vessel if the longitudinal stress is not to exceed
30N/mm2 and hoop stress is not to exceed 45N/mm2

5.

A thin walled cylinder of internal diameter 1.2 and length 4m is subjected to an
internal pressure of 1.5N/mm2. If the wall thickness of the shell is 10mm, find the
maximum stress developed and the change in volume of the shell. Given that E =
210 Gpa and 1/m = 0.2

6.

A closed cylindrical vessel made of steel plates 4mm thick with plane ends, carries
fluid under a pressure of 3N/m2. The diameter of the cylinder is 25cm and length is
75cm. calculate the longitudinal and hoop stresses in the cylinder wall and
determine the change in diameter, length and volume of the cylinder. Take E = 2.1
x 105 N/mm2 and µ = 0.286.

7.

A cylindrical shell 3 m long which is closed at the ends has an internal diameter of
1 m and a wall thickness of 15 mm. Calculate the circumferential and longitudinal
stresses induced and also change in the dimensions of the shell, if it is subjected to
an internal pressure of 1.5 N/mm2. Take E = 2 × 105 N/mm2, μ = 0.3.

8.

A cylinder shell 3 m long which is closed at the ends has an internal diameter 1 m and
wall thickness of 15 mm. Calculate the change in dimensions and change in volume if
the internal pressure is 1.5 N/mm2. TakeE = 2 × 105 N/mm2, µ = 0.3.

