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DEPARTMENT OF MECHANICAL ENGINEERING

COURSE MATERIALS

VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through
excellence in education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and
Research in Engineering and Frontier Technology and to impart quality education to mould
technically competent citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to
imbibe discipline, culture and spiritually, and to mould them in to technological giants,
dedicated research scientists and intellectual leaders of the country who can spread the
beams of light and happiness among the poor and the underprivileged.

ABOUT DEPARTMENT
4 Established in: 2002
4 Course offered : B.Tech in Mechanical Engineering
4 Approved by AICTE New Delhi and Accredited by NAAC
¢ Affiliated to the University of Dr. A P J Abdul Kalam Technological University.
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DEPARTMENT VISION

Producing internationally competitive Mechanical Engineers with social responsibility &
sustainable employability through viable strategies as well as competent exposure oriented

quality education.
DEPARTMENT MISSION

1. Imparting high impact education by providing conductive teaching learning
environment.

2. Fostering effective modes of continuous learning process with moral & ethical
values.

3. Enhancing leadership qualities with social commitment, professional attitude, unity,
team spirit & communication skill.

4. Introducing the present scenario in research & development through collaborative

efforts blended with industry & institution.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical
Engineering & will contribute to the society through innovation & enterprise.

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design
engineering / thermal engineering / materials & manufacturing / design issues & real
life problems.

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good
communication skills, leadership qualities, team spirit & communication skills.
PEO4: Graduates will sustain an appetite for continuous learning by pursuing higher

education & research in the allied areas of technology.

PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of
complex engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first
principles of mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified needs
with appropriate consideration for the public health and safety, and the cultural,
societal, and environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge
and research methods including design of experiments, analysis and interpretation
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10.

11.

12.

of data, and synthesis of the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources,
and modern engineering and IT tools including prediction and modeling to
complex engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual
knowledge to assess societal, health, safety, legal and cultural issues and the
consequent responsibilities relevant to the professional engineering practice.
Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the
knowledge of, and need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

Individual and teamwork: Function effectively as an individual, and as a member
or leader in diverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities
with the engineering community and with society at large, such as, being able to
comprehend and write effective reports and design documentation, make effective
presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of
the engineering and management principles and apply these to one’s own work, as
a member and leader in a team, to manage projects and in multidisciplinary
environments.

Life-long learning: Recognize the need for, and have the preparation and ability

to engage in independent and life-long learning in the broadest context of
technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1.: graduates able to apply principles of engineering, basic sciences & analytics
including multi variant calculus & higher order partial differential equations..

PSO2: Graduates able to perform modeling, analyzing, designing & simulating
physical systems, components & processes.

PSO3: Graduates able to work professionally on mechanical systems, thermal systems
& production systems.

COURSE OUTCOMES
co1 Understand the methodologies in theory of elasticity at a basic level.
CO2 Differentiate constitutive relation and solve 2D problems in elasticity.
CO3 Evaluate the governing equations in cylindrical coordinate to solve Axisymmetric
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problems.
CO4 Analyze Unsymmetrical bending of beams and determine the shear centre.
CO5 Calculate the energy formulations of various elasticity problems.
CO6 Analyze torsion of circular/non circular bars using classical method.

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

PO1 | PO2| PO3 | PO4 | PO5| PO6| PO7| PO8| PO9| PO10 | PO11| PO12 | PSO1 | PSO2| PSO3
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Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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SYLLABUS

Course Course Name L=F-P- Year of
code Credits Introduction
ME202 ADVANCED MECHANICS OF SOLIDS 3-1-0-4 2016

Prerequisite: ME201 Mechanics of solids

Course Objectives: The main objectives of the course are
1. To impart concepts of stress and strain analyses na solid.
2. To study the methodologies in theory of elasticity at a basic level.
3. To acquaint with the solution of advanced bending problems.
4. To get familiar with energy methods for solving structural mechanics problems.

Svllabus

Introduction, concepts of stress, equations of equilibrium, strain components, stram-displacement
relations, compatibility conditions, constitutive relations, boundary conditions, 2D problems in
elasticity, Airy’s stress function method. unsymmetrical bending of straight beams, bending of curved
beams, shear center, energy methods in elasticity. torsion of non-circular solid shafts, torsion of thin
walled tubes.

Expected outcome: At the end of the course students wall be able to
1. Apply concepts of stress and strain analyses 1n solids.
2. Use the procedures in theory of elasticity at a basic level.
3. Solve general bending problems.
4. Apply energy methods in structural mechanics problems.

Text Books:

1. L. S. Sreenath, Advanced Mechanics of Solids. McGraw Hill 2008

2| S. M. A Kazimi, Solid Mechanics. McGraw Hill. 2008

3. S. Jose, Advanced Mechanics of Matenials, Pentagon Educational Services.2013

4. L. Govindaraju ,TG Sitharaman. Applied elasticity for Engineers, NPTEL

5. U. Saravanan, Advanced Solid Mechanics, NPTEL

6. S. Aml Lal Advanced Mechanics of Solids. Siva Publications and Distnbutions, 2017
References Books:
. S. P. Timoshenko, J. N. Goodier, Theory of elasticity, McGraw Hill,1970
. R.J. Atkin, and N. Fox. An introduction the theory of elasticity. Longman, 1980
. J.P_Den Hartog. Advanced Strength of Matenials, McGraw Hill 1987
. C.K. Wang, Applied Elasticity, McGraw Hill. 1983
. www.solidmechanics org/contents htm - Free web book on Applied Mechanics of Solids by

AF. Bower.

L I B
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Course Plan

Module

Contents

Hours

Introduction to stress analysss in elastc solids - swess at a point — stress
12ns0r - stress components in rectanzular and polar coordinate systems -
Cauchy’s equations - swess tansformation - prncipal swesses and]
planes - hydrostatic and deviatonc stress components, octahedral shear

stress - equations of equilibrium

Displacement Deld — engZineenng sgain - SUAIN NSO (BASiCS N/ -
analogy between stress and strain tensors - strain-displacement relations|
(zmaii-storain oniy) - compatbility conditons

NS

Constiturive eguations — genmhdeookeshw equmonsfchnell
elastic isotropic solids - relaton among elastic constants
conditions — St Venant's pninciple for end effects - m)qmesstheoa'em

-D;mblemsmehsnmy Plane stress and plane stram problems

stress comparibility equation - Airy's stress function and equation —
pol)mnalmethodofso}m solution for bending of a cantilever

with an end Joad

FIRST INTERNAL EXAM

Equations m polar coordmates (2D) — eQUIBDITID equatons, Soaim-
displacement relations, Airy's equation, stress function and stress
components (only short derivations for examinarion)

L)

Application of stress functon to Lame's problem and stress
concentration problem of a small hole in a large plate (only soress
disoribution)

Axisymmetnc problems - govemmg equations — application to thack|
cylinders y rotating discs.

v

Unsymmetrical ben&ng of straizht beams (probiems having ¢/ with one|
adis of ymmery onlyj — curved beams (recrangular ¢/s only) - !
center of thin walled open sections (/5 with one axiz of ymmery only)

Stram energy of deformation — special cases of a body subjected to)
concentrated loads. moment or torque - reciprocal reladon - strain
energy of a bar subjected to axial force, shear force, bending moment|

and torque

LV

SECOND INTERNAL EXAM

‘P

Maxwell reciprocal theorem — Castigliano s nrst and second theorem:s —
virnual work principle - mmimum potential energy theorsm.

20%
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Torsion of non-circular bars: Saint Venant’s theory - solutions for 4
circular and elliptical cross-sections

Prandtl’s method - solutions for circular and elliptical cross-sections -

membrane analogy. 4
VI . —— . . . 20%
Torsion of thin walled tubes. thin rectangular sections. rolled sections
and multiply connected sections 6
END SEMESTER EXAM

Question Paper Pattern

Total marks: 100, Time: 3 hrs

The question paper should consist of three parts

Part A

4 questions uniformly covering modules I and II. Each question carries 10 marks
Students will have to answer any three questions out of 4 (3 X10 marks = 30 marks)

Part B

4 questions uniformly covering modules III and IV. Each question carries 10 marks
Students will have to answer any three questions out of 4 (3 X10 marks = 30 marks)
Part C

6 questions uniformly covering modules V and VI. Each question carries 10 marks
Students will have to answer any four questions out of 6 (4 X 10 marks = 40 marks)

Note: In all parts, each question can have a maximum of four sub questions. if needed.

QUESTION BANK

Knowledge Level | K1 : Remembering K3:Applying K5: Evaluating
(KL)
Course Outcome | K2: Understanding K4: Analysing K6: Creating
(CO)
MODULE I
Q:NO: QUESTIONS CO KL
1 Explain stress at a point in a rectangular shaped member Co1 K2
2 What is the significance of Compatibility Condition? Co1 K2
3 The state of stress at a point is given by the components 6x = 70 Co1 K5
MPa, Oy = 10 MPa, Oz = 20 I\/IPa, Txy: -40 |\/|Pa, Tyz =Tx = 20
MPa. Determine the value of Principal stresses , Maximum Shear
stress and Maximum Principal stress directions.
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Define the followings; (a) State of stress at a point (b) Shearless Co1 K2
plane
Derive an equilibrium equation for plane stress state Co1 K3
What are stress Invariants and Strain Invariants? Explain Co1 K2
The displacement field for a body is given by U= (x?+y) i+ (3+2) Co1 K5
j+ (x*+2-y)k. (a) Write down the strain tensor at the point (3,2,-1)
(b). Determine the Principal strain at (3,2,-1) and the direction of
maximum principal strain.
Define the followings; (a) Hydrostatic stress Co1 K2
(b) Deviatorial stresses
MODULE 11
Derive the relations between an elastic constants K,E and v CO2 K3
Derive the relationship between stress and strain for an isotropic CcO2 K3
material in terms of Lame’s co-efficient.
For steel, the following data is applicable. E= 207 x 10° KPa and CcO2 K5
G= 80 x 10°® KPa. For the given strain matrix at a point determine
the stress matrix
[€ij]5/ 0.01 © -0.002
0 -0.003  0.0003
-0.002 0.0003 O
What are Lame’s Co-efficient? How are they related to Poisson’s CcO2 K2
ratio?
State and explain generalized Hook’s law CO2 K5
State and explain Saint Venant’s Principle for end effects with a CO2 K3
suitable example
State and prove Uniqueness Theorem in Theory of Elasticity. Cco2 K4
Define Constitutive Law CO2 K2
MODULE I
Sketch a 2-Dimensional element in polar co-ordinate (r,0) system Cco3 K3
and show all stresses on it.
Draw the stress distribution around a small hole (diameter ‘b’), on CO3 K2
a thin plate having large width (‘a’) where b<<a, subjected to
uniform tensile force at the two edges.
Derive the equation for radial & hoop stress developed in a thick Cos3 K5
cylinder subjected to both internal and external pressure for a plane
stress case.
Sketch the circumferential stress distribution for a thick cylinder COo3 K3

subjected to internal pressure only
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Describe the Airy’s stress function with the help of second CO3 K3
degree polynomial?
Derive the equilibrium equation in 2-Dimensional Polar Co- Cos3 K3
ordinate system?
Obtain the stress distribution in a rotating disc of radius ‘b’ with CO3 K5
no external force at the outer surface
Sketch the circumferential stress distribution for a thick cylinder COo3 K3
subjected to internal pressure only
MODULE IV
What is meant by Shear Centre? CO4 K2
Explain the term “Complementary Strain Energy CO4 K2
Derive the equation for strain energy in bending of cantilever beam | CO4 K5
with a point load and simply supported beam with concentrated load.
A cantilever of rectangular cross section of breadth 4 cm and depth CO4 K6
6 cm is subjected to an inclined load “W” at free end. The length
of cantilever is 2 m and the angle of inclination of the load with
vertical is 20°. What is the maximum value of “W” if the
maximum stress due to bending is not to exceed 200N/mm?.
N 200
y w '?/W
t
2m \4cm
Find the support reaction “R” in figure at the end of the cantilever | CO4 K6
beam using strain energy method. (Load acting is “P” at a distance of
“b” from the support).
a | — b-
?L
%
? N A
K
R
Give the expression for strain energy due to torsion CO4 K2
Explain Unsymmetrical Bending CO4 K2
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Derive the expression for stress developed in curved beam CO4 K5

subjected to bending moment ‘M’?

Explain the principle of virtual work in energy methods and its CO4 K2

application in finding load and displacement at a point

MODULE V

State and Explain Minimum Potential Energy CO5 K3

Write the general expression for twisting moment for shafts of CO5 K4

non-circular cross section incorporating warping function W(x,y)

The section of a square shaft is 5cm x 5 cm and a torque of 5000 CO5 K5

Kg.Cm is applied. Determine the maximum shear stress and

angle of twist per unit length.

The cantilever beam supports a uniformly distributed load “w’” and CO5 K5

a concentrated load “P” as shown in figure. Also, it is given that

L=2m, w=4 KN/m, P=6KN and El = 5 MN.m?2.Determine the

deflection at the free end (at point A) using castigliano’s theorem

R e e
| AN, S S— — “’ s L4 1 \
. L

P}

State and prove reciprocal relation in strain energy CO5 K3
Derive the equation for torsion of an elliptical cross-section CO5 K4
using Saint Venant’s method.

State and prove Castiliagno’s First and Second Theorem CO5 K5
A rod with rectangular cross section is used to transmit torque to a | CO5 K5
machine frame(see figure). It has a width of 40 cm. The first 3.0m
length of rod has a depth of 60mm and the remaining 1.5m length
has a depth of 30 mm. The rod is made of steel having G=77.5 GPa.

Given T1=750 Nm and T2= 400Nm. Determine the maximum

shear stress in the rod. Also, determine the angle of twist of the

free end

MODULE VI
Explain the application of membrane analogy in solving torsion CO6 K2

problem of prismatic bar of any cross section for finding twisting
moment and shear stress acting on the cross-section.
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Find an expression for the max shear stress induced in an elliptical | CO6 K4
bar under torsion?
Derive the torsion equation for a thin walled hollow circular rod CO6 K4
subjected to a torque “T”. Also, state the assumptions used in the
derivation
A shaft of square section as shown in figure below is subjected to CO6 K2
a twisting moment such that the maximum shear stress is limited
to 250 GN/mm?.Obtain the torque and angular twist, if the shaft
is 1.6m long. (Take G=70000 N/mm?)
: 55
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, {
fe—— 50 e ;
!
l
|
Define the term Shear Flow CO6 K2
What is meant by warping function CO6 K2
Why closed sections are having better torsional rigidity than open CO6 K4
sections. Briefly explain.
Derive an expression for angle of twist per unit length for a thin CO6 K5
walled tube subjected to a torque ‘T’
A hollow thin wall torsion member has two compartments with CO6 K5

cross sectional dimensions as given in figure. He material is an
aluminium alloy having G=26 GPa. Determine the torque and unit
angle of twist if the maximum shear stress is 40 MPa
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