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DEPARTMENT OF MECHATRONICS ENGINEERING 

COURSE MATERIAL 

 

MR 306 MECHANICS OF SOLIDS 

 

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. 
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 ABOUT DEPARTMENT 

⧫ Established in: 2013 

⧫ Course offered: B.Tech Mechatronics Engineering 

⧫ Approved by AICTE New Delhi and Accredited by NAAC 

⧫ Affiliated to the University of Dr. A P J Abdul Kalam Technological University. 

 

DEPARTMENT VISION 

To develop professionally ethical and socially responsible Mechatronics engineers to serve the 

humanity through quality professional education. 

 

DEPARTMENT MISSION 

1) The department is committed to impart the right blend of knowledge and quality 

education to create professionally ethical and socially responsible graduates. 

2) The department is committed to impart the awareness to meet the current challenges in 

technology. 

3) Establish state-of-the-art laboratories to promote practical knowledge of mechatronics to 

meet the needs of the society 

 

PROGRAMME EDUCATIONAL OBJECTIVES 

I. Graduates shall have the ability to work in multidisciplinary environment with good 

professional and commitment. 

II. Graduates shall have the ability to solve the complex engineering problems by applying 

electrical, mechanical, electronics and computer knowledge and engage in lifelong learning in 

their profession. 

III. Graduates shall have the ability to lead and contribute in a team with entrepreneur skills, 

professional, social and ethical responsibilities. 

IV.     Graduates shall have ability to acquire scientific and engineering fundamentals necessary 
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for higher studies and research. 

PROGRAM OUTCOME (PO’S) 

Engineering Graduates will be able to: 

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems. 

PO 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. 

PO 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. 

PO 4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions. 

PO 5. 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. 

PO 6. 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. 

PO 7. 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. 

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
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norms of the engineering practice. 

PO 9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings. 

PO 10. 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. 

PO 11. 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. 

PO 12. 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 OUTCOME(PSO’S) 

 

PSO 1: Design and develop Mechatronics systems to solve the complex engineering problem by 

integrating electronics, mechanical and control systems. 

PSO 2: Apply the engineering knowledge to conduct investigations of complex engineering 

problem related to instrumentation, control, automation, robotics and provide solutions. 
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COURSE OUTCOME 

After the completion of the course the student will be able to 

CO 1 Acquire knowledge about the basic concepts of stress and strain in solids  

CO 2 Identify and apply the methodologies to analyze stresses and strains at a point 

CO 3 Understand the concepts of torsion in elastic circular bars 

CO 4 Interpret about the concepts of stresses in beams 

CO 5 Identify the concepts of shear force and bending moment in beams 

CO 6 Understand about stresses in springs and columns with different conditions 

 

 

CO VS PO’S AND PSO’S MAPPING 

 

CO PO1 PO2 PO

3 

PO

4 

PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PS0

1 

PSO

2 

CO 1 3 3 - - - - - - - - - 2 2 2 

CO 2 3 3 - - - - - - - - - 2 2 2 

CO 3 3 3 2 3 - - - - - - - 2 2 2 

CO 4 3 3 2 2 - - - - - - - 2 2 2 

CO 5 3 3 - 3 - - - - - - - 2 2 2 

CO 6 3 3 2 2 - - - - - - - 2 2 2 

 

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1 
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SYLLABUS 
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QUESTION BANK 

 

 

MODULE I 

 

Q:NO: 

 

QUESTIONS 

 

CO 

 

KL 

 

PAGE NO: 

1 Explain different types of stresses CO1 K1 11 

2 Write in detail about longitudinal stress and strain CO1 K2 15 

3 Problems related to stress CO1 K5 16 

4 Derive a formula for strain in bars of varying c/s CO1 K6 20 

5 Write a short note on Principle of Superposition CO1 K1 24 

6 Problems related to superposition theorem CO1 K5 25 

7 Problems related to superposition 

theorem,stress,strain 

CO1 K6 31 

8 Discuss about method of sections CO1 K2 34 

9 Write a short note on Hooke’s Law CO1 K1 40 

10 Discuss about stress-strain curve in ductile & brittle 

materials 

CO1 K2 41 

 

MODULE II 

1 Discuss about stress and strain tensor  CO2 K2 47 

2 Write a short note on resilience, proof resilience CO2 K1 49 

3 What is strain energy CO2 K1 49 

4 Derive an equation for strain energy when load is 

applied gradually 

CO2 K6 50 

5 Derive an equation for strain energy when load is 

applied suddenly 

CO2 K6 51 

6 Problems on strain energy CO2 K5 52 

7 Write down the relation between elastic constants CO2 K1 56 

8 Problems on elastic constants  CO2 K5 57 

9 Problems on strain energy, elastic constants CO2 K5 59 

10 Write a short note on statically indeterminate 

structures 

CO2 K1 60 
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MODULE III 

1 Derive an equation for shear stress in circular shafts CO3 K6 65 

2 Assumptions in derivation of shear stress equation CO3 K1 67 

3 Derive an equation for torque in a solid shaft CO3 K6 67 

4 Derive an equation for torque in a hollow shaft CO3 K6 69 

5 Problems related to torque CO3 K5 70 

6 Torque in terms of polar moment of inertia CO3 K6 77 

7 What is polar modulus CO3 K1 78 

8 Explain about strength of a shaft CO3 K2 78 

9 Discuss about torsional rigidity CO3 K2 78 

10 Problems on torsion CO3 K5 79 

 

MODULE IV 

1 Explain about theory of simple bending CO4 K2 81 

2 Derive an expression for bending stress CO4 K6 82 

3 Discuss about neutral axis and moment of resistance CO4 K1 83 

4 Problems based on bending stress CO4 K5 86 

5 Discuss about section modulus CO4 K2 88 

6 Explain about shear stress in beams CO4 K1 95 

7 Derivation for shear  stress in beams CO4 K6 95 

8 Problems based on section modulus CO4 K5 97 

9 Problems based on shear stress CO4 K5 98 

10 Problems based on isosceles triangle CO4 K5 99 

 

 

MODULE V 

1 Types of beams CO5 K1 102 
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2 Types of loads CO5 K1 103 

3 Discuss about sign conventions for SFD & BMD CO5 K2 104 

4 Discuss about SFD & BMD in cantilever beam CO5 K2 106 

5 Discuss about SFD & BMD in cantilever beam 

carrying UDL 

CO5 K2 109 

6 Problems related to cantilever beam CO5 K5 110 

7 Discuss about SFD & BMD in simply supported 

beam carrying UDL 

CO5 K2 113 

8 Problems for finding maxing bending moment  CO5 K5 119 

9 Problems related to point of contra flexure CO5 K5 121 

10 Problems related to SFD and BMD CO5 K5 118 

MODULE VI 

1 What is a laminated leaf spring CO6 K1 123 

2 Expression for central deflection CO6 K6 124 

3 Problem related to central deflection CO6 K5 125 

4 Discuss about helical spring CO6 K1 126 

5 Expression for deflection I a helical spring CO6 K6 127 

6 Problems related to helical spring CO6 K5 128 

7 How  failure of a column takes place CO6 K2 129 

8 Discuss about assumptions in column theory CO6 K1 130 

9 Expression for crippling load when both the ends of 

the column are hinged 

CO6 K6 131 

10 What is meant by equivalent length of a column CO6 K1 132 

11 Derive Rankine’s formula CO6 K6 137 
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APPENDIX 1 

 

CONTENT BEYOND THE SYLLABUS 

S:NO; TOPIC PAGE NO: 

1 MOHR’S CIRCLE IN 3D 142 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

11 

MODULE 1 

STRESS & STRAIN 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

12 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

13 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

14 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

15 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

16 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

17 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

18 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

19 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

20 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

21 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

22 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

23 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

24 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

25 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

26 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

27 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

28 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

29 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

30 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

31 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

32 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

33 

 

 

 

 

 



MR 306 : MECHANICS OF SOLIDS 

Department of Mechatronics Engineering, NCERC,  Pampady. 
 

34 

Method of Sections 
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In brief ……….. 

 

For example : Analyse the system shown below… 
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like this we have to analyse the whole problem……… 
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STRESS–STRAIN CURVE 
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Another detailed graph 
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MODULE 2 

STRAIN ENERGY,STRESS & STRAIN AT A POINT 
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RELATIONSHIP BETWEEN ELASTIC CONSTANTS 
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MODULE 3 

TORSION 
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MODULE 4 

STRESSES IN BEAMS 
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MODULE 5 

SHEAR FORCE & BENDING MOMENT 
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MODULE 6 

SPRINGS  & COLUMNS 
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MOHR’S CIRCLE IN 2D 
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HOW TO DRAW  - MOHR’S CIRCLE ??? 

SIGN CONVENTION 
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Construction of Mohr’s circle 
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Fig:6 

Finding principal normal stresses from the above figure (Mohr’s 
circle) 
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