
Mr. Saviraj A S, Assistant Professor, Department of Aeronautical Engineering, GCEM 
 

 

Gopalan College of Engineering and Management 
(ISO 9001:2015) 

Approved by All India Council for Technical Education (AICTE), New Delhi 

Affiliated to Visvesvaraya Technological University (VTU), Belagavi, Karnataka 

Recognised by Govt. of Karnataka 

Address: 181/1, 182/1, Sonnenahalli, Hoodi, K.R.Puram, Whitefield, Bangalore, Karnataka - 560 048 

Phone No: (080) -  42229748    Email: gcem@gopalancolleges.com      Website: www.gopalancolleges.com/gcem 
 

MODULE-WISE SOLUTIONS 

Year / Semester II / IV 

Course Code  21AE44 

Course Name  Mechanics of Materials 

 

Module 1: Basics of Linear Elasticity, Simple & Compound Stresses 

1. Analyze the stress at a point in 3D Elastic body and derive 3D stress equilibrium equations at that 

point. Deduce the equations to plane stress conditions. (10 Marks) Aug./Sept.2020, 18AE33 
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2. Draw the stress-strain curves for the below mentioned materials mentioning/illustrating salient 

features of stress-strain curves: (i) Mild steel (ii) Aluminium (iii) High carbon steel (iv) Cast iron 

(v) Glass (05 Marks) Aug./Sept.2020, 18AE33 

 

(i) Mild steel 

 

(ii) Aluminium 
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(iii) High carbon steel 

 

(iii) Cast iron 

 

(v) Glass 
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3. Define the following with example: (i) Normal stress (ii) Shear stress (iii) Bending stress (iv) 

Torsional stress (v) Bearing stress (05 Marks) Aug./Sept.2020, 18AE33 

 

 

(iii) Bending Stress: Bending stress is the internal resistance generated within a component when an 

external bending moment or force is applied. 

Bending stress, 𝜎 =
𝑀𝑦

𝐼
 

 

(iv) Torsional stress Torsional shear stress is the shear stress offered by the body against torsional load 

or twisting load. 

Torsional stress, 𝜏 =
𝑇𝑅

𝐽
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(v) Bearing stress: The stresses developed when two elastic bodies are forced together are termed 

bearing stresses. 

 

4. Show that total Elongation in an uniformly tapering circular section bar is 𝜹 =
𝟒𝑷𝑳

𝝅𝑬𝒅𝟏𝒅𝟐
 . (06 Marks)  

Consider a uniformly tapering circular bar with diameter varying from d1 to d2 over a length L. 
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5. Determine the stresses in various segments of the circular bar shown in Fig.Q2(b). Compute the 

total Elongation taking Young’s modulus to be 195 GPa. (08 Marks) Aug./Sept.2020, 18AE33 
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6. Define Hooke’s law. Draw and explain the stress-strain curves for ductile and brittle materials. (10 

Marks) Jan./Feb. 2021, 18AE33 
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7. Derive the equilibrium equations for a 3-D stress system. (10 Marks) Jan./Feb. 2021, 18AE33 

(Refer to solution of Q1) 

 

8. A steel bar ABCD 4m long is subjected to forces as shown in Fig.Q.2(a). Find the elongation of the 

bar. Take E for the steel as 200 GPa. (10 Marks) Jan./Feb. 2021, 18AE33 
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9. Derive the equilibrium equations for the state of stress in 3-dimensions. (10 Marks) Feb./Mar. 

2022, 18AE33 

(Refer to solution of Q1) 

 

10. Define the following: (i) True stress (ii) Engineering stress (iii) Hooke’s law (iv) Poisson’s ratio (v) 

Volumetric strain (10 Marks) Feb./Mar. 2022, 18AE33 

(i) True stress: True stress is determined by dividing the load by the instantaneous area. 

𝑇𝑟𝑢𝑒 𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐿𝑜𝑎𝑑

𝐼𝑛𝑠𝑡𝑎𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝐴𝑟𝑒𝑎
 

(ii) Engineering stress: Engineering stress is determined by dividing the load by the original area. 

𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐿𝑜𝑎𝑑

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎
 

(iii) Hooke’s law: 
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(iv) Poisson’s ratio: 

 

(v) Volumetric strain: Volumetric strain is defined as the change in volume divided by the original 

volume. 

Volumetric Strain, 𝜀𝑣 =
𝛿𝑉

𝑉
 

 

11. Draw and explain stress-strain curves for Brittle and Ductile materials. (10 Marks) July/August 

2021, 18AE33 

(Refer to solution of Q6) 

 

12. Show that extension produced due to self weight of a bar of uniform C/S fixed at one end and 

suspended vertically is equal to half the extension produced by a load equal to self weight applied 

at freed end. (10 Marks) July/August 2021, 18AE33 

 

 

Extension produced by a load equal to self -weight applied at freed end, 

𝛿 =
𝑃𝐿

𝐴𝐸
 

𝛿 =
(𝛾𝐴𝐿)𝐿

𝐴𝐸
 

𝛿 =
𝛾𝐿2

𝐸
                  (2) 
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From (1) and (2), Extension produced due to self-weight of a bar of uniform C/S fixed at one end and 

suspended vertically is equal to half the extension produced by a load equal to self-weight applied at 

freed end. 

 

13. Derive the equilibrium equations for a 3-D stress system. (08 Marks) Dec.2019/Jan.2020, 18AE33 

(Refer to solution of Q1) 

 

14. Define plane stress and plane strain with equations. (04 Marks) Dec.2019/Jan.2020, 18AE33 

 



Mr. Saviraj A S, Assistant Professor, Department of Aeronautical Engineering, GCEM 
 

15. Derive the total extension in a uniformly tapering rectangular bat with neat sketch. (08 Marks) 

Dec.2019/Jan.2020, 18AE33 

Consider a tapering rectangular bar with width varying from b1 to b2 over a length L subjected to axial 

load P. 
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16. Draw a stress-strain diagram for ductile material and mention the salient points. (04 Marks) 

Dec.2019/Jan.2020, 18AE33 

 

 

17. The tensile test was conducted on a mild steel bar. The following data was obtained from the test: 

Diameter of steel bar = 16 mm  

Gauge length = 80 mm  

Load at proportionality limit = 72 kN  

Extension at a load of 60 kN = 0.115 mm  

Load at failure = 80 kN  

Final gauge length = 104 mm  

Diameter of rod at failure = 12 mm  

Determine: (i) Young’s modulus (ii) Proportionality limit (iii) True breaking stress (iv) Percentage 

elongation (08 Marks) Dec.2019/Jan.2020, 18AE33 

 

Data:  

d = 16 mm 

L = 80 mm 

δ at 60 kN = 0.115 mm 

 

Solution: 

(i) Young’s Modulus 

Area of cross-section, 

𝐴 =
𝜋𝑑2

4
=

𝜋(16)2

4
 

𝐴 = 201.062 𝑚𝑚2 

𝑆𝑡𝑟𝑒𝑠𝑠, 𝜎 =
𝑃

𝐴
=

60 × 103

201.062
 

𝜎 = 298.4 𝑁 𝑚𝑚2⁄  
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𝑆𝑡𝑟𝑎𝑖𝑛, 𝜀 =
𝛿

𝐿
=

0.115

80
 

𝜀 = 0.0014375 

𝑌𝑜𝑢𝑛𝑔′𝑠 𝑀𝑜𝑑𝑢𝑙𝑢𝑠, 𝐸 =
𝜎

𝜀
=

298.4

0.0014375
 

𝑬 = 𝟐𝟎𝟕. 𝟓𝟖 × 𝟏𝟎𝟑  𝑵 𝒎𝒎𝟐⁄  

(ii) Proportionality limit 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝐿𝑖𝑚𝑖𝑡 =
𝐿𝑜𝑎𝑑 𝑎𝑡 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝐿𝑖𝑚𝑖𝑡

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎
 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝐿𝑖𝑚𝑖𝑡 =
60 × 103

201.062
 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝐿𝑖𝑚𝑖𝑡 = 298.4 𝑁 𝑚𝑚2⁄  

(iii) True breaking stress 

𝑇𝑟𝑢𝑒 𝐵𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐿𝑜𝑎𝑑 𝑎𝑡 𝐹𝑎𝑖𝑙𝑢𝑟𝑒

𝐼𝑛𝑠𝑡𝑎𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝐴𝑟𝑒𝑎
 

𝐼𝑛𝑠𝑡𝑎𝑛𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝐴𝑟𝑒𝑎 =
𝜋(12)2

4
= 113.09 𝑚𝑚2 

𝑇𝑟𝑢𝑒 𝐵𝑟𝑒𝑎𝑘𝑖𝑛𝑔 𝑆𝑡𝑟𝑒𝑠𝑠 =
80 × 103

113.09 
 

𝑻𝒓𝒖𝒆 𝑩𝒓𝒆𝒂𝒌𝒊𝒏𝒈 𝑺𝒕𝒓𝒆𝒔𝒔 = 𝟕𝟎𝟕. 𝟒 𝑵 𝒎𝒎𝟐⁄  

(iv) Percentage elongation 

% 𝐸𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 =
𝐿𝑓 − 𝐿𝑖

𝐿𝑖
× 100 

% 𝐸𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 =
104 − 80

80
× 100 

% 𝑬𝒍𝒐𝒏𝒈𝒂𝒕𝒊𝒐𝒏 = 𝟑𝟎 

 

18. Derive the equilibrium equation for a 3-dimensional stress system. (10 Marks) Aug./Sept.2020, 

17AE34 

(Refer to solution of Q1) 

 

19. Draw stress strain curve for mild steel and mention the salient point. (05 Marks) Aug./Sept.2020, 

17AE34 

(Refer to solution of Q16) 

 

20. Write a note on constitutive laws for anisotropic materials. (05 Marks) Aug./Sept.2020, 17AE34 

Constitutive laws for anisotropic materials describe how materials respond to external forces and 

deformations, considering their directional dependencies: 
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Constitutive laws for anisotropic materials are essential in materials science and engineering. 

Anisotropic materials exhibit varying properties along different axes, necessitating tensorial 

representations for their behavior. These laws relate stress to strain through stiffness or compliance 

tensors. Anisotropy levels include orthotropic, transversely isotropic, and fully anisotropic materials, 

each requiring specific constitutive models. These laws are crucial in applications such as composites, 

geophysics, and aerospace engineering, enabling accurate predictions of material responses in diverse 

scenarios. 

 

21. A composite bar is shown in Fig.Q2(c). Determine stress developed in each member. Eal = 0.7×105 

N/mm2, Esteel = 2 ×105 N/mm2. (10 Marks) Aug./Sept.2020, 17AE34 
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22. Derive the equilibrium equations in polar co-ordinate for a two dimensional state of stress. (10 

Marks) Dec.2018/Jan.2019, 17AE34 
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23. Displacement field at a point on a body is given as follows :  

 

Determine strain components at (3, 1, -2) and express them in Matrix form. (06 Marks) 

Dec.2018/Jan.2019, 17AE34 

 

 

24. Define plane stress and plane strain. (04 Marks) Dec.2018/Jan.2019, 17AE34 
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25. Draw stress – strain curve for ductile material and mention the salient points. (06 Marks) 

Dec.2018/Jan.2019, 17AE34 

(Refer to solution of Q16) 

 

26. Define the term load factor and allowable stress. (04 Marks) Dec.2018/Jan.2019, 17AE34 

Load Factor is defined as ratio of allowable stress to the maximum stress. 

For ductile materials, 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑡𝑟𝑒𝑠𝑠

𝑌𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑠𝑠
 

For brittle materials, 𝐿𝑜𝑎𝑑 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑆𝑡𝑟𝑒𝑠𝑠

𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑆𝑡𝑟𝑒𝑠𝑠
 

Allowable stress, or allowable strength, is the maximum stress that can be safely applied to a structure. 

 

27. A composite bar is shown in Fig Q2(c). Determine the stress developed in each member. Take       

Eal = 70 GPa; Esteel = 200 GPa (10 Marks) Dec.2018/Jan.2019, 17AE34 

 

(Refer to solution of Q21) 

 

28. Analyze the stress at point in 3D elastic material and reduce the stress equations to two 

dimensional state. (10 Marks) June/July 2019, 17AE34 

(Refer to solution of Q1) 

 

29. A structure is loaded and displacements associated with the deformed state are mapped. Find all 

the strains associated with the following observed displacement field at point (0.6, −0.75, 1) m. m 

10 )  

(10 Marks) June/July 2019, 17AE34 
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30. Discuss and illustrate the stress-strain curves for the following materials (i) Mild Steel (ii) 

Aluminum (iii) Cast Iron, with salient features. (10 Marks) June/July 2019, 17AE34 

(i) Mild Steel 
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(ii) Aluminum:  

(a) There is no clear yield point. 

(b) Necking takes place at ultimate stress.  
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(c) Failure stress is below ultimate stress. 

 

(iii) Cast Iron 
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31. Derive equilibrium equations for a 3D stress system. (12 Marks) Jan./Feb.2021, 17AE34 

(Refer to solution of Q1) 

 

32. With a neat sketch explain all the salient points of a stress-strain diagram for mild steel. (08 

Marks) Jan./Feb.2021, 17AE34 

(Refer to solution of Q16) 

 

33. Discuss material selection for structural performance. (12 Marks) Jan./Feb.2021, 17AE34 
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34. Derive the equilibrium equations for the state of stress in 3-Dimensions. (10 Marks) Feb./Mar. 

2022, 17AE34 

(Refer to solution of Q1) 
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35. Define the following: i) True stress ii) Engineering stress iii) Hooke’s law iv) Poisson’s ratio v) 

Volumetric strain. (10 Marks) Feb./Mar. 2022, 17AE34 

(Refer to solution of Q10) 

 

36. Write the equilibrium equations for a 3-dimensional stress system. (03 Marks) Dec.2016/Jan.2017, 

15AE34 

(Refer to solution of Q1) 

 

37. Define Plane stress and Plane strain. (04 Marks) Dec.2016/Jan.2017, 15AE34 

(Refer to solution of Q24) 

 

38. Displacement field at a point on a body is given as follows : u = (x2yz + z2), v = (xy2z + y2),              

w = (xyz2 + x2). Determine strain components at (2, 1, 2) and express them in a matrix form. (09 

Marks) Dec.2016/Jan.2017, 15AE34 

 

 

39. Write a note on constitutive laws for anisotropic materials. (04 Marks) Dec.2016/Jan.2017, 15AE34 

(Refer to solution of Q20) 

 

40. Draw a stress – strain diagram for ductile material and mention the salient points. (04 Marks) 

Dec.2016/Jan.2017, 15AE34 

(Refer to solution of Q16) 
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41. A composite bar is a shown in fig. Q2(c). Determine the stress developed in each member. Take    

Eaℓ = 0.7 × 105N/mm2; Esteel = 2 × 105 N/mm2. (08 Marks) Dec.2016/Jan.2017, 15AE34 

 

(Refer to solution of Q21) 

 

42. Derive equilibrium equations for a 3D stress system. (10 Marks) Dec.2017/Jan.2018, 15AE34 

(Refer to solution of Q1) 

 

43. State of stress at a point is given follows:  

 

In the absence of body forces determine the equilibrium conditions are satisfied or not at points (3, 

-4, 2). (06 Marks) Dec.2017/Jan.2018, 15AE34 

In the absence of body forces, equilibrium equations are given by, 
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44. Define the terms load factor and allowable stress. (04 Marks) Dec.2017/Jan.2018, 15AE34 

(Refer to solution of Q26) 

 

45. A stepped bar has a fixed support at one end and loads acting are as shown in fig. Q2(a). 

Determine the stresses and deformations induced in each portion. Also find the net deformation 

induced. Take E = 200 GPa. (10 Marks) Dec.2018/Jan.2019, 15AE34 
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46. Derive equilibrium equation for three-dimensional state of stress in rectangular coordinate system. 

(08 Marks) Aug./Sept.2020, 15AE34 

(Refer to solution of Q1) 
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47. Draw stress-strain curve for a ductile material and mention the salient points. (08 Marks) 

Aug./Sept.2020, 15AE34 

(Refer to solution of Q16) 

 

48. A stepped bar shown in Fig.Q2(b). Determine the stresses induced and deformation induced in 

each portion. Also find the net deformation is stepped bar. Take E = 200 GPa. Fig.Q2(b) (08 

Marks) Aug./Sept.2020, 15AE34 

 

(Refer to solution of Q45) 

 

 

 

 

 


