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Indian Institute of Technology Bombay 

Department of Mechanical Engineering 

Design 1 - PhD Qualifier Exam (July 2022) 

 

Instructions: 

1. There is a total of 6 questions in this paper with 5 pages. Marks for each question are as indicated 

against the question.  

2. You can attempt all the questions. Solve each part on a separate answer booklet.  

3. Maximum marks: 100. Minimum passing marks: 40.  

4. The examination is close books and close notes of any kind. A set of equation that may help solve 

the paper are given at the end. 

5. State your assumptions clearly. Clearly write the formulae you are using during the solution. 
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PART B 

 

 

3. Consider a linear elastic, isotropic, Euler-Bernoulli beam of length L subjected to loading as shown 

in Figure 1 below. The modulus of rigidity of the beam is EI.  

The total potential energy Π of an elastic system is the sum of the stored strain energy and the potential 

energy of the external forces. The Principle of minimum potential energy states that the static 

equilibrium of an elastic body implies that the total potential energy Π must be minimum with regards 

to any kinematically admissible small variation in the displacement field. Here, kinematically 

admissible displacement field means a displacement field which is single-valued, continuous and 

satisfies the displacement boundary conditions of the problem under consideration.  

(a) Write down the expression for Π for the beam shown in Figure 1. [4 Points] 

(b) Check if 𝑣(𝑥) = 𝑎𝑜 𝑠𝑖𝑛 (
𝜋𝑥

𝐿
), with ao being an undetermined constant, is a kinematically 

admissible displacement field for the beam shown in Figure 1? If yes/no, why? [2 Points] 

(c) Use v(x) from (b) and compute an expression for Π. [3 Points] 

(d) Minimize Π with respect to ao, apply Principle of minimum potential energy and compute the 

expression for the constant ao. [5 Points] 

(e) Determine the expression for the elastic curve or deflection of the beam v(x) in terms of 𝑃𝑐𝑟 =

𝜋2𝐸𝐼

𝐿2 . Comment on the physics of the deformation of the beam as P → Pcr. [2.5 Points] 

[Information: The axial shortening of a beam due to lateral deflection v(x) is given by: 

                                                            Δ𝑣 =
1

2
∫ (

𝑑𝑣

𝑑𝑥
)

2

𝑑𝑥
𝐿

0
.] 

   

 

Figure 1 
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4. Given the following system of strains: 

ε𝑥𝑥 = 5 + 𝑥2 + 𝑦2 + 𝑥4 + 𝑦4 

     ε𝑦𝑦 = 6 + 3𝑥2 + 3𝑦2 + 𝑥4 + 𝑦4 

  γ𝑥𝑦 = 10 + 4𝑥𝑦(𝑥2 + 𝑦2 + 2) 

ε𝑧𝑧 = γ𝑦𝑧 = γ𝑧𝑥 = 0. 

(a) What state of strain does the above system represent in general? [1 Point] 

(b) Verify whether the above strain field is possible or not. [2 Points]  

(c) If the above strain field is possible, determine the displacement components ux and uy in terms 

of x and y, assuming that ux = uy = 0 along with the rotation about the z-axis ωxy = 0 at the 

origin. [7.5 Points] 

(d) Determine the maximum, intermediate and minimum principal strains at the origin. [3 Points] 

(e) Determine the orientations of the maximum, intermediate and minimum principal strain 

directions at the origin. [3 Points]   
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Part-C 

 

5(a). [10 Marks] Establish the relationship between elastic constants 𝐸, 𝐺 𝑎𝑛𝑑 𝜈 for a linear elastic, 

homogeneous and isotropic material using any two-dimensional (2D) boundary value problem of 

your choice. The solution to the problem in terms of stress and strain should lead to the relationship. 

Make sure you write down all your assumptions clearly with justification. 

 

5(b). [5+5 = 10 Marks] Consider a very large thin, linear, elastic, isotropic and homogeneous plate 

with Young’s modulus, 𝐸, Poisson’s ratio, 𝜈. The plate has a hole of radius ‘𝑎’ at its center and is 

subjected to an in-plane equibiaxial stress state far from the hole. (a) Setup the boundary value 

problem clearly with all the governing equations and boundary conditions accompanied with a 

schematic, and (b) find the stress concentration on the periphery of the hole using the tangential stress 

component. Make sure you write down all your assumptions clearly with justification. 

 

6. [7+7 = 14 Marks] Consider a linear, elastic, and homogeneous solid cylindrical shaft of radius ‘𝑎’ 

and length ‘𝐿’. The shaft is fixed at one end and is subjected to a torque ‘𝑇’ all along its length. If the 

shear modulus of the shaft is varying exponential along the radius as 𝐺(𝑟) =  𝐺0𝑒𝑟𝐾, where 𝐺0 >

0 𝑎𝑛𝑑 𝐾 > 0 are constants. Without using the torsion formula including any of its alternate or 

derivative expressions, and using only the kinematic, equilibrium and constitutive relationships, find 

(a) Stress and (b) Strain, fields at every point in the shaft. Make sure you list out all your assumptions 

upfront with appropriate justification. 

 


