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MODULE-WISE SOLUTIONS 

Year / Semester II / IV 

Course Code  21AE44 

Course Name  Mechanics of Materials 

 

Module 4: Virtual Work Principles, Energy Methods 

1. Determine the strain energy stored within an elastic bar subjected to an axial 

tensile force of ‘P’ and length ‘L’. (06 Marks) Aug./Sept.2020, 18AE34 
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2. Show that the strain energy within beam subjected to a pure bending moment M 

is 𝑼 = ∫
𝑴𝟐𝒅𝒙

𝟐𝑬𝑰

𝑳

𝟎
 (08 Marks) Aug./Sept.2020, 18AE34 

 

𝑼 = ∫
𝑴𝟐𝒅𝒙

𝟐𝑬𝑰

𝑳

𝟎
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3. A simply supported beam of span ‘l’ carries a point load ‘P’ at mid-span. 

Determine the strain energy stored by the beam. Also find the deflection at mid-

span. (06 Marks) Aug./Sept.2020, 18AE34 
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4. State and explain Castigliano’s I and II theorem. (10 Marks) Jan./Feb. 2021, 

18AE34 (Refer Class Notes) 

5. State and derive Maxwell’s reciprocal theorem.  (10 Marks) Jan./Feb. 2021, 

18AE34 
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6. Define: (i) Flexural Rigidity (ii) Proof Resilience (04 Marks) Feb./Mar. 2022, 

18AE34 

 

Flexural rigidity, denoted as "EI," is a property of a structural element like a beam 

that measures its resistance to bending when subjected to an applied load or moment. 

It is calculated by multiplying the modulus of elasticity (E) of the material by the 

moment of inertia (I) of the beam. Flexural rigidity quantifies a beam's stiffness and 

its ability to resist bending. 

 

Proof resilience is a material property that measures its ability to absorb energy 

without permanent deformation. It is calculated as 𝑈 =
𝜎2

2𝐸
, where σ is the yield stress 

and E is the Young's modulus. 

 

7. Consider a beam of length 2 m and diameter 100 mm is applied with point load 

at the end 2000 N and other end is fixed as cantilever. Determine the strain 

energy of the beam. Take E = 200 GPa. (08 Marks) June/July 2019, 17AE34 

 

 

𝑈 =
20002 × 23 × 64

6 × 200 × 109 × 𝜋 × 0.14
 

𝑼 = 𝟓. 𝟒𝟑 𝑱 
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8. Derive expressions for slope and deflection at the free end of a cantilever beam of 

length L carrying point load W at its free and using Castiglione’s theorem. (10 

Marks) Dec.2018/Jan.2019, 15AE34 

 

 


