
Strain energy 
 
Q1. Find the strain energy of a beam subjected to point load P and uniformly distributed load w in a 

cantilever beam. 

Detailed solution: 

Bending moment expression 

𝑀(𝑥) =  −𝑃𝑥 − 𝑤
𝑥2

2
           

Strain energy 

𝑈 =  ∫
𝑀2

2𝐸𝐼
𝑑𝑥

𝐿

0

=  ∫
[−𝑃𝑥 − 𝑤

𝑥2

2 ]
2

2𝐸𝐼
 𝑑𝑥 

𝐿

0

=  
1

2𝐸𝐼
∫ 𝑃2𝑥2 +  𝑤2

𝑥4

4
+  2 × 𝑃𝑥 × 𝑤

𝑥2

2
  𝑑𝑥

𝐿

0

 

𝑈 =  
1

2𝐸𝐼
[
𝑃2𝐿3

3
+  𝑤2

𝐿5

20
+  𝑃𝑤

𝐿4

4
] =  

𝑃2𝐿3

6𝐸𝐼
+  

𝑤2𝐿5

40𝐸𝐼
+

𝑃𝑤𝐿4

8𝐸𝐼
 

Deflection of beam at free end 
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