
  
Internal Assessment Test 1 – May 2022 

Sub: Finite Element Methods Code: 18ME61 

Date:  06/ 05 / 2022 Duration: 90 mins 

Max 

Marks: 50 Sem: VI 
Branch: MECH 

Note: Answer all questions.  
  Marks OBE 

   CO RBT 

1 Explain the basic steps involved in FEM. 8 CO1 L2 

2 Write the equilibrium equation for 2D state of stress. 2 CO1 L1 

3 Derive stiffness matrix for one dimensional bar element. 10 CO3 L2 

4 A cantilever beam of span 'L' is subjected to a point load at free end. Derive an equation 

for the deflection at free end by using RR method. Assume polynomial displacement 

function. 

10 CO2 L3 
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5 A compound bar 800 mm long is made of steel of 500 mm length with an area of 400 

mm
2
 with the remaining length made of brass having an area of 300 mm

2
. At the 

junction it is subjected to an axial load of 200 KN which is in compression to steel. Both 

the ends are fixed. ������=200 ���, �	
���=70 ���. Find nodal displacements, stress in 

each material. 

 

10 CO4 L3 

6 A load of P = 60 KN is applied as shown. Determine the following, a) Nodal 

Displacement, b) Stress in each member. Given Data: E = 200 GPa 

 

10 CO4 L3 
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3. Stiffness matrix for one dimensional bar element

 

Strain energy for 3 D element 𝑈𝑈𝑒𝑒 = 1
2 ∫ 𝜎𝜎𝑇𝑇𝑉𝑉 𝜖𝜖 𝑑𝑑𝑑𝑑                

Strain energy for 1D element 𝑈𝑈𝑒𝑒 = 1
2 ∫ 𝜎𝜎𝑇𝑇𝑙𝑙𝑒𝑒

𝜖𝜖 𝐴𝐴 𝑑𝑑𝑑𝑑              

Strain ∈ = 𝐵𝐵𝐵𝐵                                                                                

            𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐵𝐵 =
1
𝑙𝑙𝑒𝑒

[−1 1] 

𝐵𝐵 =  �
𝐵𝐵1
𝐵𝐵2
� 

 

Strain energy for 1D element 𝑈𝑈𝑒𝑒 = 1
2 ∫ [𝐸𝐸𝐵𝐵𝐵𝐵]𝑇𝑇𝑙𝑙𝑒𝑒

𝐵𝐵𝐵𝐵 𝐴𝐴 𝑑𝑑𝑑𝑑     

   Relation between natural and Cartesian coordinate is  
 
ξ=  𝑑𝑑−𝑑𝑑1

𝑑𝑑2− 𝑑𝑑1
−  1 

 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=  2
𝑙𝑙𝑒𝑒

         

         

𝑈𝑈𝑒𝑒 = 1
2∫ 𝐵𝐵𝑇𝑇𝑙𝑙𝑒𝑒

𝐵𝐵𝑇𝑇𝐸𝐸 𝐵𝐵𝐵𝐵 𝐴𝐴 𝑙𝑙𝑒𝑒
2

 𝑑𝑑𝑑𝑑 

 

𝑈𝑈𝑒𝑒 =
1
2 𝐵𝐵

𝑇𝑇[𝐸𝐸𝐴𝐴 
𝑙𝑙𝑒𝑒
2
� 𝐵𝐵𝑇𝑇  𝐵𝐵𝑑𝑑𝑑𝑑 ] 𝐵𝐵
𝑙𝑙𝑒𝑒

   

 
𝑈𝑈𝑒𝑒 = 1

2
𝐵𝐵𝑇𝑇𝑘𝑘𝑒𝑒  𝐵𝐵   

       
 𝑊𝑊ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑘𝑘𝑒𝑒 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑠𝑠𝑠𝑠 𝑚𝑚𝑚𝑚𝑠𝑠𝑒𝑒𝑠𝑠𝑑𝑑  

 𝑘𝑘𝑒𝑒 =  𝐸𝐸𝐴𝐴 
𝑙𝑙𝑒𝑒
2
� 𝐵𝐵𝑇𝑇  𝐵𝐵𝑑𝑑𝑑𝑑  
𝑙𝑙𝑒𝑒

 

   𝐾𝐾 = 𝐸𝐸𝐴𝐴
𝑙𝑙𝑒𝑒
� 1 −1
−1 1 �    
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