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QUESTION 1 

 

(a) Using the principle of Minimum Potential Energy;  

(i) Formulate the global stiffness matrix for the system in Figure Q1.  

(ii) Solve for the unknown displacements 

(iii) Calculate the unknown forces and reactions.      [10] 

 

 

 
Figure Q1 

 

 

(b) A bar of length � is subjected to a uniformly distributed load of intensity �. The potential 

energy of the system can be expressed as 
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 Using the trial function u��	 = ��,   

(i) Determine the coefficient � 

(ii) Find expressions for strain, �, and stress,  �. [15] 
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QUESTION 2 

 

(a) The bar element has two nodes and the linear displacement function is as shown in Figure 

Q2A.  

(i) What are the equations for linear interpolation (shape) functions ��and �� ? 

(ii) Sketch  ��and �� 

(iii) What is the purpose of a shape function?      [15] 

 

 

 
Figure Q2A 

 

 

(b) (i)  Explain how you would apply a fixed support to node 1 of the beam shown in 

Figure Q2B.  

(ii) Reduce the uniformly distributed load into the equivalent nodal forces and 

moments. Give the answer in the form of the global force vector F.  [10] 

 

Figure Q2B 
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QUESTION 3 

 

The tapered bar in Figure Q3 has a linearly varying cross-sectional area which varies from 3A0 at 

the left side to A0 at the right side. The bar is divided into two elements. Show that the stiffness 

matrix for the system is  
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Find a solution by integrating �2 = � 345
426 = 7

/ ��	subject to the boundary condition ��0	 = 0 

[25] 

 

Figure Q3 

  

 

QUESTION 4 

 

(a) What is the difference between a beam and a bar (rod) element.    [3] 

 

(b) The truss in Figure Q4  is composed of two members each of cross-sectional area 

968mm2. E =70GPa. 

(i) Construct the individual elemental matrices  

(ii) Assemble the global matrix        [22] 

 

 

 

 

 

Page 4 of 7 

Copyright: National University of Science and Technology, 2014 



TCW 3102 

 

 
Figure Q4 

 

 

QUESTION 5 

 

The structure in Figure Q5 is subjected only to gravitational forces acting on the elements. 

 

Figure Q5 
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(i) Derive the stiffness matrix for each element and assemble the global stiffness 

matrix 

(ii) Construct the force vector considering the gravitational force acting on the 

elements 

(iii) Apply the relevant boundary conditions and solve for the nodal displacements 

(iv) Calculate the reaction force at the support, element strains and element stresses.    

          [25] 
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