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QUESTION 1 

 

The elastic rod in Figure Q1 is to be modeled using 3 bar elements. It is attached to a fixed 

support at one end and the other is subjected to a tensile force P. It has length L and the cross-

sectional area varies linearly from �� at the support to 
��

�
 at the loaded end. 

 (i) With the aid of clearly labeled diagrams, explain how you would idealize the bar to  

 account for the varying cross-section       [10] 

 (ii) Write expressions for the constraint at the fixed support (clearly indicate axes on 

 diagram).          [5] 

 (iii) Determine the stiffness matrix for each element     [10] 

 

 
Figure Q1 

 

 

QUESTION 2 

 

Using the Principle of Minimum Potential Energy 

 (i) Derive the stiffness matrix for the system of linear springs in Figure Q2. 

 (ii) Solve for the displacements and reaction forces given that 

�� = 4
/��, �� = 6
/��, 	�� = 3
/��, �� = −30
, �� = 0, �� = 50
   [25] 

 

 

Figure Q2 
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QUESTION 3 

 

(a) Consider the element in Figure Q4. The coordinates are in millimetres.  � = 210���, 

     	� = 0.25, � = 10�� 

 (i)  Evaluate the stiffness matrix for the element assuming plane stress conditions.  

 (ii) the nodal displacements are  � = 2.0��, �� = 1.0��,  � = 0.5��,	 

                 	�� = 0.0��,  � = 3.0��, �� = 1.0��.			     

 Determine the element stresses !", !#	�$%	&"#     [25] 
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QUESTION 4 

 

The propped cantilever in Figure Q4 is subjected to an end load P. The beam is of length 2L and 

has constant EI. Determine the nodal displacements and reaction forces.    [25] 

 

Figure Q4 
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