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QUESTION 1 

 

(a) Explain why the plastic design of structures is preferable to elastic design.   [3] 

 

(b) With the aid of clearly labeled diagrams, describe how the stress distribution at a cross-

section change as load is gradually increased ( consider four separate instances:  

            � < ��	, � = ��	, �� < � < ��	, � = ��)      [12] 

 

(c) Calculate the shape factor for the section in Figure 1      [10] 

 

 
Figure 1 

 

QUESTION 2 

 

(a) Determine the required value of ��  to ensure a minimum load factor of � = 1.7 for the 

beam in Figure 2a.          [10] 

 

 
Figure 2a 
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(b) Sketch the possible collapse mechanisms for the frame in Figure 2b. Clearly indicate the 

positions of the plastic hinges.        [6] 

(c) Calculate the collapse load of the frame in Figure 2b.     [9] 

 
Figure 2b 

QUESTION 3 

 

(a) Define the term yield line.         [2] 

(b) Sketch one possible yield line pattern for the slabs in Figure 3a.   [6] 

 

 
Figure 3a 

(c) For the slab in Figure 3b calculate : 

(i) The distance x.  
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(ii)  the intensity of the UDL that would cause the reinforced concrete slab to collapse 

in the manner shown.         [17]  

 
Figure 3b 

 

QUESTION 4 

 

(a) Figure 4 shows a 2-storey building. The floor slabs are very stiff compared to the 

columns. Find : 

(i) the natural angular frequencies  

(ii) the corresponding characteristic mode shapes.     [25] 

 
Figure 4 
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QUESTION 5 

 

(a) Write the fundamental equation of free vibration, explaining each term.   [5] 

 

(b) (i) What is damping?          [2] 

(ii)On the graph of the undamped, free vibration response of a system in Figure 5 clearly 

indicate the following: amplitude, phase angle, period.     [5] 

 
Figure 5 

 

(iii) Sketch the response of an under-damped, a critically damped, and over-damped 

system. (Draw the three curves on one diagram)    [6] 

 

(c) A spring-mass single degree-of-freedom system has the following properties:  

���,� = 20��; ������	���������, � = 350�/�;	� = 10��;	�! = 100��/� 

Determine the natural frequency, period, and amplitude of vibration of the system. [7] 
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