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(1).  A 6.0 m long simply supported beam-column, which is prevented from 

swaying and from deflecting out of the plane of bending, is required to 

support a factored design axial load of 1000 kN and factored design 

end moments of 300 and 150 kNm which bend the beam-column in 

single curvature about the major axis. Design a suitable UB or UC 

beam-column of S275 steel. (Refer Appendix A for section properties 

of UB or UC) 

[25 marks] 

 
(2).        A single degree of freedom system is excited by a dynamic force as 

shown in Figure 1. Assume the girder is rigid whereas the columns are 

flexible to the lateral deformation but rigid in vertical direction. Using E 

= 30 GPa and I = 15(106) mm4, 5 % damping and neglect the mass of 

columns, determine 

 

(i) The natural period of building 

(ii) The steady state amplitude of vibration, and  

(iii) The maximum shear force and bending moment in the column 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 

 

[25 marks] 
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 (3).     Figure 2 shows a damped multi-degree of freedom system with the 

mass mi, damping coefficient ci and stiffness ki at i-level. Use various 

masses such as m1, mi and mN as examples,  

 

(i) Formulate the equations of motion for this N-storey building 

excited by a dynamic load. State all assumptions made. 

(ii) Explain the way to determine the natural frequencies and 

vibration mode shapes.  

(iii) Outline the process to solve the equations of motion. Show 

clearly in your answer how to uncouple the equations of motion. 

(iv) Explain how to solve this problem if the dynamic excitation is an 

earthquake ground motion with the ground acceleration 

of           .  

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 

[25 marks] 
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 (4).   (a).  Using suitable sketches, explain the meaning of neutral equilibrium.   

Obtain the critical load of the column shown in Figure 3 using method 

of neutral equilibrium.   The lower end of column is pinned and the 

upper end is prevented from rotating but free to translate laterally.  

Given flexural rigidity of the column is EI.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 

[10 marks] 

 
 (b).  The total deflection y from vertical for the initially bent imperfect column 

shown in Figure 4 is given as follows: 

          𝑦 = 𝑎/(1 − 𝛼) 𝑠𝑖𝑛
𝜋𝑥

𝐿
 

 

where a is the amplitude of the initial deformation at mid-height of the 

column and =P/PE.   
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Figure 4 
 

Using the above equation for y, derive the expression for the mid-height 

deflection . Next, explain the difference in behavior between imperfect and 

perfect column using the derived expression for .  Use suitable graph in your 

explanation. 

[15 marks] 

 

 (5).  (a).  Obtain the critical load of the cantilever column shown in Figure 5 by 

using Rayleigh-Ritz method for the following assumed deflection of the 

cantilever column: 

 

                                                                                                       
32 BxAxy +=  

 

where A, B : constants.    Provide one possible reason for the 

difference of the obtained solution in comparison with the exact solution 

of Pcr, exact =  2.467 EI/L2. 
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Figure 5 
 

 [15 marks] 
 

 

(b).  The mid-span deflection  of the simply supported beam-column 

subjected to transverse load Q and axial force P as shown in Figure 6 

is given by the following equation: 

     

     = 0 × 1 / (1- P/Pcr)  

 

 

where 0 = QL3/48EI which corresponds to the mid-span deflection in 

the absence of P and Pcr: critical load for the simply supported beam-

column.   Using the above equation of , explain the behavior of beam-

column.    Next, using suitable Q vs  plots for the case of P/Pcr=0, 

P/Pcr=0.25, P/Pcr=0.5, explain the effect of the presence of constant axial 

force on bending stiffness of beam-column.    
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Figure 6 
 

 [10 marks] 

 

 (6).   (a).  Using matrix method, determine the critical load of column BC in the 

frame shown in Figure 7.   Both A and C are fixed supports.  Refer 

Appendix B for the stiffness matrix of a beam-column member.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 
 

 [15 marks] 
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(b).   Figure 8 (a) and (b) show a braced and un-braced frame, respectively.   

Sketch the corresponding buckling mode for the case of braced and 

unbraced frames, respectively.   Subsequently, show that the range of 

critical load Pcr for the unbraced frame shown in Figure 8(b) is as 

follows.    

 

0.25 PE < Pcr < PE , where PE : Euler buckling load. 
 

               

 
         

(a)                                          (b) 
                                  

               Figure 8 
 

 [10 marks] 
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APPENDIX A 
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APPENDIX B 
 

Stiffness matrix for a beam-column member 
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where EI:flexural rigidity of member; L:length of member; P:axial force of member  
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