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INSTRUCTIONS TO CANDIDATES: This is an open book exam. 
 
      There are FOUR Questions. 
 
      Answer ALL questions.  
       
      All questions carry equal marks. 
 
      Marks for parts of questions are shown 

in brackets. 
 
      This examination paper carries a total of 

100 marks. 
 
      All working must be shown.  A 

numerical solution to a question 
obtained by programming an electronic 
calculator will not be accepted. 
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Question 1   
 

 
Figure Q1 

 
 
Figure Q1 shows a beam ABCD which is simply supported with a span of 10 m. 
The beam carries one point load and one distributed load as shown in Figure Q1. 
The beam has modulus of elasticity E = 200 kN/mm2 and second moment of area 
I = 10000 cm4.  
 
 
a Use the method of Macaulay to calculate 
  
  i. The rotation (slope) at A. 
 
 ii. The vertical deflection at B. 

       (20 marks) 
 

b Estimate the value of x at which the rotation (slope) will be zero. 
(5 marks) 

 
 

Formula for the deflection of a beam: 2

2

dx
vdEIM −=  

 
 Total 25 marks 

 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Question 2: Moment Distribution Method  
 
 

 

C A B 

Figure Q2 

18 kN/m 

6m 4m 

D 

12 kN 

2m 

4m 

I= 10,000 cm4 I= 15,000 cm4 I= 10,000 cm4 

2m 

 
 
 
Figure Q2 shows a 3-span continuous beam ABCD which is fixed to supports at A 
and D and simply supported at B and C.  The I values of the members are shown, 
and all members have the same E value. 
 

a. Using moment distribution, calculate the bending moments at A, B, C and D. 
 

(17 marks) 
 
 
b. Sketch the bending moment diagram for the whole beam, showing values at 

important points. 
(8 marks) 

 
 
         Stiffness of a beam against end rotation K = 4EI/L 
 
         Tables of Fixed-End Moments are provided in Table 1 shown on page 7. 

 
Total 25 marks 
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Question 3    
A span in a continuous beam is 6m long, placed at 5m spacing (Figure Q3).  
Beam 1 in Figure Q3 has an ultimate bending moment of 800kNm at its supports. 
The size of the beam is 600mm deep and 430mm wide, and it is monolithically cast 
with a floor slab. Assume the top reinforcement cover as 40mm.  
The beam has a fire rating of 2 hours and the grade of concrete is C30/37.                                                                   
Use H32 for top bars and H20 for bottom bars, 𝑓𝑓𝑓𝑓𝑓𝑓 = 500 𝑁𝑁/𝑚𝑚𝑚𝑚2  
 

a. Determine the reinforcement required in the beam at its supports   (15 marks) 
b. Draw a cross section of the beam at the supports showing the reinforcement 

details.                                                                                                (3 marks)  
c. Calculate the mass of carbon emissions for the slab and beams shown in 

Figure Q3.                                                                                          
Data to be used: 
Total volume of the concrete slab is 38.5m3 
Total volume of the concrete beams is 15.8m3  
Density of concrete is 2400 kg/m3 
Estimated amount of reinforcement for the slab is: 85 kg/m3 of concrete 
Estimated amount of reinforcement for the beams is: 100 kg/m3 of concrete 
Apply the wastage rate as 4% 
Rate of embodied carbon for concrete is 0.126 kg eCO2/kg 
Rate of embodied carbon for steel is 1.4 kg eCO2/kg 

(7 marks) 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

Figure Q3 
Total 25 marks 
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Concrete design equations are provided in Table 2 shown on pages 8 and 9 

 
PLEASE TURN THE PAGE…. 

Question 4 
 
Figure Q4.1 shows a reinforced concrete cantilever beam connected to a column 
which provides a rigid support at its support at A.   
A point vertical load of 2500kN is applied at its free end at point B as shown in Figure 
Q4.1 

 
 

 
 

 
 
 
 
 
 
      
  
 
 
                        

Fig. Q4.1 
 

 
Using the stiffness matrix equation in Figure Q4.2 (next page) to represent the beam: 

 
a) Write out the reduced stiffness matrix required to determine the deflection at 

the tip of the beam at B.     
(5 marks) 

 
b) Determine the inverse of the reduced stiffness matrix. 

(15 marks) 
 

c) Determine the tip deflection and rotation of the beam at point B. 
 

(5 marks) 
 
 
 

Total 25 marks 
 

3.5m 

d 

b 

Beam 
characteristics: 

 
b = 300 mm 
d = 350mm 

E = 24 kN/mm2 

B A 

2500kN 

x 

y 
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Question 4 continues over the page…. 

 
PLEASE TURN THE PAGE…. 

 
Question 4 continued.. 

 
 

STIFFNESS MATRIX FOR BEAM ELEMENT 
 

 
 

   
𝐸𝐸𝐸𝐸
𝐿𝐿

  0   0

  0   
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6𝐸𝐸𝐸𝐸
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Fig. Q4.2 

 
 
 
Matrix formulae to be used with Question 4 are provided in Table 3 shown on pages 
10 and 11. 
 
 
 
 
 
 

END OF QUESTIONS 
 
 

Tables for questions 2, 3 and 4 over the page…. 
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Table 1: Fixed End Moments to be used with Question 2 
 
 

FIXED-END MOMENTS 
FEM AB  A                                                      B FEMBA  
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PLEASE TURN THE PAGE…. 
 
 

Table 2: Concrete design equations to be used with Question 3 
 

Equations: 
 
Effective depth, d 
d = h – a  
 
Bending moment resistance of concrete: 
𝑀𝑀𝑢𝑢 = 0.167 𝑓𝑓𝑐𝑐𝑐𝑐 𝑏𝑏 𝑑𝑑2 

 
Equation for area of compression reinforcement: 

𝐸𝐸𝐴𝐴2 =  
𝑀𝑀 −  𝑀𝑀𝑢𝑢

0.87 𝑓𝑓𝑦𝑦𝑐𝑐 (𝑑𝑑 −  𝑑𝑑2)
 

 
Equation for area of tension reinforcement: 

𝐸𝐸𝐴𝐴 =  
𝑀𝑀𝑢𝑢

0.87 𝑓𝑓𝑦𝑦𝑐𝑐 𝑧𝑧
+  𝐸𝐸𝐴𝐴2 

 
Lever arm and effective depth relationship: 
𝑧𝑧
𝑑𝑑

= 0.5 +  �0.25 −  𝐾𝐾
1.134

                   
 

𝐾𝐾 =  
𝑀𝑀𝑢𝑢

𝑓𝑓𝑐𝑐𝑐𝑐 𝑏𝑏 𝑑𝑑2
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Table 2 continue …. Concrete design equations to be used with Question 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Matrix Formulae to be used with Question 4 
 
 

Inverse of 3x3 Matrix  
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Table 3: Matrix Formulae to be used with Question 4 
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Table 3 continue on next page ….. 
 

PLEASE TURN THE PAGE…. 
 
 
 
 
 
 
 

Table 3 Continue …  Matrix Formulae to be used with Question 4 
(Example how to find the inverse of 3x3 matrix) 
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