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INSTRUCTIONS TO CANDIDATES: There are FOUR questions on this 

paper. Answer ALL questions.  
      Answer Section A and Section B 

questions in separate answer 
books. 

      Marks for parts of questions are 
shown in the brackets. 

      This examination paper carries a 
total of 100 marks. 
Formula sheet to be used in 
Section B is attached on Page 6 of 
this paper. 

      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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SECTION A: STRUCTURES 

 
Question 1 
 
A three-pin frame is shown in Figure Q1. The frame is supported at A and G by pins 
and a third pin is positioned at D.  There is a vertical load of 12 kN acting at C and a 
horizontal load of 24kN acting at point F.   

a. Determine the magnitudes and directions of the vertical and horizontal 
reactions at A and G.                                     (4 marks) 

b. Draw the Axial Force Diagram.                                     (6 marks) 
c. Draw the Shear Force Diagram.                                    (7 marks) 
d. Draw the Bending Moment Diagram.                                                   (8 marks) 

For parts b, c and d, show all important values on the diagrams and produce 
accompanying calculations to show how these values have been derived. 
        Total 25 marks 
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Figure Q1 
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Question 2  
 
 

 
 
 
 
 
 

Figure Q2 
 
A simply supported beam ABCD carries a uniformly distributed load of 3.0 kN/m 
between A and B, point loads of 4kN, 6 kN at B and C respectively, and a uniformly 
distributed load of 5.0 kN/m between B and D as shown in Figure Q2. The beam has 
uniform rigidity EI. 
 

a.  Use the method of Macaulay to calculate 
i. Rotation (Slope) at A 
ii. Vertical Deflection at B 

       (17 marks) 
 

b. Estimate the value of ‘x’ at which the slope will be zero and hence find the 
maximum deflection of the beam. 

(8 marks) 

Formula for the deflection of a beam: 2

2

dx
vdEIM −=  

 
Total 25 marks 

 
End of section A 
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SECTION B: ENGINEERING MATHEMATICS 
 
Question 3 
 

a. The masses of 50 ingots in kilograms are measured correct to the nearest 

0.1kg and the results are shown in Table Q3.  
          Table Q3 
 
 
 

  
 
 
 
 
 
                                                                                                                          

(i) In the graph sheet provided, draw a histogram depicting the results.  

(5 marks) 

 (ii) Determine the mean, median and modal values of the distribution. 

 (5 marks) 

(iii) Determine the Standard Deviation  

(5 marks) 
 

b. Nine concrete cubes are made from an onsite concrete mix. Extreme heat 

during the first two days of curing has resulted in the probability of the cubes 

curing too quickly and cracking being 0.29. Calculate the probability, correct to 

3 decimal places, and the number of:  

 

(i) Exactly 5 cubes are cracked     (3 marks)  

(ii) At least 3 cubes are cracked   (4 marks)  

(iii) Utmost 4 cubes   (3 marks) 

                                                                                                                  
 

Total 25 marks 
 

Please turn the page  
 

Weight measured (kg) Frequency 
 7.1 – 7.3 3 
7.4 – 7.6 5 
7.7 – 7.9 9 
8.0 – 8.2  14 
8.3 – 8.5 11 
8.6 – 8.8  6 
8.9 – 9.1 2 
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Question 4 
 

a. Table Q4 below gives the number of road accidents on a stretch of road 

during a 200-day period               
            Table Q4 

Number of accidents, x 0 1 2 3 4 5 6+ 

Number of months, f 91 61 30 14 3 1 0 

 
(i) Chose an appropriate statistical model to fit to the data explaining the 

reasoning for your choice.    (2 marks) 

 

(ii) Test both the goodness of fit and “too good to be true” using a 5% level 

of significance. The χ² distribution chart is provided on page 8.      

(11 marks) 

 

b. The weights of a manufacturer’s bags of aggregate are normally distributed with 

a mean of 20kg and a standard deviation of 0.2kg. In a batch of 160 bags 

delivered to a contractor, calculate the expected number of bags whose:  

 

(i) Weights are between 19.3kg and 20.3kg.     (4 marks) 

(ii) Weights are below 19.2kg     (4 marks) 

(iii) Weights are over 20.6kg.     (4 marks) 

 

The Standard normal distribution chart is provided on page 7                                                

 
  Total 25 marks 

  
 

END OF SECTION B 
 

END OF QUESTIONS 
 

Please turn the page for Formula sheet 
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Formula Sheet 

 
1.  Mean and Standard Deviation 

 

  
 

2. Chi square test 

    =                        v  =  (k-m) 

 
       
      3.  Binomial expansion  

  (q+p)ⁿ = qⁿ + nq ⁿ ̄ ¹p +  n(n-1) qⁿˉ² p² +  n(n-1)(n-2)qⁿ ̄ ³p³ + .... 
               2!                      3! 
    
     
       4.  Normal Distribution 

                 
 
       5.  Poisson Distribution 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Formula Sheets continued over the page 
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Formula Sheets continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Formula Sheets continued over the page 
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Formula Sheets continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

END OF PAPER 
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