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INSTRUCTIONS TO CANDIDATES: There are TWO Sections, A and B. 
 
      Answer Section A in ONE Answer 

Booklet and Section B in the other. 
 
      Section A: Q1 to Q2 (Answer ALL 

Questions) 
 
      Section B: Q3 to Q4 (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. 

 
      A formula sheet is attached to the end 

of the paper 
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SECTION A: STRUCTURES 
(Answer ALL Questions) 

 
 
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 uniform rigidity EI = 20,000kNm2.  
 
 
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  
 
The three pin frame shown in Figure Q2 (i) is pinned to supports at A and F, with a 
third pin at D. The frame is subjected to a vertical point load of 50 kN at position C and 
horizontal point load of 40 kN at position E. 
 
 a) Calculate the value of the support reactions at A and F. (5 marks) 
 
 b) Draw the axial force diagram (AFD) (4 marks) 
 
 c) Draw the shear force diagram (SFD) (4 marks) 
 
 d) Draw the bending moment diagram (BMD) (6 marks) 
 
 
For b), c) and d) show all important values on the diagrams and produce 
accompanying calculations to show how these values have been derived. 
 
            
 

 
 

FIGURE Q2 (i) 
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Q2 continues over the page… 
 

PLEASE TURN THE PAGE….. 
Q2 continued… 
 
 
Figure Q2 (ii) shows a very similar three pin frame, pinned to supports at A and F, with 
the third pin at B (no longer at D). The applied loads remain the same as Figure Q2 
(i). 
 
 e) Without doing any further calculations, sketch the Bending Moment 
Diagram (BMD) for the three pin frame shown in Figure Q2 (ii). Do not attempt to 
calculate the values of the bending moments in the frame.  

(6 marks) 
 
  
            

 
 
 

 
FIGURE Q2 (ii) 

 
 

 
Total 25 marks 
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END OF SECTION A 
 

PLEASE TURN THE PAGE FOR SECTION B… 
 

SECTION B: ENGINEERING MATHEMATICS 
 

(Answer BOTH Questions) 
 
Question 3 
 

(a) A service engineer can be called out to inspect drainage at one of five large 
properties A,B,C,D and E. On any given week, the probability the engineer 
will be called out to one of these properties is 0.12. The event of being 
called out to one property is independent of being called out to one of the 
other properties. 
 
Find, to five decimal places, the probability that, on a particular day, the 
engineer is called out to: 
 
(i) all five properties;  (3 marks) 
(ii) at least three properties; (3 marks) 
(iii) four properties, given that the engineer has been called  

out to property A.  (4 marks) 
 
  

(b) The number of failures occurring in a machine of a certain type in a year 
has a Poisson distribution with mean 0.34. In a factory there are twelve of 
these machines. What is: 
 
(i) the expected total number of failures in a year?  (3 marks) 
(ii) the probability, to five decimal places, that there are fewer  

than two failures in the factory in a year?   (4 marks) 
 

(c) The tensile strength of a bar made with a certain metal composite is 
normally distributed with a mean of 1200 kg·cm-2 and a standard deviation 
of 80 kg·cm-2. 

 
(i) What proportion of these components exceed 1320 kg·cm-2  

in tensile strength?       (4 marks) 
(ii) To ensure safety when the bars are used in construction,  

it is required that at least  95% of they have a strength  
greater than 1072 kg·cm-2. Do the bars meet the  
specifications?       (4 marks) 
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Total: 25 marks 

 
PLEASE TURN THE PAGE….. 

Question 4 
 

(a) A manufacturer claims that the average tensile strength of  
material A exceeds the average tensile strength of material B 
 by at least 12 kg. To test this claim, 50 pieces of each type  
of material were tested under similar conditions. Material A  
had an average tensile strength of 86.7 kg·cm-2 with a  
standard deviation of 6.28 kg·cm-2, while material B had an  
average tensile strength of 77.8 kg·cm-2 with a standard  
deviation of 5.61 kg·cm-2. Test the manufacturer’s claim  
using a 5% level of significance. (9 marks) 
 
 

(b) A manufacturer produces electronic components for use in  
computer controlled  monitoring systems. A random  
sample of 100 components is inspected and the number of  
faults per component recorded. The results are given in the 
table below: 
 

Number of faults per 
component 

Frequency of 
occurrence 

0 42 
1 34 
2 18 
3 6 

 
 
Perform a chi-squared test with a 5% level of significance to  
determine the validity of the assumption that the occurrence of 
faults in the components is Poisson.   (16 marks) 

 
 
 
 

Total 25 marks 
      END OF SECTION B 

END OF QUESTIONS 
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PLEASE TURN THE PAGE FOR FORMULA SHEETS…
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Mathematical Tables and Formulae 

 
 
Probability Rules 
 
The probability that two events E1 and E2 occur is denoted p(E1 Ç E2) and given by: 

p(E1 Ç E2) = p(E1) p(E2). 
If the two events are independent. The probability that event E1 or event E2 occurs is 
denoted p(E1 È E2) and given by: 

p(E1 È E2) = p(E1) + p(E2) - p(E1 Ç E2). 
An event E2 is conditional if it depends upon the event E1 with conditional probability 
denoted p(E2| E1) given by: 

p(E2| E1) = p(E1 Ç E2) / p(E1). 
 
 
 
 

Binomial Distribution 
 
Let X be a random variable denoting the number of successes in n independent trials 
where each trial has probability p of success and probability 1 − p of failure. Then X 
follows a binomial distribution: X ~ B(n,p) and 
 

p(X = k)  =  nCk pk (1-p)n-k 

 
 
 
 
Poisson Distribution 
 
Let X be a random variable denoting the number of events occurring in an interval 
where the average number of events in the interval is λ. Then X follows a Poisson 
distribution: X ~ P(λ) and 
 

p(X = k)  =  e—λ ( λk / k! )  
 

where k = 0,1,2,… 

 
 
 
 

PLEASE TURN THE PAGE….. 



 
Standard Normal Distribution Table 

 
Any random variable X ~ N(μ,σ2) can be transformed into the  standard normal 
distribution variable Z ~ N(0,12) using: 
 

Z = (X - μ) / σ 

The shaded region gives p(Z < a) and yields the numerical values in the table below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE….. 
 

Percentage Points χ2
α,υ of the χ2 Distribution 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

PLEASE TURN THE PAGE….. 
 



 
Goodness-of-Fit 
 
Given the observed frequency Oi of the i-th interval of a random sample of size n 
drawn from a population; the expected frequency Ei = nPi of the i-th interval under 
the hypothesis that the data follows a known distribution where Pi is the probability 
associated with interval i; we can calculate the goodness-of-fit statistic: 
 

W = Σi [ (Oi – Ei)2 / Ei ] 
 

which follows a χ2 distribution with (k-p-1) degrees of freedom where k is the number 
of interval and p is the number of parameters needed to describe the probability 
distribution of the population which we have to estimate from the data. 
 
 
 

t-Test and z-Test Statistics 
 
Given a sample {X1,X2,…,Xn} of size n drawn from a normally distributed population 
with mean μ and variance σ2, the sample mean and sample variance are given by: 

 

X  = (X1 + X2 + ∙∙∙∙ + Xn) / n      and      s2 = 1/(n-1) Σi (Xi  –  X )2 
 

respectively. The t-test and z-test statistics are  
 

z = ( X  – μ ) / ( σ / √n )     and     t = (  X – μ ) / ( σ / √n )      
 
respectively. The t-test is adopted when the sample is small (n<30) and the variance 
is unknown. The z-test requires the variance to be known or assumed to be known 
and is used for large sample sizes (n>30). 
 
 
 

END OF FORMULA SHEETS 
 

END OF PAPER 
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