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INSTRUCTIONS TO CANDIDATES: There are SIX questions on this 

paper. 
 
      Answer ANY FIVE questions. 
 
      Answer SECTION A and SECTION 

B on separate answer books. 
 
      All questions carry equal marks. 
 
      Marks for parts of questions are 

shown in brackets. 
     
      This examination paper carries a 
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      Formula sheet/supplementary 

information is provided at the end 
of each section. 

       
      All working must be shown. A 

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



Page 2 of 19 
 
University of Bolton 
Western International College FZE 
BEng (Hons) Civil Engineering 
Trimester 2 Examination 2021/22 
Ground and Water Studies 2 
Module No. CIE5005 
         

 SECTION A- GROUND STUDIES 
Q1 

a) A flexible foundation is to be constructed on a layer of soil of finite vertical 

extent of 15m with a bulk unit weight of 21kN/m3. The foundation is of length 

5m and breadth 3m and it is to exert a uniform pressure of 200kN/m2. 

 

(i) Determine the immediate settlement under the centre and at the 

corner of the foundation if the elastic soil stiffness (Eu) is assumed to 

be 24MN/m2 (Use Figure Q1a- on Page 9) 
(8 marks) 

(ii) Analyse the potential damage due to differential settlement for the 

above foundation. 

(4 marks) 
b) If the foundation is to be constructed over a layer of soil of infinite vertical 

extent with a bulk unit weight of 21kN/m3 and it imposes a contact pressure 

of 200kN/m2 on the surface of the foundation, determine the vertical stress at 

a depth of 15m beneath the centre of the foundation using Figure Q1b- On 
Page 10. 

(4 marks) 
c) Explain the following terms that may occur when carrying out a shear box test 

on sand. Ensure that you explain the anticipated density state of the soil as 

each term below is observed.  

(i) ‘peak’ and ‘residual’ shear strength   

(2 marks)  
(ii) ‘dilation’ and ‘realignment’   

(2 marks) 
Total 20 marks 

PLEASE TURN THE PAGE….. 
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Q2.     
a) A series of consolidated undrained triaxial tests were conducted on a soil sample 

and the following results were obtained is given in Table Q2 a 

Table Q2 a: Triaxial tests observation 
 

Test No: 1 2 3 

Cell Pressure  (kN/m2) 250 500 750 

Deviator Stress at failure (kN/m2) 152 300 455 

Porewater Pressure at Failure (kN/m2) 120 250 350 

 

Using Figure Q2a on Page 11 construct Mohr’s stress circles and determine 

the effective   stress parameters of the soil sample. 

(7.5 marks) 
b) Describe any two of the full range of shear strength testing methods available for 

different soil types both in the field and in the laboratory. Ensure that your 

discussions justify the use of specific test methods for specific soil types and also 

state the advantages and limitations of the methods selected. 

(5 marks) 
c) Determine the distribution of Effective stress, Pore Water Pressure and Total 

Stress at each soil strata using the Figure Q2b on Page 12 and hence plot the 

diagram to illustrate the variation of total stress, pore water pressure and the 

effective stress with depth from ground surface to a depth of 12m below ground 

level. The water table is located at a depth of 4m below ground level within a 6m 

thick deposit of sandy gravel overlying 4m of clay. 

                                                           (7.5 marks)
 Total 20 marks 

   
END OF SECTION A 

 
PLEASE TURN THE PAGE SECTION B… 
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SECTION B- HYDRAULICS 
 
Q3.  

a) A pipe joins two reservoirs whose head difference is 10m. The pipe is 200mm 

diameter, 1000m in length and has a friction factor λ value of 0.002 for a 

discharge of 36.4 l/s. The flow to the downstream reservoir is to be increased 

to 442l/s, by adding a second pipe of the same diameter that connects at some 

point along the old pipe and runs down to the lower reservoir. If the frictional 

head loss remains the same, how long should the new pipe be? Assume the 

friction factor same as the old pipe. Neglect all minor losses. 

(12 marks) 
b) A 300mm diameter main conveying water at a flowrate of 69 litres/sec falls 3.0m 

over a distance of 400m. If the pipeline has a roughness value ks of 1.5mm and 

the pressure at the end is 3 bars, determine the pressure at the start in kN/m2. 

(Use the HRS Tables provided on Page 15 -19) 
(8 marks) 

       Total 20 marks  
Q4. 

a) The reservoir A at a treatment plant feeds two service reservoirs B and C as 
shown below in Figure Q4.  
 

(i) Using the information given in Table Q4.a, make a sensible first estimate 
for the head at the pipe junction in system A. Briefly explain the reasons 
for your selections.     

(6 marks) 

 
(ii)  the Flow Balancing Method to approximately determine the flows 

entering the service reservoirs in Figure Q4. Use Table Q4b attached on 
Page 18 

(8 marks) 
 
 

Q4 continued over the Page 
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PLEASE TURN THE PAGE… 
 

 
Q4 continued 

 
 A 
 A 
 
 
 
        C   B  
 
 C 
 B 
 

Figure Q4: System A 
 
 

Table Q4a: Details of System A 
Pipe Length  

m 
Diameter 
mm 

Roughness 
mm 

Reservoir Water 
Level 
m (AOD) 

A 720 300 1.5 A 300 

B 560 200 1.5 B 285 

C 650 200 1.5 C 280 

 
 

b) Describe the basic rules applicable in the analysis of complex pipe network 
(6 marks) 

 

Total 20 marks 
PLEASE TURN THE PAGE….. 
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Q5. 

(a) A service reservoir is to be constructed to provide  water supply for a town 1 

km distant. A supply pipeline of 450mm is provided which connects the 

reservoir to the distribution system with a flowrate of 443 l/s. The pipe material 

is coated steel, which has a ks value of 0.03 mm. The top water level in the 

reservoir is 400.0m AOD and the pipe level at the start of the distribution 

system is 360.7m AOD. Using Barr’s equation, find the Darcy friction factor ‘λ’ 

and thus determine the pressure at the start of the distribution system. Assume 

the coefficient of dynamic viscosity ‘µ ' for water is 1.14 x 10-3 kg/ms 

 

(14marks) 

(b) Differentiate between Laminar and Turbulent flow velocity distribution. Use 

suitable equations and diagrams to support your findings.       

(6 marks) 
            Total 20 marks 

 
PLEASE TURN THE PAGE….. 
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  Q6. 

(a) A foul sewer system has to be designed for a town with an estimated 

population of 25000. State the general guidelines used for the design of this 

foul sewer system. 

              (6 marks) 
(b)  Details of an existing surface water sewer system are given below in          

Table Q6a. The pipes in the system have pipe roughness ks of 1.5mm and 

the time of entry for surface water is 5 minutes. Using the Rational method, 

complete Table Q6b on Page 19. provided, check whether the system is 

capable of withstanding a 1 in 10 years return period storm. Use the Rainfall 
Table and HRS tables are provided under supplementary Information. 

 
Table Q6a. Drainage Design Data 

1 2 3 4 5 

 
Pipe 
Ref No 

 
Pipe 
length 
(m) 

 
Pipe 
gradient 
(1 in ) 

 
Imp. 
Area 
(ha) 

 
Pipe 
dia. 
(mm) 

1.00 150 62 0.15 225 

1.01 170 105 0.12 300 

2.00 220 182 0.13 225 

2.01 160 71 0.11 300 

1.02 180 53 0.20 300 
 

(14 marks) 
 

Total 20 marks 
END OF QUESTIONS 

PLEASE TURN THE PAGE FOR FORMULA SHEET SECTION A 
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Formula Sheet for Section A 

 
 

 
 

  

 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
PLEASE TURN THE PAGE FOR SUPPLEMENTARY INFORMATION 

SECTION A 
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Supplementary Information Section A 

 
 

 
 
 

Figure Q1a. Influence values for immediate settlement  
 
 
 
 
 
 
 
  
 
 

 PLEASE TURN THE PAGE… 
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Figure Q1b. Giroud Curves for Influence Factors 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE… 
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  CANDIADTE NO: 

 

 

 
 
 

Figure Q2a. 
 
 

TO BE HANDED IN WITH THE ANSWER BOOK 
 

 PLEASE TURN THE PAGE… 
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Figure Q2b. 
 
 
 

END OF FORMULA SHEETS FOR SECTION A  
 
 

 

 
PLEASE TURN THE PAGE FOR SECTION B FORMULA SHEET 
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Formula sheet for Section B 
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       2 g d   
 
hf = λ L Q2 
       12.1 d5 
 
hf = So L 
 
Re =  v d   =  ρ v d 
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Q = 2.78 Ap i 
 

  
 
 
 
 
 
 

     PLEASE TURN THE PAGE FOR SECTION B SUPPLEMENTARY 
INFORMATION 
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Supplementary Information Section B 
                                       
                                     Rainfall Data

 
PLEASE TURN THE PAGE… 
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PLEASE TURN THE PAGE… 
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PLEASE TURN THE PAGE… 
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Table Q4b. Flow balancing Method 
 

 
  
  

1st estimate 
Hj = ………………….m 

  2nd  estimate  
                       Hj = ……………………….. 

Pipe hf across 
Pipe (m) 

SO 
(1 in) 

Q 
(litre/s) 

Q 
(m3/s) 

Q/hf hf across 
Pipe (m) 

SO  
(1 in) 

Q 
(litre/s) 

 
A 
  

   

  

   

 
B 
  

   

  

   

 
C 
  

   

  

   

Error in Q =  ∆ Q =  

  

Error in Q =  ∆ Q =  

                                                     
 

 
  
  
  
  
  
  
  
  
  

 

 
TO BE HANDED IN WITH ANSWER BOOK                              Candidates ID No…........................................... 

PLEASE TURN THE PAGE… 
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Table Q6b. Drainage Design 

 
 Pipe 
length 
ref No 

    
 Pipe 
length 
 
  (m) 

    
Pipe 
gradient 
  
 (1 in ) 

    
 Vel 
 
 
(m/s) 

    
 Time  
  of 
 flow 
 (min) 

    
 Time 
  of 
 Conc. 
 (min) 

 
 Rate of 
rainfall 
   i 
(mm/hr) 

    
 Imp. 
 Area 
 
 (ha) 

    
Cumulative 
Imp. Area 
   AP 
  (ha) 

  
 Flow 
  Q 
 
(l/s) 

   
Pipe 
dia. 
 
 (mm) 

1.00 150 62     0.15   225 

1.01 170 105     0.12   300 

2.00 220 182     0.13   225 

2.01 160 71     0.11   300 

1.02 180 53     0.20   300 

 
TO BE HANDED IN WITH ANSWER BOOK                              Candidates ID No…........................................... 

END OF SUPPLEMENTARY SHEETS 
END OF PAPER 
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