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SECTION A 
 

Question 1 

 

Consolidated drained triaxial tests were carried out on three identical specimens 

(each 38mm diameter and 76mm long) of the same soil sample (saturated clay) and 

the following data was recorded as shown in Table 1 

 

Table 1 

Specimen 1 2 3 

Cell Pressure (kPa) 100 200 400 

Ultimate Axial Load (kN) 0.168 0.344 0.696 

Change in length (mm)  

 During consolidation ,  ΔHc 0.73 1.77 2.82 

 During axial loading ,  ΔHa 9.38 12.24 15.38 

Change in Volume (ml)  

 During consolidation ,  ΔVc 2.48 6.02 9.90 

 During axial loading ,  ΔVa 5.93 6.05 6.07 

 

Using the Mohr-Coulomb failure criterion, determine the drained shear strength 

parameters.  

Note :  

(i) To draw the Mohr circle, use the graph paper provided.  

(ii) The cross sectional area at failure ,  

 

 

Total 20 marks 
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Please turn the page 

 

Question 2 

 

(a) A flexible raft foundation of length 36m and breadth 12m imposes a contact 

pressure of 155kN/m² on the surface of the foundation soil. Determine the 

vertical stress at a depth of 12m :  

i. Below one corner of the foundation     

 ii. Below the centre of the foundation.  

(8 marks) 

 

 
Figure Q2(a). Influence values for vertical stress (Giroud’s chart) 

 
 

Question 2 is continued over to the next page 
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Please turn the page 

 

 

Question 2 continued. 

 

(b) A sediment settling lagoon has a depth of water of 4m above the saturated sand 

base. The sand layer is 3m thick and this overlies 5m thick clay, which in turn 

overlies impermeable rock as shown in Figure Q2(b).   

i. Calculate the effective stress, pore water pressure and total stress at each layer 

and sketch the stress profiles with respect to the depth.  

ii.  Calculate the total stress and effective stress after draining the lagoon and the 

water table remains at the surface of the soil. Comment on how the depth of 

water above the soil affects the effective stress of soil.  

(12 marks) 

 

Figure Q2(b) 

Total 20 marks 
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END OF SECTION A 
 

Please turn the page for Section B 
Please turn the page 

SECTION B 
 
Question 3 
 
(a) State the basic hydraulic principles which apply in water network analysis. 

(4 marks)  
 
(b) A pipe network System A is shown below in Figure Q3. Water flows from 

reservoir A to two service reservoirs B and C as shown. Using the information 

given in Table Q3-1, 

i. Make a sensible first estimate for the head at the pipe junction J in the given 

system. Briefly explain the reasons for your selections.  

(2 marks) 

ii. Using Flow balancing method, ascertain a first estimate of the level of error in 

your initial assumption using Table Q3-2. Explain how you have determined 

the errors. 

(12 marks)  

iii. Determine the correction factor for pipe junction height and the new head at 

the pipe junction.  

(2 marks) 

 
    Candidates should complete Table Q3-2 provided on page 12 and hand in with 

the answer. HRS tables are provided. 

 

                                 Figure Q3. Pipe Network system A 
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Question 3 is continued over to the next page 
 

Please turn the page 

 
Question 3 continued. 

Table Q3-1 

Reservoir Pipe Diameter 
(mm) 

Length (m) Ks(mm) Water 
Level 

AOD (m) 
A A - J 300 800  0.03 200 

B B - J  250 1000 0.03 175 

C C - J  150 400  0.03 185 

     
Total 20 marks 

Question 4 
 

(a) Explain what is meant by the term "separate sewerage system" and outline its 

operational benefits and drawbacks as compared to other sewerage systems. 

 (5 marks) 

(b) Details of an existing surface water drainage system are given in Table Q4-1.  

Using the Rational Method of design, check the suitability of the drainage 

design and select a suitable pipe diameter for pipe 1.2. Use Table Q4-2 on 

page 13. The rainfall return period is 1 in 10 years, the time of entry is 5.0 

minutes and the pipe roughness ks is 1.5mm.Rainfall Table and HRS tables 

are provided.                 (15 marks) 

Table Q4-1 

Pipe 

Ref No 

Pipe 

Length, L 

(m) 

Pipe 

gradient 

(1 in ) 

Imp. 

Area 

(ha) 

Pipe 

dia. 

(mm) 

1.00 50 56 0.025 100 

1.01 60 105 0.20 250 

2.00 125 83 0.04 125 
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1.02 75 125 0.08 ….. 

Total 20 marks 

 

Please turn the Page 

 

Question 5 

(a) Water flows from reservoir A to reservoir B through a 300 mm dia, 2500 m 

long pipe and λ= 0.02. 

i. Calculate the discharge through the pipe if the top water level in the 

reservoir A is 400.0m AOD and level at Reservoir B is 335.0m AOD.  

(5 marks) 

ii. If the discharge is to be increased to 250 litres/s, what will be diameter 

of a parallel pipeline of length 1500m to be provided to accommodate 

the flow if the frictional head loss remains the same? Take λ= 0.02 for 

both pipes. Neglect all minor losses.             (10 marks) 

 

(b) A 200mm diameter sewer (ks = 0.03mm) is required to deliver 0.045m3/s 

from a residential area. Determine the minimum gradient at which the sewer 

should be laid for it not to be surcharged. Comment on the velocity of flow for 

the same (HRS Tables is provided.)     (5 marks) 

       Total 20 marks 

Question 6 

(a)  An old water main, having a ks value of 1.5mm, has a diameter of 150mm 

and is 800m in length with a flow rate of 27 litres/sec. Find the value of 

friction factor using Barr’s Equation. Also determine the difference in the pipe 

levels at the inlet and outlet, if the pressure recorded at the inlet is 2.5 bar 

and the pressure recorded at the outlet is 1.851 bar. Take the coefficient of 

dynamic viscosity  for water as 1.14 x 10-3 kg/ms.            (13 marks) 

 

(b) With the aid of sketches explain what is meant by the laminar sub-layer and 
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and how it varies with Reynolds Number. Use suitable diagrams and 

equations to support your findings.                       (7 marks)                                                                                  

Total 20 marks 

END OF QUESTIONS 

Please turn the page for supplementary information for SECTION B 

Please turn the page 
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Supplementary information continued over the page. 

 

 

 

 

 

 

 

Please turn the page 

 
Supplementary information continued. 
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Supplementary information continued. 
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Supplementary information continued. 
 

 
 

 

Please turn the page 
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Table Q3-2. Flow balancing Method 
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Q = ……………………..m3/s                                                =……………………………………………..m 

 

  

  

  

  

  

  

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

                                                                                  Please turn the page 



 

 

 

Table Q4-2. 
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END OF SECTION B 

 
END OF PAPER 

 
 Pipe 
length 
ref No 

    
 Pipe 
length 
 
  (m) 

    
Pipe 
gradient 
  
 (1 in ) 

    
 
Velocity 
 
 
(m/s) 

    
 Time  
  of 
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 (min) 
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 Rate of 
rainfall 
   i 
(mm/hr) 

    
 Imp. 
 Area 
 
 (ha) 

    
Cumulative 
Imp. Area 
   AP 
  (ha) 

  
 Flow 
  Q 
 
(l/s) 

   
Pipe 
dia. 
 
 (mm) 

1.00 50 56     0.025   100 

1.01 60 105     0.20   250 

2.00 125 83     0.04   125 

1.02 75 125     0.08   ……… 


