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SECTION A – ANSWER ANY THREE QUESTIONS (from Q1 to Q4) 

 
Question 1: 

Three pipes are connected in series to transmit the water between the two reservoirs 
(A and B) (Figure Q1). The diameters of the three pipes are 250mm, 150mm, and 
350mm, respectively. The corresponding lengths of the pipes are 400m, 300m, and 
350m. The discharge flowing in the pipes is 0.15m3/s. The friction factor (f) of the three 
pipes is 0.024. Assume sharp-edged entrance from reservoir A into pipe 1 (k = 0.5), 
sudden contraction between pipe 1 and 2 (k = 0.25), sudden expansion between pipe 
2 and 3 (k = 0.1), and exit into reservoir B (k = 1).   

Determine the following: 

(a) Total friction losses in the three pipes                  
            (6 marks) 

 
(b) Total minor losses in the pipeline    

(8 marks) 
 

(c) Difference between the water surfaces in the two reservoirs (H)   
(6 marks) 

     
             Total 20 marks 

 
Figure Q1 
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Question 2: 
 
Branching in pipes occur when water is brought by pipes to a junction when more than 
two pipes meet.  
 
(a) Briefly discuss the principles need to be satisfied in order to find flows and 

pressure at the junction for such piping systems. 
      

     (5 marks) 
 

(b) Figure Q2 shows a typical three-reservoirs system. Determine the flow in pipe 
BJ & pipe CJ and the water elevation in tank C. Take fixed value for the friction 
factor, ƒ = 0.025 for all pipes. Neglect the minor losses.    

(15 marks) 
 

     
                       Total 20 marks 

 

 
Figure Q2 
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Question 3: 

For the ring main pipe network shown in Figure Q3 and data in Table Q3.1: 
 

(a) Use Hardy Cross method, Darcy-Weisbach formula for pipe head loss and a 

fixed friction factor, f = 0.016 for all pipes, find the discharges in each pipes 

(Make at least three iterations; use a table similar to Table Q3.2). 

              (15 marks) 

 
(b) Find the pressure head at point B; C, and D, if the pressure at A is 30 m of 

water and A, B, C and D have the same elevation. 

(5 marks) 
Total 20 marks 

Table Q3.1 
 

Pipe AB BC AC CD AD 
Length  (m) 1000 1000 1414 1000 1000 

Diameter (mm) 150 200 200 300 200 
 

 
 

Figure Q3 
 

Total 20 mark 
 

Question 3 continues over the page…. 
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Question 3 continued….                                                        Table Q3.2 

 
Candidate Number: ……………………………… 

 PLEASE TURN THE PAGE…. 

Loop 1 Loop 2

1st Trial Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q
AB 1000 150 AC 1414 200
BC 1000 200 CD 1000 200
CA 1414 200 DA 1000 300

Σ Σ
∆Q ∆Q

2nd Trial Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q
AB 1000 150 AC 1414 200
BC 1000 200 CD 1000 200
CA 1414 200 DA 1000 300

Σ Σ
∆Q ∆Q

3rd Trial Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q Pipe L (m) D (mm) K Q (m3/sec) h f (m) h f /Q
AB 1000 150 AC 1414 200
BC 1000 200 CD 1000 200
CA 1414 200 DA 1000 300

Σ Σ
∆Q ∆Q
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Question 4: 
 

a) Explain what you understand by time of entry, time of flow and time of 
concentration in storm sewer design. Why is the duration of the design storm in 
the Rational Method taken as the time of concentration?            (5 marks) 
 

b) A small separate storm sewer network has the characteristics presented in 
Table Q4 and Figure Q4. Assume sewer gradient are fixed. 

 
Table Q4 

 
 
 
 
 
 
 
 

 
Design the network using the Rational Method for a 1-year return period storm 
using a runoff coefficient of 0.85 and a time of entry 4 min. Take pipe roughness, 
ks, as 1.5 mm. Use the ‘Ministry of Health’ formulae to determine the design 
rainfall intensities.   (15 marks) 

 
Total 20 marks 

 
Figure Q4 

 
END OF SECTION A  

 

Sewer 
Length Sewer Gradient Contributing  Area 

(m) (1:x) (ha) 
1.0 180 200 0.35 
2.0 90 200 0.65 
3.0 90 200 0.90 
1.1 90 500 0.50 



 
PLEASE TURN THE PAGE…. 

 
SECTION B – Answer ANY TWO questions (from Q5 to Q7) 
 
5. a) A quick ‘UU’ triaxial compression test is to be carried out on a 

cylindrical clay sample. Show how Mohr’s stress circles will be used to 
characterise the clay behaviour. Ensure that you label all axes and key 
points on the Mohr’s stress circles you sketch. Also sketch the cylinder 
of clay showing the direction of all key stresses involved on key planes. 

(5 marks) 
 

b) A series of ‘quick’ unconsolidated undrained triaxial tests were 
conducted on a sample of clay with the results obtained being as 
follows: 

 
Test Number 1 2 3 
Cell Pressure (kN/m2) 50 100 200 
Vertical Stress at Failure (kN/m2) 202 256 453 

 
 Using Figure Q5 (Page 8), or Graph Paper, and constructing 

Mohr’s stress circles, determine the shear strength parameters 
of the soil sample. Use these values to describe the clay soil in 
geotechnical terms. 

(8 marks) 
 

c) State two shear strength testing methods available for clays in both the 
field and in the laboratory, briefly describing their limitations and 
advantages 

(4 marks) 
 

d) Explain what you would expect to occur when carrying out a shear box 
test on a very dense sand, using sketch diagrams, as appropriate, to 
explain why this behaviour is expected. 

   
(3 marks) 

 
Total 20 marks 

 
 
 

 
Question 5 continues over the page…. 
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Seat / Candidate Number : …………………………………………………. 
 
 
 
 
 
 
 

 
 

Figure Q5 
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6. a) A flexible foundation of length 6m and breadth 4m is to exert a uniform 

pressure of 150kN/m2 on the surface of an 8m layer of soil. Using 
Figure Q6a, determine the immediate settlement under the centre of 
the foundation if the elastic soil stiffness (E) is assumed to be 
2.5MN/m2. 

(6 marks) 
 

b) A flexible foundation of length 6m and breadth 4m is to exert a uniform 
pressure of 150kN/m2 on the surface of a layer of soil of assumed 
infinite thickness. Using Figure Q6b, determine the total stress at a 
depth of 3m beneath a corner of the foundation.  

(5 marks) 
 

c) The following results were obtained from an oedometer test on a 
specimen of saturated clay: 

 
Applied Stress (kN/m2) 0 25 50 100 200 400 800 

Void Ratio 0.968 0.933 0.894 0.863 0.816 0.767 0.721 
 

i) Determine the value of mv for an effective stress range from 
40kN/m2 to 190kN/m2. 

(6 marks) 
 

ii) Calculate the consolidation settlement for a 5m thick layer of this 
clay, when the effective stress changes from 40kN/m2 to 
190kN/m2. 

(3 marks) 
 

 
Total 20 marks 

 
 
 
 
 
 

Question 6 continues over the page…. 
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Question 6 continued…. 
 
 
 

 
Figure Q6a 

 
 
 
 
 
 
 
 

 
 

Question 6 continues over the page…. 
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Question 6 continued…. 
 
 

 
Fig Q6b 
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7. a) Describe how an “excess pore water pressure” is generated in a soil 

situated beneath a proposed wide embankment. Explain the type of soil 
that would need to be present for an excess pore water pressure to be 
generated, and then describe in geotechnical detail the process of 
consolidation that occurs. 

(5 marks) 
 
 b) Using Figure Q7 determine the total stress, pore water pressure and 

effective stress at each strata change and at the location of the water 
table and hence plot a graph to illustrate their variation with depth from 
ground surface to a depth of 10m below ground level. The water table 
is located at a depth of 3m below ground level within a 5m thick deposit 
of sandy gravel overlying 5m of clay. 

 (15 marks) 
 

Total 20 marks 
 
 
 

Sandy Gravel 
Bulk Unit Weight   =  19.5kN/m3  4m  
Saturated Unit Weight  =  21.0kN/m3 

 Water 
Table 

   
       3m 
 
 
  Clay 

 Bulk Unit Weight   =  20.5kN/m3  5m 
Saturated Unit Weight  =  21.5kN/m3 

 
 
 
 
 NOTE: Assume that Unit Weight of Water = 10kN/m3 
 
 

Figure Q7 
 
 
 

END OF QUESTIONS 
 

Formulae sheets over the page…. 
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Geotechnical Formulae 

 
 

ρi = qB . I                                             
        Eu                                                             

 
 
 

∆e = ∆H . (1 + eo)                                mv = ∆e .    (1) 
          H                                                        ∆σ   (1 + eo)  
 
 
 
σv'  =  σv  -  u                                         ∆H  =  mv  ∆σv'  H 

 
 
 
σv = q I    
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Principles of Flow in Pipes 
 

Reynold Number: 𝑹𝑹𝒆𝒆 = 𝝆𝝆𝝆𝝆𝝆𝝆
𝝁𝝁

 =  𝝆𝝆𝝆𝝆
𝝊𝝊

 
 

Darcy-Weisbach: 𝒉𝒉𝒇𝒇 = 𝒇𝒇𝒇𝒇
𝝆𝝆
𝝆𝝆𝟐𝟐

𝟐𝟐𝟐𝟐
= � 𝟖𝟖𝒇𝒇𝟖𝟖

𝝅𝝅𝟐𝟐𝟐𝟐𝝆𝝆𝟓𝟓
�𝑸𝑸𝟐𝟐 

 
Hazen-Williams: 𝒉𝒉𝒇𝒇 = 𝟏𝟏𝟏𝟏.𝟕𝟕 𝒇𝒇

𝑪𝑪𝑯𝑯𝑯𝑯
𝟏𝟏.𝟖𝟖𝟓𝟓𝟐𝟐 𝝆𝝆𝟒𝟒.𝟖𝟖𝟕𝟕  𝑸𝑸𝟏𝟏.𝟖𝟖𝟓𝟓𝟐𝟐 = ( 𝟏𝟏𝟏𝟏.𝟕𝟕 𝒇𝒇

𝑪𝑪𝑯𝑯𝑯𝑯
𝟏𝟏.𝟖𝟖𝟓𝟓𝟐𝟐 𝝆𝝆𝟒𝟒.𝟖𝟖𝟕𝟕)𝑸𝑸𝟏𝟏.𝟖𝟖𝟓𝟓𝟐𝟐  

 

Modified Darcy-Weisbach : 𝐻𝐻𝑓𝑓 = �𝑓𝑓𝑓𝑓
𝐷𝐷

+ ∑𝐾𝐾� 𝑉𝑉
2

2𝑔𝑔
= � 8𝑓𝑓𝑓𝑓

𝜋𝜋2𝑔𝑔𝐷𝐷5
+ 8∑𝐾𝐾

𝜋𝜋2𝑔𝑔𝐷𝐷4
�𝑄𝑄2 

Hagen-Poiseuille: 𝒉𝒉𝒇𝒇 = 𝟑𝟑𝟐𝟐𝝁𝝁𝒇𝒇𝝆𝝆
𝝆𝝆𝟐𝟐𝝆𝝆𝟐𝟐

 

Colebrook-White: 
𝟏𝟏
�𝒇𝒇

= −𝟐𝟐.𝟏𝟏 𝟖𝟖𝒍𝒍𝟐𝟐 � 𝒌𝒌
𝟑𝟑.𝟕𝟕𝝆𝝆

+ 𝟐𝟐.𝟓𝟓𝟏𝟏
𝑹𝑹𝒆𝒆�𝒇𝒇

� 

 
Swamme-Jain: 𝟏𝟏

�𝒇𝒇
= −𝟐𝟐 𝟖𝟖𝒍𝒍𝟐𝟐 � 𝒌𝒌

𝟑𝟑.𝟕𝟕𝝆𝝆
+ 𝟓𝟓.𝟕𝟕𝟒𝟒

𝑹𝑹𝒆𝒆𝟏𝟏.𝟗𝟗 � 
 

Barr: 
𝟏𝟏
�𝒇𝒇

= −𝟐𝟐 𝟖𝟖𝒍𝒍𝟐𝟐 � 𝒌𝒌
𝟑𝟑.𝟕𝟕𝝆𝝆

+ 𝟓𝟓.𝟏𝟏𝟐𝟐𝟖𝟖𝟏𝟏
𝑹𝑹𝒆𝒆𝟏𝟏.𝟖𝟖𝟗𝟗 � 

 
Combination of the Colebrook-White and the Darcy-Weisbach equations: 

𝑸𝑸 = −𝟐𝟐𝟐𝟐�𝟐𝟐𝟐𝟐𝝆𝝆
𝒉𝒉𝒇𝒇
𝒇𝒇
𝟖𝟖𝒍𝒍𝟐𝟐

⎝

⎛ 𝒌𝒌
𝟑𝟑.𝟕𝟕𝝆𝝆

+
𝟐𝟐.𝟓𝟓𝟏𝟏𝟓𝟓

𝝆𝝆�𝟐𝟐𝟐𝟐𝝆𝝆
𝒉𝒉𝒇𝒇
𝒇𝒇 ⎠

⎞ 

Local Head Loss: 𝒉𝒉𝟖𝟖 = 𝑲𝑲 𝝆𝝆𝟐𝟐

𝟐𝟐𝟐𝟐
 

Borda-Caront head losses equation for sudden expansions: 
(𝝆𝝆𝟏𝟏−𝝆𝝆𝟐𝟐)𝟐𝟐

𝟐𝟐𝟐𝟐
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Hardy-Cross Head-Balance Correction: 𝛥𝛥𝑄𝑄 = −
∑𝐻𝐻𝑙𝑙0,i

2∑
𝐻𝐻𝑙𝑙0,i
𝑄𝑄0,i

 

Cornish Quantity-Balance (Nodal) Correction: 𝜟𝜟𝜟𝜟 = 𝟐𝟐�∑𝑸𝑸0,i−𝑭𝑭�

∑
𝑸𝑸0,i
𝑯𝑯𝟖𝟖0,i

 

Design of Foul Sewer System 
 

Dry Weather Flow (DWF): DWF = PG + I + E 

Manning’s formula for velocity: 𝑉𝑉 =  1
𝑛𝑛
𝑅𝑅
2
3𝑆𝑆

1
2 

 
Recommended values of sewer wall roughness:   

 
 

Design of Storm Sewer System 
 

Time of Concentration: tc = te + tf 
 

Rational Formula (Lloyd-Davies, 1946): 𝑄𝑄𝑝𝑝 = 2.78𝐶𝐶𝐶𝐶𝐶𝐶 
 

Ministry of Health Formulae (1930) for Rainfall Intensity:  

𝐶𝐶 =  
750

𝐷𝐷 + 10
    𝐹𝐹𝐹𝐹𝐹𝐹 𝑠𝑠𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏 5 𝑎𝑎𝑏𝑏𝑎𝑎 20 𝑠𝑠𝐶𝐶𝑏𝑏 𝑎𝑎𝑑𝑑𝐹𝐹𝑎𝑎𝑠𝑠𝐹𝐹𝑏𝑏 

𝐶𝐶 =  
1000
𝐷𝐷 + 20

    𝐹𝐹𝐹𝐹𝐹𝐹 𝑠𝑠𝑠𝑠𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠 𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏 20 𝑎𝑎𝑏𝑏𝑎𝑎 120 𝑠𝑠𝐶𝐶𝑏𝑏 𝑎𝑎𝑑𝑑𝐹𝐹𝑎𝑎𝑠𝑠𝐹𝐹𝑏𝑏 
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Bilham’s Formula (1938) for Rainfall Intensity:  

𝐶𝐶 =
60
𝐷𝐷
∗ [(𝑇𝑇 ∗ 𝐷𝐷 ∗ 2.022𝑥𝑥102)0.2817 − 2.54] 

 



 
The Modified Rational Formula: 𝑄𝑄𝑝𝑝 = 3.61𝐶𝐶𝑣𝑣𝐶𝐶𝐶𝐶 
 

Pumps: 
Manometric head/discharge relationship: 𝐻𝐻𝐻𝐻 = 𝐶𝐶𝑄𝑄2 + 𝐵𝐵𝑄𝑄 + 𝐶𝐶 
For n identical pumps in series: 𝐻𝐻𝑛𝑛𝑝𝑝 = 𝑏𝑏𝐻𝐻𝑝𝑝 = 𝑏𝑏[𝐶𝐶𝑄𝑄2 + 𝐵𝐵𝑄𝑄 + 𝐶𝐶], with 𝑄𝑄𝑛𝑛𝑝𝑝 = 𝑄𝑄 

For n identical pumps in parallel: 𝐻𝐻𝑛𝑛𝑝𝑝 = 𝐻𝐻𝑝𝑝 = 𝐶𝐶 �𝑄𝑄𝑛𝑛𝑛𝑛
𝑛𝑛
�
2

+ 𝐵𝐵 �𝑄𝑄𝑛𝑛𝑛𝑛
𝑛𝑛
� + 𝐶𝐶, with 𝑄𝑄𝑛𝑛𝑝𝑝 =

𝑏𝑏𝑄𝑄 

For variable speed pumps: 
𝑄𝑄
𝑄𝑄1

= 𝑁𝑁
𝑁𝑁1

 and 
𝐻𝐻𝑛𝑛
𝐻𝐻𝑛𝑛1

= �𝑁𝑁
𝑁𝑁1
�
2

 

 
 

Principles of Flow in Open Channels 
 
Saint-Venant equations for open channel flow: 
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝐷𝐷 𝜕𝜕𝑉𝑉
𝜕𝜕𝜕𝜕

+ 𝑉𝑉 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 0; 1
𝑔𝑔
𝜕𝜕𝑉𝑉
𝜕𝜕𝜕𝜕

+ 𝑉𝑉
𝑔𝑔
𝜕𝜕𝑉𝑉
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑆𝑆0 − 𝑆𝑆𝑓𝑓 

 
Alternate Depth Relations for rectangular channels: 
 

(𝑦𝑦2 − 𝑦𝑦1) = 𝑞𝑞2

2𝑔𝑔
( 1
𝜕𝜕12
− 1

𝜕𝜕22
) = 𝜕𝜕𝑐𝑐3

2
( 1
𝜕𝜕12
− 1

𝜕𝜕22
); (𝑌𝑌2 + 𝑌𝑌1) = 2𝑌𝑌12𝑌𝑌22; where 𝑌𝑌 = 𝜕𝜕

𝜕𝜕𝑐𝑐
  

 
Sequent (Conjugate) Depth Relations for a Hydraulic Jump in a horizontal rectangular 
channels: 

𝑌𝑌1𝑌𝑌2(𝑌𝑌1 + 𝑌𝑌2) = 2; 𝑌𝑌 = 𝜕𝜕
𝜕𝜕𝑐𝑐

; �𝜕𝜕1
𝜕𝜕2
� =

�1+8𝐹𝐹𝑟𝑟22−1

2
; �𝜕𝜕2

𝜕𝜕1
� =

�1+8𝐹𝐹𝑟𝑟12−1

2
; 𝐹𝐹𝐹𝐹 = 𝑉𝑉

√𝑔𝑔𝜕𝜕
 

Energy Head loss at the Hydraulic Jump = 𝐸𝐸1 − 𝐸𝐸2 = (𝜕𝜕2−𝜕𝜕1)3

4𝜕𝜕1𝜕𝜕2
 

The power dissipated by the hydraulic jump 𝑃𝑃 = 𝜌𝜌𝜌𝜌𝑄𝑄(𝐸𝐸1 − 𝐸𝐸2) = 𝜌𝜌𝑔𝑔𝑄𝑄(𝜕𝜕2−𝜕𝜕1)3

4𝜕𝜕1𝜕𝜕2
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Steady Uniform flow Equations: Chezy  𝝆𝝆 = 𝑪𝑪�𝑹𝑹𝑺𝑺𝟏𝟏; Manning: 𝝆𝝆 = 𝟏𝟏
𝒏𝒏
𝑹𝑹𝟐𝟐 𝟑𝟑� 𝑺𝑺𝟏𝟏

𝟏𝟏
𝟐𝟐�  

Equivalent (Composite) Manning Roughness Coefficient: 

Lotter: 𝑏𝑏𝑒𝑒 = 𝑃𝑃𝑅𝑅
5
3

∑
𝑃𝑃𝑖𝑖𝑅𝑅𝑖𝑖

5
3

𝑛𝑛𝑖𝑖
𝑁𝑁
𝑖𝑖=1

 Horton-Einstein: 𝒏𝒏𝒆𝒆 = �
∑ 𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊

𝟑𝟑
𝟐𝟐𝑵𝑵

𝒊𝒊=𝟏𝟏
𝑷𝑷

�

𝟐𝟐
𝟑𝟑

 Pavlovskij 𝒏𝒏𝒆𝒆 = �∑ 𝑷𝑷𝒊𝒊𝒏𝒏𝒊𝒊
𝟐𝟐𝑵𝑵

𝒊𝒊=𝟏𝟏
𝑷𝑷

�
𝟏𝟏
𝟐𝟐
 

Compound Channel Sections: 



 

𝑄𝑄 = (∑ 𝐾𝐾𝑖𝑖𝑁𝑁
𝑖𝑖=1 )𝑆𝑆0

1
2;    where 𝐾𝐾𝑖𝑖 =

𝐴𝐴𝑖𝑖𝑅𝑅𝑖𝑖

2
3

𝑛𝑛𝑖𝑖
 

𝛼𝛼 = ∑ 𝑉𝑉𝑖𝑖
3𝐴𝐴𝑖𝑖𝑁𝑁

𝑖𝑖=1
𝑉𝑉3𝐴𝐴

= �∑ 𝐴𝐴𝑖𝑖𝑁𝑁
𝑖𝑖=1 �

2

�∑ 𝐾𝐾𝑖𝑖𝑁𝑁
𝑖𝑖=1 �

3 ∑
𝐾𝐾𝑖𝑖
3

𝐴𝐴𝑖𝑖
2

𝑁𝑁
𝑖𝑖=1   𝛽𝛽 = ∑ 𝐴𝐴𝑖𝑖𝑉𝑉𝑖𝑖

2𝑁𝑁
𝑖𝑖=1
𝑉𝑉2𝐴𝐴

= ∑ 𝐴𝐴𝑖𝑖𝑁𝑁
𝑖𝑖=1

�∑ 𝐾𝐾𝑖𝑖𝑁𝑁
𝑖𝑖=1 �

2 ∑
𝐾𝐾𝑖𝑖
2

𝐴𝐴𝑖𝑖
𝑁𝑁
𝑖𝑖=1 ; 

Surface Profile Equation for steady gradually varied flow in prismatic channels: 

𝑎𝑎𝑦𝑦
𝑎𝑎𝑥𝑥

=
𝑆𝑆0 − 𝑆𝑆𝑓𝑓

1 − 𝛼𝛼𝑇𝑇𝑄𝑄2
𝜌𝜌𝐶𝐶3

=
𝑆𝑆0 − 𝑆𝑆𝑓𝑓
1 − 𝐹𝐹𝐹𝐹2
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