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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 Q3 (Answer TWO 

Questions from three). 
 
      Section B : Q4 to Q7 (Answer THREE 

Questions from four). 
 
      Formulae and Definitions are provided. 
 
      Lined Graph Paper and Supplementary 

Answer Sheets are available for your 
use.  

 
      Ensure that you write your Candidate 

Number or Desk Number on each 
Figure, Supplementary Sheet or Sheet 
of Graph Paper you use to answer the 
selected questions. 

 
      All questions carry equal marks. 
 
      Marks for parts of questions are shown 

in brackets. 
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SECTION A (Answer TWO Questions from three)  
 

1a)  
i. With the aid of sketches, explain what is meant by laminar and turbulent flow 

(4 marks) 
 

ii. Define the 3 components of Bernoulli’s equation.       
(6 marks) 

 
  b) A Pitch Fibre clay pipeline in normal condition delivers 4235litres/minute over a 

distance of 1.2km from a reservoir to a water distribution network.  The water 
level in the reservoir is 100m AOD and the ground level at the distribution 
network 65m AOD. If the water main pressure is 210kPa determine the pipeline 
pipe diameter (HRS tables provided). 

 (10 marks) 
 

Total 20 marks 
 
 

2a) With the aid of sketches, explain what is meant by ‘minor energy losses’ occur 
in pipelines. 

(6 marks) 
 
  b) Two tanks in a water treatment plant are connected by a pipeline which is 

150mm in diameter for 11m and then changes abruptly to 225 mm in diameter 
for the remaining 18m of its length. 

 

 There are two 45 bends (each of KL = 0.5) on the 150 mm diameter  pipeline.  

The flowrate between the tanks is 21litres/sec.  The Darcy friction coefficient  
is 0.024 for the 225 mm pipeline and 0.027 for the 150 mm pipeline.  Taking 
account of all energy losses, determine the difference between the water levels 
in the tanks. 

 (14 marks) 
 

Total 20 marks 
 
 

PLEASE TURN THE PAGE…. 
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3a) With the aid of sketches, explain how hydrostatic forces are determined. 

(6 marks) 
 

b) Water is drained from a storage tank through a 0.6m diameter circular flap valve 
shown in Figure Q3. 

 
 

i) Determine the force on the gate when the water level is 0.4m above the 
hinge. 

(6 marks) 
 

ii) If the flap valve has a mass of 80kg, determine whether it remains closed. 
(8 marks) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig Q3 
Total 20 marks 

 
 
 
 

PLEASE TURN THE PAGE…. 
  

Hinge 

0.4m 

Circular flap valve 

60o 
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END OF SECTION A 
 

PLEASE TURN THE PAGE…. 
 

 

SECTION B (Answer THREE Questions from four) 
 

4a)  Sketch a “soil model” diagram clearly showing the solids, water and air 

components annotated with conventional symbols to allow development of ‘soil 

property’ equations.    

(5 marks) 
 

b)      The total volume of a soil specimen is 80,000 mm3 and it weighs 150 grams. 

The dry weight of the specimen is 130 grams and the density of the soil solids 

is 2680 Kg/m3.  

 
Find the following (use either the equations provided in the formulae sheet at 
the end of the exam paper or the ones you derived in part a): 

 
(i)  The water content. 
(ii)  Void Ratio. 
(iii)  Porosity. 
(iv)  Bulk unit weight. 
(v)  Dry unit weight. 

(15 marks) 

 
Total 20 marks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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5. The following results are obtained from a standard compaction test: 
 

 
 
 
 

 
The specific gravity of the solids is 2.7 and the volume of the compaction mould is 
1000cm3. 
 
a)       Plot the compaction curve and obtain the maximum dry density and optimum 

moisture content. 
(10 marks) 

 
b)        At the maximum dry density, calculate the corresponding air content (Av), void 

ratio (e) and degree of saturation (Sr). 
(10 marks) 

 
Total 20 marks 

 
6. The table given below shows the mass of a soil sample retained on each 
sieve in a sieve analysis experiment. The total mass of a soil sample is 650gram.  
 

Sieve 
number 

Diameter (mm) Mass of soil 
retained on 
each sieve 

Percent 
retained on 
each sieve 

(%) 

Cumulative 
retained on 
each sieve 

(%) 

Percent 
finer (%) 

4 4.750 30    

10 2.000 44    

20 0.850 50    

40 0.425 132    

60 0.250 228    

100 0.150 88    

200 0.075 46    

Pan  32    

 
a)       Determine the percent finer (%) 

                      (5 marks) 
 

b)       Draw the particle-size distribution curve (PDC) 
 (10 marks) 

 
 

Question 6 continues over the page…. 
 

PLEASE TURN THE PAGE…. 
 

Moisture Content 
(%) 

11 12.1 12.8 13.6 14.6 16.3 

Mass of Soil (g) 1920.5 2051.5 2138.5 2147 2120 2081.5 
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Question 6 continued…. 

 
 

c)       Obtain the Coefficient of Uniformity (Cu) and the Coefficient of Curvature (Cc). 
Indicate whether the soil sample is well or poorly graded.  

(5 marks) 
 

Total 20 marks 

 
 

7a)     Use the soil texture triangle to name the correct textural class for the following           
percentages:   

 
(i) Clay 25%; Silt 25%, and Sand 50%. Circle the correct texture: 

a. Clay loam 
b. Silty clay 
c. Sandy clay loam 
d. Clay 

(5 marks) 
    

(ii) Clay 35%; Silt 40%, and Sand 25%. Circle the correct texture: 
e. Clay loam 
f. Silty clay 
g. Sandy clay loam 
h. Clay 

(5 marks) 
 

b)        A soil sample has a water content of 15%, a porosity of 45%, and a specific 
gravity of 2.68. Determine the void ratio and the degree of saturation. 

         (10 marks) 
 

Total 20 marks 
 

 
END OF QUESTIONS 

 
 

Formulae and definitions over the page…. 
 

PLEASE TURN THE PAGE….  



Page 11 of 15 
School of Engineering 
BEng (Hons) in Civil Engineering 
Semester Two Examination 2018/2019 
Ground and Water Studies I 
Module No. CIE4009 

 

 

 
 

PLEASE TURN THE PAGE…. 
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PLEASE TURN THE PAGE…. 
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TERMINOLOGY, SYMBOLS AND UNITS 
 

Term  Symbol  Units 

Volume  m3 

Mass  kg 

Gravity g 9.81 m/sec2 

Weight  kN = (kg x 9.81)/1000 

   

Total volume V m3 

Volume of air VA m3 

Volume of water VW m3 

Volume of voids VV m3 

Volume of Solids VS m3 

   

Mass of water MW  kg 

Mass of solids MS kg 

Total mass M kN 

   

Specific gravity Gs None 

Density of water w 1000kg/m3 

Unit weight of water w 9.81 kN/m3 

Void ratio e None 

Degree of saturation Sr None 

Moisture content w None 

Porosity n None 

   

Soil Bulk density b kg/m3 

Dry density d kg/m3 

Saturated density sat kg/m3 

Soil Bulk unit weight b kN/m3 

Dry unit weight d kN/m3 

Saturated unit weight sat kN/m3
 

 
 

 
PLEASE TURN THE PAGE…. 
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DEFINITIONS 
 
Term     Expression  
 

Density of water, w   mass of water Mw 
     volume of water Vw 
 

Unit weight of water, w  weight of water Ww 

     volume of water Vw 
 
Specific gravity, Gs   density of solids  s 

     density of water  w 

 
Water content, w   mass of water Mw 
     mass of solids Ms 
 
Void ratio, e    volume of voids Vv 
     volume of solids Vs 
 
Degree of saturation, Sr  volume of water Vw 
     volume of voids Vv 
 
Porosity, n    volume of voids Vv 

     total volume  V 
 

Soil Bulk density, b   total mass  M 
      total volume  V 
 

Dry density, d   mass of solids Ms 
      total volume  V 
 

Saturated density, sat  total saturated mass M 
      total volume   V 
 

Soil Bulk unit weight, b  total weight  W 
      total volume  V 
 

Dry unit weight, d   weight of solids Ws 
      total volume  V 
 

Saturated unit weight, sat  total saturated weight W 
     total volume   V 
 

 
 

PLEASE TURN THE PAGE…. 
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BASIC PROPERTIES Formulae: 
 
Void space relationship from soil model   w Gs = Sr e 
 

 
Bulk Density 
 
 
 
 
 
 
 
 
 
 
Dry Density 
 
 

d = 
b 

1 + w 
 
 
Theoretical Dry Density   

d   = 
W Gs (1 – Av) 

1 + w Gs 
 
 
 
Porosity 
 
 
 

 
Soil Coefficient of Uniformity 

                                                      𝐶𝑢 =
𝐷60

𝐷10
 

 
 
 
 
 

END OF PAPER 

b = 
(Gs + Sr e)W 

1 + e 

b = 
W  Gs(1 + w) 

1 + e 

d = 
W  Gs 

1 + e 

n = 
e 

1 + e 


