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UNIVERSITY OF BOLTON 
 

SCHOOL OF ENGINEERING 
 

BEng (HONS) IN CIVIL ENGINEERING 
 

SEMESTER TWO EXAMINATION 2018/2019 
 

GROUND AND WATER STUDIES II 
 

MODULE NO:  CIE5005 
 
 
Date:  Tuesday 21st May 2019               Time:  10:00 – 13:00 
        
 
INSTRUCTIONS TO CANDIDATES: There are TWO Sections; A and B. 
 
      You will be supplied with TWO Answer 

Booklets by the Invigilator. Answer 
Section A in ONE Answer Booklet, and 
Section B in the other. 

 
      Section A : Q1 to Q4 (Answer THREE 

Questions from four). 
 
      Section B : Q5 to Q7 (Answer TWO 

Questions from three). 
 
      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. 
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      Marks for parts of questions are shown 
in brackets. 
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SECTION A – Answer THREE questions 
 

1. a) Figure 1a below shows part of a storm drainage system.  Identify the section(s) 
that could potentially cause hydraulic issues during the design phase, 
explaining the hydraulic conditions that are not being met and how the problem 
could be resolved.  

 
 

Figure 1a 

(8 marks) 
  
 
  b) Water flows through a 225mm diameter pipe at a rate of 48 litres/sec. The pipe 

is 600m long and has a Darcy friction factor  of 0.027. It is proposed to increase 
the flow through the pipeline to 65 litres/sec, without increasing the friction loss, 

by the addition of a parallel pipeline of the same diameter and  value as the 
existing pipeline. Determine the length of pipe required.  

      (12 marks) 
 

Total 20 marks 
 
 
 

PLEASE TURN THE PAGE…. 
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2. a) Briefly outline the general design and construction criteria which is used for 
separate foul and storm drainage systems.  (7 marks) 

 
   b) Using the Rational Method, check the adequacy of the storm water sewerage 

system detailed in Table Q2b. The system is to withstand a 1 in 10 year event 
and has a time of entry of 4 minutes. HRS tables and a rainfall table are 
provided.   

(13 marks) 
 

Total 20 marks 
 
 
 

3.  a) Sketch out the general shape of the Moody diagram for flow through pipes and 

briefly explain the factors which affect the value of the Darcy friction factor  in 
each of the zones.     

 (10 marks) 
 

   b) Water, with a coefficient of dynamic viscosity  of 1.12 x 10-3 kg/ms, flows from 
a storage tank to a service reservoir through a 300mm diameter pipeline at a 
rate of 70litres/sec. The water level in the storage tank is 310m AOD. The 
pipeline is 670m long and has a surface roughness ks of 1.7mm. Determine the 

value of the Darcy friction factor and determine the water level in the reservoir. 
 (10 marks) 
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Total 20 marks 

 
 

PLEASE TURN THE PAGE…. 
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4. a) Briefly explain the procedures required to determine flows in a loop network 
using the Hardy Cross method.  

(7 marks) 
 
   b) Determine the approximate flows in each of the pipes in the network shown in 

Fig Q4 and Table Q4. Perform no more than three iterations in table Q4a is 
provided.  

(11 marks) 
 

   c) If the total head at node A is 245m determine the available head at node C if it 
has an elevation of 130m. 

(2 marks) 
 
 

g              Fig Q4 

B 90 litres/sec 

32 litres/sec 

28 litres/sec 

30 litres/sec 

A  B 

D 

C 

 
Pipe Length  

(m) 
Diameter  

(mm) 
Darcy Friction 

Factor (λ) 

A - B 600 225 0.023 

A - D 400 250 0.02 

B - C 450 150 0.03 

C - D 350 200 0.024 

Table Q4 
 
 

Total 20 marks
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Cumulative 

Imp. Area 

   AP 

  (ha) 

  

 Flow 

  Q 

 

(l/s) 

   

Pipe 

dia. 

 

 (mm) 

 

1.0 

 

70 80     0.06   150 

 

1.1 

 

78 91     0.15   225 

 

2.0 

 

64 83     0.10   150 

 

2.1 

 

55 59     0.12   225 

 

1.2 

 

75 53     0.23   300 

 

 

Table Q2b.  To be handed in with answer book                                                     Student ID No    ....................................................... 
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Pipe Length Diameter 

 
1st estimate 

 

 
2nd  estimate 

 

 
3rd   estimate 

 

 (m) (mm) 
Q1 

(litre/s) 

hf across 

Pipe (m) 
hf/Q1 

Q2 

(litre/s) 

hf across 

Pipe (m) 
hf/Q2 

Q3 

(litre/s) 

hf across 

Pipe (m) 
hf/Q3 

 
A - B 

 
600 225          

 
A - D 

 
400 250          

 
B - C 

 
450 150          

 
D - C 

 
350 200          

  
 
 

 

 

     

         

 
 
Table Q4a    To be handed in with answer book  student ID No    ………………………………… 
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END OF SECTION A 
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PLEASE TURN THE PAGE…. 
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SECTION B – Answer TWO questions 
 
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) 100 200 400 

Vertical Stress at Failure (kN/m2) 207 311 512 
 

Using Figure Q5b and constructing Mohr’s stress circles, determine the 
shear strength parameters of the soil sample. Using these values 
describe the clay soil being tested in geotechnical terms. 

(8 marks) 
 

c) State three shear strength testing methods available for sands in the 
field and/or in the laboratory, briefly describing limitations and 
advantages for each 

(4 marks) 
 

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

   
(3 marks) 

 
Total 20 marks 

 
 
 

 
 

PLEASE TURN THE PAGE…. 
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STUDENT ID : …………………………………………………. 
 
 
 

 
 

Figure Q5b 
 
 
 
 

 
 

 
PLEASE TURN THE PAGE…. 
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6. a) A flexible foundation of length 3m and breadth 2m is to exert a uniform 
pressure of 120kN/m2 on the surface of a 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 4MN/m2. 

(6 marks) 
 

b) A flexible foundation of length 3m and breadth 2m is to exert a uniform 
pressure of 120kN/m2 on the surface of a layer of soil of assumed 
infinite thickness. Using Figure Q6b, determine the total stress at a 
depth of 5m 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 0.970 0.935 0.896 0.865 0.818 0.769 0.723 

 
i) Determine the value of mv for an effective stress range from 

20kN/m2 to 120kN/m2. 
(6 marks) 

 
ii) Calculate the consolidation settlement for a 4m thick layer of this 

clay, when the effective stress changes from 20kN/m2 to 
120kN/m2. 

(3 marks) 
 

 
Total 20 marks 

 
 
 
 
 
 
 
 

 
 

PLEASE TURN THE PAGE…. 
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Figure Q6a 
 
 
 
 
 
 
 
 
 
 
 

 
 

PLEASE TURN THE PAGE…. 
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Fig Q6b 
 
 
 

 

 
PLEASE TURN THE PAGE…. 
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7. a) Explain the difference between ‘compaction’ and ‘consolidation’ using 
geotechnical reference to void ratio, pore water pressure, soil 
mineralogy and the most appropriate “stress state” (and any other 
parameters you deem relevant). You must provide a detailed 
description of the process of consolidation in your answer to obtain 
maximum marks. 

(5 marks) 
 
 

 
 b) Using Figure Q7c 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 16m below ground level. The water table 
is located at a depth of 5m below ground level within a 9m thick deposit 
of sandy gravel overlying 7m of clay. 

 (15 marks) 
 

Total 20 marks 
 
 
 
 
 
 

 

 
PLEASE TURN THE PAGE…. 
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Sandy Gravel 
Bulk Unit Weight   =  20kN/m3  5m  
Saturated Unit Weight  =  20.5kN/m3 

Water 
Table 
   
       4m 
 
 
  Clay 

 Bulk Unit Weight   =  19.5kN/m3  7m 
Saturated Unit Weight  =  21.5kN/m3 

 
 
 
 
NOTE: Assume that Unit Weight of Water = 9.81kN/m3 
 
 

Figure Q7c 
 
 
 
 
 
 
 
 
 
 

 
 

PLEASE TURN THE PAGE…. 
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                                   Formulae 
 

 

 

 

 

i = qB . I                                            q = k h . Nf 

        Eu                                                            Nd 

 

 

 

e = H . (1 + eo)                                mv = e .    (1) 

          H                                                           (1 + eo)  

 

 

 

v = v
' + u                                         H = mv v

' H 

 

 

 

v = q I    

 

 

 

R = 0.564 S (square grid)  

 

(1 – U )  = ( 1 – Ur ) ( 1 – Uv ) 

 

Tr = ( ch t ) / ( 4 R2 ) 

 

Tv = ( cv t ) /  d
2  

 

 

 
 
 
 

END OF QUESTIONS 
 
 

Terminology, symbols, units and formula sheets over the page…. 
 

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 
 

 
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 
 
 
 
 
Porosity 
 
 
 
 
 
 
 
 
 
 

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 


