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1. a) Explain the purpose of “Mohr‟s stress circles”. Sketch a Mohr‟s stress 
circle diagram for the situation where a triaxial compression test on a 
cylindrical clay sample has a hypothetical shear plane inclined at an 

angle of  from the horizontal. Ensure that you label all axes and key 
points on your sketch diagram and denote the direction of the principal 
stresses so that your diagram clearly indicates the purpose of having 
plotted the diagram. 

(6 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) 144 201 306 

 
Using Figure Q1b and constructing Mohr‟s stress circles, determine the 
shear strength parameters of the soil sample and then using these 
values describe the clay soil being tested. 

(10 marks) 
 

c) Describe 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 states the advantages and limitations of the methods 
selected. 

(5 marks) 
 

d) Explain what is expected to occur when carrying out a shear box test 
on very dense sand. Students may find sketch diagrams useful to help 
illustrate the experimental observations anticipated when very dense 
sand is being sheared. NOTE: This explanation is intended to cover 
early stages of shear right through to the point of “shear failure” and 
beyond. 

(4 marks) 
 

Total 25 marks 
 

 
Question 1 continued over the page… 
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Question 1 continued 
 
Seat / Candidate Number : …………………………………………………. 
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Figure Q1b 
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2. a) A flexible foundation of length 4m and breadth 3m is to exert a uniform 

pressure of 250kN/m2 on the surface of a 10m layer of soil with a bulk 
unit weight of 20kN/m3. Using Figure Q2a, determine the immediate 
settlement under the centre of the foundation if the elastic soil stiffness 
(E) is assumed to be 6MN/m2. 

(8 marks) 
 

b) A flexible foundation of length 4m and breadth 3m is to exert a uniform 
pressure of 250kN/m2 on the surface of a layer of soil of assumed 
infinite thickness with a bulk unit weight of 20kN/m3. Using Figure Q2b, 
determine the total stress at a depth of 5m beneath the centre of the 
foundation.  

(6 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 1.008 0.973 0.944 0.901 0.855 0.806 0.759 

 
i) Using this applied stress and void ratio data determine the value 

of mv for an effective stress range from150kN/m2 to 400kN/m2. 
 

(7 marks) 
 

ii) Calculate the consolidation settlement for a 4m thick layer of this 
clay, when the effective stress changes from 150kN/m2 to 
400kN/m2. 

(4 marks) 
 

Total 25 marks 
 

 
Question 2 continued over the page… 
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Question 2 continued 
 
 
 
 

 
Figure Q2a 
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Question 2 continued 
 
 
 
 
 
 
 

 
Fig Q2b 
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3. a) A trunk road embankment, 5m high, is to be built on an 10m thick layer 

of soft clay (mv = 0.6m2/MN, cv = 6m2/year), which overlies a relatively 
impermeable layer of very stiff to hard clay that can be assumed to act 
as a rigid stratum. 

 
 The embankment is constructed using a sandy gravel (γb = 22kN/m3). 
 

i) calculate the total consolidation settlement expected 
within the soft clay layer. 

(4 marks) 
 

 If the road can tolerate a further uniform settlement of 30mm after 
placement of the upper bituminous surfacing materials, and the 
surfacing materials are assumed to add no further weight to the 
embankment, then calculate; 

 
ii) the earliest time after placement of the embankment 

material before the bituminous surfacing materials can be 
laid such that no more than 30mm of settlement occurs 
after that time. 

(6 marks) 
 

 b) If 300mm diameter vertical sand drains can be installed down through 
the entire depth of soft clay prior to construction of the embankment, 
and these be connected to a granular surface drainage layer, then 
what square grid spacing would be required to achieve all but 30mm of 
the consolidation settlement of the soft clay layer within one month of 
completion of the embankment. The soft clay properties are as for 
Q3a) and also ch = 9m2/year. 

(15 marks) 
 
NOTE: Figure Q3a and Table Q3b are available for the solution to question 3a) 
and 3b) 
 

Total 25 marks 
 

 
Question 3 continued over the page… 
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Question 3 continued 

 
 
 

Figure Q3a 
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Question 3 continued 

 
 

 
 
 

Table Q3b 
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4. a) Explain, with the aid of sketch diagrams, why a site investigation needs 

to extend down to a specific depth below a proposed foundation to 
ensure that an adequate design is achieved for such a foundation. 
Students are expected to make reference to stress distribution theory in 
their explanations and should also comment on why the depth of 
investigation needs to be different for an infinitely long strip foundation 
as opposed to a finite sized square pad foundation. 

(6 marks) 
  
 
 
 b) Explain, using detailed principles of soil mechanics, the process of 

„consolidation‟ for a given saturated cohesive soil subject to an increase 
in loading for a civil engineering structure.  

  NOTE: Ensure that your answer explains all the „soil mechanics‟ terms 
used and also that your explanation of the process extends right from 
the time immediately prior to foundation construction and also to a 
suitable point in time after construction has been completed, outlining 
the changes in internal state of the soil and the stresses/forces active 
throughout such process. 

(6 marks) 
 
 

 
 c) Using Figure Q4 c 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 12m below ground level. The water table 
is located at a depth of 4m below ground level within a 7m thick deposit 
of sandy gravel overlying 5m of clay. 

 (13 marks) 
 

Total 25 marks 
 

 
Question 4 continued over the page… 
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Sandy Gravel 
Bulk Unit Weight   =  18kN/m3  4m  
Saturated Unit Weight  =  20kN/m3 

Water 
Table 
   
       3m 
 
 
  Clay 

 Bulk Unit Weight   =  19kN/m3  5m 
Saturated Unit Weight  =  21kN/m3 

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

Figure Q4c 
 
 
 
 
 
 
 

END OF QUESTIONS 
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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 R
2
 ) 

 

Tv = ( cv t ) /  d
2
  

 

 

 

 

END OF PAPER 


