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Question 1 
 

a) Produce a sketch to illustrate the relationship between the three different 
types of lateral earth pressure and the wall movement. With reference to your 
sketch, explain what happens when there is no movement of the wall, 
movement of the wall towards the soil and movement of the wall away from 
soil. In relation to strain, also explain when the minimum Pa and maximum Pp 
are achieved.      

(5 marks) 
 

 
b) A concrete cantilever wall with a sand backfill retains a layered geological 

sequence (Q1 - Figure 1.1). With depth the sequence includes: 0.5m of sandy 
topsoil, 2.5m of dense sand and 4.5m of stiff clay. All sections of the 
cantilever wall have a thickness of 0.5m, the base of the wall extends 1.5m 
backwards and 0.25m forwards. The properties of the materials are 
summarised in the table below:     
          

 
material unit weight 

(𝑘𝑘𝑘𝑘𝑚𝑚−3) 
angle of 

friction (°) 
Cohesion 
(𝑘𝑘𝑘𝑘𝑚𝑚−2) 

Concrete 24 - - 
Sand backfill 14.5 15 0 
Sandy topsoil 19 25 0 
Dense sand 20.5 30 0 
Stiff clay 18.5 10 22 

 
 

i) Calculate and draw the distribution of the active and passive pressures applied 
to the wall and backfill along the lines marked AB and CD (Q1 - Figure 1.1 on 
page 3).                 (10 marks) 

 
 

ii) Calculate the magnitudes and lines of action of the two thrusts produced by 
these pressures above the base of the wall.                                            (10 marks) 
 

 
Total 25 marks 

 
 

Q1 - Figure 1.1 over the page…. 
 
 

PLEASE TURN THE PAGE…. 
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Question 1 continued…. 

 
Question 1 - Figure 1.1 

 
Question 2 
 

a) For slope stability of an embankment, what are the main factors that influence 
slope stability? And what makes a slope globally stable? Explain your answer. 

(4 marks) 
 

b) In Q2 – Figure 2.1 (page 4), determine if the slope is stable or unstable. 
 LAB = 8.64 m, R = 5.50 m.   (7 marks) 

 
c) An embankment made from clay is to be constructed upon the ground surface 

(See Q2 - Figure 2.2 page 4). The completed embankment can be assumed 
to be homogenous and thus will possess constant density and constant shear 
strength throughout its mass. Determine the factor of safety in the short term 
(undrained state). Area and angle of base for each slice is calculated in Table 
2 (page 5).    (7 marks) 

 
d) A 7m excavation is required in a mudrock where a hard limestone is known to 

be 8.4m below ground level. The mudrock has a cohesion of 9kN/m2 and a 
unit weight of 19kN/m3. Using Taylor’s curves in Q2 – Figure 2.3 (page 5), 
what is the angle of the critical slope.   (7 marks) 

 
Total 25 marks 

 
Q2 – Figure 2.1 & Q2 – Figure 2.2 over the page…. 

 
PLEASE TURN THE PAGE…. 
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Question 2 continued…. 
 

 
 

Q2 – Figure 2.1 

 
 

Q2 – Figure 2.2 
 

 
 

Q2 Table 2 & Q2 – Figure 2.3 over the page…. 
 

PLEASE TURN THE PAGE…. 
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Question 2 continued…. 
 

Slice Area (m2) Angle of base 
(˚) 

1 4.6 -6.6 

2 9.8 15.6 

3 12.7 32.2 

4 8.7 47.5 

Q2 – Table 2 
 
 

 

 
 

Q2 - Figure 2.3 
 

 
 

PLEASE TURN THE PAGE…. 
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Question 3 
 

a) A wide embankment, 6m high, is to be constructed over a 10m thick layer of 
very soft to soft clay (mv = 0.5m2/MN, cv = 6m2/yr). This clay overlies a 
relatively impermeable layer of mudstone. The embankment is to be formed 
by compacting granular material to a bulk unit weight of 21kN/m3. 
 
i) Calculate the total consolidation settlement within the clay layer. 

(4 marks) 
 

ii) If “finishing works” can be commenced on top of the embankment as 
soon as less than 30mm of consolidation settlement of the clay layer 
remains to be achieved, then calculate the earliest time that “finishing 
works” can be commenced. 

                                                                                       (4 marks) 
 
 
b) If 250mm diameter vertical sand drains are available then determine the 

square grid spacing of such drains that would be required to achieve the 
same settlement restrictions as required in Q3 a) ii) within 3-months – ie. only 
30mm of consolidation settlement remaining. NOTE:   ch = 12m2/yr and Q3 – 
Figure 3.1 and Q3 – Table 3 are provided (pages 7 and 8) for the solution of 
this question.           

                                         (12 marks) 
 
 

c) Where 6m deep loose granular deposits occur along a section of proposed 
new high speed rail track, discuss FOUR ground improvement options that 
may be considered to ensure a stable platform is achieved. In geotechnical 
terms evaluate the advantages and limitations of each option you consider. 

(5 marks) 
 
 

Total 25 marks 
 
 
 

Q3 – Figure 3.1 over the page…. 
 

PLEASE TURN THE PAGE…. 
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Question 3 continued…. 

Q3 - Figure 3.1 

                
Q3 – Table 3 over the page…. 
PLEASE TURN THE PAGE…. 
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Question 3 continued…. 

 
Q3 – Table 3 

 

 
 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Question 4 
 
a) Discuss when undrained and drained shear strength parameters would be used 

for the design of shallow foundations. Ensure that you highlight both testing and 
design aspects in your evaluation of shallow foundation design. 

(5 marks) 
 
b) A pad foundation, 2.0m square is to be located at a depth of 1.0m in a uniform 

bearing stratum of firm clay.  The water table level is at an assumed depth of 1.0m 
below ground level (from a recent and reliable site investigation). The clay soil 
properties are as follows; 

 
Bulk unit weight γ  = 20.0 kN/m3 
Saturated unit weight γsat  = 21.5 kN/m3 
With respect to Total Stresses cu  = 50.0 kN/m2 

Φu  =  00 
With respect to Effective Stresses c8 =  ׀ kN/m2 

Φ300 =  ׀ 
 
 Determine the safe bearing load that the foundation can support in the short term 

(in kN). Use the formulae provided on page 11 and also Q4 – Figure 4.1 on page 
10 (as appropriate). State any assumptions made in your calculations. 

(10 marks) 
 
c) A bored pile (14m long and 450mm in diameter) is to be installed into the following 

soil profile; 
 

Depth 
  

m 

Description Unit 
Weight 
kN/m3 

cu 
 

kN/m2 

Adhesion 
Factor 

α 
0 – 5 Soft CLAY 21.0 35.0 0.55 
5 – 10 Firm to stiff CLAY 22.0 80.0 0.5 

10 - 30 Stiff to very stiff CLAY 22.5 130.0 0.45 
 

The above clay strata are all taken to be fully saturated. 
 

Determine the safe load carrying capacity of the pile (in kN). State any 
assumptions made in your calculations 

(10 marks) 
Total 25 marks 

 
Q4 – Figure 4.1 over the page…. 

PLEASE TURN THE PAGE…. 
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Question 4 continued…. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q4 – Figure 4.1 
 
 

 
 

END OF QUESTIONS 
 

Please turn the page for Supplementary Geotechnical Information…. 
PLEASE TURN THE PAGE…. 
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Supplementary Geotechnical Information 
 
 qf = ultimate bearing capacity 
 
 qn = net bearing capacity  = qf - σo = qf - γD  (Total stresses) 
 
                                                        = qf - σo1 = qf - (γD - γw hw)   (Effective stresses) 
 
 qs = safe bearing capacity =  qn    and F = qf  = 3.0 usually 
                                                           F                  qn 
 
 qa = allowable bearing capacity = qn + γD  = qf - γD  +  γD 
                   F                  F 
 
Shallow Foundations 
 
c , φ soil 
 Terzaghi :  qf = c Nc sc + γ D Nq sq + 0.5 B γ Nγ sγ    
 
 
Where Nc ; Nq ; Nγ  ; sc ; sq ; sγ are bearing capacity and shape factors 

 
 

- modified when Water Table present,  γsub or γ’ = γsat - γw   
 
cu soil  (φu =0) 
Skempton :  qf = cNc + γD          Nc from Skempton’s graph (Figure 4.1 of Q4 for D/B values) 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
 

Shape of footing sc sq sγ 

Strip 1.0 1.0 1.0 

Rectangle 1.0 + (B/L)(Nq/Nc) 1.0 + (B/L)tanφ‛ 1.0 – (B/L)0.4 

Circle or square 1.0 + (Nq/Nc) 1.0 + tanφ‛ 0.6 



Page 12 of 14 
 
School of Engineering 
BEng (Hons) Civil Engineering 
Semester 1 Examination 2021/22 
Geotechnical Engineering & Ground Improvement 
Module No. CIE6003 
3-d Consolidation 
 
(1 - U) = (1 - Uv)(1-Ur)   
 
Tv  =  cv t / d2        Tr =   ch t / 4R2  

 
  

Slope stability 
 

𝑚𝑚 =
𝑐𝑐′

𝐹𝐹𝐹𝐹𝐹𝐹
  

(𝒎𝒎 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒕𝒕𝒔𝒔𝒔𝒔𝒊𝒊𝒔𝒔𝒊𝒊𝒕𝒕𝒔𝒔 𝒏𝒏𝒏𝒏𝒎𝒎𝒔𝒔𝒕𝒕𝒏𝒏,𝑭𝑭 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒇𝒇𝒔𝒔𝒇𝒇𝒕𝒕𝒇𝒇𝒏𝒏 𝒇𝒇𝒇𝒇 𝒊𝒊𝒔𝒔𝒇𝒇𝒕𝒕𝒕𝒕𝒔𝒔  
𝒔𝒔𝒏𝒏𝒂𝒂 𝑯𝑯 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒕𝒕𝒕𝒕𝒊𝒊𝒉𝒉𝒕𝒕𝒕𝒕 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒔𝒔𝒇𝒇𝒔𝒔𝒕𝒕) 

 
𝑚𝑚 = 𝑐𝑐𝑐𝑐𝑠𝑠2𝛽𝛽(𝑡𝑡𝑡𝑡𝑡𝑡𝛽𝛽 − tan𝜙𝜙𝑚𝑚)  

(𝜷𝜷 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒏𝒏𝒉𝒉𝒔𝒔𝒕𝒕 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒔𝒔𝒇𝒇𝒔𝒔𝒕𝒕,𝝓𝝓𝒎𝒎 =
𝒕𝒕𝒔𝒔𝒏𝒏𝝓𝝓
𝑭𝑭

) 

 
𝐹𝐹 = ∑(𝑐𝑐′𝑙𝑙+(𝑊𝑊cos𝛼𝛼−𝑢𝑢𝑙𝑙) tan𝜙𝜙′)

∑𝑊𝑊sin𝛼𝛼
  

 

 

 
 

 

 
 

(𝑾𝑾 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒘𝒘𝒕𝒕𝒊𝒊𝒉𝒉𝒕𝒕𝒕𝒕,𝜶𝜶 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒏𝒏𝒉𝒉𝒔𝒔𝒕𝒕 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒊𝒊𝒕𝒕 𝒇𝒇𝒇𝒇 𝒔𝒔 𝒊𝒊𝒔𝒔𝒊𝒊𝒇𝒇𝒕𝒕 𝒔𝒔𝒏𝒏𝒂𝒂 
𝒔𝒔 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒕𝒕𝒏𝒏𝒉𝒉𝒕𝒕𝒕𝒕 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒊𝒊𝒕𝒕 𝒇𝒇𝒇𝒇 𝒔𝒔 𝒊𝒊𝒔𝒔𝒊𝒊𝒇𝒇𝒕𝒕) 

𝐹𝐹 = 𝑐𝑐𝑢𝑢𝑅𝑅𝑅𝑅
∑𝑊𝑊sin𝛼𝛼

  
 
𝐹𝐹 = 𝑐𝑐′𝑅𝑅2𝑅𝑅

𝑊𝑊𝑊𝑊
  
(𝑹𝑹 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒏𝒏𝒔𝒔𝒂𝒂𝒊𝒊𝒏𝒏𝒊𝒊 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒔𝒔𝒊𝒊𝒔𝒔 𝒇𝒇𝒊𝒊𝒏𝒏𝒇𝒇𝒔𝒔𝒕𝒕,𝜽𝜽 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒏𝒏𝒇𝒇𝒔𝒔𝒏𝒏𝒂𝒂𝒕𝒕𝒂𝒂 𝒔𝒔𝒏𝒏𝒉𝒉𝒔𝒔𝒕𝒕  

𝒔𝒔𝒏𝒏𝒂𝒂 𝒂𝒂 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒕𝒕𝒇𝒇𝒇𝒇𝒕𝒕𝒏𝒏𝒕𝒕𝒏𝒏𝒊𝒊𝒇𝒇𝒊𝒊𝒕𝒕𝒔𝒔 𝒇𝒇𝒇𝒇 𝒕𝒕𝒕𝒕𝒕𝒕 𝒇𝒇𝒕𝒕𝒏𝒏𝒕𝒕𝒏𝒏𝒕𝒕 𝒇𝒇𝒇𝒇 𝒎𝒎𝒔𝒔𝒊𝒊𝒊𝒊) 
 

PLEASE TURN THE PAGE…. 
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Retaining walls 

 
𝐾𝐾𝑎𝑎 = 1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙

1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
      ;  𝐾𝐾𝑝𝑝 = 1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙

1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
 

 
𝜎𝜎ℎ𝑎𝑎 = 𝐾𝐾𝑎𝑎𝜎𝜎𝑣𝑣 − 2𝑐𝑐�𝐾𝐾𝑎𝑎      ; 𝜎𝜎ℎ𝑝𝑝 = 𝐾𝐾𝑝𝑝𝜎𝜎𝑣𝑣 + 2𝑐𝑐�𝐾𝐾𝑝𝑝 
 
𝑝𝑝𝐴𝐴 = 𝐾𝐾𝐴𝐴(𝐹𝐹𝛾𝛾 + 𝑞𝑞) − 2𝑐𝑐′�𝐾𝐾𝐴𝐴    𝐾𝐾𝐴𝐴 = 1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′

1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′ = 𝑡𝑡𝑡𝑡𝑡𝑡2 �45 − 𝜙𝜙′

2
�  

 
𝑝𝑝𝑃𝑃 = 𝐾𝐾𝑃𝑃(𝐹𝐹𝛾𝛾 + 𝑞𝑞) + 2𝑐𝑐′�𝐾𝐾𝑃𝑃    𝐾𝐾𝑃𝑃 = 1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′

1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′ = 𝑡𝑡𝑡𝑡𝑡𝑡2 �45 + 𝜙𝜙′

2
�  

 
(𝒔𝒔𝑨𝑨,𝒔𝒔𝑷𝑷,𝑲𝑲𝑨𝑨𝒔𝒔𝒏𝒏𝒂𝒂 𝑲𝑲𝑷𝑷 𝒔𝒔𝒏𝒏𝒕𝒕 𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒇𝒇𝒕𝒕𝒊𝒊𝒂𝒂𝒕𝒕 𝒔𝒔𝒏𝒏𝒂𝒂 𝒔𝒔𝒔𝒔𝒊𝒊𝒊𝒊𝒊𝒊𝒂𝒂𝒕𝒕 𝒔𝒔𝒏𝒏𝒕𝒕𝒊𝒊𝒊𝒊𝒏𝒏𝒏𝒏𝒕𝒕𝒊𝒊 𝒔𝒔𝒏𝒏𝒂𝒂 𝒇𝒇𝒇𝒇𝒕𝒕𝒇𝒇𝒇𝒇𝒕𝒕𝒇𝒇𝒊𝒊𝒕𝒕𝒏𝒏𝒕𝒕𝒊𝒊  
𝒏𝒏𝒕𝒕𝒊𝒊𝒔𝒔𝒕𝒕𝒇𝒇𝒕𝒕𝒊𝒊𝒂𝒂𝒕𝒕𝒔𝒔𝒔𝒔, 𝒛𝒛 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒂𝒂𝒕𝒕𝒔𝒔𝒕𝒕𝒕𝒕,𝜸𝜸 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒏𝒏𝒏𝒏𝒊𝒊𝒕𝒕 𝒘𝒘𝒕𝒕𝒊𝒊𝒉𝒉𝒕𝒕𝒕𝒕 𝒔𝒔𝒏𝒏𝒂𝒂 𝒒𝒒 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝒊𝒊𝒏𝒏𝒏𝒏𝒇𝒇𝒕𝒕𝒔𝒔𝒏𝒏𝒉𝒉𝒕𝒕 ) 

 
 

Additional Data 

  
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Taylor and Fellenius charts for slopes in saturated clay  
 
 
 

END OF PAPER 
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