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INSTRUCTIONS TO CANDIDATES: There are FOUR questions. 
 
      Answer ALL FOUR questions. 
 
      All questions carry equal marks. 
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      All working must be shown. A numerical 

solution to a question obtained by 
programming an electronic calculator 
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      Supplementary Geotechnical 
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Question 1 
 

a) Define the terms “Active Earth Pressure” and "Passive Earth Pressure". Sketch 
a retaining wall and clearly indicate the soil wedges and pressure distributions 
associated with each state. 
      (5 marks) 
 

 
b) A 9.0m retaining wall retains a layered geological sequence (Q1 - Figure 1) on 

page 3. With depth the sequence includes: 1.0m of sandy topsoil, 4.0m of stiff 
clay and 4.0m of firm clay. The surcharge, q = 30 kN/m2. The properties of the 
materials are summarised in the table (Q1 – Table 1) below:     

          
 

 

Q1 – Table 1 
 

(i) Calculate and draw the distribution of the active pressure applied to the wall 
(Q1 - Figure 1) on page 3.                  

(10 marks) 
 

 
(ii) Calculate the magnitudes and line of action of the thrusts produced by active 

pressures above the base of the wall.                                             
 (10 marks) 

 
 
 

Question 1 continued over page 3 
 

PLEASE TURN THE PAGE 
 

 
 
 
 
 
 
 
 
 

Material Unit weight 

(𝑘𝑁/𝑚3) 

Angle of 

friction (°) 

Cohesion 

(𝑘𝑁/𝑚2) 

Sandy Topsoil 19.8 27 0 

Stiff Clay 20.5 20 20 

Firm Clay 22 14 21 
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Question 1 continued 

 

 
Q1 - Figure 1 

 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 

 
 

(Total 25 marks) 
 

PLEASE TURN THE PAGE 
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Question 2 
 
A retaining wall is to retain 6.0m of soil.  From the top of the wall downwards the soil 
is composed of 4.0m of sand overlying 2.0m of clay. The water table is at depth of 
2.0m from the top. The properties of sand and clay is given in (Q2 – Figure 1) on page 
4.  

   
a) Calculate the lateral earth pressure on the retaining wall.   

                                                                                                           (8 marks) 
     
b)  Given the values that you calculated in part a) draw the pressure distribution on 
 the back of the wall (i.e. how the pressure changes with depth).       
                                                                                                             (5 marks) 
 
c) Based on the drawing in part b), calculate the total force applied to the wall.  
                                                               (6 marks) 
 
d) Determine the position of the line of action (above the base of the wall).                                              
                                                                       (6 marks) 
 

 
 

 
Q2 – Figure 1 

 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 

 
(Total 25 marks) 

 

PLEASE TURN THE PAGE 
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Question 3 
 

a) What are the main types of failures and controls in excavated slopes? List 4 

failures and 4 controls.   

(8 marks) 

 

b) A 6m high slope of soil with the following properties is shown in (Q3 - Figure 1) 

on page 5; The characteristic unit weight of the soil, both above and below the 

groundwater table, is 18 kN/m³, and the characteristic shear strength 

parameters in terms of effective stress are c'=12 kN/m² and φ'=26°. The breadth 

of all slices is 1.5m (b=1.5m) and θ=820, R= 8.1m. Data is given in (Q3 - Table 

1 on page 6 and Q3 – Table 2 on page 6).  

Determine the Factor of Safety by using the Swedish Method (Fellenius’ 
method). 

(17 marks) 
 

  

 
 

Q3 - Figure 1 
 

   
Question 3b continued over page 6 

 
PLEASE TURN THE PAGE 
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Question 3b continued  
 

Slice Height (m) α (⁰) u (kN/m2) 

1 1.10 -8.0 6.2 

2 1.70 7.2 13.0 

3 2.90 20.5 18.0 

4 3.50 42.5 17.5 

5 1.35 60.2 0 

Q3 - Table 1 
 

 
 
Copy this table to your answer booklet to help you determine the factor of safety 

Slice 
Height  

h 
(m) 

α (⁰) 
u 

(kN/m2) 

 

Breadth 

b 

Area 

of 

each 

slice 

A 

(bxh) 

Weight 

of each 

slice  

W 

 

(γxA) 

 
Cos 

α 

 
Sec 

α 

 
 

ru 

= 

(u/γh) 

 

 

 

𝑊 sin 𝛼 

1 1.10 -8.0 6.2 
        

2 1.70 7.2 13.0 
        

3 2.90 20.5 18.0 
        

4 3.50 42.5 17.5 
        

5 1.35 60.2 0         

∑ =   

Q3 - Table 2 
 

NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 
 

(Total 25 marks) 
 

PLEASE TURN THE PAGE 
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Question 4 
 

a) You are the Site Engineer for a new road cut into a hillside. During a period of 
heavy rain, you notice new tension cracks at the top of the slope and signs of 
swelling at the toe. 

(i) Identify the type of mass movement that is likely occurring. 

(ii) Explain the role the heavy rain is playing in reducing the slope's stability. 

(iii) Propose two possible stabilization methods you could recommend. 

(7 marks) 
 

b) An embankment made from silt is to be constructed upon the ground 

surface (See Q4 - Figure 1 on page 7). The completed embankment can be 

assumed to be homogenous and thus will possess constant density and 

constant shear strength throughout its mass. The undrained cohesion (cᵤ) of 

the silt is 24 kN/m² and the unit weight (γ) is 20 kN/m³. R=12m and θ=700. 

Determine the factor of safety in the short term (undrained state). Area and 

angle of base for each slice is calculated in (Q4 - Table 1) on page 8. 

(9 marks) 
 
 
 
 
 

 
Q4 – Figure 1 

 
 
 

Question 4b continued over page 8 
 

PLEASE TURN THE PAGE 



Page 8 of 11 
School of Engineering and Built Environment 
BEng (Hons) Civil Engineering 
Semester One Examination 2025/2026 
Geotechnical Engineering 
Module No. CIE6020 

 

 
Question 4b continued  

 

Slice Area (m2) Angle of base (˚) 

1 5.6 -10.5 

2 10.5 17.4 

3 13.2 29.8 

4 10.6 57.0 

Q4 – Table 1 
 
 

c) 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 Q4 – Figure 2 (page 8), what is 
the angle of the critical slope.    

(9 marks) 
 

 

 
Q4 - Figure 2 

 
(Total 25 marks) 

 
END OF QUESTIONS 

 
PLEASE TURN THE PAGE FOR  

SUPPLEMENTARY GEOTECHNICAL INFOMRATION 
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Supplementary Geotechnical Information 

 
Retaining Walls (Q1 and Q2) 
 

𝐾𝑎 =
1−𝑠𝑖𝑛𝜙

1+𝑠𝑖𝑛𝜙
      ;  𝐾𝑝 =

1+𝑠𝑖𝑛𝜙

1−𝑠𝑖𝑛𝜙
 

 

𝜎ℎ𝑎 = 𝐾𝑎𝜎𝑣 − 2𝑐√𝐾𝑎      ; 𝜎ℎ𝑝 = 𝐾𝑝𝜎𝑣 + 2𝑐√𝐾𝑝 

 

  
 

 
 

 
 

 
 

 
 

𝑝𝐴 = 𝐾𝐴(𝛾𝑧 + 𝑞) − 2𝑐′√𝐾𝐴           𝐾𝐴 =
1−𝑠𝑖𝑛 𝜙′

1+𝑠𝑖𝑛 𝜙′
= 𝑡𝑎𝑛2 (45 −

𝜙′

2
)  

 

𝑝𝑃 = 𝐾𝑃(𝛾𝑧 + 𝑞) + 2𝑐′√𝐾𝑃           𝐾𝑃 =
1+𝑠𝑖𝑛 𝜙′

1−𝑠𝑖𝑛 𝜙′
= 𝑡𝑎𝑛2 (45 +

𝜙′

2
)  

 
(𝒑𝑨, 𝒑𝑷, 𝑲𝑨𝒂𝒏𝒅 𝑲𝑷 𝒂𝒓𝒆 𝒕𝒉𝒆 𝒂𝒄𝒕𝒊𝒗𝒆 𝒂𝒏𝒅 𝒑𝒂𝒔𝒔𝒊𝒗𝒆 𝒑𝒓𝒆𝒔𝒔𝒖𝒓𝒆𝒔 𝒂𝒏𝒅 𝒄𝒐𝒆𝒇𝒇𝒆𝒄𝒊𝒆𝒏𝒕𝒔  
𝒓𝒆𝒔𝒑𝒆𝒄𝒕𝒊𝒗𝒆𝒍𝒚, 𝒛 𝒊𝒔 𝒕𝒉𝒆 𝒅𝒆𝒑𝒕𝒉, 𝜸 𝒊𝒔 𝒕𝒉𝒆 𝒖𝒏𝒊𝒕 𝒘𝒆𝒊𝒈𝒉𝒕 𝒂𝒏𝒅 𝒒 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒖𝒓𝒄𝒉𝒂𝒓𝒈𝒆 ) 

 
 

 PLEASE TURN THE PAGE 
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Slope Stability (Q3 and Q4) 

 
 

𝑚 =
𝑐′

𝐹𝐻𝛾
  

(𝒎 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒕𝒂𝒃𝒊𝒍𝒊𝒕𝒚 𝒏𝒖𝒎𝒃𝒆𝒓, 𝑭 𝒊𝒔 𝒕𝒉𝒆 𝒇𝒂𝒄𝒕𝒐𝒓 𝒐𝒇 𝒔𝒂𝒇𝒆𝒕𝒚  
𝒂𝒏𝒅 𝑯 𝒊𝒔 𝒕𝒉𝒆 𝒉𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒍𝒐𝒑𝒆) 

 

M=D.H 

(M can be expressed in terms of the height of the slope via  

D which is known as the Depth factor) 

 

L=d.H 
(L is the horizontal distance of the slip circle from the toe of the slope,  

it can be expressed in terms of H via d which is known  

as the distance factor) 

 

Swedish Method: 

 

 
 

 

Bishop’s Method: 

 
----------------------------------------------------------------------------------------------------------- 

 

 
 

(𝑾 𝒊𝒔 𝒕𝒉𝒆 𝒘𝒆𝒊𝒈𝒉𝒕, 𝜶 𝒊𝒔 𝒕𝒉𝒆 𝒂𝒏𝒈𝒍𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒃𝒂𝒔𝒆 𝒐𝒇 𝒂 𝒔𝒍𝒊𝒄𝒆 𝒂𝒏𝒅 

𝒍 𝒊𝒔 𝒕𝒉𝒆 𝒍𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒃𝒂𝒔𝒆 𝒐𝒇 𝒂 𝒔𝒍𝒊𝒄𝒆) 

 
PLEASE TURN THE PAGE 
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Weight of each slice W = (γxA) 

 

𝐹 =
𝑐𝑢𝑅𝜃

∑ 𝑊 sin 𝛼
  

 

𝐹 =
𝑐′𝑅2𝜃

𝑊.𝑑
  

 
(𝑹 𝒊𝒔 𝒕𝒉𝒆 𝒓𝒂𝒅𝒊𝒖𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒍𝒊𝒑 𝒄𝒊𝒓𝒄𝒍𝒆, 𝜽 𝒊𝒔 𝒕𝒉𝒆 𝒊𝒏𝒄𝒍𝒖𝒅𝒆𝒅 𝒂𝒏𝒈𝒍𝒆  

𝒂𝒏𝒅 𝒅 𝒊𝒔 𝒕𝒉𝒆 𝒆𝒄𝒄𝒆𝒏𝒕𝒓𝒊𝒄𝒊𝒕𝒚 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒆𝒏𝒕𝒓𝒆 𝒐𝒇 𝒎𝒂𝒔𝒔) 
 

 
END OF PAPER 


