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      Lined Graph Paper and Supplementary 
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Figure, Supplementary Sheet or Sheet 
of Graph Paper you use to answer the 
selected questions. 
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Question 1  
 

a) What are the common causes of slope failure? Explain your answer. And what 
makes a slope stable?                                                                         (5 marks) 
 

b) A 6.0m high slope of soil with the following properties is shown in (Q1 – Figure 
1); The characteristic unit weight of the soil, both above and below the 
groundwater table, is 20 kN/m3, and the characteristic shear strength 
parameters in terms of effective stress are c’=10kN/m2 and φ’=29o.  The breadth 
of all slices is 1.5m (b=1.5m). Data is given in (Q1 – Table 1) below. 

 
 

Q1 - Figure 1 
 
 

Slice Height (m) α (⁰) u (kN/m2) 
1 0.76 -11.3 5.9 
2 1.80 -3.2 11.8 
3 2.73 8.4 16.2 
4 3.40 17.1 18.1 
5 3.87 26.9 17.1 
6 3.89 37.2 11.3 
7 2.94 49.8 0 
8 1.10 59.9 0 

 
Q1 – Table 1 

 
Question 1 continues over the page…. 
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Question 1 continued…. 

 
Determine the Factor of Safety by using Bishop’s Method (Conventional method). 

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) 

 

 

 

 

 
𝑊𝑊 sin𝛼𝛼 

1 0.76 -11.3 5.9 
          

2 1.80 -3.2 11.8 
          

3 2.73 8.4 16.2 
          

4 3.40 17.1 18.1 
          

5 3.87 26.9 17.1           

6 3.89 37.2 11.3 
          

7 2.94 49.8 0           
8 1.10 59.9 0           

� =   

 
(20 marks) 

 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 

Total 25 marks 
 
 

 
 
Question 2  
 
a) Determine the ultimate capacity and the safe load carrying capacity of the pile (in 

kN) of a 300mmx300mm pre-cast pile to be installed 16m into a clay stratum. Soil 
tests have shown that the shear strength of the soil, Cu, varies from ground level 
Cu=70 kPa to a depth of 11m (Cu=169 kPa), thereafter, at 16m (Cu=210 kPa). You 
may assume α = 0.5 and Nc = 9. 

(13 marks) 
 
 
 
 
 
 

Question 2 continues over the page…. 
PLEASE TURN THE PAGE…. 
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Question 2 continued…. 
 
b) A pile group consists of a rectangular 4x3 group of bored piles, each 0.75m in 
diameter and 15m in length. The spacing between the pile centres is 1.875m in a clay 
of undrained strength 50 kN/m2. The shaft adhesion factor is 1.  
 

(i) Determine the efficiency of the pile group with fave = 32 kN/m2 
  (6 marks)   

 
(ii) Calculate the ultimate load of pile group with Cu = 50 kN/m2 and Nc = 8.6  

 
  (6 marks)  

                                 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 

 
Total 25 marks 

 
 
Question 3 
 
A reinforced soil wall with a vertical face is to be constructed at the edge of an 
embankment which is 8.0 m high. The fill used throughout the embankment and wall 
is dry and has a unit weight 𝛾𝛾 = 18 𝑘𝑘𝑘𝑘 𝑚𝑚3⁄  and an internal friction angle 𝜙𝜙 = 30°. 
The reinforced soil block forming the wall has uniform width 6.0 m. At 4.4 m depth in 
the wall it is proposed to use geogrid reinforcement with design strength 25 kN/m and 
frictional resistance at geogrid-soil interface 𝛿𝛿𝑟𝑟 = 25°. A 1.0 m wide strip of geogrid 
supports a section of the face of the wall which is 1.0 m wide and 0.8 m high. 
 
a) For a strip of geogrid at 4.4 m depth, calculate the Factor of Safety (FoS) for tensile 

and pull out failure. Assume that the active zone behind the wall is an unmodified 
‘active wedge’, that any changes in stress due to compaction can be ignored, and 
neglect the effect of rotational equilibrium on vertical stress in the reinforced soil 
block.   

(8 marks) 
 
b) Revise the estimates of FoS for tensile and pull-out failure for the geogrid at 4.4 m 

depth if an eccentricity represented by a rectangular distribution of vertical stress in 
the reinforced fill is assumed (Schlosser method).  

(11 marks) 
 
NOTE: Use the Figures in the Supplementary Geotechnical Data sheet provided to 
represent the locus of maximum tension in the geogrid, and to account for the effects 
of compaction for K on the face of the wall.  
 

Question 3 continues over the page…. 
PLEASE TURN THE PAGE…. 
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Question 3 continued…. 
 
c) Name three different systems of reinforced earth retention and briefly describe the 

design principles for each, highlighting the key benefits and limitations of each 
system and their typical maximum retained heights. 

                                         (6 marks)     
                                                                    

Total 25 marks 
 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 
 
 
Question 4 
 
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 below in (Q4 – Figure 2).  
   
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) 
 
 
 
 
 

Question 4 continues over the page…. 
PLEASE TURN THE PAGE…. 
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Question 4 continued…. 
 

 
Q4 – Figure 2 

Total 25 marks 
 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 

 
 
 

END OF QUESTIONS 
 
 

Supplementary Geotechnical Information follows over the page… 
 
 
 

PLEASE TURN THE PAGE…. 
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Supplementary Geotechnical Information 
 
Q1 - Slope stability 
 

𝑚𝑚 =
𝑐𝑐′

𝐹𝐹𝐹𝐹𝛾𝛾  

(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

) 

 

 
 

 
 

 
 

 
(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…. 
 

PAST
 E

XAM
IN

ATIO
N



Page 8 of 13 
School of Engineering 
MSc Civil Engineering 
Semester 1 Examination 2023/2024 
Advanced Geotechnical Modelling Analysis & Design 
Module No. CIE7001 

 
 

 
Q2 - Pile Foundations 
 
Shaft Resistance: Circular: Qs =   α cu  𝜋𝜋 d L 
          Square: Qs =   α cu  𝑃𝑃 L     where P is the perimeter 
 
Base Resistance: Circular: Qb =   cu Nc 𝜋𝜋 d2 / 4 
           Square: Qb =   cu Nc Ab      where Ab is the base area 
 
 Qu = Qb + Qs 
 

Qsafe = Qb/3 + Qs        OR         Qsafe = (Qb + Qs) / 2.5 
 

  

𝜂𝜂 =
𝑄𝑄𝑔𝑔(𝑢𝑢)

∑𝑄𝑄𝑢𝑢
 

 
𝜂𝜂: efficiency 
 
𝑄𝑄𝑔𝑔(𝑢𝑢): ultimate load capacity of group pile 
 
𝑄𝑄𝑢𝑢: ultimate load capacity of single (individual) pile 
 
 
In clay: 
As individual 
𝑄𝑄𝑢𝑢 = ∑(𝑄𝑄𝑏𝑏 + 𝑄𝑄𝑠𝑠) 
 
Qs = ∑α cu As 

 
Qb =   cu Nc Ab 
 

 
As block 

𝑄𝑄𝑔𝑔(𝑢𝑢) = 𝑄𝑄𝑔𝑔(𝑠𝑠) + 𝑄𝑄𝑔𝑔(𝑏𝑏) 
                                                     𝑄𝑄𝑏𝑏𝑏𝑏𝑏𝑏𝑐𝑐𝑏𝑏 = 𝐴𝐴𝑠𝑠 × 𝑐𝑐𝑢𝑢 + 𝐴𝐴𝑏𝑏 × 𝑘𝑘𝑐𝑐 × 𝑐𝑐𝑢𝑢    
 

𝐴𝐴𝑏𝑏: is the base surface area of the pile group as a block 
𝐴𝐴𝑠𝑠: is the side surface area of the pile group as a block 

 
 

PLEASE TURN THE PAGE…. 
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Q3 - Reinforced Soil Wall   
 

• The locus of maximum tension force in reinforcement is usually 
approximated by the two lines shown in Figure 3. 

 

 
Figure 3 

 
 

• The coefficient of lateral earth pressure acting on facing is given in Figure 
4. 

 

 
Figure 4 

 
 
 

 
       

 
 
 
 

PLEASE TURN THE PAGE…. 
 

 
 

𝐾𝐾𝑎𝑎 = 1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙

= 𝑡𝑡𝑡𝑡𝑡𝑡2 �45 − 𝜙𝜙
2
�  

𝐾𝐾0 =  1 − 𝑠𝑠𝑠𝑠𝑡𝑡𝜙𝜙    
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• The vertical stress in a horizontal plane in the reinforced soil wall can be 

approximated by two methods: (1) Bolton (1977) and (2) Schlosser (1978), 
which are shown in Figure 5. 

 

 
Bolton method                                      Schlosser method 

 
Figure 5 

 
 

• Factor of safety against tensile failure for strip reinforcement: 
 

 
𝐹𝐹𝑠𝑠,𝑇𝑇 =  

𝑇𝑇𝑟𝑟,𝑊𝑊𝑑𝑑𝑠𝑠

𝑇𝑇𝑟𝑟,𝑚𝑚𝑎𝑎𝑚𝑚
=
𝜎𝜎𝑟𝑟 × 𝑏𝑏𝑟𝑟 × 𝑡𝑡𝑟𝑟
𝑇𝑇𝑟𝑟,𝑚𝑚𝑎𝑎𝑚𝑚

 

 
 

• Factor of safety against pull out failure for strip reinforcement with uniform vertical 
stress distribution: 

  

𝐹𝐹𝑠𝑠,𝑝𝑝𝑏𝑏 =
2 × 𝑏𝑏𝑟𝑟 × 𝑙𝑙𝑟𝑟,𝑝𝑝𝑏𝑏 × 𝜎𝜎𝑉𝑉′ × tan (𝛿𝛿𝑟𝑟)

𝑇𝑇𝑟𝑟,𝑚𝑚𝑎𝑎𝑚𝑚
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• Pullout a (Figure 6) 

 
Figure 6 

 
 

• Pullout b (Figure 7) 
 

 
       Figure 7 

 
• Detailed Design b 

 

 
 

 
 
 

 
 
 
 

PLEASE TURN THE PAGE…. 
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Q4 - Retaining walls 

 
 

𝐾𝐾𝑎𝑎 = 1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙

      ;  𝐾𝐾𝑝𝑝 = 1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙
1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙

 
 
𝜎𝜎ℎ𝑎𝑎 = 𝐾𝐾𝑎𝑎𝜎𝜎𝑣𝑣 − 2𝑐𝑐�𝐾𝐾𝑎𝑎      ; 𝜎𝜎ℎ𝑝𝑝 = 𝐾𝐾𝑝𝑝𝜎𝜎𝑣𝑣 + 2𝑐𝑐�𝐾𝐾𝑝𝑝 
 

  
 

 
 

 
 

 
 

 
 
𝑝𝑝𝐴𝐴 = 𝐾𝐾𝐴𝐴(𝛾𝛾𝛾𝛾 + 𝑞𝑞)− 2𝑐𝑐′�𝐾𝐾𝐴𝐴    𝐾𝐾𝐴𝐴 = 1−𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′

1+𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙′
= 𝑡𝑡𝑡𝑡𝑡𝑡2 �45 − 𝜙𝜙′

2
�  

 
𝑝𝑝𝑃𝑃 = 𝐾𝐾𝑃𝑃(𝛾𝛾𝛾𝛾 + 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 ) 
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Additional Data 

  
 
 

 
Taylor and Fellenius charts for slopes in saturated clay  
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