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Question 1 

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. 

(5 marks) 

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

surface (See Figure 1.1 below). 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 25 

kN/m² and the unit weight (γ) is 19 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 (Table 1.1) below. 

(12 marks) 

 

 
Figure 1.1 

 

Slice Area (m2) Angle of base 
α (⁰) 

1 5.2 - 8.5 

2 10.5 18.2 

3 13.8 35.5 

4 9.2 50.1 

 
Table 1.1 

 
Question 1 continues over the page 3 
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Question 1 continued 

 
c) A 10m excavation is required in a soft clay where a dense sandstone is known 

to be 15m below ground level. The soft clay has a cohesion of 12 kN/m² and a 

unit weight of 17 kN/m³. Using Taylor's curves below in (Figure 1.2), what is 

the angle of the critical slope. 

(8 marks) 
 
 

 
Figure 1.2 

 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 

 

(Total 25 marks) 
 

PLEASE TURN THE PAGE 
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Question 2  
 

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

failures and 4 controls.   

(8 marks) 

 

b) A 8.0m high slope of soil with the following properties is shown in (Figure 2.1); 

The characteristic unit weight of the soil, both above and below the groundwater 

table, is 19 kN/m³, and the characteristic shear strength parameters in terms of 

effective stress are c'=8 kN/m² and φ'=32°. The breadth of all slices is 2.0m 

(b=2.0m). Data is given in (Table 2.1 and Table 2.2) below.  

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

 
(17 marks) 

 
Figure 2.1 

 
 

 
 

Question 2b continues over the page 5 
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Question 2b continued 

 
   

Slice Height (m) α (⁰) u (kN/m2) 

1 0.85 -5.5 4.5 

2 2.10 6.0 13.1 

3 3.15 12.5 18.9 

4 3.85 22.3 21.5 

5 4.20 31.6 20.1 

6 4.05 42.8 12.8 

7 2.75 55.5 11.2 

8 1.25 65.2 0 

Table 2.1 
 

 

 
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 0.85 -5.5 4.5 
          

2 2.10 6.0 13.1 
          

3 3.15 12.5 18.9 
          

4 3.85 22.3 21.5 
          

5 4.20 31.6 20.1           

6 4.05 42.8 12.8 
          

7 2.75 55.5 11.2           

8 1.25 65.2 0           

∑ =   

Table 2.2 
 

 
 

NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 

(Total 25 marks) 
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Question 3 
 
A reinforced soil wall with a vertical face is to be constructed at the edge of an 

embankment which is 9.0 m high. The fill used throughout the embankment and wall 

is dry and has a unit weight (𝛾) of 20 kN/m³ and an internal friction angle (𝜙) of 34°. 

The reinforced soil block forming the wall has uniform width 6.0 m. At 5.0 m depth in 

the wall it is proposed to use geogrid reinforcement with design strength 30 kN/m and 

frictional resistance at geogrid-soil interface (𝛿𝑟 = 26°). A 1.2 m wide strip of geogrid 

supports a section of the face of the wall which is 1.2 m wide and 1.0 m high. 

a) For a strip of geogrid at 5.0 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. 

(10 marks) 

b) Revise the estimates of FoS for tensile and pull-out failure for the geogrid at 5.0 

m depth if an eccentricity represented by a rectangular distribution of vertical 

stress in the reinforced fill is assumed (Schlosser method). 

(15 marks) 

NOTE: Use the Figures in the data sheet 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). 

 
                                                                    
 

NOTE: Use the Supplementary Geotechnical Data sheets provided. 
 

(Total 25 marks) 
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Question 4 
 

a) 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. 

(9 marks) 

 
b) Soil has no tensile strength. So, how is it possible that a reinforced soil wall can 

stand vertically? What is the fundamental mechanical principle that allows this 

to work? 

(4 marks) 

c) In your own words, what is the difference between checking the "external 

stability" and the "internal stability" of a reinforced soil wall? What different 

failure modes are considered in each case? 

(8 marks) 

 
d) From the sliding stability equation, the Factor of Safety is proportional to the 

ratio of reinforcement length to wall height (lᵣ/h). If you want to make a wall safer 

against sliding, you can make this block wider. What is the major downside or 

trade-off of doing this? 

(4 marks) 

 

 
NOTE: Use the Supplementary Geotechnical Data sheets provided. 

 
(Total 25 marks) 

 

 

END OF QUESTIONS 
 

PLEASE TURN THE PAGE FOR SUPPLEMENTARY GEOTECHNICAL 
INFORMATION 
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Supplementary Geotechnical Information 
 
Q1 and Q2 - Slope stability 

 

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) 

 

 
 

Q3 and Q4 - Reinforced Soil Wall   
 

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

 

 
Figure a 

 

 

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

 

 
Figure b 

PLEASE TURN THE PAGE 
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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 c. 

 

 
Bolton method                                      Schlosser method 

 

Figure c 
 

 

 

• Factor of safety against tensile failure for strip reinforcement: 

 

 

𝐹𝑠,𝑇 =  
𝑇𝑟,𝑑𝑒𝑠

𝑇𝑟,𝑚𝑎𝑥
=

𝜎𝑟 × 𝑏𝑟 × 𝑡𝑟

𝑇𝑟,𝑚𝑎𝑥
 

 

 

PLEASE TURN THE PAGE 
 

 

 

𝐾𝑎 =
1−𝑠𝑖𝑛 𝜙

1+𝑠𝑖𝑛 𝜙
= 𝑡𝑎𝑛2 (45 −

𝜙

2
)  

𝐾0 =  1 − 𝑠𝑖𝑛 𝜙    
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• Factor of safety against pull out failure for strip reinforcement with uniform vertical 

stress distribution: 

  

𝐹𝑠,𝑝𝑜 =
2 × 𝑏𝑟 × 𝑙𝑟,𝑝𝑜 × 𝜎𝑉

′ × tan (𝛿𝑟)

𝑇𝑟,𝑚𝑎𝑥
 

 

 

• Pullout a (Figure d) 

 
Figure d 

 
 

• Pullout b (Figure e) 
 

 
       Figure e 

 

• Detailed Design b 
 

 
 

 
 

END OF PAPER 


