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Question 1 
 
Figure Q1 shows a 4.0 m high gravity retaining wall which supports against its steeper 
face two soils with relevant material properties. It is assumed that the wall has a 
smooth back. 
 

a) Sketch the earth pressure diagram for the retained soil, labelling all relevant 
values. You may assume the soil and the wall to be free-draining (so that there is 
no pore water), and that movement of the wall is sufficient for active conditions to 
develop in the soil.                                                                                    

(6 marks) 
 

b) Determine the total force (F) and moment (M) acting about the level of the base of 
the wall due to earth pressure.                                                              

(5 marks) 
 

c) Assuming that friction between the base of the wall and the soil is equal to =29 
and the ultimate bearing capacity of Soil-2 is qu=250 kN/m2:  
(i) calculate the factors of safety against sliding and overturning;  
(ii) calculate the maximum ground pressures beneath the base assuming a 

rectangular and trapezoidal pressure distributions.     
(10 marks) 

 
d) Knowing that recommended factors of safety against sliding, overturning and 

bearing capacity are 1.5, 2.0 and 3 respectively, what design modifications should 
be introduced for the problem shown in Figure Q1 to increase the factors of safety 
to their minimum acceptable limits? Discuss and use sketches to illustrate your 
answer as appropriate.    

      (4 marks) 
 
 
 

              Figure Q1 
 
 
 
 
 
 
 
 

 
Total 25 marks 

 
 

Soil-1:  

dry = 17 kN/m3 

 = 30, c=0 kN/m2 

Soil-2:  

dry = 19 kN/m3 

 = 35, c=0 kN/m2 

2.0 m 

2.0 m 

0.5 m 

Wall-soil interface 

 = 29 

Wall: 
 

m=24 kN/m3 

2.0 m 

Surcharge: q = 10 kN/m2 
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Question 2 
 
(a) Given that the slope shown in Figure Q2 was initially submerged with water and 
that the water level has now dropped down to the level of the top of the sand, 
determine the short term stability factor using the rigorous approach. The soil mass 
limited by a trial slip line ABCD is divided into 8 slices all having identical width of b=1m 

whose average heights in sand (hs) and clay (hc), angle () and pore water pressure 
(u) are tabulated below: 
 

Slice No. 1 2 3 4 5 6 7 8 

hs (m) 0.32 0.75 0.96 0.96 0.76 0.33 0.00 0.00 

hc (m) 0.00 0.00 0.50 1.50 2.50 3.00 2.61 1.68 

 () -29.3 -17.1 -5.6 5.6 17.1 33.3 40.3 47.4 

u (kPa) 3.14 7.36 9.42 9.42 7.46 3.24 0.00 0.00 

 
The factor of safety according to the rigorous approach is given by:  
 

𝐹 =
∑(𝑐′ × 𝑙) + ∑(𝑊 × cos(𝛼) − 𝑢 × 𝑙)𝑡𝑎𝑛𝜙′

∑𝑊 × sin(𝛼)
 

 
 

(b) Comment on the obtained result.  
 
 
 
 
 
      Figure Q2 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Total 25 marks 
 

b=1m 

Clay  

' =0, c’=5 kPa  

= 17 kN/m3 

Sand  

'=25, c'=0 kPa  

sat= 19 kN/m3 

 
 

45  
 

 

 

 

 

O 

 



Page 4 of 13 
School of Engineering 
BEng(Hons) in Civil Engineering 
Semester One Examination 2018/2019 
Geotechnical Engineering & Ground Improvement 
Module No. CIE6003 
 

PLEASE TURN THE PAGE….. 
 

Question 3 
 
Figure Q3 below shows a 5.0 m high cut slope in clay with a side slope angle 1.0 
(vertical): 1.0 (horizontal). Relevant information is given for assumed circular and 

wedge slip and the unit weight of the clay (is 18 kN/m3.  
 
a) Assuming undrained behaviour with cu=25 kN/m2, calculate the factor of safety 

(FoS) against instability for each mechanism.                                           (8 marks) 
 
 
b) Use Taylor’s chart provided on page 12 to calculate the factor of safety (FoS) 

assuming u=0, D=1.2 and comment on the results.                                 (5 marks) 
 
 
c) Assuming generally favourable ground water conditions with ru=0.5 assess the 

long-term stability of the slope based on a shallow translational slip or using 

Taylor’s charts provided on page 13 for ’=30 and c’=10. Comments on the results   
(5 marks) 

 
 

d) What remedial actions you suggest to improve the stability of the slope shown in 
Figure Q3? Discuss and use sketches to illustrate your answer as appropriate.  
           (7 marks) 

  

 

 

 

 

 

 

Figure Q3 
 

 

 

 

 

 

 

 
 
 

Total 25 marks 
 

 

      

Circular slip     : area =43 m3/m, length (L) = 20 m2/m. 

Wedge slip ABC : area = 27 m3/m, angle to horiz. = 20. 

W 

B 

d=3.5 m 

R=8.5 m 

Point of action for 
mass of circular slip 

A 

C 

5.0 m 

 

O 
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Question 4 
 
a) A pad foundation, 2m square is to be located at a depth of 1m in a uniform 

bearing stratum of firm to stiff clay.  The water table level is at an assumed 
depth of 1.5m 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  = 22.0 kN/m3 

Quick undrained strength triaxial test 
parameters 

cu  = 85.0 kN/m2 

Φu  =  00 

Undrained strength triaxial test 
parameters 

c12 =  ׀ kN/m2 

Φ׀
  = 330 

 
i) Determine the safe bearing load that the foundation can support in the 

short term (in kN).  Use the formulae provided on the Formula Sheet as 
rear of this examination paper and Figure Q4 (as appropriate). 
 (9 marks) 

ii) Evaluate why the above is an appropriate method to design a shallow 
foundation.  

(4 marks) 
NOTE: State any assumptions made in your calculations for Q4 a).  
 
b) A bored pile (12m long and 600mm in diameter) is to be installed into the following 

fully saturated soil profile; 
 

Depth 
  

m 

Description Unit 
Weight 
kN/m3 

cu 
 

kN/m2 

Adhesion 
Factor 

α 

0 – 4 Firm CLAY 21.0 45.0 0.50 

4 – 7 Stiff CLAY 22.0 95.0 0.45 

10 - 20 Very stiff CLAY 22.5 
120.0 at 10m 
180.0 at 20m 

0.40 

 
Determine the safe load carrying capacity of the pile (in KN). 
   
NOTE: State any assumptions made in your calculations for Q4 b). 

(12 marks) 
 

Total 25 marks 
 

Figure Q4a and Table Q4b are on the following page….. 
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Figure Q4a 
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 Nc Nq N 

0 5.14 1.0 0 
1 5.4 1.1 0 
2 5.6 1.2 0 
3 5.9 1.3 0 
4 6.2 1.4 0 
5 6.5 1.6 0.1 

6 6.8 1.7 0.1 
7 7.2 1.9 0.2 
8 7.5 2.1 0.2 
9 7.9 2.3 0.3 

10 8.4 2.5 0.4 

11 8.8 2.7 0.5 
12 9.3 3.0 0.6 
13 9.8 3.3 0.8 
14 10.4 3.6 1.0 
15 11.0 3.9 1.2 

16 11.6 4.3 1.4 
17 12.3 4.8 1.7 
18 13.1 5.3 2.1 
19 13.9 5.8 2.5 
20 14.8 6.4 3.0 

21 15.8 7.1 3.5 
22 16.9 7.8 4.1 
23 18.1 8.7 4.9 
24 19.3 9.6 5.7 
25 20.7 10.7 6.8 

26 22.3 11.9 7.9 
27 23.9 13.2 9.3 
28 25.8 14.7 10.9 
29 27.9 16.4 12.8 
30 30.1 18.4 15.1 

31 32.7 20.6 17.7 
32 35.5 23.2 20.8 
33 38.6 26.1 24.4 
34 42.2 29.4 28.8 
35 46.1 33.3 33.9 

36 50.6 37.8 40.0 
37 55.6 42.9 47.4 
38 61.4 48.9 56.2 
39 67.9 56.0 66.8 
40 75.3 64.2 79.5 

 
 

Table Q4b 
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Question 5 
 
a) A railway embankment, 7m high, is to be built on a 12m thick layer of very soft 

clay (mv = 0.6m2/MN, cv = 8m2/year), which overlies a relatively impermeable 
material that can be assumed to act as a rigid stratum. 
 
The embankment is constructed using a sandy gravel (γb = 21kN/m3). 
 
i) calculate the total consolidation settlement expected within the very soft 

clay layer. 
(4 marks) 

 
ii) If the railway lines can tolerate a further uniform settlement of 50mm of 

the underlying soft clay after completion of the upper embankment 
layers, then calculate the earliest time after placement of the 
embankment material before the railway lines can be laid such that no 
more than 50mm of settlement occurs after that time. 

(4 marks) 
 

b) If 250mm 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 50mm of the consolidation settlement of 
the soft clay layer within one month of completion of the embankment. The 
soft clay properties are as for Q5a) and also ch = 12m2/year. 

(12 marks) 
 
NOTE: Figure Q5a and Table Q5b are available for the solution to question 5a) 
and 5b) 

 
c) If one part of the scheme passes over a zone with 6m of very loose to loose silty 

gravelly medium to coarse SAND then what ground improvement options would 
be available to provide a cost effective stable embankment solution. Ensure that 
your answer outlines a range of available options and evaluates the advantages 
and limitations of each. 

(5 marks) 
 
 

Total 25 marks 
 

Figure Q5a and Table Q5b are on the following page….  
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Figure Q5a 
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Table Q5b 
 
 
 
 
 

 
 
 

END OF QUESTIONS 
 

 

Please turn the page (for Supplementary Geotechnical Information) 
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Supplementary Geotechnical Information 
 
 qf = ultimate bearing capacity 
 

 qn = net bearing capacity  = qf - o = qf - D  (Total stresses) 
 

                                                        = qf - o
1 = qf - (D - w hw)   (Effective stresses) 

 
 qs = safe bearing capacity =  qn    and F = qf  = 3.0 (for original BS8004) 

                                                           F                  qn 

 

 qa = allowable bearing capacity = qn + D  = qf - D  +  D 
                   F                  F 
 
Shallow Foundations 
 

c ,  soil 

 Terzaghi :  qf = c Nc sc +  D Nq sq + 0.5 B  N s    
 
 

Where Nc ; Nq ; N  ; sc ; sq ; s are bearing capacity and shape factors 

 
 

- modified when Water Table present,  sub or ’ = sat - w   
 

cu , u = 0 soil 

 Skempton :  qf = cNc + D          Nc from Skempton’s graph (Figure Q4 for D/B values) 
 
 
Consolidation 

R = 0.564 S (square grid)  

 

(1 – U )  = ( 1 – Ur ) ( 1 – Uv ) 

 

Tr = ( ch t ) / ( 4 R2 ) 

 

Tv = ( cv t ) /  d
2  

Retaining walls 

Shape of footing sc sq sγ 

Strip 1.0 1.0 1.0 

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

Circle or square 1.0 + (Nq/Nc) 1.0 + tan‛ 0.6 
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𝐾𝑎 =
1−𝑠𝑖𝑛𝜙

1+𝑠𝑖𝑛𝜙
;  𝐾𝑝 =

1+𝑠𝑖𝑛𝜙

1−𝑠𝑖𝑛𝜙
 

 

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

 
 
Ground pressure regular and trapezoidal distributions: 

𝑞 =
𝑁

𝐵 − 2𝑒
 

 

𝑞 =
𝑁

𝐵
±
6𝑁𝑒

𝐵2
 

 
Slope stability 

 

 

 

 
𝐹 = 𝑐𝑢 (𝑁𝑠 × 𝛾 × 𝐻⁄ )  
 

 

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure A1: Taylor’s chart for undrained slope stability. 
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Figure A2: Stability charts for uniform slopes (R. L. Michalowski 2002). 

 

 
 

 
 

 
 

 


