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Question 
No. 

Workings Answer 

2a 
 
 
 
 
 

n = Vv / V 
 
Volume of sample, V = 225 x 502 x π / 4 = 4.42 x 105 mm3  
= 0.000442m3 
 
Volume of solid from water = 0.197 / 1000 = 0.000197 m3 

Volume of voids  = 0.000442 – 0.000197 = 0.000245 m3 
 
n = 0.000245/0.000442 = 0.554 

 
n = 0.554 or 
55.4 % 

2b 
 
 
 
 
 
 

 
Mass of saturated soil = 612+0.000245x1000x1000 = 857 g  
Weight = 8.57 N or 0.00857 kN 
Saturated volumetric weight, γ = 0.00857 / 0.000442 = 19.4 kN/m3 
 
Mass of dry soil = 612 g = 0.00612 kN 
Saturated volumetric weight, γd = 0.00612 / 0.000442 = 13.9 
kN/m3 
 
 

 
γ = 19.4 
kN/m3 
 
 
 
γd = 13.9 
kN/m3 

2c 
 
 
 
 
 

Degree of saturation, S = Vw / Vv 

 

Initial water mass = 721 – 612 = 109 g = 0.109 kg 
Initial water volume = 0.109 / 1000 = 0.000109 m3 
 
S = 0.000109 / 0.000245 = 0.445 or 44.5% 
 

 
S = 0.445 or 
44.5 % 

2d 
 
 
 
 
 
 
 

 
Volume of soil particles = 0.000197 m3 
 
Density, ρs=Ms/Vs = (612 / 1000) / 0.000197 = 3107 kg/m3 

 
 
ρs = 3100 
kg/m3 

2e 
 
 
 

Void ratio, e = Volume pores / volume solid   
= 0.000245 / 0.000197 = 1.24 

 
e = 1.24 
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3b 
iii 
 
 
 

 
157  

 
Angle using trig from Pole (which is known from shear failure – 
opposite side of circle) 
 

	 8° to horizontal. (from 7° to 9.5° is acceptable 

for rounding errors) 
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Question 
No. 

Workings Answer 

4a 
 
 
 

Use the Brinch Hansen method. 
1
2

 

No inclination, long structure (i and s factors are 1): 
1
2

 

Calculate N factors: 
1 	
1 	

exp 	 	 6.4 

1 	 14.8 

2 1 	 3.93 

No effective overburden. 
 
Total allowable, pc: 

15 14.83 0.5 8 12 3.93 411	  
 
Applied load, p: 
Effective weight of concrete 25 10 0.25 2 12
20 20 5 5 12 3000	  (can be slightly less for more 
accurate determination) 
Effective weight of fill 5 0.5 12 0.5 20 0.5
17.5 10 7568	  

Total load = 10568 kN 
Total / area = 10568 / (12x20) = 44 kPa  
FoS = 411/44 = 9.3 
 

 
 
 
FoS = 9.3 
 

4b 
 
 

Need to consider the shape of the caisson: 
1
2

 

Calculate shape factors: 

1 0.2 1.12 

1 	 1.21 

1 0.3 0.82 

1
2

 

15 14.83 1.12 0.5 8 12 3.93 0.82

404  

 

 
 
FoS = 4.3 
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Weight of concrete 25 0.25 2 12 20 20 5
5 12 5000	  (can be slightly less for more accurate 
determination) 
 
 
Weight of fill 5 0.5 12 0.5 20 0.5 17.5
17660	  
Total load = 22660 kN 
Total / area = 22660 / (12x20) = 94 kPa  
 

FoS = 404/94 = 4.3 
 

4c Use the Brinch Hansen method. 
 

1
2

 

In this case need the inclinations factors and no shape factors. 
 
Horizontal stress, t: 

	 	 100
12

8.3	  

 

1
	 	

 

1
8.3

44	 	20°
0.73 

 
 

0.53 
0.39 

 
1
2

 

 
15 14.83 0.73 0.5 8 12 3.93 0.39 

 
237	  

 
FoS = 237/44 = 5.4 
 

 
 
FoS = 5.4 
 

 

 

 


