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Question 
No. 

Workings Answer 

1a Recognise that there is one stream line at the edge of the sheet pile 
and also one at the base.  Potential lines include both soil surfaces. 
Option 1 
Stream lines = 4.5 
Potential lines = 8 
 

Option 2 
Stream lines = 5 
Potential lines = 10 

Option 1 
SLs = 4.5 
accept 4 to 5 
PLs = 8 
 
Option 2 
SLs = 5 
accept 4 to 5 
PLs= 10 

1b Flow into the excavation can be calculated via: 
ܳ ൌ 2 ௡ೞ

௡೙	
 .note 2 is from symmetry ܤ݄∆݇

Option 1 – stream bands 3.5 or 4 is ok (half in centre), 7 potential 
bands 

ܳଵ ൌ 2 ൈ
3.5
7
3.7 ൈ 10ିହ ൈ ܤ9 ൌ 0.000333	݉ଷ/ݏ		/݉ 

ܳଵ ൌ1.2 ݉ଷ/݄ݎݑ݋		/݉ 
Option 2 – stream bands 4 (half in centre) , 9 potential bands 

ܳଶ ൌ 2 ൈ
4
9
3.7 ൈ 10ିହ ൈ ܤ9 ൌ 0.000296	݉ଷ/ݏ		/݉ 

ܳଶ ൌ1.07 ݉ଷ/݄ݎݑ݋		/݉ 
 

ܳଵ ൌ1.2 
݉ଷ/݄ݎݑ݋ /
݉ 
 
ܳଶ ൌ1.07 
݉ଷ/݄ݎݑ݋		/
݉ 
 

1c Critical point for liquefaction is at the downstream end of the flow 
path. 
 

Two methods: calculate effective stress or calculate critical 
gradient. 
 

Critical gradient is ݅௖௥௜௧ ൌ െ	ఊೞିఊೢ
ఊೢ

ൌ െ	ଶ଴ିଵ଴
ଵ଴

ൌ െ1.0 
 

Option 1 
Gradient over last square is:  
dH = -9/7 = -1.29 m 
dz = 0.5 m 
dH/dz = -2.57 Risk of liquefaction 
 

Option 2 
Gradient over last square is:  
dH = -9/9 = -1 m 
dz = 1.0 m 
dH/dz = -1.00 Borderline risk of liquefaction 
 

Method for checking effective stress: 
 

Option 1 
Total stress at base of last square = 0.5 x 20 = 10 kPa 
PWP due to gravity = 0.5 x 10 = 5 kPa 
PWP due to flow = dHγw = 1.29 x 10 = 12.9 kPa 
Effective stress = 10 - (5+12.9) = -7.9 kPa <0 therefore at risk. 

 
Yes, option 1 
will liquify. 
 
Option 2 is 
borderline. 
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2c ߝ ൌ ଵ

஼೛
ln ቀ ఙᇱ

ఙభᇱ
ቁ  

ଵ

ଵ଺
ln ቀଶଵଽ.ହ

ଵ଺ହ.ହ
ቁ ൌ0.0176, deformation = 0.0176 x 2 = 0.035 m  

ଵ

ଵ଺
ln ቀଶଷଷ.ହ

ଵ଻ଽ.ହ
ቁ ൌ0.0164, deformation = 0.0164 x 2 = 0.033 m 

ଵ

ଵ଺
ln ቀଶସ଻.ହ

ଵଽଷ.ହ
ቁ ൌ0.0154, deformation = 0.0164 x 2 = 0.031 m 

 
 
Total clay deformation = 0.035 + 0.033 + 0.031 = 0.099 m 
 

 
 
 
 
 
 
 
 
0.099 m 

2d 
 
 
 
 
 

mv = 1/Cpσ1΄ = 1/(16x179.5) = 0.00035 kPa-1 

cv = k/γwmv = 3.4x10-8 / (10x9.7x10-6) = 9.7x10-6 m2/s 

can consider consolidation to be complete when consolidation 

coeff is 1.74 (will also accept 2) 

cvt99% / h2 = 1.784 

t99% = 1,644,273 seconds or 19 days 

for consolidation coeff = 2: 

t99% = 1,843,356 seconds or 21 days 

 

 
 
 
 
 
 
 
1,644,273 
seconds or 19 
days 
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Question 
No. 

Workings Answer 

3a 
 
 
 
 
 
 

γ = W/V 

W = W(kg) * 10 = 628  / 1000 * 10 = 6.28 N 

V = 325 x π x 362 / 4 = 330 809 mm3 = 0.000331 m3  

γ = 6.28 / 0.000331  = 18984 N/m3 = 18.98 kN/m3 

 
 
 
 
18.98 
kN/m3 

3b 
 
 
 
 
 
 
 
 

Clay on sieve size 1 μm, Silt on sieve size 2 μm, Sand above 
Therefore Vclay = 8 ml, Wclay = 21 /1000 * 10 = 0.21 N 
 
Vsilt = 32 ml, Wsilt = 81 /1000 * 10 = 0.81 N 
 
Vsand = (46+41+20+11) = 118 ml, Wsand = (141+157+84+46) /1000 * 10 
= 4.28 N 

Vclay = 8 
ml 
Wclay = 
0.21 N 
 
Vsilt = 32 
ml, Wsilt 
= 0.81 N 
 
Vsand = 
118 ml  
Wsand = 
4.28 N 

3c 
 
 
 
 
 
 
 
 
 
 

Mass of Peat = 603 – 530 = 73 g 
V = 73 / 1000 / 1100 x 1003 = 66.4 ml 
%peat = 66.4 / 331 x 100 = 20.1% 
%sand = 118 / 331 x 100 = 35.6% 
 
Mass of water = 628 – 603 = 25g 
V = 25x1 = 25 ml 
%water = 25 / 331 x 100 = 7.6% 
V = 331 – (8+32+118+66.4-25) = 81.4 ml 
%air = 81.4 / 331 x 100 = 24.6% 

%peat = 
20.1% 
%sand = 
35.6% 
%water = 
7.6% 
%air = 
24.6% 
 

3d 
 
 
 
 
 
 
 

n = Vv / V 
 = (25+81.4) / 331 = 0.235 * 100 = 32.1% 

32.1% 
or  
0.32 
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ߪ ൌ
݌2
ߨ
ቂܽ݊ܽݐܿݎ ቀ

ܽ
ݖ
ቁ ൅

ݖܽ
ܽଶ ൅ ଶݖ

ቃ 

z is depth and a = width / 2 = 2.5 
 
p = -5 x 18 + 60 = -30 kPa 
 
In this case z is 3, 7.5 and 14.5 
 
Change in stress (kPa) 
Layer 1 
-22.7 
Layer 2 
-11.9 
-6.5 

 
For drawing see sketch in a) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4c 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Change in 
stress 
(kPa) 

Layer 
thickness 
(m) 

C10 Strain Deformation 
(m) 

 Layer 1 
-22.7 2 6 -0.033 -0.066 
 Layer 2 
-11.9 7 17 -0.0035 -0.025 
-6.5 7 17 -0.0012 -0.0084 

 
 
Total deformation is 0.066 + 0.025 + 0.0084 = 0.099 m rise. 
 
Full marks here is method is correct and answer is wrong due 
to wrong stresses being input.  

 
 
 
 
 
 
 
-0.099 m  
Or 0.099m 
rise 
 

 
 
 


