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Question 
No. 

Workings Answer 

1a 
 
 
 
 
 
 
 
 

 
1b 
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1b Effective stress at the centre, via interpolation: 
 

ᇱߪ ൌ 285 ൅
345 െ 285

2
ൌ 315	݇ܲܽ 

 
Change in stress is at 10m below the final surface. 
 
Therefore the building is 2z x 2z on Newmark’s chart.  
 
Number of squares is:  
 
Complete circles: 6  
Squares: (6x100) + 72+ 24 = 696 (range of correct is 680 – 710) 
 
Change of effective stress at the end of the excavation:  
696 x 0.001 x (-10x19) = -132 kPa 
 
Change of effective stress at the end of the construction: 696 x 
0.001 x (500 – 10x19) = 216 kPa 
 

ᇱ௜௡௜௧௜௔௟ߪ
ൌ 315	݇ܲܽ 

 
ᇱ௘௫௖௔ߪ∆
ൌ െ132	݇ܲܽ 
 
ᇱ௖௢௡௦௧ߪ∆
ൌ 216	݇ܲܽ 

1c Strain, at the end of the excavation, is: 

ߝ  ൌ ଵ

஼೛
ln	ቀ ఙ

ఙభ
ቁ ൌ ଵ

ଶ଴
ln ቀଷଵହିଵଷଶ

ଷଵହ
ቁ ൌ െ0.027 

Displacement = െ0.027 ൈ 10 ൌ െ0.27݉ 
 
Strain, at the end of the construction, is: 

ߝ  ൌ ଵ

஼೛
ln	ቀ ఙ

ఙభ
ቁ ൌ ଵ

ଶ଴
ln ቀଶଵ଺ାଷଵହ

ଷଵହ
ቁ ൌ 0.026݉ 

Displacement = 0.026 ൈ 10 ൌ 0.26݉ 
 

௘௫௖݌ݏ݅݀
ൌ െ0.27݉ 

 
௖௢௡௦௧݌ݏ݅݀
ൌ 0.26݉ 
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Question 
No. 

Workings Answer 

2a Using the Brinch Hansen method: 
 

௖݌ ൌ ܿ ௖ܰ݅௖ݏ௖ ൅ ݍ ௤ܰ݅௤ݏ௤ ൅
1
2
ܤᇱߛ ఊܰ݅ఊݏఊ 

 
No inclination factors or surcharge due to being at ground level. 
 
Therefore, N factors and shape factors are needed. Shape factors also ok 
to be calculated in Q2b. 
 

௤ܰ ൌ
1 ൅ ߶	݊݅ݏ
1 െ ߶	݊݅ݏ

expሺߨ	݊ܽݐ	߶ሻ ൌ
1 ൅ 15	݊݅ݏ
1 െ 15	݊݅ݏ

expሺߨ	݊ܽݐ	15ሻ ൌ 3.941 

௖ܰ ൌ ൫ ௤ܰ െ 1൯ܿݐ݋	߶ ൌ 10.977 

ఊܰ ൌ 2൫ ௤ܰ െ 1൯݊ܽݐ	߶ ൌ 1.576 

 

௤ܰ ൌ 3.941 

௖ܰ ൌ 10.977 

ఊܰ ൌ 1.576 

 

2b As no (effective) surcharge: 

௖݌ ൌ ܿ ௖ܰݏ௖ ൅
1
2
ܤᇱߛ ఊܰݏఊ 

௖ݏ ൌ 1 ൅ 0.2
ܤ
ܮ
ൌ 1.2 

ఊݏ ൌ 1 െ 0.3
ܤ
ܮ
ൌ 0.7 

௤ݏ ൌ 1 ൅
ܤ
ܮ
sin߶ ൌ 1.26ሺ݀݁݀݁݁݊݊ݑሻ 

 

௔݌ ൌ
25000
ଶܤ

 

 

ܱܵܨ ൌ
௖݌
௔݌

 

Therefore: 

25000 ൈ ܱܵܨ ൌ ܿ ௖ܰݏ௖ܤଶ ൅
1
2
ଷܤᇱߛ ఊܰݏఊ 

ܤ ൎ 3.89݉ 
 

ܤ ൎ 3.89݉ 

2c Need to calculate the inclination factors. 
 
Horizontal stress, t: 

ݐ ൌ
ܨ
ܣ
ൌ

75 ൈ 22.5
3.89 ൈ 3.89

ൌ 111.5	݇ܲܽ 

݅௖ ൌ 1 െ
ݐ

ܿ ൅ ߶	݊ܽݐ	݌
ൌ 0.83 

(p = 22500/3.89/3.89 = 1487 kPa) 
 

݅ఊ ൌ ݅௖
ଷ ൌ 0.57 

௖݌ ൌ ܿ ௖ܰ݅௖ݏ௖ ൅
1
2
ܤᇱߛ ఊܰ݅ఊݏఊ ൌ 2736	݇ܲܽ 

 
FoS = 2736/1487 = 1.84 

1.84 
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Question 
No. 

Workings Answer 

3a Recognise that: 

߬ ൌ ݂݊ߪ
′ ߶݊ܽݐ ൅ ܿ 

Area is 0.05x0.05 = 0.0025 m2 
 
Stresses are therefore: 

Test 

No. 

Normal 
force 
 (N) 

Peak 
shear 
force  
(N) 

Normal 
stress 
(kPa) 

Shear 
stress 
(kPa) 

1 75 45 30 18 

2 175 57 70 22.8 

 
And therefore with two tests: 
 
c’=14.4 kPa 
߶=6.84° 
 
 

c’=14.4 kPa 
߶=6.84° 
 

3b Stresses are therefore: 
Test 

No. 

Normal 
force 
 (N) 

Residual 
shear 
force  
(N) 

Normal 
stress 
(kPa) 

Shear 
stress 
(kPa) 

1 75 35 30 14 

2 175 42 70 16.8 

 
And therefore with two tests: 
 
c’=11.9 kPa 
߶=4.00° 
 

c’=11.9 kPa 
߶=4.00° 
 

3c  
Need to calculate ߪଵ

ᇱ and ߪଷ
ᇱ. Easiest is from: 

 
Radius = ߬ ൗ߶ݏ݋ܿ ൌ 18

6.84ൗݏ݋ܿ ൌ 18.1 kPa 

Centre = 30 ൅ ߶	݊݅ݏ	ݏݑ݅݀ܽݎ ൌ 30 ൅ 18.1 sin 6.84 ൌ 32.1 kPa 

ଵߪ ൌ ݁ݎݐ݊݁ܿ ൅ ݏݑ݅݀ܽݎ ൌ 50.3 kPa 

ଷߪ ൌ ݁ݎݐ݊݁ܿ െ ݏݑ݅݀ܽݎ ൌ 14.0	kPa 

 
 
 

 



Name:    P Vardon                        Student number:    001                           CTB2310 

Page 7 of 9 

3c  
 

 
 
 
 

 

 

 

  



Page 8 of 9 
 

Question 
No. 

Workings Answer 

4a Hooke’s law in 3D 
 

௭௭ߝ ൌ
1
ܧ
′௭௭ߪൣ െ ′௫௫ߪ൫ݒ ൅  ௬௬′൯൧ߪ

௫௫ߝ ൌ
1
ܧ
′௫௫ߪൣ െ ′௬௬ߪ൫ݒ ൅  ௭௭′൯൧ߪ

௬௬ߝ ൌ
1
ܧ
′௬௬ߪൣ െ ′௫௫ߪሺݒ ൅  ௭௭′ሻ൧ߪ

In confined conditions: 
௬௬ߝ ൌ ௫௫ߝ ൌ 0 

Therefore: 

′௫௫ߪ ൌ ′௬௬ߪ ൌ
ݒ

1 െ ݒ
 ௭௭ᇱߪ

As  
′௫௫ߪ ൌ ′௬௬ߪ ൌ  ′௭௭ߪܭ

 

ܭ ൌ
ݒ

1 െ ݒ
 

 
At 6 m depth: 
 

௭௭ߪ ൌ 6 ൈ 19 ൌ 114	݇ܲܽ 
௭௭ᇱߪ ൌ 114 െ ሺ6 ൈ 10ሻ ൌ 54	݇ܲܽ 

ܭ ൌ
0.35

1 െ 0.35
ൌ 0.54 

௫௫ᇱߪ ൌ 54 ൈ 0.54 ൌ 29.2	݇ܲܽ 
௫௫ߪ ൌ 29.2 ൅ 60 ൌ 89.2	݇ܲܽ 

 

ܭ ൌ
ݒ

1 െ ݒ
 

 
௭௭ߪ ൌ 114	݇ܲܽ 
 
௭௭ᇱߪ ൌ 54	݇ܲܽ 

 
௫௫ᇱߪ ൌ 29.2	݇ܲܽ 
 
௫௫ߪ ൌ 89.2	݇ܲܽ 
 

4b For this wall there is friction against the wall, so need to use the 
full equation or the look-up table. 
 

ߙ ൌ 80° 
For the active side: 

ߚ ൌ 10° 
ߜ ൌ 20° 

 
Therefore: 

௔ܭ ൌ 0.367 
For the passive side: 

ߚ ൌ െ10° 
ߜ ൌ െ20° 

There is no table, so the formula must be used. 
 

௣ܭ ൌ
ߙଶሺ݊݅ݏ െ ߮ሻ

ߙሺ	݊݅ݏ	ߙଶ݊݅ݏ െ ሻߜ ቈ1 െ ට݊݅ݏ	ሺ߮ െ ሺ߮	݊݅ݏሻߜ ൅ ሻߚ
ߙሺ	݊݅ݏ െ ߙሺ	݊݅ݏሻߜ ൅ ሻ቉ߚ

ଶ

	

 

௣ܭ ൌ 3.47 
 

 
௔ܭ ൌ 0.367 
௣ܭ ൌ 3.47 
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4c  
Calculate the horizontal stresses: 
 

ܳ௔ଵ ൌ
1
2
ௗߛ௔ܭ

ᇱ ݄ொ௔ଵ
ଶ ൌ

1
2
ൈ 0.367 ൈ 17 ൈ 2ଶ ൌ 12.5	݇ܰ/	݉ 

ܳ௔ଶ ൌ ௗߛ௔ܭ
ᇱ ݄ொ௔ଶ ൌ 0.367 ൈ 17 ൈ 2 ൈ 4 ൌ 49.9	݇ܰ/	݉ 

ܳ௔ଷ ൌ
1
2
ௗߛ௔ܭ

ᇱ ݄ொ௔ଷ
ଶ ൌ

1
2
ൈ 0.367 ൈ ሺ19 െ 10ሻ ൈ 4ଶ

ൌ 26.4	݇ܰ/	݉ 

ܳ௪ଵ ൌ
1
2
௪݄ொ௪ଵߛ

ଶ ൌ
1
2
ൈ 10 ൈ 4ଶ ൌ 80	݇ܰ/	݉ 

 

ܳ௣ଵ ൌ
1
2
ௗߛ௣ܭ

ᇱ ݀ଶ ൌ
1
2
3.47 ൈ 9 ൈ 0.5ଶ ൌ 3.9	݇ܰ/݉ 

ܳ௪ଶ ൌ
1
2
௪݄ொ௪ଶߛ

ଶ ൌ
1
2
ൈ 10 ൈ 0.5ଶ ൌ 1.25	݇ܰ/	݉ 

 
Convert from total to horizontal force: 
 
Multiply forces by: sinሺߙ െ  ሻߜ
Where ߜ ൌ 20° active, and ߜ ൌ െ20° passive 
 
Friction from wall: 

ܴ ൌ ߜ݊ܽݐܹ ൌ 6 ൈ ሺݐ െ 10ሻ݊ܽݐ6 ൈ ௖௢௡௖ߛ ൈ  20݊ܽݐ
ൌ ݐ54.6 െ 57.8 

 
ܳ௦௟௜ௗ௘ ൌ ሺ15.5 ൅ 49.9 ൅ 26.4ሻ sinሺ60ሻ ൅ 80 ൌ 169.7	݇ܰ/݉ 

ܳ௥௘௦௜௦௧ ൌ 3.9 sinሺ100ሻ ൅1.25 ൅ ܴ ൌ 5.1	݇ܰ/݉ 
ܴ ൌ ݐ54.6 െ 57.8 ൌ 	݇ܰ/݉ 

ܳ௥௘௦௜௦௧ ൌ ܳ௦௟௜ௗ௘ܱܵܨ 
 

ݐ ൌ 5.6݉ 
 

ݐ ൌ 5.6݉ 

4d Any two of the following: 
 Embedding the wall more 
 Increasing the thickness of the concrete wall 
 Draining the soil 

 


