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(i) Thisis aclosed book exam. No textbooks are allowed

(i) Formula sheet is available on last pages of this question paper

(iii) If you do not understand a question, clearly state an assumption and proceed.
(iv) Non programmable calculators are permitted

(v) Questions have the values shown next to the question.

(vi) Marks will be taken out for missing units and labels.

(vii) Answers should be succinct.

At the end of the exam, when time is up:

- Stop working and turn your exam upside down.

- Please remain silent.

- Do not move or speak until ALL exams have been picked up, and a TA or the Professor
gives the go-ahead to leave.

Question Max Marks Marks Awarded
1 30
2 20
3 50
Total 100%




Question 1 (30 Marks)

A soil fill (= 1.6 Mg/m?®) is deposited on an overconsolidated clay ground (OCR = 1.5). Find
the shear strength of the soil at the base of the fill (i.e. point A in Figure 1) just after the height
of fill has been raised from 3 m to 6 m (i.e. from Layer 1 to Layer 2 in Figure 1). The
consolidated-drained test results on two identical specimens collected from the clay ground
are shown in Table 1.

Assumption and information:

a) The pore-water pressure after the construction of the Layer 1 has been completely
dissipated.

b) Dissipation of pore pressure during the construction of Layer 2 is negligible.

c) The lateral pressure at any point is one half of the vertical pressure.

d Gs =272, e =0.72, and w = 26% for the clay ground just before the construction of
Layer 2.

e) Use Figure 2(a) and (b) (see page 3) to estimate the pore pressure parameters A and
B, respectively.

G. +Se
f) r= i+e Yu
Se=G,w

r=C'+o'tang’
Au=B[Ac,+A(Ac,—Ady) ]

o] =ojtan’ (45+£j+ 2¢’tan [45+ﬂ]
2 2

Layer 2 3i"n
I
Layer 1 3lm
A

Overconsolidated clay
(Gs=2.72,e =0.72, w = 26%)

Figure 1
Table 1. Major and minor principal stresses at failure
o3 (kPa) o1 (kPa)
Test 1 82.8 329.2
Test 2 165.6 558.6
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o! =o' tan? 45+ﬁ +2c'tan 45+£
1 3 2 2

(a) 329.2:82.8tan2(45+%j+2c'tan (45+%j

(b) 558.6=165.6tan2(45+%j+2c'tan (45+%)
Subtracting Equation (a) from Equation (b);

229.4 =82.8tan? (45 +%j
¢'=28°
From Equation (a);

. 329.2-82.8tan”(45+14)
~ 2tan(45+14)

¢'=30kN /m?

Shear strength = 7 =c’'+o'tan ¢’
o'= O (1ayer1) + (AG)IayerZ _(Au)layerz
O tayery = 1.6%9.81x3 = 47kPa
(AG),or, =1.6%9.81x3 = 47kPa

(AU )Iayerz =B |:AO-3 + A(Ao-l _AO-3):| and A0-3 = % = 4_27 = 23.5kPa
Se=G,w
o _GW_272x026 o

e 0.72

From Figure 2, A; = 0.55 (OCR =1.5) and B = 0.98
Au=B[Ac,+A(Ac,-Ady) ]

= 0.98x[23.5+0.55x 23.5] = 35.7kPa

7=C"+o'tang’ =30+ (47 +47—-35.7) x tan 28° = 61kPa
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Question 2 (20 Marks)

What is the key information that can be derived from different tests listed in Figure 3.

Figure 3

Test

Key information

Geophysical

Sampling

Penetrometer

Plate load

Pressuremeter

Piezometer
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Question 3 (50 Marks)

For the continuous (i.e. strip) foundation (B = 1.5m) given in Figure 4

a) Calculate allowable bearing capacity (FS = 3) using Terzaghi Bearing Capacity
Equation. The ground water table is at a depth of 1m below the ground surface. (15
Marks)

b) Repeat Q3.(a) for a square foundation (i.e. B x L = 1.5m x 1.5m) using Terzaghi
Bearing Capacity Equation. The level of ground water table has dropped to 2m below
the ground surface in connection with the active use of the groundwater. (assume that
e and w above ground water table are the same as Q3.(a)) (15 Marks)

c) Repeat Q3.(b) for a load inclined at an angle of 15° to the vertical using General
Bearing Capacity Equation. (20 Marks)

(% sees pages 6 - 9 for i) Terzaghi bearing capacity equation, ii) General bearing capacity
equation, and iii) Bearing capacity factors)

_W_(G+3e) Vur S€=WG;
\Y l+e

! Gs = 2.72

e=0.72

Ground water |- - w=12%

Di=1.5m table S
T e R e 4 =25
— ¢' = 25kPa
[~ B —
Figure 4
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Q3(a)

Local shear failure (¢’ = 25°)

¢ =tan(%tan 25°) =17.27°

N; =14.8,N; =5.6,N; =2.25 for ¢'=17.27°
unit weight of soil above ground water table

yoGutSe, 27242.72x012 g1 17 46N 1
l+e 1+0.72
L, _GrSe  272+1x072
sat -

Vy=—"—"-——x9.81=19.6kN / m?
l+e 1+0.72
Qe = %C'Ng+0N; + % By N,

= % x25x14.8+[17.4x1+(19.6-9.81)x 0.5]x 5.6 + ¥ x1.5x (19.6 —9.81) x 2.25
= 388(kPa)

“.0, =0 /3=2388/3=129kPa
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Q3(b)
%Z%[yd +7'(B-d)] for d<B

=%[17.4><0.5+(19.6—9.81)><(1.5—0.5)]

=12.3(kN / m?)

0y = 0.867C'N! +qN! +0.4ByN’
=0.867x25x14.8+17.4x1.5x5.6+0.4x1.5x12.3x 2.25
= 483.6(kPa)

"Gy =0, /3=483.6/3=161kPa
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Q3(c)

N, =20.72,N, =10.66,N, =10.88 for ¢'=25°
Oy =CN.F.F,F, +aN F F F. +1yBN F F F

cics ocd’oci q' gs' qd” qi y oyst yd ! i

N
F,=1+ Bl 2a =1+@=1.98
LJUN, 10.88
B :
Fus :1+[—jtan¢ =1+tan25°=1.57
L
F. =1—0.4(

Ej =06
L
D

F,=1+ 0.4[—f] =14
B

D
Fu =1+2tang’(1-sin ¢’)2 (Efj =1+2(tan 25°)(1-sin 25")2 =1.3

=1

yd
0\2 0\2
SN TS

3 :( _EJ :(1—£J2:0.16
A=\ 25

qult = C,Nc ch ch I:ci + qu Fqs qu I:qi +%7/BN;/ Fys Fyd Fyi

=25x20.72x1.98x1.4x0.694 + (17.4><1.5) x10.66x1.57x1.3x0.694

+0.5x12.3x1.5%10.88x0.6x1x 0.16
=1400(kPa)

“ 0 =0y, /3=1400/3 = 467(kPa)
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U General shear failure

v Continuous or strip footing

Terzaghi’s ultimate bearing capacity theory
a, =c’NC+qu+%yB N,
v Square footing

U Local shear failure

v’ Continuous or strip footing
g, =1.3¢'N.+gN,+0.4y BN,
v’ Circular footing

v’ Square footing
d, =L.3¢'N, +gN, +0.3y BN,

q, = AC'N;+aNg + %4 7BN’

N., Ny, N, = f(¢)

g, = 0.867¢'N/+qgN; +0.4yBN/
v’ Circular footing

g, = 0.867¢'N.+gN; +0.3yB N’

N, N{, N/ = f(4), ¢ =tan"*(%tan ¢')
Effect of groundwater table on the bearing capacity
1

O Casel (0= D; <D
Groundwater - - 4+ .7
» ble y - 4!
Y EEEL A ~-abe ¥ - f - Casel
DT L=
L B 1.0,
* ) U Casell (0 <d<B)
, d
d Vo =V T3
G dwater tabl
. _L _______ roun l"ffr_f_‘cié ______ Case Il
Yo = saturated
unit weight

5(7=7")
QO Caselll (B < d): no effect
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Table 2. Bearing capacity factors for Terzaghi bearing capacity equation.

¢' Nc Nq N'Ya (b’ Nc Nq NTa
0 5.70 1.00 0.00 26 27.09 14.21 9.84
1 6.00 1.10 0.01 27 29.24 15.90 11.60
2 6.30 1.22 0.04 28 31.61 17.81 13.70
3 6.62 1.35 0.06 29 34.24 19.98 16.18
+ 6.97 1.49 0.10 30 37.16 22.46 19.13
5 7.34 1.64 0.14 31 40.41 25.28 22.65
6 7.73 1.81 0.20 32 44.04 28.52 26.87
7 8.15 2.00 0.27 33 48.09 32.23 31.94
8 8.60 2.21 0.35 34 52.64 36.50 38.04
9 9.09 2.44 0.44 35 57.75 41.44 45.41
10 9.61 2.69 0.56 36 63.53 47.16 54.36
11 10.16 2.98 0.69 37 70.01 53.80 65.27
12 10.76 3.29 0.85 38 77.50 61.55 78.61
13 11.41 3.63 1.04 39 85.97 70.61 95.03
14 12.11 4.02 1.26 40 95.66 81.27 115.31
15 12.86 4.45 1.52 41 106.81 93.85 140.51
16 13.68 4.92 1.82 42 119.67 108.75 171.99
17 14.60 5.45 2.18 43 134.58 126.50 211.56
18 15.12 6.04 2.59 44 151.95 147.74 261.60
19 16.56 6.70 3.07 45 172.28 173.28 325.34
20 17.69 7.44 3.64 46 196.22 204.19 407.11
21 18.92 8.26 431 47 224.55 241.80 512.84
22 20.27 9.19 5.09 48 258.28 287.85 650.67
23 21.75 10.23 6.00 49 298.71 344.63 831.99
24 23.36 11.40 7.08 50 347.50 415.14 1072.80
25 25.13 12.72 8.34

CVG 3106 - February 2011

Midterm Examination

Page 11 of 13



General bearing capacity equation

U Shape factor (De Beer,1970) U Depth factor (Hansen, 1970)

(2

B :
Fe =1+ (fj tan ¢

F, =1-0.4[Ej
L

O Inclination factor (Meyerhof,
1963; Hanna and Meyerhof,

1981) o N\2
Fo=Fy :(1_ gﬂoo)

2
4 ¢r
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for D,/B<1

Df
F,=1+04] —
B

. 2D
F, =1+2tang'(1-sing')’ (?fj
F, =1

4

for D;,/B>1

D
F,=1+(04)tan (ﬁ}
Fo =1+2tang’(1-sin ¢')2 tan‘l(

F,=1

v
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Table 3. Bearing capacity factors for General Bearing Capacity Equation

¢’ N, N, N, ¢’ N, Ng N,
0 5.14 1.00 0.00 26 22.25 11.85 12.54
1 5.38 1.09 0.07 27 23.94 13.20 14.47
2 5.63 1.20 0.15 28 25.80 14.72 16.72
3 5.90 1.31 0.24 29 27.86 16.44 19.34
4 6.19 1.43 0.34 30 30.14 18.40 22.40
5 6.49 1.57 0.45 31 32.67 20.63 25.99
6 6.81 1.72 0.57 32 35.49 23.18 30.22
7 7.16 1.88 0.71 33 38.64 26.09 35.19
8 7.53 2.06 0.86 34 42.16 29.44 41.06
9 7.92 2.25 1.03 35 46.12 33.30 48.03
10 8.35 247 1.22 36 50.59 37.75 56.31
11 8.80 2.71 1.44 37 55.63 42.92 66.19
12 9.28 297 1.69 38 61.35 48.93 78.03
13 9.81 3.26 1.97 39 67.87 55.96 92.25
14 10.37 3.59 229 40 75.31 64.20 109.41
15 10.98 3.94 2.65 41 83.86 73.90 130.22
16 11.63 4.34 3.06 42 93.71 85.38 155.55
17 12.34 4.77 3.53 43 105.11 99.02 186.54
18 13.10 5.26 4.07 44 118.37 115.31 224.64
19 13.93 5.80 4.68 45 133.88 134.88 271.76
20 14.83 6.40 5.39 46 152.10 158.51 330.35
21 15.82 7.07 6.20 47 173.64 187.21 403.67
22 16.88 7.82 7.13 48 199.26 222.31 496.01
23 18.05 8.66 8.20 49 229.93 265.51 613.16
24 19.32 9.60 9.44 50 266.89 319.07 762.89
25 20.72 10.66 10.88
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