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QUESTION NUMBER 1 (20 Marks)

[A] Explain a laboratory method of determining emax of (a) sand and (b} clay

[B] For a normally consolidated soil, the void ratio and hydraulic conductivity relations for a
clay soil is given in table 1

Table 1.
Void ratio K (cm/sec)
11.23 0.599 X 107

| 1.56 1.53 X 107

Estimate the hydraulic conductivity of the clay at a void ratio of 1.399 using the conventional
model of Mesri and Olson (1971) Logk=A"loge + B’

QUESTION NUMBER 2 (25 marks)

(1) Explain in detail, the different displacement drilled pile method

(i)  Consider a pipe pile (flat driving point) having outside diameter of 406mm. The
embedded length of the pile in layered saturated clay is 30m. The following are

the details of the subsoil.
Depth from Ground | Saturated Unit Cu (KN/m?)
Surface (m) weight
Y (KN/m%)
0-5 18 30
5-10 18 30
10-30 19.6 100

The ground water table is located at a depth of Sm from the ground surface. Estimate Qp

using the
Meyerhof method
Vesic Method




QUESTION NUMBER 3 (20 marks)

[ A ] Drilled piles can be installed by direct shaft method. Explain by illustration the major
stages of the installation.

[ B ] Design a square piled foundation in the heavily weathered Parktown clay shale formation
to support a Four Storey building. The square pile group will carry a super structural load of
500KN. The piles are 500mm diameter and 10 m long. Unconfined compressive strength of
the clay soil decreased linearly from 100 KN/m? near the ground surface to 75KN/m? at the
depth of 15m. The adhesion factor is assumed to be 0.6. and with good knowledge of the
formation, the design engineer worked with a Factor of safety against single pile and block

failure of 2.7.

Evaluate the performance of an assumed pile group. A grid of 3 rows of 3 piles.

QUESTION NUMBER 4 (15 marks)

[A] A rectangular footing of 1.8m X 1.2 m , is founded at a depth of 1.5m above the ground
surface in a residual fine sand formation. The properties of the sand are given unit weight, y =
15 kN/m? ; and soil friction angle ¢” = 31 and Cohesion = 0.

Determine the magnitude of the gross ultimate load applied eccentrically to bearing capacity
failure in the soil. The load is applied on the X axis, 0.4 m from the centre of the footing,.

QUESTION NUMBER 5 (20 marks)

[A] Explain the process of drilled pile installation in soft soils with very shallow water table.

[B] The columns of Civil Engineering Lecture theatre were supported by a square footing in
cohesive Soil formation. The column transits a structural load of 330 kN. The major
geotechnical properties of the fairly homogenous formation are Undrained shear strength of
the clay of 75 kPa and Y = 16.5 KN/m?

The footing was founded at a depth of 1.5 m from the ground surface.
Determine the required footing width to a Factor of safety of 3.0.

What is the benefit of increasing the width by 30%?



FORMULA SHEET.

&G _ 1. =m+yCD - U,

Cfield =
1€ w B
_ P+Wy __ Quie
A 9=
— ! —
Aoz = 1;(q — op) 0'zr = 0'50 + Ady

Table: Bearing capacity factors for Terzaghi’s equations

A4 daued N, M, N, g deg) N, N, e
Il i tn it I Iyt % 'FMT
i At 1} Ut ra s A N
3 nt i3 i1 hal T (T A
K b 1.3 ne el 231 11.4 74
4 i ] w3 A 2l 7 az
5 i3 16 g b 80 ny
n 0 1% e i b 3] 158 Ixs
T #4 Tu {ih kL e 178 14 v
3 Kk T2 e L i iy 17.1
v N 24 % ) e na 201

I Yh 27 110 it 2hs Tnd 537
't mz 0 1.2 Az Sh0 ZHBAN R
12 A 313 i4 " dz | dz LR
1« Ppd KT lé B bl T Xap
4 123 LG 1e 35 sTe <l 4 453
5 139 4.4 e * L3 472 St
H 51 40 2.5 kLl i KRE ] 4R,
i 1w 55 BEY kL 778 §13 RN
Ik i35 D) i3 ir R3] wh @ip
bt Ind LX) iy 4 DAT Al % 12rs
20 IT7 i 34 7l Mgk WA g
b i — i = s

Casel
V' =Y =Y~V
Case 11
y' =y -1l - (2]
Case III
y' =y
Continuous footings: q,,;: = ¢'N; + apN, + 0.5y'BN,,

For square footings: q,;; = 1.3¢'N; + op Ny + 0.4y'BN,



8 = LIy Hlog( )+ Tie-Hlog(f "’f)]

§ = C,C,C5(q — op) Z fel

€, =1-05(—2)

T T g -

Cz=1f07't<1
Cz—l-LOZlog( )fort>1

C3 =1 forsquare footings and 0.73 for continuous footings

Ip=05+01 f" %
zp

o = vertical effective stress at depth of the peak strain influence factor (for square footings
compute oz at a depth of D+B/2; for continuous footing compute at D+B)

srTadn inlacme . Lador £y

[19 1 Q.7 F A
e i s = r—
i
b gt
It Py T
T ol
g
- -
1 e L 10
// - )
ta
T o
. #
O L . L | -
-
- v b ,“"
g
i -~
,:\I .
PR R 4]
-~
3 Pt
-
'J’ : 3% et R e low DOEom: Ol aostiags
o i Widch of t-aciitye
' o™ rs b ongth of fo i
FIGLIR:. 15,7 DistriButiorn oF strain influsnce foector

wiieh ol p..' for sqQuarg ondg continuows footigs,
(Adaptrdd fraony Schmaortomarn ot ab, 1878, uscd with
prorrnitaion of ALl )

Es = 2.5q, for clean sands.
= 1.5q. for clayey or silty sands.

End bearing: q=9C.

Skin friction in clays: fur=ax Sy
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Table 11.7 Bearing Capacity Factors N3 Based on the Theory of Expansion of Cavities

Iy

o 10 Vil L] 60 80 100 200 300 400 500

25 1212 15.95 2098 .64 2161 30.16 »70 46.61 5224 57.06
26 [3.18 17.47 2315 2130 3069 33.60 44,53 5231 5902 £4.62
27 14.33 1912 2352 0.2 3406 L] 4938 59.05 6656 73.04
28 15.57 2091 28.10 33.40 3175 41,51 B3 66,29 74.93 8240
2 16.90 2285 30.20 36.87 4179 46.05 62.21 7430 84.21 92.80
30 18.24 2495 3395 40,66 4521 Jim 69.43 83.14 94.48 104.33
k)l 19.38 2122 w2z 44.79 5103 56.46 7731 92.90 105.84 HTI
E7) 2155 29.68 40.88 4830 36.30 6241 85.96 103.66 £18.39 131.24
33 3.4 2.4 44.80 54.20 62.05 68.92 93.46 115,51 13224 146.87
K 528 352 49.05 59.54 68.33 76.02 105.90 128.55 14751 164.12
35 21.36 3832 53.67 63.36 1517 837 11733 142.89 164.33 183.16
36 20.60 41.68 5368 71.69 82.62 9224 129.87 158.65 182.85 204,14
37 3202 4331 64.13 1851 80,75 101.48 143.61 175.95 2323 22126
38 3463 49.24 00 86,05 99.60 111.56 138.65 194.94 225.62 25271
39 3744 3350 76.45 94.20 109.24 122,54 15 21578 250.23 280.71
40 4047 58.10 83.40 103.05 119.74 134.52 193.13 238.62 21726 31130
41 4374 63.07 50.96 112.68 13118 14759 212.84 263.67 306.94 34534
42 4121 68.46 90.i6 123.16 143.64 161.83 23440 29113 339.52 38253
43 5108 7430 108.08 134.56 157.21 17136 25199 32122 37528 42339
4 55.20 80.62 117.76 146.97 172,00 194.31 283,80 354.20 414.51 468.28
45 59.66 87.48 128.28 160.48 188.12 A7 31203 390.35 457.57 51758
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