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QUESTION NUMBER 1 (20 Marks)

[A] What are the major application and advantages of Drilled piles?

[B] Consider a 20 m long concrete pile with a cross section of 0.55m X 0.55m fully
embedded in a dense sandy soil formation. For the sand, the unit weight, y = 18.50kN/m?;
and soil friction angle ¢ " = 30 . Estimate the ultimate point bearing capacity of the pile {Qp]
with each of the following method

Meyerhof method
Vesic Method
Based on the different result adopt a value for the Qp.

QUESTION NUMBER 2 (20 Marks)

[A] A Laboratory test result of reddish drown sand revealed a specific gravity of 2.65. The
specific gravity test was conducted with 10 grams of soil and mass was measured with a
balance of 0.1g precision. The Lecturer believed that the specific gravity of the sand should
be greater than 2.65. Explain

[B] Cubrinovski and Ishihara { 2002 ) presented a correlation of minimum and maximum
void ratio for residual sands or tropical sands with fines as

Cmax — 0.25 -+ 1.37 Cinin
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The median grain size (Dso) of a residual sand is 0.65 mm. The sand is compacted in the field
to a dry unit weight of 18.9 kN/m?. Estimate the relative density of compaction. Given Gs for
sand is 2.66.
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To prevent failure of the proposed foundation in the sand formation, the Geotechnical
Engineer recommended that the Relative density be increased by 50%. Hlustrate by
calculation, How to achieve the 50% increase in RD.

QUESTION NUMBER 3 (20 Marks)
[A] Discuss the limitations of the Classical Terzaghi Bearing capacity equations.

[B] One of the major columns of the APK Civil Engineering Workshop was supported by a
square footing in Transported Sandy Clays Soil formation. The column transits a structural
load of 500 kN. The major geotechnical properties of the fairly homogenous formation are
Undrained shear strength of the clay of 100 kPa and Y = 15 KN/m?

The footing was founded at a depth of 1.0 m from the ground surface.

Determine the required footing width to a Factor of safety of 2.5. Ignore the ground water table.
QUESTION NUMBER 4 (20 Marks)

[A] Discuss the function of bentonite in pile installation.

[B] A grid of 4 piles were installed in a sandy clay soil with Cohesion of 35kPa. For the
column load eccentric to both x and y axis of the pile grid, the column load is given as 10
Tons. The (X, Y) Coordinate of [P] from the centre of the pile grid is ( -3, -2) from the Centre
of Pile Grid.
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(i) Determine the maximum load transferred from the cap to the piles.

{ii)  The End bearing capacity of the piles of each of the piles is 12 Tonnes. Specific for
the maximum load transferred to the piles, Determine the Factor of safety against
pile capacity failure, assuming that piles are 600mm diameter piles and were
installed te a depth of 20m. The adhesion facter is 0.85.






QUESTION NUMBER 5 (20 Marks)

[A] Explain the concept of critical embedment ratio in sand formations.

[B] The Central Library building in DFC campus was supported by columns on square footings
in recently compacted sandy clay formation overlying soft dolerite rock and very stiff dolerite
formations. The footing is 1m square and founded at a depth below ground surface of 1.5m ,
the silty clay is 0.5 m thick , the soft rock is 4m thick, and the stiff dolerite extends very deep
into the ground. The entre profile is dry. The columns transmit a load of 400KN to the
underling soil.

Soil sample taken from a depth of 1.80m below the footing revealed the following
Y=15.0KN/m* €=0.93 Cc=0.17, Cr=0.076,
The Compression Modulus (G) MPa of the soft dolerite is 1600MPa

Calculate the total settlement of the formation. The allowable total settlement is 25mm and the
concrete rigidity factor of 0.85.
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Table: Bearing capacity factors for Terzaghi’s equations
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Continuous footings: q,,;; = ¢'N, + apN, + 0.5y'BN,

For square fooﬁngs: Gquir = 1.3¢'N, + opN, + 0.4y'BN,



For circular footings: q,;; = 1.3¢'N, + 05N, + 0.3y'BN,

For circular loaded areas

1

-1 _ 15
Io=1 (1+(B/2zf)2)
For square loaded areas,
1
=1— 176

For continuous loaded areas (also known as strip loads) of width B and infinite length,

1

lo=1-(7 (B/227)*3

8)2.60

For rectangular loaded areas of width B and length L,

1
1+ (B/22,)138+0625/L

[a =1— ( )2.60—0.845/1.
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Figure: Guidelines for selecting layer thicknesses in hand settlement computations for
uniform soils

For Normally consolidated soils

C oy
Scut = X n _,_20 Hlog( ;{)

For overconsolidated soils case I (070 < 075 < 0[)
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1+eo

oz
Scaue = X H log( —‘“a:f)
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For overconsolidated case soils I (059 < 0/ < g;¢)
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cr : c oy
Scaue = Bl Hlog(7) + 175 Hlog ()]

8= Ci6,C5(g — ap) B
o
=1—=05(—2—
€ =1-05(—">)

C,=1fort<1

t
C,=1+0.2 log(o—l-) fort=1

C3 =1 for square footings and 0.73 for continuous footings

L, =05+01 ";,"D
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)
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Es = 2.5q, for clean sands.

= 1.5qc for clayey or silty sands.

End bearing: q=9 C.

Skin friction in clays: fiu= o x Sy



Skin friction in clays (driven piles): f=a x Cy / f'= unit skin friction; Cy = cohesion
o = 1.0 for clays with C, < 25 KN/m?’ = 0.5 for clays with C,> 70 kN/m?

Skin friction in clays (Bored piles): f=axCu / f = unit skin friction; Cy =
cohesion / .= 0.7 for clays with Cy <25 kN/m?

=0.35 for clays with Cy> 70 kN/m?
Skin friction in clays: fu=pBxo /
NAVFACDM 7.2
f=a.Cu.Ap
S = Skin friction ; Cu = cohesion; Ap = perimeter surface area of the pile

End bearing of the group = 9 Cu (L*W)

® mn-—1)+n(m-— 1)}

Efficiencyn, =1 — 900{ —

@ = tan"1(d/s)

Pile spacing Group Pile spacing Group
{centre to centre) | efficiency (centre to efficiency
centre)
3D 0.67 3D 0.67
| 4D 0.74 4D 0.78
5D 0.80 5D 0.89
6D 0.87 6D or more 1.00
7D 0.93
8D 1.00

R, S8 %y
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Moment of inertia I = A * 1 (r = distance to the pile from the axis)
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TEeisfar TH.E55 Interpolatead Walities oFf
AN Basod onn dMoyerhof"s Theory
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Qp = quNq

Q, = 4,(0.5P,N, tang)

Qp = Apo-:N; I = Ir
o (1+1,A)

' _[1+2(1—sin(0')] N = 3Nq I = Es
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m = 100 — 200 (loose) / 200 — 500 medium dense / 500 — 1000 dense/
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