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NANYANG TECHNOLOGICAL UNIVERSITY

SEMESTER 2 EXAMINATION 2009-2010

€V2302 — GEOTECHNICAL ENGINEERING

Time Allowed: 22 hours

INSTRUCTIONS

1. This paper

2.  Answer all

contains FOUR {4} questions and comprises EIGHT (8) pages.

FOUR (4) questions.

3.  An Appendix of THREE (3) pages is attached to the question paper.

O

4. This is a Closed-Book Examination.

5 Al quésﬁons carry equal marks.

-

The soil profile of a site is shown in Figure Q1.

(a) The SPT blowcounts at A and B are both equal to 20.

@

(ii)

(iii)

(v)

-

Specify the types of laboratory test to be conducted on samples
retrieved at "A" and “B".

(2 Marks)

Correct the measured blowcounts at “A” and “B” for equipment and
effective overburden pressure. An automatic trip hammer with an
efficiency of 0.73 was used. The borehole size was 150 mm and
sample liner was not used. ' '

(4 Marks)

Give a qualitative comparison of the soil strength at “A” and "B".
(2 Marks)
In order to obtain good quality samples at “A", what is the

recommended soil sampler? What types of laboratory test would you
recommend for the soil samples obtained?

(4 Marks)

Note: Question No.1 continues on page 2.



& SFIGE

A G

sorg Copwight Act applies io the uss oF Uds documsnt, Nanyang Technologioa? Univorsity Libeery

CV2302

(b) Concrete blocks are used to form a temporary retaining wall as shown in
Figure Q1. The wall is used to resist a lateral force pushing on the wall.
() Compute the horizontal force acting on the wall at failure using
Rankine’s theory. :
(4 Marks)
(i) Compute the horizontal force acting on the wall at faiiure using the log
" spiral method.
(4 Marks)
()  Sketch the failure surfaces according to Rankine's theory and the log
spiral method.
(2 Marks)
(v) Explain why Rankine’s theory yielded ‘a lower horizontal force at
failure.
(3 Marks)
Depth (m) Surcharge = 10 kPa
e m
0. VLU
' Sand 7= 18 kN/m?
P =30 =200
2_
Sand 7= 20 kN/m?
§ =36° 5=240
4
Clay
6~ B A
=18 KN/m3
s— X
Sand
10-EB ';.’=20 KN/m?
Fiqure Q1
Note: Relevant tables and formulas are included in the Appendix.
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2. (a) A single story warehouse is to be constructed on a stiff clay deposit as
shown in Figure Q2a. The foundation support is a flexible concrete slab.
The building weight inclusive of dead and live lcad is equivalent to a
uniform surcharge of 20 kPa.

(iy Compute the immediate settlement at the center and corner of the
building.
(6 Marks)

(i Compute the consolidation settlement at the center and corner of building.
The coefficient of volumetric compressibility (m,) of the stiff clay is
0:06 m’/MN.

(6 Marks)

{b) An earth dam is to be constructed at a nearby site. The design geometry is
shown in Figure Q2b. The length of the dam is 120 m. The permeability of
the foundation soil is 1x10® m/s. The unit weight of fill in the earth dam is
estimated to be 20 kN/m®.

()  Construct a flownet beneath the earth dam. You need to reconstruct
the geometry in your answer book,

(7 Marks)
(i) Compute the flow quantity in litres per hour. {3 Marks)
(i} Determine the pore pressures at "A” and “B”". {3 Marks)

40m
® 20m Plan View
[ T y
WL
2zm E = %ﬂgayvzoﬁ Cross-section
l m, = 0.06 m2/MN View
Sandstone

Figure Q2(a)

Note: Question No.2 continues on 4.
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12m Earth Dam
¥ . {assume impervious)
2m 2 1 32m
| a | v
T <— 35m —> ol £
" Shty Sand
Cut-off wall
34m : ¥ k=1x10% mls
l s
o

Stiff Clay {(assume impervious)

Figure Q2(b)

Note: Relevant tables and formulas are included in the Appendix.
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(a)
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In the slope stability method of slices, the soll mass above the slip surface
is divided into a number of slices. Figure Q3(a) shows forces acting on a

slice.

(M

(i)

(iii)

State the assumption used in the Fellenius {or Swedish) method and
derive an equation for the effective normal force on the base of the
slice N’ in accordance with the Fellenius (orSwedish) method by
considering the equilibrium of forces nonmal to the base of the slice.

{5 Marks)

State the assumption used in the Bishop method and derive an
equation for the effective normal force on the base of the slice N’ in
accordance with the Bishop method by considering the equilibrium of
forces in the vertical direction.

(5 Marks)

State the assumption used in the Spencer method and derive an
equation for the effective normal force on the base of the slice N’ in
accordance with the Spencer method by considering the equilibrium
of forces in the vertical direction.

{5 Marks)

Note: Question No.3 continues on page 6.
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(b) Figure Q3(b) shows a long slope of a residual soil with a unit weight of
19 kN/m® above and below water table and shear strength parameters:
¢'=0 and ¢ = 30°. The slope is inclined at 25° to the horizontal. A
potential slip surface on a plane parallel to the slope surface is located at a
depth of 5m. The water table is always parallel io the slope surface and its
location may vary from the depth of the potential slip surface to the slope
surface. Determine the minimum and maximum factor of safety along the
potential slip surface. Briefly explain whether it is possible to reach the
calculated minimum factor safety.

(10 Marks)

Xz
. _
E, . w
B
=7 N\

2
{./‘
&

Note
W = iotal weight of the slice )
N = total normal force on the base of the slice
N? = effective normal force on the base of the slice
u = pore water pressure at the centre of the base of the slice
£ = length of the base of the slice
o = inclination of the base of the slice to the horizontal
T = shear force on the base of the slice
Xy, X2 = shear force on the side of the slice
Ey, E2 = total normal forces on the sides of the slice

Figure Q3(a)

Note: Question No.3 continues on page 7.
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Ysat

Plane Translational Slip

F= [{(1 —my +my,, jzcos” f—mzy, cos® ﬁ]tan g
{(I - m)y +my,, }zsin Poosf

Note:
W = total weight of the slice .
u = pore water pressure at the centre of the base of the slice
Ty = shear strength along the base of the slice
¢ = normal stress on the base of the slice
B = inclination of the slope to the horizontal
z = depth of the slip surface
F = factor of safety
Yt = Saturated unit weight of soil
Yw = unit weight of water
¢" = effective friction angle of soil

Figure Q3(b}
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{a) Briefly explain the role of water in affecting stability of slope and the
working principles of (two)} preventive measures that can be used to
minimize the effect of water on slope stability.

{7 Marks)

(b} Briefly explain why preloading with vertical drains is an appropriate
improvement method for soft clay and in-situ densification is appropriate for
loose sand. In addition, briefly explain the working principles of the
preloading method with vertical drains and the in-situ densification method.

(8 Marks)

(¢) A landfill site requires a compacted soil cover for minimizing water
infiltration into the landfill. Should the liner be compacted at the dry or at
the wet of optimum condition? Give reason for your answer.

{5 Marks)

(d) A sand deposit of 10 m thick has a relative density of 20%, a maximum void
ratio of 0.9 and a minimum void ratio of 0.25. The sand deposit is Jocated
near a residential area and it requires a densification procedure in order to
have a relative density of 80%. Briefly explain the working principle of an
appropriate method that can be used for the densification of the sand
deposit and calculate the expected void ratic to be achieved after the
densification works.

(5 Marks)

END OF PAPER
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