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National Exams May 2015

04-Geo1-06, Soil Mechanics

3 hours duration

N(~TFS•

1. If doubt exists as to the interpretation of any question, the
candidate is urged to submit with the answer paper, a clear
statement of any assumptions made.

2. This is a CLOSED BOOK EXAM. Candidates may use one of two
calculators, the Casio or Sharp-approved model. A compass and
ruler are also required.

3. SIX (6) questions constitute a complete exam paper. YOU MUST
ANSWER QUESTIONS 1 TO 5. Candidates must choose three
(3) more questions out of the five (5) options in Question 6.
Where stated in the examination, please hand in any additional
pages with your exam booklet.

4. The marks assigned to the subdivisions of each question are
shown for information. The total number of marks for the exam is
100.
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Question 1. Classification
1. Plot the grain-size curves and classify soils A and B according to the

Unified Soil Classification System. Soil A has a liquid limit of 32°/o and
a plastic limit of 25%. Soil B has a liquid limit of 52% and a plastic limit
of 32%.

15 marks
Table Q1

Percent Finer
Metric Sieve Size US Sieve Size Soil A Soil B

75 mm 3 in 100 100
50 mm 2 in gg 100
25 mm 1 in g8 100
19 mm 0.75 in 96 100
9.5 mm 0.375 in - 100

4.76 mm No. 4 77 100
2.38 mm No. 8 - 96
0.84 mm No. 20 55 94
420 m No. 40 - 73
150 m No. 100 30 -
75 m No. 200 18 55
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Question 2. Saii Physical Properties
15 marks

1. For a given soil, e =0.75, w = 22%, and Gs =2.66. If any assumptions
are required, state them clearly.

Calculate:
a) The porosity
b) Moist unit weight
c) Dry unit weight
d) degree of saturation
e) the mass of water to be added to 10 m3 of soil for full saturation

2. A sample of soil plus container weighs 397.6 g when the initial water
content is 6.3%. The container weighs 258.7 g. How much water needs
to be added to the original specimen if the water content is to be
increased by 3.4°/o?

3. An embankment for a highway is to be constructed from a soil
compacted to a dry unit weight of 18 kN/m3 at water content of 7°~o. The
clay has to be trucked to the site from a borrow pit. The bulk unit
weight of the soil in the borrow pit is 17 kN/m3 and its natural water
content is 5%. Calculate:

a) The volume of clay from the borrow pit required for 1 m3 of
embankment. Assume
Gs =2.7.

b) The amount of water required per cubic meter of embankment,
assuming no loss of water during transportation.

Question 3. Shear Strength /Slope Stability
20 marks

1. A volume of sand (~' = 30°) is in a state of failure. Within that volume, a plane
which makes a 30° angle with respect to the horizontal, has a normal stress
of 50 kPa and a shear stress of 10 kPa. There are two Mohr circles that '
satisfy these conditions. Using the graph paper on the next page:

a) For the smaller of the two possible circles, find the principal stresses and
their orientation with respect to the horizontal.

b) What are the normal and shear stresses on the failure planes, for that
failure mode?
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2. Describe the general approach common to all limit equilibrium methods of
slope stability analysis.
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Question 4. Consolidation

1. Consider the following stratigraphy:

0 to 5m Sand Total unit weight,
t = 21 kN/m3

5 to 8m Saturated grey clay
Overconsolidation ratio (OCR) _
1.5
Yt = 19 kN/m3
eo = 0.993
c~ = 0.81 m2/yr
C~ = 0.15
C~ = 0.02

Below Impervious rock
8m

The water table is at the sand-clay interface

20 marks

a. Calculate the average stress increase within the clay, below
the center of a 5m x 5m uniform load of 500 kN/m2 at the
ground surface.

b. A different load at the surface is expected to induce an
average stress increase of 150 kPa in the clay. Calculate the
settlement of the clay, 2 years after the application of the
load.

Page 5 of 11



National Exams May 2015 04-Geo1-06, Soil Mechanics

Question 5. Seepage
15 marks

Refer to the dam and the flow net shown in Figure Q5: L = 20 m, H = 10
m, ht = 10 m, D = 1 m, ysat = 20 kN/m3, yW = 10 kN/m3 and points 1, 2, 3,
4, and 5 are 5 m apart, find:

1. The quantity of seepage loss under the dam when k = 6x10"3cm/s

2. Total head, elevation head, and pore water pressure head at points
A, B, C, and D, assuming that zA =10 m, zg = 15 m, z~ =6m and
zo=9m

3. Draw the pore water pressure diagram between points 1 and 5
based on pore water pressure values at points 1, 2, 3, 4, and 5
located at the base of the Dam. Calculate the total uplift force
between 1 and 5.

Ft-- t. - _— - ~~ ,

ale
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Quesfiion 6. ~ptior~al Questions

Answer three of the following five questions. Only the first three
answers will be marked.

5 marks each
1) List the equation for Darcy's law and describe its components. Use a diagram

to help explain your answer.

2) Draw the conceptual model for effective stress between two grains of sand
and provide a brief derivation for the effective stress equation. Use a diagram
to help explain your answer.

3) Describe capillary rise in a capillary tube and relate it to water retention
curves for unsaturated soils. Use a diagram to help explain your answer.

4) You are an earthwork construction control inspector checking the field
compaction of a layer of soil. When you conducted the sand cone test, the
volume of soil excavated was 1165 cm3. It weighed 2230 g wet and 1852 g
dry.
a) What is the field compacted dry density?
b) What is the field water content?

5) Define the term groundwater table and plot the components of total head for
the case of a 10 m thick sand layer with the groundwater table 2 m below the
surface. Use a diagram to help explain your answer.
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USEFUL INFORMATION kiH1 +k2H2 +k3H3kP =

C = ~60 Hu D ~, + Q3
io p = 2z

C = D30 ~~ — ~3
c D~oD6o q 2

N — N Force -~ Newton (N) -~ 1 N = 1 kg m/s2foesNCOYYe~«~ =100°Io 
100 — N Pressure ~ Pascal (Pa) ~ 1 Pa = 1 N/m2

fns ~ 1 kPa = 1 kN/m2

Ip = 0.73~W~ -ZO~ 
D1.[ = B[DU3 f A(DUl — 003 /J

e — e t,,,~ = c'+a~' tan ~'
max

emax — emin yi'= arctan~sin~i'~ a = c'cos~'

W —Wp
IL = WL _ wP T _ cv2 ~V _ k

Hd, m~Yw
ACZIVlZy = w~ _ W P ~ = C H° to ~ ~ + C H° to ~''~%clay "~ 1 + ea ) g o~',~ ° (1 + eo, g Q' p

P, a

4 100
P - psat ' (~w

ht =h~+h~,=z+ u T=1.781-0.9331og~100—U~ U>60%
Yw

4h
i = I x _ —b ± bz — 4ac

v=ki 2a

k _ YW K arr = (~'~r+asr)/2-((cr~r6sr)sinc1~)/2
~ off = afftan~
y arr = 45°+ ~/2

vs = —n $=6iu~sr

q = vA = kiA yi' = arctan~sin ~'~

q=kOh~ a=c'cos~'

d

k _ aL 
In h' = 2.3 aL log h,

ADt h2 A(t 2 —t,) h2
k =QL/hA

HkN = H1 +H2 +H3

1 ki k2 k3
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TABLE &B Inlluonce Value! (or Vertical Stress Under Caner
of a UNformty Loaded Ractanpular Mea•

tl,`n~, /.C~//~
~ q per Vnic ma

..__ 0 _..«~,_~ a.

~touninesc, cnxe
G/i

A/: 0.1 0.2 O.A 0.6 0.8 I.0 2.0 ao

O.I 0.005 0.009 0.01. 0.022 O.U26 OA26 0.011 0.0.12
o.i o.00s o.ois o.oa~ o.w~ o.ow o.oss o.at o.aez
o,a o.oi~ o.o» o.o~o o.oeo o.os~ o,~o~ o.n~ o.ns
0.6 0.022 O.R13 0.060 O.tQ7 0.25 O.IN 0.137 O.IS6
0.8 0.026 0.030 0.09J 0.123 0.146 0.160 O.IBI 0.183
I.0 0.026 0.035 0.101 0.136 0.160 0.1750.200 0.205
2.0 0.071 O,OGI 0.11 0.[33 O.ISI 0.200 0.2R 6.?AO

a.o~a o.au o.ns o.isa o.iss o.zos o.~o o.zso

Westergaard Case
L/t

a/: 0.1 0:± 0.4 0.6 0.8 1.0 2.0 w

0.1 0.003 0.006 O.OtI OA14 0.017 OATS 0.021 0.022
0.2 0.006 OAl2 0.021 0.028 0.077 0.076 O.PiI 0.074
0.4 O,OIf 0.021 O,OJ9 0,052 O.000 0.066 0.077 O.OD2
0.6 O.OId 0.026 0.052 O.OG9 0.081 O.OE9 0.10! 0.112
0.8 0.017 OAA 0.060 0.081 0.095 0.105 0.125 0.15
I.0 0.018 O.OJ6 0.06( O.OE9 O.IOS 0.116 0.140 O.IS2
2.0 o.oz~ o.au o.on o.ia o.t2s o.~~o o.iu o.iv6
~o o.ozz o.ou o.oaz o.iiz o.us o.isz o.~% o.zso

•A(tcr Duncan anJ (Suchi`nani (1976).
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Consolidation ratio, U~

T
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(a)

Log T
0,01 0.02 0.05 0.1 0.2 0.6 1,0 2.0

■1 ~~~
Asymptote

Nsympmte

U% 10 20 30 40 50 60 70 80 90 100

T .008 .031 .071 .126 .197 .287 .403 .567 .848 1.125
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