NATIONAL EXAMINATION - DECEMBER 2012
04-GEOL-A6 SOIL MECHANICS -

3 HOURS DURATION

NOTES:

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.

This is a CLOSED-BOOK exam. Only Casio or Sharp approved
model calculators are permitted. A formula sheet and some charts
are attached to this exam.

Questions have the values shown. The total value is 70.
In the absence of specific parameters required in the formulation and

solution of problems, the candidates are expected to exercise sound
engineering judgment and to clearly state their assumptions.
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1. Soil properties

a. A soil has a dry density of 2.065 Mg/m’ and a bulk density of 2.093 Mg_/m3. The
void ratio of the soil is 0.283. Calculate the moisture content and the Specific
Gravity of the solids.

(value 5)

b. A fully saturated clay soil has a void ratio of 2.134. Knowing that the average
Specific Gravity of the clay minerals in the soil is 2.6, calculate the bulk unit
weight and the dry unit weight of the clay

(value 5)
c. How are the drained and undrained shear strength parameters of a clay soil
obtained?
(value 10)
2. Soil Classification.
Classify the soils of the table below according to the USCS.
(value 10)

Percent retained

Sieve Soil A Soil B
No 4 2 0
No 10 14 0
No 20 50 0
No 40 72 1
No 60 82 5
No 100 - 86 10
No 200 90 14
0.01 mm 100 58
0.02 mm 100 68
LL - 55
P1 Non-Plastic 28

3. Insitu Stresses / Consolidation and settlement.
A 4m by 4m reservoir is to be placed at the surface of a sandy soil as illustrated on
Figure Q3. The reservoir when filled, will weigh 1200 kN. The water table is located
at a depth of 2m.

a. Calculate the maximum consolidation settlement that is expected to take place in
the clay layer.

(value 10)
b. How much settlement is expected after 3 years?

(value 5)
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a.

b.
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A
v Sandy soil: \ 4m
— ¥ = 20 kN/m
- Yot = 22 KN/m®

Clay: N
Bulk unit weight Yo =20 kN/m? 6m
Compression indices C=04,C~0.03
Coefficient of consolidation ¢~ 0.45 m*year
Initial void ratio €=1.384
Preconsolidation pressure o’y =120kPa

Figure Q.3
4. Lateral earth Pressures / Slope Stability

Explain the “at rest”, “active” and “passive” earth pressure coefficients.

(value 6)
Describe the general approach common to all limit equilibrium methods of slope
stability analysis. :

(value 4)

5. Seepage / Groundwater

The dam shown in Figure Q6 retains 10 m of water. A sheet pile wall is placed, in the
upstream section of the structure, in order to reduce the flow beneath the dam. The
sheet pile wall is embedded 3 m in a 20 m thick layer of silty sand. Beneath the silt
lays an impermeable clay. The average hydraulic conductivity of the silty sand is 2
x10™ cm/s. We assume that the silty sand is homogeneous and isotropic.

a. Complete the flow net in Figure Q5. (value 3)

b. Calculate the flow rate below the dam. (value 3)

¢. Calculate the pore water pressure at corner A on both sides of the sheet pile wall
and at corner B beneath the dam. (value 6)

d. Estimate the factor of safety against piping. (value 3)
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Name:

Sm’

10m

14m

7777

impermeable clay/argile impérmeable

Figure Q5

Sand/sable silteux
k=2x10%cm/s
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Formulas and Charts

Au = B[Ac, + A(Ac, - Ad,)]

g=0—-U

T, =c'+o'tang'

Sc-=Cr( A, Jloga’ +Cc( A, ]loga"f
l+e, ! y

o', l+e, o,

_ P
P4 =W w)

w'= arctan (sin ¢') a=c'cos¢'
e =V, /V; (void ratio)

n=V,/ V; (porosity)

w = M,, / M; (moisture content)

S =V, /V; (saturation)

=O-1+0-3 q=0-1—0-3
2 2

20f3

kn = H
N (ﬂ1+ﬂa+i1)
ki ka2 ki

k. = kiH1 + koHj + k3Ha
P H

k=CDye® (C=100; k = cm/s & D;o = cm)

P’ = Psat- Pw pw= 1000 kg/m3
Yw = 9.81 KN/m’

Force - Newton (N) > 1 N = 1 kg my/s?
Pressure -> Pascal (Pa) = 1 Pa= IN/m?
- 1kPa=1 kN/m’

Noorr = 100 X (N - Niines) / (100-Niines)

_ (Ao-v(tap) + 4Ao—v(mid) L Ao-v(bal))
v(avg) T 6

Ao

_ 1 - sing'
* 1+ sing'

o,=c'"K,2CK, o,=¢'K, +2C /K,

rl

A A y
T Va Air
Vv . v | )

PR
VWI ::3': - A\ i
Vi l— & & f -
y

K, =1K, K,=~1-sing'
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