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QUESTION 1: On Genesis of Soils & Soil Mechanics

1.1 What engineering geology features can you look for when you visit a site for a
geotechnical engineering project?

O et T o Heg G T T W 1

i eologic structures (faults, synclines, anticlines) [1 mark] |

loodplains and river deposits (alluviums, meander migration) [1 -
! mark] !
| |

lGlacial deposits (glacial till and boulders left behind after glacier 1

: melting) [1 mark]

s oty i i e at et et L et ot o et q
I

iArid landforms (dunes, collapsible soils, shrink-swell soils) [1
! mark]

T U et Heg PRV Sewid D e .:

i oastal process (shoreline erosion, sea level changes) [1 mark]

I Geologic maps help geotechnical engineers to evaluate the soil |

: and rock in an area and to find specific geologic features such as
i faults. [2 marks]

[Particulate material [l maril | Multi-phase material (1 markd
!’WZE&' affected (1 markl T]).i-la.lt-a{rrc;; Mmarkl '}
I'Stress-dependent stiffness (1 mark] | Memory capacity [l markl &
IV ariability / Erratic natare L 1Creep [l -1
mark] ! !
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QUESTION 2: On Simple Soil Properties & Soil Characterization

2.1 A sample of clay is brought back from the field, extruded from the Shelby tube, and
trimmed to the following dimensions: height = 150 mm, diameter = 75 mm.

It weighs 13.2 N. The water content has been determined to be 25%.

Find the following parameters for the clay:

a. Natural unit weight d. Void ratio
b. Degree of saturation e. Dry unit weight
c. Porosity f. Saturated unit weight

2 " 2
iVolume of the sample: V; = % «h =222, 015 = 6.62 « 10~4m® [1

i mark]

1 The weight of the solid: W, = We _ 132+107°

— =10.6 * 10~3 kN [1 mark]
1+w 14+0.25

The weight of the water:
W, =Wy —W, =13.2%1073 — 10.6 * 1073 = 2.64 » 1073 kN [1 mark]

Assuming that the unit weight of the solids is y, = 27 kN/m3, the volume
of the soild:

* -3
— % = M = 3.91 % 10_4 m3 [1 mark]

V.
S Vs 27

. w, 2.64%1073
The volume of water: I, = —= =

= 2.69 * 10~* m3 [1 mark]
Yw 9.81

The volume of void:
Vy =Vy =V, = (6.62—3.91) * 107* = 2.71 * 10~* m? [1 mark]

Wr  13.2%¥1073
Vr 6.62x10~%

a. Natural unit weight: y, = =19.92 kN/m?® [2 marks]

«10—%
b. Degree of saturation: S = 2 x 100% = Llo% *100% = 99.3% [2
vy 2.71x10
marks]
10—
c. Porosity: n = Z—: *100% = 2:2*12—4 *100% = 40.9% [2 marks]

X .. 1% 2.71x10™%
d. Void ratio: e = £ = —
Vs 3.91x10~4

= 0.694 [2 marks]

yr _ 19.92
1+w  1+0.25

= 15.94 kN/m?® [2 marks]

e. Dry unit weight: y,; =

f. Saturated unit weight:

Vsat = - 6.62:10—2 = 19.95 kN/m3 [2 marks]

-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-Id

-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-IJ
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!
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2.2 The following data were recorded in a liquid limit test using the Casagrande

apparatus.
Number of Mass of can | Mass of wet soil + can | Mass of dry soil + can
blows (g) (g) (g)
8 11.80 36.05 29.18
16 13.20 34.15 28.60
27 14.10 36.95 31.16
40 12.09 33.29 28.11

Determine the liquid limit of the soil.

!-Calculation -

N

ot e T T TP

» Plot—

Moisture content (%)
[ #5
L

Final answer —

o et T T PE TP PE PP ST

LI-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I

wz%*wO‘V =
M 0

(Mass of wet soil + can) — (Mass of dry soil + can)

* 100%

(Mass of dry soil + can) — (Mass of can)

[1 mark]
Number of blows Moisture content (%)
8 39.5
16 36
27 33.9
40 32.3
[4 marks]

Casagrande cup test plot

d
"

10

Number of blows

[1 mark]

LL=34.2%

[1 mark]

100

LI-I-ILI-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-IJI-I-I-I-I-I-I-I-I-IJ
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QUESTION 3: On Soil Classification & Field Identification

3.1 Upon retrieval of the soil aforementioned in question 2.2, the geotechnical engineer
in charge has noted that the soil does not exhibit any signs of the presence of organic
matter.

Mention at least two signs of the presence of organic matter? (4%)

e The soil is not very dark [2 marks]
e The soil does not smell foul [2 marks]

irf;l-a Sa c;: .y-i.n -d .e ; . (_40/:) :) __________________________________ o

: PI=LL-PL=34.2-19.8=14.4 [2 marks] :

!—I;];. .Sa ;:R .y—c.:h—a.r?’ .(Z (.)/O—) . :) ................................... -I

I 60 [
! i
! |
i N 50 | |
1 2 |
ié 40 | |
| = :
i 230 i
b2 20 I
n L
A Y JCL :
L0 CL "ML or OL i
I CLML .~ .| :
. 34.2: I
| 0 L ML i 1 A ' . | F :
! 0O 10 20 30 40 50 60 70 80 90 100 11!
! |
i Liquid limit (%) |
! i
1 [1 mark] i

: Final answer (3%) —
! CL or OL [2 marks]
But no organic matter as reported. Therefore, CL. [1 mark]
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QUESTION 4: On Stress in Soils

A wastewater treatment aeration tank of diameter 40m and gross weight 286.5 MN 1s
to be constructed on one of the 40-60 Housing Project sites in Addis Ababa as shown
below (left figure). To construct the tank, 6m of the top dense sand layer will be
excavated, and the tank will be built as shown in below (right figure).

For the values provided in the figures:

4.1 Compute the geostatic stresses at the middle of the silty-clay layer. Use
Yw = 10 KN/m3

4.2 Compute the increase in vertical stress due to the construction of the tank at the
middle of the silty-clay layer directly beneath the center of the tank.

4.3 If the nearest building imposes a total structural load of 900MN and is supported
by 30X30m square mat foundation situated at a depth of 12m from the surface, at what
minimum horizontal distance (edge clearance) should the tanker be constructed from
the building to avoid stress overlap in the middle of the silty-clay layer? Use 3V:1H
Method.

Note: The vertical stress increase directly beneath the center of a circular, uniformly
loaded area is given by the following relation in which q is the magnitude of the uniform
load; R is the radius of the circular area; and z is the depth of interest beneath the
loaded area:

1
Ao, = qll1— 372

) +1]

10m
normally consolidated clay; 10m
C.=0.05; C,=0.45;
Ys.a1=20kN-m'3 s el rﬂzyr'l
dense sand 5m
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: a) Geostatic stresses (9%)

:Total stress: g =y +z=19+10+ 20 + 5 = 290 kPa [3 marks]
iPore pressure: u =Yy, *z,, = 10 *5 =50 [3 marks]

= Effective stress: ¢’ = 6 —u = 290 — 50 = 240 kPa [3 marks]

7 et oyt -1

4103
W _ 2865107 _ 228 kPa [1 mark]

A n*(ﬂ 2
2

Net bearing stress just below the tank
q=228—-19+«6 =114 kPa [1 mark]
R=20m [1 mark]
z= 4+5=9m [1 mark]

I

I

I

I

I

I

I

I

I

1 1 |

40, = q|1-————7|= 228|1 - ————;| =106 kPa

) +1] (3) +1] i

[2 marks] !

!-C) Stress overlap (5%) 1

:4111 [3 marks] :

I L I

I 2 I

I & Ty I

I 4 - I

I > ] I

I 0 i I

i 7 = .
u 8

I I

I 2 5 I

I 10 I

i 11 \ I

! : |

I I

i 14 \ |/ |

i ; I -

AV 12,5
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QUESTION 5: On Permeability & Seepage

4.1 The topmost layer is loose, clean sand, 1m thick. Its vertical permeability k;, can be
estimated using Hazen's formula. The sieve analysis is showed that 10% of the
materials pass through a sieve of aperture size 0.16mm. Its horizontal permeability ky
1s known to be approximately 500% of the k. Below the sand stratum is a marine marl.
3 meters thick with k; = ky = 107°m/sec. What is the equivalent ky,, for the upper 4

m of the soil mass?

Note: Hazen's empirical formula is given as k, = CD;,> where C ranges from 0.8-1.5.

[ e

- Sand:

I H-1m [1 mark] 1
! Dio=0.16 mm [1 mark] !
Vi, =5k, [1 mark] I
! ky; = CD1p% = 1.5 % 0.16% = 0.0384 cm/s [1 mark] !
! kyi =5 * ky; =5 *0.0384 = 0.192 cm/s [1 mark] !
I Marl 1
!H=3m [1 mark] 1
! ky = ky = 107 m/sec = 10~*cm/sec [1 mark] !
! N kyHy + koHp _ 01925100 +10 4300 !
: Heq H,+H, 100 + 300 0481em/s :
. [2 marks] .

hI-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-.

4.2 For the flow net shown below, the sand is isotropic having a permeability of 1x103
cm/sec, an average void ratio of 0.6 and Gs = 2.65. Determine the following:

a) The seepage loss in cubic meters per day per meter width of the dam perpendicular
to the section shown.

b) The exit hydraulic gradient, the critical hydraulic gradient and the factor of safety
against piping at the downstream toe of the dam.

¢) How high would water rise in a standpipe situated at Point C?

d) What is the effective stress at Point C if sat=20 kN/m3? Use y,, = 10 kN/m?3

METRES

5
!i:;:& 8m -
g |
i= 7 1.5 m
A B
12.5 m/ / 7 / Py 20m
: 1
©°
NS
< >
S 7=~
= ST =
MPERVIOys TR

N
7
STy
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ik =1%+103cm/sec [1 mark]

|

EhL =8—-1.5=6.5m=650cm [l mark]
!Nf =4 [1 mark]

|

N; =13 [1 mark]

:==> q=1+10"3 %650 * 113 = 0.2 cm3/sec [1 mark]

__ hy/Ng _ 65/13

=1 =703 = 0.5 [1 mark]

P— Gs—1 _ 2.65-1
rt — 14e 14061

=1.03 [1 mark]

1.03

et _
! Fpiping = E = E = 2 06 [1 mark]

: ¢) Piezometric level for point C
i 5

1H, = 8—3 =7.5m [1 mark]
|

I

: d) Effective stress = Total stress - Pore pressure

1,

iO'v =[8xYw+ 6*¥saq] — [(7.5+6) xyy,]

i =[8+10+ 6+20]— [(7.5+6) 10
= 65 kPa [1 mark]
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QUESTION 6: On Soil Compaction

6.1 The following results are obtained from a standard compaction test.

Mass of compacted soil (g) | 1920.5 | 2051.5 |2138.5 |2147.0 |2120.0 | 2081.5
Moisture content (%) 11.0 12.1 12.8 13.6 14.6 16.3

The specific gravity of the solids 1s 2.68, and the volume of the compaction mould is
1000 cm3. Plot the compaction curve and obtain the maximum dry density and
optimum moisture content.

[T e e e e s

. Calculation —»

1

i p = % [l mark] 5 pg= ﬁ [1 mark]
1

1 w (%) pa(Mg/cm?)

I 11.0 1.730

i 12.1 1.830

- 12.8 1.896

! 13.6 1.890

I 14.6 1.850

1 16.3 1.760

I [6 marks]

rrmrm e L R

Plot—

Standard proctor plot

1.95

1.9

Dry density (Mg/m?)
R~
oo o

I
~
wu

1.7

1.65

16
10 11 12 13 14 15 16 17 18 19

Mosture content (%)

[1 mark]

Final answer —

-

I-I-I;I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-I-IJ-I-I-I-I-I-I-I-I-I-IJ

: MDD pg max = 1.907 Mg/cm? [1 mark]
L OMC: Wopt = 13% [1 mark] ]
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