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SECTION A: SOIL MECHANICS
Answer at least TWO guestion from this section

Describe the formation of the following types of soils:

(i} transported soils:
{ii}  residual soils.
{5 marks)

(i) Derive an expression for the bulk density of a partially saturated =oil in terms of
the specific gravity of the particles Gs, the void ratio e, the degree of saturation
81 ,and the density of water po_

(i)  Describe the sand replacement method of determining the in-situ density of a
soil. (% marks)

in a sample of elay, the void rafio is 0.72 and the specific gravity of the particles is 2,70
If the voids are 90 per cent saturated, determing:

(i) the bulk density;
(i)  the dry density:
(iii)  the percentage moisture content,
(6 marks)
(i}  Differentiate effective pressure from pore waler pressure.

(i) Figure | shows a soil profile obtained during a site investipation. Determine the
effective stress at the bottom of the clay layer:

- under normal conditions:

= 1l the ground water level is lowered by 2.4m and essuming that sand
remuains saturated with capillary water up to the original level, {10 marks)
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Derive from basic principles the equation for the coefficient of permeability in
variable - head permeamcter.

{(n) [Inafalling head permeameter, head falls from 350mm to 240mm in a stand pipe
of diameter 3.5mm. The sample through which water flows has a depth
of 100mm and diameter of the sample is 75mm. Ifk =2 x 107 mm/s, determine
the time required in minutes for water to fall from 330mm o 240mm in the
stand pipe. { 10} marks)

Chutline the types of laborstory trial tests specified to be carried oul in connection wi
each of the following field problems, and state the n for the choice of test:

(1) initial stability of a footing on saturated clay;
(n)  long term stability of a stope in stift fissured clay;

(i)  stability of clay foundation of an embankment, the rate of construction being
such that some consolidation of clay oocurs. {44 marks)

The data in table 1 shows the results obtained from three triaxial tests carried out on
representative undisturbed samples of a soil.

The load dial calibration factor is 1.41 N per division. Each sample is 75mm long and
37.5mm in diameter. Determine graphically the value of apparent cohesion and the
angle of internal friction of the soil. (7 marks)
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Table 1

(1)

{iii}

*H'JD'

*

Test | Cell pressure | Axial load dial reading
(kN/m") (divisions) at failure

I 50 65
2 | 50 105
3 250 145

Distinguish between ultimate bearing capacity and safe bearing capacity in
soils,

State Terzaghi’s equation for the gross ultimate capacity q, of a strip footing of
breadth B and depth Z on soil of cohesion C and unit welght W, and hence
explain the significance of each of the three terms in the equation.

A sirip footing 2.5m wide is to be constructed at a depth of 2m below ground
level. The cohesion of the soil is 65kN/m’, its density is 1800kg/m’, and angle
of shearing resistance @ = 25°. Determine the safe bearing capacity of the soil.
Use Terzaghi's bearing capacity factors in Figure 2, and apply a factor of safety
of 3. (8% marks)
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A retaining wall 6m high has a vertical earth face and supports cohesionless soil of
dry density 1600kg/m’, angle of shearing resistance 30 and void ratio 0.68. The
surface of the soil is horizontal and level with the top of the wall. Neglecting wall
friction, determine the total earth thrust and its point of action above the base per metre
mun of the wall if;

(i)  the soil is dry;

() owing to inadequate drainage, it is waterlogged 1o a level 2.5m below the
surface, (14 marks)

Figure 3 shows a section of a clay bank, in which a trial slip surface BFED is chosen in
the form of a circular are of redius 12m. The area if the figure BCDEF is 93m? and its
centroid is ot (3. The average density of the soil is 1800kg/m’. Above the level ABE
the cohesion of the soil is 206N/m?, and below this level, the eohesion iz 32kN/m?.
Estimate the factor of safety on this assumed surface, taking @ =0, {6 marks)
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SECTION B: HYDRAULICS
Answer at least TWO question from this section,

(i) With the aid of a diagram, explain the working principle of a single acting
reciprocating pump.

(i) A single acting reciprocating pump operating @t | 50rpm, has a piston diameter
200mm and a stroke of 300mm. The suction and delivery heads are 3m and

30m respectively. [f the efficiency of both suction and delivery strokes is 75
percent, determine:

= the theoretical discharge:
- the power required by the pump,
{10 marks)
(i) Sate four advantages of 8 Francis turbine over a Pelton wheel turbine.

(ii)  Sketch and label the components of & Pelton wheel turbine.
{6 marks)

A 73mm digmeter horizontal jet having a velocity of 30m/s strikes a flat plate, the
normal which i inclined at 30° to the axis of the jet. Determine the normal pressure on
the plate when the:

(i) plate is statonary;

(1) plate is moving with a velocity of 15m/s in the direction of the jet and away
from the jet. {4 marks)

Derive from the basic principles the equation for Ahs-.tlmg,z over a broad crested -
{Fpahrks)

A trapezoidal channel has side slopes of 3 horizontal to 4 vertical and a bed slope of |
in 2000. Determine the optimum dimensions of the channel, if it is to convey 0.5ms of
water, Take Chezy's constant as 50. {7 marks)

Water flows over a reclangular sharp-crested weir Im long, the head over the sill of the

weir being 0.6m. The approach channel is 1. 4m wide and depth of flow in the

channel is 1.2m. From first principles, determine the discharge over the weir

considering the velocity of approach and the effect of end contractions. Take Cd = 0.5,
{6 marks)

An inclined rectangular sluice gate AB, 1.2m x 5m is installed as shown in Figure 4, If
the end A is hinged, determine the force F normal to the gate applied a1 B 1o open it.
(6% marks)
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A horizontal pipeline 50m long is connected 1o a reservoir at one end and discharges
freely into the atmosphere at the other end as shown in Figure 5. For the first 30m of its
length from the tank, the pipe is 150mm in diameter and its diameter is suddenly
enlarged 1 300mm. The height of water level in the tank is 12m above the centre of the
pipe. Considering all losses of head which occur:

(i) determine the discharge;
(ii)  draw the hydraulic and energy gradient lines.

Take = 0,01 for both pipes.

(134 ma:lﬁj
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= Ctven: D=1 50ms, Du=30{mm
Water - Ly=300m, L=t
H= 12
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& (@) With the aid of a sketch, explain the use of a tipping bucket rain-gauge.

(b)  Explain the mid-section method of measuring stream discharge,

(% marks)

(5 marks)

e} AIS0X T5mm venturimeter isconnected in a vertical pipe conveying a liquid of relative
density (L8 as shown in Figure 6. The pressure connection at the throat is 200mm above that
at the imbet. 1 the actual discharge is 50 litres per second, and Cd = 0.96, determine the
pressure difference between the inlet and the throat in N,

0
2(Hhmm
L 0

Flow

Figh

(5 murks)

(d}  Figure 7 shows an inverted U-tube manometer used to measure the pressure difference

hetween two points A and B in an inclined pipeline through which water flows. The
difference of level h = 0,35m, 4 = 0.3m and b= 0.2m. Determine the pressure
difference between points A and B, il the top of the manometer is filled with:

{1 air;

(i} oil of relitive density (.8,

g
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Fluid, density pmgy

{5 marks) -
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