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Question 1

(a) What is specific gravity? How is it related to density?
(5 marks)

(b) The pressure difference between an oil pipe and water pipe is measured by a double-
fluid manometer, as shown in Figure Q1-1. For the given fluid heights and specific gravities,
calculate the pressure difference AP = Pg — Pj.

(10 marks)

Glycerin
SG=126

Figure Q1-1

(c) A 4 m high, 5 m wide rectangular plate blocks the end of a 4 m deep freshwater channel,
as shown in Figure Q1-2. The plate is hinged about a horizontal axis along its upper edge
through a point A and is restrained from opening by a fixed ridge at point B. Determine the
force exerted on the plate by the ridge.

(15 marks)

Figure Q1-2
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Question 2

(a) State and discuss two practical engineering applications of Bernoulli’s Principle.
(5 marks)

(b) A pressurized tank of water as shown in Figure Q2, has a 10 cm diameter orifice at the

00037

bottom, where water discharges to the atmosphere. The water level is 3 m above the outlet.

The tank air pressure above the water level is 300 kPa (absolute) while the atmospheric
pressure is 100 kPa. Neglecting frictional effects, determine the initial discharge rate of
water from the tank.

(10 marks)

Figure Q2

Question 3

(a) Describe the Hydraulic Gradient Line and Total Energy Line.
(5 marks)

(b) A & cm diameter horizontal water pipe expands gradually to a 9 cm diameter pipe as
shown in Figure Q3. The walls of the expansion section have an internal angle of 60° from
the horizontal. The average velocity and pressure of water before the expansion section are
7 m/s and 150 kPa, respectively. Determine the following by referring Table Q3 given on
page 5. (Assume a; = a; = 1).

I. Head loss in the expansion section

Il. Pressure in the larger diameter pipe

(10 marks)

7mls
150 kPa

Figure Q3
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Question 4

(a) Explain how the velaocity of flow at any point in a pipe or a channel can be measured, with
a pitot tube.

(5 marks)

(b) The reducing elbow in Figure Q4, is used to deflect water flow at a rate of 30 kg/s in a
horizontal pipe upward by an angle of 45° from the flow direction while accelerating it. The
elbow discharges water into the atmosphere. The cross-sectional area of the elbow is 150
cm? at the inlet and 25 cm? at the exit. The elevation difference between the centers of the

exit and the inlet is 40 cm. The mass of the elbow and the water in it is 50 kg. Determine the
anchoring force needed to hold the elbow in place.

(15 marks)
25 cm?
456

150 em? 40 cm

Water

A

Figure Q4

Question 5

(a) “The casing area of a centrifugal pump gradually increases along the flow direction”.
Briefly describe the importance of the above statement.

(5 marks)

(b) Determine the flow rate in the pipe network given in Figure Q5 to the neatest L/sec after
two iterations. Use the Hazen-Williams formula to determine head losses due to friction
with C = 100 for all pipes and show your calculations using a tabular format.

(15 marks)

L=1500m

100 /s

L=1000 m

401/s
d =300 mm

L=1500 m
d =250 mm

40 1/s

201/s

Figure Q5
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Additional Information

Resultant Force Acting on a Submerged Surface
R = pgAy

Vertical Distance

2
D = sin®* ¢ ——IGG e (ﬁ)

Ay

Bernoulli’s Equation

Momentum Principle
Resultant Force = p Q (V2 -V1)

Hardy Cross Method
—Xh
4q = —h;_
22(4)
Hazen-Williams Formula
6.784*L 4
b B51.
h.f o d4.865 (C % TE)IB QI 85

Darcy’s Formula

A.f.L.vz Lo ®
= ee— Tr =
hf D.2g . hf D.2g

Minor Losses Equation

2
h, =kt
L 2g

Non-Uniform Flow in Open Channels Equations

2
Specific Energy (E) = -:; +y

3| Q2
yeire= I'Ez_

N2 g
Ve =555
Table Q3
2] Ki
20 0.02
45 0.04
60 0.07
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CE4313 Final examination Geotechnical Engineering

Explain the modes of bearing capacity failures of foundations

A 5m square shallow foundation for a corner column of a residential
building is subjected to vertical and lateral forces as shown in F igures Q.1.1
and Q.1.2. A single borehole drilled at the centre of the building indicated
that the subsurface consists of a 4m thick clayey fill overlying a deep
deposit of sandy clay as shown in F igure Q.1.1. The density and the strength
of the soil layers were estimated from the SPT blow counts observed in the
borehole and the same are given in Figure Q.1.2. It was reported that the
water table within this area fluctuates from 2m depth to the ground surface
level during dry and wet seasons respectively. Considering the fact that only
one borehole is done at the site, estimate the ultimate carrying capacity of
the footing assuming homogeneous subsurface conditions at the location of
the footing using:
i.  The method proposed by Meyerhoff.

ii.  Determine the factor of safety of the footing against shear failure.

Explain the reasons for the differential settlement between parts of a structure -

Describe the limitations of Terzaghi’s Bearing Capacity equations and explain
the motivations behind the development of more advanced bearing capacity
formulations.

A 1500 mm diameter, 20 m long bored pile is installed as a single pile
through the subsurface shown in Figure Q.2.1. The groundwater table is
present at 2 m below the ground surface, and the unit weights and
strength properties of the different soil layers are also given in the same
figure. Determine the net ultimate bearing capacity of the pile. (Consider
Ca = Cy)

Describe, with the use of a suitable sketch, the settlement effect that may
occur with groups of piles within cohesive soil.

State the two common field tests that can be used to estimate pile
capacities.

Both Terzaghi’s and Meyerhof’s equations assume that soil conditions
are homogeneous. Describe how bearing capacities can be determined
when there are non-homogeneous soil conditions present

Explain the concept of Limit State Design (LSD) as applied to geotechnical
engineering according to Eurocode 7. What are the key limit states
considered in the design of geotechnical structures, and how are they
addressed?

An anchored sheet pile wall retains soil of height 8m. Figure Q 3.1, The
piles having a total length of 12 m. the soil has a density of 18.5 kN/m?
and an angle of friction 30 °, The surface of the retained side is level with
the top of the wall. Anchor rods are at 1.5 m from the surface and are.
spaced at 3 m apart horizontally. Neglecting the friction of the surface of -
the piling and using the free earth support method, determine: °

i) Factor of safety against mobilization of possible resistance

ii) Pull of the anchor ties.

00011

20%

40%
20%
202

10%

50%

15%
3%

20%

15%

50%
20%
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(c¢) Explain briefly the difference between the ‘free earth support® and ‘fixed
earth support’ method of analysing the stability of anchored sheet piling. 15%

(a) Describe the stages and methods involved in a site investigation for a civil
engineering project. Explain the significance of each stage and the various 15%
techniques used to gather data.
(b)  Briefly Explain at least 3 methods of accelerating consolidation in the field.
15%
(c) List the important information contained in a borehole log and explain
how they are used? 20%
(d) A borehole investigation consisting of drilling three boreholes was carried
out across the site up to the highly weathered rock. The subsurface
condition and the SPT blow counts within the depth obtained from the ‘
borehole investigation are given in Figure Q 4.1.
i. Estimate the soil strength parameters corresponding to the SPT
values at each depth required to estimate the ultimate carrying
capacity of a footing. (Assume 55% energy efficiency of the
hammer assembly, noliner, and 70mm diameter borehole)

50%

-End of Question-
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|
|
g 0.0m |
|
Clayey fill: y55r = 17 kN/m3: yyor = 30p0 kN
16 kN/m?: 0 =30%c=0 i [
\
|
|
______________________ - __20 m i
: 5m R |
|
40m |

|
Sandy Clay: ¥sq; = 16.5 kN/m®: ‘ .
wee = 16 kKN/m3 : @ = 2B:c =0 . '
fipg W LG AR SR Figure Q 1.1

——— ilﬂO ks = __________________ J..3m |

Figure Q 1.2 |
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RUR SRRRBE— . e S — L, AT |
B Medium Dense Sand: y,,,, = 16 kN/ |
o m m3: y_,, =17 kN/m3: ¢ = 28° |
\J ‘
A |
; = 3.0 — |
Hard Clay: y_,, = 17 kN/m°: C,
25 kPa '
7m
\ 4 ;
A |
Stiff Clay: v, = 18 kN/m?: C, = |
6 m 50 kPa |
|
|
v |
Figure Q 2.1 |

Figure Q 3.1
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|
| |
0.0 m Depth m SPT ‘
|
B T 10-145m | -7
Fine Sandy Lateritic Fill: y,,_, = 16.5 kN /m?: 20-245m 149 |
2.70 m = 3.0-345m | -7 |

40-445m | -8 |

50-545m | -8 |
NC Silty Clay: y_,, = 16 kN /m3: | ~
|
6.0-645m | -9 |
S—— 7.0-7.45m | -8
|
|
8.0-845m | -22 |
|
9.0-9.45m | -20 |
' |
. " 2 3.
Medium Sand: y,,, = 17 kN/m?: 10.0 -10.45/m - 27 |
|
11.0-11.45/m - 32 |
|
12.0 -12.45|m - 34 | ®

13.0-13.45m - 32 ‘

14.80 m 14.0 -14.45m - 37 |

Highly Weathered Rock

Figure Q4.1 |
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Question 01 (50 Marks) |

A two-storey residential house is proposed to be constructed with load bearing masonry walls. |
Figure Q1.A and Q1.B shows the plan views of the ground floor and first floor as per the ‘
architectural drawings. Load bearing masonry walls are highlighted. Both first floor and roof are

of reinforced concrete slabs having a thickness of t. First floor has a void just above the living and |
dining area while the roof slab covers the whole house.

PANTRY

CAR PORCH

DINING

VERANDAH
, sied
s
=
[
>
=
=]

PR P SIS S L G e |

30m |

BT U T ————

"_—'—30 |
15m

20m |

i BED ROOM

SCALE: NTS | |

Figure Q1.4 Ground floor plan view |
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MASTER BED
ROOM

FAMILY LIVING
BED ROOM 3

Figure Q1.8 First floor plan view
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Wall thickness 275 mm
(without plaster)
Slab thickness (&) 175 mm
Floor to floor height 4.0 m

* Walls have 10 mm plaster on either side

Following data is given.

e The density of reinforced concrete - 25 kN/m?
e The allowance for finishes of the slab -1.0 kN/m*
e The live load acting on the slab :
o Bedroom, balcony and roof - 1.5 kN/m?
o Living - 2.0 kN/m?
The self-weight of masonry with standard format bricks = 22 kN/m?*
The density of cement plaster = 22 kN/m?
Elastic modulus of concrete = 31,000 N/mm?
Elastic modulus of masonry = 1,500 N/mm?

You may assume any other parameters that are not given, but clearly state your assumptions. You
are expected to carry out the design according to Eurocode 6.

a)

b)

€)

f)

You need to design wall AB at the ground floor level. Find the slenderness ratio and check
against the limiting value. [03 marks]

Determine the vertical design loads per unit length acting at the first floor level, mid height
of ground floor wall and bottom of ground floor wall due to the first floor and roof loads.

[08 marks]

Total out-of-balance moment transferred to the wall AB at the first floor level was found
to be 1.5 kNm/m. Determine the moments at mid-height and bottom of the wall./06 marks]

Determine the total eccentricity that can be considered at the top, mid height, and bottom
of the wall. [06 marks]

Determine the slenderness reduction factors at top, mid height, and bottom of the wall.
Hence, find the characteristic masonry strength required at those locations.  [08 marks]

Based on your findings calculate the strength of bricks required, assuming mortar
designation M4 is to be used during construction. [05 marks]
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g) The client wants to construct a free-standing boundary wall for the proposed house using |
standard bricks of 5§ MPa strength and mortar designation M4. The height, thickness and \
the calculated lateral wind pressure acting on the wall are shown in Table below. Determine |
the adequacy of the wall thickness, assuming the wall behaves as a cracked section.

[10 marks] ‘

CE4414 Structural Design IIT

|

\

Wall height 1.5m |

Wall thickness 105 mm |
Wind pressure 0.80 kN/m?

h) Once the house has constructed, the client has noticed some cracks in walls as shown in |

the Figure Q1.C. How would you explain this type of cracking and what could have been |
done to prevent such cracking? [04 marks]

Figure Q1.C Cracking of walls

Page 5 of 7 |



CE4414 Structural Design III Re-sit Examination 2025

Question 02 (50 marks)

You are assigned as a member of the structural design engineering team for a new building
complex for a university. It is proposed to construct an elevated timber deck for the canteen. It
consists of 25 mm thick 250 mm wide timber floor planks that will be supported on timber beams.
The timber beams will rest on wall plates that will be supported on short masonry walls. Figure
Q2.a shows a timber floor beam that supports the floor boards. The distance between the supports
is 5.0 m and the overhang is 1.0 m. The beams are to be spaced at a distance of 1.5 m. The proposed
dimensions of the timber beam are 100 mm x 200 mm and it is intended to use D50 timber.

The floor beam has been analyzed and the results are given below.

At Ultimate Limit State

e Design bending stress in the timber beam - 15 N/mm?
e Design shear stress in the timber beam — 1.0 N/mm?
e Design bearing action in the beam at support B — 5 kN

At Serviceability Limit State

e Maximum instantaneous deflection in the floor beam — 10 mm

mber Beam

u--\ Wall Plate//%

fey -3
i b (L1 R
il R L) 3
TTT 5.0 m LU L LI W
}< Figure Q2.a

a. Check whether the proposed dimensions of the timber floor boards (planks) are suitable
considering the limit state of deflection, if the instantaneous deflection of timber plank is
1.8 mm under serviceability conditions. [5 marks]

b. Check whether the floor beam is safe in bending under long term service class 3 conditions.
[6 marks]

c¢. Briefly explain whether there is a danger of lateral buckling and twisting of the floor beam
and where this would occur, if it is assumed that the floor boards provide lateral support to
the floor beam. No calculations are required. [6 marks]

d. Check whether the floor beam is safe in shear under long term service class 3 conditions.
[6 marks]

Page 6 of 7

00008
|




00008

CE4414 Structural Design III Re-sit Examination 2025 |

e. Determine the minimum width required of the wall plate at support B considering the '

bearing failure. [7 marks] ‘

A roof truss is made of D70 structural timber. Figure Q2.b shows a proposed detail of a connection |
at the roof truss. Two 12 mm diameter bolts, with a yield strength of 600 N/mm?, are to be used. |
The side members are 30 mm thick, and the middle member is 60 mm x 100 mm.

Figure Q2.b |
|
|

f. Determine the type of connection. [02 marks] ‘
g. Find the characteristic embedment strength (f3, ;) of timber. [04 marks] '
h. Calculate the characteristic yield moment (M, g, ) of the bolt. [04 marks] |

Hence, calculate the capacity of the connection and the failure mode, neglecting the rope |
effect (Fox gk = 0) [10 marks] '

End of question paper '
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