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This paper consists of TWO SECTIONS, namely SECTION A & SECTION B:
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All questions under SECTION A are COMPULSORY.

e SECTION B consists of two Case Studies. Choose only ONE case study and answer the
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allowed to write anything on the question paper. If required, ask for additional Answer Booklet.
All answers should be written with correct numbering of Section, Part and Question Number in
the Answer Booklet provided to you. Note that any answer written without indicating the
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Begin each Section and Part in a fresh page of the Answer Booklet.
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Paper.
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10.
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SECTION A
PART I: Multiple Choice Questions (30 marks)

Choose the correct answer and write down the letter of your chosen answer in the Answer
Booklet against the question number e.g. 31 (d). Each question carries ONE mark. Any double
writing, smudgy answers or writing more than one choice shall not be evaluated.

1. What is the meaning of soundness of cement?
a) Ability to flow when mixed
b) Ability to make ringing noise when struck
c) Ability to form strong and sound structure
d) Ability to retain volume after setting

2. In frame structure, what transfers the load to columns?
a) Foundation
b) Beams
c) Slabs
d) Roofs

3. Inatruss structure, bear tension.
a) Joints
b) Base
c) Bottom chords
d) Top chords

4. Hydrographic survey deal with the mapping of
a) large water bodies
b) mountainous region
c) canal system
d)movement of clouds

5. Which of the below is constructed above doors, windows?
a) Joist
b) Purlin
c) Lintel
d) Arch

6. wall is used to resist lateral forces like severe wind.
a) Knee
b) Cavity
c) Infill
d) Shear

7. Contours can be found in a map.
a) Political
b) Topographical
c) Physical
d) Thematic
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10.

11.

12.

13.

14.

15.
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The horizontal angle between the true meridian and magnetic meridian at a place is called
a) azimuth

b) declination

c) local attraction

d) magnetic bearing

A critical path has
a) zero slack

b) minimum slack
¢) maximum slack
d) infinite slack

The term in construction is applied to the finishing of mortar joints in masonry
(stone or brick). In exposed masonry, these are considered to be the weakest part.

a) painting

b) deteriorating

C) pointing

d) finishing

M25 grade of concrete approximates
a)l:1:2mix

b)1: 1.5: 3 mix

c) 1: 3: 6 mix

d) none of the above

Poisson's ratio is the ratio of:

a) Axial stress to axial strain

b) Lateral strain to axial strain

c) Shear stress to shear strain

d) Compressive stress to tensile stress

What is the unit of discharge in hydrology?
a) Liters per minute (L/min)

b) Gallons per hour (gal/hr)

c) Cubic feet per minute (ft3/min)

d) Cubic meters per second (m3/s)

Which of the following load is to be considered on liquid retaining structure?
a) dynamic load

b) earth pressure

¢) hydrostatic load

d) wave and current load

The last reading taken from the instrument is called:
a) End sight

b) Free sight

c) Fore sight

d) Back sight
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16.

17.

18.

19.

20.

21.

22.

23.
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In PERT analysis, event means
a) start or finish of a task

b) time taken for a task

¢) end of an activity

d) work involved in the project

The point in the cross section of beam through which if load acts there will not be any twisting

of the beam but there will be only bending is known as
a) centre of gravity

b) centroid

c) shear centre

d) all the above

The main object of a preliminary survey

a) to collect the necessary physical information and details of topography, drainage and soil

properties.

b) to estimate cost of alternative alignment.
c) to finalise the best alignment.

d) all the above.

Benchmark is established by
a) hypsometry

b) barometric leveling

c) spirit leveling

d) trigonometric leveling

What is the initial setting time of cement?
a) 1 hour

b) 30 minutes

c) 15 minutes

d) 30 hours

A channel section has

a) two webs one flange

b) one web two flanges

c) one web one flange

d) two webs and two flanges

The centre of gravity of the volume of liquid displaced is called
a) centre of pressure

b) centre of buoyancy

C) metacentre

d) None of these

The property of a material to resist scratching and abrasion is known as:
a) Toughness

b) Hardness

c) Elasticity

d) Plasticity
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25.

26.

217.

28.

29.

30.
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Loss of prestress due to friction occurs

a) only in pre-tensioned beams

b) only in post-tensioned beams

c) in both pre-tensioned and post-tensioned beams
d) none of the above

For the design of retaining walls, the minimum factor of safety against overturning is taken as
a) 2

b) 1.4

c)15

d) 3.0

Efflorescence in cement is caused due to an excess of
a) Alumina

b) Iron oxide

c) Silica

d) Alkalies

If the modulus of elasticity is zero, the material is said to be
a) rigid

b) elastic

c) flexible

d) plastic

What is the primary purpose of reinforcement in RCC?
a) To resist tensile forces

b) To increase concrete strength

¢) To enhance thermal properties

d) To reduce construction cost

What is the purpose of 'weep holes' in retaining walls?
a) Aesthetic appeal

b) Structural reinforcement

c¢) Drainage of accumulated water

d) Ventilation

It is more often preferable that a beam section be designed as :
a) reinforced concrete section

b) balanced section

¢) underreinforced section

d) overreinforced section
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PART I1: Short Answer Questions (20 marks)
This part has 4 Short Answer Questions. Answer ALL the questions. Each question carries 5
marks.

1. What is the density of steel and why is density important for steel? Compute the weight of MS
plate of 250mmx250mmx10 mm?

2. What is RCC Beam and determine the self-weight of a RCC beam which have a span of 8m with
a cross section of 400mmx800mm.

3. A simply supported beam of span 6m carries uniformly distributed load (udl) of 1.5kN/m over
entire span and a point load of 2 KN at 2 m from the right support. Determine the reactions at
left and right support and the moment at 2 m from the right support.

4. What is the basic difference between Slump test and Compression test? Briefly explain the
procedures of slump test for concrete.
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SECTION B: Case Study (50 marks)

Choose either CASE | or CASE |1 from this section. Each case study carries 50 marks. Marks
for each sub-questions is indicated in the brackets.

CASE |

1. Asacivil engineer, you are assigned to evaluate an existing building, which do not full fil the
current seismic requirements, may suffer extensive damage or even collapse if shaken by a severe
ground motion. Elaborate and explain the methodology how you are going to assess and evaluate
the existing building. [30 marks]

2. What is Nondestructive Testing (NDT) method and explain the types of NDT for building and
building materials. [15 marks]

3. What do you mean by flood and its effects? Briefly explain how to reduce the impact of floods. [5
marks]

CASE 11

Analyse the following frame with the loading and support conditions as indicated in the given figure.

7 C D E
&
T0kN G
E
w
E
-+
A F
7 ¥ Im 4 im § Jm : { *

1. Compute the support reactions at A and F. Draw the free body diagram, axial force diagram,
shear force diagram and bending moment diagram for the frame. [20 marks]

Page 7 of 14



PAPER I11: SUBJECT SPECIALISATION PAPER FOR CIVIL ENGINEERING

2. Calculate the quantity of cement, sand and aggregate in a member EF and BE. Take the
concrete grade as M20 and assume the size of the column (EF) as 500mmx500mm and beam
(BE) as 300mmx500mm. [10 marks]

3. Design a rectangular reinforced concrete beam supported on 300mm wall with a clear span of
6000mm. Consider the Live Load (LL) as 12kN/m, the concrete grade as M20, reinforcement
grade as Fe415 and clear cover to reinforcement as 30mm. Take the width of the beam as
300mm.[20 marks]
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(b)

Fro. 2 TyrcaL Suprort Conpimions pok Locarie Factosen Suean Forer

bl in ao case greates than the breadth of the web plos
half the sum of the clear distances to the adjacent beams
on either side.

a) ForTbeams.b, =2 +b_ + 6D,

b} For L-beams, b = % +b, o+ 3D,

¢} For isclated beams, the effective flange width
shall be obtained as below but in no case greater
than the actual width:

1

T —beam, b, = ] +b,
—-"—j]+4
b
L - beam, b, = c;.s Lyb,
=
. +4
where

b, = effective width of flange,

I, = distance between points of zero moments
in the bearm,

&, = breadth of the web,

D, = thickness of flange, and

b = actual width of the flange.

HOTE = Por ventineeus beams and fraes, L' ey be
assamed as 0.7 times the effective span.

232 Control of Deflection

The deflection of a etructure or part thereof shall aot
adversely affect the appearance or efficiency of the

structure or finishes or partiions. The deflection chall
generally be limited to the following:
@) The final deflection due wo all loads including

the effects of temperature, creep and shrinkage
and measured from the as-cast lovel of the

supports of floors, roofs and all other horizontal
membera, should rot normally excesd span'250.

b} The deflection including the effects of
tsmperature, creep and shrinkage occurring after
erection of partitions and the application of
finishes should not nommally exceed span/30
or 20 mm whichever is less,

23.2.1 The vertical deflection limits may generally be
assumed to be satisfied provided that the span to depth
ratios are not greater than the values obtained as below:

a) Basic values of span to effective depth ratios

for spans up to 10 m:

Cantilever T
Simply supported 20
Continnous 26

b) For spans above 10 m, the values in (a) may be
multiplied by 10fspan in metres, except for
cantilever in which case deflection calculations
should be made.

¢} Depending on the area and the siress of
steel for tension reinforcement, the values in (a)
or () chall be madifisd by multiplying with the
modification factor obtained as per Fig. 4.

d} Depending on the arca of compression
reinforcemedt, the value of span to depth ratio
be further modified by multiplying with the
modification factor obtained as per Fig. 5.
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SECTION XX

Fio. 3 Transvirse RENPORCEMENT v FLANGE oF T-BEam WHEN Mapi RENFORCEMENT OF
SLan 13 Paratie 1o THE BEaM

e) For flanged beams, the values of (a) or (b) be on area of section equal w b, 4,

modified as per Fig. 6 and the reinforcement
R NOTE—When deflections are: required 1o be calculased, the
percentage for usein Fig. 4 and 5 shouold be based mathed in Amnex £ may he wsesd.

I MAVATAY
1.8 \ i) Iy
5 NN
o \\\ ™ ™~ fsx 120
= 1'2 ] L1 —
[T o \H — —
E \\ P -:""‘-__tl"]m [—— —
E o8 =1 fs+20q
B
S
[+23 Hota: 4y 15 STEEL STRESS OF SEAWCE —
LOADS N H
4] 421 o8 -2 16 0 Fa 8 30

PERCENTAGE TENSION REINFORCEMENT

Areaof cross - section of see] requaired
Asea o croas -section of steel provided

Fio. 4 Moocamon Facmor rok Tension REMNFORCEMENT

=088,

18
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used the horizontal distance between bars of a
group may be reduced to two-thirds the
nominal maximum size of the coarse aggregate,
provided that sufficient space is lefi between
groups of bars (o enable the vibrator to be
immersed.

Where there are (wo or more rows of bars, the
hire shall be vertically in line and the minimum
vertical distance between the bars shall be
15 mm, two-thirds the nominal maximum size
of aggregate or the maximum size of bars,
whichever is greater.

c)

26.3.3 Marimum Distance Berween Bars in Tension

Unless the calculation of crack widths shows that a
greater spacing iz acceptable, the following rules shall
be applied to flexural members in normal internal or
external conditions of exposure,

a) Heams — The horizontal distance between
parallel reinforcement bars, of groups, near the
tension face of @ beam shall not be greater
than the value given in Table 15 depending on
the amount of redistribution carried out in
analysis and the characterstic strength of the
reinforcement.

b Slabs

1} The horizontal distance between paralle] main
reinforcerment bars shall not be more than three
times the effective depth of solid slab or
WM mm whichever is smaller.

The horizontal distance between parallel
reinforcement bars provided against
shrinkage and temperaturs shall not be more
than five times the cffective depth of a solid
slab or 450 mm whichever is smaller.

2)

26.4 MNominal Cover to Reinforcement

26.4.1 Nowinal Cover

Mominal cover is the design depth of concrete cover
i all steel reinforcements, including links. It is the
dimension wsed in design and indicated in the drawings.
It shall be not less than the diameter of ihe bar.
26.4.2 Nominal Cover to Meet Durability Requirement
Minimum walues for the nominal cover of normal-
weight aggregate concrete which should be provided
to all reinforcement, including links depending on the
condition of exposite described in B.2.3 shall be as
given in Table 16.

26.4.2.1 However for a longitudinal reinforcing
har in a enlumn nominal cover shall in any case pot
be less than 40 mm, or less then the diameter of
such bar. In the case of columns of minimum
dimension of 200 mm or under, whose reinforcing bars
do not exceed 12 mm, a nominal cover of 25 mm may
be used.

26.4.2.2 For footings minimum cover shall be 50 mm.

2643 Nominal Cover to Meet Specified Period of
Fire Resistance
Minimum values of nominal cover of normal-weight

aggregate concrete 1o be provided to all reinforcement
ineluding links to meet specifisd period of fire

resistance shall be given in Table 16A.

26.5 Requirements of Reinforcement for
Structural Members

26.5.1 Beams
26.5.1.1 Tension reinforcement

a) Minimum reinforcement—The minimum area of
iension reinforcement shall be not less than that

Table 15 Clear Distance Between Bars

(Clause 26.1.3)
1, Percentage Redistribution to or from Section Considersd
o | as | 0 +15 [ 43
Clear Distance Between Bars

Nimam? mm man men mm mm
=t Z13 0 0 KL 1] kL]
415 125 [EH 180 210 FEL]
500 105 130 150 175 195

NOTE — The spacings given in the table are not applicable to members subjected to particulardy nggressive environmesis unless in the

calealation of the moment of res f, has been timited to 300 N/mm" in limit state designand o, limited 1o 165 N/mm? in working

stress design.

46
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Table 16 Nominal Cover to Meet Durability Requirements
(Clawse 26.4.2)
Exposure Mominal Conerete Cover in mm net Less Than
hfild 20
Moderats 3o
Kavame A5
Very severe 50
Eatrcive K=
NOTES

I For main remforcement up to 12 mm dinmeter bar for muld exposare the noménal cover may be redeced by 5 mm.
1 Unless specified otberwize, actaal concrete cover should not deviste from the required nominal cover by + 10 o
i}

3 For exposure condithon ‘sevene” and “very severe’, reduction of 5 men may be made, where concrete grads is M35 and ohove.

Table 16A
Nominal Cover to Meet Specified Period of Fire Resistance
(Clauses 214 and 26.4.3 and Fig. 1)

Fire Mominal Cover
Resis- —
tance _ Beums Slaks Ribs Colsmns
Simply Continumas Simply Contisuous Sumply Contimuous
supported supported supparied
h T i mim i e mm o
5 20 X 0 1] 20 20 40
1 1 0 N m 20 H an
1.5 il pail 15 mn as 20 40
2 40 3 3 5 45 a1 40
3 &0 i 45 1% £ 44 dn
4 T 50 55 a5 65 55 4
WOTES
I The nominal covers given relate specifically to the misdmum member dimensions given in Fig. 1,
2 Cases that lie bebow the bald line reguire attention o the sdditional measures necessary 1o seduce te ks of spalling (ree 213,11
given by the following: 26.5.1.3 Side face reinforcement
A 085 Where the depth of the web in a beam exceeds 750 mm,
bd = "}_" side face reinforcement shall be provided along the twe
¥ faces. The total area af such reinforcement shall be not
where leas than 0.1 percent of the web arca and shall bo

minimum area of tension reinforcement.

b = breadth of beam or the breadth of the web
of T-beam,

d = effective depth, and

= characteristic srength of reinforcement in
Mimm?.

b) Madmm reigforcement—The maximum area of
tensson reinforcement shall not exceed 0.04 D,
26.5.1.2 Compression reinfarcement
The maximum area of compression reinforcement
shall not exceed 0.04 AD. Compression reinforcement
in beams shall be enclosed by stirrups for effective

lateral restraint. The arrangement of stirmups shall be
as specified in 26.5.3.2.

47

distributed equally on two faces at a spacing
not exceeding 300 mm or web thickness whichever is
less,

26.5.1.4 Transverse reinforcement in beams for shear
and torsion

The transverse reinforcement in beams shall be taken
around the outer-mest tension and compression bars.
In T-beams and I-beams, such reinforcement shall pass
arcund longitudinal bars located cloac to the outer face
of the flange.

26.5.1.5 Macimum spacing of shear reinforcement

The maximum spmins of shear reinforcement
measured along the axis of te member shall not excesd
0,75 d for vertical stirrupe and d for inclined stirrape
et 45", where d is the effective depth of the section
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NOTES

1 A olumn owy be considensd braced in a given plane if loieral
stability 1o the structore 25 a whobe is provided by walls or
bracing of butiressing designed 1o resist all lateral forces in
that plame. It should otherwise be considered as anbraced
In the case of a braced columm without any transverse loads
accirmag in its heighl, e additional momment shall be sdded
o an mitial modent equal to sum of 0.4 M and 06 M
where M__ 15 the larger end moment and M i5 ihe smaller
end momeat (msamed negative if the column is beat in dowhle
carvotare). In so cose shall the initial moment be: less than
04 Mﬂ nar dhe sl pracul inchliog U mitial poacnd b
Ics.sihlnﬂ'l. For usbraced columns, the additional mament
shall be added to the emd maments.

Unbraced compression members, af any given level or starey,
subject o Luteral load are wseally consirained io deflect
equally. In suCh cases sIENGETEss A0 Tor each columa may
be takem as the awerage for all coluitns acting in the same
direction.

39.7.1.1 The values given by equation 39.7.1 may be
muliplicd by twe following facior:

F.-F
Pa-B
whare
P, = axial load on compression member,
P, = asdefined in 39.6, and
P, = axial load corresponding to the condition

of maximum compressive strain of

(003 5 in concrete and tensile strain of

0,002 in cwter imost layer of tension steel.
40 LIMIT STATE UOF COLLAPSE : SHEAK
4.1 Nominal Shear Stress

The nominal shear stress in beams of uniform depth
shall be obtained by the following equation:

¥
"k
whare

¥, = shear force due to design loads;

b = breadth of the member, which for flanged
section shall be taken as the breadth of
the web, b_; and

d = effective depth.

40.1.1 Beams of Varving Depth
In the case of beams of varying depth the equation
shall be modified as:

Vui%*-lanﬁ

'r =
b bd
whers

1,. ¥, band d are the same as in 40.1,
Mu = bending moment at the section, and

B = angle between the top and the bottom edges

72

of the beam.
The negative sign in the formula applies when the
bending moment M_ increases numerically in the same
direction as the effective depth & increases, and the
positive sign when the moment decreases numerically
in this direction.
40.2 Deslgn Shear Strength of Conerete

40.2.1 The design shear strength of concrete in beams
without shear reinforcement 16 given in Table 19,
#0.2.1.1 For solid slabs, the design shear strength for
concrete shall be k, where & has the values given
below:

Overall Deprh 3000 275 250 225 200 175
of Slab, mm  more less
k 100 1085 110 115 1.20 125 130
NOTE — This provision ghall not appiy to fiat slabs for which
1.6 shall apgly.
40,2, Shear Strength of Members under Axial
Compression
For members subjected to axial compression P, the
design shear strenpih of concrate, given in Table 19,
shall be multiplied by the following factor :

1500r

B=l+ —lu

\ butnot exceeding 1.5
&l
where
P = axiol compressive force in Mewtons,
A_ = gross area of the concrete section in mm?,
and
f, = characteristic compressive strgngth of
concrete.
40.12.3 With Shear Reinforcement

Under no circumstances, even with shear
reinforcement, shall the nominal shear stress in beams
1, execed T, given in Table 20,

40.2.3.1 For solid slabs, the nominal shear stress

shall not exceed half the appropriate values given in
“Table 20,

40.3 Minimum Shear Relnforcement

When 1, is less than t, given in Table 19, minimum
shear reinforcement shall be provided in accordance
with 26.5.1.6.

40,4 Design of Shear Reinforcement

When t, exceeds 1. given in Table 19, shear
reinforcement shall be provided in any of the following
forms:

a) Vertical stimmups,

b} Bent-up bars along with stirrups, and
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Table 19 Design Shear Strength of Concrete, 1,, N/mm?
(Clouses 40.2.1, 40.2.2, 40.3, 404, 40.5.3, 41.3.2, 41.3.3 und 41.4.3)

I-ﬁ- Concrete Grade
M 15 M 20 M 25 M 30 M35 M 4 and shove
i 2y 3 4 (5) (6} i]
<01% nak [ 3] 09 0 (%] nan
0.5 033 036 036 [Er) 037 038
050 .48 [T =] (V] 050 sy
0.75 054 056 057 o5y 0.5 Qb0
1.00 060 062 064 66 0.67 068
125 0.54 [ T7) 070 o7l 073 074
1.50 0.58 L% 074 o7e .78 oTe
175 0.71 078 [ ] 080 082 0.84
2.00 .71 wre a2 LB 086 088
2.25 0.7l oAl [F 5] 0Rg 050 052
1.50 ati [ O o [X3] a%d
2.75 07l 082 [E] 094 0.96 L4
3.0 0Tl 082 o 09 059 Loy

and
above

NOTE — The term A is the area of longitedinal tension reinforcement which comtinwes o least one effective depth beyond the section
heing considerad except af support where the full ares of tension reinforcement may be used provided the detiling conforms to 262 3

and 26.23
Table 20 Maximom Shear Stress, 7, ., « Nimm®
| Clares 40,23, 40.2.3.1, 40.5.1 and 41.3.1 )
Concrete LR bl 3 ¥ 1] M 30 M 35 M 40
Grade and
ahaove

T s M 25 28 1l 15 37 40

¢) [Inclined stirmups, V_='D,E‘Tj;ﬁr_si|1¢l
Where bent-up bars are provided, their contribution where

towards shear resistance shall not be more than half

that nif the tntal shear reinforcement. A = ﬂnl-w s rhhﬁe:gxl ‘Ilr:p
Shear reinforcement shall be provided to camry a shear § = ing of the stirrups or bent- ‘;ug
equal o ¥V, =t bd The suongth of shear reinfone- ) mn'flrn length of the mmhr.:p
ment ¥ shall be calculated as below: t = nominal g
a) For vertical stirrups: T, = design shear strength of the concrete,
0.87F, A, d b = breadth of the member which for
vm=+ flanged beams, shall be taken as the
* breadth of the web b_,
b} For inclined stirrups or a series of bars bent-up f = characteristic strength of the stirrup or
at different cross-sections: 4 bent-up reinforcement which shall not
08TF A d be taken greater than 415 N/mm?,
Vi = ————— [sinax + cosax) @ = angle between the inclined stirrup or
N bent- up bar and the axis of the member,
¢) Fer single bar or single group of parallel bars, not less than 45°, and
all hent-up at the tame croee-eactinn: d = effective depth.
73
TASHI DELEK
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