mnuE EREH

Leading Institute for ESE, GATE & PSUs

ESE 2026 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Civil Engineering
Test-4: Section A : Design of Concrete and Masonry Structures (All Topics)

Section B : Strength of Materials-1 + Highway Engineering-2
+ Surveying and Geology-2 [Part syllabus]

Name ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Roll No:
Test Centres Student’s Signature
Delhi t/ Bhopal [ ] Jaipur [ ] .
Pune[ ] Hyderabad ]
Instructions for Candidates
Question No. Marks Obtained
1. Do furnish the appropriate details in the Section-A
answer sheet (viz. Name & Roll No).
: el Q1 Ly
2. There are Eight questions divided in TWO c
sections. Q2 L‘{:f
3. Candidate has to attempt FIVE questions Q3
inallin English only. Q4 —_—
4. Question no. 1 and 5 are compulsory Section-B
and out of the remaining THREE are to
be attempted choosing at least ONE Qs _3 ﬂ
question from each section. Q6 =
5. Use only black/blue pen. Q7 S0
6. The space limit for every part of the Q8
question is specified in this Question Cum
Answer Booklet. Candidate should write Total Marks 2 2 \F
the answer in the space provided. Obtained

7. Anypage or portion of the page left blank
in the Question Cum Answer Booklet Signature of Evaluator Cross Checked by
must be clearly struck off.

8. There are few rough work sheets at the [/g/g_,_ﬂ_—-— ............................

end of this booklet. Strike off these pages —
after completion of the examination.

Corp. office : 44 - A/1, Kalu Sarai, New Delhi-110016 Ph: 9021300500 | Web: www.madeeasy.in

[ ch{j_wp i




IMPORTANT INSTRUCTIONS

CANDIDATES SHOULD READ THE UNDERMENTIONED INSTRUCTIONS
CAREFULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.

DONT'S

1.

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3. Write legibly and neatly.

4. For rough notes or calculation, the last two blank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any work, draw your pen through it or write "Cancelled" across it,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.



MBDE ERSY Question Cum Answer Booklet | Page 1 of 77

Do not
write in
this margin

Q1(a)

on A : Design of Concrete and Maso es (A 1]

Explain the reasons for the following:
(i) Ordinary mild steel cannot be used for prestressed wires.
(ii) Lossdue to elastic shortening in post-tensioned beam is less than that in pretensioned
beam.

(iii) Deflection of prestressed beams with tendons provided as a parabolic profile

compensates part of dead load deflections.
[12 marks]
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Q.1(b)

A simply supported rectangular reinforced concrete (v, = 25 kN/m) beam of size
350 mm x 700 mm {overall depth) and has a effective span of 9 m. It is reinforced with
5 bars of 20 mm diameter at bottom with an effective cover of 50 mm. Determine the safe
uniformly distributed live load Use: Limit state method that the beam can carry. Take
M20 grade of concrete and Fe 415 grade of steel.

’(e‘m -gqm [12 marks]
o ’KO:‘LG kN ms o I
Fo0 o S_XTT_%Q_.OQ“': ‘5,70.796 e
h
sdase ] 5—1(30?(
EC?Z:GOm ol.=.700-38 RSO
350 A
M2 0 /Fe4ls
I L8
C:_‘—_r’ Oag,_lx.‘;‘jxpfs"c'
036x‘f'ckx8x,xu# 796
L,]gx 1%70'
@871 -




IMBDE ERSY Question Cum Answer Booklet |

Page 3 of 77

Do not
write in
this margin

k= Fo0
Qlu)hm

quss"o _ 1100+037Hy

312 ™ (® fy=as

___, URs gechod

g <% i o Oqlgux)

_ o.4%

X 225 )




MBEDE ERSY Question Cum Answer Booklet . | Page 4 of 77

Do not
write in
this margin

Q1(c)

+

A simply supported rectangular prestressed concrete beam has a cross-section of
300 mm x 500 mm. It carries a superimposed service load of 8.5 kN/m over an effective
span of 12.0 m. The beam is prestressed by a cable with a parabolic profile, having an
eccentricity of 100 mm at the mid-span and zero eccentricity at the supports. The initial
prestressing force is 650 kN. Assuming the unit weight of concrete is 24 kN/m? and the
total loss of prestress is 15%, determine the stresses in beam at transfer and service
stages at mid span of beam.
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Q.1(d)| Determine the limiting moment of resistance for a T-beam as shown in figure below ‘
using the Limit State Method.

Grade of concrete: M-15
Grade of steel: Fe-415

—— 1500 mm ——
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Q.1 (e)

A reinforced concrete short column of 480 mm diameter is reinforced with 6 numbers of
20 mm diameter bars of steel of grade Fe 415 and 8 mm diameter helical reinforcement
with a pitch of 75 mm. Compute the maximum load-carrying capacity of the column if
the concrete used is of grade M25. Assume a nominal cover of 40 mm to the helical

reinforcement.
B = ExTLynO [12 marks]
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Q.2 (a)

(i) A cantilever beam of effective length 2.5 m is constructed usingﬂ the cross-section
shown in the figure. The beam is reinforced with 6 bars of 16 mm diameter placed
at an effective cover of 40 mm from the face. Using the Limit State Method, determine
the maximum factored uniformly distributed load inclusive of self weight, that the
beam can carry safely. Take: grade of concrete: M20, grade of steel: Fe415. Check in

limit state of flexure only.
b= 160 —t—180—+= 160 —~
Z’ : T
-'—0 o e T * 9 o
316¢ | 3-16 ¢
500
| 500 -

(All dimensions are in mm)

Explain the following with proper reasoning based on limit state design principles

of reinforced concrete:

1. Why under-reinforced sections are preferred over over-reinforced sections in

flexural members.

2. Why minimum reinforcement is pronded in beams and slabs even when

bending moment is very small.

3. Why maximum reinforcement is limited in beams as per codal provisions.
4. Why shear reinforcement is required even when concrete has some shear
strength.

[12 + 8 = 20 marks]
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Q.2 (b}

Design a rectangular reinforced concrete beam to resist a factored bending moment of
414 kNm. The beam has a width of 300 mm and an overall depth of 600 mm. An effective
cover of 50 mm is provided to both the tension and compression reinforcement. The beam
is constructed using M20 grade of concrete and Fe 415 grade of steel. Use Limit state
method.

Design stress ~ Strain table For Fe-415

Design stress [ 0.80 £, [ 0.85 £, [ 0.90 £, | 0.95 £, [ 0.975 £, | 1.00 £,,
Strain | 0.00144 | 0.00163 | 0.00192 | 0.00241 0.00276 | 0.00380
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Q.2(c)
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A rectangular prestressed concrete beam of size 450 mm % 900 mm is simply supported
over aspan of 15 m. The beam is prestressed using a parabolic cable having an eccentricity
of 150 mm at the supports and 350 mm at mid-span. The initial prestressing force applied
is 2200 kN. The beam carries a live load of intensity 15 kN/m. The modulus of elasticity
of concrete is 36 kN/mm? and the unit weight of concrete is 25 kN/m?. Estimate the
initial mid-span deflection due to prestressing force and dead load and also determine
the final deflection assuming 15% loss of prestress. Also derive the deflection formula

due to prestressing force.
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Q3(@)

Design a short rectangula_r reinforced concrete column of size: 400 mm x 600 mm to

resist a factored axial load P, = 1600 kN and a factored uniaxial bending moment
M, =250 KN-m a‘cﬁﬁg about the major axis. The reinforcement is to be distributed equally
on all four sides of the column. The unsupported length of the column is 3000 mm. Use

the following material properties: take M25 mix, Fe500 steel and effective cover as 60 mm.

Relevant chart from SP 16 is enclosed.

Chart 48 COMPRESSION WITH BENDING - Rectangular
Section-Reinforcement Distributed Equally on Four Sides

td T T T .
fy =500 N/mm? /D =010
13 +—D—A-
T' a e &l ad
° L 3
" ni 13 B = | A= PbD/100
TER 8 08 i | o s
"o ajns
14 - - - l*{H—d’ “_ P
axis of bending .
’

04

[20 marks]
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Q.3(b}| A simply supported reinforced concrete T-beam is required to span 6 m. The beam has
a effective flange width of 1500 mm, a flange thickness of 150 mm, and a web width of
600 mum. The overall depth of the section is 600 mm with an effective depth of 550 mm.
The beam is reinforced with 4 bars of 25 mm diatheter in the tension zone. No compression
reinforcement is provided. The materials used are M25 grade concrete and Fe500 grade
steel. The beam is subjected to a total sustained (Including self weight) service load of
40 kN/m. The total long-term deflection, accounting for Immediate short-term deflection
and additional deflection due to creep using a creep coefficient of 1.6. Ignore deflection
due to shrinkage. Finally, verify if the total deflection is within the permissible limit of
Span/250 keep the. Over there the given total service load includes the self weight.
Take elastic modulus of steel E_= 200 GPa. '
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IS 456 : 2000
ANNEX C
(Clauses 22.3.2,23.2.1 and 42.1)
CALCULATTON OF DEFLECTION

C-1 TOTAL DEFLECTION

C-1.1 The o1al deflection shall be taken as the sum of
the short-lerm deflection determined in accordance
with C-2 and the fong-term dellection. in accordance
wilh C-3 and C-4.

.C-2 SRORT-TERM DEFLECTION

C-2.1 The short-lerm defleclion may be caleilated by
the usual methods for elastic deflections using the
short-term modulus of elasticity of conerete, E. and
an effective moment of inertia /, given by the
following equation:

For continuous beams, deflection shall be calculated
using the values of 1, [_and M modified by the
following equation:

X, =k [31—‘;—51]+(1 - k)X,

where

ot
]

modified value of X, i
= values of X at the supports,

o
e e
u

value of X at mid span,
, = coefficient given in Table 25, and
X =

r

valuc of f, I or M, as appropriate.

I i B C-3 DEFLECTION DUE TO SHRINKAGE
4 s ——— o ———i
« 12 - M £[| _.‘,Jf’l C-3.1 The deflection due to shrinkage a_ may be
Md\ d/b compused from the following equation:
L<lgsi, ag =k ¥, 1
where
he
hete L ) k, is & constant depending upos the suppon
1= momest of inertia of the ¢racked section, conditions
. Ju 0.5 for cantilevers,
M, = cracking moment, egual to where .
0.125 for simply supporied members,
£, 1% the modulus of rupture of concrete. 0.086 for members continuous at one end,
4, is the moment of inertia of the gross and
section about the centreidal axis, .
neglecting the reinfercement, and y,is the 0.063 for fully continuous members.
. A . : c
dmz_mcc feom _»cmrmdal_ axis of gross W, is shrinkage curvature cqual to k, =
sectinp, neglecting the reinforcement, o D
extieme fibre ja tension, where £, 15 the uhimate shrinkage strain of concreie
Af = maximum momert under service loads, (ser 6.2.4),

2= leverarm,

1 = depih of neulral axis.
effective depth,

b = breadth of web, and

k=072x A=K g10for025¢P-P <10
A

=065x fuj_&s 1.0 for - P2 1.0
£

h = breadth of compression (ace.
Table 25 Values of Coefficient, k,
{Clause C-2.1)
X, 95 or less e o7 .3 09 1.0 L1 12 13 14
& a 0.01 G008 0,16 430 0.50 011 0.9t 0 10
NOTE— L, is given by
he M) + M,
Mp+ M,
where
M. #, = support moments. and
M M, 2 hied end momenn.
[20 marks]
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Q.3 (c)

(i)

A reinforced concrete beam of rectangular cross-section 250 mm x 500 mm has a

clear cover to reinforcement of 25 mm. At the support, the tension reinforcement

consists of 4 numbers of 20 mm diameter Fe 415 steel bars. The support transfers a

factored shear force of 150 KN to the beam. Design the spacing of two-legged 8 mm

stirrups. Concrete grade is M20. Use the given 7, values.

= 10.75]1.00|1.25
bd
1. (MPa) | 0.56 | 0.62 | 0.67
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(ii) A rectangular reinforced concrete beam has a width of 300 mm and a total depth of
600 mm. The tension reinforcement consists of 4 bars of 25 mm diameter at an
effective depth of 550 mm. The section is composed of M20 grade concrete and
Fe415 grade steel. Given the permissiblé compressive stress in bending ¢, .is 7.0 MPa,
determine the maximum stresses developed in the concrete and the steel
reinforcement when the section is subjected to an applied bending moment of
45 kNm.

[10 + 10 = 20 marks]
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Q.4(a) | Design the vertical and horizontal reinforcement for the stem of a cantilever retaining
wall to retain a level earth bank. The stem has a constant width and a height of 5.0 m
above ground level. Sketch the reinforcement details showing the arrangement of the
bars. Take M-25 grade of concrete and Fe 415 grade of steel. Also check in shear. Assume

wall is safe is stability.
= S FLaY
¢ =30°
- 3
sm ¥ 18 kN/m
GL
] ]

Unit weight of back fill soil (y): 18 kN/m?
Angle of internal friction (¢): 30°

Effective depth (d): 450 mm

Clear cover: 50 mm

Main reinforcement: 16 mm diameter bars

Secondary reinforcement: 12 mm diameter bars
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(Design Shear Strength of Concrete, 7, N/mm?

100 Ay
bd

ey
<0.15
0.25
0.50
0.75
1.00
125
1.50
1.75
2.00
2.25
2.50
275
23.00

Concrete Grade

M 15
)
0.28
035
0.46
0.54
0.60
0.64
0.68
0.71
0.71
0.71
0.71
0.71
0.71

M 20
)
0.28
036
0.48
0.56
0.62
0.67
0.72
0.75
0.79
0.81
0.82
0.82
0.82

"M25

@)
0.29
0.36
0.49
0.57
0.64
0.70
0.74
0.78
0.82
0.85
0.88
0.90
0.92

M 30
)
0.29
0.37
050
059
0.66
0.71
0.76
0.80
0.84
0.88
091
0.94
0.96

M 35 M 40 and above

©)
0.29
037
0.50
0.59
0.67
0.73
0.78
0.82
0.86
(.90
0.93
0.96
0.99

—_—

)
0.30
0.38
0.51
0.60
0.68
0.74
0.79
0.84
0.88
0.92
0.95
0.98
1.01

[20 marks]
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Q.4(b)| Design a square footing for a column load of 1500 kIN at service from a 400 mm square
column containing 8 bars of 20 mm diameter. The bearing capacity of soil is 120 kN /m?2.
Use M25 grade concrete and Fe 415 grade steel, load factor = 1.5. Shear strength of
concrete = 0.35 MPa. Design for bending and shear only. Development length check is

not required. Show the reinforcement detail. Assume diameter of main bar = 16 mm.
[20 marks]
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Q4(c) | A four-storeyreinforced concrete (RC) office building located in seismic zone VI is shown
in the figure. The RC frames are infilled with brick masonry. The lumped weights due to
dead loads are 12 kN/m? on the floors and 10 kN/m? on the roof. The floors must cater
to a live load of 3 kIN/m? on the floors and 1.0 kN/m? on roof. Calculate the design
seismic load on the structure at different storeys using Linear Static (Equivalent Static)
analysis, along y-axis. Assume the foundation of the office is laid on the fresh rock.
Zone factor Z =024

Importance factor I = 1.2

Response Reduction Factor R =5

3.0 T T T i 1 T

Type I {Rock, or Hard Sotl)
Type 1T {Medium Seil)

/ Type I (Soft Soil) i

25

20

Spectral Acceleration Coefficient (5,/g)

1.5 .
1.0 .
0.5 s
O 1 | i | I | 1
0 05 10 15 20 25 30 35 40
Period (s)
y-axis
T
T
{
4m Plan
1 = x-axis
k=5 m—t+-5 m—>5 m—-5m—

p———d=20m ———=

W
8

w
3

G2

b O e 0 i 02 1

3

w

3

ELEVATION

|
l
I
-
|
=
|
-
]

[20 marks]
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Section B : Strength of Materials-1 + Highway Engineering-2 + Surveying and Geology-2

Q.5 (a) | A steel beam of cross-section 60 x 60 mm and span 1000 mm is subjected to impact loading

as shown in the figure. A mass of 15.3 kg falls freely from a height of 75 mm above the

beam at midspan.

Determine the maximum instantaneous deflection and the maximum bending stress in

the beam for the following cases:

1.  When the beam is supported on rigid supports

2. When the beam is supported at both ends by springs, each having a stiffness of
k =200N/mm

Take the modulus of elasticity E = 200 GPa

500 |
& m=153 kg

754 4 ‘
& 3

f————— L=1000 mm ———=

Ll.l.l
I'V"

[12 marks]
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Q.5(b)| A load of 10 kN acts on a cast iron bracket as shown in figure below. Determine the
stresses at extreme fibre of section AB.

:‘%wm

fe— 150 m —+
Section at AB

[12 marks]
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Q.5(c)

The corner of an existing building is 10 m from centre line on a curved portion of two-
lane highway. Considering the stopping sight distance, what is safe operating speed if
the radius of curve measured from centerline of road is 160 m? Lane width is 3.5 m.
Assume reaction time of driver as 2.5 sec, longitudinal friction coefficient as 0.40 and
length of curve is greater than stopping sight distance.

[12 marks]

R:}6Om o
3.5 e e S
L WhEm

¥ ,T’ ol o =25
\TOL:!‘TS‘M £=04.
0™

-

(‘) SSD: O" f)__gélx_?
o D
(2) or \Jﬁi # ﬂ
R—-d)cosf‘“_
o ¥
cos of
e 20 5
to = t6o ( ')\. o(.: \
i e = o)
i-‘:‘_" ‘g 58 £ ————m‘—
0 e
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Q.5(d)| A new 4-lane divided highway is planned for a high-traffic corridor. A commercial
vehicle survey conducted this year indicates an Average Daily Traffic (ADT) of 2,500
commercial vehicles per day (CVPD) in both directions combined. The construction of
the pavement is expected to take 2 years, during which the traffic is projected to grow at
a rate of 7.5% per annum. The highway is designed for a service life of 15 years post-
construction. Due to shifting economic conditions, the traffic growth rate is expected to-
remain at 7.5% per annum for the first 10 years of operation, then increase to 9% per
annum for the final 5 years. An axle load survey reveals a mixed vehicle composition:
40% of the commercial vehicles have a Vehicle Damage Factor (VDF) of 3.5, while the
remaining 60% have a VDF of 5.5. For the design of each carriageway, use a Lane
Distribution Factor (LDF) of 0.75. Calculate the total design traffic in Million Standard
Axles (msa). Assume any other detail as per latest IRC code.

S ota 365((‘+r)n_]) 2 B ABAEA LSF [12 marks]
MR S

\\4

D':O"-]gﬂ
_ 365 GDxLSF
IOg
gt
AF=
SUAETEL e
#-1889‘0629 €0:0'7g}
s
MSQ FOY :ijeC”

- g39-06% ] x ‘075"

- 36% [l_;-(j‘_aé_) '] X(Q i
Ei="

W/ € s

(W
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Q.5(e)

An aerial survey is to be conducted over a rectangular area of 30 km x 15 km. The scale
of the photographs is 1: 15,000, and the size of each photograph is 23 cm % 23 cm. The
flight is planned with a longitudinal overlap of 60% and a side overlap of 30%. Determine

the total number of photographs required to cover the entire area.
[12 marks]

] e
~ il

kkr =l
KRS pojgo /
[D%: 30‘/~

3

A hs BO)HO(M) )

No: O o O‘P = T
?ﬂR&P%'gug )

3
goKlO D %100 cm APy
23 x15000X (|>0-6) €™
| ajeT8gits \
-2 o

02 +‘

:23'

- AR
No-o% row dbsCi= P, '

e x10° C™ ]
Q3 xlgIOOO(l"O‘B)

—

g 201 4

\

o

h =
AV

“lotal
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Q.6 (a}| (i) Atapointinamaterial, the stresses forming a two-dimensional system are shown below:
o, = 30MPa
1., = 20MPa

o, = 50MPa

sz ﬁl_
05‘
Using Mohr's circle of stress, determine the magnitude and direction of the principal

stresses. Also, determine the value of maximum shearing stress.

(ii) A circular steel rod AB of diameter d, length L and modulus of rigidity G is loaded as
shown is figure. A rigid bar BC of length b is rigidly fixed to AB at B such that BC is
perpendicular to AB and lies in the horizontal plane. Find the deflection of point C due to
1. Bending of AB

2. Torsion of AB . I L
&

3. Combined bending and torsion’

[10 + 10 = 20 marks]
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Q.6(b)

(i) Two tangents intersect at a chainage of 1250 m. The angle of intersection is 150°.
Calculate all the necessary data for setting out a curve of 250 m radius by deflection

angle method. The peg intervals may be taken as 20 m.

(ii) Explain the field procedure for setting out curve by the radial offset method.

[14 + 6 = 20 marks]
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Q6 (c)

(1)

(i)

Describe the relationship between traffic speed and density as per Green shield
model. What will be the maximum capacity of the flow and when do that occurs?
Sketch the relevant curves.

For the planar structures shown in the figures, find the reactions and determine the
axial forces P, the shears V, and the bending moments M caused by the applied
loads at sections a-a, b-b, etc., as specified. Magnitude and sense of calculated
quantities should be shown on separate free-body diagrams. When sections such as
a-a and b-b are shown close together, one section is just to the left of a given
dimension, and the other is just to the right.

. 4 kN
2
alfle . d
; 1
1 _A_ ﬂ:b clild £
F—4m—f—4dm—-3m—-}-3m—|

[10 + 10 = 20 marks]
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Q.7(a)

(i) Inrunning fly levels from a BM of RL 250.00 m, the following readings (in m) were
obtained:

BS.| 1315|2035 (1.980 | 2.625
FS.|1.150 | 3.450 | 2.255

From the last position of the instrument, five pegs at 20 m interval are to be set out
on a uniform decreasing gradient of 1 in 40. The first peg is to have a RL of 249.445 m.
Work out the staff readings for setting the tops of the pegs on the given gradient.
Show complete calculations.
(ii) Explain the procedure for the two point problem in plane table surveying.
[12 + 8 = 20 marks]

1-315
)
250
(RL), = 849-446™ - s
/
_/oyg.-4u45 + . %20
(RL knghyment = (QL)PfL AR 'y e

/
£

S5 ggqs_" y,
(0] gurent = 200945

[ RDa = (R st
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Q.7 (b)

e %

(i) A bituminous mix specimen for a highway project was prepared in a laboratory.
The constituent proportions and their respective specific gravities are detailed in
the table below. The laboratory compacted the specimen to a final weight of 1150g
with a measured volume of 490cc. Assuming that the absorption of bitumen into
the aggregate is negligible, perform a complete volumetric analysis.

Constituent WeightinMixBatch (g) | Specific Gravity (G)
Coarse Aggregate 1250 2.66
Fine Aggregate 950 2.58
Mineral Filler 200 2.72
Bitumen 120 1.03

Calculate the following parameters:

Theoretical Maximum Specific Gravity (G,).

Bulk Specific Gravity (G, ) of the compacted specimen.
Percent Air Voids (V).

Percent Volume of Bitumen (V).

Voids in Mineral Aggregate (VMA).

Voids Filled with Bitumen (VFB).

S U o

(if) Also draw the typical curves of stability value, Flow value, VMA and air voids
against binder content.

= 3 - ; - [12 + 8 = 20 marks]
(@)G—H: = \/\7“1: i
Wen i Wegp e We ks it B8
O Grem e S
2 O

1260 + 950+ 200+ /
O

1260 ;. 950  p00. T -
9—_66 Q.S-g «Q‘j?' s

) 45 1.
Gy = 0.45099 2 n

—

w oL 1150 _ Q-"?’M

») (g = W 498 7]
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Q.7 (o)

A beam ABC of length 9 m has one support at the left end and the other support at a
distance of 6 m from the left end. The beam carries a point load of 6 KIN at the right end
and also carries a uniformly distributed load of 2 kN/m over a length of 3 m as shown in

Figure. Determine the slope and deflection at point C and D.
Use Macaulay’s method.

Take E = 2 x 10° N/mm? and I = 5 x 108 mm®.

6 kN
2kN/m
P YNV & c
[ fe—-3m
6m 3m !
Ry Ry
[20 marks]
O GkN
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Q38 (a)

(i} A pair of overlapping vertical aerial photographs were taken with a camera having
a focal length (f) of 150 mm. The flying height (h) was 2,500 m above sea level, and
the air base (B) was 900 m. The photo coordinates (in mm} measured for two points,

A and B, on the left (L) and right (R) photographs are given below. The x-axis is

parallel to the flight line.
Point | x, (mm) | ¥y, (mm) | x; (mm)
A 45.20 52.60 -38.40
B 22.50 -40.10 -52.30
Determine:

1. The elevations of points A and B.

2. The horizontal ground distance between A and B,

3. The gradient (percentage slope) of the line connecting A and B.

(if) State the difference between map and photo.

[15 + 5 = 20 marks]
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- Q.8(b)| The width of a carriage way approaching an intersection is given as 16 m. The entry and
exit width at the rotary is 10 m. The traffic approaching the intersection from the four
sides is shown below. Calculate the capacity of rotary using the given data. (Assume
suitable assumptions as per IRC guidelines)

N

AN

410 505 470

570 325
W 600 @ 400 > E
712 390

280 550

150 \l/

S
[20 marks]
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Q.8 (c)| Two rectangular plates, one made of steel and the other of aluminium, each of size 50 mm
wide and 12 mm deep, are placed together to form a composite beam of total depth
24 mm and width 50 mm. The beam is simply supported over a span of 1.2 m, with the
aluminium plate placed on top of the steel plate. Determine the maximum central load
that can be applied if:
(i) The two plates are not connected and hence bend independently.
(i) The two plates are firmly secured throughout their length and act as a composite

beam.

Maximum allowable stress in steel = 120 N/ mm?

Maximum allowable stress in aluminium = 80 N/ mm?

Modulus of elasticity of steel, E_= 2 x 10° N/mm?

Modulus of elasticity of aluminium, E, =7 x 10 N/mm?

[20 marks]
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