Indian Forost Service

oo ZCVB-U-CVLE
(Main) Exam, 2021
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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting

questions :
There are EIGHT questions in all, out of which FIVE are to be attempted.

Questions no. 1 and 5 are compulsory. Out of the remaining SIX questions, THREE are
to be attempted selecting at least ONE question from each of the two Sections A and B.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left

blank in the Question-cum-Answer Booklet must be clearly struck off.

All questions carry equal marks. The number of marks carried by a question/part is

indicated against it.

Unless otherwise mentioned, symbols and notations have their usual standard meanings.
Assume suitable data, if necessary and indicate the same clearly.

Neat sketches may be drawn, wherever required.

Answers must be written in ENGLISH only.
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Ql. (a)

(b)

ZCVB-U-CVLE

SECTION A

What is D’Alembert’s principle ?

Two weights 800 N and 200 N are connected by a thread and move along
a rough horizontal plane under the action of a force of 400 N applied to
the 800 N weight as shown in the figure below. The coefficient of friction
between the sliding surfaces of the weights and the plane is 0-3.
Determine the acceleration of the weights and tension in the thread

using D’Alembert’s principle. (Take g = 9-81 m/s?)
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A compound stanchion is made up of two ISMC 250 placed back-to-back
as shown in the figure below with a gap between the adjacent flat
surfaces. Two 36 cm x 1-2 cm plates are rivetted to the flanges, so as to
form a symmetrical box section. Determine the amount of gap if the
column is to carry maximum load. Properties of ISMC 250 are :

Area = 38:67 cm?

Maximum Moment of Inertia = 3816-8 cm*

Minimum Moment of Inertia = 219-1 cm?4

Distance of the centroid from the back = 2:30 ecm



If the effective length of the stanchion is 85 m, calculate the safe

maximum load, the working stress being interpolated from the following
table.

12 cm

36 cm x 1-2 em

R Gap
ISMC 250 |x J:
—>
25 cm b

/lk—— ISMC 250

v /:-: ’:‘_‘:\

36 cm x 1-2 ecm

= 20 | 40 | 60 | 80 | 100 | 120 | 140

Worki t
o lnzgSI'eSS 124 | 120 | 113 | 101 | 84 | 67 | 53
(N/mm?#)

(¢)  What do you mean by plastic hinge and plastic moment ? Determine the
shape factor of a triangular section.

(d) A single riveted lap joint is used to connect 12 mm thick plates. If 20 mm
diameter rivets are used at 50 mm gauge, calculate the strength of joint
and joint efficiency. Use : fy = 260 N/mm?, and power driven field rivets.

Permissible stress in single shear = 80 N/mm?
Permissible stress in bearings = 250 N/mm?

Permissible stress in axial tension in plates = 0-6 fy.
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(e)

500

Q2. (a)
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A rectangular beam of size 300 x 500 mm is used over an effective span
of 80 m. It supports a live load of 20 kN/m. A straight tendon is
provided at an eccentricity of 80 mm below the centroid of the section.

Calculate the minimum prestress required for no tension at live load at

|

mid span. Unit weight of concrete : 24 kN/m3. 8
20 kN/m live load
4300 mm—f
mm | N ; ] A
80
mm
CRES 4
.
8:0 m 7
A gun emplacement on a cliff is as shown in the figure below. The
muzzle velocity is 1000 m/s. At what angle must the gun point be in
order to hit a target at A ? Neglect friction. (Take g = 9-81 m/s?) 10
Gun
200 m

POT7777777777777777777777777777777777777777
A
30 km
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(b)  Design a beam A2-B2 by Limit State method of Design; for flexure at A2
and at mid span and for shear at A2 only. Sketch the section and all

reinforcement at A2 only. 20
86 kKN-m 4 49 kN-m 4 Total Dead Load
/7/1 ////////'/////////// /75BMdiag-‘ram
y Imposed Load (not
-m —»Y 53 kN- g
107kNm /7/l /////////'///////fI/l// /7;ﬁxed)BMdiagI‘am
Ly |
64 kN -»5 i
Total Dead Load
SF diagram
80 kN —>2 +
Imposed Load (not
fixed) SF diagram

Following are the design considerations :

(1) Limit state of collapse : Flexure and Shear

(i1)  Grade of concrete : M 20

(iii)  Grade of reinforcing bars : Fe 415

(iv) Beam width : 300 mm

(v)  Framed structure

(vi)  Nominal cover to reinforcement : 25 mm

(vii) Load combination : Only Dead Load and Imposed Load (not fixed)
(viii) Partial safety factor for Dead Load and Imposed Load : 1-5 each

(ix) Minimum overall depth of beam required is : 700 mm as per site
requirement

(x)  Total depth calculated shall be rounded off to next multiplier of
10 mm.
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(c)
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(xi) Largest depth shall be used and provided.

(xii)) Use 20 mm diameter bar for flexural reinforcement and 8 mm
diameter for shear reinforcement.

(xiii) Spacing of shear reinforcement shall be rounded off to lower
10 mm multiplier.

(XiV)  Tpax = 28 N/mm?

0-87f .A_d
xv) Vyg= z
s
v
: Mu, lim
(xvi) WP = 0-1389 £,
(xvii) Percentage reinforcement p; for M 20 and Fe 415 shall be :
M
ﬁ 1:04 | 1-10 | 1-50 | 1-:80 | 2:0 | 2-12 | 2-22 | 2-30

pt% |0-311|0-327|0-460|0-565|0:640 |0-678|0-717|0-757

(xviii) Design shear strength of concrete 1. shall be :

7. N/mm? 0-51 | 0-55 | 0-567 | 060 | 0-62

p, % 0:60 | 0-70 | 0-80 | 0-90 | 1-00

ASV S 040
(b)s,) ~ 087f

(xix) Minimum shear reinforcement

Design a single angle section for a member of a roof truss to carry a

tension of 195-:00 kN. Following parameters may be used :

fy = 260 N/mm?2, Oqt = 06 (fy), Rivet diameter = 180 mm,
ISA : 70 x 70 x 10, A = 1300 mm?, ISA : 80 x 80 x 12, A = 1780 mm?,
ISA:90 x 90 x 12, A = 2020 mm?Z.

B

10



Q3. (a) Analyse the frame shown in the figure below by column analogy method

and draw bending moment diagram. (Take EI = constant) 15
120 kN
2m
B : ’lC
v 3
(EI = constant) '[
4 m 4 m
X 777TA Wﬂi
Ak——8m 5 D

(b) A long strip of steel of uniform width and 3 mm thickness is laid on a
level floor, but passes over a 40 mm diameter roller lying on the floor, at
one point, as shown in the figure below.

For what distance on either side of the roller will the strip be clear off
the floor and what will be the maximum bending stress induced ? Take
weight of steel as 7-8 x 10~ N/mm? and E for steel as 2 x 10> N/mm?2. 15

40 mm

7T T T T 7T 777 777 77777 777 77

Roller

Level floor
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(c) A staircase as shown in the figure below is supported at ends of flight.
Sketch the details of all the main reinforcement and distribution
reinforcements. Also mark the tentative position of development and lap

length. (Note : Given figure may be used for sketching the reinforcement
details) 10

‘LFloor level

A

Intermediate
landing

v

l, Intermediate
] ~ landing

Plinth
level

Footing
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Q4. (a)

(b)
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Generate the flexibility matrix for the structure with coordinates as
shown in the figure below. (Take E = constant)

j l@

A r 3
(I, A) 1

S SS

(41, 2A)

—
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Sle
o
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L
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Also mention the relative merits and demerits of force and displacement
methods.

A steel plate girder simply supported at two ends has an effective span
of 20 m. The girder has been fabricated as shown in the figure below.
Total uniformly distributed load (dead load + live load + impact load) on
the girder is 150 kN/m.

Calculate stresses in compression and tension flange and check the
shear stresses.

—500 mm ——+
Wi 16 mm
7,16 mm
\ J K

2 Nos ISA —— > J
200 x 100 x 15 mm |

1800 mm | 2000 mm

v

12 mm —

- 7
2 Nos ISA N \‘
200 x 100 x 15 mm ~

7: 16 mm
:L 16 mm

Following parameters may be used :

(1) fy, = 260 N/mm?

(ii)  Permissible stress in compression flange = 160 N/mm?

9

15

10



(c)
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(iii)  Net flange area provided in tension flange = 24642 mm?
(iv)  Gross flange area provided in compression flange = 28556 mm?

(v)  Moment of inertia of the complete section

= . -4 4
IX-X = 57366422 x 10* mm

(vi)  Permissible shear stress = 104 N/mm?2

)

r <— Column

‘LFooting

 Net upward
soil reaction
200 kN/m?2

(o) | ]

S
B

3:0m -

05 m —-——

4
!

A square column of size 500 x 500 mm is transferring load to the
square footing as shown in the figure above. Net upward soil reaction of
200 kN/m? is acting on the footing. Design the footing for flexure, one
way shear and two way shear. Also sketch the section and all the
reinforcements.

F— 3

m —
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