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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.
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rough notes should be crossed through afterwards.
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6. Handover your QCAB personally to the invigilator before leaving the examination hall.
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(i) Write the comparison of ultimate load method and elastic theory method.

(ii} A singly reinforced concrete beam of rectangular section is of breadth equal to half
of its effective depth. Determine the area of tension steel required to resista bending
moment of 6 tm.

(Take: o, =50 kg/cm?, o, = 1400 kg/cm?, m = 18).
[6 + 6 = 12 marks]
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Q.1(b)

A concrete beam of 10 m span, 100 mm wide and 300 mm deep is prestressed by a cable
with cross-sectional area of 200 mm?. The cable profile is parabolic with an eccentricity
of 50 mm above the centroid of the section at the supports and 50 mm below at mid-
span. If the cable is tensioned from one end only, estimate the percentage loss of prestress
in the cable due to effect of friction. Assume p = 0.35 and k = 0.0015 per metre.

= 2 B “V
50 mmT Cable 200 mm

'r 10m |
[12 marks]
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Q-1 (o)

Qe

Determine the anchorage length of bars at the simply supported end of reinforced concrete
beam as shown below, if it is subjected to an ultimate shear force of 300 kNN at the centre
of support. Assume M20 grade concrete and steel of grade Fe415.

[Take 1,;=1.92 N/mm?]

L | A

Y

% x 200 ~300+

—_— (All dimensions are in mm)

300
[12 marks]
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Q.1(d)

D

A T-beam of effective flange width 1300 mm, flange thickness 100 mm, rib width 275 mm
has an effective depth of 550 mm. The beam is reinforced with 5 bars of 25 mm diameter.
Find the ultimate moment of resistance by the limit-state method. Use M15 grade of
concrete and Fe415 steel.

[12 marks]
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(i) Describe light weight concrete or foam concrete.

(ii) Briefly explain how underwater concreting is done?
[7+5 =12 marksj
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40

Determine the ultimate moment of resistance of the doubly reinforced section as shown
in figure below. Assume M20 concrete and Fe415 steel.

|-—300mm —] —_L

45 mm

700 mm

4-25¢ AL
o--0--0--¢ | L

y 45 mm

-

Strain, €, 0.00000 | 0.00144 | 0.00163 | 0.00192 | 0.00241 | 0.00276 | = 0.00380
Stress, £ (MPa) | 0.0 2887 | 3067 | 3248 | 3428 | 3518 360.9

[20 marks]
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State the assumptions made while analyzing the reinforced concrete beam using
Limit State Method as per IS 456:2000 Code.

(ii) A short RCC column 400 mm x 400 mm is provided with 8 bars of 16 mm diameter.
If the effective length of the column is 2.25 m, find the ultimate load for the column.

Use M20 concrete and Fe415 steel.
[10 + 10 = 20 marks]
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Q-2 (q)

PR

Design the reinforcement in a column of size 450 mm % 600 mm, subjected to an axial

load of 2000 kN under service dead and live loads. The column has an unsupported

length of 3.0 m and is braced against side sway in both directions. Use M20 and Fe415.
[20 marks]
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Q.3 (a)
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Design a two way slab of 4 m x 5 m size. Slab is subjected to a superimposed load
of 8 KN/ m?. Self weight should be included as per depth and weight of finishes. Depth
should satisfy the deflection criteria as mentioned in IS 456:2000. For the given end

condition as shown in figure, values of o, and a, for positive and negative moments as

per IS 456:2000 are as follows:

o, o,
+ve moment at mid span 0.047 0.035
-ve moment at ends 0.062 0.047

Calculate the reinforcement required at mid span for positive B.M. in both the directions.

Use M20 concrete and Fe415 steel. [Assume modification factor (k,) for tension
reinforcement = 1.6, as per IS 456:2000].

[20 marks]
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Q.3 (b)

The size of a RC column is 400 mm % 600 mm. The column has to support a dervice
load of 1500 kN. Find out the effective depth of foundation for this column if safe
bearing capacity of the soil is 160 kN/m?. Use M25 grade concrete and Fe500 steel. The
width of the footing in one of the direction can not exceed 2.5 m and the value of
design shear strength of concrete corresponding to minimum tensile reinforcement for
M25 is 0.29 N/mm?2. Use Limit State Method. For an effective cover of 60 mm, what is
the total depth of foundation?

[20 marks]
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Q.3 (¢)| (i) Enumerate the situations in which doubly reinforced concrete beams become
necessary. What is the role of compression steel?

(ii) A prestressed concrete sleeper produced by pretensioning method has a
rectangular cross-section of 300 mm x 250 mm depth. It is prestressed with
9 numbers of straight 7 mm diameter wires at 0.8 times the ultimate strength of
1570 N/mm?. Cut of 9 wires, four are placed at top at a distance of 40 mm from top
and balance five wires are located at bottom at a distance of 40 mm from bottom of

beam. Estimate the percentage loss of stress due to elastic shortening of concrete.
[Take m = 6].

$40 mm

250 mm

[8 + 12 =20 marks]
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Q4 (a)

Aar

Determine suitable dimensions of a cantilever retaining wall, which is required to support
a 4.0 m high bank of earth above the ground level on the toe side of the wall. Consider
the backfill surface to be inclined at an angle of 15° with the horizontal. Assume good
soil for foundation at a depth of 1.25 m below the ground level with a safe bearing capacity
of 160 kN/m?. Further assume the backfill to comprise granular soil with a unit weight
of 16 KN/ m? and an angle of shearing resistance of 30°. Assume the coefficient of friction
between soil and concrete to be 0.5.

[20 marks]
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A rectangular beam section of 300 mm width and 500 mm effective depth is reinforced
with 5 bars of 20 mm ¢, out of which 2 bars have been bent at 45°. Determine the shear
resistance of the bent up bars and additional shear reinforcement required if it is subjected
to ultimate shear force of 300 kN. Also show the reinforcement details. (Use M20 grade
of concrete and Fe415 steel)

Design shear strength for M20 grade concrete:

1004y 1050|075 | 1.00 | 1.25
bd
t.(N/mm?) | 0.48 | 056 | 0.62 | 0.67
[20 marks]
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A post-tensioned prestressed concrete beam spans 20 m and carries a uniformly
distributed live load of 12 kIN/m covering the entire span besides its own weight. The
cross-section of beam at mid span is as follows:

Top flange : 500 mm x 150 mm

Web : 150 mm x 650 mm

Bottom flange : 300 mm x 200 mm

The prestressing force is applied by cables of total area 1385.44 mm? stretched initially to
1100 N/mm? and located at 100 mm from the bottom edge of the beam. Determine the
stresses in the beam at transfer and at final stage of loading at mid span. Assume 15%
loss of prestress in final stage. (Take density of concrete as 24 kN/m?)

[20 marks]
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Section B : Design of Steel Structures

In the bracket connection as shown in the figure, the bracket plate of 10 mm thickness
is connected to column whose flange thickness is 9.1 mm. The bolts used are 20 mm
diameter of grade 4.6. Calculate the safe load P that can be carried by the bracket
connection. (Use grade of steel Fe410)..

[Assume k, = 0.606 in calculation of bearing strength of bolt]

P

A

w0}
80

80 |~

80

a0}

(All dimensions are in mm)

[12 marks]
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Q.5(b)

@
2

Determine the block shear strength of the tension member as shown below. The steel is
of grade Fe 410.

Take partial safety factors for materials : Yomg =1L ¥, =1.25
ISA 80 : 50 x 8 mm

W

45 mm

50 mm, 100 mm | i
a I\ ob E
[ i 35 mm
. e o

7
18 mm diameter

bolt hole :
[12 marks]
ploer  aboor  abreglt
’= ; A s T
To, = Avawg'r + st ¥ATH ?W ©

s texs”

A-r‘(‘]'?"%? ___;@,
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Q.5 (c)| The bracket connection as shown in below figures (a) and (b) consists of a joist cutting
welded to the flange of a column by shop fillet welds 8 mm in size on the flanges and
6 mm on the web. Determine the safe service load W, the bracket can support at a distance

of 200 mm from the face of the column if structural steel used is of grade Fe410.

W
8 150 ’ — 150 —+
6, 200 8 ~ 150
67 200 :
— JOlSt
section
(a) Side view (b) Front view (weldlines)
Yo = 1.25 for shop weld (All dimensions are in mm)
[12 marks]
5o —t
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Q5(d)

-]
-
e

(i) What are the various limit states of design for a steel structure as per
IS : 800-2007?

(ii) A circular plate, 150 mm in diameter is welded to another plate by means of
6 mm fillet weld as shown in figure. Calculate the ultimate twisting moment

that can be resisted by the weld use steel of grade Fe410 and shop welding.
Fe 1RO Vo ] 6 mm fillet

weld

&

A0 \,WJW Al bed "’k ojulﬁ ?

[6 + 6 =12 marks]

pes T5 Joo <Ro>7 !

;
) oty = Al ‘9{ £ saaciiVeas 75
0y TTe AAS O
L) ﬂ«.?‘:"‘CM‘H.Q A

C) Tor A:O n

2) W b abote @{ AM{@E_!::‘E& §

o ) J "b,ﬂ O_}’Io&)«ﬂ
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5 (e)

Design the fillet weld for the angle secion, if the welding is to be done on its three sides

as shown in figure. Take design strength of tie member is 222.27 kN and size of weld is

6 mm. Use grade of steel Fe410.

Acsuae AP srelplect

u—-———'—'—_-—_._

Y= f';z“?‘ﬂ
s L o
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Q.6 (a)| (i) Explain the upper bound and lower bound theorems as applied to plastic analysis
taking an example of a fixed beam under UDL.

(ii) AnISA 150 x 75 x 12 angle riveted on one side of gusset plate by two rows of 18 mm
rivets through the 150 mm leg as shown in the figure. Calculate the allowable load
in tension if allowable stress is 150 MPa.

60 mm

50 mm

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

A welded plate girder of span 25 m is laterally restrained throughout its length. It has to
carry a load of 80 kN/m over the whole span besides its weight. The girder is without
intermediate transverse stiffeners. The steel used is of grade E250 (Fe 410). Design the
cross-section and the welded connections. Draw a neat sketch of the designed section.
(Plate girder is fabricated in the workshop).

Take, E=2 x 10° N/mm2, u=0.3

Partially safety factor, v, = 1.25

WL

Self weight of the plate girder = 200

Where, W is superimposed load acting on the girder.
Use limit state method of design.
[20 marks]
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Q.6 (c)

(i) Given is a rectangular frame of uniform section whose plastic moment capacity is
M,. What is the ultimate load in composite mechanism as shown. Sketch BM

distribution at collapse.

o [l

Plastic hinge location
g / in composite Plastic hinge
ol mechanism location in composite

mechanism

W e

¥ _A B

(ii) For the service load system shown, final minimum M, required to prevent failure,

1
if (Mp)peam = E(M P )eotumn - Assume load factor = 2,

B 5kN/m
10 kN —»
4m %M,
4m Mp Mp| 4m
sl o o5

{10 + 10 = 20 marks]
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7 (a)

Determine the allowable compressive load which the built-up member can carry as shown
in figure, if the member is of 5.5 m effective length. Assume f, =250 N/ mm?

i-"——SOOji‘nm_-I _L
| | 16 mm

ISMC 400 .7 ~"°~
@484.6 N/m

e e e s s e by

[For ISMC 400@484.6 N/m, A = 6293 mm?, bf = 100 mm, b= 153 mm, ¢, = 8.6 mm,

7 = 1548 mm, I =15082.8 x 10*mm*, [, =504.8 x 10 mm?, C,, = 24.2 mm] [Use WSM]

For f, = 250 N/mm”

2.

A'=I/r Oac(N/mm)
30 145
40 139
50 132

[20 marks]
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Q.7 (b)

A simply supported rectangular beam 3 cm % 4 cm carries a concentrated load W, at mid
point of span 3 m. Take yield stres, o, = 250 MPa.

(i) Determine load Wand draw the shape of the plastic zone when strain at the extreme
fiber is 4 €, (4 times yield strain)

(ii) Determine the plastic hinge length at mid span of beam.
[20 marks]

3@ L 0!

o

5‘7::. 250 qu

br

_’%&‘r :

/7 o 1o
o .

=y E')’ — A .P:'a

T NN\
—
8

Zig =» 2% [ 30*”“"‘(’?"%)

2
AR R et
> Ll

e (oo SR s
—

A
30_1_’5_';&?_ Rl Tl 5O0
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Q.7 (c)| () A double cover buttjointis used to connect two plates which are § mm thick. Assume
16 mm diameter bolts of grade 4.6 and cover plates to be 6 mm thick. Arrangement
of bolts is as shown in figure. Steel used is of grade Fe410.

30 mm
-]
QEEG
45 i
mm 0:0
T
@ &
e 1 @

2o = s . San 6 mm
S
_____ | 6 mm

Calculate:

1. Strength of joint per pitch length
2. Efficiency of the joint per pitch length

(ii) Determine the block shear strength of the welded tension member as shown in

figure. Steel is of grade Fe410.

j [—10mmthick
150 ;E SOOTmm 3
gt
vgfy OgAmfy UgA-vnfu Afgfy

iven: T, Ty =
Given: db, = J_ Ymo le and dby \/_ ,le mo

[10 + 10 = 20 marks]
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