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Section A : Design of Steel Structure + Hydrology

Q1) (1)
(i)

Write the basic assumptions made in plastic analysis.

A fixed beam AB of span 6 m carries two-point loads P at distances of 2 m and 4 m
from support A. Assuming the beam has a constant plastic moment capacity M,
calculate the collapse load P_.

o by,
I

—2m f 2m { 2m |

[6 + 6 =12 marks]
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Q.1(b)

A steel column section ISHB 350 @ 710.2 N/ m is subjected to a factored axial compressive
load of 1850 kN. The column is supported by a rectangular slab base resting on a concrete
pedestal of grade M25. The column end and the base plate are both machined for perfect
bearing. The load is transferred to the base plate through a welded connection, and the
overhangs of the base plate beyond the column flanges are to be kept equal in both the

- direction. Design the base slab thickness using Fe 410 grade steel. Do not design the

connection.

Section properties for ISHB 350 @ 710.2 N/m:
Depth of section, D = 350 mm

Width of flange, b= 250 mm

Thickness of flange, £,=11.6 mm

Thickness of web, £, =10.1 mm [12 marks]
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Q1 (o)

rainfall for the storm.
Time (min) Accumulated Rainfall (cm)
0 0
30 1.0
60 55
80 12.5
120 18.0
150 205
180 215

“Teene. | Roanfost lyne) \ 'S'N\'V'“’ra (reventh)

20 e

o WS
90 1o
\20 55
\so 15
\Bo 10

{uo
1o
=4}
20

The following rainfall mass curve data was recorded during a storm of 180 minutes at
30 minute intervals. The infiltration capacity of the soil is governed by the Horton's
equation: f{(f) = 30 + 50e 2%, where fis in mm/hr and ¢ is in hours. Compute the effective

[12 marks]
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Q.1(d)

A laced built-up column of effective length 6 m to carry a factored axial load. The column
consists of four equal angle sections of size ISA 100 x 100 x 10 mm arranged in the shown
pattern with a clear distance of 200 mm between the adjoining faces of the angles.

a—
Y Cy’y

The properties of a single ISA 100 x 100 x 10 mm are as follows:
Cross-sectional Area (A) = 1903 mm?

Moment of Inertia (I, =I,) = 177 x 10* am*

Distance of Centroid (C,, = ny) =28.4 mm

Assume yield stress f, =250 MPa, and use IS 800:2007 specifications to determine the safe
factored axial compressive load for the column.

}Slenderness Ratio (1) | Design Compressive Stress {f.,}

| 20 224 MPa |

| 30 211 MPa

| 40 198 MPa

B 50 183 MPa

) 60 168 MPa # [12 marks]

Tz = 133 =73 = Ux (Prbnqo‘* + 1 Q0BX 2‘_5_{ x16-1))
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Q.1 (e)

/

Explain briefly the factors affecting the evaporation and suggest methods to reduce
evaporation losses in detail.
[12 marks]
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Q2

()

{if)

Write short note on -

(a) Standard Project Flood (SPF)

(b) Probable Maximum Flood (PMF)
(c) Design flood

The annual peak flood discharges recorded over a period of 16 years at a gauging
station are given. Estimate the flood discharge corresponding to a return period
of 20 years using the Weibull method. Also, determine the probability that a flood
discharge of 6000 cubic meters per second will be exceeded in any given year.

Year | Discharge (m%s) Year | Discharge (m%/s)
2010 3500 2018 5400
2011 6200 2019 2500
2012 3200 2020 2800
2013 3100 2021 8000
2014 7900 2022 4700
2015 6800 2023 2200
2016 4000 2024 5100
2017 3800 2025 9500

[6 + 14 = 20 marks]
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Q.2(b)| Design a welded joint to connect an unequal angle section ISA 80 x 50 x 8 to a 10 mm
thick gusset plate to carry a factored tensile load of 220 kIN. The longer leg is connected
to the gusset plate. Welding is provided on three sides, two longitudinal and one
transverse. Welding is shop welding,. Yield stress of steel is 250 MPa and ultimate stress
is 410 MPa. Also check the safety against Block shear.

/ \ (Factored load)

10 mm
i —— 220 kN
Gusset Plate == 5

Weld

[20 marks]
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Q.2 (c)

f.4 =132 N/mm?.

Sectional Property | ISMB 250 @ 37.3 kg/m | ISMB 300 @ 44.2 kg/m
b (mm) 250 300
b, (mm) 125 140
¢ (mm) 125 12.4
£, (mm) 6.9 75
L, (am?) 5131.6 x 10* 8604 x10*
Z_(mm?) 410.5x10° 574%10°
Z, (mm®) 465.7 x 10° 652 x 10°
7, (mm) 13 14

Design a simply supported steel beam with an effective span of 6.0 m that carries a factored
uniformly distributed load of 25 kN/m over its entire span including self-weight. The
beam is laterally supported throughout its length. Use steel of grade E250 with yield
stress 250 N/mm? and perform necessary design checks including bending capacity,
shear capacity, deflection, web buckling, and web crippling. Assume the bearing length
at the support is 100 mm. Sectional properties of ISMB 250 and 300 are as below. Take

[20 marks]
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Q.3 (a}

A double-cover butt joint is utilized to connect two main plates, each having a thickness
of 12 mm. The connection is made using M24 grade 4.6 bolts with a gauge distance of
80 mm. The cover plates provided on both sides are 8 mm thick. Determine the efficiency
of this joint considering a plate grade of Fe 410. Assume that the bolt experience shear
such that one shear plane passes through the threaded portion (root) and the other through
the unthreaded shank.

8 mm thick cover

plates
1 $12 mm
(Side view)
[20 marks]
’ILC': 200
o~ L= \2trto

= = M

d(i 2e.rm * i kg \arn
= )

foo= UsoMpa. & =12
‘rgb = LUOMp

e Gag o (AT 8 gt %oy

tp = Beven TX\VLS

= (- Fex Ty ) 2 UW
BAN2s X\

L\Ec\s = N%v’fc'i\—\cM

Crarn= 1'Sdo= \-S126 = ZYcorr (Q=‘~Lemm)

\Q'ﬂ\‘(‘\'\ = Bdt. L = A2Lc0m (- b= E)QM\D
. Lhde = Olzrs = 05)
= hwv
Plade -os = 80(2 494 —0- 14 = 0-%6 z

fou) fyp = Ue0lun =0T
\

Lo =051




MRARDE ERSY Question Cum Answer Booklet | Page 21 of 72

Do not
write in
this margin

Ndp= XSkedx Tue

\v2S

— 25+ 0-S\ % ZM®R 2 ~M\O

\-2Sn\od
N = \ga-uqy\

iB c—a = 601‘1\“‘\3

4 i Ndy = \\8-13
Gl X Ndp =\20-uu

W = 1>o-ua ke |

o Tge FN (e

VXD

_\_(;Lb = A\8-18 en)

Lo
T 0.9l _ 0-3%(®0-26) X1 X
- e - s e L

e (e )-2S x\03

{Tde = lv2000)

90

Sm»ﬁw = Og= "““‘1 Tog =28 \%
Tda = \9)1-28

(Se= Y2oun m{/

Now 2 8hicuy - BB ooy e BRI Sl
S ok Toy 21818

Ess-w j




Do not

MRADE ERSY Question Cum Answer Booklet | Page 22 of 72 |vein

this margln




MADE ERSY Question Cum Answer Booklet | Page 23 of 72

Do not
write in
this margin

Q.3 (b)

(¥)

(i)

0

Write the advantages and disadvantages of weld connections over bolted

connections.

During a storm of 200 minutes, the following rainfall rates were observed for
successive 40 minute intervals. If the total runoff resulting from this storm is

measured as 7 cm, determine the ¢ and the W,_,  for the catchment area.

index

Time Period {(min) |0-40|40-80 | 80-120 120-160 | 160200
Rainfall Rate {cm/hr) | 2.5 6.0 11.0 3.5 5.0

[8 + 12 = 20 marks]
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Q.3 (¢}

A portal frame ABCDEF is uniform in cross-section for the beam but varies in the columns.
The frame is pin-jointed at supports A and F. It is subjected to collapse loads: a horizontal
force of 30 kN at point B and a vertical concentrated load of 100 kN at the midpoint D of
the beam CE. Determine the value of plastic section modulus (M,). The plastic moment
capacities are: Left Column (ABC) = 2M,, Right Column (FE) = 1.5M,,, Beam (CE) = M,.

100 kN
| 3m 3m |
-~ ¥ =
3m & My
30kN » B
6
15M, m
6 m 2 M,
Fal
A
D%

[20 marks]
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Q.4 (a)

Determine the maximum safe load P that can be resisted by a bracket connection welded
to a column flange using a 10 mm fillet weld. The weld is provided on three sides consisting
of one vertical weld of length 400 mm and two horizontal welds each of length 200 mm.
The load acts at an eccentricity of 300 mm from the face of the column. Assume shop

welding and Fe 410 grade for the weld.

Y
200mm | 300mm (P
[ Y
I |
o
gl
i |
\——10mm(size)

[20 marks]
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Q.4 (b)

(i)

Define routing and its types in context of hydrology. Discuss the applications of

flood routing.

A stream reach has the Muskingum coefficients K = 12 hand x = 0.2. The inflow
hydrograph for this reach is provided in the table. Assuming the initial outflow at
t=01is 10 m®/s, determine the outflow hydrograph for the reach using a routing time
interval of At = 6 h. Report the attenuation in the peak and leg time.

Time (1) | 0

6

12

18

24

30

36

42

48

Inflow (m>/s) | 10

20

50

60

55

45

35

25

15

[10 + 10 = 20 marks]
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Q.4 (c) | Design a double angle tension member connected on both sides of a 12 mm thick gusset
plate to carry an axial factored load of 450 kN. Use 20 mm diameter bolts of Grade 4.6 for
the connection. The angle section selected for the design is 2 Nos. of ISA 100 x 75 x 8 mm
of Grade Fe410. Assume a pitch of 60 mm and an end distance of 40 mm. One shear plane
of the bolts passes through the threaded portion and the other through the shank.

75 mm

ISA 100 x 75 x 8 mm.

50 mm

12 mm [20 marks]
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Section B : Structural Analysis-1+CPM PERT-1, Flow of fluids,

hydraulic machines and hydro power-2

Q5 (a)

Differentiate between
(i} Flexibility method and Stiffness method.

(ii) Framed Structures and Truss Structures [6 + 6 = 12 marks]
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Q.5 (b)

A beam is subjected to a concentrated load P and is supported at its midpoint by a vertical
spring of stiffness k. The reaction in the spring is taken as the redundant force R. Using
compatibility of deflections, determine the expression for the spring reaction R in terms

of P, L, Eland k.

P
® i

e LSl e
HPI . | APV Rl
e e e 26754

B

R S
21 (= E:'S.

' LS

| e g Nl S Tt
A B2y 2x82
} /

2.SPL>

X = AT
3@-'3.-*‘6-\}

S PLE- K
G L A
23 & e

[12 marks]
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Q.5 (c)| Explain the concepts of Net Positive Suction Head (NPSH) and Thoma's cavitation factor
in the context of hydraulic machines, including their mathematical expressions.
[12 marks]
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Q.5(d)

A trapezoidal channel has a bottom width of 3 m and side slopes of 1:1.5 (1 vertical to
1.5 horizontal). The channel is lined with concrete having Manning's coefficient of 0.015.
If the critical depth of flow is 1.2 m, calculate the following:

(i) The critical flow rate through the channel.
(ii) The critical slope required to maintain this flow.

m=15
N=0015
4= 1o
O

— B = 3m —

.‘r: b'\—lw\a = A 2x\S%\-2
LT: 6-6m0

'&d XYY = 4y -2 S -
fj’\’ -5 ""Gm'!—_}

P= ©x%y [amt = 3ADXQx| @Y = -3

ot Bp= ._3-1% = O-%86m
G
“_4 = (9.2'1' ..k@l)”‘(“
&"r( (N\w ‘:‘ 8/Pf3 q-8\ 7&37_‘,;)3
OE,'-: |6-8S w8
No G B @ (9
1685 = STy (0—’*"3“31% e
G.O\S

S':-_— 2’63){\0’3 :_—L—
2F¢.
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Q.5 (e)| A pin-jointed truss is supported and loaded as shown in the figure. Considering the
applied load at E to be 21.75 kN, determine the vertical deflection under the load at joint
E. Assume the axial rigidity AE = 1890000 kN for all members of the truss.

B

f c

Im D

1 E
A G F

[12 marks]
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Q6 (@)

A hydraulic jump forms in a horizontal rectangular channel having a constant width of
1.5 m. The depth of flow before the jump is observed to be 10 cm, while the depth after the
jump is 45 cm. Initially, assume the channel is frictionless and estimate the discharge of
water passing through the section. Subsequently, consider a scenario where the channel is
not frictionless, and a resistance force of 45 N is exerted on the water over the jump length.
Determine the revised estimated discharge for this second case.

[20 marks]
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Q.6 (b)

(i) Discuss the primary advantages of Surge tanks. Specify their location in plant by
making a sketch.

(ii) Two prismatic beams with the same cross-sectional area AB and BD have fixed
ends at D and form an internal hinge at B. Beam BD carries a single vertical load
W =10 kN at its mid-point C. Analyze the beam and determine the reactions and
bending moments draw the shear force and bending moment diagrams.

(Inteml\hingE) W=10kN
| P L [
A4 | C | D

I 4m f 4m i 4m I

[8 + 12 = 20 marks]
q J [0 ¥

i) b ®
k (PPN X 1 U x W V4

D6\‘2—- Bg}_,.

> 1
Vg (W)? weestP \OW™, 1olw 4 vp(8)3
= = s Sga MY

ol 2,63
R |
\%2 g =
({\g,_ 2-48 ¥
M= 2 TR o N
= )L en-*©
) . L)
A L 1
1 Q-FBE 2- e T
\p=2-TB ¥ \Ng = 10-2-1¢

= 322N

Mp= 1oAY - 2-FERY
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Q.6 (c)

If the member AB in the rigid jointed frame shown below is fabricated 10 mm too long,
determine the moments and reactions created in the frame when it is erected. Take
EI = 100,000 kNm?. Also draw BMD.

¢ B
8 m T
051 4m
Ak
M [20 marks]
e
?\/—901 D= o™
}
' Migc
- < __3)
- M _ 6e3d: _ 6X\0 % (1o A 10
Mo, foc = =

Mive = Mipe = 92-45 kad -

Moo = Wi =0

Now \03 SDM
Mpg = O 28(033) (qapt@e) = €3 (0-S0at0-2504)
L

Mg = O+ 2605 (qgarda) = ET(0250A %008
\.\

Mec = 92-%S + 1}@}(@%) = 92.48 + 0°S

Meg = a3-345 « 025 €10
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Q.7 (a)] A three-hinged circular arch of span 40 m and rise 8 m carries a concentrated load of
120 kN at a horizontal distance of 10 m from the left end. Find the maximum positive

and negative bending moments and draw the bending moment diagram.
[20 marks]
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Q.7(b)| (i} Explain the work breakdown structure? What are its merits and demerits?

(ii) The objective is to plan a Civil Engineering project using CPM-Network analysis
based on the provided activity data. This involves drawing the network, establishing
the critical path, preparing a complete CPM schedule with total, free, and
independent floats, and computing the total project duration.

Activity | Duration (Weeks) | Preceding Activity | Following Activity
A i = E
B 4 = D,FG
= 14 - H
D 3 B H
E 5 A -
E 6 B =
G 4 B I
H 1 CD I
I 1 G H -
[10 + 10 = 20 marks]
)
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Q.7 (9

Analyse the beam shown in the figure using moment distribution method.

16 kKN
l 8 12kN/m
A I C
21 | Fé_
I 2m f 2m - 3m |

[20 marks]
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Q.8 (a)

Determine the bending moments at all ends of the spans of the given continuous beam
using the slope-deflection method. Draw BMD and SFD.

30 kN 20 kN
A vayxl.g\krN\;\nrlvva J’*Zm*-ic lD
| 21 = 1 & I
= 8 m | 4m t=2 m|
[20 marks]
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Q.8(b)

(i) Show that for a wide rectangular channel, the bed slope S, is classified as mild or
steep according to whether S, is less than or greater than the critical slope S, given
by

- 2 810/9

¢ q2/9

where, n = Manning's coefficient
g = Acceleration due to gravity
g = Discharge per unit width

(ii) Write short notes on the following types of contracts used in construction projects:
1. Lump Sum Contract

Item Rate Contract

Percentage Rate Contract

Cost Plus Contract

Turnkey Contract

AN T A

EPC (Engineering, Procurement and Construction) Contract
[8 + 12 = 20 marks]
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Q.8 (9

Analyse the portal frame shown below by strain energy method and draw the BMD.
Take, EI = Constant

w
-
12kNAm
' B ; C a_}'_lc.
G
1 \
e M T\lc.
Wy
4m
A 4m !
[20 marks]
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