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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting questions
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and i

ENGLISH.
Candidate has to attempt FIVE questions in all.
Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempte:

choosing at least ONE question from each section.

The number of marks carried by a question / part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which must b
stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space provided. N
marks will be given for answers written in a medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated
Diagrams | Figures, wherever required, shall be drawn in the space provided for answering th
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off; attempt of a questio
shall be counted even if attempted partly. Any page or portion of the page left blank in t]
Question-cum Answer (QCA) Booklet must be clearly struck off.
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Draw the free body diagram of link ABCD and det(?rmine all reaction
forces acting at A, B, C and D of the assembly shown 1n the figure.

(All dimensions are in mm.)
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A h(.)rizontal cantilever beam of length 2L has its free end attached to a
vertical tie rod of length L and area ‘A,

which is initially unstrained. If
the moment of inertia of the cantilever beam is I, determine the load
taken by the tie rod when a uniformly distributed load of ‘w’ per unit run

is placed on the inner half length of the cantilever. Modulus of elasticity

for the tie rod and cantilever beam is E. 10
| g

w/unit length EA Tie rodTJ

D %lﬂm’vmc B ;"

A L # L—*

((c)  famg ¢’ st D 7 sfaFan 77 st 1 e Hife af vk g6 @ 152 m

o

9T &1 o frgd 160 kN & 979 97 979 &1 0 § 970 FT 370 I8 F 2 |

160 kN % 5
——7 m *i‘ 7 m—————u: lk_%.(_)‘e___*__.ﬂl l 1 l
Al (‘T I O 152 152 152 152 7\B

Calculate the maximum bending moment at points ‘C’ and ‘1) if the five
U and 1
loads of 160 kN equally spaced at 1:52 m, cross the beam from right to

left. 10
5 of 160 kN

Lyl

e—HE—HE—H—>
Al C! D 152 152 152 152 B
| |
i | |
: > 14 m >

(d)  Fe410 U2 % UF AR-F 9=32 1SA 65 x 65 x 6 8 T g8 & T FFTT
8 mmﬁwmﬁéﬁﬁﬁilmﬁqﬁm&%wéwﬁﬁﬁmﬂﬁ%
W%@ﬁﬂﬁmﬁﬁulaﬁméﬁ%ﬁmaﬁﬁma@m4 mm 1
f, = 250 MPa &ifST | ISA 65 x 65 x 6 % ToTa
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A =744 mm-~. C I8 1T mm,

Z

1. Ymi1 - 125

fmoO

11“‘ "4\\,!.’ t‘\ /‘ V3 Ymo! * 09 A f /hul‘ Sl

in "u

1‘“‘ 10 9'\‘ n ‘”/‘ V3 Y1) ! ‘/\Ur '\ /"'"m()l

ISA 65 % 65 7 6

T A (

65 mm| L |

A tie member of a truss consisting of an angle-iron section
ISA 65 x 65 x 6 of Fe 410 grade, is welded to an 8 mm gusset plate.
Design the weld to transmit a load equal to the full strength of
the member. Assume shop welding. Take weld size as 4 mm and

f_ =250 MPa, properties of ISA 65 x 65 x 6 are :
A =744 mm?, C,=181mm, yyo=11, v,; =125

Tap = lA\g fy/(\/gYmO) +09 Atn fu/yml] or

Tdb - [O'QAvn fu/(\/é—yml) + Atg f.y/YmO]

8 mun Gusset Plate
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(e)
arar arfaa 20 v IprE T2

?\nﬁ X‘Tfﬁ(‘] 3\1 L7 30 mam H HITERT 20 mm t3om
Iz T a1 sfmens Fifau i Gy Ay Mon 0z 3 9 Fe 500 12
gagTa 119 it
fe GOO mm >
P %N .
{ | g 8 & AUF @ 200 o/
!
|

4

300 mm! ;
E J& * 30 6 (6 Nog) 20t a@f gt a {1

i e i )
. " 90 6 (6 Nog) 781 6f #1851

A
The plan of a ground floor column in a building is shown in the figure

i< desired to reduce the longitudinal bar diameter from 30 mm to 20 mm
above the second floor level. Design and detail a suitable al')’;phr(

Assume M2) grade concer eto and Fe 500 grade steel

k—————- 600 mm —>]

- 8 ¢ ties @ 200 c/c
?OOmmj
z | 30 ¢ (6 Nos) below second floor
20 ¢ (6 Nos) above second floor
Q2. (a) T-qfrese e &1 fAwior, fo & 3T 18, m%ﬁmmmw
W?Iﬁ?ﬁgﬁmm o & 2 MPa @% ST fF I 2 A7
WWWHM&WW%&TW%!
ma%ﬁz‘P’mqﬁmazﬁaﬁﬁufﬁﬁﬁﬁww P o 7T A
iy g |
(ii) %Z‘P’wn@srﬁaaﬁafﬁaﬁﬁm
sqgﬁawﬁsﬁﬁw@mﬁ: FATATHY 3TaFEl 9 9T |

(1)

(111)
Gv) AT w T ATrsRan W o i s |
50 mm
‘__
w (N/m)
NN NN NN | -
' 150 mm

SR ‘MJAIJ,_X:__L..L,YMX/*If" Y NN N
4w é"\-m)f

74;;7; - ; 50 mm
"i"m’ . ﬁ,JL
e

Ym » «

150 mm

(b)

(a)
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A T-section beam is constructed by gluing two pieces of Wo.od together N
The maximum stress 1n the glue joints is t, s

shown in the figure. . .
I 3 ¢ N ) . ; P S ar StrQSS 2 . )
{ to 2 MPa in tension and maximum shea is to be hrrnted

[imitec
to 1-7 MPa. L
(i) Determine the stress components on element at point P’. Point ‘P
is located at glued joint.
(ii) Determine principal stresses at point T
(iii) Show these stresses on properly oriented 2-D elements.
(iv) Determine the maximum value for load ‘w’. .
50 mm <0
w (N/m) |
1“. \N-l]])(VVWY\’ﬂW\(’VWWm -
(| 150 o
A B P |
=
fj(/ mm
fe 2m ->| “ N
150 mm
| . (a) (b)
(b) ﬁﬁﬁlﬁﬂfiﬁwaﬁ%ﬁ, C T STAfsRar J1q T ST &7 = {0 7 st s
El = fFaq & |
w/ U ATE
A W%ﬁ E
a £’
For the beam sh g i 1%1 fi * L 7
. shown in the figure, fi i )
bending moment dagram for tgh ! beall?ld the reaction at C and draw the -
Take EI = Constant. — -
w/unit length
A winge F
, a = F— L * L —g
(¢) mﬁmem%W‘mﬁw,
AW Tl # fraifa ﬁﬁﬂ.lMQéﬁgm:;ﬁ-{ ST
HIT ST A A e He A | g g 3 o 500 05 T AT AL
A AT B, = 2 x 105 N/mm?2 efifye | P S S 40 mown 1 ¥ ST
fe—— 500 —
—
300 4 8 0 sy
J’- e —6-25¢
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i e 0-87f,
Fe 500 3001d & fefv o - Y0002

C. = e o gfromfl 56

I

n

Cy = X‘HH {.) A,

s l./--d (8] 1
1=1
M-c, X
\ 2 )
n
M= ) (g~ fa) Ag X
1=1
A, > i1 fen 1 SEITA T ATH

V; —»S@Tﬁﬁﬁiﬁ‘iﬁﬁﬁm 3?&1@3;&
Fe 5 oooé}smﬁfiﬂﬁmﬁa‘maﬁwqﬁw

 fah srﬁaa(MPa_!
0000 0-0
000174 3478
000195 369.6
0-00226 3913
0-00277 4130
0-00312 4239
000417 4348

For the column section shown in the figure, determine the design
strength components corresponding to the condition of ‘balanced failure
Assume M25 grade concrete and Fe 500 grade steel. Consider loading
eccentricity with respect to the major axis alone. Assume 8 ¢ ties and

. . [ ¢
10 mm clear cover. Take Eg = 2 x 10° N/mm?. 20

k—— 500 —
T?“;::: - —*\

SIS
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0-87f(

For Fe 500 steel £

S

F 0002

C . = resultant force in concerete
1!

1=1
D =
M =(C, - X
( G 9
\ 4
n

Ms = v(fsi ' {ci‘ Asi XYy,

-
i=1

Ay = Area of steel in ith row

v; = Distance of ith row of steel from the centroidal axis

Design stress at specified strains for Fe 500 :

Strain Stress (MPa)
0-000 0-0
0-00174 347-8

000195 369-6
0-00226 391-3
. 0:00277 413-0
~ 0-00312 423-9
_owar | ases |

l/c)'::_/ ) ﬁaﬁaﬁénﬁwmmﬁaﬁwmﬁ&hﬁﬁxmﬁﬁmwwm

(TATEEL) AW S Al s (o
Ate-afrada famg o1 oft morm fifs

4 kN

Zm [ Zm 6 m

El = f9aq
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Analyse the continuous beam shown in the figure by slope-deflection

method. Draw the Shear Foree Diagram (SFD) and Bending Moment
Diagram (BMI). Also caleulate point of contraflexiure in BMD 20
4 kN
(
1 2m Z m 6 m
A b
EI = constant 4:\ EI = constant +
300 x 500 mm (JHTE) mqﬁqa:vwﬁw qafed F#7 973 F Fe 500 T2

39T 1 16 mm¢ﬁ4@@mwmw%|wwwwﬁﬁ®m
e Frufffer FR AR T8 300 mm =g FATE e F 7 T 550 KN ¥ A
ST I ] TEA FETE | M25 s 1 dshie T soam 7 77 2

N25 3 form ardt TEt & oI Sed Hided (t,9) = 14 MPa
E, =2 x 10° N/mm?

A simply supported reinforced concrete beam of size 300 x 500 mm

(effective) is reinforced with 4 bars of 16 mm ¢ of Fe 500 grade steel.

he bars at simply supported end if it

—

Determine the anchorage length of t
o a factored shear force of 350 kN at the centre of

wide masonry support. The concrete mix of grade M25 is to be used.

is subjected t

Jond stress (1,,4) for plain bar for M25 = 1-4 MPa

P

E,=2X 10° N/mm?

SLPM-P-CVL 9
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1 37aFa ISA 76 x 7h x 8 T & a1 HEIH c—vﬁ?ﬁm a2 aﬁrﬁa
© ? ?ﬂr sEn 20 mm 2 % 6 Aol A Uk afer g AT ;fﬂ; T U Sﬁrs@
- N ~ O - . ) B = N - ,4_‘ ;'7 '
3 |y e aren £ o Ao A9 2 Azt i afeed # )

courd &1 wsa UfAEE (1) — 260 MPa 37w a5 afqsqet (f ) = 410 Mp,,

< TN
e OO 000y
40 A 000000y
¥ 3
/'/;i\\\\\ \N\ANY L 8
N R\
i N -
35 VN
ID |
é<—— 75 —>
ft (a) = (b)
Jed :
£ by £y y
B: 14 - 0-076 Ej (—y} (_5} < [_ 1110]
(\ t by L. fy Y
>0-7

Tl w = Tiead gm?ﬁﬂﬁgﬁ
b = HTETOT qyEAr et
L, = faur sie i awad

o= 0-6 U A1 2 Aeel & fequ

w= 07 d sfiee] % foqo

o = 0-8 AR A1 sifua il F fopu
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A tension member consists of two angle-irons, back to back, of size
ISA 75 x 75 x 8 and is connected to the same side of a gusset pl
single row of six 20 mm dinmeter bolts as show
the load carrying capacity when the fwo angles

Yield stress of steel (£ = 250 MPa and

ate by a
nin the figure. Calculate
are tack-bolted

Ultimate tensile stress (f,) = 410 MPa 20

/- (yusset Plate

k——- Lo.= 250 =

Gusset plate HOOOOO ‘: ‘7

4 ockn® ™ OO OO00O0Y
22 X / 3 |
TN b
7 \\NNANNNNN 8
7\ /\\\\\ NN T 1‘
40 gg <
_*‘ N 75
] N
4 D |
J— 15—
Figure (a) Figure (b)
Given :
f b‘ fll Y 0
=14 -0076 (-"1] (—y] [-i) <l
B t fu LC fy le

> 07
where, w = outstand leg width
b, = shear lag width
L. = length of the end connection
o = 0-6 for one or two bolts
a = 07 for three bolts
a = 08 for four or more bolts

SLPM-P-CVL 11



Q4. (a)

(b)

(¢)

fag 7 gorfo o W &1 fasywur sieb faaror fafsr g if

AT | A £ 115 KO
@ g ) G330 | N B3N U Ed RCA T DY I P

10 kN

|
I ,
2m ¢ A m

@
3m @ @ 3m

fi\TJ%ﬁ I )

Ty

Analyse the frame shown in the figure by the moment r,listrirl-,;;;,,
method. Draw the Bending Moment Diagram (BMD). Joints ‘B’ anq ‘o
are rigid; ‘A" and ‘D’ are fixed.

40 kN
2m l 3m C
3m® ®3m

A
i

D y &
7T i !

60mmﬁ@%mmm@m@mﬁm%ﬂm@@?
1-25 mﬁ@ﬂ%l@@éﬁ@g%mwmélﬁﬁaﬁmm
g fratfa Fifve R 1 1400 N 1 U SR IR e o185, 17 a7 1

387 0-5 mm ¥ AUFE T W E = 2 x 105

N/mm2; G = 76 x 10* N/mm2
W’T |

A horizontal steel bar of 60 mm diameter is rigidly tied at each end. the

ties being 1-25 m apart. A rigid bracket is fixed to the middle of the bar.

Determine the maximum radial length of the bracket at which a vertical

load of 1400 N can be suspended, if the deflection of the load is not to

exceed -5 mm. Take E = 92 x 105 N/mm?2: § = 76 x 10* N/mm?2.

(i) Ffafad & fo, v wad wm ABCDRFG
(A) AT C 9 AfIhad swomens; s e
B)  fardia CD d sifvsmany qapegg CET| e:m;uf
(C) fargfa CD & wfaan swopag; CE ;m;nj
(D) 1= Cw sifasidan e EC] WC\

& o0 T wie % s ¥ sy
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hl p
For a continuous beam AR DEFG, show the pattern of loading for

the live load for the following - 6
(A) max ve bending moment ot support

(B)  max +ve bending moment in apan
(Y max ve bending moment in apan (1)
(I max +ve bending moment af support (!

U HEtAT qad 1 ufqadi did (88 3 13T, v sfamerar Fifo
IHrafaiad sifs yeg @ -

et & & m =32m

T8 = 160 mm

78 = 270 mm

FATEE S 1eTs = Afem = = 195 m

I YR = 5 kN/m?

TRSHGAT T 9 = 06 kN/m?
TS T USSR & AXTad ool &1 Fofl W A1aAftag g1 170 |
FHshIT T U = 25 kN/m3 +fifsru |

Po Ag _ f 3 23
- Ast _ 1-/1-4598R/fy |SETR=M /bd- 2|
100 ~ bd  2f, - o :

Yy 1/111/[//11111 )Yy, 7.
! S
! 1250
I 1
2600 ! 100'I
I
| _T._- i
7 1250
I l l
2 : 7r7r’r7 r/;,)'r,vl,‘v.,*

4 625 | 625
| 625 | 625 l 9430 J 625 1 J
Design a (tread and riser) dog-legged staircase of an office building,

given the following data :

Height between floors = 3-2 m

Riser = 160 mm

Tread = 270 mm

Width of flight = Landing width = 1-256 m
Live load = 5 kN/m?

Finishes load = 0:6 kN/in“

13
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Consider the landing to be Supp()rted only on two edgeg

perpendicular to the risers.

Take density of concerete — 25 kN/m*.

B Aa o 11 4598 R/ My | where R = M, /bg?

100 bd 2, I4

et Lpriigiiii
| 1950 |
2600 E ‘JLIOOE
| / 1250 i

020, 625 | 2430 ol 825|625
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Q5. (a)

(b)

(c)

Qs B
SECTION B

06 m= . v ;
‘ ‘ﬁgT 0-9 m 3+ Wﬂ’ 12 m orrafy f,n” Y AT U e i‘."a F1 a7 q m -
TUHR 10 kN R | o L

I 3HEHT 9T 3N HEeq o A o

(ST 31 Faf3re 91 9790 N/m w1 #fifo |

° P,h‘:id body having dimensions of 06 m wide 0:9 m high and 12 m long
weighs 10 kN when submerged in water. o h
What will be its weight and density in air ?

(Assume specific weight of water as 9790 N/m? ) 1o

=S T@iiaAl % AT ZaTiae Y ae, ZaniaE By gag S SEE T TAE
T =TT HfT | A

T TITR GHET H JIaehiul o RIT JuTe & 2

With neat sketches explain Hydrodynamically smooth surface,

Hydrodynamically rough surface and Boundary layer separation.

What are the effects of separation in a fluid flow problem ? 10

U F AT 40 m I e W 20,000 kW Sl 3cd= a1 2 |
ST T AT, TR % AT T 04 TI# |

WF{TEﬁﬁTQ:

(i) TR AH

(i) 2TaTEH = HO T

(iii) 0ETe & fafare fd

(T AT 2-5, TATE AT 0-80 I HHI &l 809 W ST 1)

A Kaplan turbine develops 20,000 kW power at a head of 40 m.

The diameter of the boss is 0-4 times the diameter of the runner.

Calculate :

(i) Diameter of the runner

(ii) Rotational speed of the turbine
(iii) Specific speed of the turbine

(Assume a speed ratio of 2-5, flow ratio of 0-80 and an overall efficiency

“of 80%.)

15
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(d)

qeTTeT A AT & 3y g 2 Hn e feprt AT S FrAfeTfiEa vy

YTH 80 ¢ 4
)
qiteyor FHTH ] 9 3
| | A5
AT (%) 68 H& H0) )
’ ¢ 46
gt ) e 4 9 28

e ) g W 270, 2 | TR a S0 3 GATE GARE T I | 321
< ‘ﬁ '
In a laboratory, the liquid limit test by Casagrande’s apparatus |

performed and following results are obtained :

Test No. | 02 3 | 4
Moisture Content (%) 68 58 50 | 45 a
| OISt | |
No. of blows | 4 9 28 | 46

The plastic limit of the soil is 27%. Draw the flow curve and find flow
index. Also classify the soil. 10

T H9¥ g # Aufng giied gmed 90 kN/m? ® | §q¥ g # mm
HTITRG 0-75 m T Y1 ATel IR IE hY FHarer =0 amek e i1 i i |
e A1 U 2-5 2, T G 9T e = e

The unconfined compressive strength of a saturated clay is 90 kN/m?2.
Determine the net ultimate bearing capacity of a square footing of side
0-75 m, resting on the surface of the saturated clay. What will be the
safe bearing capacity if factor of safety is 29 ? 10

U B2 AR T % S0 e Q, frem 3 e argregan H, foe & $=18 P,
Wg,mﬁ%ﬁgﬁLﬁnw%gﬁmﬁ:mp,memﬁwﬁm e

]

U ", -~

{
\

m%mﬁfammmmgqaﬁ%ﬁamﬁfaqﬁmmﬁmm| A 5

The discharge Q over a small rectangular wejr depends on head H over
the weir, the weir height P, gravity g, width of the weir L and fluid

properties : density p, dynamic viscosity pu.

35S o b i 3 i 3 3 'Y . -' * . -
Express the relationship between {1y variables in dimensionless form

using Buckingham method. PR = 15

M . [
SLPM-P-CVL 16 AV - u g %IZ
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(b)

SLPM-P-CVL

ush T arfeaT : .

317:1?113;1 TTRET 40 m AV 2 3 1.0 1 1 10078 07 5.0 o' BT T
3?’# VR U ufrsdda wranfea £ sivard s S T pEarfAd 2 | ST JEad
AE F1g Ao B ufauae aare et cnpfaa g#f 2t gEum o 5t ’:Tq £
ERGIESIE Ll

.’\ ot s . R T
rectangular channel 18 40 m wide and carries a discharge of

. RYA .

,vs O m/s at a depth of 1:0 m. A asmooth contraction of the channel width

18 proposed at a section. Find the smallest contracted width that will not

affect the upstream flow conditions. Neglect the energy losses in the

transition. {5

() fEu s §, 60 % v wvor arely wfesnmes fufa £ S 5 m 2 TEE
firfiy w5 v us Yl gar Y strerar war vy ¥ ey wAw At F 120 F
BT G A R | uferamen fuf 1 ufa v emard o wtE w9 F TS
Eﬁfﬁiﬁlmaﬂﬁﬁuﬁaﬁiﬁmtﬁm#ﬁmmmqﬂ%@mﬁzﬁ

TFR D :
ST TG T 10T = 32°
s =0

Py 3 Tor 10T T ATETT SRR o I H 507 FH AT
Tt T = 155 kN/m?

12—

S S

In the given diagram, the height of a retaining wall is 5> m with a
hatter angle 6°. The back face of the retaining wall is supporting a
sandy soil, the surface of which is sloping at an angle 12° Wltk‘l the
horizontal. Determine the active force per unit length of the
retaining wall. Also find the direction and location of the resultant
force. The properties of backfill soil arc as below :

17
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Angle of shearing resistance = 32
Cohesion = 0
Assume angle of wall friction

resistance

Bulk density 155 kN/m?

B8

(i) St i o fawg o e are ot e o5 A e Erer R

What is the effect of earthquake on lateral earth pressure against a

retaining wall ?

Afuaegs it 1 fuifia fifo (| AT % Tored g e 3
HATEGY GfdeTy &1 H10 = 30°
el 99l = 165 kN/m?

M-P-CVL 18
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Sh“-?iring

‘@) 70 m TET HW 30 mﬁr@@daﬂaﬁm@mr&amﬁaﬁm
é,mm%éﬁﬁqmv%wﬁo-5mﬂ%m%sﬂxmﬁm
ATAT T ATIA 25 m 2 | AT H, 29 9 3o @ 3z 9 0 S0 W
@rw%nmm%%qh%mwﬁ$mmwm§méﬁﬁ
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|
N
b
e

1'5m

|

A braced cut 7-0 m deep and 3:0 m wide is proposed in a cohesionless
sand deposit. Assume that the first row of struts to be located at 0-5 m
below ground level and the spacing of strut as 2:5 m as shown in the
diagram. In the plan, the struts are placed at spacing of 2 m centre to
centre. Using Peck’s empirical relation for pressure diagram. determine
the design loads in the struts. The properties of sand are as follows -
Angle of shearing resistance = 30°
Bulk density = 165 kN/m3

«— 3 0m—

*05m
A
2-:5m
|
|
%/ & ¥
!
| 2:5m
i
|
; ' ( B Eiﬁ‘
i
!
i
!
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