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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

in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.
Answers jmust be written in the medium authorized in the Admission Certificate which

must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the space
provided. No 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 the

question itself.
Unless otherwise mentioned, symbols and notations carry their usya] standard meanings. Attempts

of questions shall be counted in sequential order. iness 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 e
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@us ‘A’  SECTION ‘A’
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A cantilever beam ABCD, as shown in the above figure, is carrying a uniformly
distributed load of 10 kN/m between B & C and a clockwise moment of 50 kN-m

at free end D. Draw the free body diagram for A, D and for the member BC only.
10
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Cross-section of an axially loaded compression member is shown in the above figure.
This compression member was to be loaded at centre ‘O’ of the Section. Due to
mistake this was loaded at point ‘P’ by a concentrated load of 500 kN. Find out the

stresses at points A, B, C and D of the Section. 10
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A uniformly distributed load of 20 kN/m intensity and 6 m lengtll; moves over a
simply supported girder of 30 m span. What will be the maximum bending momeln(;

at a section 6 m from the left support A ?

 LAdf mA%ﬁqma@qm(p)mmlmmmﬁskNmaﬁ&m

40 mm @ @ A E

[}

1
160 mm E

f N T WE 12 mm AEl
40 mm ® ® ' Gusset plate 12 mm thick

l \-ISMsto

Determine the maximum permissible load (P) on the bolt A. Assume the Bolt value
as 45-3 kN. ’ 10
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What are the functions of transverse reinforcement in a reinforced concre 10
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A cantilever beam ABC as shown in the above figure is having a total span of 2-0 m,
The maximum safe allowable bending stress is 7500 kN/m? for the material. Find the
maximum safe uniformly distributed load which this beam can carry. What will be
the maximum shear stress at support A for the obtained safe UDL 2 (Neglect the self
weight of beam) 20

éﬁzm%m,mﬁm%m,wﬁwwﬁm%ﬁw%wmﬁ

\y ﬁm-m-a&w%&m,ﬁméﬁﬁwaﬁwwnﬁm
Wﬁﬁqlﬁalﬂézﬁmr:éwﬁzqéwaﬁ%ﬁqaﬁqmaﬁm

SR Hifs |
a4t T5% 1
PARABOLIC fex
CURVE
T ' 0-67f,,
EIRCE]
STRESS 0-67f ey
0-002 0-0035
. STRAIN —>
_ FhiT 3 forg wlree- R
Fig. I STRESS-STRAIN CURVE FOR CONCRETE

R TR



0975f]
9750 T T T
0950~ = ——==73 / ]
0906 =~~~ .
08501~ ~— — 1 /] ,’ y/s
080} ~— — £ 4 7!
it !
1/ 1} f
I[ I !
I, I
"y
iy 1t
wfdee lu{l, ll
IR
STRESS | |, i
) 2
i | 1 Es=200000 N/mm
iy '
i 'I’ /
1 t
t (bt
(TN /
!

3
s Fifa frefia 9
23A Cold Worked Deformed Bar

fyn1s

AN . Eg= 200000 N/mm?
STRESS
0 frfd STRAIN —>
23B STEEL BAR wiTH DEFINITE YIELD POINT
zeara % forg ity wivee gl =

FiG. 2 REPRESENTATIVE STRESS-STRAIN CURVES FOR REINFORCEMENT

From first principles, derive the expression for determining the depth of neutral axis,
for a rectangular reinforced concrete section without compression reinforcement, as

per Limit State Method. Use the stress-strain curves for concrete and reinforcing bars

10

shown in the Figs. 1 and 2.
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x100x12 mm, . .

iy amml;ﬁ%mﬂﬁﬁﬁm%|mm’mqﬁm%ﬁm%
mﬁi;gl;z%w%ﬁ?azé@ﬂm 6 mm & q s [, @ 1, B A
i';nﬁ‘llf _ 410 MPa, 3fesn & fore sfir Trem 1o 4, =125 |
Issoo;zoo7aﬂz=ieiﬁﬁwmm%l

/LISA 100X 100X 12 mm

W V@'ﬂ 12 mm A
R_ Gusset plate 12 mm thick

== ¢

Two angles ISA 100x100x12 mm transmit an ultimate tensile force of 540 kN, acting

through the C.G. of angle sections as shown in the F igure. The angles are connected to

the gusset plate on either side by welding. Design the lengths /; and I, of the weld if the

size of the fillet weld is 6 mm, fu=41QMPa, partial safety factor for the weld

Ymw = 1-25. Relevant portion of the IS 800 : 2007 is enclosed. 20
[T

3>@) = e % o s g ABCD o E ® | A 1Y TG s1erra- srarg- Reer- et
mmm@;wgﬁm%ﬁqaﬁqﬁn ST <Rt TOFT *“ 3reqof - feror firfy””
BRI | Fet 1 ot Y b S |

Mgap=~13-5 kKN-m ™ Mg, = +9:0 kKN-m D

Mpc=-37-5 kN-m ™) Mgcp =+37-5kN-m D
Mcp =~9-0 kN-m ¥ Mgpc=+13-5kN-m D
Mgap =+90 kN-m D Mpps = —90-0 kN-m D

PHKM-U-CVL ;



3.(b)

30 kN/mPj @ :

30 kN/m

L
1

A box culvert ABCD is shown in the above figure. By using member fixed end
moments given above; calculate the final end moments in the box culvert using
“Moment distribution method.” Also sketch these moments only. 20

E T-8RA e §, 2oomma;ammagfaﬁaza%%q%maﬂﬁww
sfreread WY | e & foremor 1y foan T R |

oot el <HeTS b= 1400 mm

39 &t =eTE by, =300 mm

T-&%A & T TERTE d = 455 mm
T-&RA & Ff Tz D = 500 mm
Teiol <t RIS Dp= 125 mm

MzsagahﬁzqéFesooagmwm-mﬁﬁq|1$456:2000mr1ia’*ﬁmm
7 © |

Design only the flexural reinforcement for a T,-beamisection to resist a service moment
TNT . ' . g e ———————
of 200 kNm. The details of the section are given below :

Breadth of flange by = 1400 mm

Breadth of web b,, = 300 mm

Effective depth of the T-beam d = 455 mm
Overall depth of the T-beam D = 500 mm
Depth of flange D¢= 125 mm

Use M25 grade concrete and Fe 500 grade steel. Relevant portion of the IS 456 : 2000
is enclosed. 20
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3.(c)

Q/4{‘(3)
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R AR § | g e T 500 mi
et Ty Qi
E;éoji;?qggﬂ 100kN/mWmeﬁaﬁaWa€HWW% (3o

it iy 2) | W AT AT B e B | E = 200 GPa sfyry |
A 10 mts long steel pipe is simply supported at both ends. It is having 500 mm

ickness. It is carrying a tota] uniformly distribyg, d
iameter and 20 mm thic . ITying _ e
le;:;:n;;llgl(;u]?;;n (including the self weight). Calculate the maximum deflection of

the pipe. Take E =200 GPa. ﬁm o 10

wfafora T-8A 6t e He 1500 mm St 7& 200 mm A sk fg
Egnﬁﬁﬂé 1200 mm & & 'Wmmﬁmw%aﬁr&?ﬁzommmqa
R, 181113%3@?%?!%@%“3@*@? | 38 & = g Scoean ‘e are Yy
R § gd-wfqeferd foram @1 € | @ diiew § gy 16% A1 T | 7R ot 3 sy
IR T & dgeit A AR Teret wicaer s quaﬁ?SMPa%?ﬁWiﬁlaﬂﬁaﬂwaa
P;” 3R el bt ‘e Futha Hifirg | Fhie 1 T WR 25 kN/m? & |

20 kN/m apart from its dead load, over a simply supported span of 18 m. The beam is
prestressed with a straight cable having constant eccentricity ‘e’. Assume the losses of
prestress as 16%. Determine the initial prestressing force ‘P;” and its eccentricity ‘e’, if
the permissible net stresses are equal to zero and 5 MPa respectively at top and bottom
fibres of the beamn. The unit we; ght of concrete is 25 kN/m3. 20

aﬁﬁaﬁ@ﬁaﬁga@w&am%mﬁa%ﬁ ABCDEI¥ % ® | v s
magmaﬂaaamsoOmmzaﬂzE=200GPa%|shgcqt e e woft st
%aﬁﬁﬁaﬁaﬁmw%lm-w-ﬁfﬁmm C & weafer ffq & somy
Fifem

A pin join'ted, Symmetrically loaded, truss ‘ABCDE’ is shown in the above figure.
Cross-sectional area of gqp, member is 500 mm? and E =200 Gps. Forces in the

members me.et?ng at joint C gre also shown in the figure. Calculate the vertical
deflection of joint C by yp;¢ load methoq 20
*—’_’_——\ .

KM-U-CVL 8

4




TEATHS T & _ . . . .
A | TF T g 1 fyfipsy wepR S A TG 0¥ 7 Yt g

What are the different ) ;
with sketches. Wof a structural steel tension member ? Explalig

CASH & SECTION ‘B’

Qasnsmmwajmmam,@mmmmaamwasmm;
‘{H’cﬂ%lﬁaﬂ:ﬁﬁmnsm%mﬁmnpmﬁ“ﬁfm@@%ﬁﬂ
0-92 Nm & 3Tt R sarvaerr ok 2, @1 Aot & A BT H W A H
feres @ T HIRY |

A 125 mm diameter vertical cylinder rotates concentrically inside a fixed cylinder of

diarr?ete.r 130 mm. Both cylinders are 325 mm long. Find the w&f
the liquid that fills the space between the cylinders, if a torque of 0-:92 Nm is required

to maintain a speed of 70 r.p.m. 10

I C ] 0-9253ﬁtg3w&1a;mo.9;aaaaﬁ1qas%arﬁm,@;qa;
6Wsaiﬁéﬂﬂmaﬂﬁum%a%,ﬁ15¢m%ﬁ?ﬁaﬁ?450mﬂﬁﬁ, 3@%'5133(@"[
ﬁ,@mq@wmwm&mﬁmlmwaﬁmaﬁtw
R R ATEY wiEe S T B | e @ S 1000 kg/m?® ST |

Calculate the friction drag on a flat plate 15 cm wide and 45 cm long placed
longitudinally in a stream of oil of relative density 0-925 and kinematic viscosity
0-9 stoke, flowing with a free stream velocity of 6 m/s. Also find the thickness of

P A
the boundary layer and shear stress at the trailing edge. Take density of water

1000 kg/m>. 10

ﬁ%ﬁﬁﬁa&ﬁ%n—é@ﬁ&méaﬁﬁ 70 cm T AR 2 cm A H TH IR T
M 2| T H, 920 kg/m® TA T 1.5 YR e 9§ | o ot § o wag @l
o, U % A o 0-80m FR B o T ¥ ¥ Frewrw @ A A |

AV
- z—--@
a«
80 cm ol
%é I | :IRT =2cm
0o iameter = 2 cm
N - $ __________
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wn in the above figure has 5 vertical Pipe 70 cm lon
a

A large tank as Shonk contains an oil of density 920 g3

. a .
;1. (gi?:tg;;ﬁge through the pipe when the
O~12r310 m above the pipe inlet.

@T(_,ﬁaﬁ—{a,-g{‘q’ﬂm=23N
W@ﬁzaﬁama?ﬁ=50N .
ﬁ?wﬁﬁ“ﬂ:a‘m:gomwim‘é:mom
WTW%WW’?@WW=55MO~2N

wg # gE T WA HF A = 52x102 N

g it @ faltw e = 2.70

7% o e, i g, o Wl f wen e i

A field density test was conducted by core-cutter method and the following data was
obtained :

Weight of empty core-cutter = 23 N

Weight of soil and core-cutter = 50N

Dimensions of the core-cutter dia = 90 mm and height = 180 mm
Weight of wet sample for moisture determination = 55x102 N
Weight of oven dry sample = 52x10-2 N

Specific gravity of soil grains = 2.70

Determine its dry density, void ratio and degree of saturation. 10
-\-—

> Wm“a%-w-ﬁwmmwsoommﬁwqﬁm%@@
600mﬁmmqﬁmq@mg,sqaqaauﬁﬁzsmmﬁm%ﬁﬁﬁﬂ
A S 21-6kNQé64~8kqu§aﬁ|ia%ﬁQW-W'm; R freee

¥ 25 mm ¥ sl F G 1.5 mx1-5 m W TER O gRT e iy
Wl%f?ﬂﬁ‘imaﬁ aﬁ@ff@iﬁ-{ﬁ@ﬁm m

Two plate load tegtg Were . . d
- ith a 300 mm square plate an
other with a 60y conducted at a site — one w q

T squ t of 25 the loads were |
found to be Wﬁst plate. For a settlement of 25 mm |

\ an : i in the two tests. Determine the j
allowable be;r?Pressur 048 kN respectively in
1-5mx1-5m can carry wit

€ of the sand and the load which a square footing
h the settlement not exceeding 25 mm, 10
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6.(a)

6.(b)

6.(c)

7.(2)

g;@wﬁﬂﬁﬁwwﬂwﬁmﬁ@aﬂmmgﬁﬁ@
mP@WumW%|WmﬁWWﬁWI

The resistance force F of a ship is a function of its length L, velocity V, acceleration

due to gr.avi.ty g and fluid properties like density P and viscosity u. Write this
relationship in a dimensionless form 15

@%ﬁﬁﬂm%ﬁqmwwmmﬁmw%|ﬁ§P(2,3)qz%mqa}
J-fawa &t AT Eﬁﬁml
ven by w=2xy. Calculate the

The stream function for a two-dimensional flow is gi y— 2
vel_c_;glty and velocity potential at point P(2, 3)- - 15

@ﬁ-quﬂ’"ﬁaﬁwﬁ,mm/mzeﬁm&a@ﬁzHMWmﬁa
gﬁwﬁaﬁeaﬁ%mommz@rmﬁagﬁﬁmm?wmuﬁgﬁmg,ﬁ
ww%lamnﬁah?ﬁqmﬁﬁmw%aﬁx@mﬁwrmomﬁ
a’_‘a?&q(%;ﬁﬁ750mﬁ%ﬁ@ﬂ%lmﬂ3ﬂﬂm300m%l
uﬁz-saﬁrgwwmm%aﬁa{smm%qmmaﬁaﬁmm
aﬁﬁafﬁﬁ'mprﬁinwfwﬁzgﬁmmmmm-nwﬁﬁr&m

A group of nine friction piles is driven through 5 m of clay with unconfined
2 followed by 10m of clay with unconfined

compressive ;t—r_éngth of 60 kN/m
compressive strength of 100 KN/m2. The piles are in 3 rows and will be 1-00 m

centres in a row and the rows will be 750 mm on centres. Each pile has a diameter

of 300 mm. If a factor of safety of 2-5 is required, determine the maximum load that

can be carried by the group. Take N, = 9 and unit weight of clay as 164 KN/m’.
20

@ TR B T 5, e ¢ =20 KN/, $=20°, =080 T G=270 & H G
m%lmﬁmlﬁl%lm@rmmr@a’i%lm%@wﬁa@ﬁw
W%Wﬁgwwwﬁﬁﬂlﬂﬁﬂaﬁﬁ@ﬁﬁﬁm&}w
Wwam?ﬁ=45°%%ﬂ.¢%ﬁﬁﬂmﬁ%ﬁqwﬁaawﬁmm%:

o(falt #) | 5o | 10°] 15° | 20° | 25°
(in degrees)

SN 0-14| 0-12] 0-10 [ 0-08 | 0-06

A canal is to be excavated through a soil with ¢ =20 kN/m?, ¢=20°, e= 0-80 and
G =2-70. The side slope is 1 in 1. The depth of the canal is to be_8 m. Determine
the factor of safety with respect to cohesion when the canal runs full. What will be
the factor of safety if the canal is rapidly emptied ? For B = 45°, the stability number
for various ¢ values are as given above. ’ 15
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7.(b)

7.()

Q\g\

W(ﬁm)ﬁwiﬁ3mmﬁ,mw
@ﬁﬁwmﬂ‘ﬁmﬁggm%?ﬁ%@-mﬂw%lﬁqmw
73 i@ 3md 8 Y 1 T W I 18:6 kN/m® R T wR ¥ by
w%o-émﬁ%%;mmamw 50%, 5 H 70% 3R fifie ey
192 kN/m? & | Fre &7 W T 7Y 50 KN/m? & T foafe et ok

;7;§l§$quz§awﬁmaﬁmml

le at a building site consists of d-ense sand up to 3 m depth, normally

from 3 m to 8 m depth and stiff impervious rock below 8 m depth.
oo fot clayter table is at 0-60m depth below ground level. The sand has a
e 'gounfszam/m3 above water table and 19-2 kN/m3_below water table. For the
Slix?lzt?lfral water content is 50%, liquid limit is .70% and speci.ﬁc gravity is 2.70.
Calculate the probable ultimate settlement result_mg from a umfgrmly distributed
surface load of 50 kN/m? applied over an extensive area of the site. 15

The soil profi

T e F e W 425 Ils ¥ 680 I/s T ufafda err ® | 7 it ¥ 5900 ¥
V-t frR ¥ © e § OR IW A S H Esi 340 /s ¥ T T 425 Is
¥ It 7 WY, SEleh T T T Th - NER-IAaaR R F SR F S |
FEAER foR fi o 3R T R & IR sifeaw geeaar s Ak |
Tt fam & fog ¢, =058 #ffvg |

The flow of water in a canal varies from 425 I/s to 680 I/s. It is desired to discharge
not less than 340 //s of water and not more than 425 I/s over a 90° V-notch weir into
one channel, while the remainder goes over a sharp-crested rectangular weir. Find

the length of rectangular weir and maximum head on each weir. Take C;=0-58 for
both weirs. 20

TF TG FAIR 98 Ao 8 m I uw whews PR @ o ga sl fwaw
c=50kN/m2,¢=15°qa'qq,-qanRlgkN/m3%,a;ﬁ@awﬁmw%lTﬁ'a‘ﬁ
W FE T 40 kNIt T st e el # | PSR- Rt ae
o SRt i 3 forg i foeg st s SBPnG |

A r‘?taining Wall 8 m high, with 4 smooth vertical back is pushed against a soil mass
having ¢ =50 KN/m?, ¢ = |50 and unit weight 18 kN/m>. It carries a surcharge of

2. :
40 kN/m uqurmly ON 1ts top surface. Draw the passive pressure distribution diagram
and find the point of application of the resultant thrust. 15
PHKM-U-CVL 12
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(i) $=0° %1

A particular soil failed under a major principa] stress of 600 KN/m? with a
cop‘e§p011di11g minor principal stress of 200 KN/m2. If for the same soil, the minor
principal stress had been 300 kN/m?2, determine what the major principal stress

would have been if (i) ¢=35° and (i) ¢=0° 15
T e W W e 0m @ gErE AR 10 &
W%IW(W)ﬁwféwotp.m%lam%“%““ SRS SRR

aRefta ¥ 092gH T varg a for 3 034/2eH &, & H T R TR
2| IR @A RN T qEa w gh (ergite) @ FA 80% T 90% &
Wﬁ'ﬁﬂ"l:

(i) Sca= ufth, kw &

(ii) IR R FHA H AW AR ASB
(iii) =W R fys =i

(iv) SRl 9 TR WA B0

it w= fagsa e 7@ it |

An inward flow reaction turbine works under a head of 30 m and discharge of
10 m’/s. The speed of runner is 300 r.p.m. At the inlet tip of runner vane, the

peripheral velocity of wheel is 0-94/2gH and the radial velocity of flow is 0-3 2¢H,
where H is the head on the turbine. If the overall efficiency and the hydraulic
efficiency of the turbine are 80% and 90% respectively, determine :

(i) the power developed in kw

(i1) diameter and width of runner at inlet
(i) gulde blade angle at inlet
(iv) inlet angle at runner vane

Assume that the discharge at outlet is radial.
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