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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempiing guestions :
There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE gquestions in all.

Questions no. I and § 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 guestion [part is indicatfed against it.

Answers must 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.

Wherea::; any assumptions are made for answering a guestion, they must be clearly
indicated.

Diggrams { Figures, wherever required, shall be drawn in the space provided for answering
the question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attemnpts of guestions 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.
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QL.

(a)

(b)

=mUE A
SECTION A

womett & Frad ud Hudt woil & fow e fve st diftae | SR oeaie m e
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Draw the free body diagram for lower and upper parts of the system.

Calculate all reactions for the figure shown below. 10
® lﬁ kN
C
¥ B Y © =2
Y E— '
* 73 J# r] #'

083m~ O6hm ~ O03m 0O5m

16 mm =] TEF3 w398 § the fHe 9vE 9 oo fefefes o d w
TF % g WE T R | Sieeem difaw R SE | ® wmoa alte s ween
HIE WER T

(i) 24 mm & 60 mm % HATH T
(ii) 30 mm f&42 90 mm % FHTE W
fam T & : p, = 160 MPa, p, = 1025 MPa, p, = 236 MPa

16 mm plates are joined together by single riveted lap joint in one of the
following ways. Calculate which of the two ways will give a stronger
joint :

(i) 24 mm rivets at 60 mm pitch
(ii) 30 mm rivets at 90 mm pitch
Given : p; = 160 MPa, p, = 102-5 MPa, p,, = 236 MPa 10
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(¢) Trafafen wiegdiqedl a@ Twe ofisdy & 9@ sm A@wWeE W

gt Hifau
S Rl == = 1200 mm
T i TEE = 120 mm
fra = <ers = 300 mm
Tt TETE = 600 mm

T 09T W SAEE = 25 mm ST $i 8 wE
werd : M 20 S #Ehie T Fe 415 HYSD 82
Calculate the ultimate flexural strength of a T-beam section having the

following sectional properties :
Width of the flange = 1200 mm
Depth of the flange = 120 mm
Width of the rib = 300 mm
Effective depth = 600 mm
Area of tensile stesl = 8 bars of 256 mm diameter
Materials : M 20 grade concrete and Fe 415 HYSD bars 10

(d) B e g wEE wiel & e wartEd g ae gedy ot 4 R
Frferiiaa avie gr foar m 2

v |, ()

u= 2 [1 [hJi|

wE VAT AT R |

4f2 at WA 2 Na/m?2, V=06 m/s™ h =5 mm &, A

(iy Tt dan w haEm g afaew,

(i) T THAd, W % fEn & oae vE e @ (Fe-aag) 3 e
#, W fopmam sy wives = o Hifa |

A
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The velocity distribution for the flow of a Newtonian fluid between two
fixed wide, parallel plates is given by the following equation ;

2
av }r]
- — 1 - =
g [ [h ]
where V is the mean velocity.
If the fluid viscosity is 2 Na/m?®, V = 0-6 m/s and h = 5 mm, determine
(i) the shearing stress acting on the bottom wall, and

(ii) the shearing stress acting on a plane parallel to the wall and
passing through the centre line (mid-plane). 10

=
=

(0) & o & A, 1 m W B B W B R G 9 50 mm e G
T mn @ | s A Tt w1 iR swm 0.9, R e 15% @ | HEfE
e % fo it fifes s = Pl it | Pofe S @ ez g i &
o TEs IR w1 g f st w9 aifom wafta o o= o Fafm
shifay | W wiferg 6 gl % =il =1 amifés e, G = 2-7 U4 9e &1 UHH
W, v, = 9-81 kN/m?,

During a compaction work, a 1 m thick stratum of soil was compacted to
a total of 30 mm via a roller. Initially the void ratio of soil was 0-9, and
the water content was 15%. Determine the final void ratio of the
compacted stratum. Also determine the dry unit weight of the soil before
and after the construction and initial and final degree of saturation of
the soil. Assume the specific gravity of the soil particles, G = 2-7 and
unit weight of water, y_ = 9-81 kN/m?®, 10
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Q2. (a) 20 kN/m (ds@n) & 50-0 m & Sfera W/ % Fr0 9 fag & oofe =
fawol wm U,L, # siftsmem w9 =1 ofsem Hifse | 22 e e o 2
or o7 =fera W &t & sndlan & F g €m0 (R % =oam o Sten
hifm)

Eﬂﬂ
L, /i60° 60 L
Ao Ly 7 L g
A= 00m  100m @ 100m ° 00m  100m *
£ 50-0 m +

Calculate maximum force in the diagonal member UgL; of the truss
shown in the figure below, for a moving load of 20 kN/m (intensity) and
50-0 m in length. It is proposed that this moving load will be transmitted
through the bottom chord. (Neglect the self-weight of truss) 20

7 10-0m .5 100m ~ 100m 10-0 m A 10-0 m
£ 500 m

L
7
F
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(b) 1200 kN % FE®HM WK F 400 mm SAE & FOHL T H GHeior] TEGwH
& @iy fewmga Hifaw | M 20 Ffle 19 Fe 415 3000 1 3980 i | @@
F e s 3 m 2, i gue gE R o sEeen w5 vt w9
wH L Tehg T 2, Wi gUA & fawg a2
Design a eircular column of diameter 400 mm with helical reinforeement
subjected to a working load of 1200 kN. Use M 20 concrete and Fe 415
steel, The column has unsupported length of 3 m and is effectively held
in pogition at both ends, but not restrained against rotation. 15

(c) =T HTEN UH A et swened A & Fwi B o 2 | e T gE
S Ap % FHU A T 1 23 fHdm LS o am =i (S uaeiee)
sqea i |

An inclined tube reservoir manometer is constructed as shown. Derive a
general expression for the liguid deflection, L, in the inclined tube, due
to the applied pressure difference, Ap. 15

Ay

Gauge liquid, p;
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Q3.

(a)

(b)

us f2n M TwE w8 m O dyw gRee wE & A" aw v 2| ghvs
Wikl e 30% 91 U4 fHE % w5 1 diEes oA 27 91 | A v W
Ieg7 g/ (AIIEE W) 3 m WS gEead (@ #2) % AUged § | g
o g wentam # & | gfiem wA § @@ seww (sfen da) F ww
w2 & T e 0 @ f W e 8 7 A g e (S i
) 1-6 Fifea &, @ 56 gfae w F gyl f e fead gl 2 AE
wifere 1= =1 UHE MR, ¥ = 9-81 kN/m?,

At a given site, an 8 m thick saturated clay is underlain by a sand layer.
The natural water content of the clay soil was 30% and the specific
gravity of soil particles was 2-7. The sand layer is under artesian
pressure equivalent to 3 m of water head. It is proposed to make an
excavation in the clay layer. How deep can the excavation be made
before the bursting of the clay layer by bottom heave ? If a factor of
safety of 1-5 is desired, what would be the depth of excavation for the
same clay layer ? Assume unit weight of water, y_ = 81 kN/m®,

= Gt wae TwE, }'=%—z—:* &1 famgfad 300m wd F= H
Wl 39F 50 m & | 39 HEE F AUEE-HE I e #§ useaE 8 | 5
fgre W UEANH faaiE WK 10 kN/m (99 W 4+ 96 9W) A ® |

fiag #ifom fe femm % it @vE (Sawea) # A ST I B

; 10 EN/m
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2
A three-hinge parabolic arch, v = EEX - -':—5 has a span of 30-0 m and

maximum rise of 50 m at centre. Arch is having uniform cross-section
throughout. It is subjected to uniformly distributed load of 10 kN/m
(dead load + live load),

Prove that Bending moment will be zero at all sections of arch. 15

; 10 kN/m

(c) i Foa o goiv m ¥ eivw (wrem) o wafem 6 wte Ao | R b
Tuife e iy fi wie dede davT f ofwee T8 w6 8 | A = sihE
fomr glt 856 mm B | HE6R T 3G 30 mm TE F B dreal w1 39w fEn
T ® | fem R we (wvE i) # WY 230 mm x 150 mm B |
Eﬂmmﬁﬁﬁiﬁﬂ{,ﬂnh=ﬁrﬁlmm2,dhqﬂdg=33mm,fub=4ﬂ{}hﬂ’a.

= 230 mm |
+
25 mm
- 35 mm/e- e e B ¥
«— 16 mm Hierd
200 kN
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Check the adequacy of the hanger connection shown in the figure below.,
The end plate welded connection shown in the figure need not be
designed. The end distance of the bolt is 35 mm. Two bolts of 30 mm
diameter are used to make the connection. The end plate is
230 mm x 150 mm in size. For 30 mm bolt, A, = 561 mm?2, dy, and
dy = 33 mm, £}, = 400 MPa.

e 230 mm »

-+ 35 mmle- T
8 mm fillet weld

++—— 16 mm thick

200 EN

s faed mie o faed =@ (30 wrd) F, Oy =m (fefae wdie) v,oe &
=M D, T O (WS Sad) p, T e wEa (v i) jow
i o ® | afam oot w1 I e g, sfed 9t s s agem
e =ifeu s @ ors = % '@y "GegEy W % T IgE e =
TF | p, V, DF T3 FEta wraet &g Fifag |

The drag force F, on a smooth sphere depends on the relative speed V,
the sphere diameter D, the fluid density p and the fluid viscosity .
Using Buckingham n-theorem, obtain a set of dimensionless groups that
can be used to correlate experimental data. Select the repeating

parameters as p, V, I,

EGT-P-CVLE 9
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(b)

(c)

U FER W, UHEHE B9 4 6 gg g, e swieg adea ame
120 kPa B, W@ i # | 36 9 & sl FE @ 12 m R @ T R U
8 FHH 1000 kN T 9% 951 &0 & | g 1 THE 9 20 kN/mS & vE
g 5w = sl mend W # 3 IS wwE w1 AeneiEE e = wEwa
2 | fou 7w un vd g i fafs % fo qeen wons 3 % fon aien o &
A =EE (ShvE) W Fifaw | 3fz i e w e uE % e W
I A I | A A R, A9 s T g g

A square footing rests on a uniform thick deposit of stiff clay with an
unconfined compressive strength of 120 kPa. The footing is located at
12 m below the ground surface and is to carry a total load of 1000 kN.
The unit weight of clay soil is 20 kN/m*® and ground water level is at a
great depth and its effect can be ignored. Determine the dimension of
square footing required for the loading and soil conditions given with a
factor of safety of 3. What would be the diameter of the footing if a
circular footing is used instead of square footing at the same depth ?

o uE, fm W vemm fafa w2, & T 9w el s =
mwtlmmmﬁmﬂ%ﬁaﬂﬂmmw#m

ﬁm!%afhamﬁa?mrg_mil

W & WHE] 1 IR FIfEU Ud 9 U S 9EN 969 S w95 |

—30m—+
256 EN-m
s=2 {}mﬂ' £20m+#+

m/gﬂ;—\ o

RICEES 6 0m— YyEEg

a'ﬂ'?:f-—-—z--— HE'F__
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Bending moment diagram for a beam carryving uniformly distributed

load has been shown below. Bending moment diagram curve is parabolic
2

and follows the equation y = MT in AB and DE portion.

Caleulate the values of load and plot loading and shear force diagram. 15

A—30m —¥

\T%@
R i ax? A——— 60 m—— ¥ Parabolic

_ax* 2
YT =g uuwey=%
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Q5.

(a)

e B
SECTION B

T Sheleltat Wi i [l Ty W e gk ¥ e 2 | =@ SR W
HAfterem a9 @89 40 mm 7% d@ifim B | 39 9@ W HIE g e
(gd ¥R + =96 w') 15 % fo veanm faafta yn % srfiysan Svg oftmm =
qfteher hIfag |

E = 200 x 105 kN/m*®

Y i #18F = 200 mm = 400 mm
200 mm

400 mm
@h— 5O0m— Jﬁ

T

A cantilever beam carries a uniformly distributed load over its entire
length. Maximum possible deflection at the free end B’ is limited to
40 mm. Calculate the magnitude of maximum possible uniformly
distributed load (dead load + live load) for a combined factor of safety of
1-5 on this beam.

E = 200 = 10% kN/m2

Size of beam = 200 mm x 400 mm

200 mm
F—

T

@ 400 mm
50m — Je
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(b) To= 4 griE 7 <= dFE ° O TE0s % 99 aned B W 8 | 99 F e
% fou sy wfoee (wiafges 28) 200 MPa 7 difta & | <=e 21 fadl
o g gl | WK g e 105 % fo e sene = gisem Fif
e R SIS ZT | I TS 9T 10 kN/mS # |

1010 mm

10 mm i’
T A 1020 mm —o--

Channel section shown in the figure is carrying water to full depth,
Permissgible stress in channel material is limited to 200 MPa, Channel
will be simply supported at its ends. Calculate this support spacing for a
factor of safety 1-5 to the loads. Neglect self-weight of channel. Unit

weight of water is 10 kN/m?. 10

10 mm 10 mm

v ________________ f

1010 mm
-
10 mm

T -

f— 1020 mm ———
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ic)

(d)

(e)

10 m faegfa areht vh wEefefen $fe @@ #1200 mm? Tiesg#2 @55
e WEeE] A § qEuldmted A1 T # | 3 @8 W A # Stk
50 mm e 4 % F a9 757 famgit W 50 mm e ww F A= R
e mm R . v oW of=EdlEE = 100 mm % 800 mm, p o= 0-35,
K = 0-15/100 m. 3f% 7 &1 Fae v &t @ @ 3% B o &, & wdo ol
1 it Fifaw |

A prestressed concrete beam of span 10 m is prestressed by a parabolic
cable of cross-sectional area 200 mmZ. The eccentricity of cable at

support sections is 50 mm above and at mid-span section 50 mm below
the neutral axis.

Given : Cross-section of beam = 100 mm = 300 mm, p = 035,
K = (015/100 m. If the cable iz jacked from one end only, caleculate
friction loss,

T TEEA, 7-6 m AErET 7 100 viEEre/fiEe 8 107 kW e e R

(i) EEE YETE UEE W, 11 m A 9 e gt et wedt oo
(ii) ZEmes =t Torm i & =orn =il 7

A turbine develops 107 kW running at 100 rev/min under a head of
T-6 m.

(i} What power would be developed under a head of 11 m assuming the
same flow 7

(ii) At what speed should the turbine run ?

6 m = gl gy whews i (dEn) oW 9 e GeeEn wea 7
wE, Al 79 B9 § = 30° T UHE WR ¢ = 18 kKN/m?, % wfeenfa
Fdl 2 | Tafa & 42 v aue fear wmn 2, foee Ml & oova & O =
w% | 3fE fafe =1 wvE | T W R, @ U g o o fafa % R
O W w9 g % 9 3 ifae | R E enem # weE % sEm
famg 1 amfeufa =1 ot 59 Hifsm

A rigid retaining wall of height & m retains a dry cohezionless levelled
backfill with angle of internal friction, ¢ = 30° and unit weight,
¥, = 18 kN/m®. A support is to be provided behind the wall to prevent
from yielding of wall. Determine the force on the support if used to
prevent yielding of wall for a unit length of wall. Also, determine the
point of application of the support from the base of the wall.

EGT-P-CVLE 14
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Q6. (a) TH FEEE =T A, deft @i v T 12 m Sl famfa aeh W @ e
ol avw feer v W wfHa B | T8 150 mm W ¢ 300 mm # | HifeEt
# fegma = mu | Fhk B M20 vH 3@ RQ Fe4dls F IWM
Fifse | == 9% #1713 kN/m2 =fifsm |
A straight stair in a residential building is supported on a wall at one
side and by a stinger beam on the other side, with a horizontal span of
1-2 m, The risers are 150 mm and treads 300 mm. Design the steps. Use
M 20 concrete and Fe 415 steel. Take live load as 3 kN/m?=, 20
(b) WHE THEE™ FWAT H, 1 m =W UE 26 m S F deAEw o,
50 km/h 6l THEEH 99 % WHE ¥ 2 | 0 wuEl vE = & s @
T § | ot % aan w A S W e Fif |
femr T & -
P =101kPa (ahs)
Cp =035
p =123 kg/m?

p =179 x 105 g
ms

+k-d=1m

-i31e

—§ L=26m
L2

Fp

A eylindrical chimney 1 m in diameter and 25 m tall is exposed to a
uniform 50 km/h wind at standard atmospheric conditions. End effects
and gusts may be neglected. Estimate the bending moment at the base

of the chimney. 15
Given :
P =101 kPa (abs)
Cp =035
p =123 kg/md
W =179 x10-5 58
ms
—H_h‘ d=1m
F 5
D—-rb L=25m
il |
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(¢} UF I TuwEE frfl ¥ w faenfm ofew fem o @) o it #
g W w3 e grn, fdt % ks adw s # sem 400 o
a1 | A 100 kPa &7 Ao s afma 1 TWEm % e, T W e
e &, & fraes sfee (ap) @ g Tifaus wfee & & el w, wfiam
forn = 1 AT W= (er) & s 2
A sample of dry cohesionless soil is subjected to a triaxial test. From
another test on a sample of same =0il, the angle of internal friction of the
soil was estimated as 40°. If the minor principal stress of 100 kPa is
applied on the sample during the test, at what values of deviator

stress (Ap) and major principal stress will the test specimen fail ? 15

Q7. (a) Tl T g % o wowerey 3w M % 2 % afehea Fif |

100 kN 100 kN 200 kN
ot
10m, 20 Om, 2-0m 10m
£ T0m A

Calculate the value of Plastic Moment ‘M p’ for the beam shown below. 20

100 kN 100 kN 200 kN
® | % ® | ®
/ ® @ 1
10 my, Om 10 mF 10 m,
¥ 7-0m A

(b) Wafew =hshiz sFaal & feamed & fon sl ufres v va doe aEsn
et & fergiet < =mem Fifdu |

Explain the principles of working stress method and limit state method
of design of R.C. members. 15
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(e)

{a)

T FENTHTE TA GO B qiten SuTE-EE 306 mm A | W &
YrETSEl W E WA 9 ur s Wi e sieEer 4 Genfa
wier 3 6 nd R | s (D), st B = 3T uy = 26 m/s B, T
Wed &) = 15 mm & | s (2), 9 6k (D) 4 99 it s R, w
by =21 mm? | FpwFER (D) W @) F 9= wifm gm § ofwds =
ufter Fifem | aftonw = spweywr (D) w B Sl g om F w5y §
st fifom | wifie g aEEvesE sEEd |

A laboratory wind tunnel has a test section that is 305 mm square.
Boundary-layer velocity profiles are measured at two cross-sections and
displacement thicknesses are evaluated from the measured profiles. At
section (1), where the free stream speed is u; = 26 m/s, the displacement
thickness is &; = 1:5 mm. At section (2), located downstream from
section (1), &3 = 21 mm. Calculate the change in static pressure
between section (1) and section (Z). Express the result as a fraction of
the free stream dynamic pressure at section @ Assume standard
atmospheric conditions.

S TER uEa T, e 9w min e #, v wdem ol fEg w fmi

form e & | WS IS 1 =916 800 mm o1, @R 10 m ot T9 UEEl &

di9 F-E-% F AA0E 760 mm T | FEwa g £ smfmg gden amed

1 AF 200 kPa FeRen w1 8 | W ST s 0 = 046 |

(i) T U 3 Hd g, s bo g amew @ e i 1 amen
s hifam |

(ii) TS TTEE HeE fagEa & amuw 9 9 ey Fifan | o s s
oisE & o men e = 2 vE o eue e i g s
ot a1 farf g sgfaa 2

(iii) g i &oEn = fEwEs fun il |
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A square pile group consists of four friction piles, constructed on a
cohesive soil deposit. Diameter of each pile was 300 mm, length was
10 m and centre-to-centire spacing between the piles was 7560 mm.
Unconfined compressive strength of the cohesive soil was determined as
200 kPa. Assuming adhesion factor = (-6, determine : 20

(i) Group capacity of the piles based on block failure eriterion with
a factor of safety of 3.

{ii} Group capacity based on the individual pile failure eriterion.
Assume factor of safety for single pile = 2 and estimating group
efficiency by the Converse-Labarre equation or any other
method.

(iii) Design capacity of the pile.

(b) U 122 m NE AEAEE SN d 2547 ms FE FENEd & | =9 W
o 000283 ¥ | wpEaFE (1) W e 137 m # @ sgwgwe @),
% 92 m 99 #1 % (W) &, W@ W 152 m ® | AFmommm
U ‘0’ T HEd T4 =1 B ? i g = 9-81 mis?,

A rectangular channel 122 m wide carries 2547 m%s of water. The
slope of the channel is 0-00283, At section (1) the depth is 1-37 m and at
section (2), 92 m downstream, the depth is 152 m. What is the average
value of Manning’s roughness factor ‘n’ ? Take g = 9-81 m/s?, 15
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(¢) UF FEN TG, w99 3 mx 3 m R, i wEE @ 15 m  we o O
W o W Tt T | Ao wE U W & A" 3 m A sy st gt
A 2 | g =% e ve g wnw R A owie e ) 9 Wi # smm
gfte w@ & F@ Mg quta P (s Fueits i) =

Frafoer sfifam
1Q= 1100 kN
P, 28
1 S TR
1-5m ¥ = 185 kN/m?
£ EWT
= F—3m—
- ¥ = 205 kN/m?
B :
oTeL v U
.’E
Y=170kNm® gy gufy
30m e,=12,C, =08 :[ﬁ.ﬁ“
.,i‘..
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A square footing of size 3 m = 3 m is placed on a sand and gravel layer at
a depth of 1-5 m from the ground surface, Below the sand and gravel
layer, a layer of normally consolidated =oil of thickness 3 m is present.
Details of soil properties and the footing loading are shown in the figure.
Determine the total expected consolidation settlement for the clay layer

because of the footing loading. 15
lq = 1100 kN
s
T s P
15 m y = 18-5 kN/m?
= fe—3m—~
4 5 ¥= 20-5 k?.’.‘]l.l'!l:l:l.3
" Sand and gravel
.*
1=170kN/m®  Normally
30 m e, =12, C, =086 consolidated clay
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