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Instructions :

* The figures in the margin indicate full marks.

* Answer fifteen questions selecting not more than
four from any Section.

e Candidates are required to give their answers in their
own words as far as practicable.

e All questions have been printed both in Hindi and
English. In case of any ambiguity in Hindi version,
the English version shall be considered authentic.

¢ Parts of the same question must be answered together
and must not be interposed between answers to other
questions.

e Ifany data is considered insufficient, assume suitable
values.
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SECTION—A
HAT—3h

1. (a) Two equal forces have their resultant
equal to either. At what angle they are
" inclined?

(b) A thief is running away on a straight
road in jeep moving with a speed
9m/s. A policeman chases him on a
motorcycle at a speed 10m/s. If the
separation of the jeep and motorcycle is
100 m, how long will it take for the
police to catch the thief?

(%) < GUH & 3T g S SR B 81 3 fa
B W FH 27

(@) TH =R 9 H s @i g% W 9 m/s H TR
W W@ R G goEsd T At 9 W
10 m/s & 7fa @ 3y fo1 Far 21 I} Aw
afit X TEfeel 1 qUEW 100 m R, d g
F IR H THe § TR T @Eme

2. Refer Fig. 1. What is the tension in the string
if g=10 m/s?? Assume coefficient of kinetic
friction between trolley and surface = 0-04.

20 kg

3kg

Fig. 1
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-1 <€) {0 § @ w1 8, 3R g= 10 m/s?
A ? gicht 3R gag & o9 nfaw gyu H1 Ui 0-04
it

20 kg

3 kg

fE-1

3. The principal stresses at a point in a bar
are 200 N/mm? (tensile) and 100 N/mm?
(compressive). Determine the resultant
stress in magnitude and direction on a plane
inclined at 60° to the axis of major principal
stress. S

TH SR % Th g W §& @& 200 N/mm?
(d=rd1) 3R 100 N/mm? (ddied) gd 81 60° W
&I T h INF W Fh gL THAA T IRAT IR femm
% sfomft @ w fauior w{

4. The quadrantal ring AB shown in Fig. 2 is of
radius r. It supports a concentrated load P
at free end. Find the vertical deflection at A
using Castigliano’s theorem. 5

Fig. 2
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2 # fegmn ™ sgivia s AB # B or
2| I8 O 30 A T Hfgd YR P 1 9udA w2l
Castigliano % YT &1 IWM &k A W d&Gqd
fagao s =

P
A

5. A propped cantilever loaded with udl is
shown in Fig. 3. Draw the bending moment

diagram. i
A% LB
Fig. 3

udl ¥ WU T Ui iR fom-3 § fe@rn m 21
Wmﬁmfl

A% TR of

f=-3

6. For the cantilever loaded as shown in Fig. 4,
find the value of collapse load W. (M, refers

to plastic moment.) W
4 A B C
7
i
71 125 Mp :
4I/ /‘I/ 4!/
/2 /2
Fig. 4
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fe=-4
SECTION—B

am—a

7. Design an axially loaded short column of
size 450 mm x 600 mm subject to an axial
load = 2000 kN. Effective length of
column = 3 m. Use M20 concrete and Fe 415
steel. Use 25mm diameter and 20 mm
diameter as longitudinal reinforcement
and 8mm diameter as transverse
reinforcement (area of 8 mm = 50 mm?, area
of 20mm=314 mm? and area of
25 mm = 491 mm?). 5)

T YR = 2000 kN % {450 mmx600 mm
R e T F e B T T @Y @ w
feom w1 ww i wwh F9E = 3 m. M20 FHe
3N Fe 415 ©iet &1 398 | 392 ool & &9
ﬁ25mmaIT83ﬁ'{20mmaTl'H$r3q?ﬁﬂﬁ3ﬂT
ATRY Yo % F9 H 8 mm =E H_ IFM R
(8mm W &I=50mm?, 20mm W &5 =
314 mm? 3R 25 mm H &4 =491 mm?).
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8.

10.

An RCC beam of rectangular cross-section
has breadth and effective depth 300 mm and
550 mm respectively. If Ag=1963 mm?
f,= 415 N/mm?, fie =20 N/mm? and
x, =315 mm, determine ultimate moment of
resistance. Given X, max/a = 0:479.

@ IRl IFAHR HE-YRH H dH H
ek @ gWE e %W 300 mm IR 550 mm
2 Wk A,=1963mm? f,=415N/mm?
fir =20 N/mm? 3R x,=315mm %, @ g &
it g faifa R @ T R x, paga= 0479.

Design a lap joint between two plates as
shown in Fig. 5 so as to transmit a factored
load 70 kN using M16 bolts of grade 4:6 and
grade 410 plates. Width of plates = 80 mm.

[ ——>12 mm
20 mm<—F J

Fig. 5

-5 § fam T IEER @ ©Rl F fiE T o e
1 fossa ®t, @fs I8 46 3R I 410 <R &
M16 S H IR HH Th e & 70 kN H
i f6aT S &% Wel I =iel = 80 mm.

A [ —+—>12 mm
20 mm<—|j J

f=-5

Two plates of thickness 14 mm and 12 mm
are to be joined by a groove weld as shown
in Fig. 6. The joint is subjected to factored
tensile force of 350kN. Assuming an
effective length of 150 mm, check the joint
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for double V-groove weld joint. Assume
Fe 410 steel plate and welds are sharp
welded and f, =250 N/mm?®. 5

Fig. 6

-6 § @ T @R % d¢€ g 14 mm 3R
12 mm HRE 6 & @il H T R I 2| Sise
F 350 kN % qeTcHsh a1 5t & 74 fpan S
21 150 mm I 99l | A g, S5 V-Id oS
Siee % fu Sige Y Sg R Fe 410 € e a0l
Jeg 1 I JeeT B I £, = 250 N/mm? HH|

fa3-6

11. A prestressed concrete beam 400 mm X
600 mm has a span of 6 m and is sujected to
uniformly distributed load of 16kN/m
including self-weight. The prestressing
tendons are located along the longitudinal
centroidal axis and provides an effective
prestressing force of 960 kN. Determine
extreme fiber stress in concrete
section at mid-span. 5

% MR FHe 1 400 mm x 600 mm H TS
6m & 3 I§ AcH-o5H Tfgd 16 kN/m & GHH
w0 ¥ fafm wR % a2 Ifm A ages
Foh 379 > 91y TR@ ? 3R 960 kN & T g9l
M o YN St 2| B WM § e @s #d
SR wESR d | w1 g S
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12.

13.

14.

A masonry retaining wall 10 m high with a
vertical back retains moist sand with a
horizontal surface. The sand weighs
15kN/m?® with an angle of internal friction
30°. If water table rises to the top of the
wall, find total pressure on the wall per
meter run if saturated specific weight of the
soil is 20 kN/m?.

AW fis $ T 10 m S s *EE et dEr
U &S T8 & Y 99 W 9 @l 2 Iaid
T¥0 30° % HI F W W F a9 15 kN/m3 &
Ife 9t B A (I o) R F Y a5
8, a1 ¥fd M R R Fo g §8, AR B =1 wqw
TR 999 20 kN/m?3 Rl

SECTION—C
HRT—TT

An open circular tank of 20 cm diameter and
10 cm long contains water up to a height of
60 cm. The tank is rotated about its vertical
axis at 300 r.p.m. Find the depth of parabola
formed at the free surface of water.

20cmmﬁ100mﬁ®@mﬁﬁ
60 cm I $91E T @ W7 2| 3% H 300 r.p.m.
W 3EH SR AF % URd: GAE @1 2| TR H
Tk Fdg W F9H 91 Waeld ! Te0E HT gaT |

Velocity potential function (@) is given by
3 3
Q=—&—x2+ﬂ+y2
3 3
Show that @ represents a possible case of

flow.
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91 fave wem () T fem w2 .
@:—xgs—x2+xzy+y2
el 6 @ waE (flow) % @wfyd Ame w0

yfafilie #ar Rl

15. An oil of viscosity 0-1 N-s/m? and relative
density 09 is flowing through a circular pipe
of diameter 50 mm and length 300 m. Rate
of flow of the fluid is 3-5litre/s. Determine
whether the flow is laminar or turbulent. S
WHAT 0-1 N-s/m? 3R aNg ¥9ed 0-9 F Th o
H 50 mm 3R @& 300 m % Th AR U9
¥ 98 W 21 59 % WO H @ 35 litre/s 21 Fuffa
w % 1w AR § w1 e=fo

16. A npipeline carrying water has average
height of irregularities projecting from
surface of boundary of pipe as 0-15 mm.
What type of boundary is it? Shear
stress developed = 49 N/m? and kinematic
viscosity = 0-01 stokes. S
Ut & S Al usaers d sy @ was @

B areh AEfds $ siEd $9E 0-15 mm 2
7€ fhw ger H @m 2e foRa waeh @ E -
49 N/m? 3R F&fas WHd = 0-01 stokes.

17. The specific energy for a 3 m wide channel
is to be 3kg-m/kg. What would be the
maximum possible discharge? S

3m ds ¥ % fow fafie oo 3 kg-m/kg B
aifeul Afreran wwifad fdgs @=m grme
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18.

19.

20.

Draw opening characteristic waves of a
centrifugal pump.

T TR U0 g afreEies ai w e s

SECTION—D
qar—=

A soil sample has diameter 38 mm and
height 76 mm. Its wet weight is 1-15 N. Upon
drying its weight reduced to 0-5 N. Specific
gravity of soil=2-7. Calculate degree
of saturation.

@ﬁ%ﬁ%?@ﬂ@ﬁSSmmﬁTﬁlﬁ76mm
2| zge! e &9 1-15 N B1 @A & 1§ $8H 9
g3 a5F 0-5 N & s @1 frdt o1 fafte e = 27
21wty foft & wE H

(a) Calculate the coefficient of permeability
during constant head permeability test
of a soil sample 6 cm in height and
50 cm? in cross-sectional area if 430 ml
and water passed down in 10 minutes
under an effective constant head 40 cm.

(b) A coarse-grained soil has void ratio
0-78 and specific gravity 2-67. Calculate
critical gradient at which quicksand
will occur.

() @ﬁﬁ%?@,*ﬁé6cm3ﬂ“{mﬁ'ﬁ%ﬂ
50 cm?2, ¥ @ RR yror=dr w@eo % dRE
TROTRIAT TN S O Y, A T S R
R 40 cm % @&q_ 10 fme § 430 ml 3R T+
TSR T B
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21.

22.

23.
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(@) w Al g I Mg # 3y 3gIE 0-78 3R
faftre e 2467 21 FEEYU @@ I MO B
m w afa W@ 3= 2

Calculate coefficient of volume change for
pressure range 100 to 200 kN/m?. Given
e =1'121 and e= 0-964.

s/ @\ 100 ¥ 200 kN/m? & fow amn gied
% oM I M H fEm m R, ep=1-121 3R
e=0-964.

A cylinder of soil fails under an axial vertical
stress of 160 kN/m? when it is laterally
unconfined. The failure plane makes an
angle 50° with the horizontal. Calculate
cohesion and angle of internal friction of the
soil. (Given tan 50° = 1-192)

it =1  Reist 160kN/m? & g F@iR
T % qgq fawe & 1T 8, 59 I 91¢ A gE wel
2| Tuwerar guaer & & @@ 50° 1 HU1 =@ R
it & ol o¥ur & gnisE 3R S H TE W)
(tan 50° = 1-192 feam m 21)

A strip footing 1 m wide at its base is located
at a depth of 0:8 m below ground. Properties
of soil are : y=18 kN/ms, c=30 kN/mz,
@=20° and factor of safety=3. Using
Terzaghi’s analysis, determine safe bearing
capacity. Assume that soil fails by local
shear. For ‘@ =20°, bearing capacity factors
are N,=11-8, N;=3-9 and Ny=1-7.
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24.
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FE FAYURX W 1 m =€ 9g 9 | 0-8 m = e
w R 2 B F o™ € y-18 kN/m®,
c=30 kN/m?, @=20° 3R & & = 3.
Terzaghi % TIveisv &1 3T FX GUda R &ral
fruiia =) 9= o f5 @ e wawt @ Twa @
St R’ @=20° ® fow W wwa@ wWH
N, =11-8, N;=3-9 3k N, =1-7 %

Find the dimension of a combined
rectangular footing for the column A and B,
carrying 500 kN and 700 kN respectively.
Column A is 30 cm x 30 cm and column B is
40 cm x40 cm. Centre-centre spacing of
column is 34 m. Safe bearing capacity of
soil is 150 kN/m?. Draw plan showing the
position of columns with respect to footing.
Assume width of footing= 1-8 m.

WY A R B % U @3 TRaR BT %
o fFultm =, % W ¥R sHEw: 500kN 3R
700kN 8 w9 A 30cmx30cm 3R wWH
B4OcmX4OCm§|W%%ﬁﬁFjﬁ§§
3-4m Bl O H g 3R swar 150 kN/m? gl
Fién % Heg # wl H Rufa guit 5w e omRea
H| B H =g = 1-8 m 7H |
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