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Section—A

1. Attempt any five of the following :

{a)

(b)

A smooth right circular cylinder of
radius O-5 m rests on a horizontal plane
and 1s kept from rolling by an inclined
string AC of length 1-0 m. A prismatic
bar of length 1-5 m and weight 125 N is
hinged at point A and leans against the
cylinder as shown in the figure below.
Find the tension S that will be induced
i the string AC.

Pras

A composite beam of cross-sectional

-

dimensions 1s shown in the f{igure
below. The upper 150 mm %250 mmn
part is concrete, E. =20 kN/me and
the lower 150 mm x 10 mm part is strap
steel, FE, =200 kN/mm?. Locate the
centroid and calculate the second
moment of area about the honzontal
centroidal axis of the composite section.

150 mm
HE————>»

A

250 mm

ORI TP h‘(— 10 mm

r
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(c}

(d)

(e)

3m
Balloon

For the beam shown in the figure below,

find the fixed moment at ends A and B,

using conjugate beam method. EI is

constant. 12
50 kN 75 kN

4 ' ' e

A de—3 m—e—-—4 m—>€—3 m—N B

A gate of size 2mx1lm can slide
without friction. It is held in place by a
thin cable which pulls it to the left due
to buoyancy on a balloon of diameter
D and of negligible weight. The gate just
opens when the level of water is as
shown in the f{igure below. Obtain D.
Where should the cable be attached so
that the gate slides smoothly (i.e.,
without rotation) inside the channel? 12
=7 1

He— D—>l T

Cable —~
o3 Gate 2 mx 1 m

Pulley — () oy

m uum‘kmm'nmm\
Water

Channel
nnrrmnmm*nmrmnmmnnﬁ. .

An open circular cylindrical vessel
of 20 cm diameter and 80 cm height
contains water up to a height of 60 cm.
Find the maximum rotational speed of

T
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/f)
2. fa)

the cylindrical vessel about its vertical
axis so that no water spills. The vortex
flow developed in the circular vessel is
forced-type vortex.

Find the coefficients in a cubic
polynomial representing velocity profile
for a boundary layer flow over a flat
plate held parallel to the stream. The
pressure inside the boundary layer is
impressed from outside boundary layer
and remains constant in the direction
of flow. Find the shear stress on the
plate in terms of free stream velocity,
boundary layer thickness o and
dynamic viscosity . Cubic polynomial

14 2 3
— =a+bn+cn” +dn
U

where a, b, ¢ and d are coefficients and

n;% and y--measured normal to the
O

plate.

A bridge girder which 1is simply
supported, is traversed with a system
of loads as shown in the figurc below.
Calculate the maximum shear force and
bending moment for the girder when the
loads are traversing. Assume the span
of the girder as 40 m.

@ @ © ) ®

6 kN 6 kN 10 kN 10 kN 4+ kN

kz-.ﬁ 111—%3 53] -—%—73 m‘%Q-S II‘L%
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(4)

2. (%)

® @ ® @ &

kN 6 kN 10 kN 10 kN 4 kN

b—z-s mab—s m~%—3 m——*—?-s m—)l

6

sAftrram quil =ter a8 R, T5ad o aeres &
gaR =44 3 fawfag it yar yomfea ufis
It &1 |

U 99 9g9R °, s fF dimma 9@ gaw #woan
WMERA, U & ga=al TH TF Qe e T
FaTn &, TONF TG L A TWaE E TR AR
Himra wa @ e« oot & S 6 uarg i fEan o
feam vgar 21 wie w 3aeuu gfawa w gRE u
AT, g 9t H 1reE § 3 vfaw mEa pE
agl # #A | 99 9gIe

(73

U
e a, b, c 3 d oiE & AW n=Y uwg

¢

=a+bn+ecn? +dn3

y AT T Wiz 9 Ao 2

UF yEefea 13 g w A= fam g fomm
IEE YT YUl 9Am Fd 21 9T & FFEaiE
g F feufa 0 ndr & fou stftepan atgeam aa
3 AHA Y Fd wi T A faggfa A
40 m AF & |

12
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(b)

(c/

(c)

Determine the wvalue of collapse load
for the continuous beam of constant
plastic moment capacity of 90 kN-m
shown in the figure below. Use
mechanism method.

: I-{N/m

ISP

20

D

-(-—)-I I-(—)' Bm-)l
C——Oom—E——6m 6 m

() If the velocity components for
possible flow are given as

u = —dax(x? - 3y~)
v = 4ay3x” —yz}

dctermine whether or not fluid
motion is possible. Obtain stream
function, v. Show whether the
flow 1s rotational or irrotational.

If irrotational, find velocity

potential, @

(i) A trapezoidal channel with one side
vertical and the other sloping at two
horizontal to one vertical, carries a
discharge of 28 m>/sec at a mean
velocity of 1'5 m/sec. Determine
the longitudinal slope and channel
dimensions for the best hydraulic
efficiency, if Manning’s n =0-0144.

As shown in the figure, an I-section is
made using 3 wooden planks of dimen-
sions 150 mm =« 10 mm to give a total
depth of 170 mm. The glue that is used

C-DTN-J-DFA/38 S
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(@) = R @ @@ 90 kN-m H fe wowem
el armar 976t aa e F A Fug IR
T 3| w1 TeatEfa = ggam w1 20

5P £ yN/m P

iu Mmc v D

&—)I 2 m ;tSm—bl
(———6mi6m 6 m

(M) (i) TH " wETE & faw am wes feu @

>

uw = ﬂ4ax(x2 ——3y2)

v = Ji'hsty(:h::2 - yz]

@ 9w A wevd & @ d, e st ao
BT  WTH i | TaT8 JUiicHa § 471 370,

fEard) 9% sguiars &, o 9 fova ¢ w4
| 10

(ii) TH =TS FrAatar R gEd arfea, 2 &fas =
uF SR, Al Agonsl  aifewr H
1-5 m/sec%ﬁ'ﬂﬁé’ﬂtﬂ‘QSms/sec“ﬂﬂ
fram g g msin=0-014 %, @
watan 7T qarar & foaw s1gded gra a e
&t famd Fma Hi 10

3. (%) fox @ @@ 3ggR 150 mm x 10 mm i
fam arelt 9F w=dl F aEd w1 I HE
UF [-QFYE ST T R 3 FA  TES
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to join the planks at the joint is having a

permissible shear stress of 1 N/mm?

after 1t

1s cured. Check whether the

section ts safe at the joint to withstand,
when it is used as a cantilever of span
1 m, due to a concentrated load of 1 kN
applied at the free end.

>

Glue !
10 ol ——— 5 150 Imm
———)lﬂl o —— 170 mm
Gluc: :
: _“_10 min

k—— 150 mm —>

(b} () A model having a scale ratio of

1 :

10 is to be¢ constructed to

determine the best design of Kaplan
turbine having power 7355 kW
under a net head of 10 m at a
spced of 100 r.p.m. If the net head
available at laboratory is 6 m and
the model efficiency is 88%, find—

(1)

(2)
(3)
(4)

C-DTN-J-DFA/38

the speed of the runner
required in the laboratory;

the output power of the model;
the specific speed in each case;
the discharge neceded in the

modecl.
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170 mm 21 d&di &1 g T g4 & fag =m
Mg H, EYA & 9@, 37 F8 JA9Eqw gfaada
lN/mmE%Iﬂ’%'ﬂEﬁTﬂTﬁlmﬁﬂﬂ_ﬁ

qia, fsrag 1 kN =1 g1 9r g &« o

2, 1 @ vaifia 2, @ se W o3mh gren
S| Fi 20

—V fe— 170 mm

I]O mm

k- ——150 mm —>

(@) () TFFHE I, s 100 r.p.m. Fi 91
9 10 m ¥z 3 g ¥ 7355 kW wifE gidt
2, F g fesmm s+ @ F I = 1 : 10

- wFa argard & et F v =+ j) Al
T 7 42 ¥ 6 m 3R fags gsm 88%
. g, A Wa FT—

(1) ST B It &1 3navde 9T,

(2) Fee &t ohs;

(3) va= feafa 7 fafyre =me;

(4) frest 7 st Fregoon 10
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(c)

(i) Two pipes each 100 m long and
diameters 50 mm and 100 mm
respectively, are arranged in
parallel between two reservoirs
which have difference of water
levels as 10 m. If friction factor for
each pipe 1is same as f =0 04,
calculate the rate of flow through
cach pipe. Neglect minor losses.

2
Use h; = JLV formula.

2gd
An overflow spillway as shown in the
figure below is 50 m high. At the design
head of 2-5 m owver the spillway, find
the sequent depth and energy loss in
hydraulic  jump formed on the
horizontal apron at the toe of the
spillway. Neglect energy loss over

the spillway. Assume coefficient of
discharge over the spillway, C,; =0-74.
Find also the percentage of energy
loss occurred in hydraulic jump. Use
specific energy concept to find h;, the
supercritical depth of flow of hydraulic
jump.

Spillway
C-DTN -J-DFA/38 12
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(i) 100 m = 3 9w, fe sa@ waw:

50 mm d 100 mm &, 3 Sl & o=

AT ET A T 3 | et % e Tl ¥ i

10 m %1 3=t 81 Af I 9199 | Ffor TorR

TFHAM f = 0-04 ®, d € 959 # Y918

a1 o it a3y, = LY

2gd
TANT i) to

(M M= A el sgan s stfuyar e
50 m Hd9 8| I8 & FI 25 m & SeA
Y 91 e & ggu & afas T 9t 99 9=
Ter=sTd B argad] Teus 9 e &@fd Ja &l
IEE 9T g grefl HwA ' 3 A IeemE W'
fror o C,; =0- 74 AH < | Ad=e™ A
EA At Hel g 1 dfawa ot wma i)
e & warg @ rfawtfxie TeUg A, WA
w4 & fou fafIre ot g =1 vam &3 20
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4. f(a) (1) A straight bar 2 m long and
of 25 mm « 5 mm cross-section is
compressed longitudinally until it
buckles. Assuming Euler's formula
to apply to this case, cstimate
the maximum central defllection
before the material passes a yield
point at 320 N/mm~<. Take
E =200 kN/mm~, assuming both
ends are hinged.

(i) 1f the bar is fixed at both ends,

calculate the Euler’s load.
(b}  In a structure, a beam is loaded with o
concentrated load of 100 kN acting ar
3 m from one of the supports o o span
of 5 m. The beam may be assumed to
be simply supported. If the deflection
under the load is not to exceed © mm,
find the depth of the beam. assurning it
to be of rectangular cross-scction.
Assume the widith of the beam as

200 mm and E =200 kN/mm ~.
{c} it} A run-of-river hydroelectric power
station is proposed across a river at
a site wherc net head available
ts 20 m on turbine. The river
carries sustained minimum flow
of 30 n13/sec in dry weather and

C- DTN--J -DFA/38 13
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4. (F) (i) 25 mm x5 mm =32 el 2 m o=l
il g Y srgeed fram F wedifea feean sran
2 5@ 9% f% ag =rpfaa 3d @ sndt 21 39
feafa 3 wfger g3 @1 aF @ 2 AL, A
Wﬁ{ﬁﬂ-ﬁ?)QON/mmngWH?{ﬁﬁ
ved, 3fiman ey fae ara i 241 fad
F1 F=A FAT 79 & 9 E = 200 kN/mm ?

i 15

(i) =& oz =@ ot W 79 &, @1 AT 9T
AT F | 5

(@) us g A, 5 m A fagfa ae wm 1 1E 2w
¥ 3m #7100 kN H Uk dhi-2d 9X
I I e B R A =i e N AR IO 3
fau 439 6 mm 9 sthiw I8 8@, a g4 Fa
gf=de YA ST ud Y Te0d J| A
& ANEE 200 mm 9 E =200 kN/mm

%l 20

(M) () A U U G, A 2 E=EA 9 20 m H A2
gEAfad &1 91 § 3= =[IdH JaT8, % Fiq
#, 30 m?/sec F1 g 2 A7 Wi 2IA
¥F 9= AT A dr @ s 2 e fEoaw
TR = 70% % @9 e 3w "W wE
YR IS AT W1 e Z&ATd 55% 4 g0
TTERETIE 9T +1a AT 9T S1i4= =hl 3Tfuswan
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(t1)

behind the power station, sufficient
pondage 1s provided to supply daily
peak load of demand with a load
factor of 70%. Assuming the plant
efficiency of 55%, determine the
maximum generating capacity of
the generator to be installed at the
powerhouse. 1f the daily load
pattern indicates 21 hours of
average load and 3 hours of peak
load, determine the volume of
pondage to be provided to supply
daily demand.

At a proposed hydroelectric station,
the available head 1s 80 m and it is
estimated that 36000 litres per
second of water is available
throughout the year for operating
turbines. The turbines are to run at
200 r.p.m. and the overall efficiencyv
i1s 85%. The specific speed of the
turbines is nearly 180. Determine
the maximum available power and
the number of turbines required.

C-DTN-J-DFA/38 16
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IeqreA &TaT a H | R 2 Wi Fed waran
2 fr offe W 21 v &1 3iR 3 UWR #
Tam Wi, at 2f e Tf1 % wer % fog @
S STl AR & G HJE F 12

(i) T SEfra Sefagq V9 w e 1fid 80 m
2 3P gg oA A T8 & fF R ure arg we
¥ f&u 36000 wte gt wfa Bwvs i @
T T | EE1gHl 1 500 r.p.m. W TAH]
T & 3R 3T wHT gEat 85% & | TATEH
%) fafyrs wat e 180 B ifusan e
T & 3METa TEg-) $l &1 10 H 8
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Section—B

5. Attempt any five of the following :

(a) In alaboratory test for a mix design, the
coarse aggregates and fine aggregates
are sieved and weight retained on cach
siteve are given in the table. Find the
fineness modulus for each

Sl IS Sitcve | Weight retained | Weight retained

No. in kg for coarse | in gm for fine

aggregutes aggregales
1 10 2-1 —
2 20 29 -
3 10 15 -
4 375 255 20
5 2-36 1-00 100
6 1-18 - 100
7 600 u - 190
8 300 u - 350
9 150 u - 210
Total 10 1000
(b) In a powerhouse to replace a circular

C-DTN-J-DFA/38

penstock of 1:2 mn diameter is marle out
of 12 mim thick plate, lapping it and
securing it by traverse fillet wwelds of
10 mm size, provided on the inside and

the outside as shown in the figure. What

18
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(c)

(d)

safe internal pressure can be allowed in
the penstock? Assume the permissible
stress in weld as 110 MPa.

Fillet weld 10 mm

-—— 12 mm thick

A pretensioned concrete beam 100 mm
wide and 300 mm deep is prestressed
by a steel wire carrying an initial force of
200 kN at an eccentricity of 45 mm.
If E; and E_. are 210 kN/mm?< and
35 I:*:I\.T/rnrn2 respectively, estimate the

percentage loss of stress in steel due to

elastic deformation. Assume the area of
steel is 200 mm=.

(1)

(1)

Compute the void ratio of sand
i the loosest possible state,
considering it to be made up of
cqual diamecter spherical particles.

A clayey soil with specific gravity of
2-70, has natural moisture content
of 16 percent at 70 percent degree
of saturation. What will be 1ts water
content if after soaking, the degree
of saturation becomes 90 percent?

C-DTN-J-DFA/38 20
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AT 21 3R e T g, R 8@ femm argeEm
ITeis B 31w goull oafe 2@ w1d i) dAcs
4 3199 Yaged 110 MPa & a0at || 12

frAz a2 10 mm

17@«%0’#,

p? -—— 12 mm =t
0-6m :

(1) 100 mm =2 3 300 mm et gdafd
FF uE F Eufqefaa e @@ 2 s@mma an
g, ffEd 200 kN +1 wRffY$ 9 45 mm
# Iehaar W oam 7| afe E, 3 E,. @wH:
210 kN/mm? 3M 35 kN/mm~* g, @
ggrey f[AEam &% o sEra 0o ogfdesa A
gfaerd 3 5md *i| TE9d@ |1 &% 200 mm
o o | 12

(%) (i) THEEHE ™ G M won 1 &4 a <+ Ao,
: Aty el gratiaa sraen J, it s7gam™
F1 IHAT H 5

(ii) 270 % AfHE aFa aefl ghowmg gar 3
70% TJH I W WHAFH T 16% 2|
gfe fawsa & =12 339 g31 =/ wgie 319 90% &
AT &, @ Fand a1 sy foma @y 7
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(T) = givw =1 9999 0% (C,), 0-955 mm?/
min 9F1 T R 3@ g Y 5 m WA 9| &
%Q‘IPTWWTHEHQSO mm & 9T W
WrEcH T mn 21 R & aniusn uwe 3E
faaor « uFEEE 9 gEET WE % I g 49
TR WE &, e " gu e wma s e &
fau strmem = 12
(i) 90% wufgF wo99 (U =90% & f&u

' = 0848 o)

(ii) 100 mm =1 fHues

(1) w* I g8 arefl 5 m FE Fe gfaursr
dan giaswma gevaE & OFdt g, e
y=18 kN/m?>, ¢, =0° 3t smftag grfreq
amzf 30 kN/m? 2| @99 @/ gl @@ 4
fawfaa & m 2 vd ge, @9 T f mead 4

FA GiHT Gl T T K YBWE FH HAE
afaa g1 12

2

6. (F£) 10 mm T a 130 mm TG I TF FAFR
O 989 ! U 12 mun HIA JAEdie <z 9
9z & 9 3 feele 9« Srer ™ 2
10 kN &1 T#F FAaiwl 9K, 3+3 8§ 400 mm
1 g0l T argeed R A 9 45y & v ¥ SguE
o d 300 mm g8 W, 939 W S 2| |8 FI
fesga +1) 20
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| (b)

(c)

A lounge in an office building is circular
in plan, supported on four columns and
connected by circumferential beams
at top connecting the columns. The
diameter of circumferential beam is 6 m.
Design a suitable slab for the above
system, taking 5 kN/m? as the super-
imposed load. Adopt M 20 grade
concrete and Fe 415 grade stcel.

(i) State the limitations of plate load
test used for finding the bearing
capacity of soil.

(i1) A circular footing of 3 m diameter
has to carry a gross load of
4500 kN. The foundation soil is
clayey sand having C=8 kN/m?,
¢ =30° and y =20 kN/m*>. Find the
depth at which the footing should
be placed for factor of safety of 2-5.
For ¢ =30°—

Ne-=30'1, N, =18-4. N, =22-4

Design a suitable single lacing for the
column whose cross-section is shown in
the figure. The slendemess ratio for the
column is 24. Use 65 mm x 15 mm plate
for lacing. Axial load on the column is
1750 kN. For the column section

v =146-3 mm

r =40-3 mm

vy

C-DTN J-DFA/38 24
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(@)

()

T FAEd waT 3 fasm-%a agfaga @ gu=n
2 9 9r & X T 21 2 R Fwiem it m
T qifig y@ @ 92 T ) giefla @ = amm
6m 21 5 kN/m? =1 3wiffa ¥R o
g Bafaer, 39 ggfa % fom, fesmzm =t
M 20 g FFlZ & Fe 415 U8 FAE &1 TdM
Ead

(i) TR &) YN FqHA Fd FE F A W Wi
ghegor <ht afefad #m &7

(ii) TF 3 m T\ Trefl FAFER 918 F1 4500 kN
% Fed WL H1 G984 HET ¢ | a8 531 ghaema |
gz, @8 C=8kN/m?, ¢=30° 3l
y =20 kN/m> 2 2-5 & gars & foau 92
1 foperit TeIrg 9T T = Tifgu?

o = 30° F fea—

Ne=30-1. N, =18 -4, N, =22.4

faa 4 feg ™ stgw-w1Z 9@ Fiaw & fau
3Tgh Uohdl s-uF Tepta 1 feaga =11 =fam =
agar WATd 24 2| #=uE F T 65 mm x
15 mm 2 & ITINT Hi| Fed 9 A& 9ar
= 1750 kN 2| *iciq ufi=se & fou

rex =146-3 mm

Tyy =40-3 mm

20

15
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For lacing plate
{ Oc
r (MPa)
100 84
110 75-3
120 67-1
130 597
' Lacing _
_H___J________i___L{’__'___'_FDO mn
(N R P N I B
_____ 4 I I I (R
! : a’ ISWB 350 @ 599 N/m
p—- | L ] T i -~
st i e e it
ke 200 mm-> | k200 mm-
300 mm
100 mm 100 1inm
(b) {i/, A group of concrete bored piles is
square in plan and consists of four
piles, each 10 m long and 500 mm
in diamecter. The piles are installed
at a spacing of 1 m c to ¢ in a deep
clay deposit having an unconfined
compressive strength of 60 kN/m>.
At the tip of the pile and below, the
undrained shear strength of the
clay C,, =40 RN/ITIJ. The average
unit weight of the soil and concrete
are 185 kN/m™» and 225 kN/m"
respectively. Estimate the total
ultimate bearing load of the piles
group. Take rmobilisation factor
eqgqual to O-5.
C-DTN-J-DFA/38 26
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8.

(c)

(a)

(ii) Classify the piles with respect to
their use.

(i} Find the ratio of horizontal
permeability to vertical permeability
for a soil deposit consisting of three
layers. The second layer has the
permeability ten times that of the
first layer and the thickness half
that of the first layer. The third
layer has thickness twice that of the
first layer and permeability twice
that of the second layer.

{ii} An excavation has to be made in a
10 m deep clay stratum underlain
by a bed of sand. In a trial borehole
made, the groundwater was found
to nse to an elevarion of 35 m
below GL. What is the safe depth
of excavation without its bottom
becoming unstable due to uplift
pressure of groundwater? 1If the
excavation has to be made safely
up to a depth of 8 m, what is the
depth up to which water table
should be lowered in the vicinity
of the trench? Take specific gravity
of clay as 2-7 and void ratio of clay
as 07,

In a multistoreved building, it is
proposed to provide a rectangular
column of size 40C mm » 600 mm
reinforced with 6 numbers of 25 mm ¢
bars. Use M 25 grade concrete and
Fe 415 grade steel. Find the ultimate
concentric load capacity of the column
What will be the ultimate load capacity
when e¢_,,# 005 lateral dimension?
Design the lateral ties also.
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(b)

(c)

A prestressed concrete beam of section
250 mm wide by 400 mm deep is used
over an effective span of 75 m to
support an imposed load of 4 kN/m.
The unit weight of concrete is
25 kN/m?>. At the centre of the spamn,
find the magnitude of—

(i} the concentric prestressing force
nccessary for zero fibre stress at the
soffit when the beam is fully loaded;

(ti) the eccentric prestressing  force
located at 140 mmn from the soffit
of the beam which will nullifs
the bottcm fibre stresses due to
loading.

)y What do we obtain from a
consolidation test? List the
parameters we obtain. Describe
how one can use these parameters
in the design.

(i1} In a consolidation test, a specimen
whose void ratio was 1-068
under cffective pressure of
214 kN/m? changed to 0994
when effective pressure was
increased to 429 kN/m?<. Compute
the coefficient of compressibility,
compression index and coefficient
of volume compressibility.
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e s=<hfA=d

9T -TH—I

gug ;i1 9o quif® : 300

LT
vF v 8=t 3Tk 3701 2197 9 our 24
Nyl & 397 3691 mregm 4 fora s =g, e 339
379 TAN-yA 7 fFwr g 2, 3% 3@ ouneym 1 mw
3BT IN-JHIF & PF-98 W Hfwa [(fFe e v faea
ST JIEC | ¥Ev-93 W 3fghaa greag 3 3fafeE 3=
fFdt qregg o forg o 39 9T #1E 37F 98T (A
U dE 1 3R 5 fAard g ar#t yvvw 4 8 93w
@og H FH-B-FH TF N gAR [Fa 7 qe i F
I sy
Ut# 9 % 70 e 373 uvg @ 377 o 2w mu &
qad /wr=zraclt gafaa 319t 7 gy &, sr=ren Afde 8
afz Fo F2 3vaim gdta &, a1 3 o @y yrfia
F Aifere 37k 391 fAfdy Fifsay
qle 3METIF T, 91 1 Fei=ET (1 kN) = 100 kg #
HIR 9T =q2 &1 e § ofafda fFa 57 aar 24

Note : English version of the Instructions is
printed on the front cover of this
question paper.
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