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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE 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 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 usual standard meanings.

Attempts of questions 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 hlank in the
Question-cum-Answer Booklet must be clearly struck off
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TS A

SECTION A

Q1. TrmferRaa wyft =i w1 ST AU :
Answer all of the following questions : 10x5=50
(a) x-y ouds § fgfafta srofl yamg &g, x-foon # dm-aes v, = — x & g fq
TR | O By W@ 91 fava ¢ gq e i shifsie, Afe y = 0 % U
y =0 Td ga-famg W ¢ = 0 T ™ 31 | 59 gR1 k8 TR o JaT8 &Y
eiua fere SiTaT 3 2

For a two-dimensional irrotational flow in the x-v plane, the velocity

component in the x-direction is given by v, = — x. Obtain expressions for
the stream function y and the velocity potential ¢, if 1t 15 given that
w =0 for y = 0 and ¢ = 0 at the origin. What type of flow pattern 1s
represented by this 7 10

(b) 300 mm x 600 mm HTHR (THTET) aTel Ush YalleTd hshle hl AT STTHTT
999 9T H 20 mm oI drl 4 @'35[ {4 SEIGL % | ETF&FT
sshgrH-faafd v &1 fFuio fifse, Senr 4@, 8 m il ggieted gwre]
feregfa ot 98T 9 Weh | SEAHIET (U 7Y ShshiZ < US TH 3EAT o US SHA:
M 20 U9 Fe 415 8 | U TU qieoffr Unres gq Y& <kl JHTE] a0
50 mm & |

A reinforced conerete rectangular section of size 300 mm X 600 mm
(effective) is reinforced with 4 bars of 20 mm dia on the tension side.
Determine the safe uniformly distributed load that the beam can carry
over a simply supported effective span of 8 m. The grade of concrete and
stcel used are M 20 and Fe 415 respectively. For the given
environmental exposure, the effective cover to reinforcement 1s 50 mm. 10

) =3 1¢) 4 zulv 7u 9@ O, m 290 &1 UH Bl scdleh Ud M GeIHH h]

ueh g sefa aren fosr sie, FHl 9o & AU a8, U IBET
& gedt W ‘g’Q%’ | BIC Al ol ﬁ:?ﬂ ST STl =gAd o (u) Td hiTolg
qTfeh 98 WS Selieh o Ioaqy g W Ugd &e

5

m

%

Ve
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For the system shown in Figure 1(c), a small block of mass m and a
smooth irregular shaped block of mass M, both free to move, are placed
on a smooth horizontal plane. Find the minimum velocity (v) to be
imparted to the smaller block so that it reaches the highest point of the
larger block. 10

11l
W __E . '\.‘\\\‘
77/ N N

Figure 1{c)

(d) T 1(d) ¥ S8 T3 97 & hadd UM CD & ofu, S smepl sm difsm |
10 kMN/m

X

2 EI o a
( )5?5 () (ED

&) e D

10 kKN/m

iy

K 4-0 m A— 2:0 m —
fer7 1(d)
Draw the Bending Moment diagram for the CD portion only for the
beam shown in Figure 1(d). 10
Al 10 kN/m
.-.Iﬁﬂ.ﬁ...ﬁl.ll
(2 EI) > 7/
© En P
&) e ©®
roller
K 4-0 m A— 2:-0 m —

Figure 1(d)

(€) T Hal, RTEeh! T4l 30% &, U HaT vl 1 AR O9cd 2-6 8, H G5 6
TS 8 | 39 9gal hl 15 m A1 8 W SeAqE fET-gsi=ar 2:0 m & | qrgfi
(sTafcin) o fowg guen ok &1 w1 8 2 Afe s & faeg gran or 2
i JAIhdT Bl, d YU b W Sl I fohal TEUE T SEd ohi
AT BT ? TSI h1 Teheh WR YT o T AT AT T s} 6 W o

ZTEr=IdT B Shl 0 O AT |
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An excavation is made in a soil whose porosity 1s 30% and the specific
gravity of soil solids = 2-6. A 1-5 m thick layer of this soil is subjected to
an upward seepage head of 2:0 m. Find out what factor of safety exists
against the piping (boiling). If a factor of safety of 2 is needed against
the piping, what depth of gravcl is required to be placed above the soil
layer ? Assume the unit weight of gravel to be the same as that of the
soil and negligible loss of head in the gravel layer. 10

Q2. (a) UUAA ¥ 4 m ol SO W AW I & TITEUO gd, Th TE ThR &
yfaures firt & snfya e < ST Hifve fweht foad =3 2(a) 7 <9
T 2 | Wad % AR 1-2 m I TEUE W el <kl IUciey UM UROT &HA
165 kN/m? & | J&I &1 TGN v 30° T JaT Ua ehshid & sI=l HHI1 0Nk
0-52 8 | T I Tehsh YR 18 kN/m® 2 |

x 7z L
4000
o olom
1200 1000 2100 .
A 00200
v v
€ 3500 >]

M-ESC-U-CVL 4



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

Check the stability requirements for a cantilever type retaining wall of
the dimensions as shown in Figure 2(a) to retain the levolled carth for a
height of 4 m above G.L. The safe bearing capacity of soil available at a
depth of 1-2 m below the G.L. is 165 kN/m?. The angle of repose of soil is

30° and the coefficient of friction between the soil and concrcte is 0-52.

The unit weight of the anil ia 18 kN/m? 2()
200
'y 7xe— GL
4000 i
R TRRS i
1200 1000 —| ! 2100 >
9 00.20¢
400
Y v e
< 3500 >
Frgure 2(a)
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(b)  Teh T T 3Tauer-Tawdl forewur ua qay Tured foreor o 2(b) § ST MY 8
S &1 e & 00 Ta8 ¥ 1.2 m = 8 | I8 A1 I Hehal 8 b a9l <6
aqftd 9 50% & v me (Tee) wa gfl 9@ |qw @ | 3Egel i gl Tty W
(I Gdg dh), Gohol SeAlER Ufqeel, IgEE Widad (IR YIR) TE TN
SEER gfderet &1 W@ T98Y | WY &1, W Ta8 9 1-0 m IR Th 65 W
] Feaier Tidea falfa i |

G. = 265, e = 0-650

The details of the subsoil conditions at a site are shown in Figure 2(b)
together with the details of the soil properties. The ground water level is
1-2 m below the upper surface of the silt. It can be assumed that the
oravel has a degree of saturation of 50% and that the silt layer is fully
saturated. Plot the total vertical stress, neutral stress (pore pressure)
and effective vertical stress over the entire depth of subsoil up to the
rock layer. Also, determine the effective vertical stress at a point 1-0 m
above the rock layer. 5]

G, =265, e=0650

1:8 m Gravel

Figure 2(b)

M-ESC-U-CVL 6
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(¢) UHUHH TEsHaH gar, orEer i udol & ¢ = 34° 8, & Tk HIZ [Ha™
W, TH R A 1 o e srer @ 1 g f meE 12 m 2| 9iwea
T HTE! TEUS T 3 TG SHR GG T10g HHT AT Gebdl 8 | L& 70 3 %
1Y, 9e 1 I 3fieheus W 700 kN 2 | Hfig o1 teen fuifa i
ad @ ¢ = 34°, N, = 526, N, = 36:5 Td N, = 37-0 T &1 T Thts W
v = 18 kN/m?.

A square foundation has to be constructed on a thick deposit of uniform
cohesionless soil with angle of internal friction, ¢ = 34°. The depth of
foundation is 1'2 m. The water table 1s at a great depth and its effect can

be neglected. The allowable design load of the footing with a factor of
safety of 3 1s 700 kN. Determine the size of the foundation. 15
Given ¢ = 34°, N, = 526, Nq = 36'5 and NY = 37-0 and

unit weight of soil, y = 18 kN/m?°.

Q3. (a) T=F 3(2)d cwis M F= (20) W Q1 TiM™ 9R, T 100 kN, 9T 9 g8 I
® 3 | TfHE 9 o HRvl, 3f9¥d BGH AYhad U 1 YiehetH iy |

® © O
100 kN 100 kN T
65111#—* 111’1
D
TR HR 4 © O ®
I—B5m—A—5m-—F—5m-—+5m—~
=7 3(a)

Two moving loads of 100 kIN each are moving from left to right on the

truss shown in Figure 3(a). Calculate the maximum load in member BG

due to the moving loads. 20
100 kN 100 kN T

A— 5 m &"“—3‘ 5m

9,

/ AN
Moving load ®4 © D %CE)
#— 8 m. =#—5 i~ § mi 4~ S m—o

Figure 3(a)
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(b)  ATIATRR Y=oe 6l Ueh Tdiid hshie shi o I i€ 230 mm Td gy
g8 500 mm 2 | T4 Td TdieT User ol T9TE] ST A 40 mm T
30 mm & | 99 99 H 20 mm F@ Il 3 D&l T gdied ¥ 16 mm S
giell 3 Bei % g Ylid g | eRa hl Higma ATeul-aner aman | Hifsw
SEAITS TohU 1T Shshie ohl UE M 20 3 SEITd 1 U€ Fe 415 8 |

A reinforced concrete beam of rectangular section has a width of 230 mm
and an effective depth of 500 mm. The effective covers to tension and
compression remmforcements are 40 mm and 30 mm respectively. The
beam 1s reinforced with 3 bars of 20 mm dia in tension and 3 bars of
16 mm dia in compression. Find the limiting moment carrying capacity

of the beam. The grade of concrete used is M 20 and steel grade is
Fe 415. 15

(¢)  &Tasl § 30° % IV T IPehl Th 31 W1 W, Th oA (GTHME Hded p, ik

AT 1) a1 STaiEd!, Tgladta, qui foerfia walta game & @1 8 | @ hl Wa
i Oe h g @ 9y Udg W IRESHd g9 8 | Ja1g i faen °, 3ga Jos
T & foru sgsTeR yreq HifSw

Steady, two-dimensional, fully developed laminar flow of a fluid (mass
density p, dynamic viscosity W) 1s taking place on an infinite plate
inclined at an angle of 30° from the horizontal. The thickness of the fluid

layer 1s h and the top surface has atmospheric pressure. Obtain an
expression for the average flow velocity in the direction of flow. 15

- Y

Q4. (a) UM TH 1-0 m TG o U159, SMeh! ®&dr F=1E, ¢, 0-1 mm 8, H ¥ JaIEd 8l

W2 | dl 3ehdy 99 Ydarg e &7 2l i gE=at 819 5 m 9 km a5k
Hiira @t gl 2 9yl 1[uTeh <k Toiu HioTRgd SHieRr &1 I3 il

. 0-25
f = - —
4 )
1 e O
610l 3.7 D RO
\ & A

Teilehl o 379+ | 3AY & |
Water flows through a 1-0 m diameter pipe which has a roughness
height, €, of 0-1 mm. What will be the maximum possible flow rate if the
nead loss 1s to be limited to 5 m per km ? Use the following equation for
the friction factor :

, 0-25
f =
= / \]_2
I e o
Symbols have their usual meanings. 15

M-ESC-U-CVL | 8
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(b) UH UYAgssl 5 m/s hl Td ¥ WHg § Fgd TeUs W (WGE & UM @
p = 1030 kg/m®, p = 1-15 x 1073 N-s/m?) =« W B | Tgsdl & IHY
HISA W, AU A Tehl H TARTT Sl Fleh UASeH] W HYU-TS hl TTeeheld
HET BT 3 | A AR SHATT 1 : 25 &1, a1 Aied d 7 fpa-t g+
=eY ? Ife Aige W NI 1000 N ATIT ST 7, o IAGss! YT HYU-aa &7
B 2
A submarine 1s travelling at a large depth in the sea (seawater
p — 1030 kg/n13, u - 1-15 x 1072 N-g/m?) with a speed of 6 m/s. It is
desired to estimate the drag force on the submarine by conducting
experiments in a freshwater tank on a scaled model of the submarine. If

the length scale 1s 1 : 25, what should be the speed in the model ? If the

drag force on the model is measured as 1000 N, what is the drag force on
the submarine ? 15

(¢) U "qw Fhas! o 4941 W fhu MU wufd sHvaifza Hetefla udeon @
AefAigd aftoT I gT | gar & Suedv amed grEer (YW gfied @

Tehel Jideae gH1) 1 Fuffa Hifs
(kPa) (kPa) (kPa)
100 137 28
200 210 86
300 283 147

The following results were obtained from a series of consolidated
undrained triaxial tests on specimens of saturated clay. Determine the
shear strength parameters (both effective stress and total stress) of the

s01l. 20
Oqg (0'1' — 0'3’) at peak u at peak
(kPa) (kPa) (kPa)
100 137 28
200 210 86
300 283 147

M-ESC-U-CVL 9



https://prepp.in/

www.prepp.in

@os B
SECTION B

Q5. (a) T 5(a) # cwlt Tu awl & ISRl & U lveran HwETu sd o
formg 9t Ta&qYl Sideei o fo=ur 1 e §15T |

7777777
b 14194

r

(1)

L
757777,

VA AL IS 4SS
(Ll Ll

(i1)

DA
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Sketch the variation of shear stresses for the cross-sections of the beams

shhuw w Figure S(a) at the point of maximum shear force. 10

Q) %
7 Y
77
7
7

(iii) VJ! . | . //”

(iv) <

Frgure 5(a)

l M-ESC-U-CVL I 11
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(b) TH 5 mm A FH AN, TAA W 10 m/s % 7T & FEAU-FHEAYE!-SA-57
1 fregror s @ 8 | 98 Sie fohal STlehan =g a9 dge ? Afe 1-5 N HR
el U T B 3H I W Hglerd fhAT ST, al IGeh! Al 8 Hars fehdHl
Bt 2

A 5 mm diameter nozzle is discharging a vertically upward jet of water
with a velocity of 10 m/s at the nozzle. What is the maximum height to
which this jet will reach ? If a flat plate weighing 1-5 N 1s balanced on
the jet, what will be its height from the nozzle ? 10

(¢) T® 250 mm NSl Td 450 mm TEd qEdiHd qauideiaid $shie 83, 50 mm
e Iehgar W @ ai (8% 420 mm?2) & g GEUfdelad g8 W
1 kN/mm?2 &1 IR ufdast a1 s @ 2 | 93 hl faxgld 12 me | i
yfeerer <kt g gilat <6 momn e | FefaRea siferel w1 9@ S

ST h1 YTl A9 Eq = 200 kN/m?

Shshle R TITEAT AU E, = 40 kN/m?

Hepad 1 UM = 280 x 107°

Hg faequ (shid) <kl TUIeh = 1-6

A pretensioned prestressed concrete beam, 250 mm wide and 450 mm
deep, is prestressed with wires (area 420 mm?) located at a constant
eccentricity of 50 mm and carrying an initial stress of 1 kN/mm?. The

span of the beam is 12 m. Calculate the percentage losses of stress in the

wires using the following data : 10

Modulus of Elasticity of steel Eg = 200 kN/m?
Modulus of Elasticity of concrete E, = 40 kN/m?

Coefficient of shrinkage = 280 X 107°

Coefficient of creep = 16

M-ESC-U-CVL 12



https://prepp.in/

www.prepp.in

prepp

Your Personal Exams Guide

Y

(d) &7 5(d) °, U 3G HHAA i, AldS a1 | 45° & HI0T W, Teh Toehd] SaR

- % Y A

& Taet T W @1 =1 8 | T8 [ VT 2eadE M Shl Ueh UshEHE Hidl, Eidr
Td AMd del W 39 UehR Tehl 2 Toh Edl 37Hd 9« W &rg S91d1 2 | 3799

™ y rh'ﬁ..

g
=YU] OIS <kl =Had g @31 g1 w6 il 1Hd da W Rages 78 2

ot

y

=1L

peire AT T

BFLFFL LS TGP PTG

(-l L P — ) EE S e Saa A AL I SIS IS G I ST IS D G G B S I S B B B S S GEEE i e e

In IFigure 5(d), an inclined plane 1s kept at an angle of 45° from

horizontal plane at the bottom edge of a smooth wall. A uniform ladder

) of length [ and mass M rests on the inclined plane against the wall such

that it is perpendicular to the incline. What 1s the minimum coefficient

of friction necessary so that the ladder does not slip on the incline ? 10
Wall
\
g
™
%
5
X, Ladder - Inclined plane
\
\
\
\
\ 0
!
\
\
\
N
\
N
O 45°
Figure 5(d)

l M-ESC-U-CVL I 13
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(e) 10 m A @l e & dfcd fem, @ da (92 UE) & IwW

=

arel-&nla faedr arell J1se o 239.%, men yrftys amet =99cd 509% o1, )

AlTH @Tiel =cd 80% T @EMd [hal AT | AT Wl AfghdH g an

[chdT 3TUTd 3pHTI: 1-0 U 05 AT | §&- o €& Tde-9eq F1d Hifed |

A site with a large areal extent underlain by 10 m thick, horizontal
deposit of dry sand over bed rock, initially at a relative density of 50%,
was compacted to a final relative density of 80%. The sand was
characterised with the maximum and minimum void ratios of 1-0 and

0-5, respectively. Find the surface settlement following compaction. 10

Q6. (a) 1g = dH T4 Sl =T 6(a) & AR =HaEaq fman smar 2 | sfi= aret 972

T 1000 N/mm? &1 UHAH qdied Yidsed S Siidr g | =4 2 <hil ST=afHes
[erepil <kl TTurAT ShilsTe, IfE x-3187 9 fereenma arferd &1 |

(1) A=A, =Ay=A
(11) L1=1ly=1,=1
(111) B =Ey= 14X 10° N/mim2
(1v) E, =2-1x 10° N/mm?
(V) N, = N, =0-20
(V1) N, =03
G, = 1000 N/mm?

¥
A /
/| /
i /
/ 7
/S A9 Ag 4
6 ®elsh —5 / ;B 7% %ok
/// 1 2 ‘3 ;
i 1n ing /
AY 5 -i‘]. D) Eii‘: //’
2 Ny Ny Ny [
> X TP PT ALY AT PP AT 7T L AT L
Z | E‘.:E;‘ HIHUTL
1=l 6 )

M-ESC-U-CVL 14
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Three metal cubes are arranged as shown in Figure 6(a). The central
metal cube is subjected to a uniform compressive stress of 1000 N/mm?.
(Caleulate the volumetric strain of cube 2, if displacement is restrained
about the x-axis. 20

() Aj=A,=Ay=A

G Li=h=l=l

(ii) E;=Es=12x10° N/mm"
(iv) B, =21x 10" N/mm*

(v)  N;=N3=020

Oy = 1000 N/mm?
o
70 | @ | ® F
/] e
] A Ay As ;
Rigid face ] ] ] 4 Rigid face
? 1 2 3 ;,;
AY 2 El EZ E3 §
ﬂr N, N Ny [
> X I TS AT T TTINARE T TT 777
Z Rigid base

Figure 6(a)

(b) 500 mm SATE <l Teh hshic TIZA 1 Teh FiehTH H&1 H TEAT ST 8 | I13cd
1 srfiepreud &mar 500 kN 3 |a\a'a?faszrrq"’ﬁa 6(b) H I3 T8 & | IUYH
3oy gaar & fou, usd & U sievgs =R [FyiiE i |
(AT ANY o = 0-75)

Qe = 900 kN

!

iiehI

L
Qyy = 115 KN/m?
v = 18-1 kN/m?
Y
77 6(b)

l M-ESC-U-CVL I 15
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A 500 mm diameter concrete pile is to be driven in a clayey soil. The
design capacity of the pile is 500 kIN. The soil conditions are shown in

Figure 6(b). Determine the length required for the pile for the above
design capacity. (Assume ¢ = 0-75) 5 5]

Qdesign - 900 kN

'

72, AN 2\
Clay
L [}
q, = 115 kN/m?
y = 181 kKN/m?
L 4
Figure 6(b)

|

(c)  T-3MMpfd b SILY-INTDE dTefl Ush USidd hshie o & U savaes
IEU Yldeel [y $ice, Sadh wo =i 1500 mm, Risl d1eR
100 mm, 99 IS 300 mm T IHTET T8 600 mm 8 | 9, 991 6 @&
25 mm ¢ ! 8 Sl g TUied hl TP 16 mm O Sl 4 Sl { LI SEIG I
U AU ®9 H el H SR @ | 9, 10 m 6l ey faegia W,
80 kN/m =1 T[[UTd TehHH Tordfiid R 9RO it 8 | shshic &1 IS M 20 Td
T 1 US Fe 415 8 | Shshid ohT 319%99] HHed = feur w2 -

=T ) SRieTa N/m\mfzﬁ MQOT%IQ
3T ST Yideied
2-10 0797
2712 0-799
2-14 0-802
2-16 0-804
2-18 0-806
B 220 0-808

M-ESC-U-CVL 16
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Determine the shear reinforcement required for a reinforced concrete
beam of T-shaped cross-section with a flange width of 1500 mm, a flange
thicknecss of 100 mm, a web width of 300 mm and an effective depth of
600 mm. The beam is reinforced with 8 bars of 25 mm ¢ on the tension
side and 4 bars of 16 mm ¢ on the compression side. The reinforcements
continue uninterrupted into the supports. The beam supports a factored
u.d.l. of 80 kIN/m over a clear span of 10 m. The grade of concrete 1s M 20

and steel is Fe 415. The shear strength of concrete is given below : 15
Percentage of Permissible Shear Stress
Steel for M 20 in N/mm*
2:10 0-797
2-12 N-799
2:14 “ 0-802
2-16 0-804
2:18 0-806
2:20 0-808

Q7. (3) T 2m TS AR I, ed 2 m3/s 6l & ¥ I vyarfga gan &8,
Teesld S9dl 2 | I8 UM TR o7 R SA=s & 91 dN-gE=Edl SdesTd
% Ugt I ANl KT AT 5% & | TS & U8 il Ud A=A o
S1g <hl TEUSAT FT-RT B 2

A hydraulic jump is formed in a 2 m wide rectangular channel carrying

water at a flow rate of 2 m°/s. It was found that the velocity head after
the jump is only 5% of that before the jump. What are the pre-jump and
post-jump depths ? 10

(b) 10 kN/m = 70T Ushaa faalia ¥ =t 989 A o {0, Th 8 m i 9
farafa arell ygefem a@ Kt sfimea Hifv | adted wi ot @

T W UREd: YA 8 d1 §EAd T 9N ufasd 250 MPa & |
32, T4 u &, 300 Ui=asg o Tured = feu e g
ST = 5870 mm?

D = 300 mm

ty = 13:1 mm

t,, =77 mm

I =89857 cm*

r,, = 124 mm

Ly = 286 mm

Usheh Y w = 0-461 kKN/m

7. =599 x 10° mm®

M-ESC-U-CVL 17
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Design a stmply supported beam with an effective span of 8 m carrying a
factored u.d.l. of 10 kIN/m. The compression flange is restrained laterally
along its entire length and the yield stress of steel is 250 MPa.

The properties of ISMB 300 section are given below :
Area = 5870 mun”

D = 300 mm
be =140 mm
te=13-1 mm
t, = 77 mm

I =89857cm*
r.. = 124 mm

Loy 286 mm

Unit weight w = 0-461 kIN/m
Z, =999 X 10° mm?

aATfe-adtes @1 W &l fergati & fHeeme Fefaiad 7
o, =400 kPa, e; =08; 0, =800 kPa, e, =0-75

@9 H, S8 g hl Th 8 m AR AHRIG: Gi-d W W Eien R e W

HFd T Feater gfdaa 250 kPa ¥ 91 & 450 kPa & T a1 | Fuif@

Iy -

(i) qitien! 9d 1 HUTS geehich Ud TR foehdl 39T

(ii) G 1 A9 F9ed, 3

(iii) 25 mm % AfdH G999 HEET i 91 w6 [T ¥R glg TR 3Tk
GiTd Tl 3TUId

The coordinates of two points on the virgin compression line are as
below :

o, =400 kPa, e; =0'8; 0, =800 kPa, e5 =075

In the field, a 3 m thick normally consolidated layer of this soil subjected
to construction load and the average effective vertical stress increased
from 250 kPa to 450 kPa. Determine

(1) the compression index and initial void ratio of the clay layer,
(11) the consolidation settlement of the layer, and
(111) the load increment to cause 25 mm final consolidation

settlement to occur and the corresponding void ratio.

M-ESC-U-CVL 18
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Q8. (a) (i) Ueh R TR ST H HieT g UE gl el 9 Shesigr & | YHaH

JScd AT I, 97 TG T, GHTH 9Ei o el 3N
hrg-H-ohrg o1 gl Lo WM oo | fag <hifvig i &7 o 17T shildeh

2
EI
T W, = RL? g |

A long column 1is initially straight and hinged at both ends.
Consider, least moment of inertia I, Young's modulus K,
homogeneous material and centre-to-centre distance of hinge

support L. Prove that the critical load for the column will be
2
n° Rkl

W=L2

C

10

(i) T FAIEI-FRE TE uge $i Th Jgered T W E 8(a)ii) H
2T T A& Ua FAUEd WR Rl gC & | o 9 gwi Y uitesg C
 fog (1) @ (2) W Uhel Yidaet 1 Tehetd ISy |

(b4 & ST R Giee) 100 1o
10 kN/m a—
renkcenoempocpareeoce Or—
100 KN | | |  |100kN | | 200 mm
o 0. i
® & @
J 10-0 m % C W Ui=ae
—50m —
=7 8(a)(ii)

l M-ESC-U-CVL I 19
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(b) @)

(ii)

M-ESC-U-CVL

A simply supported beam of homogeneous cross-section and
material is subjected to axial and transverse loads as shown in
Figure 8(a)11). Calculate the total stresses at points @ and

(2) of the section C as shown in the figure. 10
(including self-weight of heam) 100 mm
: 10 kIN/m —
100 kN 100 kN o 28?) mm
it N S . .  ———— .
® © of
K 10-0 m A Section at C
A—50m —
Figure 8(a)(ii)

Jatg =h! Ta3I o FHTA W T3 Toh AAThR 99 W W 91 (goaqH™
gqcd 1-2 kg/m3, Tideh AT 1-8 x 105 N-s/m?2) =61 JYaT8 & @& 2 |
YaTg o7 10 m/s 8 U Wid hl @HITg a1 & foh Wlegq Ara 3]
HR T HIaH 7 (7Y, THG-Ra Fa7 ST 8) | = &l IS
IGeh! Ty i et B | Wi i I F THaA W 90° I AT STl B
difer 316 YATE 3Heh! it Yo & THHRR & @ 8 | 39 & Y918
et | forepy Sell ST 31Ut FTa HIRT |

Flow of air (mass density 1-2 kg/m3, dynamic viscosity

1-8 x 10™° N-s/m?) takes place over a rectangular flat plate kept
parallel to the flow direction. The flow velocity is 10 m/s and the
length of the plate is such that the Reynolds number is critical
at the trailing edge (i.e., the boundary layer is laminar
throughout). The width of the plate is half of its length. The
plate is then rotated by 90° in its plane so that the flow is now
taking place along the shorter side. Find the ratio of the drag
forces under these two flow situations. 10

@ fau sftensfoes ospl Sl s(avEear = Bt 22
ATATEIOTR IRl o ohid-shld | e gopR 8 2 Uoed sgicl c@E &
fo, setg i 3t gohTs wiftr & o s yeft fersh siivemnufies
Ish GRMST |

Why are the characteristic curves needed for a turbine ? What
are the various types of characteristic curves ? Show a typical
constant head characteristic curve between unit speed and unit
power for a Pelton wheelturbine. 10

20
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[eh =1 8(c) H SRIAT AT 8, Ueh JAThR G
e FHL IS © | e H O

Tl Sl B8 200 kN & T YR
g B = o =1 iesem Hifag

el sl B8 I ATIEY-HIE &ABA = 5000 mm?2

LT ol T4k 758 i SJIEA-<h[< RIFTHA = 5000 mm?2

I & B ) THEE = 30 m

SETTd <hl Uedsh B 1 oI5 = 1-0 m

Eswa = 210 GPa, Ky =120 GPa
3¢ Wie
s A7
SEUTq @\S_A ” ST BE
1-0 m
et e s e v f P B VLTI TTIi777
30 m
- dred <hl T8
N e B T
200 kN
CELIS,
21
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A circular copper bar 1s carrying a tensile load of 200 kN as shown in
Figure 8(c). Calculate the displacement of point B of the copper bar. 10

Cross-sectional area of the copper bar = 5000 mm®

Cross-sectional area of each of the steel bars = 5000 mm?

Length of the copper bar = 3:-0 m

Length of each of the steel bars = 1:0 m

E. ,=210GPa, E = 120 GPa

steel = copper

Rigid plate
I A7
el __ Steel bar
1-0m
¥t 7777777777777] VI77 7777777777
30 m
- Copper bar
. . YO B ;
200 kN
Figure 8(c)

M-ESC-U-CVL 22
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