Civil Services (Main)
Examination, 2026

KVMS-P-CVG
Tafere seiifRadt (woar-us-1)
it g ; &9 a0 sftrpam 3% : 250
TYA-UR wadt fage srgEw

(W A F @ Frefafes e # Fwn a@arigEs afe)

39 e 9A 8, W A wedl A fawifera § qon Rh o ol A F Bd gm

qhignsi 1 Fa uiw T F IW 3J §)

W99 Fe 1 3R 5 Afad § qun arh weE § @ IS Wve ¥ FH-8-F Tw I g @ 9w % I i)
ToF /9T F fore fra i s g Ry e §

¥l % IW I wiivga mem | ford s ey, Sae sg@ ook yaw-va § e mn R, oiv 3w mem . owe
3@ TH-HE-IW (Fo Hio o) Y & gays | ffde wr R frn s =iféw) witga mem & sifofes o=
foredt mem A for@ o IR W FE o A frei)

T I A F o afk #E gdurond R 7 @, @ % we v @ P fivw

el avas B, @l 9 foagfadl ), 7\ # W A F fou Re e oem § & sy

va 7% 3fgfaa T |, Gha a9 T=traelt Tufd AEE 39l § 9T &

T F A A 0 FAEER A Seh | i w9 8 Ry T wE F sw R off g & el af 3@ w5
T R TH-HR-IW JEE § @il 318 T FE Y8 Ayl Y8 & WM H Pia: Fe 4

CIVIL ENGINEERING (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

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, 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 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 blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@us—A |/ SECTION—A

1. (a) TF 99Rfea geft A # faa ¥ auiy oger @ 98 AB T AC 31 aTeifed fFa mn @, st @&
SR AR W, B @k C R & 30 3 #1 0 e Few, S D W S 3w g2 }, [ W
¥ B ST 8 3R g BR E W 30 kN &1 YR 984 a1 8| 994! & o9 & o B o
TR T R Yl ¥ HHR H TG HAD FQ G U ARG R BE AB AdR AC B W@
fRuffa Hifv -

A frictionless pulley A as shown in the figure is supported by two bars AB and
AC which are hinged at B and C to a vertical wall. A flexible cable, hinged at D,
goes over the pulley and supports a load 30 kN at the other end E. The angles
between the members are shown in the figure. Neglecting the size of the pulley,
determine the forces in the bars AB and AC by drawing the free body diagram :

@ <— Frictionless Pulley

30 kN 10

(b) 9F ABCD % o 5% 3yl 3TR@ U9 219%9 96 @ 991501 ¥ W 12 kN &1 0% fig
wr, fo3 # it orgEw, @m R -
fe—2m ——|
A% B
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Draw the bending moment diagram and shear force diagram for the beam
ABCD. The beam supports a point load of 12 kN as shown in the figure :

(3 2m >
4
A 4 F B
06 m
v _lD
12 kN
!
03 m 10

(c) T3 ¥ goie 7 &R & AR & whese & fou ‘s s (3w %)’ fuffa i

d/2

d/2

&e— b ——3

Determine the ‘shape factor’ for the diamond-shaped section shown in the
figure :

d/2

dj2

10

(d) T G@E-darfea (fi-2wre) g, et e 250 mm 3R "E 300 mm R, A 12 TR
(Y% %1 F™ 6 mm) TR [@-Niafera fFn mn R, S oy A, 7% Few (ARe)
HUFe (Hifhe) ¥ 100 mm g W & +@ §¢ 1200 MPa & Wioafea foran mn 21
YA AYHV, TFEd, @ H Rifdem R wdn ywE ¥ wnw wfoaa #® sifw @A
yfoera &1 e Y| g iR FEhle w1 TRy A9 #EE: 210 kN/mm? 3R
35 kN/mm?, @dv 7uris = 1:6, 1a9 G sl = 3x107* o 7w wfma =
fofem = 90 MPa #m wfifsm)

A pretensioned beam 250 mm wide and 300 mm deep is prestressed by
12 wires (each 6 mm diameter) initially stressed to 1200 MPa with their
centroid located at 100 mm from the soffit. Estimate the final percentage loss
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of stress due to elastic shortening, shrinkage, relaxation of steel and
creep effect. Assume that the modulus of elasticity of steel and concrete are
210 kN/mm? and 35 kN/mm? respectively, creep coefficient = 16, residual
shrinkage strain = 3x10™ % and relaxation of steel stress = 90 MPa. 10

(e) TH W iz TER W 2800 kN #1 firehan fora s7a&qor a1 @ B | TE H IR F2
4wl T R A9 R W Wil F Sied ¥ o o v fhee e w1 sifeew Fift
wig-afesn 7w &fifsm) E250 ¥z e, e £, =410 MPa 2, =1 39@m frar mn R
afivepe % fog dwia sraen fafy @& sw@m Hifw) v, =1-25 @it

l 650 mm y
74
| | 25 mm
2
1500 mm
-2 €15 mm
S
| | 25 mm
-l
e
650 mm

A steel plate girder is subjected to a maximum factored shear force of
2800 kN. The cross-section of the girder is shown in the figure. Design a
suitable fillet weld to connect flange plates to the web. Assume shop welding.
E250 grade of steel having f,, =410 MPa is used. Use limit state method of
design. Take Y, =125 :

650 mm

—
+
| | 25 mm
¥
1500 mm
-2 =15mm
V| —+
| 25 mm
=
—_—
650 mm 10
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2. (a)

(b)

(c)

dimia s faft 1 309m F@ g 3-0 m 32 yafea Fhe & 1 FAER T [d1E sy
(e 215S) % |1Y)] 1 AT FINT| 39 W 1150 kN (79a 9R + 96 9R) 1 o
Haffg wR @M | FHr B A3 M25 R a1 I3 Fe500 F 399 Fiferg | g o
% H 12 i) e w1 faem v @ e § iz

Using limit state method, design a reinforced concrete circular column (with
lateral ties) of height 3-0 m. It is subjected to an unfactored axial load of
1150 kN (dead load + live load). Use M25 grade of concrete and Fe500 grade of
steel. Take effective length factor as 1-2. Show the design details in a neat
sketch.

Tgarg i v Defi o3 A v w2 glam TE § 8 TE5R @ T F Es R fE-se
¥ TS ¢ 3R W W UF A& 96 99 q%F A1 A1 & 5 qoF T T8 g A1 Y| SHAR F g
F IWM FA g Hyurg F 300 MN/m? | W fag (fies i) | o= & o,
srferran F= fade Y e A B3 B w=E = 2:0 m, BT T ITRY FE 20 mm
15 mm 3R YImea A9 E = 90 GN/m? #m «fifsm)

A straight bar of alloy is mounted in a strut-testing machine with both ends
pin jointed and loaded axially till it buckles. Using Euler’s formula, calculate
the maximum central deflection before the alloy material attains the yield
point at 300 MN/mz. Take bar length = 2:0 m, cross-section of the bar as
20 mm x 15 mm and modulus of elasticity £ as 90 GN/m2.

st e fafy 1 3wdm #@ gu fm # w1 G ABCD #1 fawen fifv (se B
%% ?)| G W 9R, agal w1 see-re R o= g f § we w1 @ g E
FHA AT R ATEYV T AN@ F WP W@, ARG H Fh A QWA Y T

100 kN 80 kN

l i l f o

— 4m ——3mIM2mIM—3m

@ @
*7@

b
AN

15

15
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(@)

Using moment distribution method, analyse the structure ABCD shown in the
figure (joint B is rigid). The loading on the structure, moment of inertia of the
members and other dimensions are clearly mentioned in the figure. Give neat
sketch of bending moment and shear force diagram, indicating their values in
the diagram :

100 kN 80 kN

S
AN
——
ey]
l——
AN

e— 4m —k—3m I 2miM—3m

FTITT

T 70 & AR 39gd | 9 sgga yr (i) @@ #
(i) FdteT 9 = 30 kN (3= 3R =a WR)

(ii) TF 9d = 150 kN (3/=9a 3iR 959 WR)

¥8 799 31 ISA 100 x 100 x 8 & fiffd B, S 10 mm #ARE H Wz Wz % M 3R
IS B 30 g W diedl A avds §&a1 319 Hifve| 7 iR fF @ #1 =@ = 16 mm,
e F U = 46, ¥,y =125, k, =0-6, Slee F 21 AT AT * AT F2 F AT6d =
W % ITRY Fe F 4R F 078 T B Alvwew F fou dmia s fafy w1 sw@m
Fifs

A vertical member in a truss is subjected to the following member force
(factored) :

(i) Compressive force = 30 kN (dead and live load)
(i) Tensile force = 150 kN (dead and wind load)

The member is composed of two numbers ISA 100 x 100 x 8 connected to both
sides of the gusset plate of thickness 10 mm. Find the number of bolts required
at the joint. Assume bolt diameter = 16 mm, grade of bolt = 46, y,, =1-25,
k, =0-6, cross-sectional area at the threaded part of the bolt = 0-78 times that
of shank. Use limit state method of design.
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(b) veu foa ©% 9@ ABCDEF % fu siequ ot 3@ &I suiidl 21 9 & fog A W iR @&
3 fog ® ft &9 onei B 9 w9 & fou ur om@ iR g9 sl s (St wHo o)
g, Fomd 2w fogall 3 wea fo o do F R W P fif Tf-aRed fag

(afe ¢ ?) +f =i -
" \\\\L
D AN A
B C D Emm

ATEQUT TA AN

The given figure shows the shear force diagram for a

beam ABCDEF. The beam

has hinge support at A and at one more point. Draw the load diagram and
bending moment diagram (BMD) for this beam, indicating the shape of BMD
between two successive points. Also show the point of contraflexure (if any) :

2 kN \\\\\ j_kN
R N
B C D ENkN

(c) U Yeferd sehie & Ant e =1 fmio o s &, S & o o <wian mn @) <@ 6 A
150 mm 2| Hfem ¥ wex @ va (%) 5w 1 9’ 1-5 kN/m? 21 ®d 3% ) M20
7T FEHIZ 3R Fe500 U2 391 &1 3TN Fd §Y Faa & F Alwed faga gun % @

Fifsr | s &4y 1 3wgm fifse) vew

Mu

bd? 0-3 0-4 05 0-6 0-7 0-8 09 1-0

p: (%) | 0007 | 0094 | 0-119 | 0-143 | 0-168 | 0-193 | 0-219 | 0-245
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NG o6 §MW foerd a9 Yo I A femn mn R

[w.'-l
, e g
En"/ 7T 7566 150 mm HErE $i ="
¥ 3 A—r
! # S [ l v ]
A i g 4 o
E :' 8 e
S
i 8
) # =2 7N
*1500 4{1500 d
min min
AA
250 mm L
ff srgfarerg
2:0
TG
16 S A
N N
INGNNAN
\ N~
1-2 — o= 120
g u\‘\ R\Tm
Eos Pt et O
h-._________f; =290
04
A2 : £, Fa1 9 F 7o wfemedr N/mm?2 § 2
0 0-4 0-8 12 16 2:0 2-4 2:8 30

i 799 v

AERIF T & IS FR FH ATEA

=05
fs &y ST T & IR FR F A%

a1 yaed & fom s qus

A reinforced concrete passenger shelter is to be constructed as shown in the
figure. The thickness of the slab is 150 mm. The ceiling plaster and roof finish

load is 1-5 kN/mz. The roof is inaccessible. Design and detail the slab only.
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Use M20 grade concrete and FeS500 grade steel. Use limit state method.

Given :
M,
bd? 03 04 0-5 06 07 0-8 09 1-0
Dt (%) 0:07 [ 0094 | 0-119 | 0-143 | 0-168 | 0-193 | 0-:219 | 0:245

Modification Factor vs. Percentage Tension Reinforcement graph is given

below :
fBeam
' V N E 1500 mm 150 mm thickness
B S e / slab
o # S [ )
A g . E A = Beam
| 3¢ s 1
S\ ! 3
o E : 5] & Column
-
. T E
¥ o
L , 8
%4 b L I)_) - e
" 1500 mm,I v 1500 ::n.mﬂ
’\ VIEW AA
250 mm
TOP PLAN
2:0
\\\
16 \ \\ A
x \
g h, \\\ \
< \ \ x\ P
=12 N— = /s = 120
f =1 ——
=z \. | [~ s"™ 145
2 \‘\\ = £ = 19T
—— Sa=2
2 58 e A e i)
= Js=290
E -"‘-'---.____
a e
o
=
04
Note : f is steel stress of service loads in N/mm?2
0 04 08 1:2 16 2:0 2-4 2:8 30

KVMS-P-CVG/4

PERCENTAGE TENSION REINFORCEMENT

- 0-58f, Area of cross-section of steel required
¥ Area of cross-section of steel provided

fs

MODIFICATION FACTOR FOR TENSION REINFORCEMENT
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4. (a) 200 N, 800 N 3R 400 N R 9@ 17 fie wvrfea geft % I & Tt g€ stfaaw S 2/
I g0 &, S % fom & qwln mn ) e SRR (adua 99 Aue) w1 3wEm @ e A
AR A M FA & fau smevs 9a Fo# fRuion fifve) afofza gl B siew, wwa
TS Hagl % forg wdor i 0-30 i

geft 1

F <4— 200N

I Ty ess

400 N

PP rr 7

Three bodies of weights 200 N, 800 N and 400 N are connected with
inextensible strings, passing over the frictionless pulleys as shown in the
figure. Using virtual work method, determine the force F required to make the
motion impending to the left. Take coefficient of friction for all the contacting
surfaces as 0-30 except for the pulleys which are frictionless :

Pulley 1
F<4— 200N

S T res

400 N

Fl Ao rrerrs ].O

(b) (i) % YEea g7 ISMB 400 @ 616 kg/m # Wl frgfd 5 m #1 ww A
Hivwes g9 qmE 3R Zo o ueo H fiaar H o Ay, A ww wEwd (afa)
HaEl H ged HA H wEW 8| W o R aw ud w9 @ areifaa ) 29 oW
I8 E250 | WA FE wifes A0 F1 8| ISMB 400 % f¢ I, =20458 cm?,

Z., =1023cm?®, Z,, =1176 cm® R y,,o =1-1 WA i) sfmem F fae
i sz faft =1 3w@m i)

A simply supported beam ISMB 400 @ 61'6 kg/m has an effective span
of 5 m. Find the design bending strength of the beam and the intensity
of u.d.l. that the beam can carry under service condition. Assume that
the beam is laterally supported. The grade of the steel is E250. The class
of section is plastic. For ISMB 400, I,, =20458 cm®, Z,, =1023 cm?,

Zp, =1176 cm?®. Assume Ymo =1-1. Use limit state method of design. 10
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(i) w 3Fa¥a AB & fou fum 4 <wig mu fdus (D o @ & @ed @ fRwg AR
ot i) o F12 F:1 yaRTT T @ Sed- A wE: E ud ] i

:"’1a @ B
a 1

et b Ry

Develop the stiffness matrix for the beam element AB with respect to

the coordinates (1) and (@ as shown in the figure. Take modulus of
elasticity and moment of inertia of beam section as E and I respectively :

ﬂj @ B
a 1

f—i=2m ——]

10

(c) T eifie vaa ¥ fo Praferfaa e ¥g ws safomh 34 1 981 0 % e o = T
(zah fogfa & @y, fom urd enetel %) &1 fierem e w0 2

Wil # " FR A FR A @ (Ui T 1 A i) = 75 m
%4 &I gwa = 200 kN

et % form %9 TR F1 @9 # 9’ = 200 kN

Zicht, fomgq A, g% offe &1 @F # 9’ = 40 kN

A FH AYE = 12 m

A FFAFTTA @ =35m

T W F" F A F A (fg A A egld) = 15 m
™ @8 H WA H YR = 300 N/m

3O 1 YOHa Wfded = 250 MPa
Hiwel ¥ e 8 Frafafea gam W s -

FA SR AFHH T A (F F IR0 FqHA A HiEd),
M, =685-53 kN-m

afos srfirheu e ampl (WS wie & #W0T), M, =19-84 kN-m
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femm R o Wl ameEl % stur w, WA O ¥ osfieew ¥ R
ISMB 600 @ 1230 N/m 3R 39% ¥ W % ISMC 300 @ 363 N/m =1d ¥
I F fofa forn mn, S 6 fom 8 qwfa o 2

>.'I/_ISMC 300
=
|

600 | B | e z

: ISMB 600
:&20-8
e— 210 —| ¥

|

y
(u+ft @™ mm ¥ Ry 7T §)

fe3dl % e e v E
ISMB 600 @ 1230 N/m

le
h3

ISMC 300 @ 363 N/m

A =15600 mm?
tf =208 mm

ty =12 mm

i 6l 912, B =210 mm
I,, =91800x10* mm*
I, =2650x10* mm*

w5591, R=20 mm

A =4630 mm?

ty =13:-6 mm
ty, =78 mm

B =90 mm
I,, =6420x10* mm*

_ 4 4
Iyy =313x10" mm

t[m%, Cyy =23:5 mm

Yl &l % foe g1 e ufedn i waiea i ste Hif

HA Al F IYF ®9 § 7H )

For an industrial building, a gantry girder (without lateral restraint along its
span) is designed to carry an overhead travelling crane for the following data :

Centre-to-centre distance between columns (i.e., span of the

Crane capacity = 200 kN

gantry girder) = 75 m

Self-weight of the crane girder excluding trolley = 200 kN
Self-weight of trolley, electric motor, hook, etc. = 40 kN

Minimum hook approach = 12 m

KVMS-P-CVG/4
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Distance between wheel centres = 3:5 m

Centre-to-centre distance between gantry rails (i.e., span of the
crane) = 15 m

Self-weight of the rail section = 300 N/m
Yield stress of steel = 250 MPa

Data analysis provided the following information :
Total vertical design bending moment (including the bending
moment due to drag), M, =685:53 kN-m
Horizontal design bending moment (due to surge load),
M, =19-84 kN-m

Based on the analysis and other governing criteria, for the design of
gantry girder, it was decided to use ISMB 600 @ 1230 N/m with a channel
ISMC 300 @ 363 N/m at the top as shown in the figure :

Y
f€ 300 > _—ISMC 300
™~ : ﬂ[-—
90
I
|
600| 2—-—-— 1| z
|
| ISMB 600
v :15; 20-8

e— 20— *
|
y
(All dimensions are given in mm)

The properties of the sections are as follows :

ISMB 600 @ 1230 N/m ISMC 300 @ 363 N/m
A =15600 mm? A =4630 mm?
tf=20-8rnrn tf:13-6 mm
t, =12 mm t, =7-8 mm
Width of flange, B =210 mm B =90 mm
I,, =91800x10% mm* I,, =6420x10% mm*
I, =2650x10% mm* I, =313x10% mm*
Radius at root, R =20 mm Centre of gravity, ny =23-5 mm

Check the adequacy of the chosen section for the moment capacity.

Assume any other data suitably. 20

KVMS-P-CVG/4 13 [ P.T.O.
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@WUs—B / SECTION—B

5. (a) w1 & g% Sz, fomw faa sy F° w1 &%d 0.01 m? ¥, B 2.0 m o
fefa <z g faafm frn ™1 2, < @ fBm T seifa 2, R B B
k=500 N/m 3 3m@difed @@m x, =1-0 m &, S % fum § 2ufn mn 3) 2R o =1
¥cd 1000 kg/m? iR fagum %1 Hw p=5° }, @ J2 F: I 3@ At R 2R
(R ®2) & g oW i @ik g9 v § fer fre e e s ¥ st e el
W & R B @l Fif

A free jet of water with constant cross-section area of 0-01 m? is deflected by a
hinged plate of length 2:0 m, supported by a spring with spring constant
k =500 N/m and uncompressed length x, =1-0 m as shown in the figure. If
the density of water is 1000 kg/m?® and the deflection angle is 6 = 5°, determine

the jet velocity. Assume steady-state condition and neglect the weight of fluid
and the weight of the plate within the control volume considered in this case :

10

(b) TF AR R 9L F e () TR W2 mB /s AW F 1 ;10 ¥R W = Aizd w=
uft B T A ¥ e fe s 2 Fefafeg ¥ s i

(i) Riea & fofu emfdra yame =t @ 27
(i) 3 Aied W 12 N &1 9 Q91 911 R, @ NeREY | Aufd 99 =0 am?

The nominal flow rate of water over a weir is 2 m3/ s. A 1: 10 scale model of

the weir is tested in a water channel. Answer the following :

() What is the expected flow rate for the model?

(@) 1f a force of 12 N is measured on the model, what force would be expected
on the prototype? 10

KVMS-P-CVG/4 14

Optional Province - optionalprovince.com

§ r's



(c) TF I e, Fmeh yom W =erE 3:0 m 3R 9 W =el 1-5 m ?, #1 32w &ftw R AR
AV W IR 9 W gH A RS FHG: 075 m 3R 065 m B, @ A w@ ¥ daf
WaTe &l AT HINT| IR 9@ W 0-2 m I HINaR-S T 1 S dIfh 9iE % AIIATE
(FREM) § & fOR a® 91 &%, a3 yer | F fou At o= ok swEr (suem)
e F T i)

A venturi flume, 3:0 m wide at the entrance and 1'5 m wide at the throat, has a
horizontal datum. If the depth of water at the entrance and at the throat is
0-75 m and 0-65 m respectively, calculate the theoretical discharge through the
venturi flume. If a 0-2 m high streamlined hump is provided at the base so that
a standing wave is formed downstream of the throat, calculate the specific
energy and upstream depth for the same discharge. 10

(d) T WA §, wge g v (s fafie Tw) B e e feefaiaa aiom s
HgH give F1 TR 5399H = 450 g
% ga1 %2 #1 3fow g9 = 312 g
g AT | g1 1 IR AFaH = 248 cc
& 581 92 &1 ¥fom e = 161 cc
gfe g1 § gt 1 wEn 28-5% &, @t ga1 & fFrafafaa i w fuio i
() FF= Hon
(i) WFFA A
(iii) §&1 31 (Giga Gifere) @1 fafde o
(iv) Hfeepan EaR dF=a
(v) fa® dF=m

The shrinkage limit test was conducted in a laboratory and the following
results were obtained :

Initial mass of saturated clay = 450 g

Final mass of dry clay pat = 312 g

Initial volume of soil in saturated state = 24-8 cc
Final volume of dry clay pat = 16°1 cc

Determine the following properties of the soil, if the soil is at water content
of 28:5% :

(i) Shrinkage limit

(ii) Shrinkage ratio

(iti) Specific gravity of soil solids
(iv) Maximum volumetric shrinkage

(v) Linear shrinkage 10

KVMS-P-CVG/4 15 [P.T.O:
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(e)

(a)

(b)

15 m F F& T=E HI Th 3ARo Ho dlo I5ed 1 40 kPa Hi safeg wdfte wmed areh 7w
it 1 TF el W F Ml W ¥ 95 F1 A 300 mm ¥ 3@ gifdd sr A feifa
Hifsr, fod e g0 9w fF 1w ®1 g e 205 @R ESE e 0-85 WU

af 9EA F R 27 kN ?, @ sFvaTea Ry & sah = e gmar =0 20l i kR
0-7 "M ifsg)

An RCC pile of 15 m overall length is driven into a deep stratum of soft clay
with unconfined compressive strength of 40 kPa. The diameter of the pile is
300 mm. Determine the safe load which can be carried by the pile. Assume
factor of safety as 2:5 and adhesion factor as 0-85.

If the weight of the pile is 27 kN, what will be the ultimate uplift capacity under
undrained condition? Assume coefficient k as 0-7.

i (a—mﬁ—am)ﬁan-ﬁmﬁmaag:z(gj_(%f i g e ) A

F1 s Foqa FING| 30 T e F ol B & 25 m A gl W e o fog w dimi
W 1A AT A, If e w1 R 30 m e 3 125 m e R, sk g R
et # gt g€ R, S 03 m/s F I 5 wi ) v A w@EE 0001 N-s/m? F W
ffm| Fw e § W e Ao g o 3§ §)

Assuming the law for the velocity distribution in the boundary layer as

2
%=2[%)—(%} , derive an expression for the thickness of boundary layer.

Hence calculate the thickness of boundary layer at a point 2:5 m from the
leading edge of a plate, if the size of the plate is 30 m long and 125 m wide,
and it is immersed in the water moving at a velocity of 0-3 m/s. Take viscosity
of water equal to 0001 N-s/m?. [Notations used in the above expression have
their usual meanings]

1 &fs : 1 At % Td @@ @R 0001 % g e i wh By e § S
yaTfed g 21 AR 39 few # § 0-2 m3 /s F Fiewy vafd @ 2, @ wem fife 5
7% aifeehl 43 21, i e @ Fifoeh @ et 2l | A %1 e n = 0. 015 " <fifm) 7@
At fuifa $ifvg % = % e ww % g var 1, 2 ok 3 vFr F 9% = am

Water flows in a triangular channel having side slope 1 Horizontal : 1 Vertical
and longitudinal slope of 0-001. Estimate whether the channel is mild, steep or
critical sloped when a discharge of 02 m3/s flows through it. Assume
Manning’s coefficient n =0-015. Also, determine for what range of depths, the
flow will be on type 1, 2 and 3 curve.
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(c) (i) g™ FEER Y8 Al 5 m S T wioaws i #1 uw ga1 wela & e e fean sman
21 3Rk a1 it &fea 9ag 60 kN/m? &1 HEHH R 98 Fd 2, A Fa e @
e m? iy @ wfomd wie f Ry fuite Fifve, & w9 Fri @ ga F
e frefafaa €

g9l HE8SH = 35 kPa

HyEqY yfody 1 99Tl HU = 20°

T ¥E = 19-5 kN/m?
A retaining wall 5 m high with a smooth vertical back is pushed against a
soil mass. What is the total passive pressure, if the horizontal soil surface
carries a uniform load of 60 kN/m2? Also, determine the location of
resultant thrust, where it is acting. The properties of the soil are as
follows :

Effective cohesion = 35 kPa
Effective angle of shearing resistance = 20°
Bulk density = 19'5 kN/m?3 10

(i) Ga1 Sl % TE W EFI-IEl & 99 hl == B
Discuss the effect of earthquake forces on the stability of earth dams. 10

7. (@) WEE ¥ { HufE give % weey § s Fremger
gfte wa i A = 30 m
RS fife siga@ = 0-75
za-dim = 50%
gftih 9d W 9wl FRNR g™ = 130 kN/m?
gfteh wa W y9E a= § 9fg = 50 kN/m?
fadfras @dften g, C, = 0:02
et Fve % ol 89 #1 99g = 20 9§
il g fivem A gfar % 37 ad v gfve wa # guaa fwea e @me

The data with respect to a normally consolidated clay are as follows :
Thickness of the clay layer = 3:0 m
Initial void ratio = 0-75
Liquid limit = 50%
Effective overburden pressure on the clay layer = 130 kN/m?
Increment of effective pressure on the clay layer = 50 kN/m2
Secondary compression index, C, = 0-02
Time for completion of primary settlement = 2:0 years

What will be the consolidation settlement of the clay layer, six years after the
completion of primary consolidation settlement? 15
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(b) T A O fia 1 ergfady () Suian T R | g W TEEEE AR A fiEa 100 kN/m?2 )
gt 6 ffa 71 3vm w1 gu g 0 % 4 m R A T W sratw vhEw § ofg w@

i s -
A B
N Y
2m fb&
4m ¥ o
2m
v
C
3 8m >

The plan of a foundation is shown in the figure. The uniform load intensity on

the soil is 100 kN/m?. Determine the vertical stress increment at a depth 4 m
below the point O, using Boussinesq’s method :

A B
N A

Y
.\E.O

15

(c) <=, Fowa fafie =@ 0-8 3in nfufidfa M 1.5%x10°% m2/s ¥, # & 150 mm
=W 91, 325 m TEE % U9 A 0-015 m3 /s A R A w9 fFm wman 21 Fiegw we,

<9 1 fijrae, gy 41 dar © dga smee sfias o sravas wis w1 futor e R §
YaTe s9Y W@ & fore Hifs .

(i) 3 wrgw &fow ®
(i) af ary Afos % @9 10° % B0 W gw ¢ 3% vaw IW A w2

Oil of specific gravity of 0-8 and kinematic viscosity of 1-5x10™* m?/s is
pumped at a rate of 0-015 m3/s through a 150 mm diameter, 325 m long

pipe. Determine the Reynolds’ number, pressure drop, average shear stress at
the pipe wall and power required to maintain flow under the following

conditions :

(i) If the pipe is horizontal

(@) If the pipe is inclined at 10° with the horizontal and the flow is in the
upward direction 20
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8. (a) HivH & TE W Hufia varea whew fFy Ty ik Frafafaa ofom s g -

e oy e | weflT R | e fAwla | smaa wied
(kPa) (N) (mm) (cc)
200 410 11-0 7-0
400 850 12-3 85
600 1275 14-6 10-0

Hgw it & T F TRiE =M 3R @ #9938 mm R 76 mm B Fa yfewa ik
et wfoee % wed # stawywr wreet @t Preifa Fifvg) vy @, ww afomdt ok s sgmEm

R feogoft Hifs)

Consolidated drained tests on clay specimens were performed and the

following results were obtained :

B Confining Axial Axial Volume
P pressure load deformation change
(kPa) (N) (mm) (co)
200 410 110 70
400 850 123 8:5
600 1275 146 10:0

The initial diameter and length of saturated clay sample were 38 mm and
76 mm respectively. Determine the shear parameters in terms of total stress
and effective stress. Also, comment on the results obtained and its application. 15

(b) TTESITAIA THATH FT 87 Th ARSI GRS A 3w A &t 718 gva-wwE woeft & fog

T favemm & gfom Frergem % -
o 4o SRR a:'f%—fafjrﬁ’g)

475 mm 9-40
2:36 mm 54:00
1:18 mm 78:20
600 um 83-10
300 pm 86-20
150 pm 75-30
75 pm 13-80

Iggeral g Fuifa i) ww=-we % w9 § wdh W wn wft?
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What is vibroflotation technique? The results of sieve analysis for the backfill
material used in a vibroflotation project are as follows :

IS sieve Mc::ﬂ;{;;‘?;ml
475 mm 9-40
2:36 mm 54-00
1'18 mm 78:20

600 pm 83-10

300 pm 86-20

150 pm 75:30

75 pum 13-80

Determine the suitability number. What would be its rating as a backfill? 15

(c) (i) TF WifH9 @R H 96 300 r.p.m. 8| TG F FFH W™ 120 m 2 3’
A W gEH ASE 280 mm B| 31 A Wed F N 0-95 B AR i W v
37 (TFE 37) F FU 30° B R AT F0 90° B, A T 3@ HN 90% HAA §U I
i #1 fufor fifsg) 77 9@ i % frin w faesl B @ o 9@ =1 o9
1000 kg/m? R

A Francis turbine has a speed of 300 r.p.m. The inlet diameter of the
turbine is 1:20 m and its width is 280 mm at the inlet. The vane thickness
coefficient can be taken as 0-95. If at the inlet, the guide vane angle is 30°
and the blade angle is 90°, determine the power produced by assuming an
overall efficiency of 90%. Assume radial discharge at the outlet and take

density of water as 1000 kg/m?>. 15
(i) Fraa um wem (o THe Tho) F T 1 1 W™ &7 AN Hifwe fF we it §
YRl e w4 IwEnh Ry
What is the significance of curves of constant stream function (CSF)?
Explain why the stream function is useful in fluid mechanics. S
* & *
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