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C3 (MAIN) EXAM, 2010
Sl.Ne. 1506 | C-DTN-K-DFA

CIVIL ENGINEERING

Paper—I
Time Allowed : Three Hours Maximum Marks : 300
INSTRUCTIONS

Fach question is printed both in Hindi and
in English.

Answers must be  writtenn in the medium
specified in the Admission Certificate issued to
you, which must be stated clearly on the cover
of the answer-book in the space provided for
the purpose. No marks will be given for the
answers written in a medium other than that
specified in the Admission Certificate.

Candidates should attempt Question Nos. 1
and § which are compulsory, and any three
of the remaining questions selecting at least
one guestion from each Section.

The number of marks carried by each gquestion
is indicated at the end of the question.

Notations/terms used have thetr usual
meanings, unless otherwise indicated.

If any data is considered insufficient, assume
suttable value and indicate the same clearly.

Newton may be converted to kg using the
equality 1 kilonewton (1 kNN) = 100 kg, if found
necessary.
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Section—A

1. (a}) Determine the centroid of the Angle
section shown in Fig. 1. 10
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(All dimensions are in mm)

Fig. 1

(b} A beam of length 5 m and of uniform
rectangular section is supported at its
ends and carries a uniformly distributed
load over the entire length. Calculate
the depth of the section if the maximum
permissible bending stress is 10N /mm?
and central deflection is not to exceed
12 mm. Assume the value of
E=1-2x10"N/mm?2. 10

fc) A beam ABC, as shown in Fig. 2, is fixed
at A and 1s simply supported at B. Draw
qualitative diagram for influence line of

vertical reaction at A. 10
44 B C
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Fig. 2
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(@) THOaH AEaeR aft=ge 97, 5 m Tar oA
o 9 Sruig R 3T wum T W uwmEaE
Trafa ) =1 983 @ 81 A sltesan s
d%4 ufadgs 10N/mm?2 2 3 =g b8y
12 mm | 3tfEes =gl 81, a 9i=ae & meus
MEATHI E =1-2x10* N/ mm? @ & 10

(M) T3 2 # Rwmn T Uw ABC, AT TR 2 W
B W YErEfe@a §1 A 9 Seatag wfafear <6

9T [T T O A EiH | 10
A B c
glr L T ...-I.:._,,lw
1 B I
fa=z 2
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(d) A Pitot tube was used to measure
the quantity of water flowing in a pipe
of O-3 m diameter. The water was raised
to a height of 0-25 m above the centre of
pipe in a vertical tube. If the mean
velocity is 078 times the velocity at the
centre and the coefficient of Pitot tube is
0-98, find the quantity of water in litre
per second. Static pressure head at the
centre of the pipe is 02 m. 10

e} A water main of concrete pipe 3200 m
long, 0-3 m diameter discharges into a
reservoir at the rate of 10x10°% litres
per day. If this pipeline is gradually
closed by operating a valve at the end
of reservoir in 16 seconds, is there
any possibility of pipe burst? The safe
pressure of concrete pipe is
245.25 kN/m?. 10

{ffyf A water wheel has a number of
hemispherical vanes equally spaced on
the periphery. A jet of diameter of
300 mm having a velocity of 16 m/sec
impinges on the wvanes which have

tangential velocity of 6 m/sec.
Determine the work done on the wheel. 10
C-DTN-K-DFA/41 4

-~

& Download FREE UPSC E-BOOKS o &

m



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal.com notes

() O3 m =04 a1 TF W5y ¥ F€d 9 6t O
T F fog e afemmr w1 wam e e s
ST AT F 9=t B gEY F F= D 025 m
F=1 I3 AT B ufe fEa A7 Uy F ¥eg @@

% A1 i 078 TN } M A aREw Tonw
0-98 ¥, @ urft # T e wfy Jwvs F T
H1 99 F Fx | s g 3id 002 m 2 10

(¥) & 9l 99 =1 Fshie 99, 3200 m =T I
0'3 m W F1, Tk SARE T 10x10° cfi=x
ofa R & = | gl Prafa ww@r 2 9k ==
QIEIATE &1, AATHT &+ TH B 9T A qreq A
ifcd ek - 16 Awve ¥ =< fwar s
8, O Fard &% F91 grgw yewie Y B gvraan 2
+H12 95y *1 giah | 245.25 kN/m2 21 10

() < IR 9 W L, e 39 aidy gt sae
gl 9T ¥ ¢F 300 mm =@ W e,
REd 16 m/sec #1 A 2, 7 w, R w3i-
W%6m}seﬁ%,m1%l%qtiﬁﬁa'@
wHrE H g HL - | 10
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2. {(a) A beam-column frame ABC, as shown in

Fig. 3, is rigidly jointed at B. End A is

fixed, end C is laterally and rotaticnally

| restrained but free to move vertically.
I, The column supports a horizontal load
of 800 kg at midpoint. Both beam and

column are of same cross-section

throughout. Analyse the frame using

moment distribution method and draw

the bending moment diagram. 30
C
2 § STm
800 kg—» +

3 m
gA B
* 6 m *

Fig. 3

() The expression for stream function is
described by w=x2-3xy?. Indicate
whether the flow is rotational or
irrotational. Determine the wvalue of
velocity potential ¢, if it exists. 15

fc) A rapid stream has a depth of flow 1 m
and velocity of flow 37 m/sec. Find
the height of suppressed diversion weir
which would be constructed across
stream to raise the water level on the
upstream to a depth of 3 m. Take
coefficient of discharge for free weir = 0-58
and for submerged portion of weir as (-8. 15

C-DTN-K-DFA/41 6
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2. () fum 3 ¥ Ram ™ & uEm-wiag gfe1 ABC,
BRggamagedifamAasge, ucuvd 5
quiehs faen 7 Fafta fes swafwe faen #@
o % fag g ?1 wiem, wwafag W 800 kg
& Qs R 1 89 FE R) U= 9 FAR QA 8
F OPE ¥ FG GF UFEHMA JAIEEI-H1Z 2|
smet-farate fafy a1 v =% =R = o
& T F9 sl et di 30

i IS
800 kg—p t
1

3

%2

B
+ 6 m —+
= 3

(@) gro we= F TEE W oy =x2 -3xy? F T

R o ) wad B ware weff @ W stgoff) an
fava ¢ =1 9= 3@ 5, 9fe 7w far 2 15

() TH IS T A qarg F EAE 1 m F WATE F QA
3-7 m/sec ) 9l & TE@ H 3 m A TEOL
% wlgae w IR F o o ewhafds
sqadd e w1 oeg e i @ 2, @
sand f 3wt S et Bfh -
d—gF R F g 0-58 M dr F Aum ik
&+ fow 0-8. 15
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(b)

A rigid jointed tower frame, as shown in
Fig. 4, has hinged support at F and
fixed support at G. The pinnacle A
carries a vertical load of 80 t. Calculate
all components of reactions at F and G.

80t

Hinge #D l E

\IF_+__G I

In a free cylindrical vortex of water, the
tangential velocity at radius of 01 m
from the axis of rotation is found to be
10 m/sec and the intensity of pressure
is 196-2 kN/m?. Find the pressure
intensity at a radius of 0-2 m from the
axis.

A pipe 006 m in diameter takes off
from a reservoir 150 m high above the
datum. The pipe is 5000 m long and is
laid completely at the datum level. For
the last 1200 m, water is drawn by
service pipes at a uniform rate of
0-1 m> /sec per 300 m. Find the head

lost in the last 1200 m length of the

2
pipe. Use f =0-04 and hf=f21";.
g

Velocity is zerco at the dead end.

C-DTN-K-DFA/41 8
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3. (%) =3 4 ¥ g mn gg-aifga e efar &, Fax
f&s1 anrara R 2 G 9T aveg e R YA A
R 80t F FWEW YR &0 Bl Fa G 9

- gfafens & axft ge=t =1 oTeeT =t 30

80t

(@) 9l % % g SR uie 3, goft & s Q@
0-1 m s B 9 vef-3E™ 37 10 m/sec
AT ATt g 3R g f figar 1962 kN /m?2

21 31" § 0-2 m H B w a9 it drgar g9
&+, | 15

(7)) WO ®¥ 150 m 9 Fomeg 4 06 m =19 1
T qrza feerar 21 99 5000 m emEy @ 3
Eida wae S @ W wmE o ¥ nfad
1200m &% ¢ ot F@  uiEt @
O0-1m? fsec 94 300m ¥ UFaE=E = ©

& s 31 gy ) e 1200 m a=E ©
gR T el e '™ oy wl £ =0.04 =

v=2 i
h, = o A1y B w3 3=
f T ogp S & 15
C-DTN-K-DFA/41 9 o | P.T.O.
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A timber beam of rectangular section of
length 8 m is simply supported. The
beam carries a uniformly distributed
load of 12 kN/m run, over the entire
length and a point load of 10 kN at
3 metre from the left support.

If the depth is two times the width and
stress in the timber is not to exceed

10 N/mm?, find the suitable dimensions
of the section.

A pipe carrying oil of specific gravity
0-877 changes in size from 015 m
at section A to 045 m at section B.
Section A is 3-6 m lower than section B

and pressures are 90-252 kN/m? and
59.841 kN /m? respectively. If the
discharge is 0-45 m?3 /sec, determine

the head loss and the direction of flow.
Find the force acting on the conical
portion of the pipe. Neglect the weight of
water and the pipe.

A Kaplan turbine runner develops
9300 kW under a net head of 7-4 m.
Mechanical efficiency of the wheel is 86%,
speed ratio i1s 2-2 and flow ratio is 0-66.
Diameter of the boss is 0-35 times the
external diameter of the wheel. Determine
(1} the diameter of the runner, (i) synchro-
nous speed and (iii} the specific speed
of the runner. Assume mechanical
efficiency equals to overall efficiency. 15

C-DTN-K-DFA/41 10
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4. (F) 3IFTATH HZ ITEAT THE UG 8 m oFal g 3R
wEEiEa B o @, aEe ol o, 12 kN/m
1 THGHT faahka st & ® 3 10 kN i
T Rrg-wr ol a3 m Y g W I B
gfe neaE, SeE it gt ® 3R v # wiaed
10 N/mm? 3 >1fas =8t 81, @ 12 &1 3956
fom 3@ =2 30

(@) mfss 9T 0-877 e AA FEA  FA
A Y39 K1 HIY 93 A 9T O0-15m ®
gftede B @ 0-45 m ¥ sga@ ) 9i=_8T A,
git=dz B @ 3-6m HN= ? a3k g9 HHW:
90-252 kN/m? 3 59-841 kN/m? %I
a2 T 0-45 m3 /sec %, @ ¥id @R 1

wyaig & Rz I/@ HL) 959 F v T w
forafad & 91d HE I F 139 & 9R & A8
oI 15

(A7) TH FHAME TEEA G 7-4 m & 32 TErAdl ¥
9300 kW a1 =xar B =6 ht Aifass I&Tw
86% &, dATd 37U 2-2 T 3R yar8 3P
066 Bl AU % =A™ TH &H T AW FH
0-35 AT ¥ ;@@ Wt () TR W A,

(ii) GoI=hTell 91 IR (iii) TR H faflre =
ity 2aTar = @ 07 q&1ar & e 79 S 15

C-DTN-K-DFA/41 11 [ P.T.O.
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5. (a)

(b)

Section—B

A reinforced concrete T-beam is shown
in Fig. 5. The area of the steel provided
is 3140 mm?2 and its centroid is located
200 mm from the bottom of the beam.

Determine the centroid of the
transformed section taking the modular
ratio as 21, without neglecting area in
tension.

Yo=? 3140 mm?2

v F':_ steel
200

T > w .
300

(All dimensions are in mim)
Fig. 5 '

A masonry dam of rectangular section,
20 m high and 10 m wide, has water up
to a height of 16 m on its one side.
Determine (i) pressure force due to
water on one metre length of the dam,
{it) position of the centre of pressure and
(iti) the point at which the resultant
cuts the base. Assume density of
masonry = 19-62 kN/m?® and density

of water = 9. 81 kN/mS.

C-DTN-K-DFA/41 12
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Hus—™

5. (%) T3 5 4 ws vafda sfe T-a=7 g 7 2
mwmﬁmm3140mm2 2 3k
IUHT FZeh 9H & dd § 200 mm T =g 2

HIqish AT 21 o/ g8 d a49 0 &F%e &l A8
BIEd gY, TIAARG I=38 1 Frsh T4 B 10

v e 2000 ———>¢
2%01 ]

T

2000

I

)

Y= 7 3140 mm?2

QL 200"'@“ i

T 3 e
300

(T AT mm H §)
=5

(W) ISR FE aTenm TF HEE a9 20 m S 9

10 m =18l 8 3 3Igdt & 3 16 m SR8

d% 9 W B o§Wra R ) E|ia R wwm Wi

H1 o=EE W U % R B Sl 9 99,

(ii) s-F=x h & MR i) g, B @

it sra (Hig) = wreEar ' 9w &, s

oW A = 19-62 kN/m3 3wt =
g9 = 9-81 kN /m 3. 10

C-DTN-K-DFA/41 13 S | P.T.O.
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{c)

(d)

(e)

A steel flat 100 mm x 10 mm carries a
tensile force of 16000 kg (160 kN). It is
to be welded to a gussét plate with a lap
of 10 cm. Determine the minimum size
of the fillet weld. Permissible stress in

shear = 1000 kg /em? (100 N/ mm?).

A sample of coarse sand taken from the
field was found to have void ratios of
0-87 and 0-52 in its loosest and densest
states respectively. The in situ density
and water content of the sand were
195 g/cc and 23%. Determine the
degree of saturation and relative density
of the sand in the field, if G =2-66.

A raft foundation is to be constructed on
a 7-5 m thick clay layer sandwiched
between two sand layers. In order to
predict the time rate of settlement of
the building, a consolidation test was
conducted in the laboratory on a 2-5 cm
thick undisturbed sample of the soil
by keeping porous stones both at the
top and bottom. The sample was found
to have undergone 50% consolidation
n 12-5 minutes. Determine the time
required for realising 50% settlement of
the building.

C-DTN-K-DFA/41 14
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(77} 100 mm x 10mm I TEH TWid CHAA
16000 kg (160 kN) % afia s& &1 o83 &
21 3 THZ W@E W 10 cm & o9 F Y9 A¢S
e w1 R e e w1 @Aw W9 W9
®i| I3 agEgw wfass = 1000 kg /cm?

(100 N/mm?). 10

(a) &3 4 fau o AR W@ & w uided o foman
gara 0-87 9 0-52 HAW: 3G Ttk il
g Taiius 99 9N § g U] =-W=A 39
w g g S 1-95 g/ce 9 23% g1 uf
G=2-66, @ &3 ¥ T &1.9gMw 3w I amifas
a9ed T HwL | 10

(8) wH 7-5 m W ghywr w@, s @ W@ @i & g
B @ 8, @t v Y fig =1 fAmtoa 8 21 sw==
¥ wiersg o g1 a9 fFuga-gng X =+ Ja +3 F
fore, v w9=aa 9fyw 25 om HRR 39 HaT
yfdesl X, 9 T T GTY Yook TFHL TSR]
T fopar wn R wfaest § 50% daw 12-5 fime
T Brar 21 99 &1 50% Fwea fras w4 g,
uTa HE ' 10

C-DTN-K-DFA/41 15 | P.T.O.
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7

A 2 m wide strip footing is founded at a
depth of 1-5 m below the ground level
in a homogeneous bed of sand having
unit weight = 18.5 kN/m*> and angile of
internatl friction ¢ = 36°. Using Terzaghi’s
theory, determine the safe bearing
capacity of the footing. The water table
is at 1 m below the ground surface and
for ¢ = 36°, N_.= 60, Nq =42 and N, =47.

A steel beam ABC carrying working
loads, as shown in Fig. 6, is simply
supported at A, B and C. Calculate
the minimum value of section modulus
using plastic analysis. Adopt load factor
of 1-85 and yield stress = 2500 kg /cm 2.

30t/m 50 t
A B Y____ o

T A 1
F—4m—a-3m—p2m+

Fig. 6
Given the following table, which section
would you suggest?

Section Z 5 (in cm?3)

ISMB 500 1809
ISMB 550 2360
ISMB 600 3060
ISWB 450 1558
ISWE 500 2092
ISWB 550 2724
ISWB 600 3540
ISWB 600H 3854

C-DTN-K-DFA/41 16
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(5)

TH 2 m D 9@ (Hfa) g, sHa Y gas |
1-5 m = @ & s garl g o @ W R,
a1 i W = 18.5 kN /m 3 3t w1
YU ¢ = 36° B @R & fagma =1 w=wm
FH, YR H el umor gmar sy Wil Oy
Fada ST RN AT T 1 m A 21 d=36°F

https:/ /i asexanportal .com not es

feq, N, =60, N, =42 3R N, =47, 10
6. (&) ™= 6 A4 g™ 77 e W 1 I8 =@
B ABC Th TG 9, A, B3 C W
e 31 90Uy favEen 1 im0,
ufi=de Ui ¥ =had AE W TUEr i
FAHNTA W, ¥R Uik = 1-85 3R qwwE
gfese = 2500 kg fem 2.
50t
A._Soum B ¥ ¢
~ x BEG
F—a4 m——F—3m—F2m+
== .6
Him @ B afaw #@, SW-8 ai=3z | 3 I|m
FHRIIN? 30
ISMB 500 1809
ISMB 550 2360 -
ISMB 600 . 3060
ISWB 450 1558
ISWB 500 2092
ISWB 550 2724
ISWB 600 ' 3540
ISWB 600H | 3854 |,
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(b)

{b)

The moisture content, void ratio and
specific gravity of soil solids of a given
soil mass are 10-5%, 067 and 2-68
respectively. It is required to prepare
three triaxial test specimens (diameter
375 cm and height 75 cm) from this
soil mass. Each specimen should have a
moisture content of 15% and a dry
density of 1:6 g/cc. Determine (i) the
quantity of the given soil to be used for
this purpose and (ii) the quantity of
water to be mixed with it.

A reinforced concrete slab 3-O0m x 30 m
is simply supported on two parallel walls
30 cm wide with a clear distance of 2:4 m
between them. It carries a uniformly

~distributed load of 3000 kg/m?2

including finishes and impact load.
Design the slab using M-20 concrete
and Fe-415 grade HYSD bars hy
working stress design method. Sketch
the reinforcement. Note that available
reinforcement bars are of 16 mm dia.

A retaining wall with a smooth vertical
backface has to retain a backfill of C—¢
soil up to 5 m above GL. The surface of
the backfill is horizontal and it has the
following properties :

Yy=18 kN/m?3, C=15 kN/m?2, p=12°
(i) Plot the distribution of active earth
pressure on the wall.

(iz) Determine the depth of the zone of
tension cracks.

(iii) Determine the magnitude and point
of application of active thrust.

C-DTN-K-DFA/41 18
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(@) wicry, el 9@ 5 [ET K IWM FHFON H
miférs e, T & 3 g1 waEla & fag, wawm
10-5%, 067 3 2-68 2| 39 U= Weld 7 9
d= Parafim ohaor faeat (=@ 375 cm 3R
FH=rg 7-5 cm) H AR e s stavEs B
w2 fIgyl § Sty 15% 9 3% 99T 1°6 g/cc
BT HETESE B TE FWL () T WA * fag
ot = ® & g8 ger oFft et afw (i) sun
forasn 9t = 92 30

7. (F) TE 30 m x 3:0 m & ga@fra swshie 9 forex
30 cm € € EEE=R daE 9T, S di=m =
e gt 24 m B, FEraEa 21 39 W aegfdar
9 §9g WK §Ad 3000 kg /m?2 & THEEAH
foafm i o 81 M-20 &l 9 Fe-415 38
HYSD B3 & WM &%h, Hdar] wiaead
fesmea fAftr @ oa e =1 fases s gao= ==
MG 3| & w & T 3999 ¥ 16 mm
=R BT B 30

(@) =l Swatar g8 & 9™ & wious e C-¢
gl % YE-WUE H GL € Sm FA dH
UFdl 81 gE-wTa #i gag afas 3 3w 3o 7=
era F

Yy=18 kN/m?>, C=15kN/m?, ¢=12°

(i) Eﬁ?ﬂf‘?‘(mw?ﬂa%ﬁmmm
S |

(ii) T T & HY TEUE T1@ HL

(iii) G ot w1 afenur 9 a1gwaE g I+

C-DTN-K~-DFA/41 19 [ P.T.O.
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8. (a)

(b)

(tv} Determine the intensity of a
fictitious uniform surcharge which,
if placed over the backfill, can
prevent the formation of tension
cracks.

(v) Compute the resultant active thrust
after placing the surcharge.

A trapezoidal masonry dam, having 4 m
top width, 8 m bottom width and 12 m
height, is retaining water up to a height
of 10 m. The density of the masonry is
20 kN/m?3 and coefficient of friction
between the dam and soil is 0:55. The
allowable compresswe strength stress is
343-350 kN /m?. Check the stability of
the dam.

The results of a soil investigation at a
particular site are given below. The
water table is at 1 m below the surface :
C-00 N = 1 e
Very softclay C,=6 kN/m?2
y= 15 kN/m?3

4-0
Ny, = 8

d
Loose san v = 17 kN/m3

130
Ny, = 7

Me;:l St]iff Cu = 135 kN/m?2
siity clay ¥ = 16 kN/m3

32:0
N,, =45

Dense d
nse san Y = 19 kN/m3

40-0
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(iv} T99 ST F F91.9 Uhd & T gy -9E @@
T, ST- 9T shicdideh UHHEATA TN &6

dr=ar ==t F1a =)

(v} a?w_mﬁ%aﬁ%a%qqﬁunﬁmﬁaaﬁ

TTUTHT <Rt |

30

() UTs HHa=E 98 a@ua, ad sor Y S
4 m, 9 FH B 8 m I FTK 12 m 2,
10 m sht 3978 O & 9l = UeRar 21 e =
Tacd 20 kN /m* 3 =&fg 9 gay &% g =
HYU -1 0-55 ¥ TRF adied gmed yfew
343-350 kN/m? 1 sfu & e € si=g

L |

30

(@) s @™ wod R e 7 ger-srage & gfonm
AR MToseaaadgae @ 1 m I3 2 -

0-00

e e v
4-0

r s %

Ny, = 1
Cp =6 kN/m?2
¥y=15 kN/m3

i EGH

N,, =8
¥=17 kN/m3

13-0

32-0

N,, =7
C, = 135 kN/m?2
v=16 kN/m3

a9 g

40-0

N,, =45
¥y= 19 kN/m?3

C-DTN-K-DFA/41 21

[ P.T.O.

& Download FREE UPSC E-BOOKS ¢ &

https:/ /i asexanportal .com not es


https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

CGet Printed Study Notes for UPSC Exam - https://iasexanportal.com notes

[For

Compute the safe capacity of a S00 mm
diameter, 35 m long bored cast in situ
pile.

N =8, o =28°
N =45, ¢$=40°, N, =109 and Ng =130

Any other data, if required, can be
assumed suitably. 30
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500 mm =9 drefl 9 35 m <F=1E drell Jfaa
-1 il a1ge hl gafl auar &1 3w )

o N=8, ¢=28°
N =45, ¢=40° N, =109 3 N, =130
Fi§ 3t 79, Ak 9= 3, @ =& 39w 7= g
i gaa By .. . 30
H ke
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C-DTN-K-DFA

otee s<hifaah

TI39-973—I

9y : 19 gue quifes : 300

SRSl

NAE v 5= 37 oSt gt F st 21

gvT & I 349 grem o forg s =ifen, Sawr 38
MgF HIV-9T T fFar B, 3N T mregm @1 Wr
IPE IT-GEF F JE-9¥ W kg ARy s w
frer ST =rfews wAv-uF W 3fgfaa mregm &
sfafcs o & aregm § 5@ 71 3o¢ 97 FE 3I%
&t fareit

gvd gEr 1 3R 5 f3ard &) gt vt F @ g
TUvg W HA-H-FH QH NIF IR gl a7 gwi &
3T sy

TeF FvT F o [Aa 37 597 & a7 § fav g &
dohd /vreciacit gafora 379F § g3 8, 3=y Ak &1

Ife & Hieke 397l gdia &, o Ifra um @9 w=rfea
HT ASTY 3 IF61 Ay Fifsray

Ffe syravwss g, af 1 fet=2 (1 kN) = 100 kg %
3TN W Y2+ i fwenmmg 4 qfigfda faar 57 a=ar 21

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