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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 § 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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WUs—A / SECTION—A

1. (a) = fo3 § 2i 7 T B8 W 95 kN &1 T 5 @ 8| o0 (2) *1 =AW d 14 Hf, kR

T ¥fded@ 115 N/mm? @ aIfts 78 @ sz #1 sufm faeum o 3@ i
E =205 GPa &1 37 HifST :

!
\ ©) \
0 . ®
<« 50 mm @ d 85 mm 0 —
95 kN S 7 =i = | 95kN
) T
T

L L L L L
1 100 mm ' 50 mm | 100mm ' 50 mm

A rod shown in the figure below is subjected to a force of 95 kN. Determine the

diameter d of the portion @, if the stress there is not to exceed 115 N/ mm?.
Also, determine the axial deformation of the rod. Use E =205 GPa :

¢
5 i | B & J
¢ Sodgm @ d 85d;'raxm 50 mm —>
95 kN 7 dia 95 kN
Vi 1
T
L L L L L
1 100mm | 50 mm 100mm ' 50 mm 10

(b)) TH 250 mm x 500 mm i FEfcTd Fshie T H T Toeq & fIC 16 mm =@ arel
91 @St g vafda TR T R) waem @ afifgd e 30 mm ® @ S w1 =W
8 mm | ¥ % Wfat-3meel 1 o R M20 @ FeS00 &1 39ant hifse| i
1 dmra e fafy w1 3w fifsg)

A reinforced concrete beam of 250 mm x 500 mm is reinforced with 3 nos.
16 mm dia bars as tension reinforcement. The nominal cover to the
reinforcement is 30 mm and diameter of stirrups is 8 mm. Calculate the
moment of resistance of the beam. Use M20 and Fe500. Adopt limit state
method of design. 10

(c) THEHH Ty GR=se areht T F-Fesia waafds er ) fawgfd 60 m w6 981 33M 10 m
21 3o I foegfa W 15 kN/m fieran &1 vheme fyafta ) @ ) gz % e & fed o
I Ufede W & ATl A R
A three-hinged parabolic arch of uniform cross-section has a span of 60 m and
a central rise of 10 m. It is subjected to a UDL of intensity 15 kN/m covering

the whole span. Show that the bending moment is zero at any cross-section of
the arch. 10
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(d) FRfEE F Wl & 3w = 9 fm § guff @ v@ ¥ fag ¢ W FEiw fawamm
fuff T E =210 GPa @ I=150%10° mm* <fifsm :

Use Castigliano’s theorems and determine the vertical displacement of
point C of the beam shown in the figure below. Take E =210 GPa and
I1=150%10% mm* :

25 kN
‘ :10 kN/m
A B
VAN c £
|2 L L

() E250 YT % TH FI UR=dE ISA 75x75x 8 A &1 TH Fdfl & FWAW 3@4d 10 mm
N e o ¥ AfTEd B| oega # Yr o @ it 9 %A 100 kN T 90 kN F|
4 mm Jc€ AWMU F e g (FHEWEn de8) N Alwpern T, Fo F Faa A T @
Jeg fpn ™ 1 ISA 75x75x8 % fiw ¢, =C, =21-4 mm.

A vertical member of a truss consisting of an angle section ISA 75x 75 x 8 of
E250 grade is welded to a 10 mm thick gusset plate. The factored tensile and
compressive forces in the member are 100 kN and 90 kN respectively. Design
the weld connection (shop weld) having weld size of 4 mm; only two sides of
the angle are welded. Cy =C, =21-4 mm for ISA 75x75x8. 10

2. (@) = fam i euld v fm Sie aech w F=h, i C W 20 kN #1 @ F@E® 9a@ AR 10 kN
#1 T fos 5@ @ g, F aft sEmal ¥ el w1 fFuifa A

Determine the forces in all the members of a pin-jointed truss shown in the
figure below, with a vertical force of 20 kN and a horizontal force of 10 kN
acting at C :

20 kN

15
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(b) TF 3 m Fa1 aER @ A Rl w Rl weeh w9 & e Ty o o wid st T
3| W 1 WY 400 mm TF WK 81 TH 2000 kN F IR@ A& IR H T A F
e T 1 Afirheud AR TE R dfg) M25 e i 3t FeS00 I8 391 1 3wEm
Fif) dwia sreen fafy 1 Iwm Hifs)

A 3 m high square column is effectively held in position but not restrained
against rotation at both ends. The size of the column is restricted to 400 mm.
Design and detail the column to carry a factored axial load of 2000 kN. Use
M25 grade of concrete and Fe500 grade of steel. Use limit state method. 20

() T 3 ATHR R W 10x103 N-m i s 3 37 13 kN-m 1 T3 el < 2|

o ved W fry T TE wuwel wh-diefE o s ¥ frafafaa sfee W g
o, =300 N/mm? E =200x10% N/mm?
e o (FOS) = 3 v=0-25

frafafed &1 3w QA g AEwEH Jaad I H i ff

(i) Afewan ge vfoaa Rrer
(i) freran raEqu wfiee fagra
A solid circular shaft is subjected to a bending moment of 10 x103 N-m and a

twisting moment of 13 kN-m. In a simple uniaxial tensile test of the same
material, it gave the following data :

o, =300 N/mm? E =200x10% N/mm?
Factor of safety (FOS) = 3 v=0:25
Determine the least diameter required using the following :

() Maximum principal stress theory

(i) Maximum shear stress theory 15

3. (@ () T 2 kN/m &@ #1 6 m @1 wHeaH fafa 9@ ¥R 20 m i faegli 9 o
QIR TR R 9 | TRl SR e B 9 e § 4 m R IRest WAl S
s 3R sreT @@ Fuifa A T FE e R T e st s
et = oft fRuffa Hifs)

A simple girder of 20 m span is traversed by a moving uniformly
distributed load of 6 m long with an intensity of 2 kN/m, from left to
right. Determine the maximum bending moment and shear force at 4 m
distant section from the left support. Also, determine the absolute
maximum bending moment that may occur anywhere in the girder. 10
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(ii) T 80x10% N % I 9R 3R 8-:50 kN/m % THEAM faafd 9a 9R & %ru 9= fo=

# quis 1§ g e & 3r@wd BC ® I9d ¥R 9 iftekan 9a it Fuifa fifsg)
Fqdsiian W e #

Determine the maximum force that can be developed in member BC of the

bridge truss shown in the figure below due to a moving load of 80 x 103 N

and a moving uniformly distributed load of 8:50 kN/m. The loading is
applied at the top chord :

_T_ J I H G F
6 m

o4

-
“*

* 8 m * 8 m 8 m 8 m 1 10
() TH 8 m = sfta Ty weys fRufy § W@ 2 ISMC 350 & =1 B| W aF Rl W AT
et & feufa 3 smag o) ola & wfa g @) dimia saeen fafy &1 Swam @@ g stfvean
A& Fdied WR 981 FA & fog 77 " A g0 3@ FIRm iR @ it g wR a8
guar 1 AT Ffvel ISMC 350 % Ted §—A =5440 mm?2, I, =10000 cm?,
I, =434cm*, C, =24-4 mm.

Taed

ry 20 30 40 50 60 70 80 90 100

fea (MPa) | 224 221 198 183 168 152 136 121 107

KL
- 110 120 130 140 150 160 170 180
Jfea (MPa) 95 84 74 66 59 53 48 44

A laced column of height 8 m is made of 2 nos. ISMC 350 placed back-to-
back. The column is restrained against translation and free against rotation at
both ends in both directions. Find the distance between them to carry
maximum axial compressive load and calculate the factored load-carrying
capacity of the column using limit state method. The properties of ISMC 350
are A =5440 mm?, I, =10000 cm*, I, =434 cm?, C, =24-4 mm.

Given :

KL

r 20 30 40 50 60 70 80 90 100

Jfea (MPa) | 224 221 198 183 168 152 136 121 107

KL
= 110 120 130 140 150 160 170 180
feqa (MPa) 95 84 74 66 59 53 48 44
15
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(c) T 300 mm W x 600 mm T TE-IFE YEaraa o= A fgld 10 m ? 3R
7 kN/m %1 9d R 96 e 8| Hioel F1 Fot §9%at 500 mm? R 3R oA F g |

100 mm R @@ 2| Ffaa # 3wl @-vfteet 1400 MPa ®1 9@ # fgfa % wea 3
FI0-8R dg M AN-BR dg ¥ Yo Wb fv sifm FHre sfdaal i o A
wd-fted # g9 = 15% #F SR

A post-tensioned simply supported beam of 300 mm wide x 600 mm depth
spans over 10 m and carries a live load of 7 kN/m. The total area of cables is
500 mm? and located at 100 mm from the soffit of the beam. The initial
prestress in the cables is 1400 MPa. Compute the net initial and final concrete

stresses in the extreme top and bottom fibres at midspan of the beam. Assume
loss of prestress = 15%. 15

4. (a) ftwaw YR P 9@ A, R <oin T s e = gwa 1) dwa saeen iy # sweaw
3R R0 % f9T 20 mm = 9 991 8-8 U * siee H gHed N 82 kN WHI T © :
Find the maximum load P, which the bracket as shown can transmit. The bolt

strength of 20 mm dia and 8'8 grade is assumed to be 82 kN, considering
shear and bearing under limit state method :

400 mm
Kk g
A a
A 1 A
14 I ¥,
50 i 50 P

50

50
]
f
I

mm mm
i
:
-——-—-—r—-—!-.—.-—r-_-
T to-9-9
e

15

(b) TH Wad ¥H ABC, fagfd AB=6 m 3R BC=6 m, AB a1 BC 31 1 qfi fagfa
25 kN/m &1 a9 faafta SR 981 weft 1 etena A 3R C ge e g1 afe 1-uft=se %
T R 7ok 175 iR MR oI 1144 R, @ NEvaS aRede A Puifa fifve) ged %
fow wva wfeee 245 MPa &1 39 i)

A continuous beam ABC has span AB=6m and BC=6 m and carries a
uniformly distributed load of 25 kN/m covering both the spans AB and BC.
Supports A and C are simple supports. If the load factor is 1-75 and the shape
factor is 1-144 for the I-section, determine the section modulus required. Use
the yield stress for the material as 245 MPa. 15

CRNA-F-CVLE/11 6
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(c) =i FER yafer Fehie H wfoars ifv % Fed vz w1 afrerew Hifv) 501 =1 fsm-Fo
30° 3R FHH 9@ 18 kN/m? 1 M25 ¥ Fshiz 3R Fe500 e zeama 1 3w Hifvu

fuf wnfiee % e gefta @) weem 1 oo Faw o w2 & fom 4w .
] A N
3m
EGL N
I1m
1400 mm
’[L "l: "lc I
700 250 1300 mm
mm mm
ed
Mu
bd—z 1-5 1-6 1-7 1-8 1-9 2:0 21 2:2 2-3 24 2-5
pt | 0373 | 040 | 0427 | 0-455 | 0484 | 0-512 | 0-541 | 0-571 | 0-601 | 0-631 | 0-662
Yo F fafEa mE 50 mm TH oS oSt F fosdeo f smavgear 7@ R
Ted
7. (MPa) 0-36 0-49 0-57 0-64 0-70 074 0-78 0-82 0-85 0-88
b 025 | 05 | 075 | 100 | 125 | 15 | 175 | 200 | 225 | 25

Design the vertical stem of a reinforced concrete retaining wall as shown
below. The angle of repose of the earth is 30° and its density is 18 kN/m?3. Use

M25 grade of concrete and Fe500 grade of steel. The wall is safe against
stability. Detail the reinforcement in the stem only :

CRNA-F-CVLE/11
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Given :

Mu
bd?
p | 0373 | 040 | 0427 | 0-455 | 0484 | 0-512 | 0-541 | 0:571 | 0601 | 0631 | 0-662

1-5 16 1-7 1-8 19 2:0 21 22 2:3 24 2-5

Assume nominal cover to reinforcement as 50 mm. Curtailment of bars is not
required.

Given :

1. (MPa) | 036 | 0149 | 0-57 | 064 | 070 | 0-74 | 078 | 0-82 | 085 | 088
Dt 0-25 0-5 0-75 1-0 1-25 15 175 20 2:25 2:5

20

@Us—B / SECTION—B

mmﬁmamwmm,mﬁ;%%mmﬁ@mmu

rrrrrrrrr

7
=4 D

f= 0T A
o9 d

Prove that the power transmission through nozzle is maximum when

g = 2 Neglect the minor losses.
D 811 L. . wEa

7777

/
Diameter D \

7 10

f= Friction coefficient  Diameter d

T T wA Y ge1, AEE Wee wem #, 16% H 3ead T 7 W it 196 T MR
18 kN/m? zufdt 1 aft G %1 91 2:65 &, & Tgfe 7 w01 7 @ Form 1ferem 0% wFa
YR d% ed fha1 S Fehal 87 a1 Theh 9R 9-81 kN/m? <fifSm)

Soil from a particular site yields a maximum dry unit weight of 18 kN/ m? at an
optimum moisture content of 16% during a standard Proctor test. If the value
of G is 2'65, what is the degree of saturation? What is the maximum dry unit
weight, it can be further compacted to? Take the unit weight of water as
9-81 kN/m?3. 10

CRNA-F-CVLE/11 8
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(c) ifas Favrar & forg wewa www: gitadi yae uiesfa (Meed) e hifm) e
yfoeral 1 TE ¥ ¥ qwizw)

Draw the possible gradually varied flow profiles for critical slope. Indicate very
clearly the boundary conditions. 10

(d) TH oA I § TR F1 FA-3T01 T, TR % A D R I1d N W Td @A b =94 p 1R
Tfereh TEA p W PR wa ®) afem il @ swm wa ge weew B afefe s § g
Fifsy) Afirreu gt & rfedfr o/t % 3w w1 3g@ il

In a fluid machine, the torque T of the impeller is known to depend on the
diameter D and speed N of the impeller, the density p and dynamic viscosity pu
of the fluid. Obtain the relationship in a dimensionless form using Buckingham
method. Specify the use of non-dimension numbers in design problems. 10

() TH2 m x 2 mF THR 9E 19 kN/m?> & TH% 9R IR 38° F w&qw gfede o
qreft 3@ it TAPft Wa § 0-8 m I TEIE W NG 21 e TR H AF TEE W AT g
e R 96 TR 9 9 gifdra wr it e i) e frgra w1 swEm fifve o gan
T 3 "F il o= 38° F o N, =65 3k N, =80 =ffw)
A 2 m X 2 m square footing is founded at a depth of 0-8 m in a homogeneous
bed of sand having a unit weight of 19 kN/rn3 and an angle of shearing
resistance of 38°. Assuming the water table to be at a great depth, compute the

safe load that can be carried by the footing. Use Terzaghi’s theory and assume
a factor of safety of 3. For ¢ = 38°, take N, =65 and N, =80. 10

6. (@) TF U W W W ufedm wa 7 o9 ufesfe (Wene) B e ui sse g i
form e %
£=a0+aly+a2y2+a3y3
Ky

B o= =i H HAE W y 0w
My = TS T A

et Frarert 1 AF i o i qed F ' 5 3 A 3w ok gfese faaon a6
# MRga Hifse) afedm wa w1 39 R 9ew TaRe) AR W 2 m/s F A A EHIEE
x-fem & 5@ @ &, @ A faww 9% w0 e

The velocity profile in a laminar boundary layer on a flat plate is modelled by
the cubic expression

L ag +ay +azy” +azy°

1
u = velocity at a distance y from the surface of the plate
K = main stream velocity

Evaluate all the constants in terms of boundary layer thickness. Draw the
velocity distribution and stress distribution curves. Indicate the application
and significance of boundary layer. If the plate is moving with a velocity of
2 m/s in positive x-direction, what will be the velocity distribution curve? 15

CRNA-F-CVLE/11 9 [ P.T.O.
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(b) 9UGA ¥ 10 m T F TEE G TH HEH @ % @, Freh wya 40% i R fae
el 2:7 R, % T (i) @ 7/, (ii) IS Sfemet a9 (i) TR Tiiee % ufad $) Smiad
FHINY | e ®R a5 m A} ik W0 FRePT 5 g0 e WA 1 m SR 7%
W ¥ gUas H AR R 5uW 4 m W ger ) i 7 10% ¥ TG B @H AR

10 kN/m?3 =ffs)

Plot the variations of (i) total pressure, (ii) neutral stress and (iii) effective stress
for a fine sand deposit, having a porosity of 40% and specific gravity of 27,
extending to a depth of 10 m below the ground surface. The groundwater table
is 5 m below the ground surface and the sand is saturated by capillary water
up to a height of 1 m above the water table. The degree of saturation of the first
4 m of moist soil below the ground surface is 10%. Take the unit weight of
water as 10 kN/ms. 20

() Th 99 3R 9159 T W TEARE A (F9E 65 m), @A B (I9E 110 m) 3R S@wE
C (3915 90 m) %! W @ 3| Sam™ C # g 0-10 m3 /s #1 3R 99 # z&@n 070 2,
99 R ArewEE At H T AR w9 3 F i afvese B R § Ry ) g
gl 30E AT o Sfo Teo 3R o o THo 1 aMRaw AR :

< [=300m
= d=15cm
B f=0015
AV
=400 m ¢
d=30cm [=1000 m
110 m f=002 d=20cm
90 m
T A
65 m
l e wag ,

Reservoir A (elevation 65 m) is filling reservoir B (elevation 110 m) and reservoir
C (elevation 90 m) by a pump and pipe system. The discharge to reservoir C is
0-10 m3 /s. If the efficiency of the pump is 0-70, calculate the required power

CRNA-F-CVLE/11 10
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figure below. Neglect the minor losses. Draw the HGL and EGL :

- =300 m
= d=15cm

B f=0015

YA
=400 m L
d=30cm 1=1000 m
110 m f=002 d=20cm
90 m

T A |

65 m

l Reference datum

7. (@) () 918 A S vaE F fore frmor i w9 e "any)

() 90 mm F=E IR 6000 mm? FTRY =BT AN TH FeaT Ufeesl W e Frarean

1

(@)

qroTarTdt ghegor R T 1500 e # qE=dl ®1 9a9 500 mm & 300 mm
T 31 H IR 224 x 1072 mm/s oft | Reurgy F =@ 1 fuifa Fifg)

Distinguish between discharge velocity and seepage velocity in the case of
flow of water through soils.

A soil sample 90 mm high and 6000 mm? in cross-section was subjected
to a falling head permeability test. The head fell from 500 mm to 300 mm
in 1500 seconds. The permeability of the soil was 2-4x1073 mm /s.
Determine the diameter of the standpipe.

(b) A AR w2 fuda R % F9m: 1 m/s 3R 2 m/s F A A 9@ @ & =R
(VIFEe) TSR W A F UYETq, SHTCHS SR RO 9 YA & fog, @ 8 fewe
vgfd (F= 2w 1) & forg, a1 3 sweqw gfome =Bl (Nora) smRga Al .

A y
=1m/s
R
24 e 1
B/2%
> X
B/2
(—
2m/s
CRNA-F-CVLE/11 11
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Two parallel plates are moving in opposite direction with velocities 1 m/s and
2 m/s respectively. For the given coordinate system (shown below), draw the
velocity and shear stress profile for positive and negative pressure gradient
after obtaining the profile equations :

A y
V=1m/s

—_—

Z4z2. iz LLLLLLLLLLLLLLLLL. 222l Plate 1
B/2
> X
B/2
%
2m/s

Plate 2

20

(c) v WU Twi § 5 uF ga1 f) sufeg ddted amed 120 kN/m? ?) T fi-wefw
Hfte Tham §, ©F a1 wRiew @ W 40 kN/m? 1 afQeh o T o, 98 160 kN/m?
¥ ofafs wied W e & ™ wE B 4 m TEE R AW @ | @ og@ Al
ATEqU e F I BT e TR, Sae ¥ 25 m F= R G PR T R
17 kN/m?3 3R fafte o 27 <fffe) et %1 T R 10 kN/m? #m <)
Laboratory results of a soil have shown that its unconfined compressive
strength is 120 kN/m2. In a triaxial compression test, a specimen of the
soil when subjected to a confining pressure of 40 kN/m2 failed at an
additional stress of 160 kN/m2. Estimate the shearing strength of the same

soil along a horizontal plane at a depth of 4 m at the site. The groundwater
table is at a depth of 2:5 m from the ground level. Take the dry unit weight of

the soil as 17 kN/ m? and specific gravity as 2:7. Also, assume the unit weight
of water as 10 kN/m?3. 15

8. (@) TF c-¢ 9a, fws @&H = 19-1 kN/m?, aiafe =90 Fo = 16° R TF 9K

= 185 kN/m3 %, § 4-5 m el T Feaiew F1e 518 s 21 FreafaRaa i e Hifse
(i) 12 % 3 3R e W |k ga1 g

(i) TTETS, SRl d% a SR 3ead gl

(iii) @ F Aftewan Tews, (R sFEfra Sie S w
A vertical cut, 45 m deep, is to be made in a c-¢ soil having cohesion
= 19-1 kN/m?2, angle of internal friction = 16° and unit weight = 18-5 kN/m?3.
Compute the following :

(i) The active earth pressure at the top and bottom of the cut

(i) The depth up to which the tension cracks develop

(iii) The maximum depth of excavation that can be left unsupported 15

CRNA-F-CVLE/11 12
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(b) Th 060 m F fFR I FAR TEF T A 59 W 50 m I {20 m3/s =
feadt freeRor yarfed A areht ovslt sTearR afeent # <Pl ST , @ 98 040 m TS
1 IIIATE I 99 FAl 8| Tg <@ T % N F rgyar § yErR ofdd: 2:5 m i THaeH
RS W Al A g1 @ Hie 6 Seeea @m @ T s W v fag i
Frafafga & o i -

(i) S qErEd g
(ii) wfeaTg e
(i) e R §A

ST & FTIIANT H W& T GEARY| T TaresTd & [T Hifde Fs Heheqdl w1 3TN
form s T ®7 9 SW W offuw fag Al

A vertical sluice gate with an opening of 0:60 m produces a downstream jet
with a depth of 040 m when installed in a long rectangular channel, 50 m
wide, conveying a steady discharge of 20 rn3/ s. It is observed that the flow,
downstream of the gate eventually returns to a uniform depth of 2:5 m.
Indicate whether jump will occur or not. Justify the answer. Calculate the
following :

(i) Energy head loss
(ii) Upstream depth
(i) Force on the gate

Briefly explain the applications of hydraulic jump. Can we apply critical energy
concept in case of hydraulic jump? Justify your answer. 20

(c) T Wieh g1, foed simeia 'R i T W R, Saed @ 2 m 9 60 cm Y TF TR
wliE W W fHy T e wR gdem | frafafea e ym e

4R diFar (kN/m?2) 0 50 100 | 150 | 200 | 250 | 300

957 (mm) 0 2:0 4-0 75 | 11:0 | 163 | 235

A & A 2 m TEE W AURG T 3 m X 3 m F®R 96, St 1100 kN 1 9R 984
w1l 8, F e fuifa fifg 3k 8 foea £ ga wwda ot g ffde s fe @
Hifm)

CRNA-F-CVLE/11 13 [P.T.O.
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The following data was obtained from a plate load test carried out on a 60 cm
square test plate at a depth of 2 m below the ground surface on a sandy soil
with water table at a great depth :

Load intensity (kN/m?)| 0 50 100 | 150 | 200 | 250 | 300

Settlement (mm) 0 2:0 4-0 75 11-0 16:3 235

Determine the settlement of a 3 m x 3 m square footing founded at a depth of
2 m below the ground surface, carrying a load of 1100 kN, and compare this
settlement with the permissible settlement specified by the Indian Standards. 15
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