www.prepp.in

UPSC CSE 2019 MAINS PAPER 6 SEPTEMBER 29, 2019 CIVIL ENGINEERING OPTIONAL PAPER - | QUESTION PAPER

fafae =<fifA=dt / CIVIL ENGINEERING
a94-TA 1/ Paper 1

Ferifia g diT a2 dfrETg 376 - 250

Time Allowed : Three Hours Maximum Marks : 250

IO Tra-t feore srew

FTIT G91 & I 37 & g [T T dF H59 &1 ST4EF UG :

550 T3 ¥ 8 o 21 @ust 4 favila & aan gt o srret T F 99 5 A

giieneli #1 FcT g o7 & I G 8 |

yv7 gEgr 1 3k 5 Har 3 a1 @1} Yol § @ UdE @Ue § FH-G-FH Uk 9 qIH [ a3l &
IR FTY

URIE YO/ 97T & 3F IqF GIH 170 T F 4

Yol & I I ifehd AT 7 7@ T G [T 3g@ S Jav-g7 4 A1 191 B, 3N 54’ H
Tre IgE WH-TE-IT (FLH.0.) JaH & FE-g53 W FiGe T W Fi @y | Nified HEgd &
A 311 fddl qrem 7 for@ g 350 W &5 3 T8l 1Al |

v F1 I 37 & 17w Fie FI3 [@URnY §91E TF 5, A1 38 <y ®Y G [HIee T /

T&T HIGTIF &, HE d HAIHITF] B1, Fo7 F I 64 & 1070 19 70 €219 7 & G130 |

79 7% IGhRIT 7 &, Fd T4l TG/t JEicld HiAF 3741 § TFh & |

ol & I BT T FHEGR 1 0N | T2 FieT T8 &, a1 §77 & 3T B 7T H A FlE 98 I -
a1 797 81 1 FoA-8E-3 g § @It SIsT 537 53 I IqF A H T €9 H HIe] A1 FigY |

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 question from each section.

The number of marks carried by a question /part 1s itndicated against if.

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 tn 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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U A
SECTION A
Ql. (a) US &0 A ¥ x-y GHAA 0 39 ThT Iid 8 I fordll 77 0w, xoAe e
v-38T & TG, IR A a = - 6 m/sec TF = 6 ./see? 71 AT ?

t = 0 W, 3B 97 3 m/sec U x-m&w‘%wﬁm% | T o T T THIFH
ST ShItAIT | 01 a1 Haw a1 off 71d Hifso
A particle moves from the origin, in the x-v plane so that at any time ‘t’
its acceleration along the x’ and 'y’ axes are a,=-6 m/sec? and
a, = 6 m/sec?. At t = 0, its velocity is 3 m/scc entirely along the x-axis.
Find the equation to the path of the particle. Also find the minimum
velocity of the particle. 10
(b) 300 mm x 500 mm < ITTIATHRIT Q'f{té)" aTeAl Uh JeioTd hshid gid, d-dd &I
Y 16 mm =319 Fl 4 B8 21 geifeid 2 ffdeht gumEl Sat 40 mm 8 | 9 T
ﬂ'ﬁfﬁmmmﬁﬁ%ﬁm’q 3G & 1 91 ol e 8, S f e A

T T R
HTEYY = {70 shifds qfi=se W, 937 Bq Sl 379890 gaeid & fSA
99180 | M 25 US Shshld Ud Fe 415 Ug $EId oAlfsw |

30 kN/m

7& 10 m % 4 m
faiaa stTee saqTa $ifsu
M 25 %shie & fe1u, 1, . = 31 N/mm?

P .

100 A_
bd : )
i t. (N/mm2) 0-36 049 1 057 ' 0-70

A reinforced concrete beam of rectangular ae(tmn 300 mm x 000 mm 1s
reinforced in tensile zone by 4 bars of 16 mm diameter having an
effective cover of 40 mm. The beam is loaded with a factored load
including its self-weight as shown in the figure below.

Design the vertical shear reinforcement for the beam at critical section
for shear. Take M 25 grade of concrete and Fe 415 grade of steel. 10

30 kN/m ;
10 m @ 4 m |

Use the following data : ‘

For M 25 concrete, T. 4 = 3'1 N/mm?

025 | 05 | 075 | 1-00

100 A
_bd 1
. (N/mm?2) | 036 | 049 | 057 | 070
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(¢) ISMB 600 @ 1202-71 N/m, 11 180 kN i 31etrs ufdfshan & it 230 mm
qidl ge-faare Y San W snaTid 2, & fou Ao W U gigehl ol ST
S50 | 32 ! ZaN & fau 3Ea anu gided 4-0 N/mm? Ud ST GUaT

Uk v =1-10H Sif | [SMB 600 % Ti=adl ugd 58 T 2 :

gEATd <l Us f, = 250 MPa
FAS 1 ST by = 210 mm
FAS I ARLTS te = 208 mm
J9 &1 WIeR t,, = 12 mm
38 ! =541 R = 20 mm

Design a bearing plate at the support for ISMB 600 @ 1202-71 N/m
resting on a brick masonry wall 230 mm thick for the support reaction of
180 kN. Assume the permissible bearing stress for brick wall be

4-0 N/mm? and partial safety factor v, = 1-1. The sectional properties

of ISMB 600 are as follows : 10
Grade of steel {; = 250 MPa
Width of flange by = 210 mm
Thickness of flange ty = 20-8 mm
Thickness of web t,, = 12 mm
Radius of root R = 20 mm

d) U yare &3 °, faeafatgd 9 gew e g

u=2xy T v =a2+x2 - y2

Z9Niey foh YaTe 999 B | GEITG 9T %eld YT hifg |

In a flow field, the following velocity components are given :
u=2xy and v =a? + x2 — y?

Show that the flow is possible. Obtain the relevant stream function. 10

SOF-U-CVLE 3
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(e)

Th 1-0 m3 % TH g1 Uidaw HT1 YR 20-0 kN 8 | TaT I Joiwl 10% & | &t
&1 fai¥E 99, Gg = 2:7 UF Thd & | 30 A1 1 TN i B ARG §
aff @l ® 9l | g7 vfied & fifs oA T Eqita wife Wt g
ST | A T Uaheh W, v, = 9-81 kN/m3 AH o |

o+ off + oA
V.=__ C1E
V‘V:---— # | 7¢
V'W:—--—-* Jcq WW'=—-— Wt=—-——-—
V. — 7 7 7
: - V*s:—_-_ m WS:—
~ > > >

Vi = 3 AT, V, = {tid &1 3@@q, V, = 91 &1 e, V, = 9
AT, Vg = 36 FI 3, W, = Fd 91, W, = T &I 9T, W, = 1G] I
H1L |

A 1-0 m° moist soil sample weighs 20-0 kN. The water content of the soil
1s 10%. The specific gravity of solids, G can be assumed as 2-7. With
this information, fill in all blanks in the phase diagram. Also determine
the void ratio and degree of saturation of the soil sample. Assume unit

weight of water, v, = 9-81 kN/m3.

> o . -
Va i AII'
Vv = A | "3
Veo=__ Water We=__ | Wy=__
v - -
Vi=___ .
Veo=__ Solid We=_
v v - v o

Vi = total volume, V = volume of void, V, = volume of air, V,, = volume
of water, V¢ = volume of solids, W, = total weight, W, = weight of water,

W, = weight of solids.
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Q2. (a) U& 12 m ol areft qEnfmafaa &kl v@ #1 sqweyafesg foa 1 gwig
IER B | 9 I 20 kN/m @1 JARUG YR d84 HAT 8 | qEdfdac 7d,
605 mm2 &F arelt shauaAl g Uivd fohanr smar 3, 9 9 1100 N/mm2
ARy qdufdaest o 8 | FAARUd YR &% &H H qd Td o & 9T 309
yfasell & fou e W o & gieag &1 favemw 6w | g@ufdes 9 15%
g & 7= e | 3Erfie st A feufd 9@ SR ¥ 393-5 mm U9 IS
HT & 9 I, = 13900 x 106 mm4* 7 T |

e— 250 —{ |
100
A
— 100 [
500
I 4------==~=--- ---AA wwmmﬁ%
3935
Y

SDF-U-CVLE 5
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The cross-section of a prestressed concrete beam of span 12 m is as
shown 1n the figure. The beam has to carry a superimposed load of
20 kN/m. The prestressing force is transmitted by tendons having
605 mm? area, subjected to an initial prestress of 1100 N/mm2. Analyse
the beam section at centre for the stresses induced before and after the
application of the superimposed load. Allow 15% loss of prestress.
Assume location of N.A. as 393-5 mm from bottom edge and I, about
N.A. is 13900 x 10% mm*. 20

< 250 o

100
A
100 e
500
N-sm -~ | S MR + A  All dimensions are in mm
393:5
-

12

Ast = 605 mm= -

L Yz |

100

_T_

k— 200 —

(b UH 99 gNI Ic9a HI T8 @ ARG AP, SR =919 D, UiicAsh o N, 0
e Q, A THcd p vd WHEAT p W weft R | Sfhun % qoumw w6
SEAAT hich, TShaTcHeh TFa-4 o1 3T19Hy 9&9 9T shifu |

The pressure drop AP generated by a pump depends on impeller
diameter 1), the rotational speed N, fluid discharge Q, the fluid density p
and viscosity . Using Buckingham n-theorem, obtain dimensionless
form of the functional relationship. 15

SDF-U-CVLE 6
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Q3.

(a)

diEel gamehR Tiesg #1 U bR ol 40 m S 7 | TR W 3EH STl
g 30 m U IS W TET W@ AE 20 m 2 | 39 VYW &F W
2-0 kN/m2 %1 a1 g/ & 2 | afg il &1 9’ 5000 kN U9 3TUR T $H
SR AT 1-2 m R, 1 9T W sifushan vd A9 gfasd digard fytia
Hifau |

A tapering chimney of hollow circular section is 40 m high. Its external

diameter at the base is 3:0 m and at the top it is 2:0 m. It is subjected to
wind pressure of 2-0 kN/m? of the projected area. If the welght of the
chimney is 5000 kN and internal diameter at the base 1s 1-2 m,

determine the maximum and minimum stress intensities at the base.

v el wadtys er & fagfd 40 m v@ 7938 8 m B RicRIRR]
T W 5,6, 6,4, 4 kN, Sl W8R 4 m, 3m, 4 m T8 3 m %! gl WE, 3
F A Y 20 9r e F FEH 5 kN R HeH W R | I dE AW e
WWW@HI&SOH)W%, q1 5|¢ﬁ@mqufi%ﬂ4%ql
% Y Uod W % 37diA diess W dhd SATHE SN AT Yulg

qfiehetd shifaTT |

A three-hinged parabolic arch has a span of 40 m and a central rise of
8 m. Five wheel loads of 5, 6, 6, 4, 4 kN spaced 4 m, 3 m, 4 m and 3 m 1n
order, cross the arch from left to right with the 5 kN load leading. When
the leading load is 30 m from the left hinge, calculate the horizontal
thrust in the arch. Also calculate the bending moment and normal

thrust at the section under the tail load.
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Prepp

Your Personal Exams Guide

15

20


https://prepp.in/

www.prepp.in

(by T3 d s ffiq soaa wry ofi=se wofar 7o @ | F= feu U el & fow

qited o Fefly vam evgan &1 frafta i
f},=250 MPa, L =50m, ty =tf=30 mm, y, =15

99 T i & Sig dfced dig § | w9 & A R oo we feafy  afug
8 | 22-318 & FfCW FFHeA IF D’ W yy-39 F A AHEA I ‘¢ T4

femam ST 2 |
y
e 300 mm >
E 30 mm
) KN 4
—> :I <« 30 mm
E 400 mm
gy s B T B B 7 e . y o, S U .
4.\
: 30 mm
; T
}( 300 mm »‘

T5h b’ Ud ‘¢’ B AAT 3G & {10 tfirrew afied yfae A9 feu o ¥
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KL
T A — 40 | 50 | 60 | 70 | 80 | 90
Hitrreqy dffga | I b H T | 206 | 194 | 181 | 166 | 150 | 134
| SIHIEEI, fcd
2 o Y ). Wy
N/mm=< b ‘CHh I | 198 | 183 | 168 | 152 | 136 | 121
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A built-up steel column section is as shown in the figure. Determine the

axial load capacity in compression for the data given below :
fy =250 MPa, L=50m, t,, = tf= 30 mm, Ygqr= 19

The connection between web and flanges are welded connection. Both
the column ends are restrained in direction and position. The buckling

curve to be used along zz-axis is ‘b’ and that along yy-axis is ‘c’.

30 mm

The design compressive stresses for slenderness ratio for curve ‘b’ and ‘¢’

Prepp

Your Personal Exams Guide

are given below. 15
KL
Slenderness Ratio — - 40 50 60 70 80 90
r
Design for curve ‘b’ | 206 | 194 | 181 | 166 | 150 | 134
compressive
Stl“ess, fd ¢ 3
| : for curve’c | o0 | 183 | 168 | 152 | 136 | 121
in N/mm?2

SOF-U-CVLE 9


https://prepp.in/

www.prepp.in

Q4.

(c)

(a)

U fqU U Tud W, g1 wd Al giae i w8 6 2 | e s e
8 2.0 m = feo 2 | siwsiet = & S, g1 1 dafa 5o 90% 2 | Ak ga

% 3@l o fafere waed 27 % wuew & @ g @ R sEm 10 @), @
fagifa $ifae

(i) 90ad & A forddl 7808 W Sl guTEl Sfaed 100 kPa & §OeT
T |

() 3| TEUy W, WHIA T 20 m I’ A1 wH % qid gvEm,
S JHIE! Yidae fohdaT &M | Fe1 1 Usheh W, v, = 9-81 kN/m3
H Il Ullﬂk

At a given site, the soil stratum consists of a thick clay layer. The
ground water table is located 2:0 m below the ground surface. Above the
ground water table, the degree of saturation of the soil is 90%. If the
specitic gravity of solids of soil is equal to 2:7 and the void ratio of the
so1l 1s 1-0, determine

(1) at which depth below the ground surface the vertical effective
stress i1s equal to 100 kPa.

(n)  what 1s the vertical effective stress at the same depth, immediately

atter the ground water table is lowered further by 2:0 m. Assume
unit weight of water, y,, = 9-81 kIN/m3.

U AAATHR Tefeid ®shie Hl It 2ehl, T FW & Gofl 2, 100 m3 7 FiE4
Al 8 | Zehl T AN faHTd 6 m x 5 m ofl 51 dhdl & | T YT T et
gs 2 | "fase Afusmeys fafa & gro 21 &1 yvd dani +1 feorea 49w
HITAU | Hehlek (61 &) 150 mm 8 | M 20 Shshie U9 ¥2-1 0T T T
hITAY | T Fides 8

Gephe = 7°0 N/mm?
Gy = 100 N/mm?2 (I Iredt Fag o Hehe)
oy = 125 N/mm? (& a7l €8 | g)

giFl e o o @fy w faaor o 0.5 9 +fifse

A rectangular R.C. water tank with an open top is required to store

100 m? of water. The inside dimensions of tank may be taken as

6 m x 5 m. The tank rests on the ground. Design the side walls of the
tank using approximate design method. The free board is 150 mm. Use
M 20 concrete and Grade-I steel. The permissible stresses are

Gebe = 70 N/mm?=
ot = 100 N/mm= (near water face)

ogt = 125 N/mm=< (away from water face)

Assume distribution factor as 0'5 at junction for both walls.

SDF-U-CVLE 10
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(b)

U 2-5 m Il US ure 1 fAHiv U "1 UehEHE aeeee 7431 HEu W
SR | g1 % Hgw UF Y Uk WR AW 20-0 kN/m3 U9 18:0 kN/m?3
& | a1 &I WAidieh U w0 35° R U4 UGl TEWE Dy, 15 m B | YA A
b= 35" % fIU N, = 57-8, N, =414 Ud N =424 fwms |

G) F& ww o affas g @ oEd gu, el 99 ¥ 9nol gHd WA

T & SUTg H TUE TET ST Gehdl 2, AN % YU &Hal fggE &
SFTEN, GUET TUTh 3-0 % F1Y g ! 3T 90T Al el i |

(i) SE GReT UTk < @1y, g Uig I SFE UR &EdT eyl i, e
A T UTE o {191 deb S 37 T &1 |

Gii) 3 HRen U o @y, gefl g R e amw ama st fwifa S,
afz 98 Uz 9uast T 1@ 8 Ud Jod & guad W Bl | Sl Th
q, v, = 881 kN/m?3 T AT | I

A strip footing of width 2:5 m is to be constructed on a thick deposit of

uniform cohesionless soil. The saturated and dry unit weight of soil are

20-0 kN/m3 and 18:0 kN/m3, respectively. The angle of internal friction

of the soil is 35° and the depth of the footing, D¢is 1-5 m. Also for ¢ = 35°

given N, = 57-8, Ny =414 and N, =424

(i) Assuming the water table at a great depth for which the effect of
water table on the bearing capacity can be neglected, determine the

allowable bearing capacity of the footing as per Terzaghi's bearing

capacity theory with a factor of safety of 3-0.

(ii) Determine the allowable bearing capacity for the same footing with

same F.S., when the water table rises to the base of the footing.

(iii) Also determine the allowable bearing capacity of the same footing
with same F.S., if it is placed on the ground surface and water table

is also on the ground surface. Assume unit weight of water,

v = 9:81 kN/m*.

SDF-U-CVLE 17
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(¢} TH 06 m TS TI 045 m e AEArHR aifesht § fremer w0 R ag
0-4 m =g S aTeft v AR fomm &1 s=mTe fopem =d1 2 |

afe aifgshl o I W e 9 0225 m HW B, A Ofew § FREw §E
HITSAT | IQTH & 9T I 1 2 | Cyg = 0-63 B AT )

A rectangular weir of crest width 0-4 m is used to measure the discharge

in a rectangular channel 0-6 m wide and 0-45 m deep.

If the water level in the channel is 0-225 m above the crest, find the

discharge in the channel. Velocity of approach to be considered. Assume

Cq = 0:63. 15

SOF-U-CVLE 12
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Q5.

@S B
SECTION B

(a) I fam § =uiu U 200 ke AR T 3EA 9 & 9 Wfae wd Tidsw g8
TR SRES: 0-3 TF 0-2 8 | [y i

() siih 9 AT 9T "YU 96 F° 99 400 N R #1 P sl i TR
FEYT H ST 1Y |

(i) fEor 379y ¥ seiish ol 3THa dol T IAHH HH gg AETS o, ‘P’ |

(iii) sl 9 A AT TN /e F Al P = 1600 N & |

20°

VU SR G G T g e T G T AN AT T A A A

The coefficient of static and kinetic friction between the 200 kg block
and inclined plane shown in the figure below are 03 and 0-2
respectively. Determine

(i) the friction force ‘F’ acting on the block when ‘P’ is applied with a
magnitude of 400 N to the block at rest.

(ii) the force ‘P’ required to initiate motion up the incline from rest.

(iii) the friction force ‘F” acting on the block if P = 1600 N.

SDF-U-CVLE 13
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(b)

Teh &Y ehl IHA-JATCId AT 34 m & U9 I8 oF) 0 w feafy § 9 w3
& foru gt &9 @ Wg 2, weq ol % faeg wifum 48 2 1 Ty F oy
yi=ee vd Yaer faawr & 9 fag § gl w2 ) = 2 959 fem
b4 a1 giga safm aw fuifm e | M 25 U= ssfie
Fe 415 U 39919 1 3991 $ifau |

IG(DEﬁBEé /\\ i;)-gma:_nq—{

6 ¢ Gt
@ 45 mm c/c fi=

400 mm

L :

A column has an unsupported length of 34 m and is effectively held in
position at its both ends, but not restrained against rotation. The
cross-section of the column and reinforcement details are shown in the
figure below. Determine the safe axial load that the column can carry.
Use M 25 grade of concrete and Fe 415 grade of steel.

40 mm

6 bars of 16 ¢ clear cover

6 ¢ spiral
@ 45 mm c/c
pitch

400 mm

SDF-U-CVLE 14
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(d)

(e)
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uh U an arel g 9w § @ g3 U &fdd 9wl wie W gieside
fTER wga #

U =Asin (By) + C
o A, B Td C &l JodTe i |

The velocity profile over a horizontal flat plate held in a free stream with
a velocaity U is given by

U= A sin (By) + C

Evaluate the constants A, B and C.

v ffvea gfiaet ga1 & fou adfied a sd-agmoehE Arerg W s i @
3 U 7% fogefl e = 1:15, 0, = 65 kPa W e = 0-76, 5, = 825 kPa # Tl
2 |

g1 o foru fifs 3w, Ae § gftEda & foru saoshishd @Hishor fafee | @y
& fifes o gfgds =1 fagtor Fifsv I gg1 ® @ 100 kPa 8 400 kPa d

ST ATdT @ |

The compression curve for a certain clay soil is a straight line on the
semi-logarithmic plot and it passes through the points e = 1-15,
o, = 65 kPa and e = 0-76, ¢,/ = 820 kPa.

Write the generalised equation of change in void ratio, Ae for the soil.

Also determine the change in void when the pressure on the soil
increased from 100 kPa to 400 kPa.

T Yeh ] Ufded (TEIH = 0) W IIuaTied fH-fefm gherr e mm g
100 kPa & Sif8®1 29 & foru, fauas dfdea 350 kPa W ufdesl fawa &
T | few u whier sl | a9 % Sides @1 aafes u¥u &, ¢ Hati
$ifau | &t ga7 vfaest % o foues wlase | (uif@ Sifee S« oman @
g1 319 200 kPa 8 |

A dry sand specimen (cohesion = 0) is put through a drained triaxial

test. For a cell pressure of 100 kPa, the sample failed at a deviator stress
of 350 kPa. Determine the angle of internal friction, ¢ of the sand
specimen from the given test data. Also determine the deviator stress at

failure for the same soil sample when cell pressure applied 1s 200 kPa.

SDF-U-CVLE 75

10

10

10


https://prepp.in/

www.prepp.in

Q6. (a) gyl g fafu &1 Iugm +, A= z9E MW = F v A’ B, ¢ w@
‘D’ W YU vg fa&g §a hiNT | Y9 : E = 200 x 106 kN/m2 wd

1=300x 10-4 m4 | 99 & YR <h! 39&q HIfSu |
150 kN

A

v©

75 kN

D

h 4

B

T

3 1

21

A

A—10m—— 10m —— 10 m —&

Using conjugate beam method, for the beam shown below, find the
slopes and deflections at ‘A’, ‘B’, ‘C’ and ‘D’. Given : E = 200 x 105 kN/m?2

and I = 300 x 10 —4 m4. Neglect the weight of the beam.

75 kN 150 kN
A : v C D{
21
| 31
F—10 m—#— 10 m —f— 10 m —F

(b) U TG &9 9= ISMB 400 @ 604-30 N/m Ssfeia €z $hie Ty |
ATATES 8 Ua ITeh! YN0 9818 150 mm & | 3Te7s 9T 99 Sehfen] & a7efiq
39 T Y39 1 YR YWV AT 1 Y FIfIU | T691d &1 U Fe 410 9H

AT ua Fepfert &b ‘¢’ % AR 3 vhied (fy) 9 feu smar &

ISMB 400 &1 Y- gi=ed Turad 39 TR 8 -

qi=al &% A
FAS Hl ST by

ﬁaﬁtﬁ?ﬁgtf
d9 & AT t,,

Ry

= 78:40 cm?
= 140 mm

= 16 mm

= &9 mm

= 14-0 mm

FH{CFT I3 ‘C’ % IR 3T (e Tdieq) sfea (fq)

IG_J .
- ) 80 90 100 110
feg N/mm2) | 152 | 136 | 121 | 107 | 946
SDF-U-CVLE 16
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(c)

SDF-U-CVLE

Permissible (Design Compressive) stress (f.q) as per buckling curve ‘C

Scctional Area A = 7840 cm?
Width of Flange by = 140 mm
- Thickness of Flange ty = 16 mm
Thickness of Web t, = 89 mm
R4 = 140 mm
KL I
T 70 80 I 90
. | .
fog (N/mm?) | 152 | 136 | 121

100

107

110

94-6

§U UH 16 m A Phaw FH&w ® @ g8 8 | giael hl WAl & FEEs

A steel beam section [SMB 400 @ 604-30 N/m 1s supported on RCC
column and has bearing length 150 mm. Calculate the load bearing
capacity of this steel beam under web buckling at support. Assume the
grade of steel Fe 410 and permissible stresses ({ ;) according to buckling
curve ‘C’ are as given below. The cross-sectional properties of ISMB 400
are as

Teh 15 m a5l Td 10 m =il e s for fe oz 4 vefia 8 4 39-9tal & =

-

Yoo = 9-81 kN/m3 HH &t |
100 kl’a
% P/
2m FTTI7T WT r=17-0 kN/m?
2n g gwr. oo
e, =09 . \
4 m r=17-0 kN/m:
¢, = U-la
K
e, =085 |
4 m r=17-5 kN/m"
c. =014
N
e, =0-7a |
4 m r = 18:0 kN/m?
C, = U-12
N
e, =070 |
4 m r =185 kN/m?
c. = 0-10
\u\
o T 't 5 mjc"::- > e, -:3 @ @ o eo

= o

BAa®y 9 dilg &% e & fAuifg &S | I8 &1 thek uR,
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A 15 m long and 10 m wide raft is placed on a 16 m thick clay deposit,
consisting of 4 sub-layers as shown in the figure below. Determine the

settlement of the raft foundation because of the consolidation of the clay

layers. Assume unit weight of water, v,, = 9:81 kN/m3. 15
100 kPa
T &
2 m r=17-0 kN/m
| b Hlllll____g_ﬁm ______________ ;
e, =09
4 m r=17-0 kN/m3
c. =0-15
\K
e, =085
4 m r = 17-5 kN/m?°
c.=0-14
N
e, = 07)
4 m r = 18-0 kN/m?
c. = 0-12
SN
e, =070
4 m r=18-5 kN/m3
| c. = 0-10
A‘\
o Qatﬁ ; c:‘;p/r.*?: ,:ﬂﬂ@f -2:- @ S o eo

Q7. (a) TU& 16 m3/sec 1 W 4-0 m IS TR drigehl § 2:0 m TEIE T
yalfed 8 | 3YaTE qimdz W aifgent 6 TSR 3-5 m a9 &0 H T B, U§
dTtgehT de1 sl 0-20 m I3WT T 8 | 36 TehHV § Fcd Y8 o IeIM i fageimor
EAE L

A discharge of 16 m9/sec flows with a depth of 2:0 m in rectangular

channel of width 4:0 m. At a downstream section, the width of channel is
reduced to 3-5 m, and the channel bed is raised by 0-20 m. Analyse the

water surtace elevation in the transition. 20
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ITTNT YR 5 kN/m2 fovan o @epd1 8 | M 25 Ug hshie Ud Fe 415 U

et @ feoa w wad i aite w9 =ie, f9aeh! gegs 9| 8:5 m x 35 m
8, &1 fedred sAET | =9 230 mm T AR H Sam wosnaiE @ |
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09T T 3T HIAU |
frafafaa stierel =1 v R = gehdr 2
quTe (TEFIYTR) Hey 30 AT 3
# e e (o 3), | 30 45 50 |
° FH g |
10 m W_ﬁ foegla & ot | Fdefan NFAIED) gdd
faegfa wd gwrelt TEUE @
AT o ATYRYT T 7 20 26
20
16
1-2 Iy
E %2190
S :240
g fs = 290 il
0 1e : £, 91 R W SO1d FicreieA
N/mm?2 ¥ &
’ 0-4 0-8 1-2 16 2-0 2-4 2:8 30
SIGMGEGEENC IR
STV FEAT 1 ST Tf=as %
f, =058 f
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Design a floor slab for an interior roof slab with clear dimensions of
85 m x 35 m tor a building located in Delhi. The slab is resting on
230 mm thick masonry walls. The superimposed load may be taken as
5 kN/m*=. Use M 25 grade of concrete and Fe 415 grade of steel. 15

The following data may be used :

Exposure ~ Moderate - Severe | Very Severe
Nominal concrete cover
. 30 45 50
| {in mm), not less than _ -
| l‘
Bamc- ialed ot b]? A ‘to ‘ Cantilever HHPLY Continuous
cftective depth ratios for!| Supported | |
‘spans up to 10 m 7 | 20 26
20
1:6
S
& 1'2 f’; = 14 o
s
- ks = 190
2 o =2
S ts = 290 S
E
0-4 Note : [, 1s steel stress of service
loads in N/mm?
0
0-4 0-8 1+ 1-6 20 2-4 2:8 30
Percentage Tension Reinforcement
_ Area of cross-section of steel required
f, = 058 f, i &

Area of cross-section of steel provided

Modification Factor for Tension Reinforcement
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(c) = fom 4 quid 78 &= fogfoa ameft waq &3 ABCD & fomg ‘D’ W srmHh
gl 1 9ferad Hifu |

T 4 B C D

i 4> 5 4>

lfe— 10 m e 10 m e 10 m —

= TTrr

2 1 I 21
Calculate the flexural stiffness at point ‘D’ of the three span continuous
beam ABCD shown in the figure below. 15

B C D

Ad
ﬂ /A Ja oS
lt— 10m —— 10 m —— 10 m —>
21 | 21

Q8. (a) T=F ¥ gqwils 78 gq1 Widune i U HUHT gaT o 98 Yd i AT Sl
&, TorEeT Tshe YR 17-0 kN/m3 U9 A 9901 o7 40° 8 | &1 o6 e o
Zern T @, i 250 kN/m2 & I1fauR &t ooifad Sl & | YR
gy sk 05 8 | Tt & foi fegss we Iee IW & favg g e
frutfta Shifsre | gfquns fufa & 3nar & = fusay ta FEIH FwEiw T

t fagifg fifs
' . 250 kN/m?2
‘4 I

) A2m L)
|
i
| r=17:0 kN/m?
| 0 =40°

6:0 m

‘Iﬁw

r.= 240 kN/m?

e TESEgT— S TEREE— —

33 m
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The earth retaining wall shown in the figure is to support a backhll of
granular soil, which has unit weight of 17-0 kIN/m3 and angle of internal
friction of 40°. The wall also supports a surcharge of 25-:0 kN/m? as
shown in the figure. The coefficient of base friction is 0'5. Determine the
factor of safety against sliding and overturning for the wall. Also

determine the maximum and minimum vertical pressure below the base

of the retaining wall. 20 |
. 250 kN/m? |
2 m
) A2 L
|
r=17-0 kN/m?
O = 40°
6-:0 m
Backfill
r.=24-0 kIN/m?3 '
7,&

3:3 M

£ A i

(by = fam 9 zvru o wif@ 9de e % e 99 9 R 3 fifsu

4T 4
F

S . . ——
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Find the collapse load for the portal frame loaded as shown in the figure
below. 15

| 4 F

| 2 M

9-3m & | &3 51-7 rpm W Tedt 8 TF A 1 535 m3/sec &0 #d 7T
45000 kW 9Ifh 3c99 oidl 2 | &argd il Ushleh oA, Uehlsh (ALHLUI, Uhleh
vifts wa fafsre =ma & 99 furfa $ifsa |

Ifa TR & wHIcd UM I hideh HE 0-95 &1, 91 §=6 JId dd d TR Hl
fegfq fayif@ ifsie | aREeda 3@ qE=Edar 9.8 m Ud H3itd I g9
AT 2-5 m T Ay |

A vertical shaft Kaplan turbine operating under a head of 9-8 m has a
runner diameter of 9-3 m. The turbine runs at 51:7 rpm and develops
45000 kW power by discharging 535 mY/sec of water. Determine the

values of unit speed, unit discharge, unit power and specific speed of the
turbine.

If the eritical value of cavitation coefficient for runner 1s 0:-95, determine
the location of the runner with respect to the tail water level. Assume

atmospheric pressure head as 98 m and saturation vapour pressure

21
77T 7777 7
| 21 ¥
(¢c) 98 m hl TEMRAAT o HEH HRAT Teh FHEaiEl AFE HteA @134 &l T F™H
!
I head as 2-5 m. 15
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