CS (Main) Exam,2021

HXS-U-CVLE
fafae sshifadt / CIVIL ENGINEERING
a94-us I/ Paper I
Ryffa gva : @7 a2 Siferpaq 3% : 250
Time Allowed : Three Hours Maximum Marks : 250
AU wEaEt fav srgem

mwﬁ%méﬁ#gﬁﬁnﬁﬁﬁmmaﬁma&:

57 am3 yoT & o) 3t @uet § fawifaa & aur iRt 3 A @ 4 99 gU E |

ghareff %1 FoT gier JoAl & IH T8 |

o7 @I 1 3% 5 5Eart & aar @i ye A § @ TF GV @ FH-8-FH Uk Y97 A [ @i T &
I o |

e F7/ 57T F HF 35 G T T E |
W#%mmwﬁﬁmmﬁ%@m#mﬁqﬁmwaﬁam%m—wﬁﬁwwa 3 39 qTETH HT
a7 3@ JI-E-I (..U JEH F JE@-J8 W e ©H T B T AT | Jfewd A
A 3= 341 aregm & for@ e I W FIE 37 787 [T |

v %7 I 27 % o 72 BIE q@uRond 597 7 &, o) 3% e &9 & [l I /

55l HTTIE &), IRG! T [T B, FT F I 57 & [o1q 17T 7¢ ¥ H & FY |

T T IGIET 7 &), T a9 IeETEAcA! FHRT FIAF 3791 4 gH & |

T & 3 B T FAFAR F T | TR FET 78T &, a FeT & IR F T F A TR T IH -
far T 8 | yeA-TE-IT (F.9.T.) GIEE § @Iehl BIgT §N §8 AT I ¥ F WL &Y & Pl T
FIRY |

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 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 (QCA) Booklet must be clearly struck off.
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Q1.

@uE A
SECTION A

(a) 91 fomr # guie srgER Wit & serfiea $=t % AC, DE 3R GH srawdi §
sl =t frgtfa hifsm .
5 kN 10 kN 10 kN 10 kN 5 kN

Al 2m Cy 2m vD 2m vG 2m lH

2m
B E F
Determine the forces in members AC, DE and GH of the truss loaded
and supported as shown in the figure below : 10
5 kN 10 kN 10 kN 10 kN 5 kN

Al 2m Cvwy 2m vD 2m v 2m lH

2m

B E F

(b) 160mm%ﬁ§3ﬂ1400mm7@'qﬁﬁzﬁﬁtﬁf-ﬁﬁﬁﬁﬁwwiﬁl
SN T 8 m Y yuret i @ w5 kN/m % UohemE faRa ww, R
U 1 AT W IMHA 2, Bl AT YgH i % fore e mn @ | g =,
200 kN % &6 &l 984 % adl 3K 99 & qo ¥ 100 mm SR g deft
Faa g1 qd-gfcafera fomm man 2 |
ud i fergfa & #e § uftede W o wd @@t % dqatt w oRomd sRee w
futfa $ifse |

A prestressed concrete beam of section 160 mm wide by 400 mm deep is
used over an effective span of 8 m to support a uniformly distributed
load of 5 kN/m which includes the self-weight of the beam. The beam is
prestressed by a straight cable carrying a force of 200 kN and located at
100 mm above the bottom of the beam.

Determine the resultant stresses at the centre of the span sections at
top and bottom fibres of the beam. 10
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© TF 12 mm T e @ B T T (E.0E.TEH. 400) H TS A
SAreaq SISl T 2 | T % HeAH T 250 mm T A aT 200 kN & SEATER
uT g FE % fou, fhele dos # IR Bk, Fhe H g g H
s A | sETE %1 38 E 250 & | sEwmen afeen 7m & | dee
yered &1 = ufded, f, = 410 MPa S |

A bracket plate of thickness 12 mm is connected perpendicular to the
flange of a column (ISMB 400). Design a connection for the bracket
using the fillet weld to carry a vertical load of 200 kN acting at 250 mm
from the face of the column. The grade of steel is E 250. Assume shop
welding. Take ultimate stress of weld material, f,, = 410 MPa.

d) A = wEae gt % 19 % 25 mm w1 TF B O g W T R | et
¥ &9 # 05 m/s F T W 0-75 m2 FIHA ACH TH TG TSl = B
fapfia & & foru fepem a1 <Y sTrarwarehan Bt
() M I8 wie 21 ys3t & WH gl W Tl 8,

(i) AfE 78 U I3 ¥ 10 mm 1 g WR ?
frerafig &t s AT = 0-785 N-s/m?2 ST |

A space 25 mm wide between two large plane surfaces is filled with
glycerine. What force is required to drag a very thin plate 0-75 m? in
area between the surfaces at a speed of 0-5 m/s :

(i) if this plate remains equidistant from the two surfaces,

(ii) ifit is at a distance of 10 mm from one of the surfaces ?

Take dynamic viscosity of glycerine u = 0-785 N-s/m?2.

(€ Th ga H 8 e whaw, go A U oy fog wew, Feed g w
Srett 311 2 % STaA 1 WTIe, TRt TRIT | 9T (AW) & 9R 895 g, Ty
ST 426 cm3 o1 | GET F 91g Ulded H1 WK 779 g A1 | Y JaT1 H § 400 g
s 9vE § f s st # sl 1 R 276 cm? STEE BT | $EH 400 ¢
FT 212 cm3 % 3F d o 0 Hiua a1 T FeT T | &F Fa H AU
e Fraffa i |

e - 3ral 1 fafe ¥, G = 2:70 3 e B THD A, vy = 9-81 KN/m3.
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Q2.

(a)

(b)

A field density test of a soil was performed by digging a small hole in the
soil, weighing the extracted soil and measuring the volume of the hole.
The soil (moist) weighed 895 g, the volume of the hole was 426 cm3.
After drying the sample weighed 779 g. From the dried soil, 400 g was
poured into a vessel in a very loose state which occupied a volume of
276 cm3. The same 400 g was then vibrated and tamped to a volume of
212 cm3. Determine the relative density of the field soil.

Given : Specific gravity of solids, Gy = 270 and unit weight of water,
Yw = 9:81 KN/m3.

A &Ehe fafy 1 3T Wk, 9 o § ool W oaw % fan B W
yavrrd 3R fag sma Fife | fog Bus o= 2

W
B
D
A C
TR N SR LR o
i i 5 e

Using moment area method, find the slopes and deflection at ‘B’ for the
beam shown in the figure below. Point ‘B’ is a hinge.
'
B
D
i C

80 PR O I

o L o
i 5 iy bl [ af|

250 mm x 400 mm HTHIY &% T AATHR Tafeld hehle TIEH HT ITAN TH
700 kN % =09 31&fi YR &l Aefmag H0 * fou S wmar & | ey 6
Al SIS 3-2 m B | W dHl R W ferfy § wwreh w9 @ e 2
3R s R o iy fifea 2 |

M 25 U % Hhic 3N Fe 415 U=.9E.00.9. Tl &1 3990 H0% wry F
IUYh Tl h AfHeq1 AT | yeer faeaor o ©ifae | diuia sraeen
fafer =1 3w $hifse |

A rectangular reinforced concrete column of size 250 mm x 400 mm is
used to support an ultimate axial load of 700 kN. The column has an
unsupported length of 3:2 m. The column is effectively held in position at
both ends and restrained against rotation at one end.

Design suitable reinforcements in the column using M 25 grade of
concrete and Fe 415 HYSD bars. Also draw the reinforcement details.
Use limit state method.
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Q3.

(c)

(a)

100 litres/sec &1 Ush HdlE, 0-60 m =St 3R GRS dd Yavral drel Uh
SRIATHT FENTIE faATereR! (W) o varfed it 2 | afg =t fears (0)
56 8, d 0-30 m HI YATE H TEUE F THATH Y& & A€ q T A
frufor Hifre | aEEa (F939) AN garg i g Hi 7 A |

A flow of 100 litres/sec flows down in a rectangular laboratory flume of
width 0-60 m and having adjustable bottom slope. If Chezy’s constant
(C) is 56, determine the bottom slope for uniform flow with a depth of
flow 0-30 m. Also find the conveyance and state the flow.

12 =1 o, T srare vaeen §, Ry ¢ 2w WE F FH W TH 30 mm A
qﬁmuﬁaﬁ%mmaﬂtmﬁséﬁﬂaﬁﬁﬁﬁﬂmél

frutfa $ifs .
(i) Yfdes % fog geme o (Cy) |

Gi) 3 gl ga & 75% T % T s @, A e vamE
e | I8 2 m A Bl |

(iii) Thel TqaTE HaEAT H Gu i 36t 7 & fog stevas 997 |
Ted
T=—EU2 U < 60%

T = (=) 0:933 log1o (1 - U)—0-085 U >60%

10
Y& 20
Q‘ 30
1N 40
&N

50

B

SEREEAT T 5 n—— ‘x\ 70
AN 80

90
100
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The figure below represents time and consolidation relationship
for a clay sample 30 mm thick subjected to a given pressure range under
double drainage condition.

Determine :
(i)  The coefficient of consolidation (Cy) for the sample.

(i1) The time required for 75% consolidation of the same clay soil, if it
were 2 m thick with similar drainage condition.

(iii) The time required for same degree of consolidation with single
drainage condition.

Given :
e EUZ U < 60%

T = (-) 0:933 log1o (1-U) - 0-085 U > 60%

0
10
\\\ 20 o
\\ 30 -9
N *?u
\\\ 4R
0 8
=
5 o g
= 60 ©
B e *é
«——1:15b — ) T fe 2
o i
90
f \
5 = 100
< 1-15 8 ————

0 ke R B SR B R Tt

yTime ({min)

(b)  TH Tehel HIV W8 Tg2 ISA 80 x 80 x 10 F1 ITANT 80 kN % FaT R F T57
*H o fou fomn sar 2 | T geieAi it sraied gt 2 m R | R Haga @
QI SIeei g ST T R | 39 WK B 987 0 % o aiede ) vt 6
Sita shifs |
10 1 U E 250 B | Hiwid svewen fafl s 3w hifvo |
IS 800 : 2007 I % AR ‘FF=et’ Aagdl H U K, = 0-2, K, = 0-35 3k
Kj = 20 #fifSu |
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(c)

ISA 80 x 80 x 10 & U
A = 1500 mm?
Iy = 241 mm
r, =241 mm
I'yy = 30-4 mm
Iyvy = 15°6 mm

A single angle strut ISA 80 x 80 x 10 is used to carry a service load of
80 kN. The centre to centre distance between the end connections is 2 m.
The end connection is done by two bolts. Check the adequacy of the
section to carry this load. 15
The grade of steel is E 250. Use limit state method.
Take K; = 0-2, Ky = 0-35 and K3 = 20 for ‘fixed’ fixity as per code
IS 800 : 2007.
Properties of ISA 80 x 80 x 10

A = 1500 mm?

ry = 24-1 mm

r, =241 mm

I'yy = 30-4 mm

I'yy = 15°5 mm

1 m 3% 1-5 m % aiaig 3it frfn =@ aen b JeasR Yo T@ i w
95 m/s % AT A A T FREW HE 2 | TG T H HS TS 6 m I
a9 B 12 m o 9§ g g | Ife agHedE geredr Se
103 m 2 3 var@ 7@ # o¥0 ¥ HAO gErEar @, q@ b FE A
Zrer=TaT % 0-20 TAT % TS 7, A T Hiog ;.

() s T g

(i) TaTd 9 h! &I

A conical draft tube having inlet and outlet diameters 1 m and 1-5 m
discharges water at outlet with a velocity of 2:5 m/s. The total length of
the draft tube is 6 m and 1-2 m of the length of draft tube is immersed in
water. If the atmospheric pressure head is 10-3 m of water and loss of
head due to friction in the draft tube is equal to 0-20 times the velocity
head at outlet of the tube, find : 20

(i) Pressure head at inlet

(ii) Efficiency of draft tube
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Q4. (a) Fo d guiv mu i afera wii A1 sf@en % Fro, 79 oot FH F w999 DI
T tfiehan a1 s it Fuffa Hifve |
A A’ T 3R ‘G WA | 9 G & A i it werm § |

A4 mTW =24 m

A

A 4

125 kN 100 kN 50 kN

Determine the maximum tensile force in member DI of the truss shown
below due to the series of three moving loads shown in the figure.
Support : Hinge at ‘A’ and Roller at ‘G’. Loads move from G to A. 15

< 6 panelsat4 m =24 m >

125 kN 100 kN 50 kN

e,
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(b)

(c)

TER 0-10 m g T A FHA whel & f= 15 m/s % AfeHAH 9T F q
1 a9 JaTg B @ |

fremror gy et e, Wl W Ty gfiee, WER 20 m @ 3 fage w
aa § 7=, Wiel 9 3T JEuEnd 3R e & 0-02 m T AT I GREhe ity |
I 61 TIHaT 2:453 N-s/m?2 ST |

Two parallel plates kept 0-10 m apart have laminar flow of oil between
them with a maximum velocity of 15 m/s.

Calculate the discharge per metre width, the shear stress at the plates,
the difference in pressﬁre between two points 20 m apart, the velocity
gradients at the plates and velocity at 0:02 m from the plate.

Take viscosity of oil to be 2453 N-s/m2.

fag 1 eois T wihuws fufa ¥ cufiea 1 i Ide IW, q9O S 3R
YR a1 7 & faeg Hife | wiquwe fafa 1 o 9N, y = 17:5 kN/m?
3fi a77ates =T I, ¢ = 35° ATl HUHT G H Teh (& Bl AAFd BT
3 | STuR g€ T 05 B | YR gaT % Y 3T &1 g 150 kPa ® |
ﬁqﬁrmaﬁwwm%m%m%ﬁﬁ%@ammaﬁﬁq
3l gem 1 AR & wiErd g i IuE Hi |

Yed : Shshie T Thsh AN, vy, = 24 kN/m3.

S{1m e

I A
hUTHY 9B H{d

v = 17-5 kN/m3

¢ =35 6 m
C=0
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Investigate the stability against overturning, sliding resistance and
foundation soil pressure of the retaining wall shown in the figure. The
retaining wall is to support a deposit of granular soil which has unit
weight, y = 17-5 kN/m? and angle of internal friction, ¢ = 35°. The
coefficient of base friction is 0-5. Allowable soil pressure for the
foundation soil is 150 kPa. Use Rankine’s theory to calculate the active
earth pressure on the wall and neglect passive pressure from the toe
side.

Given : Unit weight of concrete, y, = 24 kN/m3,

[y
Granular
backfill

y=17-5 kN/m3

0=35"  @6m
C=0
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@ B
SECTION B

Q5. (2) 1000 N ¥R 3 18 cm Pl a1l U JASR @, She & Th SIS G
et & fd & w1 o & g mn R | 8 PN, P W 5 8 3
67cméﬁ@ﬁmmﬁﬁ%|mﬁwmmaﬁ%m,aﬁﬁ
T grETEE & fau, 20 % wE @l fFyifa Hife |

axft 5y Tagl 1 e o i | =Had @ % AE o 3 A |

A circular log of weight 1000 N and radius 18 e¢m is supported by a pair
of brackets, one of which is shown in the figure below. Bar PN is hinged
at ‘P’ and held by a string MN 67 cm long. To induce minimum tension
at MN, determine the value of 26, as shown for equilibrium.

Consider all contact surfaces smooth. Also find the value of minimum
tension.
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(b)  Fom 9 g 7 o % et whrty @1 Ffor Dife | daig s Ry
1 IFNT i |

fe—— 1000 mm |

_____ .
100 mm
400 mm
IRy \o
50 mmj_"b ______ !
| 300 mm i

M 20 U8 I F3hle 3N Fe 415 Ta.968. 0.9, o2 wfifiw |

Determine the moment of resistance of the T-beam as shown in the

figure. Use limit state method. 10
f———— 1000 mm —|
_____ 5
100 mm
_____ }E_
400 mm
4 nos 25 ¢ bar
50@ __________________ i
| 300 mm i

Take M 20 grade of concrete and Fe 415 HYSD bars.
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(© faa i zie sHER smEg-R ®g ABCD o wnueia @usi @ s+t B | 3=
Ui AB 3t CD &1 SHTE-f=se &he 800 mm?2 3 =TS 300 mm
3 | wex @UE H FVEY-IRESE Sk 1200 mm?2 3 TFETE 500 mm B |
aqafm%Tr{PB=28-5kNaﬁtPc=20kNﬁaﬁaquaq3an@3ﬁaﬁ%m'n
s E @+t fF @vei % fore wmE 2 |
(i) a3Teg seral W gt st w1 fufor Fifs |
(i) wex @ue § gdted e sa 1 fafor HifS |

A D
A B - N
/ N
/] s
4 Pa——" e—le,
A N
/) N
P M
. 300 mm 500 mm 300 mm 3
| il i 15 kit

The fixed-end bar ABCD consists of three prismatic segments as shown
in the figure. The end segments AB and CD have cross-sectional area
800 mm?2 and length 300 mm. The middle segment has cross-sectional
area 1200 mm? and length 500 mm. Two axial loads Pg = 285 kN and
Pc = 20 kN are acting in the bar as shown in the figure. Young modulus
E is same for all three segments.

(i) Determine the reaction forces at fixed supports.

(ii) Determine the compressive axial force in the middle segment. 10
A D
/ B C N
/] N
/ N
/ Pp—— «— P \
/ N
4 N

-*x

300 mm 500 mm = 300 mm
prs
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Q6.

(d)

(e)

(a)

Ush FaTE AT, Th FAMTC § WH0 6 W, W 150 mm T H 9Eg §
T 010 m%s o Femeor & fo10 100 kN/m?2 &7 2" 9rd 21 2 | ot &6 g9
TN AR T SAfirchera: qoeq fest &1 wham 600 mm =g Y wrEy
feper sma 2, @t Fret # wma fremor siv g o @ R £ifo |

A flow meter when tested in a laboratory gives a pressure drop of
100 kN/m? for a discharge of 0-10 m3/s in a 150 mm diameter pipe. If a
geometrically similar model is tested in 600 mm diameter pipe at
identical conditions of fluid, determine the corresponding discharge and

pressure drop in the model.

Uh Y TESEH ga1, R srafe wdor w350 2, whedt w ws
Frorefrr adieor fomn sman 2 | fomere sfim@ (Ao) 3t 3= gea whwa (o))
%mmﬁmwwmmm,qﬁﬁmg@mﬁ(03)105kPa%?

A sample of dry cohesionless soil whose angle of internal friction is 35°,
is subjected to a triaxial test. If the minor principal stress (o3) is
105 kPa, at what values of deviator stress (Ac) and major principal

stress (o) will the test specimen fail ?

U Gged] hl TR T@ F WY SHIHR SATHR H1 H 51 Gl 2 | 3596
TETE 55 m SR SAE 6:0 m WA B HHid HH0T B 97 FE F R v
Al wifh w1 fafor A, afe 98 20°C % T @ F 80 ws F AT W
G B R | 20°C T T S 1 FHAE TG 1030 kg/m? 3R 20°C W
|G ST I AGTash YT 1 x 10-6 m2/s wifyu |

A submarine can be assumed to have cylindrical shape with rounded
nose. Assuming its length to be 55 m and diameter -0 m, determine the
total power required to overcome boundary friction if it propels at the
velocity of 8:0 m/s in sea water at 20°C. Take mass density of sea water
at 20°C as 1030 kg/m3 and kinematic viscosity of sea water at 20°C as
1x10-6 m%s.
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() = fo A s 1€ 9= % fou
() 3mers gfafast 6 mEr hifs |
Gi) Twoft § fiffe wgE famgsil W smET 9@ (V) i s A (M) %

AT i fafem |

> 'adlB® LC'| D |E|F
%

M

(iii) T 1 vl T 7Y SIETY S ARG (TH.UF.E) T |
(iv) T 1 gt 3w gu aea sl s (si.eA El) SR |
w2, 3R fn.dl. % fou fag sfeat = wwr

¥ +M
25 kN/m 50 kN 40 kN
N AR / l l
A B (eC eD oE oF |
E A \300kN-1n ;é;
:‘-9'5 LR 1m o 2m e 15m ’|0'5 mlu-s m,

For the beam shown in the figure below
(i) Compute the support reactions.

(ii) Write the shear force (V) and bending moment (M) value(s) at
salient points as indicated in the table.

X A B C D E F
A"
M

(iii) Draw the shear force diagram (SFD) indicating the nature of
graph.
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(iv) Draw the bending moment diagram (BMD) indicating the nature of

graph.
Sign conventions for SFD and BMD are as follows : 15
+ ¥ +M
25 kN/m 50 kN 40 kN

Yy 4 / l 1

Al B (eC D °E oF |
R 4
EE5 m o me s 2m e 15 m _0-5m,0-5 m,
N Ak s e LI |

(c) U JFAHR YGTIfeed & 1 MY 300 mm x 500 mm (F97) o Hifid
2 | 9 F gwreht foegfd 5 m R | 99 W 64 kKN/m 1w Ay R @ R |
M 20 U8 Hshle 3R Fe 415 IS G H1 WA Fd 8C A F1 ANeheq
HIT | gurEft R 40 mm 3N e e w areht fufy &1 e
250 mm W | s # sitaa # A= ek a3 e
T S wepan 2 | srflrepewm i dinia st fafr 1 3w Hifvo |

fy

£,/1-15

0-0007

e Afufshlra faefia o5 % fou vfoee-fasfa a5
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Q7.

(a)

Size of a rectangular simply supported beam is restricted to
300 mm x 500 mm (overall). The effective span of the beam is 5 m. The
beam is subjected to an imposed load of 64 kN/m. Design the beam using
M 20 grade of concrete and Fe 415 grade of steel. Take effective cover as
40 mm and width of supporting wall as 250 mm. The stress in the
reinforcement can be derived from the stress-strain curve given below.
Use limit state method of design.

fyq fy
0-975 1, 1
095
0:90
0-85 £y
0-80 £, 4

f,/1-15

Stress ——>

b E, = 200000 N/mm?

. 1
[y ; .

0-0001 J 0-002 0-004 _
0-0003 o 0-003 Strain ——>
0-0007 —

Stress-Strain Curve for Cold Worked Deformed Bar

T T W IFEUEl T ST < @EA 12:0 m WIS Wa F S @ e ah
THh W, v, = 17-2 kN/m3, Gg = 27 3 ¢ = 35° ® | Wi W I TR
ae ¥ 25 m 19 B | 9H S i 9w 9 99 9 IR ga I 7 3R I
& THD R, vy, = 9-81 kN/m3 8 | a1 i Wa % wed § &fas a1 W §q1 %
e @ @1 faafor hifse |

The subsoil at a site consists of a 12:0 m thick homogeneous layer of
dense sand having dry unit weight, y; = 17-2 kN/m3, Gy = 2-7 and
¢ = 35°. The natural ground water level lies at 2:5 m below the ground
surface. Assume that the soil is dry above the water table and unit
weight of water, v, = 9-81 kN/m3. Determine the shear strength of the
soil along a horizontal plane through the middle of the sand layer.

HXS-U-CVLE 7
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(b) TH 2m x2m HI FHR UTE i &qdd & 1-8 m = T@T 71 & | 91T a7 &

i A W B | e T, ITEEd Yo b Uh CheawH (a9 @ 5 2 | ya &
SRR St i e R E

AT TN R0, ¢ = 21°
g, C = 15 kPa
el =1 Ueheh 9, y = 16-5 kN/m3

3 R & Frafor it 58 gean e 3 % ary ater g w A
ST &k | '

B! [riy [

¢ Ne Ng Ny

10 8:34 2:47 0-37
12 9-28 297 0-60
14 10-37 3:59 0-92
16 - 11-63 4-34 1-37
18 13-10 5:26 2:00
20 14-83 6-40 2:87
22 16-88 7-82 4-07
24 19-32 9-60 572
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A 2 m x 2 m square footing is placed at 1-8 m below the ground surface.
The ground water table is at the ground level. The subsoil consists of a
uniform deposit of soft, loose soil. The laboratory test results of the soil

are as follows :
Angle of internal friction, ¢ = 21°
Cohesion, C = 15 kPa
Unit weight of soil, y = 16:5 kN/m3

Determine the allowable load that can be imposed on this square footing

with a factor of safety of 3. 15

Given :
¢ Ne Ng Ny
10 8:34 2-47 0-37
12 9-28 2:97 0-60
14 10-37 3:59 0-92
16 11-63 4-34 1-37
18 13-10 526 2:00
20 14-83 6-40 2-87
22 16-88 7-82 4-07
24 19-32 9-60 572
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(@ 4m fomR v ggEita wa sw o Rl g § 450 kN
Tir forg WR FET HAl B | 9 IRdq: AT R | 36 YR B 98T B %
fefu ISMB 400 ft=s3 i Iwgewar i Sitg hifs | afe 78 srgefera g 2,
@ gierd a9 & fou sifafc ey Wi YoM ek gEeRl : 3tfivew
Hifve | afese wt guea uF < | 3o %1 U2 E 250 @ | @i s
fafer =1 3w Hifs |
ISMB 400 % 9i=a73 % Ture :

A = 7840 mm?

b= 140 mm
tr=16 mm

tw =89 mm

Zy, = 117618 x 103 mm3
Ze, = 1020 x 103 mm3

A simply supported steel beam of span 4 m carries a factored pﬁint load
of 450 kN at its mid span. The beam is laterally supported. Check the
adequacy of ISMB 400 section to carry this load. If it becomes unsafe,
re-design it by providing extra cover plate to make it safe. Assume the
section is plastic. Grade of steel is E 250. Use limit state method. 20
Section properties of ISMB 400 :

A = 7840 mm?

bg = 140 mm

tf=16 mm

tw =89 mm

Zp, = 1176:18 x 103 mm3

Ze, = 1020 x 102 mm3
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