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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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(b)

(c)

@us A
SECTION A

T T a5 gfaes 1 S8 30-50 mm 3R 19 TS 275 mm B | Afe
17-50 x 10* N &1 9 7151 @18 I 1-28 mm Gfefa Har 8, @ i 39
3R geIrEerar wares o1 fair Hifse | 7 off fuifa fifse fe 99 afded *
= &l fohaT GFfaa AT B | SIUEYY AGH, G =22 GPa 3R wvE
WA, oy = 435 N/mm?2 9 WfQ |

An aluminium tensile specimen has a diameter of 30-50 mm and a gauge
length 275 mm. If the force of 17-50 x 104 N elongates the gauge length
by 1-28 mm, determine the Poisson’s ratio and the modulus of elasticity.
Also, determine by how much the force causes the diameter of the
specimen to contract. Assume shear modulus G =22 GPa and yield
strength oy, = 435 N/mm?2.

T T FATEQU i, Ty, = 60 N/mm? 3R UH T VA Hvr ufd

Teheh AFETE, 0 = 1-05° Wfd Hiet &1 3TF Hh 65 mm I I Teh 31| 3T
A% 1 Afhed foram ST 8 | A W ST ST T4 aTel AAfUehan SR
5e-31Te0l 1 Fraier i | soEww AT 80 GPa Wi |

A solid steel shaft of diameter 65 mm is to be designed using an
allowable shear stress 1,114 = 60 N/mm?2 and an allowable angle of twist
per unit length 6=105° per metre. Determine the maximum
permissible torque that may be applied to the shaft. Take shear modulus
as 80 GPa.

= o # gt T 85 kg THMH T Ush YedI-S9ET U B G TG B |
T T o o odv o1 e e 0-25 B | Afushan 5@, F ot 3HS
" i 3=a feafa, W e g Sed o ysa-ae@ w1 9 @ vy W du /@
3R A & S A ?

B

i 4

4
S O ST ST R T R R R S S A A

je——0-70 m —}
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In the figure shown below, a strong-box of mass 85 kg rests on a floor.
The static coefficient of friction for the contact surface is 0-25. What is
the largest force, ‘F’ and the highest position, ‘h’ for applying this force,
that will not allow the strong-box to either slip on the floor or to tip ? 10

N4

P e

h I

W
¥

b gl 4.3 ol b8 8 ¥ & &85 5%

e—0-70 m —)

(d o= ¥ i IER, 8:0 m fogfa i [-uf=se arell v wmfa g &t fogfa
% AT H 150 mm 3T eIl W I Ichegdl & A1 Teh Waerfl hiser g
gd-yfqafera fofam w2 | 9 2:5 kN/m & U ThaWH foaia 9 wr &
g LA B |
() o W 3F=a R 96 WA & HqeH & foe Ffea & yureh s 3

Hifv |
(i) ST H T [T @ TE @1 & e 6 mwEr Hif |

THshIZ T Theh YR 24 kN/m3 &ifSw |

|<-———-2501mm---a|i
By, i
i 80 mm
| T
% 80 mm
450 mm '
LR S I | ——
T
i 150 mm
!
__?_-i_
s
|
(gt fommd m & )
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(e)

As shown in the figure, a beam of symmetrical I-section spanning 8:0 m
is prestressed by a parabolic cable with an eccentricity of 150 mm at the
centre of the span and zero at supports. The beam supports a uniformly
distributed live load of 2-5 kN/m.

(1) Find the effective force in the cable for balancing the dead and live
loads on the beam.

(i) Calculate the shift of the pressure line from the tendon’s centre

line.
Take unit weight of concrete as 24 kN/m3.
 — 25()I mm-—s| &
r |
i 80 mm
I i
= : 80 mm
450 mm | __i___ e
L
| 1150 mm
I £
4 ? L
. A
|

(All dimensions are in mm)

Teh ISA 75x 50 x 8 (3591 &1 E 250 US) ¥ &+ Teh a9 JaId ! 12 mm HIdl
THE ©iE ¥ 6 mm % T fheie dog grr Sier w0 2 | fm # gwify sgEn
30 o AR afcen 6l T ¥ | T BBl H o9 H B0 7502 | IR e
Pl FITd & AfTheyd ML & qUST Th W & =0T & fou sifimsfead
%mw%,?ﬁé@aﬁmlaﬁtmzmﬁmaﬁﬁm

ISA 75 x 50 x 8 % 7T, Ag = 938 mm? 3 Cyy = 25:2 mm
Ymo = 1-10 3R Tefta afeen & fow, y,,, = 1-5 fdT |
TS el o S19 o IV 60° — 90° F fIT K = 0-7.

E 250 U8 3991 (grade steel) & fTU :

f, = 410 MPa

y = 250 MPa
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A tie member consisting of an ISA 75 x 50 x 8 (E 250 grade of steel) is
connected to a 12 mm thick gusset plate using a 6 mm fillet weld at site.
The welding is done on its three sides as shown in the figure. The angle
between fusion faces is 75°. Find the lengths of weld LWl and sz, if the
connection is designed to transmit a load equal to the design strength of

the member.

For ISA 75 x 50 x 8, A, = 938 mm? and Cyy = 25-2 mm

Take Y0 = 1:10 and for site welding, v, = 1-5.

K = 0-7 for 60° — 90° angle between fusion faces.

For E 250 grade steel :
f, = 410 MPa
f, = 250 MPa
12 mm
( gusset plate
ISA75x 50 x 8 ‘
i
T
25-2 I" ik ¢ g8 :
mm / ISA75 x50x8
6 mm
weld 12 mm
gusset plate
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(b)

ﬂ%ﬁaﬁaﬁqwmﬁam%mmwaﬁtwmm
1T |

8 kN 4 kN
2 kN/m l j
6 kKN-m
PoR I N B Y F
Fs D- <&
E
|74 V4 |74 |V |4 |74
A 1mA 2m T Im" 2m- 4 2m 7

Draw the shearing force and bending moment diagrams for the beam

loaded as shown in the figure below.
8 kN 4 kN
2 kN/m l
\/ 6 kN-m
cv¥ v b v ¥y 9 B F
D
" E .
i i i Y i %
A 1m? Zm AT mn 2m 7 2m 4

¥ ! Afrehed & 2R, T ISMB 550 @ 1-037 kN/m %1 T 7 m faegfa
! Ygrafrad o il T 3T & foru g mn s o wdten vt Y urvda:
aYd S H THE UH Yafoid hehlc B I 984 Hdl B | b UHEAWH
faaft@ wR 100 kN 3r=@ ¥R 3R 150 kN HEAWRd YR & ST 8 | 36 WK &
fafer, o ot foeqgfa % wer § ws forg R off a7 wht 8 I 50 kN &
= WR 3R 50 kN & FeRIfYa wr & =1 8 | Frafofea & R aiese H
watean i e Hife

(i) STIEq T

(ii) & TTHA

(iii) faga

(iv) AT R 99 SATHH

IReeRT i Gogd A A |

Uad

3¢ °NU T8 = 100 mm

fy = 250 MPa, E =2 x 105 MPa

Tmo = 1'1

gueg ufese & foe, gy, =10

YTt v & e, ¢ =12

KL/r 90 100 110 120
f.q (MPa) 121 107 94-6 83:7
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ISMB 550 & T[T :

T IR HTh, Z, = 23598 x 103 mm3

goIed UR=s A19Th, Z,, = 2711-98 x 103 mm3

& A& & IRa: Fecd g, I, = 64900 x 104 mm*
te=19-3 y

1'1 =18
ro = 9% L2
y
190
(meft famd mm o %)
ISMB 550

During the design of a beam, an ISMB 550 @ 1-:037 kN/m is selected for
use as a simply supported beam of 7 m span carrying a reinforced
concrete floor capable of providing lateral restraint to the top
compression flange. The total uniformly distributed load is made up of
100 kN dead load and 150 kN imposed load. In addition to this load, the
beam also carries a point load at its midspan which is made up of 50 kN
dead load and 50 kN imposed load. Check the adequacy of the section for
the following :
(i) Shear strength
(ii) Bending strength
(iii) Deflection
(iv) Web buckling at support
Assume the section is plastic.
Given :
Stiff bearing length = 100 mm
fy, = 250 MPa, E = 2 x 10° MPa
Ymo = 1'1
For plastic section f}, = 1-0
For simply supported beam, y = 1-2

KL/r 90 100 110 120
f.q (MPa) 121 107 94-6 83-7
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SPM 1A5 ACADEMY

Properties of ISMB 550 :

Elastic section modulus, Z, = 2359-8 x 103 mm3
Plastic section modulus, Zp = 2711-98 x 103 mm3

Moment of Inertia about major axis, I,, = 64900 x 10 mm* 20

tp=19-3 vy

—>

1]
|
L
?
R B
L
l
1]
!
!
1]
|

|

1’1=18 ]
Tz=9\gl: E

* 4
e 190 —3i

(All dimensions are in mm)
ISMB 550

(¢)  UHich WR fafer &1 3w ek, = fom # quie srgam wift w & for famg
AR fagg & &fed 3R Featw wewi w1 Fulfa Fife | smema © g 2
AR Be S ® | E I fIa o gFi sraai & forg qum fifse |

2.
8 kN B 5m ?

I
15 kN

3.5
e 0
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Using the unit load method, determine horizontal and vertical
components of deflection at point A for the frame loaded as shown in the
figure below. Support C is fixed and B is a rigid joint. Take E as constant

and same for both the members. 15

B 25
8 KN—» 2 ‘i‘

15 kN

3-5m
251

Q3. (a) 4'5m x 60 m 3l Al fometi & U H& & =BT & U vh B3} BAUC
1 stfirpegn Hifse | Faqe @t 3 W 230 mm A AE H fari w
g 8 | DA€ 4-0 kN/m?2 T Th I WR 3R qisshor & & SR
1-0 kN/m2 1 Ueh 39l R J84 Hal & | BA9E o HiFl ol SR 334 F Tl
T ? | M 20 Fshie 3N Fe 415 3TATd T IYANT HIFAT | goehl TG HTETd
e T |

ROt : SR ATV IO, e AR HR FHA &

@y fegfa o, o e fergfa 016, o
ly/ 1l % @t AHI %
ferg

Iylly | 10 11 1-2 1-3 1-4 1-5

Ox 0-:056 | 0-064 | 0-072 | 0-079 | 0-085 | 0-089 0-056
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1-6

7V

I~

0-4

:ﬁ'Z:fS@aTiTlﬁ"uﬂg?
HﬁWN/mmzﬁ%

0-4

0-8

1-2 1-6

2:0

gfewra =9 g

24 28 3.0

f.=058f a Mhh S {
Y yed W w1 sy aiese ayea

Design a floor slab to cover a room with internal dimensions of 45 m x 6-0 m.
The slab is simply supported on all the sides on 230 mm thick masonry walls.

The slab carries a live load of 4-0 kN/m?2
of 1-0 kN/m2. The corners of the slab ar

and a dead load due to finishing work
e prevented from lifting up. Use M 20

concrete and Fe 415 steel. Assume mild exposure conditions.

Table : Bending Moment coefficients when four edges are discontinuous

Short span coefficient, Ol Long span
coefficient, Oy
y/le| 10 | 11 | 12 | 13 | 14 | 1.5 |forallvalues
ofly /1y
O 0-056 | 0-064 | 0-:072 | 0-079 | 0-085 | 0-089 0-056
SKYC-U-CVLE 70
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Modification Factor for Tension Reinforcement

Tt
O
NI O]
= S &S 14 B
= et )0
3 R\ et f =240
E 08 = A S
ks ——
=
0-4 Note : f is steel stress of service
loads in N/mm?
0 017 BB - 12 16 -0 @0 28 90

Percentage Tension Reinforcement

Area of cross-section of steel required

f, = 0-568 ¢
: ¥ Area of cross-section of steel provided

(b) & ISMC 300 @ 363 N/m &l ‘S’ mm % 31U T HEYSS TWeh, 10 m THTE
TS % Ush GHfed Loy i Afeheudr I T8 ] | TEH B 1100 kN HT TH
Tftra e YR g HET R | S A giesdl o fHaerf st ‘S @l
e | T & e swn @ i oft sifreewn A | gl @ I % fae
4-6 U€ % M 20 Sl sl 39N fhar 1 8 | St it Afderedt T@ i |
E 250 U8 $E9Td 3l ITIM HITT |
W?Ef%f%(f:qﬁ'{?@=32mm

1}ﬁ{@=50mm
ISMC 300 & 7 :
A = 4630 mm?
Iy, = 118 mm, ryy = 26:0 mm
I,, = 6420 x 10* mm*
Iy, = 313 x 10* mm*
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ISMC 300
(|eft fommd mm o ¥)

A built-up column of effective length 10 m is designed by placing two
ISMC 300 @ 363 N/m back to back at a spacing ‘S’ mm. The column is to carry
a factored axial load of 1100 kN. Find the economical spacing ‘S’ of the two
channel sections. Also design the batten system for the column. M 20 bolts of
grade 4-6 are used for making the connections. Do not design the connections.
Use E 250 grade of steel.

For connections : Edge distance = 32 mm

Gauge distance = 50 mm

Properties of ISMC 300 :

A = 4630 mm? :

I;z = 118 mm, ryy = 26:0 mm

I,, = 6420 x 10* mm*
Iyy =313 x 104 mm*

y
Cy= 23-5 T

'\%__%tf: 136
.

e A ——

Ny

ISMC 300

(All dimensions are in mm)
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(¢) vaurar faeg fafy =1 3w weh, fog 4 cuie ode % & fau sifom faw
et s fuifig T | 39, A 3 D W 37eg ? 91 B 3R C W 3¢ W18
2 | EI s faga «fifre |
16 kN/m

B \If\lr\lf%\l{\lr\b\c

I 1 3m
7T hr %
A D
3 4 m 3

Using slope deflection method, determine the final end moments for the

portal frame shown in the figure. The frame is fixed at A and D, and has

rigid joints at B and C. Take EI as constant. 10
16 kN/m

B \L\L&%\L&&

G

1 1 3m
THT o o o il
A D
(3 4 m =

Q4. (a) T ¥ cuiv sgar wiftd F=ht & g D & fagw & &fasr oo =t Fgifa
HINT | TH FaT9 H1 ARS8 &7%a A= drefisha form man 2 |
E = 200 kN/mm? &fifst | sraaai it owans fo3 o 3fna 8 | sifeefersm &
THT T 39N HifST |

Rt : IEY-ufeag H1 &k

U | Iadd | STIEY-UN=aE 1 A%
% AB 765 mm?
2. AD 390 mm?
3. DB 575 mm?
4. BC 765 mm?
5. CD 390 mm?

SKYC-U-CVLE 13



D
5
3m
A ~ ¥
B (
50 kN
4 m e 4 m =

Determine the horizontal component of deflection of joint D of the truss
loaded as shown in the figure. The cross-sectional area of each member
is tabulated below. Take E = 200 kN/mm?2. Length of the members are
indicated in the figure. Use Castigliano’s theorems.

Table : Area of cross-section

S.No | Member | Area of cross-section
1. AB 765 mm?
4 AD 390 mm?
% DB 575 mm?
4. BC 765 mm?
5. CD 390 mm?
D

o
i

8m

e

50 kN

4 m ke 4m |

‘:Z,}, 5 lC 3

SKYC-U-CVLE 14
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SPMIAS

(b)

(c)

ACADEMY

BRILLIANCE

o § gufu srEw, P ufd et o & vehemH foafa wr @ i@ ¢ fogfa
¥ Yher WE & foru fuma wr fuffa Hife | o@ A gae st gwar w5
Mp, ST |

P/m

Ay 3V Vbbb ¥ b

NANNSN
™

ke l <!

Determine the collapse load in case of propped cantilever of span 7’ and

subjected to uniformly distributed load ‘P’ per metre length as shown in
the figure. Take the plastic moment capacity of beam as MP'

P/m
S S I R 17

NN

Y
o)

e l >

450 kL &mar & foIu 901 3mum areft v gamehr gt i gehl i AfHeReTE
I R | 250 mm % Hehie @fed STt hT TEUE 4 m B 2 | T A famedi
1 T hIf 3 T At dar 1 rfiehedd td fawao Hifg | M 20 Fshie
3R Fe 250 $ETd 1 3TN HIWT |

¥oT : W@ Yg T B $ U TEH G H 3 A q Wided,
g = 115 MPa

SHshiz (M 20) § ST II& T4 Ufdeid, o, =1-2 MPa
I I Theh I, y = 9800 N/m3

A circular water tank with flexible base is to be designed for a capacity
of 450 kL. The depth of water is to be 4 m including a free board of
250 mm. Find the dimensions of the tank and design and detail the wall
of the tank. Use M 20 concrete and Fe 250 steel.

Given : Tensile stress in steel under direct tension for plain mild steel
bars, o4 = 115 MPa

Permissible direct tensile stress in concrete (M 20), o,y =12 MPa

Unit weight of water, y = 9800 N/m?

SKYC-U-CVLE 15
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© SPM IAS ACADEMY @B

(b)

(c)

SECTION B

Tsh TR % HW T hl 918 & 3 m3/s B | S % T 1: 10 gAY et &
TiET0r Ueh STt atfeent | foban Siran @ | Frefafga & s A .

(i) Tgel & for foper wamg ot 1 3w R s =nfae 2

(i) 3MfeyET R fohaT o1 yearfera 8rm, afe fied W 15N % & 591 @
39a fopam ST B 2

The flow rate of water over a weir is 3 m3/s. A 1 : 10 scale model of the

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

(i) What flow rate should be used for the model ?

(ii) If a force of 15 N is experienced on the model, what force would be
expected on the prototype ?

T DI FE FETS T UH SAAAHR fori G 1 Sffar 1.3 m 3 Rregfd 10 m
2 1250 km/hour W a1 & Ig7 W oM v@ 20 kN % Teher agfiss st i
S BT @ | FHE @ T Iea™ qonies @ g, AR Seam-fed st 3
8 ? A 1 T 1-20 kg/m3 &R |

A rectangular wing on a small airplane has a 1-3 m chord and a 10 m
span. When flying in air at 250 km/hour, the wing experiences a total

aerodynamic force of 20 kN. If the lift to drag ratio is 3, what would be
the lift coefficient of the wing ? Take density of air as 1-20 kg/m3.

o i quiy oEw, uw onedipa Gl ewama 140 9ipAv /fime @ gfifa
2 | e yaR 30° W yaw war § i i siadw fieera 2 1 20°C w
S ! T8 W 40 m3/s B | AT I A 10 em W BRI 2 | @ g0 39
1 9 et Agifaes wits F1 B6f, A STt 1 99 1000 kg/m3 & |
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SPM IAS ACADEMY

SHAPING

(d)

An idealized radial turbine is rotating at 140 rev/min as shown in the
figure. The absolute flow enters at 30° and leaves radially inward. The
flow rate is 4-0 m3/s of water at 20°C. The blade thickness is constant at
10 cm. If density of water is 1000 kg/m3, what would be the theoretical

power developed by the turbine ?

fre @ w fig & fFmfo & RO 7.0 m i TEE W IR JwEIw Sfaea
50 kN/m2 2 | ¥9d T a1 701 i< fau e 2

Teheh W (y) = 18 kN/m3

STl HESH (C') = 12 kN/m?

SHTE E§OT 1T (¢) = 30°
i 9@ TR I g @ 9ga a1fue = A Y sraww faswerar o favg g
otk ST TUET <hifte | gRen Uk | wfaera st i o oft ifsie, afe vm
I TR W qd qo 3 1T |
A I Teheh WR = 9-81 kN/m3 T |

The shear stress induced at a depth of 70 m due to construction of a
nearby foundation is 50 kN/m2. The soil properties at the site are given
below :

Unit weight (y) = 18 kN/m3
Effective cohesion (C') = 12 kN/m?
Effective friction angle (¢’) = 30°

Compute the factor of safety against shear failure assuming water table
located far below the point. Also compute the percentage reduction in
factor of safety if water table rises to the ground level.

Take unit weight of water = 9-81 kN /m3,

SKYC-U-CVLE 17
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Qs.

(a)

(b)

CADEMY

CE

T a1, et awiyar 359 o war it @1 e oae 2:65 2, H gars i
L lwwﬁw3-0mmw4-0maﬁwﬁ5@ﬁﬁma@mwﬁ%|
w(mﬁn)%ﬁmgwwmé?ﬁwm%ﬁwwgm
Wz%,aﬁqaw%wﬁmﬁmﬁwaaﬁ@mm%?m
ﬁwwmwwmﬁﬁqaﬁwﬁmﬁmﬁwm
AT | vy, = 9-81 kKN/m3 51 fifdra |

Excavation is made in a soil whose porosity is 35% and specific gravity
of soil grains is 2:65. A 3-:0 m layer of this soil is subjected to an upward
seepage head of 40 m. What factor of safety exists against boiling
(piping) ? If a factor of safety of 2 is required against boiling, what depth
of gravel is required to be placed above the soil stratum ? Assume unit
weight of gravel and the soil to be the same and loss of head in the layer
to be negligible. Assume Yw = 9:81 kN/m3,

3:0 m WS TH A ARAHR AR & 1'5 m $ 9@ YEE hl TEE W

9-0 m?¥s I Th YaTz BT § | et A, ATIETE H foon & 2.0 m e

qh 1 Th 7YV e @ | Frefefad & 3 A

() Al @l amoa €, d G F 3R e F A YRR W Sl
TEUSA A1 E 2 '

(ii) W%ﬁmmm:nﬁaﬁmmwmﬁaﬁﬁw
3d g HIfST |

A flow of 9-0 m3/s occurs in a long rectangular channel of 3-0 m width

with 1-5 m depth of water flow. There is a smooth constriction in the

channel to 2:0 m width in the downstream direction. Answer the
following :

(i) What depths are to be expected in and just upstream of the
constriction, if losses are neglected ?

(ii) Classify the gradually varied flow profile upstream of the
constriction, with proper justification.

@%—ﬁtﬂaaﬁtﬁg&%%ﬁV:hﬁﬂxhﬂ)f‘gmﬁmw%,a—g?
i 3§ s x iy st 3 arr o afew 3 | frerferfiga & 3o At

(1) x=3m3ﬁty=1mmaﬂﬁﬁma§[w3ﬁ?3ﬁmx—3nﬂa5m
ST S TS i1 1 Fafor i |

(i) =1 yamg Hifek &9 F T @ 2 9 &, @ ur wem w v Rt
Hifsw |
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(i)  (1,0) 37T (0, 1) ¥ oA areft ury @it & e e = R 2

(iv) & yarg 7l 8 2 3fua wrel & Wy 3 I e firg fifv |

A two-dimensional incompressible flow field is given by
A A A A
V =2xyi+ (x2 — y2)j, wherei and j are the unit vectors along x and y

axes, respectively. Answer the following :

(1) Determine the magnitude and the angle the velocity vector makes
with x-axisat x =3 mand y = 1 m.

(i) Is the flow physically possible ? If so, determine an expression for
stream function.

(iii) What is the discharge between the streamlines passing through
(1,0)and (0,1)?

(iv) Is the flow irrotational ? Justify your answer with appropriate
reasons.

(c) U ufauwe fuf = fag § oufd w8 2
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A retaining wall is shown in the figure below :
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Ground Water Table

Yeat = 20 kN/m?3
4m o' = 35°
Cxl

Layer 2)

Assuming that the wall can yield sufficiently, determine the Rankine
active force per unit length of the wall and also determine the location of
the resultant line of action.

Th 30 m ST A3 9O UG 50% WU Tcd W FEEd €Y § @l AT |
SANRITA HEIIH Hebd Hd & foh WO vered & Aferehan ot =man fiftw
FIUTA A 0-90 3T 0-52 & | Fwfor fafrdem & srg@m wwor +1 80% % g
UHcd e HEd fohan S ® | 3fe G = 265 R, @ fuifa hife .

(i) ¥& % T8 31N «1g H WU T I Teheh W |

(i) E&H % TG WO I Afew FaE |

Yo = 9-81 kN/m3 &fifSw |

A 3-0 m high sandy fill material was placed loosely at a relative density
of 50%. Laboratory studies indicated that the maximum and minimum
void ratios of the fill material are 090 and 0-52 respectively.

Construction specifications required that the fill be compacted to a
relative density of 80%. If G4 = 2-65, determine :

(i) Dry unit weight of the fill before and after compaction.
(i) Final height of the fill after compaction.
Take vy, = 9-81 kN/m3.

SKYC-U-CVLE 20

20

15



HHHHH
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C, = 30 kN/m?
a=10

y = 16 kN/m3
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A group of 9 driven cast in situ piles is installed in a layered cohesive
soil deposit as shown in the figure below. Piles are 40 cm in diameter
and 15 m long. The spacing between the piles is 1-2 m and the cutoff

level is 2-0 m below the ground level. Determine the safe load of the piles
with a factor of safety of 2-5. 15

Fomiiee s . 7 2m
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C, = 30 kN/m?
a=10
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@30m?ﬂﬁ, 2'5 cm W%%Wﬁmmﬁ%,ﬁsﬁ
101 kPa W argdsal # freafa edt 3 | a1gw § Yam8 & 0-05 et /HHve 2 |
frerti <t Tifdes vt () 3R Sea AT 0-25 kg/m-s 3 1250 kg/m3 & |

fFrafafiga & 3w &S :

(i) uTEY % frin @ qia 98 30 m T W ey g w0 R 2

(i) TTEd @i &fes ¥ fi2 H R form Hiw (0) & gorn I e g aEy |
T, IYHSAE g B 3R YaTE ¢ THE & @ ?

Glycerin is flowing through a 2:5 cm diameter horizontal pipe of 30 m
length that discharges it into the atmosphere at 101 kPa. The flow rate
through the pipe is 0-05 litres/second. Dynamic viscosity (1) and density
of glycerin are 0-25 kg/m-s and 1250 kg/m3, respectively.

Answer the following :

(i) What is the absolute pressure at 30 m length just before the exit of
pipe ?

(ii) At what angle () must the pipe be inclined downward from the
horizontal for the pressure in the entire pipe to be atmospheric
pressure and the flow rate to be maintained the same ?

% € W, 10 m TEUS qh HEH o1 8 N 3@ A 7-0 m Wit 7g Fitwen
W R | W o &R YW dF ¥ 40 m R R | 99 N HJH T WR
20-0 kN/m3 & 3R iy Jof T & FW g THs R 18 kN/m3 8 | HH
&9 § gufia g &1 S 42%, 53 ST 46% 2 3R 3@ Fi 1 fafaree
T 275 8 | Seartea fmior, gfeest wa % wew w130 kN/m? 1 e
feerer It s | gftest wa w1 ofea feg sma i |

At a site, fine sand exists to a depth of 10 m and below this lies a soft
clay layer 7-:0 m thick. Water table is 4:0 m below the ground surface.
Saturated unit weight of sand is 20-0 kN/m3 and the wet unit weight
above the water table is 18 kN/m3. The water content of the normally
consolidated clay is 42%, liquid limit is 46% and the specific gravity of
the solid particles is 2:75. The proposed construction will transmit a net
stress of 130 kN/m?2 at the centre of the clay layer. Find the average
settlement of the clay layer.
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(b)
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A strip footing of width 2-:8 m as shown in the figure is founded at a

depth of 2:5m below the ground surface in a C — ¢ soil. Water table is at
é dep_th of 6 m below the ground surface. The average moist weight of
soil above v‘phe water table is 18 kN/m3. Determine the ultimate bearing
éapacity, net ultimate bearing capacity, net allowable bearing pressure

and the load/m for a factor of safety of 2-5. Use the general shear failure

theory of Terzaghi.
Given : For ¢ = 30°, N, =372
Ny =225

N, =197

What will be the percent decrease in ultimate bearing capacity if during

the flooding, water level rises 2 m above around surface ? 15
k& T /A /R
2:5m ‘
_:L Footing
B = 2-8 m-|
6 m
¢ =30°
v = 18 kN/m3
C = 40 kN/m?
' ; V4
VAN i { i R bl 4 o B
PRl A gt N o Tie. 3
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Water at 20°C flows through a pipe of inlet diameter of 10 cm and passes
further through a circular nozzle of diameter 2:5 cm, exits into the air
as a jet, and strikes a vertical plate as shown in the figure. A force,
F = 100 N is required to hold the plate stationary. Assuming steady,
frictionless, one-dimensional flow and densities of water and mercury as

1000 kg/m3 and 13550 kg/m3 respectively, answer the following :
(i) Determine the velocities at sections (1) and (2)

(i1) Determine the mass flow rate of water.

(iii) Determine the mercury manometer reading ‘h’.
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