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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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Q1.

wUE A
SECTION A

(@) 2 Fr i gwie S iR @ sl S % AC, DE 3R GH gt
il 1 Frerfea i
5 kN 10 kN 10 kN 10 kN 5 kN

Al 2m C‘r 2 m vD 2111 "G 21]1 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 Cy 2m vD 2m v(; 2m lH

2 m

B E F

(b) 160mmaﬁ%3ﬂt400mmﬂ@qﬁﬁ3@@'{q‘-§%ﬁ%ﬁﬁ3ﬂﬁiﬂ
I T 8 m Y yuret faeqfi W uh 5 kN/m ¥ vEEE faia ww, e
¥ 1 AT W I 2, I e JgH i H fore B mn @ | g =5,
200 kN % o %! 984 & 91l 3R 96 & 9 ¥ 100 mm ST o deft
*ua g1 qd-gfcmfera fomm man 2 |
ud o frgfa % #er § wftede W sid wd a1 % dqatt w aRomd R @
fuif Hifsa |

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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© UH 12 mm G FHe ©C H Th W (E.TE.TLEL 400) H TS H
FraEd ST T | TR % Beleh | 950 mm T & aTel 200 kN & FEaTa
uT F 9E @ % fou, fhele dos # IWEIN Hh, Fhe H fog g A
s Hif | 3ETE %1 38 E 250 & | swmen afeen 7m dffaw | dee
yered @1 = ufded, f, = 410 MPa ST |

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.

) A = A gt % 19 % 25 mm SIS TUF O g W R | et
¥ €9 # 05 m/s F T W 0-75 m? FIHA ACH TH TG el =HE B
fomrffa w0 % foru forem st i sTawEsRar gt
G) af: 77 @ 3F1 ysat @ THH gft W T g,

(i) 2 I8 T 56 § 10 mm I g WE ?
frerafia <Y TIfees ST p = 0-785 N-s/m?2 g |

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 pu = 0-785 N-s/m?2.

(€ Th gE B 8w whaw, 5o # U oy fog wew, Feed W ga H
ArerRt 3 fsg % oTad @ HTER, R TR | 991 () W1 R 895 g, fog
ST 426 cm3 91 | & F 91¢ Ufded H1 R 779 g A1 | Y G H | 400 ¢
s 9vE § A s st § il 1 R 276 cm? STEE BT | 3 400 ¢
F1 212 em3 ¥ TR q% * 70 Hivd FRAT Ta HeT T | &F F&T H1 AUEH
Teea Ryt il |
vz - 3ral o fafe 9, G = 2:70 3 S B THS 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 cm?.
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 = 2:70 and unit weight of water,
Yo = 981 kN/m3,

AU gEhe fafy 1 3T Wk, 9 g ool W ogw % e B W
Savrrd 3R fag sma Hife | fog Bus o= 2

W
B
D
A C
L wre Ty L I, o
oL e L e L

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

w

B

D
A C

ey i =3 1§

ol L o
1 i il [ |

250 mm x 400 mm HTHIY % T RIATHR Taleid hehle TIEY HT ITAN TH
700 kN % =09 31l YR @l fag w0 & fou 5 wmar & | w6
IS TS 32 m R | T oFl R o ey § wwreht w9 @ smeg 2
3R s R o iy fifera 2 |

M 25 U & &hic 3N Fe 415 U=.9E.09.81. el &1 3990 H0% wry
39FTh JaeHl i Afiheu Hifs | yaem fawawor ot wifsw | dimig s
fafer =1 39 HifSw |

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.

(e)

(a)

100 litres/sec 1 TH T8, 0-60 m el 3N TURIST qa Yavral arefl Th
SRIATHT TSI eIl (W) # varfed it 2 | afg = fears (0
56 8, @ 0-30 m HI YATE H TEUS F THAWH YA€ $ € qA TR H
frufor Hifvre | T (F939) AR garg i g i 7 Hif |

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.

2 %1 o, T2 srgame srawen #, Ry U @ W@ % @ W TH 30 mm I
e e 3 fore T s G % de F PR e R |

fagifa $Hifsw .
() Yfdest % fo gema o (Cy) |

Gi) 3 gie ga & 75% T % T smaves @, A e ATeTE
e § I8 2 m "I B |

(iil) Thel STqaTE a1 H o= i 36 7E & fo sevas 997 |
Ted
T=—I—U2 U < 60%

T = (-) 0933 log1o (1 — U) — 0-085 U > 60%

10
< 20
\\\ 30
\\\ 40

50

N

—116b— |\ L
N~ 80

90
100

HXS-U-CVLE 5

Optional Province - optionalprovince.com

20



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 :
T= EUZ U < 60%

T =(-) 0933 logyo (1 - U) - 0-085 U > 60%

0
10
b =)
B 30 &
N 5
- 40 Z
50 2
g N :
i e e
«——1.15 b —>) N A
g e
90
. e
= a 100
< 1158 —

V. H= 58 g s B w8

\ Time (ymin)

(b)  TH Tehel HIV WIE Tg2 ISA 80 x 80 x 10 F1 ITANT 80 kN & Fa1 R F T57
F & fore fomam smam @ | T geieAi it sr=ied gt 2 m ® | o Haga @
Q SIeSl G ST T R | 39 AR Y 95T W % i aRede 6 vt 6
St shifs |
10 1 U E 250 ? | Hiwid stewen fafy s 3w fifvo |
IS 800 : 2007 1S % AR ‘FFeet” 3AMegal & fIU K, = 0-2, Ky = 0-35 39
Kg = 20 wfiforw |
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(e)

ISA 80 x 80 x 10 & U1
A = 1500 mm?
ry = 241 mm
r, =241 mm
I'yy = 30-4 mm
I'yy = 15°5 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; = 02, 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'yu = 304 mm

Iyy = 15°5 mm

1 m 3R 15 m % iam 3R frfe am aren teh Searhr yard d Frd w
95 m/s % AT ¥ T T FREE HE 2 | TaTE A H H TS 6 m & I
a6 12 m @ o § gl @ | it avedE getEar Sd 6
103 m 2 3N vard 7@ # T€ % HRO FErear @i, T6  fE oA
ZTer=TaT 3 0-20 TAT % S B, A T4 HIC

() AaE T g

(i) WOt T 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) %ﬁmmmﬁamﬁﬂ@m%w,ﬁ%wﬁﬁ%mm
T tfuehan a4 w1 1 Fuffa i |
A A’ T e 3R ‘G WA | 4R G F A Y i wom § |

A4 MW =24m

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

r 6 panelsat4 m =24 m >

125 kN 100 kN 50 kN
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(b)

(c)

TER 0-10 m g T & GHA wel & d= 1:5 m/s % AferhaH 9T F q
&1 {9 Y18 B 2 |

freror vy M SeE, Wi W TeEu yfded, W 20 m R & o W
a8 H 31, W W 3T YEuaTd 3R W @ 0-02 m W 3 i gfsher HIfT |
I H1 FIHar 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 1-5 m/s.

Calculate the discharge per metre width, the shear stress at the plates,
the difference in pressure 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/m?.

fog o zité mE ufaures fufy ¥ e & Ste Sae 9M, Fou gfg 3k
mwm%ﬁ@aﬁrﬁqwﬁmﬁﬁﬁﬁwm,y=17-5m/m3
3fi ar7afes =T I, ¢ = 35° ATell HUHT Gl H Teh (& Bl At BT
2 | YR 9¥w O 05 B | AU ga1 % Y 3T 9a1 g 150 kPa ® |
ﬁﬁmmwm%m%mﬁmmmﬁﬁq
3 yem i 3R | ufqerd g it 3uan Hifw |

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

S{1m e

T7~%"7 A
FHUHE Y8 Hd
y = 17-5 kN/m3

0 =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/m3 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,

s
Granular
backfill

y=17-5 kN/m3

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

Q5. (2) 1000 N ¥R 3f 18 cm P a1l U JOHR @, She & Th S G
et & fl & w1 fam & g mn R | 88 PN, P W 5 @ 3l
67 cm @Et S MN g0 9t 2 | MN § =Fa" a41d 30 H & forg, i
TE grETEEd % fau, 20 % we @ fyifa Hif )

aeft G waEl @1 e 7 AT | =Ead 9 1 aE ot 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 20, as shown for equilibrium.

Consider all contact surfaces smooth. Also find the value of minimum

tension.
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(b)  Tom 4 guis 7 T-ora & st whrty @1 Fefor ©if | daig s Ry
&1 IFNT e |

k————— 1000 mm —|

_____ 5-
100 mm
400 mm
g, O
50 mm_I_"\b _____ !
| 300 mm i

M 20 U8 I F3hie 3N Fe 415 ta.918.10. 9. o2 ofifimw |

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

figure. Use limit state method. 10
k————— 1000 mm -]

_____ 5

100 mm
_____ }E_

400 mm

4 nos 25 ¢ bar

50@ ___________________ s

Take M 20 grade of concrete and Fe 415 HYSD bars.
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(© faa i zuiu sER smEg-Ra ®8 ABCD o wduweia @usi @ &+t R | 3
Ui AB 3t CD &1 SHTE-afese &5l 800 mm?2 3 TS 300 mm
2 | wex @UE H IATEY-IRESE Sk 1200 mm? 3 TFETE 500 mm B |
& R Py = 28+5 kN 31 P = 20 kN ot # zifu srqam o & o @ | 4
s E @4t A @vei % fore wmE 2 |
(i) armeg aeral s ufafsean et s fafor HifS |
(i) TeT @ug § gdted el o o1 o Hife |

A D
A B C N
/] N
/) N
/ Pp—M g R
/ N
/) A
A M
L 800mm 500 mm 300 mm q
e b7 2 i =1

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
/ Pgp—— «— P \
/1 R
/] A
A A
k 300 mm r 500 mm e 300 mm N
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Q6.

(d)

(e)

(a)

U JaTE Ardl, Toh YA § TEv FH W, U 150 mm 16 Y g §
T 010 m%s % Femeor & T 100 kN/m2 7 2@ 9rd 21 2 | ot & gue
SN AN Th SATferctera: qoeq fest %1 whem 600 mm =g 5 wrey
%mam%,ﬁﬁaﬁﬁmﬁwaﬁtmmmﬁmﬁﬁm

A flow meter when tested in a laboratory gives a pressure drop of
100 kN/m? for a discharge of 0-10 m%/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.

U Y HESEH e, R srafes wdo B 350 2, whed w us
Frovefi whewr fen smar 2 | fower gfim@ (o) 3t 3= gea whwa (0y)
%ﬁﬂuﬁimqﬁwuﬁaﬂﬁnm,aﬁﬁmg@m(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 (01) will the test specimen fail ?

U Gged! hl AR T@ F WY SeHIHR SATH H1 M= 1 g1 2 | 35960
amé55maﬂiwm6-0mqﬂ%§qaﬁniaaﬁwaﬁwaﬂﬁ%faqw
Al Wik 1 fufor A, afe 78 20°C F T 9@ 80 wis F AT W
G HM R | 20°C T T S 1 FAE TG 1030 kg/m? 3R 20°C W
YL STl I Agfh ST 1x 10-6 m2/s whifym |

A submarine can be assumed to have cylindrical shape with rounded
nose. Assuming its length to be 55 m and diameter 6-0 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/m?3 and kinematic viscosity of sea water at 20°C as
1x 106 m%s,
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(b) = fam § o i 9w % fau
() o gfafswansti & momr Hifs |
Gi) @moft § fiffe wra famgeil w smET @ (V) ST ae A (M) %

Al i fafEe |

x| A|B|C|D|E|F
\%

M

(i) M6 T TG ST B T ATEIY T NG (TH.T6.E.) FET |
(iv) 7T i wgf S T g sH el s (f.uw €l sAe |
w.uE.d), 3R dwm . % o fam sfeat frm wwr E

+V +M
25 kN/m 50 kN 40 kKN
L A / l l
A B (eC eD oF oF |
E A \‘300 kN-m é;
1{9’5 .12 1m e 2m i 1-5m _IU-S mlo-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
\'
M

(iii) Draw the shear force diagram (SFD) indicating the nature of
graph.
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(e)

(iv) Draw the bending moment diagram (BMD) indicating the nature of
graph.

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

A Al 4 / l 1

A B ( o(C e o oF |
N s
E.@ m, 1m . 2m = 15m  05m,05m,
L2 L 2 3y ot bt s g |

U AR YGTAfeed 9 1 MY 300 mm x 500 mm (F97) 9 Hifi
2 | 96 H gwreht foegfd 5 m R | 99 W 64 kN/m 1w Ay R @ R |
M 20 U8 Hshie 3R Fe 415 IS UG 1 IWEN Fd 8¢ A H1 ANeheq
HIT | gt SR 40 mm 3N e e w areht fufy @ e
250 mm TR | s # sioaa # A= R ek a3 e
T S wepan 2 | srfirepemm i dinia st fafr 1 3w Hif |

fy

£,/1-15

R S E, = 200000 N/mm?

% 1
1 0-002 0-004
O-OOOI—T_T T_
0-0003 0-001 0-003 ﬁ?ﬁl el
0:0007 —

sraw fufshRra forefia o3 & fore wfvser-fopfa a%
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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 kIN/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.

;] fy
0-975 £

095 £, 1
090
0-85 fy
0-80 £y 1

f,/1-15

Stress ——>

Al Vo E, = 200000 N/mm?

1! / ! 1

= 1
A 0-002 0-004
oot T 1T
0-0003 0-001 0-003
0-0007 —

Stress-Strain Curve for Cold Worked Deformed Bar

T YA W FGgel T a1 I qurht 12-0 m W wd 9 59 7 e 1
THH WR, v, = 17-2 kKN/m3, Gg = 2-7 3 ¢ = 35° & | Trpfeh WA S &
Taed ¥ 25 m A9 B | 9H S i 9w 9 99 8 IR ga I 8 3R 5
T THh R, vy, = 9-81 kN/m3 & | a1 i Wa % 7e7 § &fas a1 W 731 &
Freyur g w1 gt Hifve |

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.

Strain —»
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(b) T 2m x 2 m Tl FHR I1E HI 9Uqel ¥ 1-8 m = @1 T ? | W9 I &1
Yfi a9 W B | SEHE T, IEEd Yo b Uh TheWH (e @ 5 2 | 9@ &
ST e gftony e e # -

JATAR =0T HI0T, ¢ = 21°
gHsH, C = 15 kPa
Q1 &1 Teheh M, y = 16-5 kN/m3

I3 R & Fafo fife 58 gean e 3 % wry ater g w o
ik '

Had :

b N, Ng N,
10 834 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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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 Nq Ny
10 834 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

HXS-U-CVLE 79

Optional Province - optionalprovince.com



(¢) 4 m faegfa $ % Ygafed sea@ a@ v faegla & 759 #§ 450 kN &1
ir ferg W FET HAl B | 9 Idq: AT R | 39 YR B 98T B %
foe ISMB 400 uft=s i 3wgehar 1 s Fifve | afz 77 e g 2, @
@ gierd s & fou sifafed ey Wi YoM ek gEeRl H: 3tfirew
Hifve | ufese wt guea uF oS | 3o %1 U2 E 250 @ | @mia sm@Eeen
fafa =1 3w fifs |
ISMB 400 % 9f=a3 % Ture :

A = 7840 mm?

b¢ = 140 mm

te=16 mm

tw =89 mm

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

A simply supported steel beam of span 4 m carries a factored point 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

tr=16 mm

tw = 89 mm

Zp, = 1176:18 x 10% mm?

Ze, = 1020 x 10% mm3
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Q8. (a) U 300 mm SITH i whshiz TJUT H 12 m H AFAMYG TS 6 A Heaq
o & T a # e A R | gey sreeerd fom # quid g | i 9w S
T8 firen 3 T % Sfiad Ha § W I q 1 Se I7ufdd T8 2 |
Yed :  9Ivd gel g I U (k) = 0-95, tan & = 0-45 3R ¢ = 38° % feru
YT &HaT o6, N, = 80.
L& Uik 2 % w1 T i vEfia gwar 1 faion it | wyen i shiiaes
TEUE 1 TYUNT % AT HT 20 AT o SR TH SASC

qeg w8 O S
y = 20-1 kN/m3
12 m
b =38°
k = 0-95
2 4

A 300 mm diameter concrete pile is to be driven into a medium dense to

dense sand with an embedded length of 12 m. The soil conditions are

shown in the figure. No ground water was encountered and the ground

water table is not expected to rise during the life of the structure.

Given : The coefficient lateral earth pressure (k) = 0-95, tan § = 0-45 and
for ¢ = 38° bearing capacity factor, N, = 80.

Determine the pile’s axial capacity with a factor of safety of 2. Assume

critical depth of the pile is equal to 20 times the diameter of the pile. 15
‘ SN AN ] IS
Medium dense to dense sand
y = 20-1 kN/m3
12 m b= 38°
k =0-95
. 3 b
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(b)

(c)

200 IR.H1.0H. hi TS F U HH T Th Uood Uk 240 m i FEEAT W,
80% THY & W, 5520 kW WIfth Icusl Hid1 8 | Ueheh TERVI, U Witk
3R Theh =16 1 hifore | wiefi ones 1 0-46 T WY | ofter g & s
T3 W gEr=al AfG 150 m d X aredt B, 6 39 geraa e, ke
3R =1 1d HIfST |

A Pelton wheel develops 5520 kW power under a head of 240 m at an
overall efficiency of 80% when revolving at a speed of 200 rpm. Find the
unit discharge, unit power and unit speed. Assume peripheral coefficient
as 0-46. If the head on the same turbine falls during summer season to

150 m, find the discharge, power and speed at this head.

TH 1 m @l @rEefl AR Bl 400 N-m & Th So-3AT00 hl FeROT T & |
H[E IS i e 0 H o R %1 9 =™ 25 mm @91 =R |
AR o a BRI 1 Ame gl 0-375 w9 it ® | e A at ermefm
fagarg o tgfaftem 6 598 o1 gwdt @ | A9 ol § o o sitwst @
ST T S H TG okl 9% % sifuehan stiafes Brea @ frafor finf
% Fisheam a& Fifre, 5@ so1-emeet & d=mor % fog swi fram s a |

ATETY TR | SATUHAH I y (5e)
T e MP
G (GPa) Taga (MPa) | (Mg/m3)
CAECIEDERED Ik 36 450 4-4
IS ILIERL 28 150 28
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A 1 m long hollow shaft is to transmit a torque of 400 N-m. The outer
diameter of the shaft must be 25 mm to fit existing attachments. The
relative rotation of the two ends of the shaft is limited to 0-375 rad. The
shaft can be made of either titanium alloy or aluminium. Using the data
given in the table below, determine the maximum inner radius to the
nearest millimeter of the lightest shaft that can be used for transmitting

20

the torque.
M;':l T Shear Modulus Maximum Shear y (density)
G (GPa) Stress Ty, (MPa) (Mg/m3)
Titanium alloy 36 450 4-4
Aluminium 28 150 2:8
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