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GROUP—A with word limit of 250 words and should
attempt any S (five) questions from GROUP—B
with word limit of 300 words.
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GROUP—A

1. Two blocks of equal weight W connected by an inextensible string are
placed over a pulley and rest over one horizontal plane and an inclined
plane as shown in the figure below. If the coefficient of friction is

1 /\/5 for all contiguous surfaces, find the minimum value of the
angle A such that the two blocks will start to slide down. 15

a¢] 996 FININASI 98 AR BRY Wa 96 9@ IR inextensible string
QA A°YS 9@ pulley AU6Q 9L° 691N FAAIBAR AN (horizontal
plane) ¥9° inclined plane 268 QEIIRAN | 9§ 749 ARG IIYLR
IR QGI*AQ coefficient 1//3 24, 6069 A 6214Q ALY IR 6HPALIR
@a 6998 QaE Q@ slide down 6291 212 @AQ |

W
L& XS

C LA

/100 1 [ P.T.O.




/100

2.

3.

A horizontal rigid bar of length L = 1600 mm is hinged to a support
at A and supported by two vertical wires attached at points C and D.
Both the wires have same cross-sectional area of 16 mm? and are
made up of same material of Young’s modulus E = 2-:0 x 10° N/mm?2.
The wire at C (AC = 0-5 m) is of 0-4 m long and the wire at
D (AD = 12 m) is of 0-8 m long. Determine the tensile stresses in
both the wires. 15

L= 1600 mm RAQ 99 §AI8a 0K @8 A Q A6digeq MIGaN 99° C8 D
QQ6Q ARG 621R2F YRR Il AAEC | ARG SINGPFR AR cross-sectional
689 16 mm?99° Young’s modulus E = 2:0 x 105 N/mm?Z Q Q9Ie 991el6a
@80 | C(AC= 05 m) 6Q &%l 9IQ 04 m 9S° D (AD = 1-2 m) 68 2l 9IQ
0-:8 m @Al | Q&G QIER & tensile stresses Pda Qa |

A gun having a constant muzzle velocity is aimed to hit an enemy
target on the horizontal plane. The shell falls 10 m short of the
target if the angle of projection is 15° and it overshoots the target
by 25 m, if the angle of projection is 40°. Neglecting air resistance,
determine the distance of the target and the correct angle of
projection to hit the target. 15

@IS muzzle velocity 29! I9 R §AFIS FAIREA 48 AVIQ ZIAIG KA
AIe @08 69I699RA 6R16 9@ 15° 94, 6969 69R FIREHIEY 10 m @¢ 9A6R
d6Q I9° 99 69I6RRR 616 40° 24, 6069 Y2I SIA6EIE. OIg 25 m 2K
QAR Q69 | QIg 9T6RIIY FQQ F 699, FIRHER YS! N9° FIAEHS
AIRQI AR 69169990 OR 6214 Ada @ |

For the state of stress shown, the normal and shearing stresses
are directed as shown in the figure below with normal stress
6,=60 N/mm? and shearing stress T,y = 35 N/mm?. Determine the
principal stresses and orientation of the principal planes. 15

Q4IRS 919a §6 IR, normal stress 6,=60 N/mm? 9@° shearing
stresses T, =35 N/mm? Q99 8¢ 9969 69HIYIRAAAA normal 4L°
shearing @199 {680 @AUIRT | JYH AR JEAQ U stress IQ°
orientation @ 344 9Q |
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5. A steel pipe of 100 mm external diameter and 2-4 m long is fixed to

7

an immovable support rigidly at one end. It supports two identical
loads of 2:2 kN each at midspan and at the other end. If permissible
normal stress of the material is 165 N/mm?2, determine the
thickness of the pipe. Pipes are available in 2 mm increment in
thickness. 15

100 mm QIRINIQ 9S° 2-4 m AA IR &R AR 69T 96Q Q@ QR I
PRERIR ALINR A2 TQ 62IR AHIIAR | YV FRINIG 9S° A 96Q 22 kN Q
QRE QAR NG ANAR A6 | AT AR AYENIYe JIg AVIKE Q1T
165 N/mm? 24, 6069 dIdQ 67l6ea 349 @9, AIRAgee 2 mm 98
6RIEER6R QURT |

What are liquid limit and plastic limit of a soil? The Atterberg limits
of a soil sample are W; = 50%, W, = 30% and Wg = 15%. If the
specimen of this soil shrinks from a volume of 10 cm?® at liquid limit
to 594 cm® when it is oven dried, calculate shrinkage ratio and
specific gravity of the soil. 15

66115~ QIS liquid limit 99° plastic limit @§1? 66115\ Q1T RYRIQ Atterberg
628 W, = 50%, Wp= 30% 9° Wy = 15% | 9@ 9@ QI5a @¢Ql 299
10 cm? Q liquid limit 594 cm? 21Q AN 660696 92| oven dried 249,
AITQ AEFIOR ARLAIG 9° HRY ARIKIE J6L 2R |

A three-hinged parabolic arch ABC of span 30 m has its supports at
depths of 4 m at A and 16 m at B below the crown hinge C. The arch
carries a point load of 60 kN at a distance of 5 m from the crown C
in the segment AB and a point load of 120 kN at a distance of 10 m
from the crown C in the segment BC. Find the support reactions
and bending moments under the loads. 15

Span 30 m Q 9@ @@ hinged @8@& parabolic arch ABC @ 4 m 9R19%!
A 62 99° crown hinge C @ B @6% 16 m 6Q 42IQ 9729 @88 | AB
6961671969 crown OIg 5 m @6 60 kN Q @ point load \4S° BC 6461671460
crown C 0l9 10 m @Q6Q 120 kN point load 927 @61 | 9@ QIQ 2IEQ
support reaction 99° bending moments @ 68/@ QAR ¥R |
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A masonry retaining wall of trapezoidal section is 6 m high and 1 m
wide at the top retaining soil level with its top. Find the minimum
width of the wall at the base so that tension will not be induced at
the base of the retaining wall. Unit weights of masonry and soil are
23 kN and 16 kN per cubic meter respectively. Angle of repose of
the soil is 30° and back face of the wall supporting the soil is vertical.

15

Trapezoidal section @ @ masonry retaining wall 6 m Q@ 9Q° YLIQ
QdQ Qe (2R 40 aNE6Q 1 m 9@ | e e AIRY 6 64IF AR
@Q, JILITPEQ retaining wall @ (J@6Q tension q@, 629 QU2 | Masonry
9Q° FITR I9Q Be JIQES QIOR ATa 96 23 kN ¥e° 16 kN | ¢8I
repose 616 62Q8 30° 99 AITQ AR @QAQ @I I IS YW 2T |

. A cable of span L has its ends at heights h;, and h, above the lowest

point of the cable. It carries a uniformly distributed load of W per
unit run of the span. Determine the vertical and horizontal reactions
at each end. 15

Span L@ @ 6290 @89 h, 98" h, 62901 ASRY] Q019 2R | 99! span
unit @8 g0 Wa Q9I} QUER ZINEE RNUQ UIRE Q6 | JENR U6Q A 9e°
Qe goRal Fda 2a |

What is a stream function? A velocity field is specified as
_)
2

V =ax?i+bxyj, where a =2 m's! and b =4 m!s! and the co-

ordinates are measured in meters. Calculate the velocity

components at (2, 1/2, 0). Develop an equation for the streamline
passing through this point. 15

Stream function @87 95688 V = ax? 1+ bxy | 9169 884 62108 6060I6Q
a=2m1s7199° b=-4 m!s7! 99° co-ordinate §&% FGQ6Q AT QAU |
Velocity component §@Q (2, 1/2, 0)6Q 19 @ | 9& QAR
streamline QIR Y9 ANRAE IS QQ |

Derive the momentum equation for an incompressible and inviscid
fluid. 15

Incompressible 4%° inviscid QQ@® a9 momentum equation QILIQ ¥A |
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13.

14,

A short circular column 6 m long is to carry a characteristic load of
250 kN. Assuming both the ends of the column are fully restrained,
design the column size and the vertical reinforcement. 15

6m MAQ 9@ Y@ QANQ A 250 kN Q@ 9@ dqe AR 0@ 96 | 2aa
200g1eQ °gd 969 PR0 QIR F6LRA 39Q ZIRIA I YA QVINAEQ
ORIRR @ |

GROUP—B

A simply supported beam of span 5 m carries a uniform load of
32 kN/m over the entire span. The beam is built of a wooden member
of cross-section of width 150 mm and depth 250 mm. To strengthen
the wooden beam, two steel plates of 150 mm width and 50 mm
thick are attached both at the top and bottom faces of this wooden
beam such that no slip occurs at the interfaces. Determine the
maximum normal stress in the wooden and the steel part of the
beam. The modulli of elasticity of wood and steel are 210 GPa and
110 GPa respectively. 20

Span 5 m @ 4@ 9@ A7EIG 6| AAG span AUEQ 32 kN/m @ AR QAR
QeQ QA2 | 99 150 mm 6 99° 250 mm GRNQ cross-section Q IQ
wooden member QIQI 386 | Q0 IAQ LIS @GS AIY, 150 mm BAR
99 50 mm 6¢1IS1 Q@F & 69¢ 9@ QI0 A9Q BUA B R L6 ARG 62IRE
6098 interface 6@ 6@161F slip AT Q2 | QIO 6 J7Q TR 2°E6a AR
ARIRE 919 P44 9Q | KI0 8 FAQ elasticity @ modulli 92IFEH 210 GPa
9Q° 110 GPall

A continuous frame ABC has the vertical part AB fixed at A and the
horizontal part BC is supported over a roller support at C. The joint
B is a rigid joint. Members AB and BC have same length and flexural
rigidity. A horizontal point load P acts at the mid-height of AB in
the direction of BC. Determine the reactions at A and C. Draw the
bending moment diagram and find the maximum bending moment.

20

4R 598Q 627 ABC Q 9aA 2°¢9 AB6Q 30 62108 19° §anieq 2°d BC
C 69 9@ 6QINIQ support AVEQ ANEUS | FR B 62a8 99 rigid joint |
Members ABN@® BC @ Q7119 @R 9e° flexural rigidity 028 | 4@ §Q719Q
CRIFQ 6L P, BC 2660 AB Q FRINIGIER QY Q6Q | A 49° C 6a goqial
cdaqal Bending moment @ 99 2SR @8 99° ASRIQ bending moment @
63I@ QIPIa 29 |
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15.

16.

17.

A continuous beam ABCD has a fixed support at A and roller supports
at B and C. The end D is free. It supports a uniformly distributed
load of 50 kN/m over the spans AB and BC. A point load of 25 kN
acts at the free end D. The spans are AB =4 m, BC = 3 m and
CD = 2 m. The flexural rigidity of AB and CD is EI and that of BC is
1'5 EI Draw the bending moment and shear force diagram. 20

9@ 7086 ¢ ABCD Q A 66 Q@ §a a7ee 28 99° BYS° C6Q 6QIRI
q6aie 28 | 649 D €9 UE | 92| AB 9Q° BC 76
50 kN/m Q 27Ie QI96Q 294 1eg A9e @6Q | 25 kN Q 9@ ONE 6AI
79 D 6986 @Iy @6 | Span §@@ AB=4m, BC=3m¥e° CD=2m| AB
Q® CD Q flexural rigidity 62@@ EI99° BC Q 1-5 EI | Bending moment
4G° shear force @ 0@ 2= 99 |

Two identical specimens of a soil were tested in a triaxial apparatus.
First specimen failed at a  deviator stress of
770 kN/m? when the cell pressure was 200 kN/m2. The second
specimen failed at a deviator stress of 1370 kN/m? when cell
pressure was 400 kN/m?2. Determine the value of ¢ and ¢ of the
soil. 20

9@ AI5Q Q% AR FFRI ¥R triaxial ARER ANV FAUAIRARN AT FR!
770 kN/m? @ Q8% QIdeq IT® 62Ql 6K60696R 6R19Q QI 200 kN/m?2
AR 1 @919 99K 1370 kN/m? @ Q8] Q1060 TR 6271 6J606Q6R 6R19Q
Q19 400 kN/m?2 gl | QIFQ c¥9e° ¢ (Jay G4 @a |

An angle ISA 100 x 75 x 8 is used as a tension member and connected
to a gusset plate of 16 mm thick by four numbers M 16 bolts in the
long leg in one line. The pitch of the bolts is 75 mm and the edge
distance is 40 mm. The bolt line is 40 mm from the open edge of the
leg. Assuming the bolts do not fail prior to the member, calculate
the maximum load the angle can carry. Consider the ultimate and
yield stress of the plate material to be 540 MPa and 410 MPa
respectively. 20
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@ 6918 ISA 100 x 75 x 8 4@ tension member RUER NIRQ 9 9Q°
641G AUIFEQ MU 66IRER BIR QY M 16 69IR Il 16 mm 691G gusset
plate Q99 A°g8 | 6QIRYFRR pitch 75 mm 9" UG RS 40 mm |
60I9R 6HIMIAG 697 ARNR 40 mm 26S | Member & 99 6QIRYER
QTR 629 QIR 69IR UG 69 6R16 92R QAT TS IR FER K1 | 69F
ANG1Q ultimate 9Q° yield stress @ Q2IREE 540 MPa 99° 410 MPa
6QIR YOIQ @A |

Design a beam section for flexure to carry a factored moment of
320 kNm. The section is restricted to a width of 300 mm and a
depth of 600 mm. M25 grade concrete and Fe 415 grade steel are to
be used. 20

320 kNm @ 9@ factored moment 2@ @QQIq flexure i@ 9@ beam
section @RIAR @9 | IQIGET 300 mm BAIQ YS° 600 mm FNQ FRIER
QIFQ | M25 6g@, @°@¢ 9e° Fe 415 69@ §a NQ2IQ A9IQ 629 |
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