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Section A : Solid Mechanics

A rod is made of three segments as shown in figure below. Calculate the stresses in each
material due to rise in temperature of 40°C when the walls yield by 0.2 mm.

Aluminium
copper Brass

e—1m ! 2m— je—1m |
ACopper = 200 mm? Ay = 300 mm? s A gy s = 100 Tim?, ECopper =1 x 10° N/mm?,
Ebrass = (0.8 x 10° N/mm EA[umm1um 0.5 x 10° N/mm2 Copper =5 x 10‘6/°C,

Brass =6 x10r 6/0C c"tAlurmruun:'l =it 6/OC
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Q.1(b)
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A short wooden pillar is rectangular in section 400 mm % 200 mm. It carries at the
top, two point loads W, and W, in vertical plane as shown in figure below. If the
stress is throughout compressive and extreme stress on the side in which W, acts i.e.
at A is four times the extreme intensity on the other side i.e. at B, then compute the

value of W, if W, = 50 kIN.
Wl W?.

60 mmi 80 mm

A ; ' B ¥,

Ead

.
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=
200 mm

(Elevatibn view) (Plain view)
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Q.1 ()
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A uniform bar AB of weight 25 N is supported by two springs of natural length 250 mm
and 200 mm respectively. Find the value of P that should be applied at C in order to
bring the bar to a horizontal position.

JLEG e :
250 mm$X k, =300 N/m E
J ky =400 N/m = =y
4 EaE D T - iSDmW‘
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A cantilever beam of length 4 m is subjected to a uniformly distributed load of
20 kN/m throughout its length. It is supported by a strut of length 2 m and area
of cross-section 400 mm? modulus of elastcity for beam and strut is same, then find
the load taken by strut. Moment of inertia of beam given as 1.2 x 10 mm?*.

[12 marks]
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Q.1 (e)| A solid shaft of mild steel 30 cm in diameter is to be replaced by a hollow shaft of
30 cm diameter of alloy steel, for which the allowable shear stress is 40% greater.
If the power to be transmitted is 35% greater to that transmitted by solid shaft and
speed of rotation of hollow shaft is 3% greater than that of solid shaft, determine
the maximum internal diameter of hollow shaft. Take external diameter of shaft is
30 cm.
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Q.2 (a)

Draw the shear force diagram and bending moment diagram of the bearn shown below.

20 kN 20kN/m

_oaym | ol
A : Sy _
e (}: DAL oS E
F 4m { 4m { 2m 3m—=
v33 1% :

Also, find the maximum posil’i\.re and negative bending moment.
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Q.2(b)| A vertical composite tie bar rigidly fixed at the upp’er{end consists of a steelrod of 16 mm
diameter enclosed in a brass tube of 16 mm internal diameter and 24 mm external
diameter, each being 24n long. Both are fixed together at th;e ends. The tie bar is suddenly
loaded by a weight of 8kN falling through a distance of 4 mm. Determine the maximum
stresses in the steel rod and the brass tube

Take: Young’s modulus of elasticity, Egi e = 205 GPaand E

Brass

= IOQ GPa.

\E.;, = 205 X\o° My £ 'DS M f,“[20 marks]
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Q.2 ()

A solid circular shaft has a radius of 100 mm at one end and 115 mm at the other end the
length of the shaft being 2 m. Calculate the percentage error in 6 (angle of twist). If 6 is
calculated on the basis of the mean radlus

4 [20 marks]
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Q.3 (a)

2 € P

. . ' b L o Tad i B . . A g
A cantilever beam of triangular cross-section is loaded as shown in figure below.
Compute the maximum tensile, compressive stressee location of maximum negative

. g ! = - . . . -
and maximum positive bending moment and maximum shearing stress and its location.

R B L
y D ?200»—-:'\
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Q.3(b)| An overhang beam AB CD is shown in figure. Determine the deflection at C and D agd
slope at A and B for the ‘beam shown below.
12kN/m
. /rﬂﬂﬂ/m/m
o . LG IR E T D g
—12m——12m - 12m -

Take flexural rigidity of beam as 300 kN-m?.
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Q.3 (o)

A hollow circular steel shaft is required to carry a torque of 40 kN-m and bending moment
of 20 kN-m. If the internal diameter is 60% of external diameter, then determine size of
shaft by
(i) Maximum principal stress theory ‘
(i) Maximum strain energy theory ‘ : VAN %l 4
Factor of safety =2, u = 0 = andf 250 N/mm y

[8+12=20 marks]
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Q4 (a)
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A man weighing 600 N jumps froma height of 0.5 m on a diving board of dimensiong
30 cm % 6 cm supported as shown in figure. Find the maximum stress produced in
the board. ; _
[g/ ] 1
u{ W= 600N
R '
o B : 05 m 4 i
AL “0f il 6 em'
RN
e— 1m —> 2m———  30on
Take, E = 10 GPa. ) Meati) ‘

[20 marks]
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Q.4 (b)

A hollow cast iron column with fixed ends supports an axial load of 800 kN. If the
column is 3 m long and has an external diameter of 200 mm, find the thickness ofmetal

required. Use Rankine’s formula, taking a constant of and assume a working stress

1600

of 90 N/ mm?.
[20 marks]
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Q.4 (c)| A circle of 400 mm diameter is scribed on a mild steel place before it is subjected to

stresses as shown in figure. In stressing the circle deforms to an ellipse. Calculate
the lengths of the major and minor axes of the ellipse and also find their directions.

Take p = 0.286 and E = 205 kN/mm?.

o, =20 MPa
o, o, = 100 MPa
400 mm
*
T, = 30MPa
Gz

[20 marks]
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Q5 (a)

For the propped cantilever beam shown in figure below using slope deflection equation
find the moments at support ‘A" when (EI = 2 x 10° kN- cmz)

(i) The supports are at the same level.
(i} The support ‘B’ sinks by 1 cm.

[6 + 6 =12 marks]

(M)a— f'7‘ji‘ :@ ;3
L MAB =&V ng [29/7“ *‘96“%
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Q.5 (b)| A three hinged parabolic arch is hinged at supports and also gt crown. The span of the
arch is 28 m with a central rise of 5 m. It carries concentrated load of 53kN at 21 m from
left support and a uniformly distributed load of 35 kN/m on left*half of the span.
Determine the moment, thrust and radial shear at a sectlon-from left support.
gw -~ 2Q3mM=L H S 12} [12 marks.]
Rnd ‘o q;hw =7 :
4 F -

'_’-Z%p‘ y
TMp=2z 38X14YrF +§7~2\ -—\I x 29
Ve = \63'-}.;

Vg = 391-2SKV
p/
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Q.5 (9

For the continuous ‘gi:rcier shown in the figuré. Find the support moment using thegrem
of three moments and draw the B.M. diagram with net bending moment at édch span.

[ 4

20 kN {vi el
l 20 kN/m 30 kN/m 20 kN/m
N Y Y Y Y Y Y Y Y Y TY Y TY Y TN Y TY T
i Ea L.~ L
A B C D s
1.5 m—t 3 m 3m f 3m !
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Q.5 (d)

A cable is supported between two points 30 m horizontally apart. The left support is
3 m above the right support. The cable carries a load of 3 kN/m on the-horizontal
span. The lowest point of the cable is 6m below the left support. Find the maximum
and minimum tension in the cable.

3kN/m
e endien o ¢
o knden o A

[12 marks]
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Q.5 (e)

A three-hinged circular arch of span 40 m and rise 8 m carries a concentrated load of
120 kN at a horizontal distance of 10 m from the left end. Find the maximum positive

and negative bending moments and draw the bending moment diagram.

[12 marks]

20k M

egm
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S ey
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Q.6 (a)

Analyse the portal frame shown in figure by using slope-deflection method. Take EI as

constant and draw the bending moment diagram.

40 kN 20 kN
E| B R
fr——]
1m 1m
4m
APl D 3
F 4m 1

[20 marks]
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Q.6 (b)

Find the vertical deflection of the joint E of the truss shown in figure below. The sectional
area of each member is 1200 mm?, Take E = 2 x 10° N/mm?.

15 kN 30 kN

) te

60°

S

[20 marks]
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Q.6 ()

Develop the stiffness matrix for portal frame ABCD with reference to the coordinates

shown in figure.

©,

/\
®\B

10 m 471

)

I

[20 marks]
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Q.7 (a)

Find the forces in all members of the redundant plane truss shown in figure below.
Cross-sectional area of each bar is 1000 mm? and E = 2 x 10° N/mm?.

A g,

2Zm

B 2m D 2m [E

15 kN 20 kN

o-(24-3)=1 > o1 _o| ;
Ad [20 marks]
Wt or Rk B o e
%C)%wwwm ax 2 Find g P——VaQu@
?}Sé._l—r A S _’SS & e
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Q.7 (b)

Determine the horizontal displacement of the roller support D of the portal frame shown

in figure. Take EI as 8000 kNm? for all members.

_B ¢

4m

N Pov g
A _ D
= 3m -]

[20 marks]
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Q.7 (9)

Draw the influence line diagram for be;Tdi'ng moment at a point 10 m distant from the !
left-hand abutment on a bridge of span 25 m. Find the maximum bending moment at
the point C due to a series of wheél loads 100 kN, 200 kN, 200 kN, 200 kN, 200 kN at
centre to centre distance of 4 m, 2.5 m, 2.5 m, and 2.5 m. The loads can cross in either,
direction, 100 kN load leading in each case.

A C
=10 m—
25 m

A 11 ; o ‘ ‘ [20 mark;]

o bnd o gt = 802'2@ .

1} .
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Q8 (a)

Analyse the frame shown in figure by moment distribution method and sketch bending

moment diagram.

A

50 kN

1+ [
2m
o

2
4m
i A

[20 marks]
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Q.8(b)

A two-hinged parabolic arch of span 50 m and rise 5 m is subjected to a central concentrated
load of 60 kN. It has an elastic support which yields by 0.0001 mm/kN.

Taking, E=200kN/mm?, [ =5 x 10° mm?, Average area, A, =10000 mm?, az=12x10/°C
and assuming secant variation, calculate the horizontal thrust developed when the
temperature rises by 20°C.

(i) Neglecting rib shortening.

(i) Considering rib shortening.

60 kN

[10 +10 = 20 marks]
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Q.8 (c)| A cable ACDEFB supports a set of vertical hangers at four intermediate points
(C, D, E, T). The span between the supports A and B is 50 m. The lowest point of
the cable (D) is located 7.5 m below the left support A which in turn is located
6 m below the right support B. The vertical loads applied through the hangers at
points C, D, E and F are 30 kN, 40 kN, 24 kN and 18 kN respectively, placed at equal
intervals draw the funcular polygonal and find.

(i) The tension in each segment of cable and inclination of each segment of the cable
from horizontal

(ii) The final length of the cable.

~—10m 5 10 m

I
]
]
]

[20 marks]
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