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- The material that exhibits the same elastic
properties in all direction at a point is said to be
(a) homogeneous (b) orthotropic
(c) viscoelastic (d) isotropic [1995:1M]

- The stress-strain diagram for two materials Aand
Bis shown below:

% Material A
n

Material B
0 Strain

The following statements are made based on this

diagram:

[.  Material Ais more brittle than material B.

[I. The ultimate strength of material Bis more than
that of A.

With reference to the above statements, which of

the following applies?

(a) Both the statements are false

(b) Both the statements are true

(c) l'is true but Il is false

(d) I'is false but Il is true [2000 : 1 M]

- The dimensions for the flexural rigidity of a beam
element in mass (M), length (L) and time (7) is

given by
(a) MT? (b) ML3T?
(c) ML'T? (d) ML'T? [2000 : 1 M]

- The shear modulus (G), modulus of elasticity (E)
and the Poisson’s ratio (v) of a material are related as

E G

- = F-_ Y9

@ C=may] TR
(c) G= E (d) G= E

[2(v-1)]
[2002 : 1 M]

- A bar of varying square cross-section is loaded
symmetrically as shown in the figure. Loads shown
are placed on one of the axes of symmetry of
cross-section. Ignoring self weight, the maximum
tensile stress in N/mm? anywhere is

[2(1-v)]

Properties of Metals,

Stress & Strain

[fe—— 100 mm ——

i <— 50 mm —| ¢

100 kN L 100 kN
50 kN
(@) 16.0 (b) 20.0
(c) 25.0 (d) 30.0 [2003:1 M]

- For linear elastic systeM, the type of displacement
function for the strain energy is
(a) linear (b) quadratic
(c) cubic (d) quartic [2004 : 1 M]

- The symmetry of stress tensor at a point in the
body under equilibrium is obtained from
(a) conservation of mass
(b) force equilibrium equations
(c) moment equilibrium equations

(d) conservation of energy [2005 : 1 M]

For an isotropic material, the relationship between
the Young’s modulus (E), shear modulus (G) and
Poisson’s ratio (u) is given by

E G
@ G P e
_E _E
© G @ G
[2007 : 1 M]

- A metal bar of length 100 mm is inserted between
two rigid supports and its temperature is increased
by 10°C. If the coefficient of thermal expansion is
12 x 1078 per °C and the Young's modulus is
2 x10° MPa, the stress in the bar is
(a) zero (b) 12MPa
(c) 24 MPa (d) 2400 MPa

[2007 : 2 M]

- A rigid bar is suspended by three rods made of
the same material. The area and length of the
central rod are 3A and L, respectively while that
of the two outer rods are 2A and 2L, respectively.
If a downward force of 50 kN is applied to the
rigid bar, the forces in the central and each of the
outer rods will be
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(a) 16.67kNeach  (b) 30kNand 15kN
(c) 30kNand 10kN (d) 21.4kNand 14.3kN
[2007 : 2 M]

- U, and U, are the strain energies stored in a
prismatic bar due to axial tensile forces P, and
P,, respectively. The strain energy U stored in the
same bar due to combined action of P, and P,

will be
(@) U=U, + U, (b) U=U, U,
() U<U, +U, () Us> U, + U,
[2007 : 2 M]

- A mild steel specimen is under uniaxial tensile
stress. Young’s modulus and yield stress for mild
steel are 2 x 10° MPa and 250 MPa respectively.
The maximum amount of strain energy per unit
volume that can be stored in this specimen without
permanent set is
(@) 156 Nmm/mm3
(c) 1.56 Nmm/mm3

(b) 15.6 Nmm/mm?
(d) 0.156 Nmm/mm3
[2008 : 1 M]

- A vertical rod PQ of length L is fixed at its top end
P and has a flange fixed to the bottom end Q. A
weight W is dropped vertically from a height h (<L)
ontothe flange. The axial stress in the rod can be
reduced by
(@) increasing the length of the rod

(b) decreasing the length of the rod

(c) decreasing the area of cross-section of the rod

(d) increasing the modulus of elasticity of the

material [2008 : 2 M]

- The number of independent elastic constants for
a linear elastic isotropic and homo-geneous

material is
(@ 4 (b) 3
(c) 2 (d) 1 [2010 : 1 M]

Linked Answer Questions 1.15 and 1.16:

A rigid beam is hinged at one end and supported on
linear elastic springs (both having a stiffness of ‘k’) at
points ‘1" and '2’, and an inclined load acts at ‘2, as
shown.

Hinge J2R

TSN
459 i j_

~
~

Fixed

- Which of the following options represents the
deflections &, and 6, at points ‘1" and ‘2'?

2( 2P 4( 2P
= —| — 8 =— —
(@ 9 5( k) and 0, 5(/()

©) 8, = g(g) and 8, = %(g)

© 5 %(%J and 3, %(%]

0 652 w2

[2011 : 2 M]

- If the load Pequals 100 kN, which of the following
options represents forces A, and R, in the springs
at points ‘1" and ‘2’7

(@) R,=20kNand R,=40kN
(b) R, =50kN and R, =50 kN
(c) R,=30kN and R, =60 kN
(d) R, =40kNand R,=80kN  [2011:2 M]

- The Poisson’s ratio is defined as

axial stress o lateral strain
(@) |ateral stress (b) axial strain
lateral stress axial strain
(c) . (d) .
axial stress lateral strain
[2012: 1 M]

- Creep strains are
(a) caused due to dead load only

(b) caused due to live load only
(c) caused due to cyclic load only
(d) independent of load [2013 : 1 M]

- A box of weight 100 kN shown in the figure is to be
lited without swinging. If all forces are coplanar,
the magnitude and direction (0) of the force (F)
with respect to x-axis should be

40 kN

100 kN
(a) F=56.389 kN and 0 = 28.28°
(b) F=-56.389 kN and 6 = — 28.28°
(c) F=9.055kN and 6 = 1.414°
(d) F=-9.055kN and 6 = — 1.414°

[2014 : 2 M, Set-I]
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- The values of axial stress (o) in kN/m?, bending
moment (M) in kNm, and shear force (V) in kN
acting at point P for the arrangement shown in the
figure are respectively

o e e e e e e el %‘p

o ) Frictionless
ﬂ Pulley

P Beam Q

g
f
f
f
f

50 kN
(@) 1000,75and25 (b) 1250, 150 and 50

(c) 1500,225and 75 (d) 1750, 300 and 100
[2014 : 2 M, Set-II]

- For the state of stresses (in MPa) shown in the
figure below, the maximum shear stress (in MPa)

%2
==

:

- Atapered circular rod of
diameter varying from
20 mm to 10 mm is
connected to another

4

L

[2014 : 2 M, Set-I]

d; =20 mm

uniform circular rod of c
diameter 10 mm as
shown in the following ¢
figure. Both bars are ¢
made of same material
with the modulus of | 5
elasticity, d =10 mm
E=2x10°MPa. When ¢
subjected to a load =
P = 30m kN, the ¢ A
deflection at point A is l
___mm.

P=30 kN

[2015: 2 M, Set-I]

- An elastic isotropic body is in a hydrostatic state
of stress as shown in the figure. For no change
in the volume to occur, what should be its
Poisson’s ratio?

(a) 0.00
(c) 050

(b) 0.25
(d) 1.00
[2016 : 2 M, Set-11]

- An elastic bar of length L, uniform cross-sectional
area A, coefficient of thermal expansion a, and
Young’s modulus E is fixed at the two ends. The
temperature of the bar is increased by T, resulting
in an axial stress o. Keeping all other parameters
unchanged, if the length of the bar is doubled,
the axial stress would be
(a) o (b) 20
(c) 050 (d) 0.25¢0

[2017 : 1 M, Set-I]

- Consider the stepped bar made with a linear elastic
material and subjected to an axial load of 1 kN,
as shown in the figure.

£
£

S A, =100 mm?

¥ 1 E,=2x10° MPa
J

£

E A, =60 mm?

o

S 2 E,=3x10° MPa
1]

\‘N

¢P=1kN

Segments 1 and 2 have cross-sectional area of
100 mm?2 and 60 mm2. Young’s modulus of
2 x 10° MPa and 3 x 10° MPa, and length of
400 mm and 900 mm, respectively. The strain
energy (in N-mm upto one decimal place) in the
bar due to the axial load is .
[2017 : 2 M, Set-I]

- In a material under a state of plane strain, a
10 x10 mm square centered at a point gets
deformed as shown in the figure.
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4
10 mm
T““*——‘
A it N -
\‘ - .
N
\ X
A} \
\ \
A \
\ L[ 10 mm
\ \
\\ Al
\ \
\\_ X
\
T \ \
—+0.0005 rad === § *
2 e
T
f=—>
0.004
mm

If the shear strain Y, at this point is expressed as
0.001 k (in rad), the value of kis
(@) 0.50 (b) 0.25
(c) -0.25 (d) -0.50
[2017 : 1 M, Set-11]

- A 2 m long, axially loaded mild steel rod of 8 mm

Axial Load, P (kN)

14000
12000 /
10000

diameter exhibits the load-displacement (P-9)
behavior as shown in the figure.

8000 /
6000 /

4000 —/
2000 /
0

0 1 2 3 4 5 6 7 8 9 10
Displacement, & (mm)
Assume the yield stress of steel as 250 MPa. The
complementary strain energy (in N-mm) stored in
the bar up to its linear elastic behaviour will be

[2017 : 2 M, Set-II]

- Aplate in equilibriumis subjected to uniform stresses

along its edges with magnitude
c,,=30MPaand o, = 50 MPa as shown in the figure
c,, =50 MPa
bl L[ 6,=30MPa
X

The Young’s modulus of the material is
2 x 10" N/m? and the Poisson’s ratio is 0.3. If
o, is negligibly small and assumed to be zero,
then the strain ¢, is

(a) —120 x 106
(c) 0.0

(b) =60 x 1076
(d) 120 x 106
[2018 : 2 M, Set-I]

- A rigid, uniform, weightless, horizontal bar is

connected to three vertical members P, Q and R
as shown in the figure (not drawn to the scale). All
three members have identical axial stiffness of
10 kN/mm. The lower ends of bars P and R rest
on a rigid horizontal surface. When NO load is
applied, a gap of 2 mm exists between the lower
end of the bar Q and the rigid horizontal surface.
When a vertical load W is placed on the horizontal
bar in the downward direction, the bar still remains
horizontal and gets displaced by 5 mm in the
vertically downward direction.
Rigid Uniform Weightless Horizontal Bar

® © ®

¥
*

gap

/

Rigid Horizontal Surface
The magnitude of the load W (in kN, round off
to the nearest integer), is

[2020 : 2 M, Set-I]

- A prismatic linearly elastic bar of length, L, cross-

sectional area A, and made up of a material with
Young’s modulus E, is subjected to axial tensile
force as shown in the figures. When the bar is
subjected to axial tensile force P, and P,,, the strain
energies stored in the bar are U, and U,,
respectively.

—> #
|—>P2
> (P + Ry

If Uis the strain energy stored in the same bar

when subjected to an axial tensile force (P, + P,),

the correct relationship is

(@ U=U -, b) U=U, + U,

(© U< U + U, d U>U + U,
[2020 : 2 M, Set-Il]
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- A square plate O-P-Q-R of a linear elastic material

with sides 1.0 m is loaded in a state of plane stress.
Under a given stress condition, the plate deforM to
a new configuration O-P’-Q’-R” as shown in the
figure (not to scale). Under the given deformation,
the edges of the plate remain straight.

y

10 mm
IE—--_-_Q‘_H
10 mm 5
R \\ Q
WA
_____—______-___ T10 m'y
o

The horizontal displacement of the point (0.5 m,
0.5 m) in the plate O-P-Q-R (in mm, round off to
one decimal place) is :
[2021 : 2 M, Set-I]

- Strain hardening of structural steel means

(a) strengthening steel member externally for
reducing strain experienced

(b) experiencing higher stress than yield stress
with increased deformation

(c) strain occurring before plastic flow of steel material

(d) decrease in the stress experienced with
increasing strain

[2021 : 1 M, Set-II]

- Stresses acting on an infinitesimal soil element

are shown in the figure (with 6, > o). The major
and minor principal stresses are o, and o,
respectively. Considering the compressive
stresses as positive,which one of the following
expressions correctly represents the angle
between the major principal stress plane and the
horizontal plane?

O'X—>T l<—($x

T

(a) tan—1( Tox J (b) tan1£ Tox ]

-1 Ty t -1 Tox
e IR s
[2022 : 1 M, Set-I1]

- For a linear elastic and isotropic material, the

correct relationship among Young's modulus of
elasticity (E), Poisson's ratio (v), and shear
modulus (G) is
E E
@ Gz © G my
G E- G
© ==%0+y) @ "7y
[2022 : 2 M, Set-I1]

- Consider two linearly elastic rods Hl and IJ. each

of length b, as shown in the figure. The rods are
co-linear, and confined between two fixed supports
at if and J. Both the rods are initially stress free,
The coefficient of linear thermal expansion is a for
both the rods. The temperature of the rod IJ is
raised by AT. whereas the temperature of rod Hl
remains unchanged. An external horizontal force
P is now applied at node /. Itis given that a= 10~
6°C~1, AT=50°C, b =2m, AE = 10°N. The axial
rigidities of the rods HI and U are 2 AE and AE,
respectively. To make the axial force in rod Hl
equal to zero, the value of the external force P

(inN)is . (rounded off to the nearest integer).
b
= b
AE
2A4E 1
H J

[2022: 1 M, Set-11]

- A hanger is made of two bars of different sizes.

Each bar has a square cross-section. The hanger
is loaded by three-point loads in the mid vertical
plane as shown in the figure. Ignore the self-weight
of the hanger. What is the maximum tensile stress
in N/mm? anywhere in the hanger without
considering stress concentration effects?

—{100 mm |[=——

100 kNJ J1oo kN

50 mm

150 kN

(@) 15.0 (b) 25.0
(c) 35.0 (d) 45.0
[2023 : 1 M, Set-I]
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- A 2D thin plate with modulus of elasticity, E
=1.0 N/m?, and Poisson’s ratio, p = 0.5, is in
plane stress condition. The displacement field
in the plate is given by u = Cx?y. and v = 0,
where uand vare displacements (in m) along
the X and Y directions, respectively, and Cis

X and Y, respectively, are in m. The stress in
the X direction is 6, = 40xy N/m?, and the shear
stress is 1,,, = o? N/m?. What is the value of a
(in N/m#, in integer)?

[2023 : 2 M, Set-Il]

a constant (in m=2). The distances x and y along EEEN
- Properties of Metals, Stress & Strain
11 d 1.2 (¢) 13 () 14 @ 15 () 16 () 1.7 (¢c) 1.8 (@ 1.9 (0
1.10 (¢) 1.11 (d) 112 (d) 118 (@ 1.14 (¢) 1.15({) 1.16(d) 1.17(b) 1.18 (a)
1.19 (@ 1.20 (b) 1.21 (5.0) 1.22 (15) 1.23 (c) 1.24(a) 1.25(35) 1.26 (d)
1.27 (15625000) 1.28 (a) 1.29 (130) 1.30 (d) 1.31 (25) 1.32 (b) 1.33(c) 1.34 (a)
1.35 (50) 1.36 (b) 1.37 (5
_ Properties of Metals, Stress & Strain
o« Method-il
The material that exhibits the same elastic
properties in all directions at a point is said to be
. . l———— 100 mm———|
isotropic.
| |
If the material exhibits different properties in l l
different directions, then it is said to be 100 kN [<— 50 mm —= 100 kN
Anisotropic. |
v
- (c) 50 kN
Since strain in material Bis more, hence it is more
ductile than material A i.e., material A is more 100
brittle than material B. Hence statement | is true.
Material A can reach upto higher stress level hence i i i
i i i v
ultimate ‘strength of material A is rTlore than that 100 KN 50 kN 100 KN
of material B. Hence statement Il is false. Total load = 250 kN
- (b) 50ka
Flexural regidity = EI = ML~ T°x [4 = ML3T? |
[<— 50 mm —>|
B |
Method- !
50 kN
The stress in lower bar .
Stress in upper bar
_ 50x1000 _ 20 N/mm?2
50% 50 _ 290x1000 _ o5 \ymem?
The stress in upper bar 100100
250 x 1000 5 3
= J00xi00 -2 N/mm Stress in lower bar = S0x10° _ 20 N/mm?

Thus the maximum tensile stress any where in
the bar is 25 N/mm?.

50x 50

So maximum = 25 N/mm?
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B

1
Strain Energy = % xoxe= 7 Ee?

Since strain is directly proportional to
displacement so strain energy is directly
proportional to quadratic equation of
displacement.

B o

— n
i
idi2 oy
O, g— - e o,
d2 1 di2
Ty id/2
Tyx <t
Vo,

Taking moment equilibrium about the centre, we get,

d d d d
T, X 5 + T, X 5 =T, X 5 + T, X 5
Ty =T,

I ©
Temperature stress
= olE
12x 106 x 10x 2 x 10°
24 MPa

«=——100 mm = L———><—LoA T—>
Due to temperature,
AL = LoAT
But since support in fixed so, expansion is not
allowed so stress is developed in the bar which is
compressive in nature.

Expansiondue  Compression

NOW. 45 temperature = due to stress
(e}
= —xL
LaAT 5

6= EaAT=1x10°%x12x 108x 10
= 24 MPa

B o

2A

»
»
»
-

50 kN
From symmetry, the force in each of outer rods is
P, and force in the central rod is P, then,

2Py + P, =50 (1)
Also, the elongation of central rod and outer rods
is same.
Since all the rods are connected by rigid bar. So,
deflection in each rod will be same

Al _ Fle
AE ~ AE
Rx2L  PxlL
- 2A ~ 3A
- P. = 3P, (i)

Solving (i) and (ii), we get,
P-.=30kNand P, = 10 kN

B

Strain energy stored in a prismatic bar due to axial

load P,
v - PL
T 2AE
Strain energy stored in a prismatic bar due to axial
load, P,
U, = —P22L
27 2AE

Strain energy stored in a prismatic bar due to
combined action of P, and P,

2
G
2AE
PL FL RPRL
U= SAE*2AE T AE
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PP
= U +U,+-12
U 1 2 AE

= u>u,+U,

B

The strain energy per unit volume may be given as

U= % x Stresses x Strain

y (250)?

1 ==0.156 N-mm/mm3
2 2x10

B =

The kinetic energy of the weight (W) at flange level
will be transformed in the form of strain energy in
the rod.

We know that,

U = 6%/2E x Area of cross-section of rod x length
of rod.

Since, energy remains constant, hence to reduce
the axial stress in the rod, the length of the rod
should be increased or area of cross-section of
the rod should be increased or modulus of
elasticity should be decreased.

B o

Type of material

Number of independent
elastic constants

Isotropic 2
Orthotropic 9
Antisotropic 21

B

The free diagram of the beam is shown below,

From similar triangles, we get,

Lo
- 5, = 25, (i)

Taking moments about hinge, we get,
Px2L—~kd,x2L~kd;xL =0
= 2P-k(25,+ 8

1)=0 [~ from (i)]
= 2P-k(43,+0,)=0
2

P
= 8, = Th
From (i), we get,
2P 4P
= X—=—
5k 5k
 «©
2P 2x100
— — k —_ — —
R, =kd, X p 5 40 kN
4P 4x100
— — k - — —
R, = ko, X oK 5 80 kN

Lateral strain
Axial strain

B =

Creep strains occur with time at a constant level
of stress. So they occur due to permanent load
i.e., Dead Load.

B @

40 kN
90 kN F

45°
30° 10

100 kN

45°
30° 0

W= 100 kN
For no swinging force should be balanced i.e.,
2F, =0
2F, =0
Z’l:horizomal =0

90 cos 30° = 40 cos 45° + Fcos ©
77.94 28.28 + Fcos 6
or Fcosb = 49.66 kN (i)
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2Fvertical = 100
90 sin 30° + 40 sin 45° + Fsin® = W

45 +28.28 + Fsin 8 = 100

or Fsind = 26.72kN ..(i)
Dividing eq. (ii) by eq. (i), we get
26.72
= ———=0.5380
@nd = 7966
or 6 = tan~'(0.5380) = 28.28°

Substituting 6 = 28.28in eq. (i), we get
Fcos 28.28° = 49.66
49.66 49.66
or F= = = 56.43 kN

€0s28.28° 0.88

B

Loading after removing the cable,

| 50 kN
> <
e
50 kN ¥
Axial st —57—125OI<N/2
xial stress = -~ = m

Bending moment = 50 x 3 = 150 kNm
Shear force = 50 kN

-Sol.

2
- 0,.,—0
T = 01202=\/[ X2 yJ +15, =5.0 MPa

NOTE: In this case op, = +ve

So it can be found out by Mohr circle, otherwise
always check for absolute shear stress.

-Sol.

d; =20 mm
]

c

2m

— «~—d, =10 mm

l

P=30n kN

Total elongation,
AB is uniform

_
AE
BC is tapered

So,

PL

A= ———
o GiaoE

A=A g+ Age

PL, _4PL
= AE " nd,d,E

30 x10° x1.5x10°
%x(10)2x105

+30n><103><2><1o3

%x10x20x2x105

=(9 + 6) mm = 15 mm

B o

Volumetric strain,

+0,+
., - (%) (1-2u)

4 +6, +
. 5_:(0;: o, GZ)(1_2M)

% 3
As AV=0
= Either Gx+0y+c52:00r1—2u:0
= 1-2u=0

w=05

B @

I L |

c=oalE
- Length have no effect on thermal stress.
- Axial stress is only ‘o’

- Sol.

A, = 100 mm?, EI = 2 x 10° MPa
A, = 60 mm2, EI = 3 x 10° MPa
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1kN
!

400 mm

1kN

%]
|
I
L1
<+

900 mm

1kN
f

Ly=

Q
|
I

y P=1kN

<+

1 kN
Apc= Bpg + Apge
1><1o3><4oo+1><1o3><9oo
100x2x10°  60x3x10°
0.02 + 0.05 = 0.07 mm

= lexA=%x1x1000><0.07=35 N-mm

2
B ©
According to the sign convention,

—

-~

+ve shear strain

+ve shear stress

In question since angle has been increase
therefore shear strain should be negative.

¥,y = —0.0005 rad

= 0.001k
—-0.0005 = 0.001k
— k=-0.50
-
Stress
[ EEE e .
Complementary {7 E
strain energy i Strain energy per
per unit volume " unit volume
Ce Strain

AL_ 25 _ 1.25%1072

Elastic strain,e, == 2000

1
~.Elastic strain energy = EGV e AL
- %x250><1.25><10’3x%x82><2000

= 15707.96 Nmm

Note: For linear elastic material both

complementary energy and strain energy is same.
OR

By considering given graph in question, between

Axial Load and Displacement the solution will be
as follows:

kel
©
o
—
NI

12500 k

Complementary |»
strain energy

2.5 mm
Complementary stain energy,

Deflection

_ lps- l(12500><103)><2.5
2 2

= 156625000 Nmm

It means there seeM some error in the given
data.

B @

o, = 30 MPa, o, = 50 MPa, 6, = 0

(o) o
vt EME

03
2x10°

Sw__k
E

up=-Houvay)

(30+50)=-120x107°

Rigid Uniform Weightless Horizontal Bar

® © ®

i
¥

gap

/

Rigid Horizontal Surface
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:U—>
X
0 —>

P, + P +P,=W (i)
P, = P,
S, = 5mm=& E:10ﬂ
! AE L mm
BL
= 3mm=—2=
62 AE
So, P, =10 x 5 = 50 kN
P, =10 x 3 = 30 kN
W = 2(50) + 30 = 130 kN

2
—pu oy = AL
1 2AE
PEL
|_>P2’U2 U2=ﬁf
P+P)L
|_>(p1+p2) U:%

(P+PR)° > PP +PE

u>u, +U,
s
FBD of edge PQ FBD of Mid line
10 mm 5 mm
By Interpolation
P I \
20 mm 10 mm

So horizontal displacement of the point (0.5 m,

0.5m)
=-25mm+5mm =25 mm

B ©

XF =0
= 6 (BC) -~ 1,x (AB) + 6, sinb = 0

(ACsineJ (ACCOSG)
= Gx + TZx
cos6 cos6 o,

sindx AC
coso

G4

=o.tanb+1, = o,tand

=tand (0, -0,) =1

2
TZx
= tan® = 5 -0,
B -
E=2G(1 + w); G = Shear modulus

u = Poission’s ratio; E = Young’s modulus

-Sol.

b
Ry€e— P—> <« Ry
T J
H
For horizontal force equilibrium,
R,+ Rg=P

Since there is no axial force in rod HI, thereore
Now check for rod 1/,
- R,=P
Now, as rod IJ is fixed from both end, so net
deflection due to increase in temperature will be 0.
Pb
boT=——=
P=AEaT
P=10% x 106 x 50

R, =0 2,
I:l R
/ J
B
-bO(T+ _& =O
AE
AE
P=50N

Lee U

T
N

—{100 mm (=——

@

100kN‘ \100kN

@

50 mm

T50 kN



