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Strength of Materials + Structural Analysis

Q.1 The property of metal which allows it to deform continuously at slow rate without any further
increase in stress is known as

(a) fatigue (b) creep
(c) plasticity (d) resilience
1. (b)

Q.2 A rigid bar ABC is supported by three rods of the same materials as shown below. If the bar
remains horizontal after applying a load P, then the forces in the outer bars due to the applied

load is

oL

L L
A B C
e
(a) 0.6P (b) 0.8P
(c) 0.4pP (d) 0.2p
2 (c)

—_— —_—
Pl PZ Pl
P, 4P, P,
e
FBD

From statical equilibrium

2P, +P, =P
From compatibility equation, Al = A,
AE AE
p, = 2P,
22P,) + P, = P
p, =02P
P, =04P
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plane CE shown in figure is

Q.3  For the state of stress as shown in the figure below, magnitude of normal stress acting on the

100 MPa

100 MPa <€—

30°

—> 100 MPa

(a) 100 MPa
(©) 5043

(b)

In Mohr’s circle of stress elements,

E

100 MPa

(b) 50 MPa
(d) zero

(-100, 0)

A

OA

Normal stress on plane CE, OB

Magnitude of normal stress

Q4

60°

(100, 0)

Radius of Mohr’s circle = 100 MPa
-0OA cos 60°

-100 x 1
2
50 MPa

= -50 MPa

Two shafts AB and BC of equal length and diameter d and 2d are made of the same material.
They are joined at B through a shaft coupling. A twisting moment (T) is applied at B. If T, and
T. represent the twisting moments at the ends A and C, respectively then

(@) To=T,
() To=16T,

B

(b) T.=8T,
(d) T, = 16T
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4. (c)
Op4 = Opc
T G el I
Now L, T 1L . Gl I,
TA'L
%84 = Glo
and Opc = Glope
nd*
Also, I, = 3—2
n(2d)*  16nd*
L
32T, L 32T.-L
Grnd* — Glémd*
Ta 1
= . ~ 16

Q.5 Match List-I with List-II and select the correct answer using the codes given below the lists:
List-I
A. Partial derivative of total strain energy with respect to load
B. Second order derivative of deflection

C. Fourth order derivative of deflection
D. Derivative of bending moment

List-1I
1. Expression for shear force
2. Expression for load

3. Expression for bending moment
4. Deflection under the load

Codes:
A B C D

@4 3 2 1

by2 1 3 4

()4 2 3 1

(d2 3 1 4

5. (a)
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Q.6 Consider the following figure:

|«<—120 mm —]
! |
y, = 2393 mm
x l x E
y,=120.7 mm I
L] i
fe— 240 mm ——

1,5 =5.60 x 108 mm*, Area = 18000 mm?
What will be the load per metre run which may be carried by a 4 m span beam simply supported
at the ends and cross section as shown above, if the maximum permissible stresses are 90 N/ mm?

in compression and 30 N/mm? in tension?

(a) 37 kN/m (b) 40 kN/m
(c) 50 kN/m (d) 56 kN/m
6. (a)
—f. —
g
g
g
S
[—f —
A
Ye o Y
239.3
= . = ftXW=19826ﬁ

When f, reaches 30 N/mm?,

f. = 19826 x 30 = 59.48 N/mm?
which is lower than the permissible limit. So, allowable tensile stress will be the criterian

for the determination of strength
2

1 XX __ 1 AB — A]/ t
hence, z, = Y = v,
t
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_ 5.60x10° —18000 x (120.7)’
120.7
= 2467 x 10° mm?®
M, = 30 x 2467 x 10°
= 74.01 x 10° N-mm ~ 74 x 10° Nmm = 74 kNm
Let w be the permissible load in kN/m
2 2
M = %:wtf =2w kNm
So 2w = 74
= w = 37 kN/m
Q.7 If a beam of rectangular cross-section is subjected to a vertical shear force V, the shear force
carried by the upper one-third of the cross-sections is
o 7V
(a) zero (b) 7
8V 1%
© 57 d) 75
7. (b)
W/WW 4
il 2
d Y y l
4 S R S
o b |
4 y
_ 2 _4.y_24
y =12 +y-4+2_2(2+y)
_ 54y
T
(5+)
2"y
Vx| - b
x( y)x X )
B Ib
&,
Vx| —-
(i)
- e 21
dF = 1 x bdy
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2
V% d——yz

4
———=Xxbdy

21

a/2/
21 i/6 4

Vb[d2 y3]d/2

= ——y——

21| 4 3 16

_ ﬁ(é)_i_£x£+i
2vd°| 4\2) 24 4 6 648
12

[1 1 1 1 ]
= Vi—-———— 4+ —
8 24 24 648

6V [L] v

162 27
Q.8 The bending moment, ‘M " applied to a solid shaft produces the maximum direct stress ’fy’ at
elastic failure. Now when only twisting moment ‘T is applied and produces the same maximum

direct stress fy then the relationship between ‘M ” and twisting moment ‘T " as per maximum
principal strain theory for elastic failure will be [Take u = 0.3]

(@) 2M =T (b) M=0.65T
(c) M=T (d) M=081T
8. (b)
The stress, fy caused by bending moment, ‘M’ is,
_32M
v o ond®
Similarly, shear stress, ‘" produced by torque, ‘T" is,
_ 16T
v= nd’
16T
The induced principal stress, 6, = -6, = ey
o , 16T . —16T
So, principal stresses acting on the shaft are, e 0, e

As per Maximum principal strain theory, ¢, - uoc, = fy

16T 03x16T 32 M
nd® nd® T ond®

=
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M
T

0.65

= M = 0.65T

Q.9 The reaction at support C in the beam as shown below is

A| Ic
a b

o *E—

Pa’ Pa*
b [ —
(a) P (b) JERNX
Py’ Py’
[ d [ —
(c) g (d) eSS
9. (3
Let, R = Reaction at C
By
|
A % a B b ¢
P-R R
(P-R)d®
For left span, Ap = NETEE
For right n -
or right span, B = 3p]
From compatibility equation,  (Ap)es = (Ap)yigne
Pa® - Ra®* = RV?
R pa’
= = —
@ +b°
Reaction at C =~
eaction a R

Q.10 A thin cylindrical shell of internal diameter ‘D’ and thickness ‘t” is subjected to internal pressure
‘P’. The change in diameter is given by
[E and p are elastic constants]

PD’ PD’
2- 1-2
@) 2w (b) S p(1-20
PD’ PD’
1-2 2-
(© S 1-20) (d) 52w
10. ()
Let 6, and ¢, be two principal stresses at any point on the cylinder
. O, UG
€. = Hoop strain = T E
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AD L. G)_l(ﬂ_@)
D ~ EVCTHOTE T
PD? u) PD?

- 1-21|= 2
AD 2tE( 2 )" e @7

Q.11 A mild steel bar is in three parts each 20 cm long. The diameter of parts AB, BC and CD are

2cm, 1 cm and 3 cm respectively. The bar is subjected to axial forces as shown in figure.
C D

A B

2t €— 1t €— 1t €— >4t

E =2 x 10% kg/cm?. The elongation in bars are A, A,, A, respectively for AB, BC and CD. The
ratio of greatest to the least of these elongation will be

(a) 1.12 (b) 6.0
() 6.7 (d) 9.8
11. (o)
C D
A B
B C
2t < Ry N . A —>
2t 3t 3t 4t 4t
PL _ 2000x20 0.2
A= = = cm

AE g(z)2 x2x10° T

3000x20 012

A2 = p ; p . m
Zx(l) x2x10
~ 4000 x 20 0.0178
A3 = 7 = cm
~(3)* x2x10° T
4
A
8 012 o 67
A, 0.0178

Q.12 An aluminium bar (E = 70 GPa, p = 0.33) of diameter 20 mm is stretched by an axial force P
causing its diameter to decrease by 0.02 mm. The value of P is approximately

(a) 67 kN (b) 77 kN
(c) 87 kN (d) 97 kN
12.  (a)
002 e _ 002 _ 1
€p T T /SLT  u 20x0.33 330
B _ P
ut, €, = AxE
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eLXAXE

U
~
I

g><202><70><103

= N =66.6 kN ~ 67 kN (say)
330

Q.13 A beam of square cross-section (B X B) is used as a beam with one diagonal horizontal. The
location of the maximum shear stress from neutral axis will be at a distance of

B
(a) zero (b) 1
B B
© 47 @ 573
13.  (¢)
B qmax
I%x Length of diagonal
A ,
qmax
B B

The length of diagonal = B2

1
The location of maximum shear stress from neutral axis is g > length of diagonal i.e.

B
42

Q.14 A 10 mm diameter steel wire is coiled to form a close coiled helical spring having 8 nos. of coils
of 75 mm mean diameter and the spring has a stiffness ‘K’. If the same length of wire is coiled
to 10 coils of 60 mm mean diameter, then the spring stiffness will be:

B\/Ex% =

(a) 1.00 K (b) 1.25K
(c) 1.56 K (d) 1.95 K
14. (o)
P = KA
Gd* Gx10*
K = 3~ 3
64R"n 64x8x(§)
2
1 4
K = Gx 060 i
64 x10 x ()
2
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K" 64x8x75" —ix(ﬁf—ix(i)a
K = 64x10x60° 10 \60 10 \4
1.56 K

7
Il

Q.15 A cantilever beam ‘A" with rectangular cross section is subjected to a concentrated load at its
free end. If width and depth of another cantilever beam ‘B’ are twice those of beam A, then
the deflection at free end of the beam ‘B” as compared to that of “A” will be

(a) 6.25% (b) 12.5%
(c) 36% (d) 25%
15. (a)

Deflection o 1

So, for rectangular cross section

Deflection o

d3
1
S 3
S 2 2b.2d)° _ 1
A 1 16
bd®
= 8; = 625 % of §,

Q.16 Which one of the following pairs is not correctly matched?

Boundary conditions of column Euler’s buckling load

L n’El
(a) Pin-pin 2

. . 4nEl
(b) Fixed-fixed 2

. 0.257%E]
(c) Fixed-free 7

2n’El
(d) Fixed-pin \/_IT;
16. (d)
For fixed-pin condition,
_ 2n’El
cr 2

Q.17 The modulus of rigidity and bulk modulus of material are found as 70 GPa and 150 GPa
respectively. Then
1. modulus of elasticity of material is 200 GPa.
2. Poisson’s ratio of material is 0.22.
3. modulus of elasticity of material is 182 GPa.
4. Poisson’s ratio of material is 0.30.
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Which of the above statements are CORRECT?

(a) Tand 2 (b) 1and 4
(c) 2and 3 (d) 3and 4
17.  (d)

G = 70GPa, K =150 GPa

9KG  9x150x70

3K+G = 3x150+70
= 181.73 GPa ~ 182 GPa

. E = 2G(1+p

= 182 = (2 x70) (1+p)

= w = 0.30

Q.18 A horizontal shaft 12 m in length fixed at its is subjected to torque ends as shown in figure.
The reaction torque at the end A of the shaft is

o
A I ! D
50 kKNm </ b ¢ \> 75 kNm

| 5m le— 4m —<—3m —
(a) 10.42 kN-m (b) 35.42 kN-m
(c) 20 kN-m (d) 10 kN-m

18. ()

7 — z
. 50 kNm < > 75 kNm
| 5m | 4m <~ 3m —
! T, +T,=25 | | ()
i i TD —_— <—<—TD
i Ty -75—— le<—T,-75
T, <——] L~ 25-T,
Since ends of the shaft is fixed
0,p =0
O+ Opc+0cp =0
25-T.,)5 (T,-75)4
_( b) +(D ) +TD><3 -0
GJ GJ GJ
or, 4T, +5T, + 3T, =300+ 125
12T, =425
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= in_ 35.42 kNm
b 12
From eq. (i) T, =25-T,=25-3542

= -10.42 kNm

Q.19 A simply supported beam of span length L and flexural stiffness EI has another spring support
at the centre span of stiffness K as shown in figure. The central deflection of the beam due to
a central concentrated load of P will be

L | L |
2 : 2 :
P> p pr?
+_ —
@ etk ®) BEr i
P \(p I
(©) (48E1)(k) () Jggr *F
19. (b)

Compatibility condition is applied at the centre of span
Deflection due to point load - deflection due to spring force = Actual deflection

Pr* (kAL
= - = A
48E]  48EI
PI’ x 48E1
= A = 4SEI(48EI+ kD)
pr’
(48EI + kL)

Q.20 A hollow circular column of internal diameter ‘d" and external diameter 1.5d is subjected to a
compressive load. The maximum distance of the point of application of load from the centre
for no tension is

d 13d

@ 3 (b) 45

d 13d

© 7 (d) 9
www.madeeasy.in Day1 . Q.1 to Q.50 © Copyright: MADEEASY Page 13
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20. (b)

D; +D; (L5d)>+d> 3.35 _13,
©T 8D, = 8x15d 12 48

Q.21 Ata pointinbeam, the principal stresses are 100 N/ mm? and 50 N/ mm?. The stress in x-direction
is 65 N/mm? The stress in y-direction will be

(a) 35 N/mm? (b) 50 N/mm?
(c) 85 N/mm? (d) Cannot be determined
21. (o)
. 6, +0, = 0,+0,
100 +50 = 65 +o0,
= o, = 150-65=85 N/mm?

Q.22 For the loaded beam shown in figure. The magnitude of counter weight Q for which the
absolute value of bending moment is as small as possible is

12 kN Q 12 kN
A l T i ]
T C E D T
| 1.5m | 1.5m | 1.5m } 1.5m —=
(a) 20 kN (b) 16 kN
(c) 32 kN (d) 48 kN

22.  (b)
Due to counter weight an upward force Q is transmitted to beam at E.
Reaction at each support,

24-Q
YamVe = T3

BM at C=BM at D

(?) x1.5=(18-0.75Q) kNm

BM at E

(24-@
2

For the condition that maximum BM should be small as possible, the maximum sagging and
hogging BM should be numerically equal.

)x(3)—12(1.5) = —(1.5Q-18) kNm

www.madeeasy.in Day1 . Q.1 to Q.50 © Copyright: MADEEASY Page 14
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12kN 0 12 kN
A | T l ;
T C E D T
| 1.5m | 1.5m | 1.5m l 1.5m —=|
(18 - 0.75Q) (18 - 0.75Q)
® ®
©)
(1.5Q -18)
BMD
1.5Q -18 = (18 - 0.75Q)
2.25Q = 36
Q = 16 kN

Q.23 A cantilever of length [ carries a concentrated load IV at its mid-span section. If free end of the

cantilever be supported on rigid prop. The contraflexure point from the propped end will be
at a distance of

|
A C TB
| 1/2 ; 1/2 |
5 b 2
@ 3 (b) o7
3Z 8 ]
© 3 @ 5
23.  (d)
Since deflection at B is zero, downward deflection of B due to load W = upward deflection of
B due to Ry
1y Iy
o) M) oy - w
T (a)
3EI 2K \2 3EI
QL W
B 16
5 11
i = W-——W=—
Reaction at A 16 16
_ iw(i)
Now, BMat C = 16 5
www.madeeasy.in Day1 . Q.1 to Q.50 © Copyright:MADEEASY Page 15
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!

5
- 2wl |- =2
BMatA = ¢ (2)

There will be a point of contraflexure between A and C.

1 | ’

I 1/2 ; 1/2 I

2w
32

< 3/111 —| ®
3 ‘ © = 8/111 |
1A%

Let BM to be zero at x distance from B.

0

%W(x) - W(x - é)

2
11

Q.24 Consider the following three hinged arch

5kN/m
[o)
8

| 18 m } 18 m |

If this arch is carrying uniformly distributed horizontal load of 5 kN/m on left side, then
magnitude of horizontal thrust at A is

(a) 12.5 kN (b) 22.5 kN
(c) 15 kN (d) 30 kN
24.  (b)

5kN/m
T 18m—~—18m T
VA VC
www.madeeasy.in Day 1 Q.1 to Q. 50 © Copyright: MADEEASY Page 16
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Taking X Mg = 0 (Fron left)
2
VA><18—HA><6—5X26 =0
V,x18 = 90+6H,
H, .
V, = 5+T ...(d)
Taking, M. =0
V,x36+5x6x3 = 0
-5x6x3
= ——=-25kN
Va 36

Now, from eq. (i)
: H, = (25-5)x3
= -75x3=-225kN =225kN (=)

Q.25 The beams in the two storey frame shown in the figure below have a cross section such that
the flexural rigidity may be considered infinite. Which among the following is the stiffness
matrix for the structure in respect of the global coordinates 1 and 2?

@

»
' o

~
~

1 1
24E71 1 -1 24E7( 2 -1
@ T 2 ®) T a1
24E7( 2 -1 24E1( 2 1
© T la 2 d a2
25. (a)

For first column of matrix D, = 1.0; D, = 0
The shape of columns will be

1.0 unit
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Since there are two column.

12E1  12EI _ 24E]

24E]
f21 = 7 I3

For second column of matrix
D,=0;D,=1.0

The shape of the columns will be

24E1
12 N L3

24E 24EI _48EI

f 22 = L3 L3 L3
fu f| 24EIl1 -1
Stiffness Matrix = fn f =5 | 2

Q.26 Assuming the member to be inextensible, the degree of kinematic indeterminacy of the structure
shown below is

(a) 12 (b) 7
(©) 9 (d) 16
www.madeeasy.in Day1 . Q.1 to Q.50 © Copyright: MADEEASY Page 18
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26. (¢)
2 o ® 3
H, H,
1 4
L T
Method-1:
62 eHn eHZl 63
Ax, GHu 6H22 Ax,
Ay, | Axy, | Axy, | Ay,
AyHl Asz
D, = 14
If member is inextensible
Ay, = Ay, =0~ (-2)
Ax, = Ale = Atz = Ax, N(_?’)
D, = 14-5=9
Method-2:
By use of formula
D, = 3(j+j)-r+r.—-m
j=4j=2r=6r=2m=5
D, = 3(4+2)-6+2-5=9
Q.27 Flexibility matrix of the beam shown below is :
1 2
§=—L_
3EI|2 8
[
N I B C
L =
A
If support B settles by I units, what is the reaction at B ?
(@) 0.75 A (b) 3.0A
(c) 6.0A (d) 24.0A
27. (¢
We know that
Dy = Dy + FQ
D, is the final displacement matrix corresponding to the redundants in the actual structure.
Dgos = Do+ Do+ Dgp + Dyg
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D includes the effects of external loads (D), temperature (D), prestrain effects (Dp),
support settlements, etc.

F is the Flexibility matrix and Q is the unknown reactions matrix.

Assuming upward displacements as positive.

0 [0
Do = _o]; DQP:_O]
0 F_A
Dor = 0]; Dor =| EI
- | 0
o= 71| anta-[}]
Qs 0 Ve
Final displacement, D, = 0
Dgs +FQ = 0
= FQ = "DQS
= Q= - F1 DQS
I - A
Vi _ BEI 8§ 2 7
= Vel T a2 1,
[ V3 ] _ﬁx(_ﬁ)'s =211
Vo] T 4 Er)|-2 10
[V | 3A[ 8+(-2)x0
= Vo] T 4 |[(-2)x1+1x0
(V5] 3A[8
= _Vcd - 4: _2
3A
Vy = TXS =6A
3A
and Ve= 7 X(2)=-154

Q.28 Consider the following statements regarding the structure shown below
[Member AB is rigid]
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1. Degree of kinematic indeterminacy = 3.
2. The bar AB is stable if 2 kL > P.

Which of the above statement(s) is(are) INCORRECT?

(a) 1 only (b) 2 only
(c) Both 1 and 2 (d) Neither 1 nor 2
28. (a)

Give small horizontal displacement A at B
Overturning moment due to P about A
M, = PxA
The horizontal force which is trying to restore the bar back to its horizontal position = 2kA.
Stabilizing moment = 2 kAL
Bar is in stable equilibrium if,
M, > M,
= 2kL > P
Degree of kinematic indeterminacy = 1

Q.29 Consider the following statements about two hinged arches subjected to downward UDL.:
1. If one of the support settles down vertically, then the horizontal thrust remains unchanged.
2. If one of the support yields horizontally outward then the horizontal thrust is decreased.
3. If ambient temperature increases, then the horizontal thrust at support will increase.
Which of the above statements are CORRECT?

(a) Tand 2 (b) 2and 3
(c) Tand 3 (d) All of these
29. (b)

Q.30 The horizontal deflection for joint C in the given truss is [Take axial rigidity as 10000 kN]

»10 kN
2m
A B y
I 2m I
60 — 4042 b 60 + 4042
T ®) o000 ™
60(1++/2) 4 60(1-+/2)
9 0000 ™ @ o000 ™
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30. (b)
P-force system (in kN)
10
. . 10
~10v2
+10 Q 2m
A
10 < B X
+10
b
10 10
k-force system (in kIN)
D 1 C 51 —
2
1 0) 2m
A
1< B -+
1
R
1 1
p k L PkL
AB| 10 1 2 20
BC 0 0 2 0
CD| 10 1 2 20
DA| 10 1 2 20
BD | -1052 | V2 | 22 4042
3 PkL = (60 -+ 402
Using virtual work method,
X PKL
¢ AE
N (10x1x2) x3+(-10v2 x(~2) 212
< AE
_ (60+40v2)
10000
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Q.31 Two identical parabolic arches have their outer ends hinged with their inner ends resting on a

common roller. The horizontal thrust, when the arch AB carries a uniform distributed load w over
its whole span will be

@ g

© Ten

31. ()
In this case, the roller support B will move towards the right, say by &.
If instead of loading the arch AB, we apply the loading on the arch BD, the horizontal thrust at
A and D will again be equal to H. But, in this case the roller support B will move towards left
by 3.
Hence if both the arches are loaded, the horizontal thrust at A and D will be 2H.
Hence for this case horizontal thrust is given as:

= o=
8h
= H = w_12
161

This is the horizontal thrust when any one of the arch is loaded.

Q.32 A SDOF system consists of mass of 1000 kg and spring with stiffness 36 N/mm. The system
has damping force of 2 kN with velocity 250 mm/s. The value of damping ratio is

@) 1.5 (b) 0.67
(©) 3 (d) 0.33
32. (b)

m = 1000 kg; k=36 N/mm = 36000 N/m

Natural f —JE = P29 6 radys
atura requency, 0)n = m 1000

Critical damping coefficient,

€, = 2mm, =2x1000 x 6 =12000 Ns/m
Damping force; cx = 2000 N
cx 2000
= —=——=8000 N
= €T %025 s/m
c 8000
Damping ratio = "™~ 75040~ 0.67
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Q.33 For the given beam, the maximum shear force at section H, when a UDL of 4 kN/m of length
28 m moves from A to F, will be

A MADE EASYH
=
MADE
ERSY

India’s Best Institute for |IES, GATE & PSUs

4KkN/m
: 28 m |
A G BHC D E F
- B e
| 6m | 6m I4ml4mI 24m I 8m I 12m I
(a) 48 kN (b) 64 kKN
(c) 52 kN (d)58 kN
33. (b)
ILD for shear force at H is given as,
1 1
+ i +
4mI 24 m

So maximum shear force at section H is given as

= [1x4+%x24><1]><4=64kN

Q.34 Consider the following truss

10 kN 10 kN

— g

fe—4 m-—f<=—4 m—=
The force in member BC is
40
@ 2 kN () 3 RN (©
40 50
() 3 kN(T) (d) Y kN(C)
34. ()
Applying the method of joints, consider joint A, 10KN
YF, = 0 l
= F,psin6 = -10 A 9 Fap
P -10
= AD T gin@
50, .. 50 Fap
= PAD = —?kN = ?kN (C)
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2F. =0
= F,pcos®+F,, = 0
50 4 40
= F,,. = -F 0="—x—=—KkN(T
AB AD COS 3 X573 (T)
Now consider joint B
10 kKN
Fap Fge
FBD
Take XF. =0
= Fup = Fpe
40
= FBC = ?kN (T)

So, correct option is (c).

Q.35 The distribution factor of member CE for the following frame is

30 kN/m
C I
B 4m 2f 3m I E
2m
20 kKN —>| [{3m
2m b
L\
o
A
4 G
@ 13 ® 33
3
() e} (d) None of these
35. (a)

Joint Member K YK D.F

8EI 6

CB e 13

3EI 13EI 3

= b 3 3 13

4F1 4

CE 3 13
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Q.36 The horizontal thrust developed in a two hinged semicircular arch of radius R, subjected to
some concentrated load at crown is 20 kN. Now, if another semicircular arch is used having
same boundary conditions and same loading but cross-sectional area twice that of first arch,

then horizontal thrust developed in the second case will be
(a) 14.14 kN (b) 28.28 kN

(c) 6.36 kN (d) 40 kN

()

36.
For two hinged semicircular arch subjected to concentrated load P at crown,

P
H = p which is independent of area of arch

= §= 6.36 kN

T
Q.37 The slope deflection equation for member BC at join B in the given frame is

[0 is the horizontal displacement of joint B and C]

30 kKN/m
B

2EI

EI

4m

AET
My =225+
(b) Myc 3

4E1
(c) Mpc=+225+ 5

(d) Mpc =-225+ %

37.  (b)

EIl /

4m

| 3m
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—  2(2EI 38
MBC = MBC+ (3 )[293+9C— 30]
N % _ tan@ = 3
ow, 8 = - 4
38
o, = e
_ wl®  30x(3)°
= —— =" - 2)5kN
Mie 12 12 m

4E] 30
MBC = 225+ T(ZGB + GC - (—Z))
= 225+ E(ZGB +0c + 3—8)
3 4

Q.38 Consider the following frame :

M 5m
B C
2EI

4m|E]
2EI| 6 m
N
D
—

Which one of the following options is correct regarding above frame?

(a) My, = EI (8- 0,) () Mus =—(05-6,)
(c) Mpa= %(63 -04) (d) Mgy = %(93 -6,)

38. (b)
Applying slope deflection method,
Fixed end moments
Mpyp = Mgy = Mppe = My = Mpcp = Mppc =0

2EI 30
MAB = MFAB+ (ZGA + 93 —T)

L
0 - 4E10, , 2EI8; 6EIS
= B! 4 16
. 0~ E6,+ EI0; 31;18
3 EI®
“EIS = EIo, +—2L i
- g A ..(1)

2EI 1)
MBA = MFBA+ T(ZGB +9A —7)
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2EI 30
= T(ZGB +9A _Z)

- EI0g + El6s _3pps
8
EIB EI®
= Elfs+—"—EI6, ——~ [Using eq. (i)]
EI®; EI®, EI
=y Ty et

Q.39 A SDOF system of mass m and stiffness k is found to vibrate with a natural frequency of 15 Hz.
If the stiffness is decreased by 500 N/m and the natural frequency is reduced by 50% then
stiffness (k) of the original system will be

(a) 6000 N/m (b) 600 N/m
(c) 333.33 N/m (d) 666.67 N/m
39. (d)
Consider given two systems
—_— —X
I k I k - 500
m m
T T
Original system Modified system
Frequency of original system
= 2nx15=30m
. k
Now since w, = 4|
m
wh o< k

Wy, 2 k_2
w Tk

ni

2
[0.5wn1 k — 500

= Wy, - k
1 B k —500
= 4k
= k = 4k - 2000
N k = @:666.67 N/m
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Q.40 The magnitude of fixed end moment at support “A” of the fixed beam loaded as shown below

(a) Unsafe
(c) Just Safe

is
Ml MZ
N Ay,
R/ I
| L | L | L I
M, + M, M, + M,
(@) —5 (b) —
1 72
© 5 (d)
40. (d)
M, M,

Al — | 5

| \ §

f a f b |

f L |

My= =
M, x (2L)(3L - 3L) M, x (L)(6L - 3L)
M, = 2 + 2
A (3L) oL
2
SOV .
9L 3

Q.41 Consider the frame as shown in the figure. A moment of 80 kN-m acts at the joint O, given that
the support at B fails at any moment greater than 18 kN-m. Then support B is

L, EI

- /L, EI

L, EI

(b) Safe
(d) Cannot be determined
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41. (b)

3E]

Stiffness of DO = I
3E]

Stiffness of OC = I
4E]

Stiffness of OB = N

OA:0C:0B = 3:3:4
80 4 _ 32 kN
MOB = XE— -m

Mg, = %x Mg =16 kN-m < 18 kN-m. Hence safe

Q.42 A three-hinged symmetric parabolic arch is hinged at the springings and at the crown. The
span and rise are 40 m and 10 m respectively. The left half of the arch is loaded with UDL of
3t/m. The horizontal thrust at the springings will be

(a) 15 t (b) 20t
(c) 30t (d) 40t
42. (o)
3t/m

M, = 0

= V, x40 = 3x20x30
0

= Vv, = 5 =45t

V, = 3x20-45=15¢

Now, M- = 0
= Hx10 = 15x20
[Taking moment about central hinge from right side]
= H = 30t
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Q.43 The following two statements are made with reference to the plane truss shown below

Lo

I. The truss is statically determinate
II. The truss is kinematically determinate
With reference to the above statements, which of the following applies?

(a) Both statements are true. (b) Both statements are false.
(c) IIis true but I is false. (d)Iis true but II is false.
43. (d)

Degree of static indeterminacy

D, = m+r,-2j
Here, m=12,j=9and r,= 6
D, = 12+6-2%x9=0
Degree of kinematic indeterminacy

D, = 2j-r,-m

= 2x9-6-0=12

. Thus truss is statically determinate and kinematically indeterminate.

Q.44 In the frame shown in figure below, the value of My, will be (in kNm)

12kN/m
D ™~NAYNYY Y Y YY" YV Y Y\ F
21 E 21
I I I| 5m
A B C
f 5m | 5m |
(a) 12.5 (b) 25
(c) 50 (d) None of these
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44. (d)
Distribution factor,

Joints | Member | Stiffness | Total stiffness | DF
b DE 21/5 31/5 2/3

DA I/5 1/3

ED 21/5 2/5

E EB 1/5 I 1/5

EF 21/5 2/5

. FE 21/5 31/5 2/3

FC 1/5 1/3

wl?
FEM, Mpy = ——; = -25kNm

M, = 25kNm

Mg, = -25kNm, M, = 25 kNm
o My, + Mg, = 0
= No unbalanced moment is there at joint E.
= Mg, = 0

(SIS

]
N
31
= SIS
| m
5
sl

Alternate solution:
Since the frame is symmetrical about the member BE,
Rotation of joint EB will be 0

Therefore, Mg = 0
: Mg = 0
Q.45
(ED)gegry = 5000 KNm”
A ]
2m ¢
K,=1000N/m
50 kg
The fundamental time period of vibration of the system shown in the figure, by neglecting
the self-weight of the beam, is nearly
(a) 0.2 sec (b) 0.8 sec
(c) 1.4 sec (d) 2.8 sec
www.madeeasy.in Day1 . Q.1 to Q.50 © Copyright: MADEEASY Page 32

Delhi | Noida | Bhopal | Hyderabad | Jaipur | Indore | Lucknow | Pune | Bhubaneswar | Kolkata | Patna




PTQ Prelims Through
Questions

Ema0E ERsy Zd ESE 2021] [
2=l India's Best Institute for IES, GATE & PSUs

45. (o)
| :
EE k
@
kl
= = keq
kZ
3EI _ 3x5000x10°
kl = L3 - 23
= 1875000 N/m
k, = 1000 N/m
P kik, 1875000 x 100
€ k, +k, 1875000+ 100
~ 1000 N/m
_2n_ 2m 7t 50
Now, T, T, 1000
m
= 1.4 sec
Q.46 For the simple truss as shown below, what is number of members with zero force?
—2m-—f«—2m —|
2m
v
P
(a) 4 (b) 5
(c) 8 (d) 9
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46. (o)
2P 2P
E 2P
P
 /
P
2p P
P 2P
7
P 2P

Q.47 In the pin-end cantilever truss shown below, member FG had been fabricated 10 mm longer
than required. How much will point E deflect vertically?

F G H ] K

A B C D E
I% 4xa=4a —>|
(a) 10 mm (b) 20 mm
(c) 30 mm (d) 40 mm
47. (o)
F G H ] K

!
I

A B C D E

e dxa=d4n ————|

0V, = Vertical deflection of joint E

Pkl
ZE—Z"'S

8, = Elongation member FG = +10 mm
8 = 0 for all other member
k for member FG

A

%7 4xqg=4q
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Using method of sections

Cut F-G by (1)-(1)

Equilibrium of RHS of (1)-(1)
SM, = 0

= -Fpgxa+1x3a=0

= Frg = 3
So, OV, = 2k& = +3 x (10) = 30 mm

Direction: The following items consists of two statements, one labelled as Statement (I) and the
other labelled as Statement (II). You have to examine these two statements carefully and select your
answers to these items using the codes given below:
Codes:
(a) Both Statement (I) and Statement (II) are true and Statement (II) is the correct
explanation of Statement (I).
(b) Both Statement (I) and Statement (II) are true but Statement (II) is not a correct
explanation of Statement (I).
(c) Statement (I) is true but Statement (II) is false.
(d) Statement (I) is false but Statement (II) is true.

Q.48 Statement (I): A beam of circular cross-section is stronger in shear as compared to one of
rectangular section having same cross-section area.
Statement (II): For equal cross-sectional areas and shearing force, the maximum intensity of
shear stress in the section of a beam of circular cross-section is smaller than that for the
rectangular section.

48. (a)
For same area of cross-section A, the average shear stress will be same in both circular and
rectangular cross-section.
But 1, for rectangular section = 1.5q_

4
And 1 for circular-section = gqav

T =172
P
1

T o<
ZP

ZP | circular section > ZP | rectangular section

For more strongest section, polar section modulus will be large.

Q.49 Statement (I): The failure surface of an axially loaded mild steel tension specimen of circular
cross-section is along a plane at 45° to the axis of the specimen.
Statement (II): The failure occurs on a plane of the specimen subjected to maximum shear
stress and mild steel is relatively weak in shear.

49. (a)
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Q.50 Statement (I): The slope-deflection method is a stiffness method in which the joint displacements
are found by applying the equilibrium conditions at each joint.
Statement (II): The displacements at a joint of a member are independent of the displacements
of the member at the far end of the joint.

50. (b)
The degree of kinematic indeterminacy or the degree of freedom of a structure is equal to the
number of independent displacement components at all the joints. Thus displacement at member
ends are independent but moment or reaction is dependent on displacement components at

both ends.
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