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DETAILED EXPLANATIONS

1. (d)
2. (c)
POC POC
2 3
poc \! 4/poC
4 points of contra-flexure.

3. ()

FBD:

2M,
2M, L
A C J_l Bw
L
| L/2 A Mo
2M, ! |
L 2M,
L

S c factor = Moment of A _2M, ’

o arryover factor = Applied momentat B M,
4 (c)

_ _laxa? 6 kN
Mpcg = ~ 12 - m
Mep + Mgy = 0
4 4
)

- ¢ H

5. (d)

For static equilibrium in a space structure equations to be satisfied are,
2F, =0,2F =0,2F =0
M, =0,ZM, =0,EZM, = 0
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6. ()
7. (d)
8. (b)
9. (d)
48E]
Stiffness of beam, k, = 3
48X1—6 it
k, = 3 " uni

Equivalent stiffness, k,,

1 1.1 3
= —+-—=—
keq 6 12 12
(Because, beam and spring are in series as there deflection is different)

keq = 4 unit

10. (b)
The maximum bending moment for any position of load occur under the load. So the equation for
maximum bending moment is

Thus the ILD for maximum bending moment is parabolic.
This is also called envelop of maximum bending moment.

11. (b)
Members of truss can be of different cross-section.
12. (c)
Let the vertical reaction at A and B be V, and V/, respectively are horizontal thrust be H.
M, =0
= Vpx12-8xP =0
2P
= Vi S
2__ P
= v, = P-3P=2
M- =0
= 6xV,-4xH =0
6V,
= H = 4
H - 6xP _P
- 4x3 2
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13.

14.

(b)
At joint B,
Joint | Members | Stiffness | Total Stiffness | Distribution factor
R 3
B L 7EL 7
BC 4ET L 4
I 7
) WL
Fixed end moments, Mpg- = _T
WL
Mrcg = *7g~
Distributing (-Mg-) to My, and M. Final moment will be,
3 WL
My, = 7575
WL 4 WL  3WL
Mpe = ——g Fo X =——F—

and carryover of distributed moment of member BC is

14 WL
Mes = 2\7% 75

WL  2WL _9WL

So, final moment, Mg 8 56 56
_awL
; Mpc 56 __1
o, Mcp - M 3
56
) 1
Magnitude = 5

(b)
For two-hinged semi-circular arch with load W applied at any section, the radius vector
corresponding to which makes an angle 6 with the horizontal.

H = msiHZG
T
T
With load at crown, 0 = 5
w
SO, H= —
i

www.madeeasy.in © Copyright: MADE EASY



[ MADE EASY B - structural Analysis | 11

Indig’s Best Institute for IES, GATE & PSUs

15. (¢)

Circular frequency for damped condition is

Wp T @, 1_(8)2

\/zxxll—ez
m

) \/21><103 x\/l—(i)z
®p 32 100

o, = 25.6 rad/sec
Wp _ 25.6
] = = =4.075 Hz
Cyclic frequency, o on . om
16. (a)
wl _15%150
Vertical reaction; V = ST 5 ° =1125 kN
2 2
Horizontal reaction; H = b= 12X190% _ 10 75 N
orizontal reaction; o 8310 .
Maximum tension = T, = \/V2 +H? = \/11252 +4218.75%2 = 4366.17 kN
Minimum tension = T _. = H = 4218.75 kN
T . -T.. =147.42 kN
17. (a)

For member ACB,
Moment at X, M

X

PR - PR(1 - cos 0) = PR cos 6

J- M2ds 7 (PRcos6)”Rd0
2EI 2EI

Strain energy stored, W, =

O —

T

El 4

T
2R3 2 P2R3
P°R
P J.COS 0d0 =

i

Vertical deflection at O due to member ACB,

1A _n PR
OP 2 EI

For member OB,
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R

. M2ds Px) dx
Strain energy stored, W, = _[ SF] _[
0
P’R’
Wi = TeEl
Vertical deflection at O due to member OB,
5 Wi 1 PR®
" 9P 3 EI
n 1)PR’ PR’
ion = | =+ |—=1904—
Total deflection ( 2 3) El EI
18. (d)
Apply a unit load at joint E
B C
60°
A 3 | g 2D
) v 1
0.5 kN 1kN 0.5 kN
8, = ZK(LaAT) (1)
At joint A; 2F, =0
= 0.5 - K, sin 60 =0 ks
K —_ L 1 !
= 3 (compressive) ., . -
----- k
Also; K,; = K, (Due to symmetry) e
From (1) 0.5kN
1 -6
5. = | =%x2x12x107" x20 | x2 m = 0.55 mm
W
19. (d)
20 kN 20 kN
Lo
c = A A > 40 kN
8 m
Fye 0
FBE E
N

Cut a section through BC, BE and EF

2F, = 0; = 20+20+Fpcos6+Fp-=0 (1)
M, = 0; = Fp-x8+20x8=40x8
1
= Fpo = 20kN; (sin @ = cos 6 = E) (.06 =45
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20.

21.

22,

23.

From (1);

FEP

Magnitude of Fp,

(b)

~60v2 KN (-ve ie. compression)

60+/2 kKN

Since, more moment will get transferred to the fixed ends due to decrease in stiffness of middle

half.
(©)

As per Muller Breslau principle, release the reaction at A and a unit displacement is given to

primary structure at A.

(b)

Since beam is symmetric
Vertical reaction at A and Bisie. V, = V, =50 kN

Taking moments about C

(c)
*  Due to load

* Due to sinking of support

M, = V, x4=50x4=200 kNm

4%
|
|
I L
WL _
Mg, = 8 (clockwise)

MF BA

So fixing moment at B,

Mgy =

6EIS _ 6EIxWI®

12 [2x48E] (anticlockwise)
WL

8

%(ACWH%(CW)

0

N
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24. (b)
Due to sinking of support A,

¢
L

o R = Rl(‘l’) + Rz(T) =R,-R; <R,
Hence, reaction at C decreases.

me—0

Due to load P

—

F—>'0

25. (b)
100 KN —»~
5m
12E18 \AJ
B
12EI8 12EIS
IE + e = 100
24EI3
= g = 100
6EId
MA = 12
_ 100 x | _ 100 x5 195 KNm
4 4
26. (a)
ILD for SF at C is shown below
A C B
0.6
I
0.4

ILD for S.F. at C
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1
Maximum S.F. = > x0.6x6x15

= 27 kN
27.  (b)
40 kN/m 5
YV
AR ; ! A
4m : 4m : 12m
12/20]
g ®
4/20]
! ©
8/20
When head of UDL is at 8 m from A,
SF = 40 i+£ ><1><4=48 kN
20 20 2
28. (b)
SZ
Sl Bl BZ
j = (5+1) (B +1)=Number of joints
m = S(B + 1) + BS = Number of members
r, = 3(B+1)
D, =3j-r,-m
D, =3S+1)(B+1)-3B+1)-5B+1)-BS
= S(B +2)
29. (b)
30. (d)

© Copyright: MADE EASY www.madeeasy.in



