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DETAILED EXPLANATIONS

1. (d)
Ma _Iayls
Mg = Iz L,
a Lo,
1702 =
2. (b)
Dg=3m+r,—3j-r,
=3x4+8-3x5-1
=4
T
T’ |
| . G
Q X '
Hinge
4. (b)
Degree of kinematic indeterminacy for a plane rigid frame having inextensible member is given by
D,=3j-r,-m
where m = Total number of inextensible members
Here, /=9
r,=3+1+2=6
m =10

D,=3x9-6-10=11

| 2

If three members meet at a joint and two of them are collinear, then the third member will carry zero force
provided that there does not act any external load at the joint.

Thus using this statement, we arrive at 8 zero force members which are highlighted by ‘0’ sign.
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6. (d)
K, = Force required along degree of freedom ‘1" to produce unit displacement in the direction of degree of
freedom ‘1’ and degree of freedom ‘2’ must be locked.

12E71
n= 3
7. (d)

Joint Member RS TS DF
31 3
OA | 2T 7
o o8 | 0 | FL ] o
1 4
oC T 7

Distribute the moments, on respective members,according to the distribution factor.
8. (c)
Maximum bending moment occurs when full span is loaded

B.M = %x16><3><2 = 48 kN-m

max

10. (a)
An indeterminate structure develops less maximum bending moment over the span. So it requires less
cross-section to resist and more economical from material stand-point.
It is not necessary that removal of ‘n’ redundants result in stable structure.

11. (b)

Apply unit load at point C in the horizontal direction. The truss is then analysed for this unit load and
member focus are formed out

.5 kN V;=0.5kN

At joint B:
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12.

and

At joint A:

(a)

P
Vertical reaction at both support = —

FBC
45°
FBA T
0.5kN
Fge x sin 45° = 0.5
FBC = 05\/5 kN
Fgo x cos 45° = F,
Fga = 0.5kN
FAC
45°
1 kN Fag
0.5 kN
Fac x sin 45° = 0.5
FAC = 05\/§ kN
Member k A (in mm) kA (in mm)
AB 0.5 5 25
BC -0.5V2 0
CA 0.5V2 0
> kA =2.5mm

2

Now, taking moment about hinge at crown from LHS = 0

=

P R

2

ExZ-nx(A-) o

H= e
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13. (d)
P B:- ¢
A ta
< ﬂD_\J’L
1 "y
VA VD
Mg =0
= HAXL=O
H,=0
o 2XF =0
= P-H,-H,=0
= HD:P
Since M, =0
= HyxL-M,=0
= My = Hp.L
M, = PL
14. (c)

Let the clockwise moment required to make the slope of the deflection curve equal to zero at Bbe M. Thus

M
a carry over moment of magnitude > will be induced at A in clockwise direction.

Taking moment about B=0
M
(2/ g/unit length
\jA;""“""T‘
qL”
8

A

e M,
= 8 o M =0
3 ql?
°pm o2 Y=
= 2 8
2
15. (c)

(EI), — =, means beam will not bend any more because its flexural rigidity is infinite so, column AB will
behave as a column shown in figure below
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As we know that

Now

16. (c)

. A A
P > c
A D
24E]
[
3
Ao B
24FE1
6EIA
MAB= /2
_GEL PE_PL
T2 T 24E1 T 4
1 kN
I & )
I 1
A B
| 4m |

Applying unit load in the direction of 1

Deflection at B,

Rotation at B,

. 1% 43 64
1T 3EI T 3Er
P 1x4° 8
207 2FI T EI

Applying unit moment in the direction of 2,

Deflection at B,

Rotation at B,

f_1><42_i
25 2F1  EI

x4 4
oo x4 4

64 8
3EI EI
So, flexibility matrix = 8 4
EI EI

1.0 kN-m
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17. (c)
w/m
AIVVVVCVIVVVVVIIB
If support B settles by A then
w/m
A B -T'
\) A
6EIA
/2 /9‘1‘
6EIA
12
wi?
FEMatB = —
12
o 6EIA
= Moment due to sinking of support = 2
For zero moment at B.
Wi B6EIA
27
wi
= A= 72E;
18. (c)
50 kN
B |
1 5
A B c
Using Maxwell’s reciprocal theorem,
Deflection at middle of span BC
84 S, 0.05 0.02 )
_ -2 - x 30— x20| m
= 5030750 ( 50 50
=0.022m
19. (a)
Mab = Mba =0
_ —-60x3
i, = BX — 22,5 kNm
M= M., + 21;:1(21;3 iy _$) where | = 4 m
= lEIlb —§E18
2 8
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20. (b)
H= 1280623004 199, 80 g0 _ 190
T I I T
21. (a)
— 6 x 3% x 1
Mga = +4—2=+3.375kNm
— 1
My, = Maa +ZTEI(295 +0,) = +3.375+ E1(205 +0)
= 3.375 + EI0,
(Note that the frame and loading are symmetrical).
22. (c)

-H,x4=20
H,=-5kN
H, = 5 kKN«

Hpx 4 =20 +30

I
20
50

Hp= == 125kN «

H,+Hp=5+125=175kN
P=17.5kN
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23. (a)
(i) When we provide unit deflection in the direction of (1)
A=1 A=1
6EI f— ! fe—

6ET

ki=
6EI
Kip = 2

6EI
ko= "2
3E(2I) 3EI 9EI
= + =
22 L L L
6EL _BEI 6
3 2 EI| — -6
Stiffness matrix, k = éE gé =—| L
_BEL 9Bl | g g
L2 L
24. (b)
_ 16x8
Masg = — 5 = —-16kNm
16x8

When supports ‘B’ sinks by 1 cm,
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MBA:O

Mg, = Msa +—2fl(2e,3 —3—Aj

/

2
0= 16+M(2% Y
800
0y = -0.112
2E] 3A
MAB = —16+T(26A +BB —Tj
2
— _16+M(_0112_3XL)
800
M,5 = —24.1 kKNm
25. (a)
M, =0
= RGx1O:20><5—20><5
= R;=0
From method of section —
R, = 20kN
X
20 kN B c _
5m
F E
A o D —+—
AN /
X
| 5m 5m 5m I
A 4 5m
20 kN
G X
B
20 kN < p— Fye
F FFC
A): l » Fre
T 20 kN
20 kN

Taking moment about F,
20x5-20x5+ Fgrx5=0

Fge =0
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Alternatively,

by inspection, R;=0 {BM = 0}
Force inmember EG = 0

Forces in member ED and CD are already 0.

Thus, member EFand EC is zero.

Similarly, forces in members BC and CF are zero.

Also, force in member AF =0

26. (b)
VA
H 1
|I<—20m 40m |
\
1000 N
V=0
V,+ V, =20 x60+ 1000 = 2200 N (1)
Taking moment about C of the forces on left side of C,
2
V,x 20 = 4+ 20X20°
2
H
= V, = €+ 200 -.(ii)
Taking moment about C of the forces on right side of C,
2
V, x 40 = 14H+%
7H
= V, = E+4OO ... (i)
Adding equation (ii) and (iii), we get
11H
V,+V, = —— 0 ——+600
11H
= ——+600
2200 = 20
= H = 2909 kN
Substituting in equation (ii), we get
V, = % 200 = 2909 +200 = 781.8kN
V, = 1418.2kN

Maximum tension —

= W2+ H2 = J(1418.2)2 + (2909)2 = 3236.29 kN
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27. (b)
Fixed end moments —
2
Mo = szb = 24KkNm
MBC =0
Slope deflection equation —
Mg, = 24+2—§1[265] = 044 3185
2EI 4E1 65
Mee = =57 1205) = =5~
Apply joint equilibrium condition at joint B,
Mgy + Mg =0
4E16g 4EI6g
24 + + =
- 5 3
0. - -11.25
- 8% TEI
28. (a)
Let force ininclined member and horizontal member be F, and F, respectively.
V=0
F,sin45° = P
= F, = 100v2 kN = Py2 kN
YH=0
F,cos45° + F, =0
R £ = <1902 io0in - -k
V2
Strain energy of the truss is given by,
U= Uyp+ Uge
Fflac  Flgc
U= ——=+—=—=
- 2AE T 2AE
5 2 _( 3000
(v2P) x 3000 (=P)"x (\@
= U= +
2AE 2AE
2P? x 3000 . P? x 3000
= U=""24€ 22 AE
3000( ., P? ) 3000P?
= P< + = 1.3535
- U= "aE [ 2J2 j aE | )
oU 6000P 6000 x 100 x 1000
= —=—-—(1.3535) = 1.3535
- 8= 35~ A | ) = “a000x2xio® | )

6= 1.3535mm ~ 1.35mm
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29. (a)
Influence line diagram —

of——Yolo

Position of load for maximum positive BM at C

100 kN/m
b % E

C B

Position of load for maximum negative BM at C

m kN/m 100 KN/m
E

C B

Maximum positive BM at C,

= +100><%><5><%= +300kNm

Maximum negative BM at C,

= - 1OO><1><2><§+1OO><1><§><3 =—300 kNm
2 5 2 5

Required ratio = 1

300
30. (0)
_swe
96 EI
" g SEIA BEISWE  5WL
oment at B, 2 = 9Bl2Er 30
A B C
0.5 0.5
WL WL WL WL
12 12 8 8
_SWL | SWL
32 32
WL T WL WL
12 96 32 8
WL WL WL WL
+t— @ — | —— «——
12 24 16 8
0 _Wi_w
32 32
WL | WL
32 32
0 0 0 0 Final end moments
Therefore, moment at Bis 0.
EEEE
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