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DETAILED EXPLANATIONS

1. (o)
For joint B,
FBC
FAB—§B
RB
Now, ZFV=O = F,;=0
2. (a) ‘

D, =3j-r,-m
Given that members are not inextensible i.e. members are extensible,

= m =0
D, = 3x4-(3+2)
=12-5=7
3. (d)

60
Moment induced at A > Half of moment applied at B = 5 30kNm

4, (c)
Slope deflection equations can be written for
Mg, Mgy, Mo, Mg, Mcp, Mpe, Mg and M.

5. (a)
BMD
2 POCs
Q R
\_/
P s
6. (a)
7. (a)

When there is a rise in temperature, the length of the cable increases and dip increases. The
relation between change in length of cable and the dip is

3 1
AL
Me = 16y,

Increase in temperature leads to increase in length of cable and hence dip.
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8. (d)
Castingliano’s first theorem,
u o
oA j ]
Castingliano’s second theorem,
u _
op; ]
9. (d)
o 0 o
10. (a)
B
gSin
B
C C
cCOs
As length of member will not change because members are inextensible,
Agsin® = A.cosd
= Ao = Agtanb
4Ap 4
= Ac= 3 73"
11. (a)
Applying, Work done by load = Strain energy stored in beam
Strain energy stored in beam= U, + Uyp
2
T(3x)2 de F6Pdx 9 3 36 [* 9 8 36 84
- +J. =—— +—x ==X—+-—xd=—
., 2EI 2EI 2EI 3|, 2EI |y 2 3EI 2EI El
1 84
—XPxA = —
- 2 EI
1 84
—X3XA = —
- 2 EI
56 3
= —x10° =5.6 mm
= A 104
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12.  (b)
2
M, = (sin® - sin?0)
For maximum bending moment,
M,
do.
R2
(cos —2sinBcosO) = 0
= cosO(1 - 2sinB) = 0
1
= cos® = 0= 0=90°and sin9=§:>9=30°
0 = 90° (Rejected as BM = 0)
6 = 30°
~wR? (. : ~wR? R?
M, = =2 (sin30° - sin? 30°) = =2 or “2— (Hogging)
13. (a)

Let the applied moment M be clockwise in direction.

FBC

MFCB

12x5?
12

25 KNm

= -25kNm

10x4
8

5 kNm

=-5kNm

Using slope deflection method,
We know that, M, + M- =M

Mg,
My
Mg
= -5
= GC

Substituting (iii) in (ii),
My,

MBC

2E(2I
+25 + #[2%0 +0 AJ where 0, = 0 (End A is fixed)

+25

2EI 0
—5+—[2 +0 ]
1 05 +6c

-5 + 0.5EI [6,]

. ()

. (i)
0= 5+%[29C + 97" |

2EI
—x26
4 C

5

= ... (i)

25 KNm

5
-5+ 0.5EIX(—E) =-5-25=-75kNm
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Mg+ Mpe = M

LI

25+ (-75) =M
M = 175 kNm
14. (a)
a1°
[
A i C
ky = 732 9
kg
C
|
|
6EI
32
o _ EL_6EL_2. 3. SE
43 9 4 3 2 6
] kﬁ _—6EI/9 4 B
Rath = k43 - _5EI/6 = g_ 0'8
15. (b)

As per Muller Breslau principle,

I 50kN 50 kN
1 1m
| 2m

BM

max

From As PTQ and QSR

Il
(6}
o

X
=
+
a1
[«)
X
<

- 1
- = : =
> X
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Using ASVR z 7 :>1_ZZ> 3
ing 1 41 a3 Y7y
50x1+50 > =87.5kN
BMmux X1+oUX Z =0o/. m
16. (d)
Let [, and [, be the distances of point C from A and B respectively.
L fE
I, 9 [Property of parabola]
= 3L, = 2I,
= l, = 151,
Also, L,+1, =30m
= [, + 1.5, = 30
= [, =12m
So, L, 18 m
Now, VotV 50 kN
Mg = 0
= V,x30+H, x5 = 50x DB
DB = BC+CD=18+5=23m
6V,+H, = 230 kN (1)
EM = 0 (from left)
=V, *x12-H, *x4-50x5= 0
= 3V,-H, = 625 kN
62.5+H, y
Vi 3 ...(i)
From eq. (i) and (ii),
. 6><62’5;HA+HA 30
H, = 35 kN
17.  (a)
P-System of forces
Consider joint C,
2F, =0 Py
= P, sin 45° = 50
50 45°
= P ——==70.71 kN C
“ (142) Pey
50 kN
XF. =0
= P, cos45°+ P, =0
= P.p = -P., cos 45°

© Copyright: MADE ERASY
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1
= —70.71x—==-50 kN
V2
As unit load to be applied will be in the same direction of 50 kIN.
So, kea = 2
kg = 1
Members | P k | L PKL
AC 7071 |2 |4V2 |  565.68
BC =50 | -1| 4 200
XPkL =765.68
765.68
Hence, Aye = AF

To find horizontal deflection, apply unit load at C in the horizontal direction.

kAC
kBC C 1
kac =0
kpe =1
>PkL
So, Aye = E:(PAC ke LAC)+(PBC ke LBC)
_ 04 (B0)x()x4 200
- AE AE
Ayc 765.68
So, Required ratio A 200
18. (d)
wl? 16 x 4*
= ——=-"=-2133kNm
Mryp 12 12
M. = wl' _16X47 51 531 Nm
FBA T 12 12 '
wL 20x 4
wL 20x4

www.madeeasy.in © Copyright: MADE EASY
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19.

Consider B as rigid joint.

Joint | Members | Stiffness | Total stiffness | DF
8EI
BA — 0.67
B 4‘; : 3EI
BC — 0.33
4
Joint A B C
DF - 0.67 0.33 -
Fixed end moment | —21.33 21.33 —10 10
Balancing moment - -7.59 -3.74 -
Carry over moment | -3.79 — — -1.87
Final Moment (kNm)| -25.12 13.74 -13.74 | 8.13

20 kN
) 16 kN/m —-) 5 l c
R 25.12 13.74 % R 13.74 8.13 7
| 4m | f«—2m—>f<—2m—>
Considering AB: Mg = 0
=R, x4-2512+13.74-16 x 4 x 2 =0
= R, = 34.845 kN
Considering BC: Mg = 0
-Ro*x4+20x2+813-13.74=0
= R. = 8.5975 kN
So, SVertical forces = 34.845 (T) + 8.5975 (T) - 16 x 4 ({) - 20 ({)
= -40.56 kN

So, an upward force of 40.56 kN (T) is required at B to prevent deflection of B.

(b)

3E] 3x25x10°
T 5
As spring and beam are in parallel,

Stiffness of beam = =60 kN/m

3EI
ky = k+k+=5= =40+40+60 =140 kN/m
10000
= 10 kN =—+-—-=1019.37 k
Mass, m 9.081 g
[k _ [140x10°
= === =1172rad

Therefore, angular frequency, ® - 101937 rad/s
Now, V = Ao cos (ot + 0)

© Copyright: MADE EASY www.madeeasy.in
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2 2
yo + Wy, 57 + 135 0 12.56 mm
® 11.72

Here, A =
tan @ = Yo 51172
Vo 135
®
= 6 = 0.409 rad
Hence, velocity, V = Aw cos (of + ) =12.56 x 11.72 x cos (11.72 x 2 + 0.409)
= 41.68 mm/s
20. (b)
A B B C
5m
3m
12E1  12E1 12x3240  12x3240
k = 3 3 = +
Gy ©) 125 27
= 311.04 + 1440 = 1751.04 kN/m
m
= 2m, |—
N
= 21 %
\'1751.04x10
= 0.0212 sec ~ 0.02 sec
21. (o)

Applying Betti’s theorem to system (I) and (III)
20(0.001) + 10 (0.008) = 10A, + 20(0.003)
= A, = 0.004 rad
Applying Betti’s theorem to system (II) and (III)
5(0.004) + 20(0.008) = 10(0.0015) + 20A,

= A, = 0.00825 rad
: A+ A, = 001225 rad
22.  (a) A B C
2T cosO + T, = W
L _W-T
= 17 2cosO

Strain energy stored in the wires,

2 2
PPL_T3l oo 11

U, = Sl S =
1 2AE 2AE 1 cos62AE
2 2
_ T3 (W-T I Bt
2AE 2cosO | AEcosO

www.madeeasy.in © Copyright: MADE EASY
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3 (W-Tp)l
2AE  4AEcos®®

aui_o 0 = TLZ_Z(W_TZ)Z
o, AE  AEcos®®
W
I = 1+2cos> 0
23.  (b)
The ILD for shear force (S)
200 kN 50 kN
A 1m C 3m Im p
4m
A B
0.8 +)
0.2
)
0.2
08 _ x 0o
1 -1 = x=0.

Maximum shear force at C,
= 200(0.8) + 50(0.2) = 170 kN

24.  (c)
Give unit displacement in the direction (1)
4EI/L
]
2FI/L
4EI
=
2EI
ko =
Give unit displacement in the direction (2)
ys D=1
6=1
4El | 4El
1 L L
2EI 8EI
ko= k=
4EL 2EI
. The stiffness matrix [k] = L L
2EL SEI
L L
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25.

26.

(0)

The arch is shown in figure above,
Taking moments about B,

M, =0
V,x24-30x12%x18-50 % 6=0
= V, = 2825 kN

Vp = 30 x 12+ 50 - 282.5 =127.5 kN

XM = 0 (From right)

Vpx12-Hx4-50x6 = 0
- o = 127'5X1Z_50X6=307.5kN
Now, at 6 m from left support, y = %x(L—x)=42:24><6(24—6)=3m
Also, % = %(L—Zx)
Atx=6m, Z—Z _ tane=42%24(24—2x6)=%

Cose = i SII‘19=L

V10’ J10

Radial shear at a section 6 m from left support,

Q = VcosO - HsinO
V = Vertical shear at x-x = V, - wx =282.5-30 % 6
= 102.5 kN
1025 X —— — 307.5x —— = 0
Q= T T Mo

(b)

Here degree of freedom is 3 i.e. the rotations 05 0, and 0,. But due to symmetry, we have 0,=-6,
and 0. = 0. For analysis of the frame as shown in figure above, only half as of the given structure
is considered and 6. = 0, therefore only 0; is the only unknown.

www.madeeasy.in © Copyright: MADE EASY
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60 kN/m
C
B 4m,]
4m|]
Al
Joint equilibrium equation,
Mgy + Mpe = 0
Fixed end moment: Span AB
Mpap = Mppy =0
Span BC:
60 kN/m
C
B 4m,]
2 2
wL®  60x4
MFBC= _W=T=32kNm (6A=O,A=O)
2EI 3A
MBC = MFBC +T(26A +GB —T)
s+ B )
2EI 3A
MBA = MFBA +T(293 +6A —T)
= sa = EIOg . (B)
2EI 3A
MBC = MFBC +T(ZGB +9C —T) (eC =0,A= O)
= -32 + EIo, - (V)
2EI 3A
MCB = MFCB +T(29C +0p —T)
T
2
Now, from equation (i),Mg, + My-=0
= EIO; - 32+ EI6, = 0
= Elo, = 16
Now, from equation ()
16
Mg = 48+7= 56 kNm
© Copyright: MADE EASY www.madeeasy.in
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27.  (b)
s (DA
24ET
iR L O
6EI(2) 12EI
2 2
L
24ET
L3
\_/A 6EI(2) 12EI
7 Tz
24FE]
ky = 3
R o =24
28.  (b)

Using slope deflection method

Equilibrium equation at joint B is:

Mgy, + My +10x3+12x3x15 = 0
= %(2eg)+%(293)+84 =0
42
= O =
29.  (d)

Area under free moment diagram

= %x 2x370.02 + % x 2% (370.02 + 332.18) + % x2x332.18

Area under fixing moment

% X 6% (M, +228.29)

= M, = 239.843 kNm ~ 239.84 kNm
30. (o)
| 4m |
Al < B
| i
| 8m |
//\1
Yy
Ay =0
3 2 3
x X RiL
= e TaEr Y T 3R (x=4m, L=8m)

www.madeeasy.in
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3 2 3
2L oy = BuxE
3 2 3

R, = 0.3125 = Ordinate of ILD for R at C.
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