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DETAILED EXPLANATIONS

1. (a)
s PL
- AE
8 = 8- = 0y = 0.8 mm
5, = nPCI x 2000 x 1000 — 08 mm
~(60% -50?)x 10°
4
= P, = 11nkN
P, x 2000 x 1000
85teel = ; ST 0.8 mm
—x50°x2x10
4
= P = 50mkN
: P = Po+ P, = (11n+50m) kN
= 191.64 kN
2. (b)
P, = Pcos50°
B
! p
P =——= 60mm 5
| a0
A
_ Pcos50° o 40° = 60
%4~ ABx120 ST AB
Gi < 100N 2 AB = 60
iven, c,< /mm = = eind0°
P cos50° 100
= <
( .60 jleO
sin 40°
100 x ,60 x 120
N P = sin 40°
cosb0°
P = 174259917 N ~ 1743 kN (say)
3. (a)

Consider corner A,
Shear strain, Y = 0,01 0,5
Rotation angle of AC + Rotation angle of AB

48%x107° s 6.4x107°

=1.6 x 103
6 8
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4, (c)
Tmax _ 3
Tavg 2
p o max T Tavg g0
Tavg
ér -1
avg avg
= p=2"" ""x100
Tavg
= P = 50%
5. (b)
hear fI !
S , =
ear flow 9= 24,
where, T = Torsion
A, = Area enclosed by the median line
_ 8.75x10°
77 2x22500
= g = 194.44 N/mm =~ 194.4 N/mm
6. (c)
We know that at internal hinge deflection will be same at just left and right of hinge.
So,
I w per unit length RCl I
A I C C I B
Ix.
I L | I L |
wl* R ,
Cent = ger 3 0
R 3
(SC)right‘L = 3E ...(ii)
So from eq. (i) and (ii)
wl' RLC  RL
8EI  3EI 3EI
2RLC  wl'
- 3EI 8EI
3
= R, = RWL
7. (c)

For rotation at A, we will solve it by moment area method.

M
So I diagram of given beam AB is as shown below.
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PL PL
3EL : 3EI
. M g
| ! + I diagram
A C B
le—L/3——=L/6~

M
Area of I diagram between A and C

9
o
<)
0
>
I
D
a
|
D
>
I
|
D
>
I

1 PL L L_PL
D, = X X—F—X——
A2 3EI 3 6 3EI

Pr? . Pr*  pr2
94 = 18EI T18EI T 9ff

PI?
- GA = ﬁ(cw)

8. (a)

sz

—p

1

The maximum shear stress will occur at 45° plane from principle plane

2 .2
So, Og45 = 01€0s"6+0,sin"0

P P2 Pt

2 2 2
_ P1i=P
Tess> = o
So, resultant stress, p, = Jo?+1
_ \/Pf + 73+ 2p1py + i +P3 = 201py
4
_ |pi+p;
2
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9. (c)
Torque at distance x from free end
x k' kx®
J Tdx=| —dx=—s
0 02[ 6L
Now take small element at x i.e., dx
T, dx
So, ao, = G
s 1L
) ) 0. = Lkx” dx | kx
On integrating, O = J. x —_I.O 6?G_] = m
0
kL?
= 8 = 24G]
10. (a)
Free body diagram is shown below,
R,~ —R,
A C
(R,-13.6) = — (R,-13.6)
C D
(408 -R,) — ~— R,
D B
R,+R, = 40.8 ..(1)
Total change in length = 0
So, Spc tOcp tOpp = 0
R, %100 N (Ry—13.6)x200 (-R, +40.8)x300 0
AE AE AE -
= R,+2R, -272+3R, -122.4 = 0
= R, = 2493 kN

=
1l

So ratio of magnitude of reactions i.e., R_B =

(40.8 - R,) = -15.87 kN

24.93 _ 157
15.87
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Alternatively:
A C D B
100 mm 200 mm ' 300 mm '
_ 13.6x500 N 27.2x300 24 93KN
A 600 600
R = 27.2x300 N 13.6x100 _15.87kN
B 600 600
R, 24.93
i - | = —/——==157
Ratio of [RB J 15.87
11. (a)
A - R_w' RP
B k 8EI 3EI
w
EI A B
Since, k=73 1 I
l R |A
N
RE RP_ wl | L
EI  3EI 8EI .
R = 3wL
= )
12, (¢)
.. c_Y -5
= —=<-=30x10
As it is given that, € ™R
-5
So, 1 = 30107 mm ™! =100 mm™!
R 30
c
Also, in pure bending, ; = % = % = constant
For 6 ../ Y. Das to be used
E 200 x 10°
So, Omax — Eymax = R MPax ymax
= O = 200 x 10% x 10 x 50 MPa
= max = 10 MPa
13. (b)

Principal strains, €0

ey +Ey

] ]
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2 2
800 + 200 + (800 - 200) N ( —600) %10-6
2 2 2

g, = 924.264 x 10
g, = 75.74 x 10"
Thus major principal stress is,

_200%10°

-6
= €1 +tUey )= —5—(924.264 + 0.3 x 75.74) x 10
o, 1_M2(1 2)=" o5 )
= 208.13 MPa ~ 208 MPa
14. (b)
Let the forces induced in aluminium and steel rods be P, and P, respectively.
Now, P, +P, =W
Balancing moment about the point where aluminum rod is hinged we have,
Wx1 =P x3
bW
= <= 3
But P +P =W
W 2w
- W-=21
= P, 3 3
For the beam to remain horizontal, elongation in both the rods must be equal in the vertical
direction.
P{ll{l _ ‘pSZS
AuEa ASES
ﬁ P, ulaEs
= AS - IDSZSE{Z
2w
A, _ "3 ) 2000 200
= A= X —— X ——
s (W/3) 3000 70
All
= — = 3.8095 ~38
AS
15. (¢)
M2dx
Strain energy due to bending = J 2% T p
| N
Since it varies with square, we can’t apply principle of superposition.
q pply princip perp | W
T (=Px - M, )* dx ? P2 + My +2PxM, M,
2EI B 2EI
0 o
L
2.3
= 1\ Px +M§JC+PM0x2
2EI| 3
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P21} N M2L N PM, 12
6EI = 2EI = 2EI

16. (b)
6, = 50 unit, o, = 40 unit, Toy = 20 unit
2
G, +0 6, -0
G, = "2 y_\/( xz yj + Ty
2
. o, - 50;40_\/(50240) 02
= 45 - 20.615
= 24.384 unit
17.  (b)
y
v
n’)% / /I
Vi /
&
=
“<Ja=30° '
o )
6 = -30°
Considering 2" loading,
6, = 0MPa
o, = 0 MPa
Toy = 4 MPa
Gy =0y )
TS T T sin20 + 1., cos26
0=0) in(90° - 30°) + 4cos(90° - 30°
- L sin(90° — 30°) + 4 cos(90° — 30°)
= T, = 0+2=2MPa

When both loads act simultaneously then,

(Txy)net = (Txy)lst loading + (Txy)an loading
3 MPa +2MPa =5 MPa
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18. (a)

Using moment area method,

Deflection at free end B,§,=

19. (b)

Area above x-x axis,

<

273 | PL,PL
2EI 4EI

L L[S}
_+_ —
2 6|3

L, oL _14L 7L
2 18 18 9
3PL? 7L _7PL°
16EI ~ 9 ~ 48EI

pr®* 7pr® 9 P> 3 PI

+ -2 ==
24E] 48EI 48 EI 16 EI

VAY
I

100 % 4 mm? = 400 mm?

35—£=33mm
2

1600000 mm?, b = 100 mm

10 x 10% x 400 x 33

1600000 x 100

=0.825 MPa

BMD
PL
|~—1L/2 | L/2
A C
Mdiagram L
EI 2E(2I)
A2 Ay
PL _PL_
EQI) 2E(I)
Aqxq +A2x2
EI El
3
(lxéxﬂsz(é) _ P
2727 2E1) 3\ 2) T 24F]
1 L[PL PL} 3PI>
—X—|—+—— |Xxy =—X2
2 " 2| 4EI  2EI 16EI
oy PL  PL
L L/2 2EI  4EI
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20. (a)
g, = &,=-120 um/m
€gpe = §, = 1120 wum/m
_ EctEy . Y sy
5o = 2 2
400 = -120 + 1120 N Yy
- 2 2
= Yoy = -200 um/m
Now,
_ STy Yy
R EC >
=120+ 1120 Yy
00 = ————F~
= 6 5 )
= Voy = -200 um/m
Since v,, is same as obtained from both the cases, so given data is consistent.
21.  (d)
Strongest beam is the one for which section modulus Z is maximum.
Let rectangular section is of width b and depth d,
Diameter of cylindrical log, D = 300 mm
. 2+ 42 = D2
4 _ bd® _b(D*-b%) bD*-b’
6 6 6
For maximum Z,
92 _ 0
b
D*-3b"
= —_— =
6
R
- E]
300
= —==173.2 mm
= b \/5
22.  (b)
Strai u = L for axially loaded bar
rain energy, YAE y
P’L, P’L,
Uy = —+—=
A 2A1E 2A,E
P’L, P*L,
u = - + -
B 2A1E 2A,E
Ly L
Ug A A L,d; + Lodj
= Uy L71+L72 Lyd; + Lyd}
A Ay
www.madeeasy.in © Copyright: MADE EASY
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_10x2% +20x 4
10 % 4% +20 x 2
- 215
24
23.  (a)
The given beam can be modified as,
w
P ! L | WL
Deflection at Q = WL | WLxIL? _5WL?
ereciona 3EI 2Bl 6FI
Slobe at _ WL WLxL_3WL
PeatQ = DT TE 2 E
24. (a)
Let D = Diameter of shaft (in mm)
We know that power transmitted by shaft (P)
_ 2nNT
- 60
100 = 2NT 2nx160xT
- ~ 60 60
= T = 5.968 kNm
- Maximum torque, T, =~ = 12T
= 1.2 x 5.968
= 7.162 kNm
T 3
Tmax = fmax ED
T 3 T 3
6 = —XTXD’=—x70xD
= 7.162 x 10 16 16
- o o 7:162x10°x16
nx70
= D = (521082.378)'/3 = 80.57 mm
25. (d)
T,+T.=T ...(i)

The angle of twist at B for AB and BC is same

eBA

6BC
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T,L/3 (T—-Tx)2L/3
= G~ G
2T
= T, = ?
.. Twisting moment in portion AB = 3 - kT
2
= —=0.67
k 3

26.  (b)

b I

Shear stress at ‘y’ distance from neutral axis.

T
Where Q
= Q
= Q
I

So, T =

vQ
It

Now shear force carried by elementary portion

dF

dF

v

12
& 5\b

|74 [ il
s T evie_
bd> o db| 4
12

TdA

thdy

6V d?
?[Z‘yz}’y
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So, shear force carried by upper 1/3™ portion:

F:

27.  (c)

Maximum principle stress

Equivalent BM, M

e

Maximum principle stress

32x32.36x10°
N 2enoeR R
nD’
= D
28. (b)

Let, P,

PC

Taking moments about A,

P x1+P %3

= P, + 3P,

IA

\Y

anev(d
[ ?(z‘y ]d?/

ﬂ_dz ]/3 d/2
47 3

|42 24 46 216x3

6V|d*d d4° d*d & }

6V 7d°
_X_
a® 162
7V

27

fy
FOS

%[M+\/M2 +T2}

%[20 ++/202 + 407 }
32.36 kNm

32M, _ 250

nD? 2

125

138.15 mm

Load shared by steel rod
Load shared by copper rod

20 x 4
80 (i)

Now deformation of steel road due to load P, is,

dl

s

T AE, 200x200x10°

Ply  P.x1x10°

And deformation of copper rod due to load P, is,

dl

c

= AE, 400x100x10°

P.I.  P.x2x10°

=0.05x10P.

=0.025x107°P,
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From the geometry of elongation of the steel rod and copper rod,

k—lmA—T
A !

3m |

k&

P,
o

s

B
l 20 kN

K

dl

3 " Ol
= 3l = 30l
= 0.05 x 1073 P. = 3x0.025 x 103 P
= p. = 1.5 P,

Substituting this in eq. (i)
P.+3(15P) = 80

= Ps = 145 x 10° N
P, 145x10°
So, stress in steel rod, o, = AT o0 72.5 N/mm®

S

29. (d)
The deformation of the beam will be as shown below.

Now AC, is produced due to deflection of C as caused due to deformation of AB,
AC, = 05 (BC) =0ga

o = Mgl _ Pal
B~ 3EI 3EI
AC, = Pala _ Pa’l
1 3EI 3EI

AC, is produced due to deformation of BC

AC,
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ac - P2
2 3EI
So total deflection at C,AC = AC, + AC,
_ Pa’l N P_a3
3El 3EI
30. ()

As the shaft is subjected to pair of equal and opposite torques T applied at its ends.
The diameter of shaft at distance x from smaller end is
(2D-D)x _ D

Dx=D+ I L

(L+x)

2D D, D

x |
Corresponding polar moment of inertia,
nD; = D* 4
= —*=——(L+
=g Ty Y
Tdx
The angle of twist of the element, ae = G_]x
T %ert .
= 49 = G| aD* (L +x)
The total angle of twist 0 over the entire length is,
32TL' (L dx
0 = 4 JO 1
nGD™ 0 (L+x)

L
3271 [_ 1 }
nGD*| 3(L+x)’ )

32Tl 7 28 TL
nGD*  24L° 3nGD*

© Copyright: MADE ERASY

www.madeeasy.in



