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PART B

LT (R T TR TR TR T TR TR TR

1)  Calculate the resultant moment about the comer B shown in fig. 5.32.

40KN
A 15KN  pA60%
SKN-§ 10/2KN 2.5m
& kg © 1 et 40Sin 60KN
1 1 . Pl
" 25m ' Fig. 532~ A 15KN D .
Solution: ‘ ' 40cos 60KN

Inclined forces 40KN and 102 KN arc resolved * SKN
into two components and the given system of force is

10{Z sin 45 KN
taken as shown in fig. 5.33. L

Bt < C
For resultant moment at B, Take the moment of all 1OKN  10/Z cos 45 KN

the forces about B and find the algebraic sum.

"+ Resultant moment at B, Fig. 533.

IMp = (5x0)+(10 « 0) — (10 VZ cos 45 x 0) = (15 x 2:5)
" _ (102 sin45 x 2.5) ~ (405in 60 x 2.5) + (40 cos 60 x 2.5)

-37.5-25-86.6+50 . .
-99.1 KNm (‘=" shows anticlockwisc)

at B= 9.1 KNm (anticlockwisc)

n

. Resultant moment

OR



A simply Sflpporled overhanging beam 20m long carries a system of loads and u couple
as shown in fig 8.23. Determine the reactions at supports A and B.

8 KN
20 KN m 2KN/m
C A D\ B E
{ éé
L Sm 5m 1 Sm B 5m__,
| K ) I I 1
Fig. 8.23.
Solution.

Applying ZH =0

As three is no horizontal forcc on the beam, Hy = 0

Applying ZV =10
Vi+Vg-8-(2x5) = 0
s Vy+Vg = 18 — (i)
Applying M, = 0
(2x5x125)—(8x5)+20-(Vzx10) = 0

Note :

< not to be considered for TH = 0 and IV = 0 equations.
because, given couple is

: Couple of '2OKNM,-
“In =M, = 0 equation it takes positive measure,

; clockwisg.) :

Solving we get ¥z = 10.5 KN ‘
Substituting V5 10.5KN in equation (i), we get,

v, = 15KN
Result: H,= 0 ; V= 15KN M Vg = 105 KN (T)

]
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Find the moment of inertia of plane area shown below In fig. 13.40 about it

3 centroidal axes.

Solution

Location of Centroid

The given lamina is d:'\id:d.tmo 3 pormons

Partioa (1) © (Reczangle)

a2 3= 8 x 12=9%cm*

= (12-9+3= 3em

——

Sl
g -
\gu

12
M= 5= 6aom
Portien (2) © (Triangle)
a2, 3, = Ix(12-8)x12 = 24em?
2
X5 3&(]2—8)=2.67cm
12
2 3 = 4om
e o M o S

‘e

al—;l —;3

(96 x 8) + (24 x 2.67) - (6.283 x 8)

S6-24-6283
6.875 am

ay - Vo = >
SN TRy,

3t

(56 x 6)+ (24 x 4) - (6283 x 11.15)

96 ~24-6283
5293 em

Portion (3) : (Semi-circle)

xx42

area, a;= 4 x EX8_gop3 of

2 4

Ny™ (12—8)+2+§=8cn

4x2
= 12 —-|—=|=]l.15=



et S R

e i

b
L

——

The centroidal axes of the given lamina are drawn as below in fig. 13.41.

x | __Gl_*___.f_x
| ¥ (5.293cm)
; [
° Iy
Fig. 13.41.

Moment of Inertia

Moment of Inertia about horizontal centroidal axis (I,y)

= I+ -1 )
Lo 1t =l B = ey,

>
where 1y = o + Atk = 5293~6
’ = (.707 em
= [E |zu ]+ [(8 x 12) x 0.767°]
= 119998 cm?
— i e Ez = F._}.-z
i 7 laat i = 5293 ~4
3 r
. 4—x3;2—+l;{%x4x12}xl_2931:| = 1293 cm
= 232.12cm
n2 h,= ¥~¥
L, = Ig3+Ash; 3
s ¥ ) B
= (on1 12¢)+[[-:1é x%“—],(mss)’] 6.707 [
i - 5858 cm
= 21737 cm
= 119998 + 232.12 - 217.37
- 121473 cm’

Scanned by CamScanner
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Moment of Inertia about vertical centroidnl nxis (lyy)
hy = Lth-14

» 3 -‘.’
\\hcm l. - l(‘” D '\lhl
9 3
- [l-l"i.s_.].{. l(|2x 8) x |1252]
= 633.5cm’

@ 12

3
- (Llj%i] +[G 12 4] % 4.2052]

= 44570 cm®

Ly = L+l-1

633.5 +445.7 - 14.235 = 1064.96cm”

© L= 121473 cm?

and 1 = 1064.96cm*

Scanned by CamScanner
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q

(6,875 ~8)
1.125 cm

X~y
(6.875 ~2.67)
4,205 cm

X
(6.875 ~8)
1125 em



OR

500N
A truss f“PPor.led on an incliney plane ; A I‘“ 2m —wja— 2m _.SEON
of 30° with horizontal is shown in fie 9.6 at an angle B c
the forces in all the members, & %-68. Determine
Solution £
Support Reactions:
In Fig 9.72, the truss is roller supported at D ang 30°, 0
Hinged at A. The as§umed directions of support I’cacli?;
are shown below (Fig. 9.69) _ . Fig 0.68
SOON 500N Rasin30
J SOON 500N
A B y C Rjco IT —
RzCOSﬁO
R E RysIn60 ¢
309 D
v ; Ricos60 “D
60°
Ry RysIn60
Fig 9.69 Fig 8.70

The reactions R; R, and Rj are resolved into components along x and y dircctions as
shown in fig 9.70
Applying ZH=0 (— +)

R, cos 60+ Rycos 60 -Rzcos30 = 0 oo (i)
Applying ZV =0 (T+)
Ry sin 60 + R, sin 60 + R3 sin 30-500-500 = O
= 1000 e (ii)

or R, sin 60 + Ry sin 60 + R; sin 30
Applying EM, =0 ()
(500 x 2) + (500 x 4) - (R, cos 60 x CD)
From the geometry of the truss,

_(Ry sin60 X AC) = 0

tan30 = —o o
AC = 4tan 30
A=A = 239m

Scanned by CamScanner
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" (500 x2) + (500 x 4) - (0.5 R, x2.309) - (0.866 Ry x#) = ©

"’—'—“———\

1000 +2000 - 1.1545 R, 3464 R, = 0
3000 = 4.6185 Ry
R, = 6495N
Substitute Ry in eqn (i)
649.5 cos 60 + 0.5 R, - 0.866 Ry = 0
or 05R,-0866Ry = 32475 e (iii)
II¥ Substitute R, in cqn (ii)
649.5 sin 60 + R, sin 60 + Ry sin 30 = 1000
or 0866Ry +05Ry = 4375 e (iv)
Solve the equations (iii) & (iv)
05Ry -0866R; = 32475
0866 Ry +0.5R; = 4375
(iii) x 0.866 = 0433R; —075R; = 28123
(iv) x0.5 = 0433R; +0.25Ry = 2I8.75
' -Ry = 6248
' . Ry = -6248
Substitute R in eqn (iii) :
05Ry, —0866R; = 324.75
or 0.5Ry—(0.866x ~6248) = 32475
or 05Ry = 27064
R, = 541.28N
The Reactions are shown in fig 9.71 54.10N3 12N 500N 500N
‘ : : — t B lr c
270.64N
468.76N £
324.75N—>|"
562.48N
Fig 9.71

Scanned by CamScanner



parr-

szt

fﬁ:ﬂﬂ
.Ikw""" p (Fig 9.72)
Foc IH=0
30° D Fpp = 37498 N (Tensile)
324.75 IV=0
562.48 Fpe + Fryp 5in 30 + 562,48 = 0
Fpe +374 98 5in 30 + 56248 = 0
Fig 9.72 Fpe = =750 N (Comp)
Joimt C (Fig 9.73)
IV=0
_— Fep sin 30— 500+ 750 = 0
Fcg = - 500 N (Comp)
F v ¢ IH=0
Fe' 750N — Fep-Fepoos30 = 0
| ~Fcp-(-500cos30) = 0
' Fig 9.73 -Fep+#33 = 0
_ Fcg = 433 N (Tensile)
Joms B (Fig 9.74)
IV=0
-EI}D—FBE =0
. < hu Fgg = - 500 N (Comp)
L]
Fax B 433n LtH=0
Fee Fga = 433 N (Tensile)
Fig 9.74
Iv=g , 324.74N §A 433N
~ 3124 - Fp sin 30+ 46876 = :f"
_ cnsile) 468.76N Fa
. FaE 875 N (T
Fig 9.75

Scanned by CamScanner



The results are shown in Fig 9.76 and Table 9.10
Table 9.10

Sl.No. | Member ForcNe i Nature
1 _AB 433 Tensile
2 BC 433 Tensile
3 CD 750 Compressive
4 DE 374.98 " Tensile
5 EA 875 Tensile
6 BE 500 Compressive
7 EC 500 Compressive

Scanned by CamScanner



The angle of rotation of a body is given by the equation,
5 0 = 30 +4t> —6t +9, where 0 is expressed in radians and t in seconds, find :

(i) angular velocity and

(ii) angular acceleration of the body when 1 =0 and = 4 sec
Solution :
Given, 6 = 30 +40 - 61+9
. angular velocity, @ = %%
= 38, 40 G+
= (30 +4F -6+ 9)
= (9 +8-6) .. (M)
, . _ do
angular acccleration, a. = 77
_do2a 6
o (91 = &t - 6)
= |&+8% . (1)
(i) Angular velocity
substitute the values t in equation (i) to find the corresponding angular yvelocity
whent =0 m°=—6rad/s

whent=4scc, @, =(9~ 42)~(8 ~4)-6
= 170 rad/s
(ii) Angular acceleration
Substitute the values of 't" in cquation (i) to find the corresponding angulas acceleranod
a, = 8 rad / s
whent=4sec. o~ (18 »4)+~8
= 80 rad's”

whent =0

Scanned by CamScanner
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A Bullet of mass 30 gm is fired horizontally into a body of mass 10 Kg, which

IS suspended by a string of 0.8m long. Due to this impact, the body swings
through an angle of 30°. Find the velocity of the Bullet.

0.03 Kg i i

Solution:

Given, mass of bullet, m,

mass of body, m, = 10Kg
length of string, / = 0.8m 0.8m
angle of swing, 8 = 30°

Find the velocity of bullet?

Let the velocity of bullet, before impact
be U, '

The velocity of body, before impact, uy =0
("." at rest)
Total mass of the system = M = (m, +m,)
= (0.03+10) = 10.03 Kg

Let, the final velocity of the system after
impact be V

Lo

Bullet

Fig. 20.24

Applying law of conservation of momentum,
Total momentum before impact = Total momentum after impact.
ic., (m, xuy) +(my X u,) = MV
or 0.03u, + (10 x 0) 10.03 V
or 0.03u, =

|

e,
e
f=—4
tvs!
<

..... (1)



Let the body is raised to a height, h after impact,
From the law of conservation of energy,
potential energy of the system at B = Kinetic energy of the system after impact.

ie, Mgh = MV® but h = 08-08cos30 = 0.107 m

2
10.03 x 9.81 x0.107 = %x10.03xV2
or 10528 = 5.015 V2
v = V10528 _ e

5.015

Substitute the value of V in eqn (i)
003u, = 1003V

_10.03 x 1.448_
o 0.03

‘velocity of the bullet before impact, u, = 484.11 m/s.

484.11 m/s



r::t-}_wﬂr_r with twe loads, connected by an inextensible cord is shown in fig. 22.7. If the "
load B moves downward with an initial velocity of 1.5 m/s, and uniform acceleration of
7 | 075 mi, determine
| i) Number of revolutions executed by the puiley in 2 sec. i
| (i) Velocity and position of the load A after 2 sec. |

Solution :

Since the cable is inextensible, the velocity and acceleration
of C, a point on the nm of the outerpulley 15 equal to the velocity
and acceleration of load B.

given, nitial linear velocity of load B, (ug),= 1.3 mfs
minal linear acceleration of load B, (ag), = 0.75 m/s®

for the load at outerpulley, radius = 0.6m

using the equation, v = T
. T . {UC}U 1.5
initial angular velocity of C, (0p), = — =3¢
=25radfs
using the equation, a = 1Q
. (ac) 0.75 2
mitial angular acceleration at C, (&), = -r—° = 36 ° 1.25 rad/s
{i) Number of revolutions of the pulley in 2 sec
. 1
using the equation, B = ot + 5 ar?
(t = 2 sec) = (25x2) +{;=1.25x22}
o,= 2.5 rads = 75nad
Converting 7 5 rad into number of revolutions,
A
Number of revolutions = 7.5 [Z;J =1.194 {Ans)

@) Velocity and Position of load A after 2 sec

Velocity and acceleration of the point D, on the nm of mner pulley is equal to the velocity
ad acceleration of the load A



using the cquation, o W, + w = 25 radls

25+(125x2) o -—I.Eimdfs!
5 radls t =12 sec
lincar veloaity of load A, Vo= 1y 0, (ry = 0.3 m)
= 03«5
= 1.5 mfs
< displaccment of load A, §, = r8=03x753= 225m (Ans)

OR




A bar AB of length 1.2 m slides in xy plane as shown in fig. 23,90, The velociy 7
point A is 5 mys towards right.  Determine

i) the angular velocity of the bar

ii) the velocity of the end B, and

iii) the velocity of the mid point of the bar at the instant when the axis of the bar makes

an angle of 30° with the horizontal -

Fig. 22.20. Fig 2221

Solution :

It 1s given that, the end A moves horizontally towards nght. Hence the pout A 15 taken
as ‘Pole’ and the velocity component at B and C are shown in fig 2221

The end B slides downwards when the end A moves towards nght. Hence, V, 18 wkes
towards right and VB is taken downwards (along y axis) and the relative velocities vy, md
Ve, a arc at nght angles to the axis of the bar,  As velocity of A is known, the pos=r A =
taken as pole.
It is to be noted that, V. ,, # Vp,,. since, the position vectors of the powns C = B
are not cqual with respect to the pole A, /
(i) Velocity at B
Velocity at A, V, = 5mis

Velocity of the end B, Vy, = V, + Vi,
or VB- VA-PI(D
or VB=VA+Iw (r=10

where o is the angular velocity of the bar. The vector diagram of velociny componest X
the end B is shown in fig. 22.22

Applying sine rule v,
Va _ Ve Vv
sin 30 sin 90 sin 60
s L b’é: Y_B_ Vaa(or )
o sin30 _ sin9% sin60
Ssin90 _
soiving, Vg4 = 530 10m/s and v

v. = 32060 _ g66 mis (Ans)
& e Fg 2222



To Check :

After finding v, . the velocity at B, V, can be checke
by applying parallelogram law of forces. (Refer fig. 22.23)
Vg = Vv'+ Vg,p) +@V, - Vg, - cos 120
= V5% 4107 + (2 x5 x 10 x cos 120)
866 mis (o.k)

Fig 2223
(i1) Angular velacity of the bar
We know Vi, A = 10ms
but Vg . = lo
10 =lao
or 10 =120 (. I=12m)
%@ = % = 8333 radis (Ans) (anticlockwise)
(iii) Velocity at mid-point C c
Note that. the resultant veloaity at C, V. is not dirccted
downwards. Let it be at an angle é with horizontal as shown in fig.
2224,
The vector diagram of velocity components at centre C is shown
m fig. 22.24.
i . V'V
we know Vi, = ro (Forthe pont C. r= 5 =06 m)
= 060 = 06x8333 = 3Imis
Fig 2224
To find
Infig. 2224, V, =5mis; V., = Smis
Vecosd=Ve c0s60 = V,
or Veeosé = 5-5cos60= 23 D
Vesing = Ve ,sn60= 3 sin 60 = 433 AU

Eq.2) o Yesn® _ 433
Eqn. (1) Ve cos ¢ 25

or tand

@

1.732

an ' (1732) = 600




te., the angle of resultant velocity at C, V. with honzontal is 60°

V Y
Hence,  applying sine rulc £ = ZCA
Ppiying 060 hé
V ~
T _
To check Fig. 22.25

The veloclty at C, V., can also be determmed by apptymg p_a_rallefogram law of
forces at C. (Refer fig. 22. 25) '

= V57487 +(2x5x6xcos 120) = Sm/s.  (ok)
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