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— fhem, 4898 kN (=) Pu.bh% Yhe PW dn Jeft dlrec}\m(m rne
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Mi"these  adivites are shoum In diagram  adosve.
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4. ANALYSISOFTRUSS

)4 USE OF TRUSSES  IN ENGINEERING
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2.0 CALCULATION OF MEMBER Forcts of TRuss  BY  METHay
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Numericals

1. The motion of particle is defined by the relation X = 2 — 10t + 20,

where x is expressed in meter and t in second. Determine

a) when the velocity is zero?

b) the position and the total distance travel when t = 8 seconds.
Solution:

x=t2—10t+20‘

v="3=2f-10

Ifv=0; _
2t—10=0
t=35sec

Xg 1s the position at t = 8 sec.

S Xg=4m

Total distance travelled when t = 8 sec in sq

g TIXs=Xp|+|xg—Xs]
=[-5-20+|4-(-5)|
=25+9=34m
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2. A projectile is fired with an initial u =240 m/s .-

velocity of 240 m/s at a target M . ;"
located 600 m above a gun G and at / | ]600
a horizontal distance of 3600 m. - P 5
Neglecting air resistance, determine ) 3600

the value of firing angle f.
Solution:

For projectile motion

1 x2 )y
y=xtanf -3 g2 (1 +tan’B)

3600)>
or, 600=3600 tanfp —4.905 £(24—0)2L(1 + tan’B)

or, 600 = 3600 tanp — 1103.6 — 1103.6 tan?3
or, 1103.6tan’§ —3600tanp + 1703.6 =0
B = 69.58 and 29.85

3. A particle is projected at an angle of
30° with an initial velocity of 61 m/s
as shown in figure. Find the
slopping distance covered by the
projectile.

Solution:
Initial velocity u= 61 m/s

Projection angle 6 = 30°

Let a be the angle of inclination. Then,
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Consider a vertical motion of projectile;

l ? 2
sy=vy.t+'2'ay iz
—h=usinE).t-%gt2

~h =61 sin 30 t—lx 9.81 x t2

2
-h=30.5t-4.90512...... (i)
Again,

R=uxt
4h

?=ucosext

4h
?=61 cos30xt

h=39.62t ... (i)
Frpm eq. (i) and (ii)
—39.62t = 30.5t — 4.905t2
4.905t2 = 70.12t
- t=14.31 sec
h=39.62 x 14.31=566.97m
To find the slopping distance s
sin 36.87 . N £
S
_h
sin 36.87

366.97
0.6

—

—
_—

Zgada4m

FL

rjun00.com.np

Iy ‘

36.87°
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4, The rectangular component of acceleration for a particle are a_ = 3
a, = 30 — 10t where a is in m/s” and t in seconds.

If the particle starts from rest at the origin, find the radius of curvature
of the path at instant of 2 seconds.

golutio™

ax—-3t

e,
Vx_ 2 cl

Att=0,v,=0,v, =0

¢, =0

Y™

1

2

Also, a8, 30— 10t
V= 30t—- 52 + c;

Att=0,v,=0,v, =0

c,=0
v, =30t 58
Again,

dy _dy dt

dx dt " dx
_dy 1
Tt X dx

dt

&y _Y%

dx Ve

dy _30t—5¢

&« 3¢

2

d 60t — 102

?& 3t?

dy _20 10

dx -  t 3

& 42 o]

dx2 " dxL t 3
-4/20 19) gt
Tdt\t T 3 /) dx
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20 L
=7 %,
20 2
=g 3t
@y __40
w35
Att=2 sec
dy _20 10
10_20
=10"’3—3
dy _ 40
> 3t
. 40 _ 40
TT32¢ 748
Radius of curvature
31
=@
Ty
dx2
202372
[1+(3]
= 20 =-367.62
48

.'. radius of curvature = 368 m.

5. An automobile enters a curved road at 30

km/hr and then leaves at 48 km/hr. The curbed

- road is in the form of quarter of circle and has

a length of 400 m. If the car travels at constant

acceleration along the curve, calculate

resultant acceleration at both ends of curve. $8
Solution: '

2nr

P#—

4
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2n X I
40057 4

. r=2546m
itially, v = 30 km/hr = 8.33 ms

Finally, vg =48 km/hr = 13.33 m/s

Again, Vg? = VA’ t 235
(13.33)? = (8.33)* + 2 x a,x 400
. 2,=0.1353 m/s? )

At point o

_ N _(8.33)
L="5 2546

= 0.6979 m/s?

At point B:

_vg'_(13.33)
W5 T 254.6

Resultant acceleration at
a) Pqint A
(ag)a = (8 * 2,

=~/(0.2725)* + (0.1353)?
=0.304 m/s ‘ N

= 0.6979 m/s?

tang =2
a,

8- 9 =26.40°, .
b) Point B:

(aR)B - (an)B -+ a,

=4/(ay)g? + at?

=+/(0.6979)? + (0.1353)?
=0.7108 m/s®
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6. The rotation of the 0.9 m arm OA about O r A
is defined by the relation 0 = 0.15t* where
g is expressed in radian and t in second.

Collar B slides along the arm in such a

way that its distance from O is r = 0.9 — e
0.12t, r in meters and t in secs. After the arm OA has rotated through
30°, determine

a) total velocity of the collar

b) total acceleration of collar.

Solution:

Given, 8 = 30°
g =30 x ——= 0.524¢
RN gy e

Also, 8 = 0.15t2 (by question)

0.524 =0.15 t?
or, t2=23.4906
t=1.868 sec.
Now, r=0.9-0.12t? : 0 =0.15x (1.868)*

Att=1.868 sec .
r=0.9-0.12x (1.868)% 6 =0.15 x (1.868)?
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r=0481m : 0 = 0.524¢
r=-2x0.121 ; 0~0.3t
=_0.24 x 1.868 : =0.3x 1.868
=—0.448 m/s = 0.56 rad/sec
r =—0.24 m/s? 6 = 0.3 rad/sec?

vr..—_- r= —0.448 m/S
vy =10 = 0.481 x 0.56 = 0.270 m/s

VB . \jvr2 = VOZ Ve
=1/(0.448)2 + (0.270)> = 0.523 m/s

v, B
tan 3 -t

Ve

~0.270 '
~0.448

~ B =31.076°
a - r —192
=-0.24 - 0.481 x (0.561)?
=-0.391 m/s?
ay =rb +2r
=0.481 x 0.3 +2 x (-0.449) x 0.561
=-0.359 m/s?

- - - \
ap =4, T ay
2 aB '=,‘ ’ar2+392

=~[(0.39172 + (0.359)2 = 0.531 m/s? &
_%
tanp = A
_0.359
0.391
"B =4255°

J
, _ o240
Acceleration of B with respect to OA is agjoa = g
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7. Find the acceleration of body B if the
acceleration of A is 4 m/s? (V) for the
following connection. -

Solution:
ab+bc+cd=k
Xatk+x,=k

ef+fg+gh=k “

o, X=X tktx;-x,=k
or, X,—2x,+x;=k =
o X=2e=k.... =k § -

)
5 MMM N

e| i l
MW NN MTTTHHNN N
ij + jk + kl = constant = k

or, xh-2x3+x8=k
o, Xg—2X,=k RO (1))

Multiply eq. (i) by 4, eq. (iij by 2

ax, +4x,=k ... (iv)
2y—4xi=k o (v)
Xg—2X=K ¢ L. (vi) from eq. (iii)

Adding all (iv), (v) and (vi)
4x, +xg=k
or, 4v,+vg=0
or, 4a,+ag=0
. ag —-4.a,

=_4x4=—16m/52(¢)=l6m/sZ(T)



Website :- www.arjun00.com.np
T '

g Iineties Oj Tadicles & ‘@f?z:y&f /B/c%

¢ ineles i Yhe A)'\‘dﬁ 0; wodien endietin 8 behoeem  Hhe
W oding on a  body, Me avars 0f body and Ape amokem
. % aed bo F/f@dd'lhcmmccuuedbg
WQ/" or Jo dokrmine  the ch 'reqwmd b P*n)'dUCé

|

|

|

6\\/@/\0 me"’lCﬂﬁ l

| NLVOTONS S ECOND LAW AND MAVIENTOM I
91

| ° NW Sewﬂd lawr

hele
Yhe realland ocking o O per '
OF ks Jrak,” Tk Hhe AT fm!ha;ve Cw:j e

Shude og lhe ‘T@S(luﬂ/\’\"

T 0 not zed, N’\e

Wi%;\ne mc)vcm o{ Wis  reqtlont fzrrﬂé

e e udgjec)ed bo genord) forees,




Website :- www.arjun00.com.np

drecion as  Jhe volecty and maswff—_ude equa) b Py
&g st X mdodf—‘d, fhe Jr’nea/r‘ meroembw (L) 1.

. L = my » LB S S
| &, a
2F = 4.(%)
dt
8¢ =7

= ?Q ﬂ"ﬁ Tuul.’nmk o? e frrrws ac)? on a PM(}? I<
’ . <quadl B the rale ajl chamge of Jinear cngmexdum 4

) e Pw.x%’d_e- :

9.2 | EGUATiOXI 70/—' ” MOTAIC-N & DYA{AM'Z(' - éﬁQU?QIBQT_L‘;/‘/?
] Equakion of  omehon R
L@, Redamqular  Govaporerd

e, er = My Zf((j: mag '} Efz= mqz.

[Ty rm—rgr—

4 B = ey, -5 RPc wan
o= mde =3 20 cemp
©® Radi & m - Compoment . ,-__;:3.-:»-~

She= mar 5 2fy =. Ne_.;._ff"
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9.2.2 Dynamic equilibrium

From Newton's second law 3
—> o 4 |':2
YF=ma
— - i .
or, xF-ma=0
— =mna F1

The vector —m a , of magnitude ma and
direction opposite to that of acceleration is called inertia vector.

So, when the particle is considered to be in equilibrium under the

_) i
given forces and inertia vector —-ma ; it is said to be in dynamic

equilibrium. The inertia vector measures the resistance that particle offer
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en We
:;llgir motlo% 0 2F,—ma =0
5 7‘,max t
SF, - may 0 LF,—ma =0
SF —mz,=0 EF.—ar =0
LFy—23=0

9.3 Angular momentum and rate of change

9.3.1 Angular momentum
_>

The moment of the V.ector m v about a mV
reference point say (O) is called angular e

momentum of the particle. :

> = x
Ho=r xmV :

Y

- = = =%
r=x1i +y_|+Z
= =¥
V=Y, 1+Y,

k
— —>
j Nk
- 2> o
i j k

Hy= X y -2

mv, mv, mz,

9.3.2 Rate of change of angular momentum

. Consider a particle of mass m moving ¥
n the Xy plane as shown in figure.

R
0 =rxmy H

TMVX—mV,.y -

LW
dt (Hp) =gt (mvy.x— mv,.y)
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Ho=m[x v, +xvy ~V, Y=Y V]

ﬁo - =[vyv, +xd,~ya, — V,V,]m K |

= m(xa, - ya,) F, F

= Xma, — yma,

=¥l ~9F, ,. i

= moment of force about O x.y) :
So, rate of change of angular T

momentum of a particle about any point at any

__>
instant is equal to the moment of force ( F ) about that point.

9.4 Principle of impulse and momentum

Consider a particle of mass m acted upon by a force F, then from
Newton's second law

- 4 -
=qgmv

‘—)
where m v is the linear momentum.

—> L =>
Fdt=dimv)

Integrating both sides;
Mg W
| Fdt=] dmv)
b ¥
2. - o
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t _y :
Here the It F dt is called linear impulse or simply impulse.
1

th s
e Impl_z'—jtl F dt rn-\—/)'2
£ < 10 oy P
=i| Fdt+j ] Fdt+ k]| Fdt
4 Pt 4 mv, -
- -

. mvy +Imp, _,=my,

So, when a particle is acted upon by a force F during a given time

—_>
interval, the final momentum mv, of the particle can be obtained by adding
_)
vectorically its initial momentum and the impulse of the force F during the

time interval considered.
When several forces acts on particle
— -
mv, + ZImp, , = mV,
If problem involves two oOr more particles
-, i
Tmyv, +ZImp, ;= Zmv,

If no external forces act

: —> —
Tmv, =Zmy,
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200 kg

|. Two blocks start from rest. The pulle); are
frictionless and having no mass. If u,

between block A and inclined plane is 0.4.
Determine the acceleration of each block

and tension in each cord.

Solution:

X, — position of block A

Xg — position of block B

X — position of block C ' 5
Xe +__l_9= Xg J)

. Xg-=Xg -

ADCO is a continuous cord.
AD+DC+CO=k

Xy +2X-=k

X, t2xg =Kk

v, =—2vg and a, = —2ay

Block A:

2F, = ma




Website :- www.arjun00.com.np

~eig

mg cos 15
T, +507.8 - Ry = 200%‘?
T, +507.8-0.4m, gcos 15=200a,
T, +507.8 — 758.05 = 200a,,
T, -=200a, —250.25=0 ....., (i)

Block B:
ZF, =ma T2
' ‘r
or, mgg-T,=mga, |
or, 7848-T,=2800ay...... (ii) | P l,
Pulley C : : m;g_ mga,
L=AT, ..o (iii) .
Use a, = 2ag and T,=2T|ineq. (i)
T,
2 7200289~ 25025=0
T,-800a;—5005=0 . (iv)
From eq. (ii) and eq. (iv) 3 _ T
T,~800a, - 500.5 = ¢
=T, - 800a;, + 7848 = ¢
~1600a, = 7347 5 ,
** 83=4.59 m/s2 W) ‘ kK

aA = 9.184 m/sz
- T1=2087.195 N
< T, 417425 N
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2. The bob of 6 m pendulum describe an arc of
a circle in 2 vertical plane. If the tension in
the cord is 2 times the weight of bab for the
position when the bob is displaced through
an angle 30° from its mean position. Find the
velocity and acceleration of bob for this

situation.

\}\&\&\\\\\\\\Xi\\\\\\\\\\\\\\\\\x\‘

Solution:
~ Consider a tangential direction, -

mg sin 30 = ma,
g sin 30 =&,
b B 4.905 m/s?

-------
......................

Normal component is directed mg sin 30
towards centre
Y mg cos 30

T — mg cos 30 =ma,
2mg — mg cos 30 = ma,
2g—gcos30=2a,

8, = [1.12 m/s?

. p=23.78°
2
Again, a_ = %

2
.12 =% :
v =66.745

o e 8.16 (along a,)

—~
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3. A 2 kg ball revolves in a horizontal
circle as shown at a constant speed of
1.5 m/s knowing that L = 600 mm.
Determine a) 6, b) tension.

Solution:
Radius r =L cos (90 - 0)
=Lsin®
=600sin0
2F, = ma, g
TcosB-W=90

Tsin®=ma

2
—&Sin6=2a

cos 6

B 600
1000

2
tan O sinQ = -ﬁL

9.81x 06
tan B sin @ = 0.38226
solving, § = 34.21°

28 2x 98]
cos® cos 34.21

sin 6

=23.72 N

Tension T =



4 . The system of particle at a time t
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is shown in the figure below i

v = mls m, = 0.5 kg m,

v, =6 m/s m, = 1.5 kg v,

v, =5 m/s m,=1kg -

v, = 1.5 /s m, = 0.5 kg vao\m4 Y m, -

Determine: ¢ i
4 cm m

a) total linear momentum of the x
system.

b) angular momentum of system about O.

¢) angular momentum of system about O.

White the coordinate of all point and find the direction of v|, V5, V3

m,(2.5, 4,0) m,(0,0,0)

Solution:
and v,.
m,(0,0,3) my(0,4,0)
0(0,0,0) a(2.5,4,3y b2.5,0,3)
=y
: WY m,a
Unit vector along v, =n; =7 _

- -
o —
—

| mya| | m, a |

_25,4,3)-(0, 0,3)
_)
|m, a |

a1
_25 1 +4 j

Q.57 + 42

- -
_25i0 +4 ]
471

= 4 -
=0.529 i +0.847 j
- ﬁ . A
' vl =n‘.Vl
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— >
=7(0.529 i +0.847 j )

— -
=3.703 i +5.929 j

. -
Unit vector along vV, =i

O S
V=V 1 =6

A

Unit vector along V3=n, =——=

—> -
| m3b | | msb |
=Q'5a Os 3) = (2-55 4; 0)
_)
|m3b|
—> —>
_4j+3k
\42+ 32
A —pi =
n,  =-0.8j +0.6k
—> A
+ V3 =V,

o

"5(-—08] +06 k)
——4_] +3 k

._>
Unit vector along v, = j

- = =3 -
Vi=Ve. ] =15 j

Total linear momentum

- -
|l =¥myvy

A T

—> i P s
=0.53.703 i +5.929 j )+(1.5)6 i +1-(-4?43?)

+0.5).157
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_10.85 i —029 J +3 k kgmys

le } (10,85)2 +(0.29)2+32= 11.2608 kg m/s
4Jar momentum about O

Ang
= —>
I_?:):Z(I' va)

ﬁ
= — - 0 —_ o
£, = Tal0 m;—0=(0,0,3)-(0,0,0)=3 k
_>
l")=rm2/0=m2—0=(0’4’ 0)-(0,0,0)=4 j

-

= -
r3=rm3/o=m3_0=(2-5,4,0)'—(0,0,0):2.5 i +4J
r4=rm4,0=m4—0=(0, 0,0)-(0,0,0)=0

H, =Xr xmy i
< 3 Fi
=3k *0.9(3703 1 £5929 7 ) = 5 -
=+ = . . J
+4j x(1.5)61 +(251 +4j )
- -
x1(4j +3k)+0
: — —> = — ~ -
=555j—889 i -36k—-10k-75j +121
— - —>
=3.106 i —1.95 j —46 k

_)
|H, | =[(3.106)% + (1.95) + (46) = 46.146 kg m?/s’

Angular momentum about a
- i e
Ha =Zr xmyv
‘ 5 >
o =l.ml/a= m,—a= (0, 0, 3)—(25, 4: 3) =-251i-4 J

- -
b~ ta=m, —a=(0,4,0)—(25,43)=-25 i -3k

-
=Ty =m;—a=(2.5,4,0)— (2.5, 4,3) =3 k

\
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L -
r4=rm4/a=m4'—a=(0>0:0)_(2-5;4:3)=_2'5 1 _4—] -3k

- >
H, =Xr Xmyv
- - =7 Fi
=(2.51i-4j)x(05@3703 i +5929j)
- o = s P
+(-25] =3k )x(15).i +-3k x L(4j +3k)
+(25i -4j -3k )x(0.515])
~> A s
H =-5751=27]L1875k

_)
|H,| =+[(9.75)% +27*+ (1.875)* = 28.767 kg m*/s?



