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Ex. 9.1 A force of magnitude 650 N passes from P (0, 3, 0) to Q (5, 0, 4). Put this force
in vector form.

Solution: F = F.éro
- 650{5_1;;3:15\
52 +3% 4+ 4? J
F =45061-257.8§+2367.7k N e Ams.

9.2.2. Magnitude and direction of force

"
Fig. 9.2 shows a force
F = F i+ F, j + F, k making t EaEivE vk
angles 0Ox, 6, and 6, with the X, ¥ A
and z axis respectively.

Here F, is the component 'of force
in the x direction. Similarly F. 0,
and F, are the force components
in the y and z direction. o s »X

The magnitude of the force is /
- Z
F = JF2+F2+F,’
Fig. 9.2
Also Fyx=F cos 0«
Fy = F cos 6,
F,=F cos 6,

Here 0, 0, and 0, are known as the force directions, the value of which lies
between 0 and 180. There is an important identity which relates them.

cos? By + cos? 0, + cos? B, = 1
Ex. 9.2 Determine the magnitude and the directions of the force
F=345i+150j-290 kN
Solution: Magnitude of -the force

F = |2 +F?+F}

J3452 + 1502 + 2902
475N e Ans.

]
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Direction of the force

F. =F cos#,

345 =475 cos Ay
6, =43.42° cieee.... Ans,
F, =Fcos 6,

150 =475 cos 6, .
6 =715%9¢ Ans,
F. = Fcos 9,

-290 =475 cos 6,

6, =12762c Ans,

Ex.9.3 The direction of a force is given by 6, = 66° and 8, = 140°. If F, = — 4 N determine
i) @, ii) the magnitude of force iii) the other components.

Solution:
Using cos? 6, + cos? 0, + cos? 0, =1

cos? 66 + cos? 140 + cos? 0, = 1
cos? 6, =0.2477

cos 8, ="+0.4977 _
0, = 60.14° or 6,=11985° [ (MY

Since F, = - 4 N it implies that the force component is directed towards the negative
direction of the z axis.
6, =1198s° Ans.
using F. =Fcos 8,
-4 =Fcos 119.85
F =8.036 N ciineee.. Ans,

using Fy =F cos 6,
= 8.036 cos 140

F, =6.156N Ans.
using Fx = Fcos 8,
= 8.036 cos 66
Fx =3.269N viieer... ADB.

9.2.3. Moment of a force about a point

This is a very impertant operation while dealing with forces. For coplanar forces,
moment about a point was the product of the force and the | distance. Here if
the force is in space the moment calculation reguires a vector approach,

m M
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Fig. 9.3 shows a force F in space T
passing through points A (x1, ¥1, 21)
and B (x2, y2, 22) on its line of action. C (x5 Yo Za) _ E
Let C (x3, y3, z3) be the moment centre
i.e. the point about which we have to
find the moment. The procedure of
finding the moment of the force about —

C
the point is as follows. z/ % B 2 5

Step 1: Put the force in vector form ie.
F =Fi+Fj+Fk Fig. 9.3

Bix;. v, 2

Step 2: Find the position vector extending from the moment centre to any point
on the forceie. 1 =i+, j+r:k

Step 3: Perform the cross product of the position vector and the force vector to

get the moment vector
i.e.
ﬁ;uim = ; x E
i j k
= rx r)f rz
Fx F, F.

Ex. 9.4 A force of magnitude 50 kN is acting at point A (2, 3, 4) m towards point
B (6, -2, -3) m. Find the moment of the given force about a point D (-1, 1, 2) m.

Solution: The force in vector form is

F = Fean

- sof21-53-7%
va? +5% + 72

21.081-26.35j-36.89k kN

—F - -

Mp =1, xF Here r,, =31+2j+2k m
= i i k
3 2 2

21.08 -26.35 - 36.89

(. Mh =-21.081+1528)-121.2k kNm e Ans.
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9.2.4. Moment of force about a line !

Moment of force about a line or axis implies finding the projection of the
moment vector on the given axis. In other words, it is the component of the
moment vector along the given axis.

Fig. 9.4 shows a force F in ¥
space passing through
points A (x1, yi, z)) and
B (%2, y2, 2z2) on its line of
action. To find the moment -
of the force about line CD, B (%, ¥ 25)
we follow the following

0 >
steps. x
’ / "'\,41- Y1 Z4)
z

Fig. 9.4

(%3 ¥a Z2)

Step 1: Put the force in vector formi.e. F

Step 2: Find moment of the force about any point on the line i.e. .'M';m

Step 3:Find the unit vector of the line about which we have to find moment
i.e &jine

Step 4: Perform the dot product.of the moment vector and the unit vector of the
line. This gives the magnitude of the moment about the line, i.e.
—F
MFiine = Mpoint . linc
Step 5:Finally to get the moment of the force about the line in vector form,
multiply the magnitude with the unit vector of the line, i.e.
—F
Miine = MFpoint (Eiine)

. Bm. 9.5 A force of 10 kN acts at a point P (2, 3, 5) m and has its line of action passing
i through Q (10, -3, 4) m. Calculate moment of this force about an axis passing through
. 8T where S is a point (1, - 10, 3) m and T is (5, -10, 8) m.

e

.

Selution: Putting the force in vector form
F = Fépp
- 10{81—61—k]
8% +6% 41
F =7961-597§-0995k kN

i Pinding the moment of the force about any point on the axis, let us take point s as the

m M
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o

M = v, ~F where, 1, = i+13j+2km
| ; [
Ms ! i k
| 1 13 2
{796 -597 -0.995
= 0.995i-16.92j- 10945k kNm [

Finding the Unit Vector of the axis l

_[4i+5k )
et 587 )y

0.6251i +'0.78k

—F

Now M¥sr = Msx .és7
= (-0995i-16.92 j— 109.45 k).(0.6251 + 0.78 k)
= - 86 kNm

Now ﬁg"r = MPFsr (€s1)
- -86[0.625i+0.78 k|
Mir = -53.751-67.08k kNm ........... Ans.

Ex. 9.6 A force F =-120i+30j+ 40 k N acts at a point C (4, - 3, - 4) m. Find its
moment about a line MP lying in the y-z plane and making an angle of 60° with the
positive y axis. The point M has co-ordinates (0, 2, 3) m.

Solution: Given F =-120i+30j+40kN

The line MP passes through M (0, 2, 3) m and lies in the y-z plane making 60° with the
y axis. The angles it makes with positive x, y and z axis are therefore 90°, 60° and 30°
respectively. ®

The unit vector of the line MP is
&, =cosbxi+cos 6,j +cos 6: k
=cos90i+cos60j+cos 30k
=05j+0.866k
Finding moment of the force about point M (0, 2, 3) m on the line MP.

My = ry xF  where, T,o = 4i-5j-7k m

4i-5j-7k)x(120i+30j+40k)
101+ 680 j-480 k Nm

Navlakhi
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—F
Now MFyp = Mw .éwp

= (101 + 680 j - 480 Kk).(0.5 j + 0.866 k)
= -75.68 Nm

—F
Now Mmp = MFyp(éwp)

= - 75.68 x (0.5 § + 0.866 k)
Muwr = -37.84j-6554k Nm s,

9.2.5. Vector Components of force

Vector component of a force along Yok

any axis represents the component ! By 2
of the force along that axis. If F is
the given force then F’ is said to be
its vector component. Fig. 9.5
shows a force F passing through
points A and B. To find the vector
component of F along the axis
CD, the following steps are
required to be followed.

Step 1: Put the force in vector form i.e. F

Step 2: Find unit vector of the line along which the vector component is required
i.e. éij_n.

Step 3: Perform the det product of the force vector and the unit vector of the line
to get the magnitude of the force component, i.e.

F' = 7. &Lnc
Step 4: To get the vector component, multiply the magnitude with the unit vector
of the line, i.e

’

F = F' (éLind)
Ex. 9.7 A force F =4 i-3j+8k Nactsata point A (2, -1, 3) m. Find the vector
component of F along the line AB. The co-ordinates of point B sir\e (3, 2, 3) m.

Solution : The force is already in the vector form
ie F =4i-3j+8k N

m M
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Unit vector of line AB
- i+3] L
€AB

312 o o

= 0.3161+0.943 )

The scalar component F' = F.ém
= (41-3]+8K).(0.3161+0.948 ) g
= -158 N

The vector component of the force,

F = F' (éas)

= -1.58 (0.3161+ 0.948 §)

F =-05i-15§ N

Excercise 9.1

A 130 kN force acts at B (12, 0, 0) and passes through C (0, 3, 4). Put the force
._/An vector form.

s /m A force of 50 N acts parallel to the y axis in the -ve direction. Put the furce in
/7 “yector form.

P3. Aforce F=(3i-4j+12k)NattsatapointA (1, -2, 3) m. Find
)( a. moment of the force about origin. “
' b. moment of the force about point B (2, 1, 2) m.
c. vector component of force along line AB.

. P4, A force of magnitude 50 kN is acting at point A (2, 3, 4 m towards point
" B (6, -2, -3) m. Find vector component of this force along the line AC. Point C is
(5,-1,2) m

Ps. A force F = 80 1 + 50 § - 60 k passes through a point A (6, 2, 6). Compute its
moment about a point B (8, 1, 4)

P6. A 700 N force passes through two points A (-5,-1,4) towards B (1,2,6) m. Find:
_/a. Moment of the force about a point C(2,-2,1) m.
%b. Moment of the force about line OC where O is the origin. s
. Aforce F=301+40j+20kN acts at a point A (-2, 3, 2) m . Find its moment
/:lrout a line OC lying in the x-y plane passing through origin and making an angle of
45° with positive x axis.

m M
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P12. Figure shows a plate -
ABCD supported by two cables
PB and PC. The pull exerted by
cable PB on the plate at B is / q.-,,@ A B X
570 N. Calculate the moments of A -
this pull about each of the co- /
ordinate axes with origin at A.

E 128m

©

=]

DY ; f

& i

9.3 Resultant of Concurrent Space Force System

Resultant of a concurrent space force system is a single force R, which aci.
through the point of concurrence. Fig. 9.6 (a) shows a concurrent system at
point P. The resultant of the system is shown in Fig. 9.6 (b) and calculated as,

E=ﬁ1+§z+§3+§4

y Fa
F
i FZ —
0 —
¥ X
z Fs
Fig. 9.6 (a)
Ex. 9.8 Three forces P, Q and T act at Ya
point B. Find the resultant of these !
forces. ]
L s
Solution: The co-ordinates are found &1 mdl
out, B (12, 0, 0), C (0, 3, 4) and Pt St
D (0, 4, -6). P
The given system is a concurrent 5m = N
space force system of three forces. [T N U B %
Putting the forces in vector form. B 2 ‘
o & T=150N

m M
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i; = P.éac
- p5|z12i+3j+4k
V122 4+ 32 4 42
= -23.07!+5.77j+7‘59k N
Q =0Q.ém
) 60[—12i+4j+6k
V122 + 42 4 62
=-5142i+17.14j-2571k N
T =-150§ N ........ since it is parallel to the y axis and is directed in
the — ve direction.
Now the resultant force R=P + 6 + T

R =(23.071+5.774+7.69 k) + (- 51.42 1 + 17.14 j - 25.71 k) + (-150 j)

R =-74.491-127.09j-18.02k N verreeeen. ADS.

Ex. 9.9 The lines of actions of three forces concurrent at origin () pass respectively
through point A (- 1, 2, 4), B (3, 0-3), C (2, - 2, 4). Force F; =40 N passes through A,
F2 = 10 N passes through B, F3 = 30 N passes through C. Find magnitude and direction
of their resultant.

Solution: The given system is a concurrent space force system of three forces.

Putting the forces in vector form.

F1 =F1.éoa
40[—i+2j+4k}

V12 + 22 4 4*

-8.731+17.45§j+3491k N

F2 =Fj.éop

o5

v3? + 32

707i-7.07k N

1l

m M
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ZZF e -

Ea = Fi.€oc

50 2i-2j+4k
V22 + 22 + 42

12.25i-1225j+245k N

Fa

The resultant t_’orce R=F1+ Fa + Fa

R =(8.731+17.45]+34.91 k) + (7.071-7.07 k) + (12.251-12.25§ + 24.5 k)

R =1059i+52)+5234k N R— Ans

Magnitude and direction of the resultant

R = 110.59% +5.2% + 52.347
R = 53.65N veereens. ADS,
Rx = R cos 6«
10.59 = 53.65 cos 65
8, =78.61° veereres. ADS,
Ry, =R cos by
5.2 = 53.65 cos 6By
0y = 84.44° ... Ans.

R: =Rcos9.
52,34 = 53.65cos 0,
0,=12.68" ... Ans.

Ex. 9.10 The resultant of the three
concurrent space forces at A is
R =- 788 j N. Find the magnitude of
Fi1, F2 and F3 force.

Solution: This is a concurrent space
force system of three forces. To put
the forces in vector form, we need the
coordinates of the points through
which the forces pass.

Page
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From the figure the coordinates are, A (0, 12, 0) m, B (- 9, 0, 0) m, C (0, 0, 5) m and
D(3,0,-4) m.

Putting the forces in vector form.

Fi = Fi.éap

- p[-91-12j
Vo2 4122
=Fi(-0.61-0.8§ N

F2 = Fa.éxc

- F2[~12j+5k]

V1224 52
= F2(-0.923§+0.385k) N

F3 =Fs.éap

“F3{31~12j—4k]

V324122 4+ 42

=F3(0.2311-0.923j-0.308 k) N |

The resultant of the forces at Ais R =~ 788§ N ]|
ﬁ - —F:t'l"- Ez + fa
01-788j+0§=F1(-0.61-0.8) + F2(- 0.923 § + 0.385 k) /
+F3(0.2314-0.923§-0.308 k )
01-788j+0j=(-0.6 F1+0.231 F3) i + (- 0.8 F; - 0.923 F, - 0.923 Fa)j

+(0.385 F2~ 0.308 F3) k

Equating the coefficients
~0.6 F;-0.231F;=0 s (1)
-08F1-0923F,-0923F; =—-788 ... )
0.385 F2- 0.308 F3 = 0 TN TR |

Solving equations (1), (2) and (3) we get,
F1 =154 N, Fa2=320N, Fs3=400N Ans. :;

m M
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9.4 Resultant of Parallel Space Force System
The resultant of a parallel space force system is a single force R which acts

parallel to the force system. The location of the resultant can be found out using
Varignon'’s theorem.

Y B y

F, i R
0 a -
c Fy x > 1 > i
I / p® X,y x)
& " |

Fig. 9.7 (a) Fig. 9.7 (b) |

Figure 9.7 (a) shows a parallel system of three forces Fi, F2 and Fa. The resultant
of the system is shown in figure 9.7 (b) and is calculated as,

-§=E1+ﬁ2+§a

The resultant acts at P. The coordinates (x, y, z) of the point P can be calculated '
by using Varignon’s theorem, the jmoments for which can be taken about any ° X
convenient point hke pomt 0. THe equation of Varignon’s theorem for ‘Space

forces is ¥ M0 = Mo

Ex.9.11 A square foundation mat
supports the four columns as
shown. Determine the magnitude
and point of application of the
resultant of the four loads.

Solution: The given system is a
parallel force system of four
forces. The co-ordinates through
which the forces act are,

0 (0,0,0),B 4,0, 10), D (10,0, 5), E (10, 0, 0)

Putting the forces in vector form
Let F1 =20 kN
: F1 =-20j kN since it is parallel to y axis and directed downwards.

Similarly

Let F» =8kN

. F2 =-8j kN
Let Fs =12kN

: Fa =-12jkN

m M
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Let Fs =40 kN
F4 =-40j kN
The resultant R = Fi+ Fo + F3 + Fa
R =(-20§)+ (-8 +(- 12+ (-40J)
R =-80j kN

Point of application of the resultant:

Let the résultant act at a point P (x, 0, 2) in the plane of the foundation mat.
To use Varignon'’s theorem, we need to find the moments of all the forces and also of the

resultant about point O. o

——F -— — -
My =r1, xF1  where r,, =41+ 10k m

=(4i+ 10 k) x (- 20 j)
=200i-80k kNm

M. =r,, xF2 wherer,, =101+ 5k

=(10i+5K) x (- 83))
=40i-80k kNm

ﬁo = ;os x F3  where ;m = 10im

=(104) x (-12})
= - 120k kNm

Ho =0 s since F4 passes through O
ﬁg =r, xR where r,, = xi+zk
=(xi+zk)x(-80j)
=(802z)i +(-80x) k kNm
~ Using Varignon’s theorem |
Mo = Z Mo

M{ + Mg + Mg + My = Mo
(200i-80 k) + (40 1- 80 k) + (- 120 k) = (80 z) 1 + (- 80x) k

240i-280k =(802)i+(-80x k

Page

14

m M

Navlakhi
P



Naviakhi's: The Best One Can Get
The Best is What You Deserve

equating the coefficients
240 = 80z
z = 3m >
-280 =-80x
x =35m

The resultant R = - 80 j kN passes through point P (3.5, 0, 3) m ......... Ans.

't
Ex. 9.12 A square foundation is |
acted upon by four column loads. Fa
The resultant of the loads acts at
the centre of the foundation. Find
the magnitude of forces F; and
F4. All the forces point in the —ve
z direction.

F,=75kN
C 4m E 4m

Solution: The given system is a A4F,
parallel force system of four i
forces. The co-ordinates through 0 —— X
which the forces act are, c Fy=50kN

0 (0’ o’ 0’9 A (89 2: 0]! B (4! Br 0], B {0’ 8: 0’

Putﬁ.ngthejorcuinvectorform
F1 =-75k kN
F2 =-F;k kN %
F3 =-50k kN
F4 =-Fsk kN

Let R be the resuitant of the four forces.

It is given R acts at the centre G.
: G =(4,4,0)

Let us use Varignon'’s theorem to find the unknown forces F; and Fs. For this we need to
find the moments of all the forces about any convenient point. Let us take G as the
moment centre,

h_nl:_.: =Te X F1 where 1, =4j m

=@xE-75 K
=-3001 kNm

"

—ﬁg’ -;mxl_?a whm;m=4l—2jm L

=@4i-2§)x(F, k)
=4F,j+2F1 kNm

m M
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where r,, = ~4i-4jm

~41-4§)x 50K
-200j+200i kNm

T X F3

=
)
noon

Mo = ro x F4 wheret, = -4i+4jm
=41+4))x Fe k)

=—4F4j —4F4i kNm -

Since resultant R passes through G, ﬁg =0
Using Varignon’s theorem

ie.

T Mg = Ma

3001)+ (4 F2j+2F21 )+ (-200j+2004) +(-4Fsj ~4Fsd) =0

(2F2-4F4-100)i+ (4 F2-4F4-200)j =0

2F2-4F4-100=0
4F;-4F4-200=0

e (1)

Solving equations (1) and (2) we get

Fg"SOKN and Fa=0

Resultant of General S8pace Force system

] |

P F3 Fz R
I .
] /
S / i ”
z
Fig. 9.8 (a) Fig. 9.8 (b)

A general space force system is neither a concurrent nor a parallel system. The
resultant of such a system is a single force R and a moment M at any desiied
point. Since the resultant contains one force and one moment, it is also known
as a Force Couple System. Fig.9.8 (a) shows a general system of four forces F,,
F2, F3 and Fs. If it is desired to have the resultant at point O, then as per

figure 9.8 (b)

Page
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the single force R=F1+Fa+F3+ Fa
: — —R =R, oh ok ¥
and the single moment M = Mg + MD + MQ + Mo

Ex. 9.13 Determine the resultant force 4
and couple mament about the origin of i
the force system shown in figure.

L (OA) = 4 m, L (OC) = 5 m, L(OE) = 3m

e ]

Solution: The given system is a general
system of four forces. The co-ordinates of
the various points through which the
force passes are, A (4, 0, 0), B (4, 5, 0),
c@© 5 0,D(, 5 3,F 40 3),
G (4,5,3)and 0 (0,0, 0).

Putting the forces in vector form

Fi

F1.épp &

20 4i-3k
V42 4 32

16i-12k kN

e
[N
n

Fa.€o0a

)
50 4i+5j+3k
J42+52+32J

=28281+3535j+21.21k kN

Fa = Faér

30[_4“51}
Ja? 452

- 18.741+23.42) kN

¥t

1

Fa =40k kN since the force is parallel to z axis.

The resultant force R=F +Fa+ F3 + Fs4

"o

R =(161-12k) +(28.281+35.35)+21.21 k) + (- 18.741+ 23.42)) + (40 k)

R =25541i+58.77j+49.21k kN vereeen.ADS,

Page NaV Ia kh iTM
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Mg = ro, x F1 where r,, =5j+3k m

= (5j+3K)x(16i-12K)
= -601+48j-80k kNm

Mg =0 since F; passes through O
—F - - -
My = r,, x F3 wherer,, =5j+3k m

= (5i+3 k) x (- 18.74 1 + 23.42 §)
= -70261-56.22§+93.7k  kNm

My = r,, x Fa where r,, =41 m
= (4§ x(40K) |
= - 160 j kNm
The resultant moment at the origin is
M = Mg + Mg + My + M
= 601+48J-80k)+0+(-70.26i-56.22§+93.7 k) + (~ 160 j)
© M =-130.261-168.2j+13.7k kNm Ans.
The resultant force and couple moment at the origin is |
R = 25.541+58.77 §+ 49.21 k kN
M = -130.261- 168.2 § + 13.7 k kNm veeeeen. Ams,

Ex. 9.14 Determine the resultant and resultant couple moment at a point A(3,1,2)m
of the following force system

F1 =3i+8k NactingatapointB (8,3, 1) m

Fa=31+2j-4%k N acting at O (0, 0, 0) m

Mi=121-20§+9k Nm

Solution: The given system is a general space force system of two forces and cne
‘ouple, The forces and moments are already in the vector form.

Fi=5i+8%k N
F2 = 31+2j-4k N

m M
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The resultant force R = Fi+ F2
R =(5i+8Kk+((31+2j-4kK)
_ v
R =8i+2j+4k N . Ans.

To find the resultant moment at point A
Taking moment of all forces about point A

£
(83

M, = T x Fi where r,, =51+2j-k m

Gi+2j-K)x(51+8K)
16i-45j- 10k Nm

ﬁi’ = 1, xF2 where r,, =-3i-j-2k m

=(-3i-j-2Kx(3i+2j-4K)
=81-18j-3k Nm

The resultant moment M = M, + M,/ + M

(161-45§-10Kk) + (81-18 -3 k)
+(121-20§+9K)

36i-83j-4k Nm = ... Ans.

The resultant force and couple moment at the point A is

R

g8i+2j+4k N

=i
1l

36i1-83j-4k Nm e Ans. {

Excercise 9.2

ints A and B are (3, 2, -1) and (8, 5, 3) respectively. Another force P, = 5 N in
magnitude acts along BC where C has co-ordinates (-2, 11, -5). Determine
a. The resultant of P; and P; in its vectorial form.
7-b. ‘The moment of the resultant about a point D (1, 1, 1)

'

¢. The magnitude of the component of the resultant along the line BK where the
coordinates of the point K are (5, 8, 3)

/1. A force P; = 10 N in magnitude acts along direction AB whose co-ordinates of
po

m M
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We can also use the other three scalar equations of equilibrium wiz.
IMx =0
M, =0 ’
ZM; =0

Ex. 9.15 Figure shows a
tripod carrying a load of
5 kN. Supports A, B, C are
coplanar in plane x-z.
Compute the forces in
members AD, BD and CD.
Assume all joints to be of
ball and socket tvne.

Solution: Since the load of 5 kN is being applied at the joint D of the tripod structure,
axial forces get developed in the members forming a concurrent system at D. Let Fap,
Fap and Fep be the axial forces developed in the members AD, BD and CD respectively.
Let us initially assume the forces to be of tensile nature. The co-ordinates of the joints
through which the forces pass are shown on the figure.

Putting the forces in vector form

Fap = Fap.€pa fsxri ’
- p, [225):3k 0©.25.0
v2.52 + 32

= Fap (-0.64  + 0.768 k) e

Fep = Fsp.éps
-2.6451-2.5j+3k (-2645,0.3)  A(0,0.3)
Fap 2 2 A%
J2.645% +2.52 +3
Fao (- 0.56 1—0.53 j - 0.636 k)

Fcp = Fep.enc . S |
31-2.5j-2.5k ;_
= Fop| 7= 2 2
V32 1252 +25 ]
5
= Fep (0.647 1-0.539 § - 0.539 k
W =-5j kN since it is parallel to y axis and directed in th - ve direction.
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Space Forces

Applying COE
ZFx =0
-0.56 Fgp + 0.647 Fcp=0 = eeeeee (1)
ZF_\! =0
—0.64 Fap-0.53 Fgp-0.539 Fcp-5=0  —ceocee- 2

ZF: - 0
0.768 Fap + 0.636 Fep -~ 0.539 Fep =0 =mmeceeee 3)

Solving equations (1), (2) and (3), we get

F,\D = 1.29 kN =129 kN Tension @ ... Ans.
Fep= -5.84kN =584kN Compression ... Ans.
Fep= -5.06 kN = 5.06 kN Compression .. ... Ans,

Ex. 9.16 A 0.6 m x 0.9 plate weighing
120 N is lifted by three cables which are
joined at D directly above the centre of the
plate. Determine the tension in each cable.

Solution: At support D, tensions in the
cables and the reaction Rp form a
concurrent system in  equilibrium.
Drawing the FBD of the joint D and
finding the co-ordinates of the points
through which the forces pass.

Putting the forces in vector form

Tpa = Toa.€pa

. —0.451—0.91w0.3k]
A ”
"\ Vo457 +0.92 + 0.37

= Toa (- 0.4281-0.857 j - 0.286 k)

= TDB{0.451'0.91-0.31:}

v0.452 + 0.9 +0.32
= Tos (0.428 1 - 0.857 § - 0.286 k)

(0,0,03)

m M
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= . [-09j+03k
s TDC{ J0.9% +0.32 ] :

Toc (- 0.948 j + 0.316 k)

120 j since reaction Rp weuld be equal to the weight in magnitude and
direction and opposite in sense.

A
=]
]

Applying COE

ZFX =0
-0.428 Tpa + 0.428 Tpp =0  =ee=ememees []}
2F, =0
- 0.857 Toa - 0.857 Tou~ 0.948 Tpc + 120 =0  ——---eum- @
2F;=0
~0.286 Tpa — 0.286 Tps + 0.316 Tope =0 ==mmmemeee (3]

Solving equations (1), (2) and (3), we get
Trm = Tpp= 35N verneee. ADS,
Toc = 633N e Ans.

9.9 Equilibrium of Non-Concurrent Force System

For equilibrium of both parallel and general space force sysiems, all the six
doalar ﬁqumions of cc].uilibrium are applicable viz.

YFx=0 zMx’ 0
EF_V: 0 ZM)"= 0
ZFZ= 0 ZM;‘O

Ex. 9.17 A vertical mast AB is
supported at A by a ball and
socket joint and by cables BC
and DE as shown. A force
F=500i+400j-300k Nis
applied at B. Find the reaction
at A.
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Solution: The given system is a
general space force system of
four forces. Figure shows the
FBD of the mast AB. The ball
and socket offers a force
reaction Ra having components
Ax, Ay and A, initially assumed
to act along + ve direction of
axes. Let To; and Tuyc be the
tension in the cables DE and
BC respectively.

The co-ordinate of points through which the forces pass are
A(0,0,0),B(0,o0, 8),C(-2,4,0),D (0,0, 5)and E (0, - 4, 0)

Putting the forces in vector form,
F =5001+400j-300k ... given

Tec = Tgc.ése

H

5 (-—2“41—81:]
BCLV‘22+42+82

Tec (- 0.218 1 + 0.436 - 0.873 k)
Tok = Tpg.épe

-4j-5k
TDE (-_._j_q__]

V4?2 +52
Toe (- 0.625 j - 0.781 k)
Aci+ A j+A k

]

Ra
Taking moments of all forces about ball and socket A,

—F - —_— .
Ma =r,xF where r,, =8k m-

(8 k) x (S00 1 + 400 § - 300 k)

Mi = -32001+4000j Nm

MA® =T, x Tac where r,, =8k m
=(8kb<?m:E0218i+0436j~0873m

MX® = -3.488 Toc 1 - 1.744 Toc i Nm

m M
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—Toe

M,

I X Toe where r,, "5k m

(5 k) x Toe (- 0.625 § - 0.0781 k)

—R

Ma =0 since Ra passes through A
Applying COE )
IM; = 0 ‘
-3.488 Tpc + 3.125 Tpg - 3200=0  -—------- (1)
—1.744 Tac + 4000=0  ======ee- (2)

Solving equations (1) and (2) we get

Tge= 22936N e Ans.
Tpe = 3584 N BRI Ans.
To find reaction at A |
Applying COE f
SFy = 0

Ax+500-0.218 Tgc= O
A, + 500 - 0.218 (2293.6) = 0 2
Ax=0

ZF)!=0

A, + %00 + 0.436 Tac - 0.625 Tog = 0
Ay + 400 + 0.436 (2293.6) - 0.625 (3584) = 0
Ay =840 N

ZF. =0

A: - 300 - 0.873 Tec — 0.781 Tpg = 0
A, - 300 - 0.873 (2293.6) - 0.781 (3584) = 0
A; = 5101 N

The reaction Ra at the ball and socket support at A is
Ra=840j+5100k N e Ans.

m M

Page NaVIa khl

24 //-“



Naviakhi's: The Best One Can Get

The Best is What You Deserve

e 4 e
—p

Ex. 9.18 Find the tension in each
of the cable supporting the
rectangular plate. The plate
weighs 500 N.

Solution: The given system is a
parallel system of four forces. Let
Ta, T and T¢ be the tensions in
the three cables at A, B and C
respectively. Let W be the weight
of the plate. FBD of the plate is
shown in the figure.

The co-ordinates of the points
through which the forces pass
are

A(0,0,2.5),B (0,0, 1),
C(1,0,0),G (0.5, 0, 1.75).

Putting the forces in vector form.
Ta = Taj N

W =500N
z/

Ts = Tgj N
Te = Te§ N
W =-500j N |
Taking moments of all forces about any point say B.
Mz = 1, x Ta where r,, =1.5k m
= (1.5 k) x (Ta j)
= -1.5Tai Nm
_TC - -_— . o
Mg = r,. x Tc where ro. =1 m
= (1) x(Tcj)
= Tck Nm
MB = T, x W Where r,, =0.5i+0.75k m

(0.51+0.75k) x (- 500 j)
375i-250k Nm
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Applying COE

M, =0
~15Ta + 375 = 0
Ta=250 N

ZMZB 0
Tc-250=0
Tc=250N

YF, = 0

Ta+Tg+Tc-W =0

250 + Tg + 250-500=0
Te = 0

Ex. 9.19 A boom weighing
1.5 kN/m lies in the yz plane. A
force P = 20 kN is carried by the
boom at the mid point of AB and
acts parallel to the y axis. Find the
force induced in the cables and
reaction at support A.

Solution: The given system is a
general system of five forces. Let
Tac, Tep be the forces in the cables.
Let A be the reaction at the, ball
and socket at A giving reactions Ax,
Ay and A,.

The weight of boom W = 1.5 kN /m x length of boom
W =1.5x 10.44 = 15.66 kN

Figure shows the FBD of the boom.
Putting the forces in vector form

P =20j kN since it is parallel to
y axis and directed in the + ve
direction

W = - 15.66 k kN since it is
parallel to z axis and directed in
the — ve direction

Tec = Tre.€rc

=Tm[—41—53—10k]

V4?2 + 5% +10?

——— ot o e

B (0.3.1'0} p.] Y
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= Thc (- 0.337 i - 0.421 § - 0.842 k) kN

Tep = Tep.€sp

41-5j-10k
= TBD(—»-«—J__._.]

V42 452 102

=Tap (0.337 1- 0.421 j - 0.842 k) kN
Ra=Ad+Aj+A Kk

Taking moments of all forces about ball and socket A.

el I - — -
MA™ = r, x Tpe where r,, =3j+ 10k m

=33+ 10 k) x Tac (- 0.337 i - 0.421 j- 0.842 Ky
= Toc (1.684 1+ 3.37 §— 1.011 k) kNm

ﬁ EIBD - ;wx ¥BD
=(@3Jj+ 10K x (0.337 i - 0.421 j-0842 K
=Tep (1.684 1+ 3.37 § - 1.011 k) kNm

4 My = Twe X W where r,, =15j+ 5km

=(1.5§+5K) x (- 15.66 k)
= -23.491 kNm

Ma = r, xP
J
=(1L.5j+5K x(20j)
=-100i kNm
ﬁi =0 since R, passes thrbugh A
Applying COE
IMx =0
1.684 Toc + 1.684 Top —23.499 - 100 = 0 —ooomroo . (1)
~ EM}' =0 .
=3.37Tec +3.37Tgp=0 o 2)
zMz =0
I-OIITBC*- I.OIITBDHO _____________ (3}
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Solving equations (1), (2), and (3)
Tac = Tep = 36.66 kKN

Applying COE

2Fx=0 |

-0.337 Tac + 0.337 Tep + Ax=0

— 0.337 (36.66) + 0.337 (36.66) + Ax = 0
Ac=0

EFy .. 0

~0.421 Tec- 0.421 Tep + 20 + Ay =0

—0.421 (36.66) — 0.421 (36.66) + 20 + Ay = 0
Ay = 10.87 kN

3F,=0

— 0.842 Tpc — 0.842 Tep — 15.66 + A; = 0

- 0.842 (36.66) - 0.842 (36.66) - 15.66 + A; =0
Az = 77.39 kN

. The reaction Ra at the ball and socket support is Ra=10.87§+

Ex. 9.20 Find all the reactions at
fixed end O of the bar bent and
loaded as shown.

RO ER:

77.39k kN ..Ans.

Solution: The given system is a
general force system of four forces in
equilibrium. The fixed support at 0]
offers a force reaction Ro having
components Oy, Oy and O, and a
moment  reaction Mo having
components Mox, Moy and Moz.

Figure shows the FBD of the bent up
rod.

The co-ordinates of the points
through which the forces pass are
01(0,0,0),B(2,3,0,C(2,3,- 2)
Putting the forces in vector form

Let P =20 kN then
P =-20k kN

Let Q =30 kN
' Q =30j kN €232
Let S =40 kN, then / i
S =401 kN e

30 kN

30 kN
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The force reaction Ro = Oy 1 + 0,j+0. k
Taking moments of all forces about O

MO = Topx Q

(21+3j) x (20 k)
-60i+40j kNm

Mo = EOHXG
=2i+3jx(30)
=60 k kNm

MY = 5. %8

(2i+3j-2K)x (40 i)
=-80j-120k kN.m

Also ﬁo

]

Moxi+ Moy j + My, k
Applying COE
IM, =
-60+Mx=0
Mox= 60 kNm

IM, =0
40-80 + Moy = 0
Moy = 40 kNm

Z-Mz =0
60-120+ My =0
M. =60 kNm

The moment reaction M, at fixed end O is
M,=60i+40j+60k kNm rrerneeea ADS,
Applying COE

YFx=0
40+ 0,=0

m M
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YF.=0
-20+0.,=0
0O, =20 kN

The force reaction Ro at fixed end O is

Ro=-40i-30j+20k kN Ans.

Excercise 9.3

P1. A boom AB supports a
load of 1000 N as shown. Neglect
weight of the boom. Determine
tension in each cable and the
reaction at A.

P2. Figure shows a space
truss. Find forces in members
AB, AC and AD of the truss
loaded at joint A by a force
F=40i-30j-20k kN

=

P3. A vertical load of 1000 N
is supported by three bars as
shown. Find the force in each
bar. Point C, O and D are in the
x-z plane while.B is 1.5 m above
this plane.

m M
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