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Simplification of a Force and
Couple System

Sometimes it is convenient to reduce a system of
forces and couple moments acting on a body to a
simpler form by replacing 1t with an equivalent
system, consisting of a single resultant force acting at
a specific point and a resultant couple moment.

A system 1s equivalent 1f the external effects i1t
produces on a body are the same as those caused by
the original force and couple moment system.
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In this context, the external effects of a system refer to
the translating and rotating motion of the body if the
body 1s free to move, or it refers to the reactive forces at
the supports if the body i1s held fixed.

For example, if the stick in fig.(a), 1s subjected to the
force F at point A.

(a) (b)

If F 1s applied perpendicular to the stick, as shown 1n
fig. (a).
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System of Forces and Couple Moments: Using the
above method, a system of several forces and couple
moments acting on a body can be reduced to an equivalent
single resultant force acting at a point O and a resultant
couple moment.

For example, 1n fig. (a), O 1s not on the line of action of
F,, and so this force can be moved to point O provided a
couple moment (M), = r, X F, 1s added to the body.

A Fp
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Similarly, the couple moment (M), = r, < F, should be
added to the body when we move F, to point O. Finally,
since the couple moment M 1s a free vector, 1t can just be
moved to point O.

By doing this, we obtain the equivalent system shown 1n
fig. (b), which produces the same external effects
(support reactions) on the body as that of the force and
couple system shown in fig. (a).

If we sum the forces and couple moments, we obtain the
resultant force F, = F, + F, and the resultant couple
moment (M), =M + (M), + (M,),, shown in fig. (¢).
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We can generalize the above method of reducing a
force and couple system to an equivalent resultant
force F, acting at point O and a resultant couple
moment (Mj),, by using the following two equations.

F,=3F
(Mp), = =M, + IM

The first equation states that the resultant force of the
system 1s equivalent to the sum of all the forces; and
the second equation states that the resultant couple
moment of the system 1s equivalent to the sum of all
the couple moments XM plus the moments of all the
forces XM, about point O.
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If the force system lies in the x—y plane and any
couple moments are perpendicular to this plane, then
the above equations reduce to the following three
scalar equations.

(FR)x - ZFX
(FR)y — ZFy
(Mzp)p=2M,+2M

Here the resultant force is determined from the vector
sum of its two components (F), and (£7),
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EXAMPLE: 4.14

Replace the force and couple system shown 1n fig. (a)
by an equivalent resultant force and couple moment

acting at point O.

0.1 m

0.1 m

4 kN
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EXAMPLE: 4.15

Replace the force and couple system acting on the
member 1n fig. (a) by an equivalent resultant force
and couple moment acting at point O.

500 N
750 N
“ 200 N
O 1m ot
ol ¥ 1m
1.25 m—-\——1.25 m-— |
200 N
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Problem No.: 4.104

Replace the force system acting on the crank by a
resultant force, and specify where its line of action
intersects BA measured from the pin at B.

AAAAAAAAAAA | \—4.5 in.—LriS in:
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Further Simplification of a Force
and Couple System

Previously, we developed a way to reduce a force and
couple moment system acting on a rigid body into an
equivalent resultant force F acting at a specific point O
and a resultant couple moment (My),,.

The force system can be further reduced to an
equivalent single resultant force provided the lines of
action of F, and (My),, are perpendicular to each other.

Because of this condition, only concurrent, coplanar,
and parallel force systems can be further simplified.

BLE
O eby er o Edu O Ja ed Lea g Sn ootl Career
mprehensive Ac dy P run ity Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

Concurrent Force System: Since a concurrent
force system 1s one in which the lines of action of all the
forces intersect at a common point O, fig. (a), then the
force system produces no moment about this point. As a
result, the equivalent system can be represented by a
single resultant force K, = F acting at O, fig. (b).

F,
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Coplanar Force System: In the case of a coplanar
force system, the lines of action of all the forces lie in
the same plane, fig. (a), and so the resultant force F, =
F of this system also lies in this plane.

Furthermore, the moment of each of the forces about
any point O 1s directed perpendicular to this plane.
Thus, the resultant moment (Mj),, and resultant force
F, will be mutually perpendicular, fig. (b).
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The resultant moment can be replaced by moving the
resultant force F, a perpendicular or moment arm
distance d away from point O such that F, produces
the same moment (My),, about point O, fig. (c).

This distance d can be determined from the scalar
equation (My), = Frd = M, or d = (M), /Fy.

(b) (c)
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Parallel Force System: The parallel force
system shown 1n fig. (a) consists of forces that are all
parallel to the z axis. Thus, the resultant force F, = F
at point O must also be parallel to this axis, fig. (b).

The moment produced by each force lies 1n the plane of
the plate, and so the resultant couple moment, (Mj),,
will also lie 1n this plane, along the moment axis a since
F, and (M}), are mutually perpendicular.
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As a result, the force system can be further reduced to
an equivalent single resultant force F,, acting through
point P located on the perpendicular b axis, fig. (c).

The distance d along this axis from point O requires
(Myp)p=Frd =M, or d= M, >F,.
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EXAMPLE: 4.17

Replace the force and couple moment system acting
on the beam in figure by an equivalent resultant force,
and find where 1ts line of action intersects the beam,
measured from point O.

*3

‘*—1 S m—4—1.5 m—l*—lj m——1.5 m—
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Force Summation. Summing the force components,
5 (Fp), = SF;  (Fp), = 8kN(%) = 480 kN —
+1(Fp), = SF,;  (Fp), = —4kN + 8kN(3) = 2.40kN1

From Fig. 4-44b, the magnitude of Fj 1s

Fr = V(4.80kN)* + (2.40kN)> = 5.37kN Ans.
The angle 0 1s
2.40 kN
# = tan~’ = 26.6° Ans.
4.80 kN
d
Fr

(Fg), = 480 kN

. Onebyzero Edu - Organized Learning, Sm%reer

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

Moment Summation. We must equate the moment of F about
point O in Fig. 4-44b to the sum of the moments of the force and
couple moment system about point () in Fig. 4—44qa. Since the line of
action of (Fg), acts through point O, only (Fg), produces a moment
about this point. Thus,

G+ (Mp)o = ZMy; 240kN(d) = —(4kN)(15m) — I5kN'm

—[8kN(3) ](0.5m) + [8kN(%)](4.5 m)

d=225m Ans.
’ S kN
J s Ay
4kN 4
i) 15 kN-m 0.5 m p

—l.5m——1l.5m——1.5m——1.5m
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EXAMPLE: 4.18

The jib crane shown in figure is subjected to three
coplanar forces. Replace this loading by an equivalent
resultant force and specify where the resultant’s line of
action intersects the column AB and boom BC.

3ft 5 fit | 3 ft
|
B
i
4
6 ft \_ A
L 60 Ib 250 1b
INRRLE o ——
5 fit

V|| N—
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SOLUTION
Force Summation. Resolving the 250-1b force into x and v

components and summing the force components yields

ir=»Uf-];,)x = 3F; (Fp). = —2501b(5) —1751b = —3251b = 3251b <

+1(Fp), = 3F,; (Fp), = —2501b(

Wi LA

) —601b = —2601b = 260 1b}

As shown by the vector addition in Fig. 4455,

Fo, = V(3251b)* + (260 1b)> = 416 1b Ans.

}I

v I
, — 260 Ib
EFH'WEC 0= tan'l(—) = 38.7°F Ans.
% Fy 260 1b 325 lb
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Moment Summation. Moments will be summed about point A.
Assuming the line of action of Fj, intersects AB at a distance vy from A,
Fig. 4-45bh, we have

G+ (Mp), = IM,; 3251b (v) + 260 1b (0)

= 1751b (5 ft) — 60 1b (3 ft) + 2501b(2)(11 ft) — 250 Ib(2)(8 ft)

y = 2291t Ans.

By the principle of transmissibility, F; can be placed at a distance x
where it intersects BC, Fig. 4—45b. In this case we have

C + (Mp), = SM,: 3251b(11 ft) — 2601b (x)

= 1751b (5 ft) — 60 1b (3 ft) + 250 1b(2)(11 ft) — 250 1b(2)(8 ft)

AAAAAAAAAAA 3

Onebyzero Edu - Organized L&rrﬁg, wotgcﬁteer .r'lﬁr."l'.

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

Problem No.: 4.117 and 4.118

Replace the loading acting on the beam by a
single resultant force. Specify where the force acts,
measured from end A and from B.
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Problem No.: 4.120

Replace the loading on the frame by a single resultant
force. Specify where its line of action intersects
member AB, measured from A

300N

250N
—‘1:11*—2111 3m4‘ 5 4%
C B 4
— D

——
m
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Problem No.: 4.121

Replace the loading on the frame by a single
resultant force. Specify where 1its line of action

intersects member CD, measured from end C.
300N

250 N
—‘lm*—ﬁm 3m4‘ 504
' B 4
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Problem No.: 4.124

Replace the force system acting on the post by a
resultant force, and specify where its line of action
intersects the post AB measured from point A4.

0.5m

AAAAAAAAAAA :

Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

Problem No.: 4.134

Replace the two wrenches and the force, acting on the
pipe assembly, by an equivalent resultant force and
couple moment at point O.

A 100 N-m
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