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L RESULTANTS OF AFORCE AND
COUPLE SYSTEM
L . (Section 4.8)

I When several forces and couple moments
o act on a body, you can move each force

x ﬁ: e and its associated couple moment to a
T~ common point O,

~m=rxr Now you can add all the forces and
couple moments together and find one
resultant force-couple moment pair.

Ff\' = EF
MR“ = XM( aF }_.M()
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RESULTANT OF A FORCE AND COUPLE SYSTEM
(continued)

If the force system lies in the x-y plane (the 2-D case), then the
reduced equivalent system can be obtained using the following
three scalar equations.

FRx S EFI
FRy = EF},
MRO = EMC )= EMO

FURTHER REDUCTION OF A FORCE AND COUPLE
SYSTEM

(Section 4.9)

If F and M are perpendicular to each other, then the system
can be further reduced to a single force, Fx, by simply moving
Fr from O to P.

In three special cases, concurrent, coplanar, and parallel systems
of forces, the system can always be reduced to a single force.
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4 ft

EXAMPLE #1
201b Given: A 2-D force as shown.

-5

4. Find: The equivalent resultant

Plan:

force to A.

TN

force and couple
moment acting at A and
then the equivalent

I single force location
along the beam AB.

C

1) Sum all the x and y components of the forces to find Fg,.
2) Find and sum all the moments resulting from moving each

3) Shift the Fr, to a distance d such that d = Mga/Fg,

LS
T

2ft

EXAMPLE #1
(continued)

+ > Fp, = 25+ 355in30° =425b

+ { ZFg, = 20 +35¢0s 30° =50.31Ib

+ ( Mg = 35¢0s30° (2) +20(6) — 25(3)
=105.6 Ib-ft

Fr=(42.52+50.312)2 =659 Ib
U 0 = tan'1 (50.31/42.5) =49.8°

The equivalent single force F, can be located on the
beam AB at a distance d measured from A.

d = Mga/Fg, = 105.6/50.31 = 2,10 ft.
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EXAMPLE #2

Given: The building slab has
four columns. F, and
F,=0.

Find: The equivalent
resultant force and
couple moment at the
origin O. Also find the
location (x,y) of the

Plan: single equivalent

_ resultant force.
1) Find Fro = 2F; =Fgpk
2) Find Mpo = X (r; xF) = Mg, i + Mgyo]

3) The location of the single equivalent resultant force is given
as X = -MRyO/FRZO and y = MRXO/FRZO

EXAMPLE #2
(continued)

Fro = {-50 k — 20 k} = {-70 k} kN
I\y/IRO = (10i) x (-20 K) + (4 i + 3 j)x(-50 K)
= {200 j + 200 j — 150 i} kN-m
= {-150 i + 400 j } kN-m

The location of the single equivalent resultant force is given as,
X = -Mgyo/Frso = -400/(-70) =5.71 m
Y = Mgyo/Freo = (-150)/(-70) = 2.14 m
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CONCEPT QUIZ

1. The forces on the pole can be reduced to
a single force and a single moment at

point :
1)P 2)Q 3R
4)S 5) Any of these points.

2. Consider two couples acting on a body. The simplest possible
equivalent system at any arbitrary point on the body will have

1) one force and one couple moment.
2) one force.

3) one couple moment.

4) two couple moments.

PROBLEM SOLVING

Given: A 2-D force and couple
8 ‘ system as shown.

2ft

Find: The equivalent resultant
s force and couple moment
= i acting at A.

| 4 m:

150 1b

w g 4 ‘ 1) Sum all the x and y components
A= of the forces to find Fga.

(& B
4— B3 2) Find and sum all the moments
501b resulting from moving each
force to A and add them to the
500 Ib - ft free moment to find
the resultant Mg, .
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PROBLEM SOLVING (continued)

A

15016
4:1’1
Summing the 500 1b - ft__--. =24 ‘d
force //[—L = ; |
Components: o 3fe |

+ > 3F, = (4/5) 150 Ib +50 Ibsin30° =145 Ib
+ TXF, = (3/5) 150 Ib+50Ib cos30° =133.31b

Now find the magnitude and direction of the resultant.

Foa=(1452+13332)12=197 b and 6 = tan' ( 143.3/145)
=426°
+( Mga = { (4/5)(150)(2) - 50 cos30° (3) + 50 sin30° (6) + 500 }

= 760 Ib-ft .

PROBLEM SOLVING

Given: Handle forces F, and F, are
applied to the electric drill.

Find: An equivalent resultant
force and couple moment at
point O.

Plan:

: _ a) Find Fro =X F,
Where, b) Find Mgo == M.+ 2 (1, x F;)
F; are the individual forces in Cartesian Vector Notation (CVN).

M_. are any free couple moments in CVN (none in this example).

R; are the position vectors from the point O to any point on the
line of action of F;. 12
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SOLUTION

Fy= (2 - 4kIN

F, ={6i-3j-10k}N
F, ={0i+2j-4k}N
Fro = {6i-1j-14k} N
rr, ={015i+03k}m
{-025j+0.3k}m

Mo =rixF +1,xF,

q
)
1

i ] k i j
Mro ={/ 0.15 0 0.3 ‘ + 10 -025 03| }Nm
6 -3 -10 0 2 -4

={09i + 3.3j-045k + 0.4i + 0] + Ok} N-m
={13i + 3.3] — 0.45k} N-m

13

ATTENTION QUIZ

1. For this force system, the equivalent system at P is

A) Frp =40 Ib (along +x-dir.) and Mg, = +60 ft -1b
B) Frp =0 lband M, = +30 ft - Ib

C) Frp =30 Ib (along +y-dir.) and Mgpe =-30 ft -Ib
D) Frp = 40 Ib (along +x-dir.) and Mgp = +30 ft -Ib

. 300
— - 401p =

14
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ATTENTION QUIZ

2. Consider three couples acting on a body. Equivalent

A) different when located
B) the same even when located
C) zero when located

D) None of the above.

systems will be at different points on the body.

15
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