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Chapter Two
2 -1 The MOMENT:
In addition to the tendency to move a body in the direction of its application,a force can also tend to rotate
a body about an axis. The axis may be any line which neither intersects nor is parallel to the line of action

of the force. This rotational tendency is known as the moment M of the force. Moment is also referred to
as torque.

=

Figures shows a two-dimensional body acted on by a force F in its plane. The magnitude of the moment
or tendency of the force to rotate the body about the axis O-O perpendicular to the plane of the body is
proportional both to the magnitude of the force and to the moment

arm d, which is the perpendicular distance from the axis to the line of action of the force. Therefore, the
magnitude of the moment is defined as

. 1Y
| M =Fd |
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2-1-1 Varignon’s Theorem
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One of the most useful principles of mechanics is Varignon’s theo-rem, which states that the moment of a
force about any point is equal to the sum of the moments of the components of the force about the same

point.

Example 1 : Calculate the magnitude of the moment about the base point O of the 600-N force in four
different ways.

L
(=]

Pl
()

2m

F{ =600 cos 40°

Solution. (I) The moment arm to the 600-N force is

d=4cos40°+ 2sin40° =4.35m

) By M = Fd the moment is clockwise and has the magnitude

M, = 600(4.35) = 2610 N-m Ans.
(II) Replace the force by its rectangular components at A
F{ =600 cos 40° = 460 N, Fy = 600 sin 40° = 386 N
By Varignon’s theorem, the moment becomes
Mg = 460(4) + 386(2) = 2610 N-m Ans.
(IIT) By the principle of transmissibility, move the 600-N force along its

line of action to point B, which eliminates the moment of the component F;. The
moment arm of F; becomes
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dy =4+ 2tan40° = 5.68 m
and the moment is
Mﬂ = 460(5.68) = 2610 N-m

(Iv)

F;. The moment arm of F3; becomes

[c_;_:fl

dy =2+ 4cot40°=6.7TTm
and the moment 1s

M, = 386(6.77) = 2610 N-m

Example 2 : determine the Moment of 50 N force about (a) point O by varygnon theorem
(b) point C by an other method.
Sol: ......

¥ mm
I
¢C (0, 25)

-

[ ]
A (-15,-20)

Ans.

Moving the force to point C eliminates the moment of the component

Ans.

B (40, 10)
[ ]

-




ENGINEERING MECHANICS
STATICS
2018 - 2019

Example 3 : determine the Moment of force (140N) which exerted by wrench on a bolt about

bolt center (O).
Sol: ....

the
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2-2 Resultant moment

Resultant Moment. For two-dimensional problems, where all the
forces lic within the x-y plane, Fig. 4-3, the resultant moment (Mg)
about point O (the z axis) can be determined by finding the algebraic sum
of the moments caused by all the forces in the system. As a convention,
we will generally consider positive moments as counterclockwise since
they are directed along the positive z axis (out of the page). Clockwise
moments will be negative. Doing this, the directional sense of cach
moment can be represented by a plus or minus sign. Using this sign
convention, the resultant moment in Fig. 4-3 is therefore

C+ ("]h'),. - .\.:I"ll: (-\IR)‘, -— Fl"l P I::ll: + I'._;(I.;

EXx:3.
Determine the resultant moment of the four forces acting on the rod
shown in Fig. 4-5 about point O.
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C,"*‘.“IR“ = 2 Fd,;

Mg = —50N(2m) + 60 N(0) + 20 N(3 sin 30°
—40N(dm + 3cos 30 m)
Mg = =334Nm =33d4N-m)

)

Problems: (1)

As a trailer 1s towed m the forward direction, the

m)

force ' = 500 N 1s applied as shown to the hall of the
trailer hitch. Determime the moment of this foree
about point 0.

(2)
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The 10-N force 1s applied to the handle of the hy-
draulic control valve as shown. Calculate the mo-

ment of this foree about pomt 0.

(3) find out the resultant moment of two forces shown in Fig.
Down about point (O).

(4) Two boyes push on the gate in same time. If Fg =30 N ,what is the value of the force FA=?? the boy A
must exert to prevent the gate to turning?

6n

2-2 Moment of a couple .
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A couple is defined as two parallel forces that have the same magnitude,
but opposite directions, and are separated by a perpendicular distance d.
Fig. 4-25. Since the resultant force is zero, the only effect of a couple is to
produce a rotation or tendency of rotation in a specified direction. For
example, imagine that you are driving a car with both hands on the steering
wheel and you are making a turn. One hand will push up on the wheel
while the other hand pulls down, which causes the steering wheel to rotate.

The moment produced by a couple is called a couple moment. We can
determine its value by finding the sum of the moments of both couple
forces about any arbitrary point. For example, in Fig. 4-26, position
vectors ry and ry are directed from point O to points A and B lying on
the hine of action of —F and F. The couple moment determined about O
is therefore

M=rg XF+r,X-F=(g—r4) XF

Howeverry = r,y +rorr = ry — r,y, 50 that

M=rXF (4-13)

10




Fy=4501b A

EXAMPLE |4.10

A F, =2001b

ddy = 4t~

Ex2-2-2

Fs =450 Ib

F,=2001b
Y

Fig. 4-30

ENGINEERING MECHANICS

Fy = 3001b

Determine the magnitude and direction of the couple moment acting
on the gear in Fig. 4-31a.
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Determine the resultant couple moment of the three couples acting
on the plate in Fig. 4-30.

Fy, = 300 Ib

SOLUTION

As shown the perpendicular distances between each pair of couple forces
are dy = 41, d, = 3 M1, and d; = 5 1. Considering counterclockwise
couple moments as positive, we have

C+“{R = IM; “{R = —fvltll + F:ll: - ,"\(l}

(=200 1b)(4 ft) + (450 1b)(3 ft) — (300 1b)(5 ft)

—950 b+ ft = 950 1b-ft) Ans.

The negative sign indicates that Mg has a clockwise rotational sense.

F ) |

600 sin 30° N
F = 600N

A 600 cos 30°N

600 cos 30° N

F=600N 600sin 30° N

(b)

11
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, , , 400 N
Replace the horizontal 400-N force cting on the lever by an equivalent sys-
tem consisting of a force at 0 and a couple
200 mm
o)
Solution, We apply two equal and opposite 400-N forces at 0 and identify the
counterclockwise couple 400N 400 N
M =Fd] M = 400(0.200 sin 60°) = 69.3N'm Ans, _ _
) Thus, the original force is equivalent to the 400-N force at 0 and the 69.3-N'm A A
o , _ 0
couple as shown in the third of the three equivalent figures, Y NN soo N

69.3N-m
Problems:

1) (2)
A force F = 60 N acts along the line AB. Determine The 180-N force is applied to the end of body OAB. If
= 50°, determine the equivalent force—couple sys-

the equivalent force-couple system at point C. tem at the shaft axis O.
Ans. F = —169.1i — 61.6) N, M,, = 41.9 N-m CCW

1Q mép—% B

\I N

=

N

— =X

(3) (4)

During a steady right turn, a person exerts the forces
2/68 A force F of magnitude 50 N is exerted on the auto- shown on the steering wheel. Note that each force
gn consists of a tangential component and a radially-

mobile parking-brake lever at the position x = 250 inward component. Determine the moment exerted
mm. Replace the force by an equivalent force—couple
system at the pivot point O.

about the steering column at O.

12
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2-3 Resultant (forces &moments)
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d, ds
\ < dg - N \k /

M, = Fods
MS = FE_CES

Fy
() (b)

A A
[ / R=XIF :f /{ \
I'.\ | d M
\“~--?._ / \_Hhi d==2 /ﬁ:
— T /

(c) (d)
AV ¥ alaall (38 5 Ll (S dlianall o)) G
- ™y
R ,=3F, R,=3F, R=J/QF)?+ (F)?
R *F
@ = tan™ —I—tan_l—y
R, XF,
W "
) e i (R (Lo ) Alanall dagy o el Aads
s N
R =Z%F
M, = M = 3(Fd)
Rd = M,
LS
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Ex 2-3-1: find the resultant of four forces and one couple shown in Fig. down and indicate the location
with respect to (0) along X-axis.

Sample Problem 2/9

Determine the resultant of the four forces and one couple which act on the
plate shown.

Solution. Point O is selected as a convenient reference point for the force—couple
system which is to represent the given system.

R, =ZF] R, =40+ 80 cos 30° — 60 cos 45° = 66.9 N
R, =3F)] R, =50 + 80 sin 30° + 60 cos 45° = 1324 N
[R=JR?+R] R = /(66.9)% + (132.4)* = 1483 N Ans.
R,
= tan-1=2 = an-1132:4 -
{H = tan R,J b=t 6. 63.2 Ans.

M, = X(Fd)] M, = 140 - 50(5) + 60 cos 45°(4) — 60 sin 45°(7)

=-23TN'm

The force—couple system consisting of R and M, is shown in Fig. a.
We now determine the final line of action of R such that R alone represents

the original system.

[Rd = |M,)] 1483d =237 d=1600m Ans.

Hence, the resultant R may be applied at any point on the line which makes a
63.2° angle with the x-axis and is tangent at point A to a circle of 1.600-m radius
with center O, as shown in part b of the figure. We apply the equation Rd = Mp in
an absolute-value sense (ignoring any sign of M) and let the physics of the situa-
tion, as depicted in Fig. a, dictate the final placement of R. Had M, been counter-
clockwise, the correct line of action of R would have been the tangent at point B.

The resultant R may also e located by determining its intercept distance b
to point C on the x-axis, Fig. ¢. With R, and R, acting through point C, only R,
exerts a moment about O so that

= 27 _799m

and b=

R,b = M|

14

y
2my !
60N e 5m—>
‘ 50N :
-
45° __*‘ _____
RN r 140 Nom
'
T | SN
2
N J_______leﬁ_x
].I]fl»,r
y
|
|
||R=1483N
|
(a) |
1M, = | 6=63.2°
237N-m(0 _1
o
(b)
132.4x — 66.9y =
937
(c)
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Ex 2-3-2: find the magnitude of T and its direction ( ©) for which the eye bolt under a resultant downward

of 15Kn
Sol.....

Notes.....T - > o/

Problems:
1) (2)
Determine the magnitude of the force F applied to If the resultant of the two forces and couple M

the handle which will make the resultant of the
three foreces pass through O.

300

1T~ mm | ‘
120N 240N ) mimn

15

passes through point O, determine M.

Ans. M = 148.0 N-m CCW

400 N
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3

Determine the resultant R of the three forces acting
on the simple truss. Specify the points on the x- and
y-axes through which R must pass.

Ans. R = —15i — 47.3j kN
x=T742m,y = —234m

\ 30°
AN
925 kN 20 kN \
—~€ f %
_r-"’f // \.\\_
v/ lsm
,-’f / -\.\\_
: _:’f / 6 9 \"\
O::jg 3dm m m ";———x
30 kN

(4)

T Replace the three forces acting on the bent pipe by a
single equivalent force R. Specify the distance x
from point O to the point on the x-axis through

which the line of action of R passes.
Ans. R = —200i + 80j N, x = 1.625 m (off pipe)

160 N

200N

16

=— 250 mm—-=250 mm -




