Engineering Mechanics / STATICS
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Lecture Notes and Exercises on STATICS

General Principals

1.1 Introduction
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The subject of statics developed very early in history because it’s
principles can be formulated simply from measurements of geometry
and force. Statics is the study of bodies that are at rest or move with
constant velocity. \We can consider statics as a special case of dynami
in which the acceleration is zero.

1.2 Fundamental Concepts

Before we begin our study, it is important to understand the meaning of
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certain fundamental concepts and principles.

Length: Length is used to locate the position of a poi
thereby describe the size of a physical system.

in space and
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122124 Although the principles of statics are tine independent. THis
qguantity plays an important role in the study of dynamics.
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\IEISSH Mass is a measure of a quantity of matter.
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between the bodies, such as a person pushing on a wall.
completely characterized by its magnitude, direction, an
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Rigid Body A rigid body can be considered as a combination’ of a

large number of Particles .

WEVE SR IIESE ENYE A particle originally at rest or moving in a

straight line with constant velocity, tends to remain in this State
provided the particle is not subjected to an unbalanced force (Fig.1-1).
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Equilibrium

Fig. 1-1
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NENETe S =leelals N ENVH A particle acted upon by an unbalanced

force “F’ experiences an acceleration “a” that has the same direction
as the force and a magnitude that is directly proportional to the force
( Fig. 1-2). If “F” is applied to a particle or mass “m”, this law may be

expressed mathematically as:
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Accelerated motion
Fig. 1-2

NENATe sl 6 R EERE The mutual forces of action between two
particles are equal, opposite, and collinear (Fig. 1-3).
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A B force of Bon A
Action - reaction

Fig. 1-3
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Newton's Law of Gravitational Attraction: s EElis
formulating his three laws of motion. Newton postulated a law
governing the gravitational attraction between any two particles.
Stated mathematically.

Where

F: Force of gravitational between the two particles.
G: Universal constant of gravitation, according to experimental
evidence.
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G =66.73 10712

kg s?

m1, m2: mass of each of the two particles.
r: distance between the two particles.

VWLEIfAaki: Weight refers to the gravitational attraction of the earth on
a body or quantity of mass. The weight of a particle having a mass is
stated mathematically.

W =mg prdd )Y Dl 88 g2 05

Measurements give g = 9.8066 ﬁz
s

Therefore, a body of mass 1 kg has a weight of 9.81 N, a 2 kg body
weights 19.62 N, and so on (Fig. 1-4).

* 1kg
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Fig. 1-4
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o SINUIEE The international System of units. Abbreviated Sl is a A

modern version which has received worldwide recognition. As

shown in Tab 1.1. The SI system defines length in meters (m), time in
seconds (s), and mass in kilograms (kg). In the S| system the unit of
force, the Newton is a derived unit. Thus, 1 Newton (N) is equal to a

force required to give 1 kilogram of mass and acceleration of 1 1—2

N
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o \UENFSGINEIRH In the U.S. Customary system of units (FPS)

length is measured in feet (ft), time in seconds (s), and force in
pounds (Ib). The unit of mass, called 2 slug, 1 slug is equal to the

amount of matter accelerated at 1 =z when acted upon by a force
2
of1ib (1slug=1"%)
ft
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Table 1.1 Systems of Units

ame Length Time Mass Force

International Systems of Units meter seconds kilogram Newton*
Kqg.m
S| m s kg =2
US Customary foot second Slug* pound
lb.s?
FPS s Ib
ft ft

*Derived unit

Conversion of Units:

Table 1.2 provides a set of direct conversion factors between FPS and S/
units for the basic quantities. Also in the FPS system, recall that:

1ft=12in inches 1 mile = 5280 ft 1kp Kkilopound = 10001b 1ton =20001b
Quantities Unit of Measurement (FPS) | equals | Unit of Measurement (Sl)
Force b 4.448 N
Mass slug 14.59 kg
Length ft 0.3048 m

HESIVESE When a numerical quantity is either very Large or very U

small, the units used to define its size may be modified by using a

prefix. Some of the prefixes used in the S| system are shown in Table
1.3. Each represents a multiple or submultiples of a unit which, if (multiple) Js¥1 cuistal
applied successively, moves the decimal point of a numerical quantity
to every third place. For example, 4000000N=4000kN (kilo-
newton)=4MN (mega-newton), or 0.005m=5mm (milli-meter).

(submultiple) <& Y1 cusLall

Table 1.3 Prefixes

Exponential Form Prefix Sl Symbol
Multiple
1 000 000 000 10° giga G
1 000 000 10° mega
1000 10° kilo K
Submultiple
0.001 10° milli m
0.000 001 10° micro U
0.000 000 001 10° nano n
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Exercise 1.1:

m ft
Convert 2 + to —. How many — is this?
S S

as 28 =0556" — 182/
- S s

Exercise 1.2:

Convert the quantities 300 Ib.sand 52 Slu_fto appropriate Sl units.
ft

slug Mg

anss  3001lb.s =1.33kN.s 52— =268—=
ft m

Exercise 1.3:
Evaluate each of the following and express with SI units having an appropriate prefix:

3
(a) 50mN 6GN (b) 400mm 0.6MN 2 (¢ >"N
900 Gg
ans: 50mN 6 GN = 300 kN2 400 mm 0.6 MN 2 = 144 Gm. N2 45 MV _ 5ok’
— 900Gg kg
Exercise 1.4:
Round off the following numbers to three significant figures:
(a) 4.65735 m (b) 55.578 s (c) 4555 N (d) 2768 kg
Anss a 4.66m b 55.6s c 4.56 kN d =2.77Mg

Exercise 1.5:
Represent each of the following combinations of units in the correct SI form using an appropriate
prefix:

2
(a) uMN (b) N/um (c) MN/ks w (d) kN/ms.N N
Ans. a N b (5 d __
Ans -~ K E
Exercise 1.6:
Represent each of the following combinations of units in the correct SI form:
(a) Mg/ms (b) N/mm (c) mN/(kg. ps).
Ans:(:lﬁ:(;_g b g]\l_zlﬂ C il _k_N
— ms S mm m kg.us kg.s

Exercise 1.7:
A rocket has a mass of 250 10 slugs on earth. Specify (a) its mass in SI units and (b) its weight in SI
units. If the rocket is on the moon, where the acceleration due to gravity is g,»,=5.30 ft/s?, determine
to 3 significant figures (c) its weight in units, and (d) its mass in Sl units.

ans: a 3.65Gg b W, = 35.8 MN ¢ Wmn =5.89 MN mp = me = 3.65 Gg

Exercise 1.8:
If a car is traveling at 55 mi/h, determine its speed in kilometers per hourkand meters per second.
ans: a 88514 " b 246"

S

Exercise 1.9:
The Pascal (Pa) is actually a very small units of pressure. To show this, convert 1 Pa=1 N/m? to Ib/ft’.
Atmospheric pressure at sea level is 14.7 Ib/in®. How manl\é Pascals is this?

ans: a 1Pa=209103 — b 1 ATM = 101.34 kPa
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|

Exercise 1.10:
Two particles have a mass of 8 kg and 12 kg, respectively. If they are 800 mm apart, determine the
force of gravity acting between them. Compare this result with the weight of each particle.

ans: a F =10.0nN

Exercise 1.11:
Determines the mass in kilograms of an object that has a weight of:
(a) 20 mN (b) 150 kN (c) 60 MN
ans a m=204g b m =153 Mg cm=6.12Gg
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2.1 Scalar and vectors

A scalar is any positive or negative physical quantity that can be

Force Vectors

completely specified by its magnitude.

A vector is any physical quantity that requires both a magnitude and
direction for its complete description. A vector is shown graphically by
an arrow. The length of the arrow represents the magnitude of the
vector, and a fixed axis defines the direction of its line of action .The
head of the arrow indicates the sense of direction of the vector (Fig 2-

1).

Magnitude

SCnse o

A

7 Direction

Fig. 2-1

For handwritten work, it is often convenient to denote a vector

guantity by simply drawing an arrow on top itA .

In print, vector quantities are represented by bold face letters such as

A, and its magnitude of the vector is italicized, A.

2.2 Vector operations

Multiplication and division of vector by a scalar:

If a vector is multiplied by a positive scalar, its magnitude is increased
by that amount. When multiplied by a negative scalar it will also

change the directional sense of the vector (Fig 2-2).

Scalar multiplication and division

3 2.9
Fig. 2-2
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Vector addition: / o oy Sl o3

ector quantities obey the parallelogram law of addition. Fig 2-3 st
and Fig 2-4 and Fig 2-5 illustrates addition of vectors A~ and B~ to obtain T

aresultant R™.
A A A -
- 3l $ Buetd
P t’ﬂw‘ﬂu
\\ B B
B

R=A+B
Parallelogram law
(a) (b) (c)

Fig. 2-3

\ ) \/

R=A+B R=B+A
Triangle rule Triangle rule
(a) (b) (c)
Fig. 2-4

R -3 ﬁ
E P >

A B 7 el o
R=A+B L

Addition of collinear vectors

Fig. 2-5

\Vector subtraction:

The resultant of the difference between two vectors A2 and B~ of the
same type may be expressed as:

R =A-B=A+(-B)

Fig 2-6 illustrates subtraction of vectors A and B
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-B
A
or R A
B >
Parallelogram law Triangle construction
Vector subtraction
Fig. 2-6 I
olf} pis
B azesdi
2.3 vector addition of forces:
Experimental evidence has shown that a force is a vector quantity since
it has a specified magnitude, direction, and sense and it adds according \
to the parallelogram law.
o Bl A
Srigomaa
rpd P oI U

Finding a resultant force:

The two component forces F—1 and F2™ acting on the pin in Fig 2-7 can be
added together to form the resultant force

FR_) = Fl_) + Fz_)

(a) (b) (c)
Fig. 2-7

Finding the components of a force: /

Sometimes it is necessary to resolve a force into two components in
order to study its pulling and pushing effect in two specific directions.

Pt Ty P
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mple,in Fig 2.8, F is to be resolved into two components along
embers, defined by u and v (Fig 2.8)

U

F / F

F,
u » u

F,
(a) (b) (©)
Fig. 2-8
Addition of several forces:

. . . VA Lozl
If more than two forces are to be added successive applications of the e w’b_"!
parallelogram law can be carried out in order to obtain the resultant s JS2 il

force. For example if the three forces F’1, F,, F~3 act at a point o, the

resultant of any two of the forces is found (F1™ + Fz2™) and then this
resultant is added to the third force yielding the resultant of all three

forces (FR> = (F1~ + F27) + F3 ™) (Fig 2-9). /7 F Frikas sd s

o J}.A.'n.l.\Fg_)ug:.Ll
FR_)A,ISH as

rigonometry analysis: — EEUNEES

Redraw a half portion of the parallelogram to illustrate the triangular

head to tail addition of the components. From this triangle, the
magnitude of the resultant force can be determined using the law of
cosines, and its direction is determined from the law of sines .

The magnitudes of two force components are determined from the law
of sines. The formulas are given in Fig 2-10

cosine law:
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C =VA2+ B2 —-2ABcosc

aa.otjf;‘_.:a.,l,l:dla.a._.}us

g__,._J_-'ﬁ 5.\.9‘5} PL(—’Jl g.,_},-'n
AN

A B c

sina sinb sinc

Cosine law:
C=vVA’>+ B> —2ABcosc
Sine law:

A B G

sina smb sinc

Fig 2-10

Exercise 2.1:

The screw eye in Fig 2-11 is subjected
to two forces, F1— and F2™. Determine
the magnitude and direction of the

Fi = 100N
resultant force. Fig 2-11
Ans: Fp=213N 0 = 54.7°
Exercise 2.2:
Resolve the horizontal 600lb force in fig 2.12
into components action along the u and v axes
and determine the magnitudes of these components.
Fig 2-12

Ans: F, =10391b F, =6001b
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Exercise 2.3:
Determine the magnitude of the component force F~ )

| O
Fig 2-13 N /
N A7 30

in Fig 2-13 and the magnitude of the resultant force Fx if Fr™
is directed a long the positive y axis.

Ans: F =2451b Fr=2731b

Exercise 2.4:
It is required that the resultant force acting on
the eyebolt in Fig 2.14 be directed along the positive x

axis and that F2™ have a minimum magnitude.
Determine this magnitude, the angle 6, and the

corresponding resultant force. Az 2

Ans: § =90° Fr=400N F,=693N

Exercise 2.5:

Determine the magnitude of the resultant force acting
on the screw eye and its direction measured clockwise
from the x axis. T 7 '
w & N\ 45
Fig 2-15 - \
2kN
6 kN

Ans: Fp = 6.80kN 0 = 103°

Exercise 2.6:
Two forces act on the hook. Determine the
magnitude of the resultant force.

Fig 2-16

30

\:u«xN

SOON

Ans: Fp =666 N
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Exercise 2.7:

Resolve the 30 Ib force into components along
the u and v axes and determine the magnitude
of each of these components.

Fig 2-17

Ans: F, =22.0lb F,=155Ib

Exercise 2.8:
If force F is to have a component along the u axis

of Fy=6 kN, determine the magnitude of F~ and
the magnitude of its component F,along the v axis.

Fig 2-18

Ans: F =3.11kN F, =4.39KkN
Exercise 2.9:
If 8 = 60° and T=5kN, determine the magnitude of
the resultant force acting on the eyebolt and
its direction measured clockwise from the positive x axis.

Fig 2-19
SkN
Ans: Fp =1047kKN @ = 17.5°
Exercise 2.10:
Resolve F1™ into components along u and v axes and
determine the magnitudes of these components. 0.
Fig 2-20

200 Ib

Ans: F, =3861b F,=2831b
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Exercise 2.11:
Resolve F2™ into components along u and v axes, and determine the magnitudes of these components.

See Fig 2-20

Ans: F, =1501b F,=2601b

Exercise 2.12: S KN
The plate is subjected to the two forces at A and B
as shown. If 6=60° determine the magnitude of
the resultant of these two forces and its direction ﬂ
measured clockwise from the horizontal. 3
Fig 2-21 g
il
|
Ans: Fp = 10.8 kN ¢ = 3.16°

Exercise 2.13:
Determine the angle of 8 for connecting member A to the plate so that the resultant force of Fx™ and

Fg™ is directed horizontally to the right. Also what is the magnitude of the resultant force?
See Fig 2-21

Ans: 6 = 54.9° Fr =10.4 KN
Exercise 2.14: .
The beam is to be hoisted using two chains. If the '
resultant force is to be 600 N directed along the Fy L
positive y axis, determine the magnitudes of \ | :‘/
forces Fx— and Fg™ acting on each chain and the c? T y
angle 0 of Fg™ so that the magnitude of Fg™ is \ | V,"
minimum, Fx— act at 30° from the y axis as shown. - -0 X
:
Fig 2-22 ;
l
l/r‘ “‘ "

Ans: Fy =520N Fp=300N
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2.4 addition of a system of coplanar forces

When a force in resolved into two components along the x and y axes
the components are then called rectangular components.

The rectangular components of force F shown in Fig 2.23 are found
using the parallelogram law, so that

Ol ke 0S5 L kel
FP=F>+F> o ML g o S
L5 ) Bl (6 s
Fx=Fcos@
Fy=Fsinf
.‘.
F
A
F,
\9
X
F,

Fig 2-23

instead of using the angle 0, the direction of F~ can also be defined
using a small "slope" triangle, such as shown in fig 2.24

i) Sl P! S8
¥ LS o bl 842y O il
- L8l
F,
> X
é
F, b
a
¥
F
Fig 2-24
szg:F=F(5 And izf:Fsz)F
F c X c F c y c

It is also possible to represent the x and y components of a force in
terms of Cartesian unit vectors i and j (Fig 2.25).
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s
—

p—i—

We can express F as a Cartesian vector.
F_) = in_)‘l' Fyi

In coplanar force resultant case, each force is resolved into its x and y
components, and then the respective components are added using
scalar algebra since they are collinear. For example, consider the three
concurrent forces in Fig 2.26.

F,

Fig 2-26
Each force is represented as a Cartesian vector.
Fi7 = Fui> + Fiyj
F27 = —Fui> + F2y§
™ = Faio — F3yj
The vector resultant is therefore.
Fr =F7+ R+ B2 = (Fu+ Fx + Falio+ (Fy + Foy + F3)-j

Fe? =F~ + 2 + B~ = (Fro)-i + (Fry)-j
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We can represent the components of the resultant force of any
number of coplanar forces symbolically by the algebraic sum
the x and y components of all the forces.

Frx = ZFx
FRy - ZFy

Once these components are determined, they may be sketched along
the x and y axes with their proper sense of direction, and the resultant
force can be determined from vector addition as shown in Fig 2-27.

The magnitude of Fr™ is then found from the by Pythagorean theorem:

that is
Fr =\F? +F?
Rx Ry
Fg,
O=tan"1| |
FRx
."
(FH )_\ ; Fh‘
[ | /
/
s
: X
(FR ).l

Fig 2-27

Ahast dygly g inS
g Jlorly O 4S5
Sl &y gy
Faudh
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Exercise 2.15:

Determine the x and y components of Ft— and F2™ acting on
the boom shown in Fig 2.28 express each force as a Fia
Cartesian vector.

Fig 2-28

F.= 260N

Ans: F1, = 100N Fy, =173N

Fio = (-100-i + 1735)) N

Exercise 2.16:

The link in Fig 2.29 is subjected to two forces F1— and F2™.
Determine the magnitude and direction of the resultant

Fy, = 240N

Fay =—100N
F,> = (240-i — 1005) N

force.
Fig 2-29
Ans: Fp =629 N 6 =679°
Exercise 2.17: :
The end of boom O in Fig 2.30 is subjected to three
concurrent and coplanar forces. Determine the F o= 350N
magnitude and direction of the resultant force. F. = "
Fig 2-30
— |
7= 400N
Ans: Fr =485N 6 =37.8°
Exercise 2.18: -
Resolve each force acting on the post into its x and y
components.
= HUO N
Fig 2-31
X
Ans:Fi, =0N Fiy, =300N Fox = =318 N Fzy =318 N F3, =360N F3, =480N
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Exercise 2.19:
Determine the magnitude and direction of the

resultant force. 400 N
Fig 2-32
\
300N
Ans: Fp =567 N 6 = 38.1°
Exercise 2.20: v
Determine the magnitude of the resultant force
acting on the corbel and its direction 6 measured F.= 60l | B 4001
counterclockwise from the x axis. ‘ :
£, = 7001b
Fig 2-33 o ‘
Ans: Fr = 1254 1b @ =78.68° 6 =180+ @ = 259°
Exercise 2.21:
If the resultant force acting on the bracket is to
be 750 N directed along the positive x axis,
determine the magnitude of F~ and its direction 6.
Fig 2-34
Ans: 0 =31.76° F =236N
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Exercise 2.22:

counterclockwise from the positive x axis of the
resultant force of the three forces acting on the
ring A. Take F; = 500N and 6 =20°.

Exercise 2.23:

Determine the magnitude and direction
measured counterclockwise from the positive
x axis of the resultant force acting on the ring
at O, if F, =750 N and 6 = 45°.

Exercise 2.24:

Express each of the three forces acting on the
bracket in Cartesian vector form with

respect to the x and y axes. Determine the
magnitude and direction 8 of F1™ so that the
resultant force is directed along the positive
x"axis and has a magnitude of Fr = 600 N.

Fig 2-37

Fig 2-36

Determine the magnitude and direction measured

Fig 2-35

Ans: Fp = 1.03kN 6 = 87.9°

SOON

Ans: Fp =1.23 kN 6 = 6.08°

Ans: F1 =434.5N 6 =67°
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2.5 Cartesian vectors

A vector A~ may have three rectangular components along the x, y, z
coordinate axes and is represented by the vector sum of its

rectangular components (Fig 2-38).

K=A"+ A"+ A7

three
d o gl s
cJudt sy
o LS 0 b

I

————
~
~
~
\\
1\1/

A

b

X

Fig. 2.38

Z3Y 53Xy

In three dimensions, the set of Cartesian unit i—, —j, K s used to designate
the directions of the x, y, z axes, respectively. The positive Cartesian unit

vectors are shown in Fig 2-39.

Fig. 2.39

We can write A~in Cartesian vector form as
A_>: Axi_> +Ay'i +AZ_)k

The magnitude of A™is expressed in Cartesian vector from

as

= 43, Sl B ) olgomas psa

B ins i K
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A=VAL+ AL + A%
The direction of A™is defined by the coordinate direction

angles q, 3, and y (Fig 2.40).
Ax Ay A,
COS X = — = — = —
1 cos f3 1 cosy =~

With

cos? x +cos?2ff +cos2y =1

The addition (or subtraction) of two or more vectors are greatly

simplified in terms of their Cartesian components. For example, the

resultant R”in Fig 2.41 is written as

R?=(Ax+ Bx)¥+ (4y + By)=j+ (4. +B,)k

_—

A, + B,k
R
Fig. 2.41
& B
(A, + B,)j
[\ ) .v
(A, + B)i
X

If this is generalized and applied to a system of several concurrent

forces, then the force resultant is the vector sum of all the forces in the

system and can be written as

Fr~ =2F = JFi~> + 2Fj + 2F, 7k

gw.nca'sdb-
slaadll
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Exercise 2.25:

Express the force F~ shown in Fig 2.38 as a
cartesian vector.

Exercise 2.26:

Determine the magnitude and the coordinate
direction angles of the resultant force acting
on the ring in Fig 2-39

Fig 2-39

Ans: Fr =1911b  cos x = 0.2617

Exercise 2.27:

Express the force F~ shown in Fig 2.40 as a Cartesian vector,

And determine its coordinate direction angles.

Fig 2-38
v
1
Ans: F~ = {100 -i + 100 —j + 1414 2k} N
F. = (508 = 100§ + 100k} Ib F, = [60j + 80k} Ih
= }
x= 74.8° cosf = —0.2094 [ = 102°
cosy = 0.9422 y = 19,6°
I = 1001b
Fig 2-40 \
60 - ;
A5
Vé
7/
" &
%
y = 30°

s F = (35415 - 354 -j+ 866 ~k}b  «=69.3° B=111°
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Exercise 2.28:
Two forces act on the hook in Fig 2-41,

specify the magnitude of F2™ and its coordinate
direction angles of F2™ that the resultant

force Fr™ acts along the positive y axis and has
magnitude of 800 N.

Fig 2-41 l / Fy= 300N
Ans: F2 = 700N cOsop = —n S o= 108"
cos B2 = ;578— = pB2=1218°
150
cosyz = 700 > y2=77.6°
Exercise 2.29:
Determine its coordinate direction angles
of the force.
Fig 2-42
Ans: = 52.2° B =52.2° y = 120°
Exercise 2.30: :
Express the force as a Cartesian vector. F=T750N
Fig 2-43
4
= P

Ans: F~ = {265-1 — 459 —j + 530 Pk} N

19
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Exercise 2.31:

Determine the resultant force acting on the hook.

Exercise 2.32:

The mast is subject to the three forces shown.

Determine the coordinate direction

angles ay, By, 1 of F1™ so that the resultant
force acting on the mast is Fr~ = {350 —i} N.

Take F;=500 N.

Exercise 2.33:

Fig 2-45

Ans: Fg> =F1 + Fo™ = {(490-i + 683 j — 266 ~k} Ib

Fig 2-46

F

Ans: o= 45.6°

,81 = 53.1°

Y1 = 66.4°

The mast is subject to the three forces shown. Determine the coordinate direction angles a;, s, y1 of

F17™ so that the resultant force acting on the mast is zero (see Fig. 2.46).

Exercise 2.34:

The two forces F1— and F2— acting at A have a

resultant force of FR~ = {—100 ~k} Ib.
Determine the magnitude and coordinate

direction angles of F2™ .

Ans: F, =

Ans: 1= 90° p1=53.1° Y1 = 66.4°
b'r:;
:% ,/" 0
Fig 2-47 D L=
O :
/--,,4‘1*\%_‘,_ S0
& T &
7~ 5 '
X e / \
F, 60 Ib
F.
66.4 1b x== 59.8° B=107° y = 144°
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Equilibrium of a Particle

3.1 Condition for the equilibrium of a particle.

A particle is said to be in equilibrium if it remains at rest if originally at
rest, or has a constant velocity if originally in motion. to maintain
equilibrium, it is necessary to satisfy Newton's first law of motion which
requires the resultant force acting on a particle to be equal to zero. This
condition may be stated mathematically as

YE=10 (3.1)

Where Y. Fis the vector sum of all the forces acting on the particle.

3.2 The free body diagram

A drawing that shows the particle with all the forces that act on it is
called a free body diagram (FBD).

We will consider a springs connections often encountered in particle
equilibrium problems.

If a linearly elastic spring of undeformed length |y is used to
support a particle, the length of the spring will change in direct
proportion to the force F acting on it, Fig 3.1. A characteristic that
defines the elasticity of a spring is the spring constant or stiffness k.
The magnitude of force exerted on a linearly elastic spring is stated as

F=ks
Where
s=1-— lo

R —

-~

41.___
YWY

+

S,

W

Pz O)) 5 by
@ A ilas O 4S5 O
o SR ey
A8 gl ]

JE o ) i) Ll
Jeod sy 5 1 g
) (A5 8 S50 s 4l

A

ol i3 @
PG B 3y 5k
S sl L
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By ol S g2 0 g8
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owingexample shows a drawing of the free body diagram of a sphere.

The sphere ' has a mass of 6 kg and is supported as Shown. - | j& 51 o bl g
Draw a frec-body diagram of the sphere, the cord CE, and the knot at C. . )
< e 3R el o

3 985S !

.C a4any

(a)
Fei (Force of cord C'E acting on sphere)
Sphere. By inspection, there are only two forces acting on the
sphere, namely. its weight, 6 kg (9.81 m/s*) = 589 N, @nd the force of
cord CE. The free-body diagram is shown in Fig.
S8ON (Weight or gravity acting on sphere)
(b)
Fyc (Force of knot acting on cord CE) Cord CE. 'thn the cord CE is isolated frorp its su.rroundings, its
A free-body diagram shows only two forces acting on it, namely, the
force of the sphere and the force of the knot, Fig. 3-3¢. Notice that
Fer shown here is equal but opposite to that shown i1 b, a
consequence of Newton's third law of action-reaction. Also. Fep: and
Fzc pull on the cord and Keep it in tension so that it doesn’t collapse.
For equilibrium, Fep = Fge.
v
F¢ (Force ol sphere acting on cord CE)
Knot. The knot at C is subjected to three forces, They are
(c) caused by the cords CBA and CE and the spring CD. As required.

the free-body diagram shows all these forces labeled with their
magnitudes and directions. It is important to recognize that the weight
Feyy (Foree of cord CBA acting on knot) of the sphere does not directly act on the knot. Instead, the cord CE
subjects the knot to this force.

Fp (Force of spring acting on Knot)

Fer (Force of cord CE acting on knot)

(d)
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w

these forces must sum to produce a zero free resultant.

Hence
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pplanar force systems

YFyim+ Y Fy—j=o0
DFy=0"

S F,=0—"

Fig 3-2

TP =

0)

If a particle is subjected to a system of coplanar forces as in Fig 3-2, then
each force can be resolved into its i— an —j components. For equilibri

m

3 BEYALS e U1 o) ol g
O FY sl LS S B3 el
82 S O § )

S gt Xy ) 0l 8 il ¢
.0

Lot Y )5 0B G Rl et
0

Fy

Fy
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Exercise 3.1:
Determine the tension in cables BA and BC
necessary to support the 60 kg cylinder in fig 3-3.

Fig 3-3

Exercise 3.2:

The 200 kg crate in fig 3.4 a is suppended using
the ropes AB and AC. Each rope can withstand
a maximum forces of 10 kN, before it breaks.
If AB always remains horizontally, determine
the smallest angle 6 to which the crate can be
suspended before one of the ropes breaks.

Exercise 3.3:

Determine the required length of AC in fig 3.5
so that the 8 kg lamp can be suspended in
the position shown. The undeformed length
of spring AB is [;;=0.4 m, and the spring has
a stiffness of kag =300 N/m.

Fig 3-5

Ans: Tc =476N T4=420N

Fig 3-4

Ans: 6 =11.31° Fp=981N

P 2m -

k_ur =3 N/m

by

Ans: lac =1.32m
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Exercise 3.4:
The crate has a weight of 550 |b. Determine the
force in each supporting cable.

Fig 3-6

Ans: Fap = 478 1b Fac =5181b

Exercise 3.5:

If the mass of cylinder C is 40 kg, determine
the mass of cylinder A in order to hold the
assembly in the position shown.

Fig 3-7 :
( 40 kg

Ans: ) Fy=0 mq = 20kg

Exercise 3.6:

The members of a truss are connected to
the gusset plate. If the forces are
concurrent at point O, determine

the magnitudes of F~ and Tfor equilibrium.
Take 6 =30°.

Fig 3-8

Ans: T = 13.3 kN F =10.2 kN

Exercise 3.7:
The gusset plate is subjected to the forces of four members. Determine the force in member B and its
proper orientation 6 for equilibrium. The forces are concurrent at point O. Take F = 12 kN.

See Fig 3-8

Ans: T = 14.3kN 6 = 36.27°
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Exercise 3.8:

The 200 Ib uniform tank is suspended by
means of a 6 ft long cable which is attached
to the sides of the tank and passes over
the small pulley located at O. If the

cable can be attached at either points A
and B or C and D. Determine which
attachment produces the least amount of
Tension in the cable. What is this tension?

Fig 3-9

Ans: T =106 1b related to CD attac emen

3.4 Three dimensional force systems

In the case of three dimensional force system, as in fig 3.10, we can

resolve the forces into their respective i—=, - -k components For

equilibrium, so that. S~

> Fxio+ Y Fy —j+ Y F 7k=0

R
L'ay}” c.ml:;; CJ\ » & J\QY]
Doy Bl G e

To satisfy this equation we require

slad x oal Y G E &
0

YFx =0 YF, =0 ZFZZQ

slad y oad WY GG &
.0

Fig 3-10

[

sl WG E e
06l 7
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Exercise 3.9:
A 90 Ib is suspended from the hook shown in fig 3-11. r
If the load is supported by two cables and a spring Ak
having a stiffness k = 500 Ib/ft, determine the o
force in cables and the stretch of the spring for & 4"‘/
equilibrium. Cable AD lies in the x-y plane and - //A/, 500 1b /it
cable AC lies in x-z plane. — 7_/4('3‘_%__;_\
LY B
: AR
Fig 3-11 / ,
/ |
\ u) b
Ans: Fc=150lb Fp=2401b Fp=20781b Sap = 0.416 ft
Exercise 3.10: !
The 10 kg lamp in fig 3.12 is suspended from ?
the three equal length cords. Determine its
smallest vertical distance s from the ceiling
if the force developed in any cord is not allowed
to exceed 50N. ,
7 600 mm
Fig 3-12
x e 8
\ \

Exercise 3.11:
Determine the force in each cable used to support
the 40 Ib crate shown fig 3-13.

\\_g"
3
’

Fig 3-13
h

Ans: Fp=F¢c=23.61lb Fp=151b




w

termine the tension in each cord used to support
0 kg crate shown fig3-14.

Fig 3-14

Ans: Fc =813 N
Exercise 3.13:
The 150 Ib crate is supported by cables AB, AC
and AD. Determine the tension in these wires.

<

/"A = ISKN/m\y

862‘@\, 'FB 694 N

Fig 3-15

Ans: Fp=1621b
Exercise 3.14:
The ends of the three cables are attached

Fp=3461b

to aring at A and to the edge of a uniform
150 kg plate. Determine the tension in

each of the cables for equilibrium.

Fig 3-16
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It is observed that when the bed of the dump truck is raised to an angle of 8 = 25° the vending
machines will begin to slide off the bed, Fig. 8-4,. Determine the static coefficient of friction between
a vending machine and the surface of the truck bed.

Ans: us = tan 25° = 0.466

S



Lecture Notes and Exercises on STATICS

Ashraf Emad

FF ictlion

=
=



102

Lecture Notes and Exercises on STATICS

Friction

8.1 Characteristics of Dry Friction:

Friction is a force that resists the movement of two contacting surfaces
that slide relative to one another. This force always acts tangent to the
surface at the points of contact and is directed so as to oppose the
possible or existing motion between the surfaces.

In this chapter, we will study, the effects of dry friction, which is
sometimes called Coulomb friction since its characteristics were studied
extensively by C. A. Coulomb in 1781. Dry friction occurs between the
contacting surfaces of bodies when there is no lubricating fluid.

heory of Dry Friction:

The theory of dry friction can be explained by considering the effects
caused by pulling horizontally on a block of uniform weight W~ which is
resting on a rough horizontal surface that is nonrigid or deformable
Fig. 8- 1a. The upper portion of the block, however, can be considered
rigid. As shown on the free-body diagram of the block, Fig. 8-1b, the
floor exerts an uneven distribution of both normal force AN, and
frictional force AF, along the contacting surface. For equilibrium, the

normal forces must act upward to balance the block's weight W=, and

the frictional forces act to the left to prevent the applied force P~ from
moving the block to the right. Close examination of the contacting
surfaces between the floor and block reveals how these frictional and
normal forces develop, Fig. 8- 1c. It can be seen that many microscopic
irregularities exist between the two surfaces and, as a result, reactive
forces ARz~ are developed at each point of contact. As shown, each
reactive force contributes both a frictional component AFn™ and a normal

component ANy™.

B da gl 8581 o» Sl
godaw & S we Lud

e o2 MEL (s Slss
iatlp b 8 lagan OS5 Lais
oo gt s fows

dr g ) DU Sy

rE ERRVROWSTE PINECY
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Equilibrium:

effect of the distributed normal and frictional loadings is indicated
by their resultants N~ and F~ On the free body diagram, Fig. 8- 1d. Notice
that N acts distance x to the right of the line of action of W~ Fig. 8-1d.

This location, which coincides with the centroid or geometric center of
the normal force distribution in Fig. 8-1b, is necessary in order to
balance the "tipping effect" caused by P=. For example, if P~ is applied at
a height h from the surface, Fig. 8-1d, then moment equilibrium about
point O is satisfiedif wx =p orx =p /w

“’ “r
I“’ r 1 | [-a [2+fa [ 2+
P P
} > . —_— Y L P
AF, h
‘ T ~g1r— F
il S
(a) AN, ¥ N
Resultant normal
(b) (©) and frictional forces
(d)
w
Impending . T T .
_;_ —_ Sistion uﬂr.;_‘ e\.ﬂ ‘ﬁj‘ D}EJ\J..,QJ
T, ) 055 Lo (L) 57 3-0
h
X S 3 4y 8 581 0 s
S R,
Equilibrium l;‘.e.“ S 535 ji CJA"

(¢)
55y Ol el 3 Oy g

50l an U b ol
Impending Motion: Ao

In cases where the surfaces of contact are rather "slippery", the et e AL

frictional force F~ may not be great enough to balance p—. and

consequently the block will lend to slip. In other words, as P is slowly —
increased, F correspondingly increases until it attains a certain kel #» Hs ! J“L’“
maximum value Fy called the limiting static frictional force, Fig. 8-1e. o ﬂ..uU N Lade
When this value is reached, the block is in unstable equilibrium since ) -

any further increase in P will cause the block to move. Experimentally, it o SN 548 Lm )
has been determined that this limiting static frictional force F, is
directly proportional to the resultant normal force N. Expressed Lo dlag Ll 5}5'“} (e

mathematically. o
Loanyg o pold B g A el g

Fs = HSN M\ :'AJLG ul&
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where the constant of proportionality, ps (mu "sub" s), is called the
coefficient of static friction.

Thus, when the block is on the verge of sliding, the normal force Nand
frictional force Fs™ combine to create a resultant Rg™, Fig. 8-1e the angle

@s (phi "sub" s) that Rs™ makes with N~ is called the angle of static
friction. From the figure.

F
@s = tan™! . — -t N — fan L
(N) =tan ( N ) =tan s

Typical values for ps are given in Table 8-1. Note that these values can
vary since experimental testing was done under variable conditions of
roughness and cleanliness of the contacting surfaces. For applications,
therefore, it is important that both caution and judgment be exercised
when selecting a coefficient of friction for a given set of conditions.
When a more accurate calculation of Fy , is required, the coefficient of
friction should be determined directly by an experiment that involves
the two materials to be used.

IS Jolns dod i g5
ool 3L ¢ g Je

Bole oo Ak 5B el
S g WS s
S oo i) dah

dor 33 (o il (W gt
g g9 Byl )

o Sllasy Jut Jgud1 g
Sl jand Iy CMalas
e 5 o3 @B 3 (2

Table 8-1
Typical Values for us
Contact Materials coefficient of static Friction ps

Metal on ice 0.03 - 0.05
Wood on wood 0.30-0.70
Leather on wood 0.20-0.50
Leather on metal 0.30-0.60
Aluminum on aluminum 1.10-1.7

If the magnitude of P acting on the block is increased so that it becomes
slightly greater than Fs, the frictional force at the contacting surface will
drop to a smaller value Fx . called the kinetic frictional force. The block
will begin to slide with increasing speed, Fig. 8-2a. As this Occurs, the
block will "ride" on top of these peaks at the points of contact, as shown
in Fig. 8-2b. The continued breakdown of the surface is the dominant
mechanism creating kinetic friction. Experiments with sliding blocks
indicate that the magnitude of the kinetic friction force is directly
proportional to the magnitude of the resultant normal force, expressed
mathematically as

Fk = uxN

& et g O3 s

o I BB 5 &
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e constant of proportionality, px , is called the coefficient of
¢ friction. Typical values for px are approximately 25 percent

smaller than those listed in Table 8-1 for ps . As shown in Fig. 8-2a, in

this case, the resultant force at the surface of contact, Rk, has a line of
action defined by @k . This angle is referred to as the angle of kinetic

friction, where

F N
@ =tan-!( ) = tan-! (HL 1

s N

By comparison, @s = Qk.

"
-+ Motion
y ,
——
Fy
&y
N R,
(a)

Fig. 8-2

Exercise 8.1:

The uniform crate shown in Fig. 8-3 has
a mass of 20 kg. If a force P=80 N is
applied to the crate, determine if it
remains in equilibrium.The coefficient
of static friction is us = 0.3.

o O8Sm -

Fig. 8-3
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Ans:
Free-Body Diagram:
As shown in Fig. 8-3. the resultant normal force N must act a distance x from the crate's center line

in order to counteract the tipping effect caused by P=. There are three unknowns F, N¢, and x, which
can be determined strictly from the three equations of equilibrium.

196.2 N

? =SON ~—04m = 04dm -

equations of equilibrium:

l XF=0 80 cos30° N (0.2m) + Nc(x) = 0

+TYF, =0 —80 sin30° N + Nc —196.2N=10

G+XYM, =0 80 sin 30° N(0.4m) — 80 cos30°N(0.2m) + N¢(x) =0
F =69.3N
N¢=236N

x=-0.00908m =—9.08 mm

Since x is negative it indicates the resultant normal force acts (slightly) to the left of the crate's center
line. No tipping will occur since x < 0.4 m. Also, the maximum frictional force which can be developed
at the surface of contact is Fmax = usNc = 0.3(236N) = 70.8N. Since F = 69.3 N < 70.8 N, the crate
will not slip although it is very close to doing so.
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Exercise 8.2:
It is observed that when the bed of the dump truck is raised to an angle of 8 = 25° the vending
machines will begin to slide off the bed, Fig. 8-4,. Determine the static coefficient of friction between
a vending machine and the surface of the truck bed.

/=151
s n

Fig. 8-4

Ans: us = tan 25° = 0.466

=
o
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Force System Resultants

4.1 Moment of a force scalar formulation.

The moment m about point O, or about an axis passing through O and
perpendicular to the plane, is a vector quantity since it has a specified
magnitude and direction (fig 4-1).

Moment axis
I
g
d
F (9]
Fig 4-1
(a) Sense of rotation
@,
F
(b)
The magnitude of M, is
M, =F.d a

Where d is the moment arm or perpendicular distance from the axis at
point O to the line of action of the force. Units of moment is N.m or
Ib.ft.

The direction of M—(; is defined by its moment axis which is
perpendicular to the plane that contains the force F and its moment
arm d. The right-hand rule is used establish the sense of the direction of
M, .

A 8 a5l
L?-Bl g:‘bﬁﬂ‘
o B gl 4laas
Al

848 (gda byl
298 e b g8
Al J g aesn
L s gl ddaa

aakily () gal) il
ddloal) g 5 gl) aa Ly b
bz g dipa A J5a
e e Jualay
Lge3 A 5 al)

d glAlk sl
A3 gand) ABLLLAY)
3 g8l Jae Jad yu
o slhaal) A1)
add) Glua
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0 dimensional problems, where all the forces lie within the x-y « 3L
s, fig 4-2, the resultant moment (Mpg), about point O (the z axis) ’

can be determined by finding the algebraic sum of the moments caused 13) o ga @ jadl puliay
by all the forces in the system. As a convention we will generally sladl (uSe 4Aaladl oS
consider positive moments as a counterclockwise since they are Gl g delall o e
directed along the positive z axis (out of page). Clockwise moments will ol ga anlad) ols 13
be negative. Using the sign convention, the resultant moment in fig 4-3 ALl Qe olas)
is therefore

(Mg)y=2Fd
F, y

(MR)OZFldl—F2d2+F3d3 Fl
dz MZ Ml
— | wd

i Cad A Lal oS 13)
L . x
dad (1 (s 58 (1 A8 gana o
6 s Apa Akl J g a 5d) i

5 dia (5 68l a9 (g ) awand)

Fig 4-2

Example;

For each case illustrated below, the moments of the forces are:

10O N

Mo = (100N)(2m) = 200N+m )

M, = (SON)(0.73m) = 375N-m )

A\
2ft
N\ %
0@ ) 30° | 40 1b -
i ISy | Mo = (401b)(411 + 2¢cos30°ft) = 2291b+f1 2
|
| 4t ! !
2cos 30° 1
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a5° 1 sin 45° ft

60 1b

My = (601b)(1sin43" i) = 4241b-t 5

My = (TKN)(dm — 1 m) = 21L.OKNm )
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Exercise 4.1:
Determine the resultant moment of the four ‘
Forces acting on the rod shown in fig 4-3
about point O.

Fig 4-3

JON

Ans: Mg, = —334 N.m

4.2 Cross product

The cross product of two vectors Aand B yields the veetor C which is
written

C=AxB 4.2
And read (fequals A cross B.

The magnitude of C is defined as the product of the magnitudes A and
B and the sine of the angle 8 between their tails (0° < 6 < 180°), thus

C =ABsin @

C has a direction that is perpendicular to the plane containing A andB
such that C is specified by the right-hand rule.

Knowing both the magnitude and direction of C, we can write
C =Ax B = (ABsinf)u, 43

Where the scalar (A B sin 8) defines the magnitude of C
and the unit vector U, defines the direction of E(fig 4-4),

Laws of operation:

=l
X
=~}
H
=~
X
|

a1 1 3ga a1 AT Gl
AaS (8 5 ke Gl gl O
O (s «(vector) Amlad)
Osial ALY G il Juals
O3S aladl (&l axia g4
1_5‘93.31_5:\11 ¢ $al) o L gas
Slageany (g paall (ugadiall

Ay oy N dadiall laka
.C

BN Aadal) slad) 43 ma (Say
el ) Basld aladiuly

Fig 4-4
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~BxA (commutative law is not valid)

Fig 4-5

a(Ax ﬁ) = (aK) x B=AX (aﬁ) = (K X ﬁ)a (associative law)—— | ALY t-umi‘ Ll

Ax (B+D) = (A x B) + (Ax D) (distributive law)

_ , N AL il Ll
Cartesian vector formulation: TRy

Equation 4.3 may be used to find the cross product of any pair of

Cartesian unit vectors. For example, to findi X j, the magnitude of the
resultant vector is

(D(sin90° = (D(W(1) =1
(i)(i)sin0° =0

and its direction is determined using the right-hand rule (fig 4-6), the

resultant vector points in the + k direction. Thus T x j = (Dk.
In similar maner.

ixj=k.  ixk=-j ixi=o
jxk=i jxi=-k ixj=o
kxi=j kxj=-i kxk=o

Fig 4-6
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A B ilal) aaddied Jagenll
@ pall gl dag) Jal (e

WBaa gll Cilgadial ALY y
e
/, ! — : \\
f ‘ * \ \
A simple scheme shown in fig 4-7 is helpful [
for obtaining the same results when the need arises. x ,J
W = e
\\\ ——— '/
Fig 4-7

Let us now consider the cross product of two
general vectors A and B.

AxB=(4,i+4,j+A,k) x (Bi+B,j+B,k)
AxB=(AB,(ix1D) +AB,>{Ax]) + AB,(Ix k)
+4,B,(f x1) +4,B,( x7) + A, B,(G x k)
+A,B, (k x 1) +4,B,(k xj) + 4,8, (k x k)
AXB=(A,B,—A,B))i— (AB, — A,B)j+ (A.B, — A,B, )k

This equation may also be written in a more compact determinant form

as o o
1 ) = -
o LaS Ciladaally lead ALasY)
AxB=|4, 4, A4, 2 Tl g g0
B, B, B, o

4.3 Moment of a force — vector formulation
Moment axis

The moment of a force F about a point O (fig 4-8)
can be expressed using the vector cross product namely

—_—

M, =X F 4.4

Here r represents a position vector direct

from O to any point on the line of action of E

Fig 4-8

S AL G il Lalady) dasall
The magnitude of the cross product is defined from Eq. 4-3 as ey dBslally

My =71 F sint
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9is measured between the tails of ¥ and F.

The direction and sense of Mg in Eq. 4-4
are determined by the right-hand rule as it applies
to the cross product (fig 4-9).

Cartesian vector formulation:

Moment axis

If we establish x, y, z coordinate axes, then the position vector r and

force F can be expressed as Cartesian vectors (fig 4-10)

—

M0=FXﬁ=

oy
\J” oty
wtl Y R

Where 1y, 1y, 1; represent the x, y, zcomponents
of the position vector drawn from point O to any
point on the line of action of the force.

F., F,, F, represent the x, y, z of the force vector.

Resultant Moment of a system of forces:

Moment

axis ‘\

M,,\
Ny

Fig 4-10

If a body is acted upon by a system of forces (fig 4-11), the resultant
moment of the forces about point O can be determined by vector
addition of the moment of each force. This resultant can be written

symbolically as /—
My, = Z (& x F)

Fig 4-11

At i LAl o< 1)
CH s gl (a A gana
L ALES Jso pjal) Ao
sl a9l aax (g glud
REgHA
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Exercise 4.2:

Express the moment produces by the force Fin
Fig 4-12 about point O, as a Cartesian vector.

Fig 4-12

Ans: Mg, = Y(F x F) = {—16.5i — 5.51j} kN.m

Exercise 4.3:

Two forces act on the rod shown in fig 4-13.
Determine the resultant moment they create F, = | - 60§ 4 40] + 20K] Ib
about the flange at O. Express the result as a
Cartesian vector.

Fig 4-13

-
a4t

\ |

Ty

40
bR ||

F - 80} ¢+ .[uj 30k Ib

Ans: My, = Y(F x F) = {301 — 40j + 60k} Ib. ft

4.4 Principle of moments
Of Qi hd & la8 as

The principle of moments is referred to the French mathematician (5 by Adai Jga 5 4B a e
Varignon (1654-1722). It states that the moment of a force about a o3 Gl 1o 96 F sana
point is equal to the sum of the moments of the components of the ALY (i Jga 5 Al

force about the point. If we consider the case of fig 4-14, we have.

—_— -

M, =rxF=Fx (F{+F)=FxF +rxF,
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Fig 4-14

Exercise 4.4:

Determine the moment of the force in

fig 4-15 about the point O.

Exercise 4.5:

Determine the moment of the force in
fig 4-16 about point O. Express the result as

a Cartesian vector.

Exercise 4.6:

Force F acts at the end of the

angle bracket shown in fig 4-17.
Determine the moment of the force
about point O.

Fig 4-15
Ans: Mp, = —14.5KkN.m
Fig 4-16
Ans: Mg = {2007 — 400k} Ib. ft
= 0
r 0.2m

-

Fig 4-17 L ki
400N

Ans: Mg = {—98.67(} N.m




12

Lecture Notes and Exercises on STATICS

Exercise 4.7:
Determine the moment of the force . M1
about point O.

Fig 4-18

O Ib

Ans: My = 36.7 N.m

Exercise 4.8:
The two boys push the gate with forces - on
of F;, =301band Fz = 501b as shown.
Determine the moment of each force (
about C. Which way willthe gate rotate ;®$
clockwise or counterclockwise Fig 4-19
Neglect the thickness of the gate.

Ans: (Mp,), = —162 Ib.ft (M), = 260 ib. ft
since (MFB)C‘ > (M"'A)c the gate will rotate counterclockwise

Exercise 4.9:
Two boys push on the gate as shown. If the boy at B exerts a force of Fg = 30 1b , determine the
magnitude of the force Fa the boy at A must exert in order to prevent the gate from turning. Neglect
the thickness of the gate.
See Fig 4-19
Ans: Fy =2891b

4.5 Moment of a Force about a specified axis

: 5 Fig 4 20
Scalar analysis i &

In general, for any axis (fig 4-20) the moment is

M, =Fd,

h'()=l'XF

Vector Analysis

If the vectors are written in Cartesian form, we have
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Ug, Ug, Ug,

M,=u,. ExP=|% 1© %
F, F, F

Where u,_, Uq,

defining the direction of the a axis.

, Uq, represent the x, y, z components of unit vector

e, 1y, T, represent the x, y, z components of the position vector
extended from any point O on the a axis to any point A on the line of

action of the force.

F., F,, F, represent the x, y, zcomponents of the force vector.

Once M, is determined, we can then express M, as a Cartesian vector

namely.

Exercise 4.10:
Determine the moment Mag produced

by the force Fin fig 4-21, which
tends to rotate the rod about the AB axis.

Fig 4-21
Exercise 4.11:
Determine the magnitude of the moment of
force Fabout segment OA of force the pipe
assembly in fig 4-24a
Fig 4-22

! .‘w.\‘f /
/ -9‘

—\

1‘
06 IU "./‘

//
/ / r \

O4m

0

Y e AR
/

Ans: MAB = {72?"‘ 36;} N.m

OSm

} WON
\ )
0 B b %

O4m

Ans: Mgy, = 100 N.m
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Exercise 4.12:

Determine the magnitude of the moment
of the force F = {3007 — 2007 + 150K}N
about the x axis. Express the result as a
Cartesian vector.

-

Fig 4-23

03m ﬂ,u

Exercise 4.13

Ans: M, =20N.m

Determine the magnitude of the moment of the force F = {3007 — 2007 + 150E}N about the OA

axis. Express the result as a Cartesian vector

See Fig 4-23
Ans: My, = —72N.m
4.6 Moment of a couple
a couple is defined as a two parallel forces that have the same
magnitude, but opposite directions, and are separated by a _
perpendicular distance d (fig 4-24). The moment produced by a couple l___

is called a couple moment.

Scalar Formulation

The moment of a couple M (fig 4-25), is defined as/having a magnitude
of
M=Fd

Where F is the magnitude of one of the [forces and d is the
perpendicular distance or moment arm between the forces. The
direction and sense of the couple moment are determined by the right
hand rule. M will act perpendicular to the plane dontaining these forces.

Ofigd il adl i ga iVl e ny
SO e g Bl B Gl gl
akibi A o) Al slady) B oialiaia

Fig 4-25
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Vector Formulation

oment of a couple can also be expressed by the vector Cross
product as

M=rxF

Resultant couple moment

Since couple moments are vectors, their resultant can be determined by
vector addition.

If more than two couple moments act on the body, we may generalize
this concept and write the vector resultant as

My = ) (i xF)

Exercise 4.14:

Determine the resultant couple moment of

the three couples acting on the plate in fig 4-26. F, = 2001b

Fy = 300 Ib
Fig 4-26
Fi=20] F =300
Y
Exercise 4.15:

Determine the magnitude and direction of the
couple moment acting on the gear in fig 4-27.

Fig 4-27

iy

I = 60N

Ans: M =439 N.m
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Exercise 4.16:

Determine the couple moment acting on the

pipe shown in fig 4-28 Segment AB is directed

30° below the x-y plane. Take OA=8 in and AB=6 in.

Fig 4-28

Exercise 4.17:
Replace the two couples acting on the pipe
Column in fig 4-29 by a resultant couple moment.

Fig 4-29
3
Ans: MR = {601+ 22.57+ 30 k} N.m
I'| 430N

Exercise 4.18:

Determine the couple moment acting

on the pipe assembly and express the

result as a Cartesian vector.

Fig 4-30

-
C

Ans: Mg = Typ X Fg = {108+ 144 k} N.m
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Exercise 4.19:

Two couples act on the beam as shown.

Determine the magnitude of F so that the

resultant couple moment is 300 Ib.ft couterclokwise.
Where on the beam does the resultant couple act?

Fig 4-31

-F
1
] e N W) 11y

'3

- 200 Ib
73
13 :
i -

S

Ans: F =1671b




