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FOKUR
A force 1s a vector quantity. It is defined when its

(1) magnitude, (2) point of application, and (3) direc-
tion are known.

RESULTANT (Two Dimensions)

The resultant, F, of n forces with components Fm-
and F ; has the magnitude of

2. 1/2

1=1 ’ i=1

The resultant direction with respect to the x-axis using

four-quadrant angle functions is
n

0 = arctan (X F,;/Z F, ;)

=1 »ix
The vector form of the force is

F =Fi+F,j
RESOLUTION OF A FORCE
F,=Fcosf; F, = Fceos; F, = Fcos 6,

cos 6, = F,/F; cos 6, = F,/F; cos 6, = F,|F
Separating a force into components ( geometry of force
is known -- R = V 42 +y% +22 )

F., = x/R)F; F, = (y/R)F; F, = (z/R)F
MOMENTS (COUPLES)

A system of two forces that are equal in magnitude,
opposite in direction, and parallel to each other is
called a couple.

A moment M is defined as the cross product of the
radius vector distance r and the farrs F fram a naint
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F, = (x/R)F; F, = (y/R)F; F, = (2/R)F
MOMENTS (COUPLES)

A system of two forces that are equal in magnitude,
opposite in direction, and parallel to each other is
called a couple.

A moment M is defined as the cross product of the
radius vector distance r and the force F from a point
to the line of action of the force.

M=rxF; M = yF, -zF

z y?
My = zF_-xF , and
M, = xF, - yF,.
SYSTEMS OF FORCES

F =XYF,

M= 2(r,xF,)
Equilibrium Requirements

LF =0

LM, =0
CENTROIDS OF MASSES, AREAS, LENGTHS,
AND VOLUMES

Formulas for centroids, moments of inertia, and first
moment of areas are presented in the MATH-
EMATICS section for continuous functions. The fol-
lowing discrete formulas are for defined regular
masses, areas, lengths, and volumes:

rn=2mr/$‘.m whaoro



m, = ne mass of each particle making up the sys-
tem,

r. = the radius vector to each particle from a se-
lected reference point, and

the radius vector to the center of the total mass
from the selected reference point.

The moment of area (M) is defined as

~
|

M,, = X x, a,, with respect to the y-axis.

M,. = Xy,a,, with respect to the x-axis.
The centroid of area is defined as

xac = May/A

3 with respect to center
Yae = M, /A of the coordinate system
z,, = M_/A

ac

where A = X a,
The centroid of a line is defined as
x,. = (Zx 1)L, where L = X1

c

Yie = (By,1)/IL
2z, = (Zz,1)/L

c

The centroid of volume is defined as
x,, = (Zx,v,)/V, where V = T v

ve

Yoe = (Zynvn)/v
z,, = (Zzv)V

ve

MOMENT OF INERTIA

The moment of inertia, or the second moment of
area, 1s defined as

I = [ x*dA

n

n
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Xye = (Zx,v,)/V, where V = Ty

vc

yUC = (zynvn)/v
2,0 = (Zzv)V

vc

MOMENT OF INERTIA

The moment of inertia, or the second moment of
area, 1s defined as

n

_ 2
I, = /x"dA
I. = /y*dA

The polar moment of inertia J of an area about a
point is equal to the sum of the moments of inertia of
the area about any two perpendicular axes in the area
and passing through the same point.

— 7 = _ 2 , .2
I —J—-ch+Ixc = /[ (& +y“)dA

2

= rpL’A , Where

r, = theradius of gyration (see next page).

Moment of Inertia Transfer Theorem

The moment of inertia of an area about any axis is
defined as the moment of inertia of the area about a
parallel centroidal axis plus a term equal to the area
multiplied by the square of the distance d from the
centroldal axis to the axis in question.

I =1 +d%A
. 2
Iy = ch+dA, where

d = distance between the two axes in question,
I, Iy = the moment of inertia about the centroidal

c

axie and



I.,1; = the moment of inertia about the new axis. &

Radius of Gyration

The radius of gyration Tps T T is the distance from
a reference axis at which all of the area can be consid-
ered to be concentrated to produce the moment of iner-
tia.

r. = VI /A ; ry=~/Iy/A; r, = vJ/A

x x P
Product of Inertia
The product of inertia (I, etc.) is defined as:

L, =/ xydA, with respect to the xy-coordinate sys-

tem,

[, = [ xzdA, with respect to the xz-coordinate sys-
tem, and

I,, = / yzdA, with respect to the yz-coordinate sys-
tem.

The transfer theorem also applies:
I,, =1, ,+d.d A, for the xy-coordinate system,

x
> etc., where
d, = x-axis distance between the two axes in ques-
tion and
dy = y-axis distance between the two axes in ques-
tion.
FRICTION

The largest frictional force that is possible to develop
is called the limiting friction. Any further increase in
applied forces would cause motion.

F = u N, where



tion and ~ /o)

d, = y-axis distance between the two axes in ques-
tion.
FRICTION

The largest frictional force that is possible to develop
is called the limiting friction. Any further increase in
applied forces would cause motion.

F = u N, where

F friction force,
U coefficient of static friction, and
N = normal force between surfaces in contact.

SCREW THREAD

For a screw-jack, square thread,
M = Prtan (a = ¢), where

+ 1s for screw tightening,

— 1s for screw loosening,

M = external moment applied to axis of screw,

P = load on jack applied along and on the line of the
axis,

r = the mean thread radius,
« = the pitch angle of the thread, and
p = tan ¢ = the appropriate coefficient of friction.

BRAKE-BAND OR BELT FRICTION
F, = F, %, where
F, = force being applied in the direction of impend-

L3 .
1mmoer mnf!nn
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= coefficient of static friction, and

= the total angle of contact between the surfaces
expressed 1n radians.

QE

STATICALLY DETERMINATE TRUSS

Plane Truss

A plane truss is a rigid framework satisfying the fol-
lowing conditions:

1. The members of the framework lie in the same
plane.

2. The members are connected at their ends by fric-
tionless pins.

3. All of the external loads lie in the plane of the
framework and are applied at the joints only.

4. The truss reactions and member forces can be de-
termined using the equations of equilibrium.

LF = 0; M =0

5. A truss is statically indeterminate if the reactions
and member forces cannot be solved with the equa-
tions of equilibrium.

Plane Truss: Method of Joints

The method consists of solving for the forces in the
members by writing the two equilibrium equations for
each joint of the truss.

LF, =0 and ZFy = 0, where

Fy = horizontal forces and member components and
Fy, = vertical forces and member components.




framework and are applied at the joints only.
. The truss reactions and member forces can be de-
termined using the equations of equilibrium.

LF = 0; IM =20

. A truss is statically indeterminate if the reactions
and member forces cannot be solved with the equa-

tions of equilibrium.

'lane Truss: Method of Joints

‘he method consists of solving for the forces in the
rembers by writing the two equilibrium equations for
ach joint of the truss.

YF, =0 and X Fy = 0, where

= horizontal forces and member components and
= vertical forces and member components.

>)lane Truss: Method of Sections

"he method consists of drawing a free-body diagram of
. portion of the truss in such a way that the desired
russ member unknown force is exposed as an external

orce.

<‘J :I:‘J

CONCURRENT FORCES

\ system of forces wherein their lines of action all
neet at one point.

'wo Dimensions

LF_ = 0; EFy =0
Fhree Dimensions
LF, =0, ZF =0; LF, =0
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4. Three forces act on a hook. Determine the mag- t
nitude of the resultant of the forces. Neglect hook (
bending.

F, = 1500 N Fy=1000N

Fy=750 N
T
(A) 989 N
(B) 1140 N
(C) 1250 N
(D) 1510 N

#3842 694
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45°

30°



FESTYLEEXAM PROBLEMS |4

l. What is the resultant R of the system of forces
shown?

y F, = 15i + 25j — 10k

F, = -10i + 40j + 50k
“

(3,6,4)
F, = 20i - 5j + 15k

X

y  R=25i+60j+ 55k

(3,6,4)
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RO RIS

12 kips

~——20ft—’410ftL15ft-

=15 ft =



12 kips

20ftﬂ410ftL15ft 15 ft

4 kips”
“Ns
12 kips
15 ft =115 ft~

G kips
20 ft

15 kips
18 kips

10 ft

E_ = IS kips

SAMPLE PROBLEM 7.8 I 8

The cable AE supports three vertical loads from the points indicated. If point
Cis 5 ft below the left support, determine (a) the elevations of points B and D,
{(b) the maximum slope and the maximum tension in the cable.

Solution. The reaction components A, and A, are determined as follows:
Free Body: Entire Cable

+5 }:ME = 0:
AL (20 ft) — Ay(ﬁ() ft) + (6 kips)(40 ft) + (12 kips)(30 ft) + (4 kips)(15 ft} = 0
20A, — 60Ay + 660 =0

Free Body: ABC

+)EMe =00 —A,(5ft) — A(30 ft) + (6 kips)(10 ft) = 0
—5A, — 304, + 60 =0

Solving the two equations simultaneously, we obtain

A, = —18kips A, = 18 kips«

Ay = +5kips Ay = 5 kips?
a. Elevation of Point B. Considering the portion of cable AB as a free
body, we write
+)EMg = 0: (18 kips)y, — (5 kips)(20 ft) = 0
yp = 5.56 ft below A —-

Elevation of Point D. Using the portion of cable ABCD as a free body,
we write

+)SM, = 0
—(18kips)y, — (5 kips)(45 ft) + (6 kips)(25 ft) + (12 kips)(15 ft) = 0
Yy, = 5.83 ft above A -

b. Maximum Slope and Maximum Tension. We observe that the maxi-
mum slope occurs in portion DE. Since the horizontal component of the ten-
sion is constant and equal to 18 kips, we write

14.17
= § = 43.4°
tan 8 i

T = Lk)[_)_s_ T .. = 24.8 kips
cos
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LF~] 50 mm—=~—150 mm-—=

-

50 mm

1
S

250 mm

~|

25 mm— 25 mm

Prob. 10-31

20
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275 mm -{
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200 mm
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Product of Inertia. The integral

I, = fxydA

obtained by multiplying each element dA of an area A by its coordinates x
and y and integrating over the area (Fig. 9.14), is known as the product of
inertia of the area A with respect to the x and y axes. Unlike the moments
of inertia I_ and [, the product of inertia I,, may be either positive or
negative.

When one or both of the x and y axes are axes of symmetry for the area
A, the product of inertia I, is zero. Consider, for example, the channel
section shown in Fig. 9.15. Since this section is symmetrical with respect to
the x axis, we can associate to each element dA of coordinates x and y an
element dA” of coordinates x and —y. Clearly, the contributions of any
pair of elements chosen in this way cancel out, and the integral (9.12)
reduces to zero.
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4-73. Determine the range of values for which the horizontal
force P will prevent the crate from slipping down or up the in-
clined plane. Take u; = 0.1.




4-74. The refrigerator has a weight of 200 Ib and a center of
gravity at G. Determine the force P required to move it. Will the
refrigerator tip or slip? Take s = 0.4.

AL S—
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12-1
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12-2
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Figure 12.1 Mechanical Advantage of Rope-Operated Machines

ordinary

fixed free pulley differential
sheave sheave block pulley block
(n sheaves)

L | s Lz
F ‘\
w

If the pulley is attached by a bracket to a fixed location,
it is said to be a fized pulley. If the pulley is attached
to a load, or if the pulley is free to move, it is known as
a free pulley.

Most simple problems disregard friction and assume
that all ropes (fiber ropes, wire ropes, chains, belts,
etc.) are parallel. In such cases, the pulley advantage is

r
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1. Find the tension, T, that must be applied to pulley
A to lift the 1200 N weight.

L zzzzizgzzizzz 7

#3556 687
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1. The system shown is in static equilibrium. Find W.

N AN ISP 1711777777
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Friction between a belt, rope, or band wrapped around D&
a pulley or sheave is responsible for the transfer of
torque. Except when stationary, one side of the belt
(the tight side) will have a higher tension than the other
(the slack side). The basic relationship between the belt
tensions and the coefficient of friction neglects centrifu-

gal effects and is given by Eq. 12.4. F} is the tension

on the tight side (direction of movement); F5 is the ten-
sion on the other side. The angle of wrap, 8, must be
expressed in radians.

F, (loose)
The net transmitted torque is
T = (F1 — Fy)r 12.5

The power transmitted to a belt running at tangential
velocitv vy is
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Problems 2 and 3 refer to the following illustration.

pulley with 35 cm diameter

| =058

w = 0.90 7/// /////
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Sec. 9.4 / Frictional Forces on

Example 9-8 eEEse————— m—

The turnbuckle shown in Fig. 9-20 has a square thread with a mean
radius of 5 mm and a pitch of 2 mm. If the coefficient of friction between
the screw and the turnbuckle is u, = 0.25, determine the moment M that
must be applied to draw the end screws closer together. s the turnbuckle
self-locking?

2kxN

g

\

.3

kN

Fig. 9—-20

Solution
The moment may be obtained by using Eq. 9-3. Since friction at two
screws must be overcome, this requires

M = 2[Wrtan (¢, + 6,)] (1)

Here, W = 2000 N, r = Smm, ¢, = tan™! u, = tan™' (0.25) = 14.04°,
and 6, = tan~! (p/27r) = tan~' (2 mm/[Z'n(S mm)]) = 3.64°. Substitut-
ing these values into Eq. (1) and solving gives

M = 2{(2000 N)(5 mm) tan (14.04° + 3.64°)]
M=6375.IN-mm=638N-m Ans.

When the moment is removed, the turnbuckle will be self-locking; i.e., it
will not unscrew, since ¢; > 0,.

—
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9. A box has uniform density and a total weight of
600 N. It is suspended by three equal-length cables, AE,
BE, and CE, as shown. Point E is 0.5 m directly above
the center of the box’s top surface. What is the tension
in cable CE?

0.6 m
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1 Syslems of Forces 10-5
Table 10.]1 Types of Two-Dimensional S‘Up'p'orrs """"""""""
reactions and number of

type of support

moments

unknowns(a@

simple, roller, rocker,
ball, or frictionless
surface

’ reaction normal to 1
S surface, no moment
) L
cable in tension,
or link
reaction in line 1
7 0 with cable or link,

no moment

frictionless
guide or collar




with cable or Nk,
no moment

40

frictionless
guide or collar

reaction normal to 1
rail, no moment
built-in, fixed
support
2 two reaction 3
7 components,
v -
7 % one moment
7
frictionless hinge,
pin connection, or
rough surface
reaction in any 2

direction,
no moment

(a) The number of unkowns is valid for two-dimensional

problems only.
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(D) 710 N
#351 394
Determine the force in member BC.
3000 N
3000 N *
7.5 m

(A) 0
(B) 1000 N (compression)
(C) 1500 N (tension)

(MY 95NN NI (4t e \

4l

Proble

CEEE



47

%07 /

2

LATA OF © 9

any |\

LHAA 0F

Y09

Yoy



43

,081 = yoes ,Qg 40 sjaued g.

yoea sdiy 09

b »o. 45 »o

-ON

A H . a A8

yoes sdiy ¢

'MH pUe 3Q siequaw uj $8940) 8Y} puUlH ‘b




100 N —m ke 77— 100N 44

20 m 10
(A) O
(B) 160 N
(C) 200 N
(D) 250 N
#3368 59,
50
Sol
M

8. The pedestrian bridge truss shown has 10000 N ap-

plied loads at points I, J, and K. What is the force in
member [J7

Dt

joi

10000 N T0000 N 10000 N
Sol

Th
col
the

Soli

(A) 8000 N (compression)
(B) 8000 N (tension)
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3.9 / Distributed Force Systems 147
3.155
300 Ib/ft 300 1b/tt
A
100 1b/ft
v t oty ot T
HON O

Figure P3.155
3.156

500 Ib/tt

31t —~-——+l<—~ 4t ——]

500 Ib/ft

™ A

-

A A

A '\ A

N\
BN

-3 ft ———>1|<—>
1 ft 1 fe

Figure P3.156

*3.157

R

Loading curves are
55 N/m semicircles, radii

1.Tmand 0.7 m
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5001b - ft

2.5 ft 2.5 ft
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Dimensions in mm
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__-1 TN = —2000 N + (1000 N)(sin 45%) + W sin
Y Yr=0.10
! Wsin 8 _ o 2000 N (1000 N)(sin 45°)
Wcos B - (1000 N)(cos 45°)
=1.828
16m 60 kg B = tan~!(1.828) = 61.3°
W= (1000 N)(cos 45°)
cos 61.3°
= 1472 N (1500 N)
!
20m
Answer is C.
(A) 0
(B) 10.0 kg
y (C) 11.6 kg Solution 2:
‘ (D) 12.1 kg -
#3501 194
| F=T
T2
SOLUTIONS TO FE-STYLE EXAM PROBLEMS
F=T
Solution 1: T, = ;N = pymg
The free-body diagrams are = (0.58)(150 kg) (9.81 22)
S
=853.5 N
194 2w rad
8 = (60°) [ =—— | = 1.0472 rad
( )< 3600 ) r
N Ty = Toe*
1C-
he 1000 N = (853.5 N)e(0-9)(1:0472)

m.

= 2190 N (2200 N)

Wi

Ve
wd B o i
- Answer is C.




