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1.1 Force Systems

A force can be defined as the action of one body on another that changes/tends to changes the
state of the body acted on.

Categories depending on their arrangement in plane:

» Coplanar collinear forces

» Coplanar parallel forces

>

>

>

>

Y

r 3

Coplanar concurrent forces

Non-concurrent Coplanar forces

Concurrent Non- Coplanar

Parallel Non- Coplanar

____________

Non Concurrent Non-parallel Non-coplanar

2
Assistant Prof! Dr. Awshed Abdulbamed




STATICS
Mechanical Engineering

Electronic Department
College of Engineering-- Diyala University

1.2 Conversion From F.P.Sto S.I

9.81N

1 1bm
(0.454 kg)

1kg

MASS  (2.20 Ibm)

LENGTH

32.2 Ibf
(143.2 N)

1 slug or 32.2 Ibm
(14.61 kg)

(3.28 ft)

1 Mi =5280 ft x0.3045m = 1609 m

1
=1z X 0.3045 = 0.0254 m = 25.4 mm

lin =ift

12
Mega N = 10° N
Gega N = 10° N
u= 10"°N

1H.P=0.746 Kw

1.3 Scalar and Vector

( distance, volume, temperature...)

(force, velocity, acceleration...)

Scalars are quantities that are fully described by a magnitude (or numerical value) alone.

Vectors are quantities that are fully described by both a magnitude and a direction.
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1.3 Parallelogram Law

If Q and P are two forces concurrent in point “o” the result of this forces is R

R =./P%2+ Q% —2QPcos6
The angle of the resultant is made between the resultant and onne of the force.

This angle can be determine by the low of sin

sina sin@

Q R

.. —1(Qsind
@ = sin1 (£220)
Example
Determine the resultant R of the two forces Q= 80N and P = 70N acting on the body and
calculate the angle of the resultant.

P=70N — | /-

R = \/802 + 702 —2 %80 x 70 X cos135 = 138.6N

sing sin135 __, 70sin135
= d = —
70 R o= sin"(—35%

) =20.918

HW
Determine the resultant R of the two forces Q= 80N and P = 70N acting on the body and
calculate the angle of the resultant

P=70N —pf oo

4
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1.3 Force and Components

It can be analysis the force in to two components

Foooonnnnn inx axis £, = Fcos@ = Fsin 8 B

Fy.........iny-axis F, = Fsin6 = Fcos f8

Fo=Fomwb F=JFREE}?
F,

Fy=Fsin§ 6=tan' 2
x

Example: Find the x and y components for force F
E, = 250 cos 30 = 250sin 60 = 216.5N

E, = 250sin 30 = 250co0s 60 = 125N

The forces F, F,, and Fj3, all of which act on point A of the bracket, are
specified in three different ways. Determine the x and y scalar components of
each of the three forces.

Solution. The scalar components of F;, from Fig. a, are

Fy = 600 cos 35° = 491 N Ans.

Fy

Y

600 sin 35°

Il

344 N Ans.

The scalar components of F,, from Fig. b, are

Fy = —500(3) = —400 N Ans.

Fy = 500(3) = 300 N Ans.
Note that the angle which orients F, to the x-axis is never calculated. The cosine
and sine of the angle are available by inspection of the 3-4-5 triangle. Also note
that the x scalar component of F is negative by inspection.

The scalar components of F3 can be obtained by first computing the angle
a of Fig. c.

0.2
=5 =1 oSl o
a = tan [ 0. 4] 26.6
Then F3 = Fgsin o = 800 sin 26.6° = 358 N Ans.
F3 = —Fgcos a = —800 cos 26.6° = —716 N Ans.

2

Alternatively, the scalar components of Fg can be obtained by writing Fg as
a magnitude times a unit vector n,p in the direction of the line segment AB.

Thus, Helpful Hints

5
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The y-component of the force F which a person exerts HW
on the handle of the box wrench is known to be 70 1b.
Determine the x-component and the magnitude of F.

Ans. F, = 2921b,F = 758 1b

Problem 2/7

Determine the resultant R of the two forces shown by
(a) applying the parallelogram rule for vector addition
and (b) summing scalar components.

600 N

Problem 2/8

To satisfy design limitations it is necessary to deter-
mine the effect of the 2-kN tension in the cable on the
shear, tension, and bending of the fixed I-beam. For
this purpose replace this force by its equivalent of two
forces at A, F, parallel and F,, perpendicular to the
beam. Determine F, and F,,.

Ans. F, = 1.286 kN, F,, = 1.532 kN

2 kN

6
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1.5 Resultant of Concurrent Force Components
If there are many concurrent components act on a body

Re...... is the summation of forces on x-axis R, = Y F,
Ry...... is the summation of forces on y-axis R, = X F,

R........ is the resultant R = \/RZ + RZ

. F, &

R
—tan-lY
0 =tan (R)

| SRS,

R, zF = F, —F,cos@
ZT — F; sinf

Example
Find the resultant of the two forces and its slope, as shown in the figure.

4
P, = 200cos @ = 200 x T = 160N

P, =200sin6 = 200 x 4/5 = 120N

3
E = 300COSQ)=300X§= 180N

4
E, 51n®—300x§—240N

= 160 + 180 = 340
= 120 — 240 = -120

R = ’ ,% + R = /340% + 1202 = 360.5
R

360
tano, =—~ - a = tan~ ! — = 19.44°

R, 340

';U
I
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Example

An aircraft retaining hook is subjected to two forces as shown. Determine the magnitude of
the resultant?

-

R, = Z F, = 150sinf — 200sinf

—150><4 130><12—120 120=0
B 5 13 -

R, =% T E, = 150cos0 — 130cos f8

130N 12

3 5
=150 X =—130 X — = 140N
5 13

R = |R?+RZ=/1402 + 02 = 140N

Example
The force F which acts on the block of figure has a horizontal rectangular component of
100Lb. Determine the rectangular component of F perpendicular to the inclined plane?

Example

At what angle 8 must the 800-lb force be applied in
order that the resultant R of the two forces has a
magnitude of 2000 1b? For this condition, determine
the angle B between R and the vertical.

1400 1b

8
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HW
Find the magnitude of the force P. If you know the magnitude of the resultant is 200N and
the magnitude of the force Q = 50N as shown v, P 100

9

Assistant Prof Dr. Azshed Abdulbamed




STATICS i N
Mechanical Engineering

Electronic Department

College of Engineering-- Diyala University

1.6 Moment of Force

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. This rotational tendency is known as the moment M of
the force. Moment is also referred to as torque. Figure 2/8b 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
M=FXxXd

WAV Rk | MRUOW D RRIVI o W

Calculate the magnitude of the moment about the base point O of the 600-N
force in five different ways.

Solution. (I) The moment arm to the 600-N force is
d=4coz40° + 28in40° =4.35m
By M = Fd the moment is clockwise and has the magnitude
Mg = 600(4.35) = 2610 N-m Ans.
(II) Replace the force by its rectangular components at A,
F, = 600 cos 40° = 460 N, F, =600 sin 40° = 386 N
By Varignon’s theorem, the moment becomes
Mg = 460(4) + 386(2) = 2610 N-m Ans.
(IT1I) 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
d, =4+ 2tan40° = 5.68 m
and the moment is

Mg = 460(5.68) = 2610 N-m Ans.

(IV) Moving the force to point C eliminates the moment of the component
F,. The moment arm of F,; becomes

dy; =2+ 4cot40° =6.7Tm
and the moment is

Mg = 386(6.77) = 2610 N-m Ans.

4m

2m Fy =600 cos 40°

B

, = 600 sin 40°
LA
0
B F, y
\\ |
128 SN |
nA L s
RN
4 A
1 r F\
e
\\
~ C
Fy
0
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Example

Calculate the moment of the 250N force on the handle of the monkey about the center the
bolt

F, = 250 sin15, E, = 250 cos 15 250N
M, = —250sin 15 x 0.03 + 250 cos 15 X 0.2 200 mm )
M, =48.1N.m o !
200mm  250c0s15 i .
30 mm
—
30mms “— 250sin15 7
A\
H.W

Calcw/ale the morment
of the 400-N force about
pomnt O /n five ar/ffer
ent ways.

11
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HW

The 30-N force P is applied perpendicular to the
portion BC of the bent bar. Determine the moment

of P about point B and about point A.

1.6m

A i

Elements of the lower arm are shown in the figure.
The weight of the forearm is 5 Ib with mass center
at G. Determine the combined moment about the
elbow pivot O of the weights of the forearm and the
sphere. What must the biceps tension force be so

that the overall moment about O is zero?

12
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1.7 couple

/ ° ‘\a ;F/ The moment produced by two equal, opposite, and noncollinear

\3( F forces is called a couple. Couples have certain unique properties and
d / have important applications in mechanics.

P Consider the action of two equal and opposite forces F and —F a dis-

_(C; tance d apart, as shown in Fig. 2/10a. These two forces cannot be combined

into a single force because their sum in every direction is zero. Their only

effect is to produce a tendency of rotation. The combined moment of the

— two forces about an axis normal to their plane and passing through any
( ] B} point such as O in their plane is the couple M. This couple has a magnitude
[ 2

T4 v M="Fla+d) —Fa
F
or
) “‘j M=Fd
Example

Replace the horizontal 80- Ib force acting on the lever by an equivalent system consisting of n
force at 0 and a couple.

80 Ib

M = 80 X 9sin60 = 624 Ib — in

Thus, the original force is equivalent to the
80- Ib force at 0 and the 624-1b-in. couple as
shown in the third of t he three equivalent
figures .

801b 801b

80lb~801b 801b

624 Ib-in.

13
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Compute the combined moment of the two 90-1b
forces about (a) point O and (b) point A.

90 Ib

Problem 2/59

Heplace the 12-kN force acting at point A by a
force—couple system at (a) point O and (b) point B.

14
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HW

Each propeller of the twin-screw ship
develops a full speed thrust of 300 kN.
In maneuvering the ship, one propeller
is turning full speed ahead and the other
full speed in reverse. What thrust P
must each tug exert on the ship to
counteract the turning effect of the
ship's propellers?

120 m {

During a steady right turn, a person exerts the
forces shown on the steering wheel. Note that
each force consists of a tangential component and
a radially in ward component. Determine the
moment exerted about the steering column at O.

15
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1.8 Resultant of Non Concurrent Coplanar Force

R=F, +F,+F;+ -+ =ZF
R, =7ZF, Ry = 2F, R = J(ZFx)Q + (EFy)2

R >F
= -1_Y _ 1Y
# = tan R, tan SF.

R =2F

M, = =M = X(Fd)
Rd =M,

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 that is to represent the given system.

(R, = 3F,] R, = 40 + 80 cos 30° — 60 cos 45° = 66.9 N
[R, = SF,) R, = 50 + 80 sin 30° + 60 cos 45° = 132.4 N

R = JRZ + R R = /(66972 + (132.4)2 = 1483 N Ans.

L1324
66.9

= 63.2° Ans.

R
6 = tan! —Z] 6 = tan™
[ RI

My = E(Fd)) Mg = 140 — 50(5) + 60 cos 45°(4) — 60 sin 45°(7)
= —237TN'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.
R=1483 N
[Rd = Myl 148.3d = 237 d = 1.600 m 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 1.6-m radius
with center O, as shown in part b of the figure. We apply the equation Rd =
M, in an absolute-value sense (ignoring any sign of M) and let the physics of
the situation, as depicted in Fig. a, dictate the final placement of R. Had M
been counterclockwise, the correct line of action of R would have been the tan-
gent at point B.

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

237
Ryb —; |MO| and b= m = 1792 m

16
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Example
Determine and locate the resultant R of the two forces and one couple acting on the I-beam.

8 kN
e 25 kN-m
= PN Y
T 4
2m I: 2m ‘ 2m
5 kN

Example

If t he resultant of the two forces and couple M passes through point 0 , determine M if you
know the total moment at O equal to zero.

160 400 N
mm

17
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HW

Determine the resultant of the forces and couple applied to the truss and its location respected

to A.

H.W

10N.m
10N
Im
ZON ______
Im
10N
Im
AN
pAN

A commercial airliner with four jet engines, each producing 90 kN of forward thrust, is in a
steady, level cruise when engine number 3 suddenly fails. Determine and locate the resultant
of the three remaining engine thrust vectors. Treat this as a two dimensional problem.

18
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FREE-BODY DIAGRAM EXERCISES

In each of the five following examples, the body to be isolated is shown in the left-hand
diagram, and an incomplete free-body diagram (FBD) of the isolated body is shown on the
right. Add whatever forces are

Body Incomplete FBD

1. Bell crank 'I-“é.—_— mg

supporting mass Flexible

m with pin support cable A .

at A. A

P

2. Control lever

applying torque p

to shaft at O.

Fo

3. Boom OA, of
negligible mass
compared with
mass m. Boom
hinged at O and
supported by
hoisting cable at B.

/ mg
T

4. Uniform crate of
mass m leaning
against smooth
vertical wall and
supported on a
rough horizontal
surface. B

. Loaded bracket

supported by pin y f
connection at A and B \B

fixed pin in smooth L
slot at B. . Load L .

o

19
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Body Wrong or Incomplete FBD

. Lawn roller of

mass m being
pushed up
incline 6.

. Prybar lifting

body A having
smooth horizontal
surface. Bar rests
on horizontal
rough surface.

. Uniform pole of

mass m being
hoisted into posi-
tion by winch.
Horizontal sup-
porting surface
notched to prevent
slipping of pole.

. Supporting angle

bracket for frame;
pin joints.

ot

. Bent rod welded to

support at A and
subjected to two
forces and couple.

20
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1.9 Equilibrium Conditions

We defined equilibrium as the condition in which the resultant of all forces and moments
acting on a body is zero. Stated in another way, a body is in equilibrium if all forces and

moments applied to it are in balance

2FE =0, XF =0,

XM =0,

MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS

Type of Contact and Force Origin

Action on Body to Be Isolated

1. Flexible cable, belt,
chain, or rope

{___
Weight of cable V_,r’//
negligible
B e |
Weight of cable 0

L]

not negligible

_ f _ 0 Force exerted by
- | a flexible cable is
T always a tension away

from the body in the
direction of the cable.

1}

‘T‘V

2. Smooth surfaces

Contact force is
compressive and is
normal to the surface.

~
~
~
~
~
S
N;;/

3. Rough surfaces

F
~
//\#‘/
/ ~
R / ~
Y

Rough surfaces are
capable of supporting
a tangential compo-
nent F (frictional
force) as well as a
normal component

N of the resultant
contact force R.

4. Roller support

Roller, rocker, or ball
support transmits a
compressive force
normal to the
supporting surface.

ED

5. Freely sliding guide

(ol

[ -

Collar or slider free to
move along smooth
guides; can support
force normal to guide
only.

11 EE
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MODELING THE ACTION OF FORCES IN TWO-DIMENSIONAL ANALYSIS (cont.)

Type of Contact and Force Origin

Action on Body to Be Isolated

6. Pin connection

Pin free to turn A freely hinged pin
connection is capable
of supporting a force
in any direction in the
plane normal to the
pin axis. We may
either show two
components R, and
R, or a magnitude R
and direction 6. A pin
not free to turn also
supports a couple M.

7. Built-in or fixed support

A A
or

~~Weld

A A built-in or fixed

| support is capable of
supporting an axial
force F, a transverse
force V (shear force),
and a couple M
v (bending moment) to

prevent rotation.

8. Gravitational attraction

T

The resultant of
gravitational
attraction on all
G elements of a body of
mass m is the weight
l W = mg and acts
toward the center of
the earth through the
center mass G.

9. Spring action ) )

Linear Nonlinear

Neutral F F
|

position

x |
|
]ﬂ\,\ﬁw |

| Hardening

| I
|/
| -
Softening
——x

F=Fkx

——x

Spring force is tensile
if spring is stretched
and compressive if
compressed. For a
linearly elastic spring
the stiffness & is the
force required to
deform the spring a
unit distance.

y-

22
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Example

Determine the magnitudes of the forces C and T, which, along with the
other three forces shown, act on the bridge-truss joint.

Solution. The given sketch constitutes the free-body diagram of the isolated
@ section of the joint in question and shows the five forces which are in equilibrium.

Solutfion 1 (scalar algebrd). For the x-y axes as shown we have

[ZF, = 0] 8+ Tcos40° + Csin 20°— 16 = 0

0.766T + 0.342C = 8 (a)
[ZFy = 0] Tsin40° — Ccos20°—3=0

0.643T — 0.940C = 3 (b)

Simultaneous solution of Egs. () and (b) produces

T =9.09 kN C =3.03 kN Ans.

Solution Il (scalar algebra). To avoid a simultaneous solution, we may use axes
@ x'- with the first summation in the y'-direction to eliminate reference to 7. Thus,

[ZF, = 0] —C cos 20° — 3 cos 40° — 8 sin 40° + 16 sin 40° = 0

C = 3.03 kN Ans.

Example

Determine the magnitude T of the tension in the supporting cable and the
magnitude of the force on the pin at A for the jib crane shown. The beam AB is a
standard 0.5-m [-beam with a mass of 95 kg per meter of length.

Algebraic solufion. The system is symmetrical about the vertical x-y plane
through the center of the beam, so the problem may be analyzed as the equilib-
rium of a coplanar force system. The free-body diagram of the beam is shown in
the figure with the pin reaction at A represented in terms of its two rectangular
components. The weight of the beam is 95(107)(5)9.81 = 4.66 kN and acts
through its center. Note that there are three unknowns A, A,, and T, which may
be found from the three equations of equilibrium. We begin with a moment
equation about A, which eliminates two of the three unknowns from the equa-
tion. In applying the moment equation about A, it is simpler to consider the mo-
ments of the x- and y-components of T than it is to compute the perpendicular
distance from T to A. Hence, with the counterclockwise sense as positive we

write
[(EM, = 0] (T cos 25°)0.25 + (T sin 25°)(5 — 0.12)

— 106 — 15 —-0.12) —4.66(2.5 - 0.12) =0
from which T =19.61 kN Ans.

Equating the sums of forces in the x- and y-directions to zero gives

[5F, = 0] A, — 19.61 cos 25° = A, =17.77kN
[5F,=0] A, +1961sin25°—466-10=0 A, =637kN

[A=JVAZ+A% A=/Q17.77)7+ (6.37)* = 18.88 kN Ans.

Helpful Hints

@ Since this is a problem of concur-
rent forces, no moment equation is
necessary.

© The selection of reference axes to fa-
cilitate computation is always an im-
portant consideration. Alternatively
in this example we could take a set
of axes along and normal to the di-
rection of C and employ a force sum-
mation normal to C to eliminate it.

0.25m
Ay 25" B
2 05m € !
< 0.12m %”’—m\
10 kN
5m

Jlf T
A g . R
I | .
iAy Y
4.66 kN
10 kN

Free-body diagram

(-

Helpful Hints

@ The justification for this step is
Varignon’s theorem, explained in
Art. 2/4. Be prepared to take full ad-
vantage of this principle frequently.

@ The calculation of moments in two-
dimensional problems is generally
handled more simvlv bv scalar aloe-

23
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Example

The mass center G of the 1400-kg rear-engine car is located as shown in the figure.
Determine the normal force under each tire when the car is in equilibrium. State any
assumptions.

A L 11;86 mm>~'1 964 mm

Example
The 450-kg uniform I-beam supports the load shown. Determine the reactions at the supports.

24
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Example

The indicated location of the center of gravity of the 3600-1b pickup truck is for the un laden
condition. If a load whose center of gravity is X = 16 in. behind the rear axle is added to the
truck, determine the load weight WL for which the normal forces under the front and rear
wheels are equal

Example

A man is holding an 8-1b weight in her hand with the entire arm held horizontally as shown in
the figure. A tensile force in the deltoid muscle prevents the arm from rotating about the
shoulder joint O ; this force acts at the 21° angle shown. Determine the force exerted by the
deltoid muscle on the upper arm at A and the .x- and y-components of the force reaction at
the shoulder joint O. The weight of the upper arm is Vy = 4.1 Ib, the weight of t he lower arm
is Wi, = 2.4 Ib, and the weight of the hand is Wy = 0.9 Ib; all these weights act at the
locations shown in the figure. Ans. Fp =160.2 Ib, O, =149.51b, Oy, =-42.21b

I 81b
I

- Deltoid muscle sy

25
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Mechanical Engineering

Example

The man pushes the lawn mower at a steady speed with a force P that is parallel to the
incline. The mass of the mower with attached grass bag is 50 kg with mass center at G. If
6 = 15°, determine the normal forces Ng and N. under each pair of wheels B and C. Neglect
friction. Compare with the normal forces for the conditions of # =0 and P = O.

Ans. Ng =214 N, Nc =260 N With =P =0: Ng =350 N, N. = 140.1 N

Example

The uniform bar with end rollers weighs 60 Ib and is c
supported by the horizontal and vertical surfaces and by T
the wire AC. Calculate the tension T in the wire and the sl 1

reactions against the rollers at A and at B.

26
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Example
The device shown in the figure is useful for lifting
drywall panels into position prior to fastening to e — 25 kg P
the stud wall. Estimate the magnitude P of the HERSEY 5°
force required to lift the 25-kg panel. State any i Hy ' S
assumptions. i =\
| 1A g 36 mm
F 90 mm % 60 mm =

27
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1. 10 Analysis of Truss

' 2.
Stringer >p
Cross beam 'w, o '.-' J -
\ | N | -
\ =
| T
1|

©
ST

\
W

)

.‘l\\ j
X \
\
\\
\
i)

AT

A

2
L/

' : ;', i
2
F=7

;

VA
|

\

Figure 4/1
- Pratt - Howe -
AVIVINVINVANPZ SO NN
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There are two methods to analysis the forces system in truss structure
1- Method of joint
2- Method of section

1- Method of Joints

ZFx=0, ZFy=O

Example
Determine the forces in member CG, FG and CH in the truss of
ZF’C =0 2000N 4000N  2000N
A, =0 By C vy D
2.5 =0 3
A, —2000 — 4000 — 2000 + E, =0 A H G P
By symmetric the truss and the distribution of loads Q . ; . g}
20 ' 20 20 ' 20
8000
Ay = Ey = T = 4000Lb T
At joint A
3 2000 AB
TZ@=0=4000—§FA3=0—> Fap = ——Lb Ny
2000 4 16000
zP;cZOZFABCOSH—FAHZO—) FAH:—X—:—Lb
3 5 3
AV
At joint B 2000
B
2000 4 16000 B Fac
zF;c=0—> :TXE_FBC_) FBC:4OOOTLb
2000 3 AB Fa
TZFy=0= 3~ X g +Fan — 2000 = 0 -
FBH = ZOOOLb
At joint H
16000
‘ i FHC
3
T2Fy=0= = X Fyc = 2000 = 33333 Fan  H Fue
—16000 100004
ZEC:O_) = - _+FHG_) FHGZSOOOLb
3 3 5
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Compute the force in each member of the loaded cantilever truss by the
method of joints.

Solution. If it were not desired to calculate the external reactions at D and E,
the analysis for a cantilever truss could begin with the joint at the loaded end.
However, this truss will be analyzed completely, so the first step will be to com-
pute the external forces at D and E from the free-body diagram of the truss as a
whole. The equations of equilibrium give

[ZM; = 0] 5T — 20(5) — 30(10) = 0 T = 80 kN
[ZF, = 0] 80 cos 30° — E, = 0 E, = 69.3kN
[ZF, = 0] 80 sin 30° + E, — 20 — 30 = 0 E,=10kN

Next we draw free-body diagrams showing the forces acting on each of the
connecting pins. The correctness of the assigned directions of the forces is veri-
fied when each joint is considered in sequence. There should be no question
about the correct direction of the forces on joint A. Equilibrium requires
AB =346kNT Ans.

[ZF, = 0] 0.866AB — 30 =0

[XF, = 0] AC—-05(346)=0 AC=1732kNC Ans.

where 7' stands for tension and C stands for compression.

Joint B must be analyzed next, since there are more than two unknown
forces on joint C. The force BC must provide an upward component, in which
case BD must balance the force to the left. Again the forces are obtained from
BC =346 kN C Ans.

[ZF, = 0] 0.866BC — 0.866(34.6) = 0

[XF, = 0] BD — 2(0.5)(34.6) =0 BD =346kNT Ans.

Joint C now contains only two unknowns, and these are found in the same
way as before:

[ZF, = 0] 0.866CD — 0.866(34.6) — 20 = 0
CD=51TkN T Ans.
[XF, = 0] CE — 17.32 — 0.5(34.6) — 0.5(567.7) = 0

CE = 63.5kN C Ans.

Finally, from joint E there results

[ZF, = 0] 0.866DE = 10 DE = 11.55kN C Ans.

and the equation XF, = 0 checks.
Note that the weights of the truss members have been neglected in compari-
son with the external loads.

30 kN

i 6
|
| 5m
L —x
E

30 kN 20 kN E

&

AB

60°
~—AC——x

BD
AB = 600
34.6 kN /g0
BC

Joint B

30 kN

Joint A

Helpful Hint
@ 1t should be stressed that the ten-

sion/compression designation refers
to the member, not the joint. Note
that we draw the force arrow on the
same side of the joint as the member
which exerts the force. In this way
tension (arrow away from the joint)
is distinguished from compression
(arrow toward the joint).

DE
60° 69.3 kN

BC =
34.6 kN

CD
60° 60°

AC = CE CE =
17.32 kN 63.5 kN
20 kN 10 kN
Joint C Joint £
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Example 900Lb—p S—2! ,
Determine the force in members HI, FG and BC F H 2000Lb
of the truss. 8
Ans: Fy = 12000Lb, Frs =(12000/8) Lb
and Fgc = 9000/6Lb ‘N D E
8
A B
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2- Section Method

WAAIVYID ki | N W LRLIVI =T W

Calculate the forces induced in members KL, CL, and CB by the 20-ton load
on the cantilever truss.

Solution. Although the vertical components of the reactions at A and M are
statically indeterminate with the two fixed supports, all members other than AM
are statically determinate. We may pass a section directly through members KL,
CL, and CB and analyze the portion of the truss to the left of this section as a
statically determinate rigid body.

The free-body diagram of the portion of the truss to the left of the section is
shown. A moment sum about L quickly verifies the assignment of CB as com-
pression, and a moment sum about C quickly discloses that KL is in tension. The
direction of CL is not quite so obvious until we observe that KL and CB intersect
at a point P to the right of G. A moment sum about P eliminates reference to KL
and CB and shows that CL must be compressive to balance the moment of the
20-ton force about P. With these considerations in mind the solution becomes
straightforward, as we now see how to solve for each of the three unknowns in-
dependently of the other two.

Summing moments about L requires finding the moment arm BL = 16 +
(26 — 16)/2 = 21 ft. Thus,
[XM; = 0] 20(5)(12) — CB(21) =0 CB = 57.1 tons C Ans.
Next we take moments about C, which requires a calculation of cos 6. From the
given dimensions we see 0 = tan~'(5/12) so that cos # = 12/13. Therefore,
[EM, = 0] 20(4)(12) — {2KL(16) =0 KL = 65 tons T Ans.

Finally, we may find CL by a moment sum about P, whose distance from C
is given by PC/16 = 24/(26 — 16) or PC = 38.4 ft. We also need 3, which is given
by B = tan Y(CB/BL) = tan 1(12/21) = 29.7° and cos 8 = 0.868. We now have

(XM, = 0] 20(48 — 38.4) — CL(0.868)(38.4) = 0
CL = 5.76 tons C Ans.

20 tons

Helpful Hints

@ We note that analysis by the method
of joints would necessitate working
with eight joints in order to calcu-
late the three forces in question.
Thus, the method of sections offers a
considerable advantage in this case.

9 We could have started with mo-
ments about C or P just as well.

€© We could also have determined CL
by a force summation in either the
x- or y-direction.

32

Assistant Prof Dr. Azshed Abdulbamed




STATICS
Mechanical Engineering

Electronic Department
College of Engineering-- Diyala University

WL RIVEE Bube | I\ W ki IVI T/ T

Calculate the force in member DeJ of the Howe roof truss illustrated. Ne-
glect any horizontal components of force at the supports.

Solution. Tt is not possible to pass a section through DeJ without cutting four
members whose forces are unknown. Although three of these cut by section 2 are
concurrent at JJ and therefore the moment equation about </ could be used to ob-
tain DE, the force in D.J cannot be obtained from the remaining two equilibrium
principles. It is necessary to consider first the adjacent section 1 before analyzing
section 2.

The free-body diagram for section 1 is drawn and includes the reaction of
18.33 kN at A, which is previously calculated from the equilibrium of the truss
as a whole. In assigning the proper directions for the forces acting on the three
cut members, we see that a balance of moments about A eliminates the effects of
CD and JK and clearly requires that CJ be up and to the left. A balance of mo-
ments about C eliminates the effect of the three forces concurrent at C and indi-
cates that JK must be to the right to supply sufficient counterclockwise moment.
Again it should be fairly obvious that the lower chord is under tension because of
the bending tendency of the truss. Although it should also be apparent that the
top chord is under compression, for purposes of illustration the force in CD will
be arbitrarily assigned as tension.

By the analysis of section 1, CJ is obtained from
(XM, = 0]

0.707CJ(12) — 10(4) — 10(8) = 0 CJ=1414kN C

In this equation the moment of CJ is calculated by considering its horizontal and
vertical components acting at point /. Equilibrium of moments about «/ requires

[XM,; = 0] 0.894CD(6) + 18.33(12) — 10(4) — 10(8) =0

CD = —18.63 kN

The moment of CD about J is calculated here by considering its two components
as acting through D. The minus sign indicates that CD was assigned in the
wrong direction.

Hence, CD = 18.63 kN C

From the free-body diagram of section 2, which now includes the known
value of CJ, a balance of moments about G is seen to eliminate DE and JK.
Thus,

[XM = 0] 12DJ + 10(16) + 10(20) — 18.33(24) — 14.14(0.707)(12) = 0

DJ = 16.67kN T Ans.

Again the moment of C¢J is determined from its components considered to be act-
ing at J. The answer for D.J is positive, so that the assumed tensile direction is
correct.

An alternative approach to the entire problem is to utilize section 1 to deter-
mine CD and then use the method of joints applied at D to determine DJ.

10 kN } 2
D | r
B ‘ F 6 m
Ag .’ ;
5L
10 kN
< 6 panels at 4 m
10 kN
10 kN
(6] CD Section 1
L\
f JK
18.33 kN

Helpful Hints

@ There is no harm in assigning one or
more of the forces in the wrong di-
rection, as long as the calculations
are consistent with the assumption.
A negative answer will show the
need for reversing the direction of
the force.

@ If desired, the direction of CD may
be changed on the free-body diagram
and the algebraic sign of CD re-
versed in the calculations, or else the
work may be left as it stands with a
note stating the proper direction.

10 kN

Section 2
~

DJ S
~14.14kN

J

18.33 kN

© Observe that a section through mem-
bers CD, D.J, and DE could be
which would cut only three unknown
members. However, since the forces
in these three members are all con-
current at D,
about D would yield no information

1 TS m .. ' n

taken

a moment equation
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Example
Find the internal forces in each member

900Lb

900Lb
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4/48 Compute the force in member GM of the loaded truss.

A /2
—KLRQPONMLA

8 panels at 3 m

Problem 4/48

4/49 Determine the force in member BE of the loaded

truss.

Problem 4/49

4/50 Determine the forces in members DJ and EJ of the

loaded truss.
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1.11 Friction

Dry friction resists relative lateral motion of two solid surfaces in contact. Dry friction is

subdivided

A- Friction in a Horizontal Surface

Friction force is parallel and opposite to the movement

Where ; P : is pulling force
N : is normal reaction
F : friction force

(a)

(c)

into static friction (“'stiction™) between non-moving surfaces,
friction between moving surfaces.

and kinetic
(b)
Impending
motion
I
Static | Kinetic
friction | friction
(no motion) : (motion)
B max:ausN /Fk:aukN
| —
\ |
$7 |
|
I
P
(d)
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1- In case of Static

At maximum friction

For a given pair of mating surfaces the experiment shows that this maximum value of static
friction Fnax is proportional to the normal force N. Thus , we may write

Frax = N X pg
Where s is a coefficient of static friction.

2- In Case dynamic

After slippage occurs
Fg =N X py
where L is the coefficient of kinetic friction

B- In Inclined Surface

. _F
ana =

at maximum value of o (before the body stars in movement)

tana = g ! F
In moving
1\ g
i i N
tana = y; ro
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Determine the maximum angle 6 which the adjustable incline may have
with the horizontal before the block of mass m begins to slip. The coefficient of
static friction between the block and the inclined surface is u,.

Solution. The free-body diagram of the block shows its weight W = mg, the
normal force N, and the friction force F exerted by the incline on the block. The
friction force acts in the direction to oppose the slipping which would occur if no
friction were present.

Equilibrium in the x- and y-directions requires

[XF, = 0] mgsinf — F =0 F = mgsin
[ZFy=0] —mgcosf+N=0 N =mg cos 0

Dividing the first equation by the second gives F/N = tan 0. Since the maximum
angle occurs when F' = F ;. = u N, for impending motion we have

n, =tan 6, . or BOpmax = tan ™1 pg Ans.

Hg
L
y
\ W=mg
\
x— "
/9 F N
Helpful Hints

o We choose reference axes along and
normal to the direction of F to
avoid resolving both F and N into
components.

@ This problem describes a very simple
way to determine a static coefficient
of friction. The maximum value of 6
is known as the angle of repose.

SAMPLE PROBLEM 6/2

Determine the range of values which the mass m( may have so that the 100-kg
block shown in the figure will neither start moving up the plane nor slip down
the plane. The coefficient of statie friction for the contact surfaces is 0.30.

Solution. The maximum value of m will be given by the requirement for mo-
tion impending up the plane. The friction force on the block therefore acts down
the plane, as shown in the free-body diagram of the block for Case I in the figure.
With the weight mg = 100(9.81) = 981 N, the equations of equilibrium give

[ZF, = 0] N -981cos20°=0 N=922N
[F e = s N1 Fpax = 0.30(922) = 277N
[SF, = 0]  my9.81) — 277 —981sin20°=0  m, = 624 kg Ans.

The minimum value of mg is determined when motion is impending down the
plane. The friction force on the block will act up the plane to oppose the ten-
dency to move, as shown in the free-body diagram for Case II. Equilibrium in the
x-direction requires

[XF, = 0] m(9.81) + 277 — 981 sin 20° = 0 my = 6.01 kg Ans.

Thus, my may have any value from 6.01 to 62.4 kg, and the block will remain at
rest.

In both cases equilibrium requires that the resultant of Fy,,x and N be con-
current with the 981-N weight and the tension T

XQO\S% TR
= 20° m

0
— ~%
T =myg
- x
T =mpyg
gl
20°
Case I1
Helpful Hint

@ We see from the results of Sample
Problem 6/1 that the block would
slide down the incline without the re-
straint of attachment to mg since tan
20° > 0.30. Thus, a value of mg will
be required to maintain equilibrium.
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SAMPLE PROBLEM 6/3

Determine the magnitude and direction of the friction force acting on the
100-kg block shown if| first, P = 500 N and, second, P = 100 N. The coefficient of
static friction is 0.20, and the coefficient of kinetic friction is 0.17. The forces are
applied with the block initially at rest.

Solution. There is no way of telling from the statement of the problem whether
the block will remain in equilibrium or whether it will begin to slip following the
application of P. It is therefore necessary that we make an assumption, so we will
take the friction force to be up the plane, as shown by the solid arrow. From the
free-body diagram a balance of forces in both x- and y-directions gives

[XF, = 0] Pcos20° + F — 981 sin 20°= 0

[ZFy = 0] N — Psin 20° — 981 cos 20° =0

Casel. P=500N

Substitution into the first of the two equations gives
F=-1343N

The negative sign tells us that if the block is in equilibrium, the friction force
acting on it is in the direction opposite to that assumed and therefore is down
the plane, as represented by the dashed arrow. We cannot reach a conclusion on
the magnitude of F, however, until we verify that the surfaces are capable of
supporting 134.3 N of friction force. This may be done by substituting P = 500 N
into the second equation, which gives

N = 1093 N
The maximum static friction force which the surfaces can support is then
[Frnax = s N | Fax = 0.20(1093) = 219 N

Since this force is greater than that required for equilibrium, we conclude that
the assumption of equilibrium was correct. The answer is, then,

F = 134.3 N down the plane Ans.

Casell. P=100N
Substitution into the two equilibrium equations gives

F =242 N N =956 N
But the maximum possible static friction force is
[F_. = uN] F,.. = 0.20(956) = 191.2N

It follows that 242 N of friction cannot be supported. Therefore, equilibrium cannot
exist, and we obtain the correct value of the friction force by using the kinetic coeffi-
cient of friction accompanying the motion down the plane. Hence, the answer is

[F}, = N1 F = 0.17(956) = 162.5 N up the plane Ans.

y
\
\ 100(9.81) =981 N

Helpful Hint

@ We should note that even though XF,
is no longer equal to zero, equilibrium
does exist in the y-direction, so that
IF, = 0. Therefore, the normal force
N is 956 N whether or not the block is
in equilibrium.
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Example

The 700-N force is applied to the 100-kg block, which is stationary before the force is
applied. Determine the magnitude and direction of the friction force F exerted by the
horizontal surface on the block.

u,=0.80

u,, =0.60 }\

Example

The designer of a ski resort wishes to have a portion of a beginner's slope on which the skier's
speed will remain fairly constant. Tests indicate the average coefficients of friction between
skis and snow to be s = 0.10 and i = 0.08. What should be the slope angle 6 of the constant

speed section?
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Example

The coefficients of static and kinetic friction between the 100kg block and the inclined plane
are 0.30 and 0.20, respectively. Determine (0) the friction force F acting on the block when
P is applied with a magnitude of 200 N to the block at rest, (b) the force P required to initiate
motion up the incline from rest. and (c) the friction force F acting on the block if P 600 N.

Example

Determine the distances to which the 90-kg painter can climb without causing the 4-m ladder
to slip at its lower end A. The top of the 15-kg ladder has a small roller, and at the ground the
coefficient of static friction is 0.25. The mass center of the painter is directly above her feet.

Zfl"

-/
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Example

A loaded wheelbarrow 1s placed on a rough incline.
The combined weight of the wheelbarrow and its load
acts at the center of gravity G. (@) Determine the
maximum angle 6 for which the wheelbarrow will
not slip. (b) Repeat if the wheelbarrow faces uphill.
Neglect all friction associated with the front wheel B.
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