Goals for Chapter 11

= To study the conditions for equilibrium of a body

« To understand center of gravity and how it relates to a
body’s stability

= To solve problems for rigid bodies in equilibrium
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Introduction

« Many bodies, such as bridges,
aqueducts, and ladders, are
designed so they do not
accelerate,

+ Real materials are not truly
rigid. They are elastic and do
deform to some extent.
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Conditions for Equilibrivm

The net force equals zero
* DF-=0

* Ifthe object is modeled as a particle, then this is
the only condition that must be satisfied

The net torque equals zero
- z-'r =0

* This is needed it the object cannot be modeled as a
particle

These conditions describe the rigid objects in

eq uilibrium analysis model

Turq_ue

T =rxF

*  Use the right hand rule to
determine the direction of the
torque

*  The tendency of the foree to
canse & rotation ahaout O
depends on F and the
moment arm o
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Translational Equilibrium

The first condition of equilibrium is a statement of
translational equilibrium

It states that the translational acceleration of the
object's center of mass must be zero

* This applies when viewed from an inertial
reference frame
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Rotational Equilibrium

The second condition of equilibrium is a
statement of rotational equilibrium

It states the angular acceleration of the object to
be zero

This must be true for any axis of rotation
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Static vs. Dynamic Equilibrium

In this chapter, we will concentrate on static
equilibrium

« The object will not be moving
* viey=0and p =0
Dynamic equilibrium is also possible

* The object would be rotating with a constant
angular velocity

= The ohject would be moving with a constant vy,
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Equilibrium Equations

We will restrict the applications to situations in
which all the forces lie in the xy plane

= These are called coplanar forces since they lie in
the same plane

There are three resulting equations

[ sz[}
. F,=0
o T=I
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Conditions for equilibrium

= Flirst condition: The sum of all (f Thas Py io i wiad agmbbrams
the forces 1s equal to zero: Equlibminan corelitiom:

F &y Tl vt neinfiest
F.=0 F.=0 F.=0 et fomce 8, bedy et
»  Second condition: The sum of all

torgues aboul any given point is
equul to rero.
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Center of gravity

iraticasal irmyjue ahout (8

* We can treat a body's o SF e s
weight as though it all =
acts at a single point-
the center of gravity.

+ [fwe can ignore the
variation of gravity
with altitude, the
center of gravity is the
same as the center of

o
F N h the waiie vilee o all
sty i1 thar ol the cp i
dhenitisil Lo e i
The net gravitaiosal iomue about £F on the
entive howdy cun b Fomiml by assoaming that all
e welght st e ¥ =7, K W
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Center of Gravity

All the various
gravitational forces acting
on all the various mass
elements are equivalent
lo a single gravitational
force acting through a
single point called the
center of gravity (CG)
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Center of Gravity, cont

The torque due to the gravitational force on an object of
mass M is the force Mg acting at the center of gravity
of the object

If g is uniform over the object, then the center of gravity
of the object coincides with its center of mass

If the object is homogeneous and symmetrical, the center
of gravity coincides with its geometric center
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Problem-Solving Strategy — Equilibrium Problems

Choose a convenient axis for calculating the net torque on the
ohject

Remember the choice of the axis is arbitrary

*  Choose an origin that simplifies the calculations as much as
possible

A force that acts along a line passing through the origin
produces a zero torque

Apply the second condition for equilibrivm: T 0

The two conditions of equilibrium will give a svstem of
equations

Solve the equations simultaneously: F, = 0,F, = 0,7 0
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Horizontal Beam Example

The beam is uniform and
weighs 200 N

= 8o the center of gravity is at the
peomeinc cemter of the beam

The 600 M person is standing

on the beam at a distance 2 m

from the wall.

Find the force exerted by the S0 Y
wall on the beam? ; H.00 m —

()
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Horizontal Beam .

R T
Draw o free body diagram
Use the pivat in the problem {at the W 50
wall} as the pived I

Motz there ane three unkoowns (T, huﬂ N
R.6

b By

Copevign 72912 Pawwn [t ston b

Ladder Example
The 350 N ladder is uniform

= So the weight of the ladder acis
through its geomedric center {its
center of gravily)

a. Find the magnitude of the
force that the wall exerts on
the ladder if 8 = 380 i

b. If the ladder is on the verge of
slipping, what is the coefficient
of static friction ?

Analyze: Draw a free body diagmm
for the ludder

+  The frictional force is f, = p.n
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A BOON-man is climbing a uniform ladder that is 5m long
and weighs 180 N. The ladder makes an angle of 53.1°. Find
the normal and friction forces on the base of the ladder,

ay
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Example 3

The system in the figure is in

Example 4

A 1200 N boom of length 1.6 m

equilibrium, but it begins to slip if any > ;?hmﬂﬂrtﬂ_d by a cable as shown.
additional mass is added to 5-kg i ';a”;': g :"""“‘;';L“;;‘;t';‘:,“;‘;""
object. What is the coefficient of static 1.2 m from the pivot and a 2000 N
friction between the 10-kg object and weight hangs from the boom's top.
the plane on which it rests? Foig a.Find the tension in the cable.
b Find the magnitude of the force that the pivot exerts on the
boom,
Example 5 -m_._I R Strain, stress, and elastic moduli
A man holds a 178 M ball in his hand « Stretching, squeering, and twisting a real body causes it 1o deform,
with his forearm horizontal. He can | a5 shown in Figure 11.12 below, We shall siedy the relationship
support the ball because of the { I between forces and the deformations they cause.
fi le force ich i Elbsrw
Pz::g;lr:;.llﬁl:r 1o theuf;g::nlsm Pt F r— ? ’P * Siress is the force per unit area and strain is the fractional
forearm weighs 22 N. ' oo ,_. i |_I = i del’gnnatlnn due 1o the stress. Elfavtic modnlus 1 stress divided by
Find (a) the magnituda of M and L 03— strain.

(b} the magnitude and direction of
the force applied by the arm upper bone w
the forearm at the elbow joint,
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* The proportionality of stress and strain is called Hoake s faw.
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Tensile and compressive stress and strain

« Tengile stress = £, A and fenxife strain = 8y, Compressive siress
and compressive strain are defined in a similar way. (See Figures
1113 and 11,14 below.)

« Young s modulus is tensile stress divided by tensile strain, and is
given by ¥ = (F AN L/A.

= 1

il stz = Aroa A Bl ity i ma
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e By
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oz L e i
E i = |
ot - I =

B its vialy = 2 Caraye fy  Cormmetre _ 4
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Some values of elastic moduli

Table 11.1 Approximate Elastic Moduli

'u_l_ube!_'i_ul ‘in-nu'_\_'ull?d_u!m_. ¥ il Hmk_'fflubd!._llm._ﬂ ] 1] shear \'Imufm.'; Il‘n!
Alsminum = o T3 % 0" 15 x 10"
Brase a0 % o LR 3= "
Coppes 11 = " JER 44 % WK
Croan glics 6.0 1" 30 = 1" 35 x 0"
lmin 21 1™ I8 T K 10"
Lesd 3 403 P o0& X "
Nickel 2] = b 17 x 10" T8 X 10"
Siegl 20 = 16 = 1" 75 % 10"
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Tensile stress and strain

+ In many cases, a body can experience both tensile and
compressive stress at the same time, as shown in Figure

11.15 below.
« Follow Example 11.5.

() (1]

Bleaim's eetilet g |s T tasgy il Do al aiy §-ben sie Bl
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AU e (s

Bulk stress and strain

+ Pressure in a fuid is force
per unit area: p = F,/4.

)

« Bulk stress is pressure
change &p and bulk stvain is
fractional volume change
AV (See Figure 11.16.)

o Bulk modufus is bulk stress
divided by bulk strain and is

) v given by B = -Ap/(AV/Vy).
it s eion, « Follow Example 11.6. e i
Sheer stress and strain Elasticity and plasticity
= Sheer stress is F/4 and /,_Ai + Hooke's law applies up to point @ in Figure 11.18 below.

sheer strain is x/h, as i
shown in Figure 11.17. gl st

= Sheer modulus is sheer
stress divided by sheer
strain, and is given by

8= (F /AN hix). Oibject under
shear stress

+ Follow Example 11.7.

Shear ancss X Shear siraimn
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« Table 11.3 shows some approximate breaking siresses.

Table 11.3 Approximate Breaking

Elastui: Fivmnil o yvehd puing

Stresses
m:::u.m. Hreaking ﬁtm:u
A ' g autw @00 (PeorNjnd)
: Fedenire Almmimum 23 x 10"
E Lz Brass 47 % 10
Elintic = Giluss 1= o
e frn a0 = 1o
& —_ml._ Ph;::r 56 = 0
Saeel] 5 -0 = o*
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