23 Statics

It bears repeating: Make sure that any force that enters the torque equilibrium equation
is multiplied by a moment arm, and that any pure torque (such as t, in the solution of
example 23-2 on page 151) that enters the torque equilibrium equation is NOT multiplied
by a moment arm.

For any rigid body, at any instant in time, Newton’s 2™! Law for translational motion

both apply. In this chapter we focus on rigid bodies that are in equilibrium. This topic, the study
of objects in equilibrium, is referred to as statics. Being in equilibrium means that the
acceleration and the angular acceleration of the rigid body in question are both zero. When

a =0, Newton’s 2™ Law for translational motion boils down to

D F=0 (23-1)
and when &« =0, Newton’s 2" Law for Rotational motion becomes

>3=0 (23-2)
These two vector equations are called the equilibrium equations. They are also known as the

equilibrium conditions. In that each of the vectors has three components, the two vector
equations actually represent a set of six scalar equations:

Y FE =0
D F,=0
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In many cases, all the forces lie in one and the same plane, and if there are any torques aside
from the torques resulting from the forces, those torques are about an axis perpendicular to that
plane. If we define the plane in which the forces lie to be the x-y plane, then for such cases, the
set of six scalar equations reduces to a set of 3 scalar equations (in that the other 3 are trivial 0=0
identities):

Y FE =0 (23-3)
D F,=0 (23-4)
2.75=0 (23-5)

Statics problems represent a subset of Newton’s 2" Law problems. You already know how to
solve Newton’s 2™ Law problems so there is not much new for you to learn here, but a couple of
details regarding the way in which objects are supported will be useful to you.

Many statics problems involve beams and columns. Beams and columns are referred to
collectively as members. The analysis of the equilibrium of a member typically entails some
approximations which involve the neglect of some short distances. As long as these distances
are small compared to the length of the beam, the approximations are very good. One of these
approximations is that, unless otherwise specified, we neglect the dimensions of the cross section
of the member (for instance, the width and height of a beam). We do not neglect the length of
the member.

Pin-Connected Members

A pin is a short axle. A member which is pin-connected at one end, is free to rotate about the
pin. The pin is perpendicular to the direction in which the member extends. In practice, in the
case of a member that is pin-connected at one end, the pin is not really right at the end of the
member, but unless the distance from the pin to the end (the end that is very near the pin) of the
member is specified, we neglect that distance. Also, the mechanism by which a beam is pin-
connected to, for instance, a wall, causes the end of the beam to be a short distance from the
wall. Unless otherwise specified, we are supposed to neglect this distance as well. A pin exerts
a force on the member. The force lies in the plane that contains the member and is perpendicular
to the pin. Beyond that, the direction of the force, initially, is unknown. On a free body diagram
of the member, one can include the pin force as an unknown force at an unknown angle, or one
can include the unknown x and y components of the pin force.
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Example 23-1

One end of a beam of mass 6.92 kg and of length 2.00 m is pin-connected to a
wall. The other end of the beam rests on a frictionless floor at a point that is
1.80 m away from the wall. The beam is in a plane that is perpendicular to both
the wall and the floor. The pin is perpendicular to that plane. Find the force
exerted by the pin on the beam, and find the normal force exerted on the beam
by the floor.

Solution

First let’s draw a sketch:

x=1.80m |

Now we draw a free body diagram of the member:
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We are going to need to apply the torque equilibrium condition to the beam so I am going to add
moment arms to the diagram. My plan is to sum the torques about point O so I will depict
moment arms with respect to an axis through point O.

gt

=x=1.80m

—————— g4t -

Now let’s apply the equilibrium conditions:

There are three unknown force values depicted in the free body diagram and we have already
found one of them! Let’s apply another equilibrium condition:

D F.=0
Foy=Fy+Fy =0
Fpy—mg+Fy =0 (23-6)

There are two unknowns in this equation. We can’t solve it but it may prove useful later on.
Let’s apply the torque equilibrium condition.

2105 =0

X
_EF'E] +XFN: 0

—gmg+xFN =0
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Here, I copy that last line for you before proceeding:

~Xm g+xF, =0
2
m
A=
6.92 kg (9.80 newtons/kg)
F = 2

Fy =32.9 newtons

We can use this result (£, = mT‘q) in equation 23-6 (the one that reads F,, —mg+ F, =0 ) to

obtain a value for £y, :

Foy—mg+Fy=0

pr =mg— Fy

ng

ThmmaTy
ng
=y

P 6.92 kg (9.80 newtons/kg)
Py —
2

F;,, =32.9 newtons

Recalling that we found F, to be zero, we can write, for our final answer:

E = 32.9 newtons, straight upward
and
fN = 32.9 newtons, straight upward
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Fix-Connected Members

A fix-connected member is one that is rigidly attached to a structure (such as a wall) that is
external to the object whose equilibrium is under study. An example would be a metal rod, one
end of which is welded to a metal wall. A fixed connection can apply a force in any direction,
and it can apply a torque in any direction. When all the other forces lie in a plane, the force
applied by the fixed connection will be in that plane. When all the other torques are along or
parallel to a particular line, then the torque exerted by the fixed connection will be along or
parallel to that same line.

Example 23-2

A horizontal bar of length L and mass m is fix connected to a wall. Find the force
and the torque exerted on the bar by the wall.

Solution

First a sketch:
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then a free body diagram:

A F(;y

9) F

[0):4

IC
() )

followed by the application of the equilibrium conditions to the free body diagram:

Y F, =0
F, =0

0oxX

That was quick. Let’s see what setting the sum of the vertical forces equal to zero yields:

2 F,=0

Fy= £y =0
F,=F,
Fy=mg

Now for the torque equilibrium condition:

T —£F =0
o 2 9

7,——mg=0
7, =—mgL

The wall exerts an upward force of magnitude mg, and a counterclockwise (as viewed from that

position for which the free end of the bar is to the right) torque of magnitude %mgL on the bar.
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