5. OBJECTS IN EQUILIBRIUM

5.1 THE EQUILIBRIUM EQUATIONS





If a system of forces and moments acts upon an object in equilibrium, 

the following conditions are satisfied:


1. The sum of forces is zero
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2. The sum of moments about any point is zero
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From the standpoint of the total force and total moment exerted on an object in 

equilibrium, the effects are the same as if no forces or couples acted on the object 

(the system of forces and moments acting on an object in equilibrium is equivalent

to a system consisting of no forces and no couples).

5.2 TWO–DIMENSIONAL APPLICATIONS





Supports

-
objects that hold other objects in place





Reactions
-
forces and couples exerted on an object by its supports






Loads


-
other forces and couples acting on an object






The Pin Support


-
an object is attached to a bracket by a smooth pin

















-
exerts a force in any direction, but cannot exert a couple


















(the force is usually represented in terms of its components)

















-
prevents translation, but does not prevent rotation






The Roller Support

-
a pin support mounted on wheels

















-
it can only exert a force perpendicular to the surface on which it rolls

















(it can move freely in the direction parallel to the surface)

















-
no couple about the axis of the pin

















-
prevents translation in direction perpendicular to the surface, 


















but does not prevent rotation






The Built-In Support
-
the supported object is literally built into a wall






(or, Fixed Support)

- exerts two components of force and a couple

















-
prevents both translation and rotation





Free-body diagrams
-
using the support conventions we can model more elaborate objects 

and construct their free-body diagrams in a systematic way

(isolate the object from its supports and show all the loads 

acting on it, and reactions that may be exerted by supports).





The Scalar Equilibrium Equations

When the loads and reactions on an object in equilibrium form a two-dimensional 

system of forces and moments, they are related by three scalar equilibrium equations:
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This system can be solved for at most three unknown forces or couples.

5.3 STATICALLY INDETERMINATE OBJECTS




The object is said to be statistically indeterminate if:




-
The free-body diagram of an object have more unknown forces or couples than 





the number of independent equilibrium equations (this occurs when an object has more 





supports than the minimum number necessary to maintain it in equilibrium – 





such an object is said to have redundant supports)




-
The supports of an object are improperly designed and they cannot maintain equilibrium 





under the loads acting on it (the object is said to have improper supports)





Redundant Supports






In this case, the number of unknown reactions is greater than the number of  






independent equilibrium equations, so not all reactions can be determined






(but it may be possible to determine some of them).






Degree of redundancy –
the difference between the number of reactions and 






















the number of independent equilibrium equations






The reactions on an object with redundant supports can be determined by 






supplementing the equilibrium equations with additional equations that relate the forces 






and couples acting on the object to its deformation or change in shape.





Improper supports






When an object has the improper supports, it will not remain in equilibrium






under the action of the loads exerted on it (it will move).

1. The supports can exert only parallel forces – this leaves the object free to move in the direction perpendicular to the support forces, and it will move if the loads exert a component of force in that direction.

2. The supports can exert only concurrent forces – this leaves the object free to rotate, and it will rotate about the point where the lines of action of the support forces intersect if the applied loads exert a moment about that point.

5.4 THREE–DIMENSIONAL APPLICATIONS





Supports






The Ball and Socket Support
-
an object is attached to a ball enclosed within a 






(e.g. human hip joint)




spherical socket





















-
exerts a force in any direction, but cannot exert a couple






















(the force represented in terms of its 3 components)

-
the socket prevents the translation in any direction, but 
permit the ball to rotate freely (friction is neglected)






The Roller Support





-
a ball and socket support that can roll freely on a 






(e.g. rolling “casters” for



supporting surface






furniture legs)







-
it can exert only a force normal to a supporting surface, 




















cannot exert a couple





















-
the socket prevents the translation in direction 






















perpendicular to the surface; does not prevent rotation






The Hinge









-
permits the supported object to rotate freely about a line






(device used to support doors)

(the hinge axis), prevents its translation in any direction





















-
it can exert a force in any direction (the force represented





















in terms of its 3 components), cannot exert a couple 






















about the hinge axis, but can exert a couple about other 






















two axis – total number of reactions up to 5






The Bearing








-
the reactions are identical to those exerted by a hinge






(e.g. to support a circular shaft)






The Built-In Support




-
the supported object is literally built into a support






(or, Fixed Support)





-
exerts three components of force (in each coordinate 






















direction), and three components of couple (about each 






















coordinate axis)





















-
prevents both translation and rotation





The Scalar Equilibrium Equations






The loads and reaction on an object in equilibrium satisfy the six scalar equilibrium eqs.
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This system can be solved for at most six unknown forces or couples.

5.5 TWO–FORCE AND THREE–FORCE MEMBERS





Two–Force Members

-
objects subjected to a system of forces and moments

which is equivalent to two forces F and F( acting at 

different points





If the two-force member is in equilibrium, then the two forces F and F( acting on it have to

be equal in magnitude, opposite in direction (F( = – F) and have the same line of action.

Three–Force Members

-
objects subjected to a system of forces and moments

which is equivalent to three forces F1, F2 and F3 acting at 

different points





If the three-force member is in equilibrium, then the three forces F1, F2 and F3 acting on it 

are coplanar and are either parallel or concurrent.

Sometimes, recognizing that an object in equilibrium is a two-force or three-force member, 

can simplify the analysis, but once the free-body diagram is drawn, any further information

about the forces cannot be obtain from the equilibrium equations (all the facts/conditions 

regarding equilibrium are already used in free-body diagram).
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