8. MOMENTS OF INERTIA


AREAS



8.1 DEFINITIONS






1.

Moment of inertia about the x axis:
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This moment of inertia is sometimes expressed in terms of radius of gyration, kx
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2.

Moment of inertia about the y axis:
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This moment of inertia is sometimes expressed in terms of radius of gyration, ky
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3.

Product of inertia:
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4.

Polar moment of inertia:
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This moment of inertia is sometimes expressed in terms of radius of gyration, kO
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The polar moment of inertia is equal to the sum of the moments of inertia about 









the x and y axes:
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and
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-
Dimensions of the moments of inertia of an area
-
(length)4






-
Dimensions of the radii of gyration







-
(length)







-
The moments of inertia and radii of gyration cannot be negative or zero








(they always have positive values)



8.2 PARALLEL-AXIS THEOREMS






Consider 2 parallel coordinate systems xy and x′y′ (this one with its origin at the centroid







of an area A). Suppose that the moments of inertia of A in terms of x′y′ are known.






1.

Moment of inertia about the x axis:
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2.

Moment of inertia about the y axis:
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3.

Product of inertia:
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4.

Polar moment of inertia:
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d
-
distance between the origins




Moment of Inertia of a Composite Area






1.

Choose the parts – try to divide the composite area into parts whose moments of








inertia are known or can easily be determined







2.

Determine the moments of inertia of the parts – determine the moment of inertia 









of each part in terms of parallel coordinate system with its origin at the centroid









of the part, and then use the parallel-axis theorem to determine the moment of









inertia in terms of the given coordinate system.







3.

Sum the results – sum the moments of inertia of the parts (or subtract in the case









of a cutout) to obtain the moment of inertia of the composite area.


MASSES



The mass moment of inertia of an object about the axis LO is defined by
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8.4 SIMPLE OBJECTS





Slender Bars

-
″slender″ means that the bar’s length is much greater than its width













-
the bar has length l, uniform cross-sectional area A, and mass m














(and is made of homogeneous material)













-
a differential element of the bar has length dr, it is at a distance r from















the center of mass, and has mass 
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-
the mass moment of inertia of the bar about a perpendicular axis














through its center of mass is:
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-
this is an approximation (the lateral dimensions of the bar are neglected)














but is good enough when the width of the bar is small in comparison 














to its length




Thin Plates


-
″thin″ means that the plate’s thickness is much smaller than its other














two dimensions, but it is not neglected













-
the plate is flat, homogeneous, has cross-sectional area A, mass m, 















and uniform thickness T, and lies in the x-y plane













-
a differential element of volume of the plate (
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-
the mass moment of inertia of the plate about the z axis is:
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(JO - the polar moment of inertia of the cross-sectional area of the plate)













-
the mass moment of inertia of the plate about the x axis is:
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-
the mass moment of inertia of the plate about the y axis is:
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8.5 Parallel-axis THEOREM
-
allows us to determine the mass moment of 

























inertia of an object about any axis, when the
























mass moment of inertia about a parallel axis 

























through the center of mass is known
























-
can be used to calculate the mass moment of 

























inertia of a composite object
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-
m

-
the mass of the object
















-
d

-
the perpendicular distance between the axes L and LO
















-
I

-
the mass moment of inertia of the object about the axis L




















(L passes through the center of mass and I is known)

















-
IO

-
the mass moment of inertia of the object about the axis LO





Mass Moment of Inertia of a Composite Object






1.

Choose the parts – try to divide the composite area into parts whose mass moments








of inertia are known or can easily be determined.






2.

Determine the mass moments of inertia of the parts – determine the mass moment 









of inertia of each part about the axis through its center of mass parallel to LO, and 








then use the parallel-axis theorem to determine its mass moment of inertia about LO.






3.

Sum the results – sum the mass moments of inertia of the parts (or subtract in the case








of a hole or cutout) to obtain the mass moment of inertia of the composite object.
(Ix  -	the moment of inertia of the 


			cross-sectional area A about 


			the x axis)





(Iy  -	the moment of inertia of the 


			cross-sectional area A about 


			the y axis)





r	-	radial distance from the origin of the coord. system to dA





x, y	-	coordinates of the differential element of area dA





(the mass of the plate is � EMBED Equation.3  ���)





y	-	y coordinate of the differential element of area dA





x	-	x coordinate of the differential element of area dA








r	-	perpendicular distance from the axis to the differential 


		element of mass dm





dy		-	distance between the axes x and x′





dx		-	distance between the axes y and y′








_1160297671.unknown

_1160468746.unknown

_1160548592.unknown

_1160549105.unknown

_1160550401.unknown

_1160550433.unknown

_1160549235.unknown

_1160549723.unknown

_1160549059.unknown

_1160483346.unknown

_1160484345.unknown

_1160485701.unknown

_1160481945.unknown

_1160299733.unknown

_1160299798.unknown

_1160297787.unknown

_1160297257.unknown

_1160297406.unknown

_1160297648.unknown

_1160297337.unknown

_1160297101.unknown

_1160297245.unknown

_1160296698.unknown

