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Geometric Properties of Line and Area Elements
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Geometric Properties of Line and Area Elements
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Geometric Properties of Line and Area Elements
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Moments of Inertia and Different Loadings
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Moments of Inertia for an Area About Inclined Axes
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Moments of Inertia for an Area About Inclined Axes

U= xcosf + ysin6

ycosf — xsin 6

<
|



Statics (ME 231) By Saeed Lotfan

Moments of Inertia for an Area About Inclined Axes

(%

dl, = v* dA = (y cos 6 — x sin 0)* dA
dl, = u*dA = (xcos @ + ysin 6)* dA
dl,, = uvdA = (x cos 0 + ysin 0)(y cos 6 — x sin 0) dA
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Moments of Inertia for an Area About Inclined Axes

I, = I, cos’ 0 + I,sin” 6 — 21, sin 6 cos 6
I, = I,sin®6 + I,cos” 6 + 21, sin 6 cos 6

I, = I,sinf0cos® — I,sin 6 cos 6 + Ixy(cos2 f — sin® 6)
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Moments of Inertia for an Area About Inclined Axes
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I, = 5 sin 26 + I, cos 26

10



Statics (ME 231) By Saeed Lotfan

Moments of Inertia for an Area About Inclined Axes
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Moments of Inertia for an Area About Inclined Axes
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What happens to moments of inertia for area at the angle 0p?

tan 29p =

12



Statics (ME 231) By Saeed Lotfan

Moments of Inertia for an Area About Inclined Axes

_Ixy
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Principal Moments of Inertia
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Mohr’s Circle for Moments of Inertia
L+l L
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Squaring the first and third equation:
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Mohr’s Circle for Moments of Inertia
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Example: Determine the principal moments of inertia and the orientation
of the major principal axes of inertia for the cross-sectional area of the
member shown below, with respect to an axis passing through the
centroid. Also check the eigenvalues and eigenvectors of the moments
of inertia tensor.

I, = 2.90(10°) mm*, I, = 5.60(10°) mm*, and ., = —3.00(10°) mm*.
y
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% -—100 mm
~——— 600 mm
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Practice at Home

1. Determine the directions of the principal axes with origin located
at point O and the principal moments of inertia of the area about
these axes.

50 mm

150 mm

150 mm

50 mm
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