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ARCHITECTURE 314

STRUCTURES I

Cross-Sectional Properties 
of Structural Members

Resultant of Parallel Forces

Center of Gravity

Centroid of Area

First Moment of Area

Second Moment of Area 

(Moment of Inertia)

Radius of Gyration
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Parallel Force Resultant

The resultant is the single force that has the 
same effect as the group of forces.
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Centers

The point about which a body may be 
balanced.

This is the point of application of the resultant 
weight.

Center of Gravity

Center of Volume

Center of Area (centroid)

Tyrrell Photographic Collection, Powerhouse Museum
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Center of Gravity (or Volume)

The Center of Gravity is located at the point 
defined by:
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Center of Area - the Centroid

The “center of area” for a cross section.

Area A = 2 x 7 = 14

Area B = 3 x 2 = 6

Area C = 3 x 2 = 6

sum = 26

xA = 1

xB = 3.5

xC = 3.5
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Centroid Example 1 cont.

Calculation.

Area A = 2 x 7 = 14 xA = 1

Area B = 3 x 2 = 6 xB = 3.5

Area C = 3 x 2 = 6 xC = 3.5

sum = 26
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Centroid Example 1 cont.

Calculation:  by Solid - Void.
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Static Moment of Area

1st moment of area

The tendency of an area alone to rotate about 
an axis in the plane of that area.

At the Neutral Axis
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Moment of Inertia

2nd moment of area

By definition:

For a rectangle at the N.A.
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Moment of Inertia

2nd moment of area
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Moment of Inertia

Solutions for basic shapes:
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Moment of Inertia

Solutions for basic shapes:

• Single Shapes

• Combination Shapes
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Section Properties
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Section Properties

Rectangular :

A = bd

I = db3/12

S = I/c

c = d/2
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Moment of Inertia

Shapes with common centroidal axes

I solid  + I solid  = I x
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Moment of Inertia

Shapes with common centroidal axes

I solid  - I void   = I x



University of Michigan, TCAUP                                                                              Structures I      Slide  17 of 21

Moment of Inertia
The Transfer Equation  or Parallel Axis Theorem, taken about the x-x axis: 

Ix = 27.3+439.4 = 466.7 in4

y-bar = 186/34 = 5.48”

y-bar = 186/34 = 5.48” Ix = 27.3+439.4 = 466.7 in4
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Moment of Inertia
The Transfer Equation  or  Parallel Axis Theorem:

Taken about the y-y axis:                           Iy = 121.8+0 = 121.8

SUMMARY:

Ix = 466.7 in4

Iy = 121.8 in4
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Radius of Gyration

The distance from the centroid where all area 
could be collected to yield an equivalent 
Moment of Inertia.

r = 0.289 d

for a rectangle about the N.A
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Radius of Gyration

The larger the radius of gyration, the more 
resistant the section is to buckling.

Area below is a constant, while diameter 
increases.

OD ID t A r

3.57 0.00 1.78 10.00 0.89

3.71 1.00 1.35 10.00 0.96

4.09 2.00 1.05 10.00 1.14

4.66 3.00 0.83 10.00 1.39

5.36 4.00 0.68 10.00 1.67

6.14 5.00 0.57 10.00 1.98

6.98 6.00 0.49 10.00 2.30

7.86 7.00 0.43 10.00 2.63

8.76 8.00 0.38 10.00 2.97

9.68 9.00 0.34 10.00 3.30

10.62 10.00 0.31 10.00 3.65

𝑃𝑐𝑟
𝜋 𝐸

𝐾𝐿 𝑟
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Section Formulas


