Moment of Inertia
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area moment of inertia
(second moment of area)

measure of a cross-section's resistance to bending due to its shape
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adding and subtracting area moments of inertia
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Moment of Inertia of a Rectangle
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This equation is for an axis passing through the
centroid of the rectangle




For any axis parallel to the centroidal axis,

I =1, + Ad?
s gl
d

N P—

Compound Area

* For beam bending applications, we need the
moment of inertia about the neutral axis of the cross
section, which passes through the centroid of the

section

* Procedure:
— Locate centroid

— For each rectangular region,
find I, using parallel axis
theorem

— Sum values for all regions to
find I, for the entire section
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* Find [,
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AREA, _— AREA*y,
in? Y in3
1inj:
A
6in
v
AREA, o AREA*Y,
in2 Y in3
Lind 6.00
A
6.00
6in
v
AREA, & b AREA*Y,
in2 Vi in3
}t @ | s.00 6.50
@ 6.00
6in 6.5in
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AREA, . AREA*Y,
in? ¥y, in3
" @ | 600 | 650
@ 6.00 3.00
6in
v
AREA, | . . |AREA*j,
in2 Y, n in3
tnd 600 | 650 | 39.00
6.00 3.00 18.00
6in
12.00 57.00
A4
_ 57.00in3 _
y= = 4.751in

12.00in2
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tin
4.75in
AREA, | . . | AREA* . . .
in2 y,in in3 4 I,,in* | d,in | IL,in?
| 600 | 650 | 39.00
@ | 600 3.00 | 18.00
1i ¢ = 1 1
in _-d —— 3 -1 3 . 3 — .4
S _,_$_x > 12bh 12(6 in)(1in) 0.500 in
4.75in d = (650 —4.75) =1.75in
L. =I. + Ad? = 0.500 in* + (6.00in?)(1.75 in)?
= 18.875in*
AREA, | . . | AREA*] . . .
- y,in in3 d I;int | d,in | Lgin®
M| 600 | 650 | 39.00 | 0500 | 1.75 | 18.875
@ | s6.00 3.00 | 18.00
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I. = ibh3 = l(l in)(6in)® = 18.000 in*
i 12 '

I, =55.25in*

6in | __-p--Y-. 475in
d = (4.75 — 3.00) = 1.75 in
T I, = I. + Ad? = 18.000 in* + (6.00in?)(1.75 in)?
= 36.375in*

AREA, . AREA*Y, . . .
in2 y,in in3 Y Loin® d,in L. .in®
(M| 600 | 650 | 39.00 | 0500 | 1.75 | 18.875
@ 6.00 3.00 18.00 | 18.00 1.75 | 36.375

Find Moment of Inertia

AREA . AREA*j/, . . .
02 ’ y,in in3 y L in® d,in L, in?
()| 600 | 650 | 39.00 | 0500 | 1.75 | 18.875
@ 6.00 3.00 18.00 18.00 1.75 36.375
55.25
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* Find Ix 6in
* Since beam is 1in]
symmetric (top to
bottom), no need to

find location of
centroid

6in

* For this shape, we can define our segments
differently:

» Advantage of this approach: centroids of all segments
lie on x-axis — no need to use parallel axis theorem
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6in 2.5in
1. . 1 N
I, = 1—2(6 in)(8in)* — 2 (1—2 (2.51in)(6 1n)3)

=256in* — 90in*
I, = 166 in*

* Repeat with first
method — divide 1 ‘“I
into three regions 0

6in
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lin

6in

%bh3, in* | Ad?,in* I, in®
@ 0.50 73.50 74.00
@ 18.00 0 18.00
@ 0.50 73.50 74.00
166.00

I, =166 in*
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1000000-1,000,000

=1x10°

=10x10°

=100x10* ,

=1000x10° Dmaall (o yad 2 5SEYT Gl VL aadins 35l o8 Al
=10,000x10? Apdie S G laaV) aml il je A
=100,000x10*
=100,000x10
=1,000,000x10°
=1,000,000x1 Al i 2y 1) Gl g gl & )
Note: 10°=1 Ua (e lelaiy) s e di)) 6
Note: 10'=10 35l

Example: 144235625.231-144.235x10° |

How????? I 1 l_l_\
ey | | 144235625.231

Ayl gL el Bl aadios

-
L
4

Example:
32871243=32,871,243=0.328x10®
32871243=32,871,243=3.287x10’
32871243=32,871,243=32.871x10°
32871243=32,871,243=328.712x10°
32871243=32,871,243=3287.1243x10*
32871243=32,871,243=32871.243x103
32871243=32,871,243=328712.43x10?
32871243=32,871,243=3287124.3x10*
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