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Beam Simply-Supported at Both Ends

The method in thisreport is based on Reference 1.

Consider a simply-supported beam with length L, as shown in Figure 1. The cross-section
consists of two materials, as shown in Figure 2.
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The fundamental bending frequency for a beam smply-supported at both endsis

p El
fro= — |— (1)
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where

E isthemodulus of eadticity.
| isthe area moment of inertia.
r isthe mass dengty, mass per length.

Example
Consider a simply-supported laminated beam, with the cross-section shown in Figure 3.
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Figure 3.

The material propertiesaregiven in Table 1.

Tablel. Material Properties

Material E |Ibf /in? m |lbm/in3
Epoxy 20 (106) 0.065
Fiberglass

Aluminum 10.0 (106) 0.100




The center of mass of each material isreferenced to the bottom side of the lower section.

Let Y bethe center of mass for each section.

Y 1 = 0.80 inch, for epoxy section

Y 2 = 0.30 inch, for aluminum section

Now calculate an overall centroid Y , weighted in terms of the product of area and elastic

modulus.

Table2. AE Centroid
Section Area E AE Y AEY
(mz) (|bf/in2) (Ibf) (in) (Ibf in)
Epoxy 050| 20(10%| 1.0(10% 080 | go(107)
Fiberglass
Aluminum 0.75| 100(10% | 7.5 (10% 030| 225(10%
Total 8.5 (10% 3.05 (10°)
[}
_ AEY
y=anEr 2
a AE
6 .
v = 3.05(106) Ibf in 3)
8.5(10°) Ibf
Y =0.359 inch AE centroid (4)
Now let ¢ equal the distance from the center of mass to the overall AE centroid.
For the epoxy section,
o =|V- vy (5)
c1 =/ 0.359- 0.800 | (6)
c1 =0.441 inch (7)



For the aluminum section,

ca=[Y- yo ©
cp =| 0.359- 0.300 | 9)
cp =0.059 inch (10)
The area moment of inertiafor arectangular section is
:i[base][height3] (11)
12
For the epoxy section,
|1=i[1.25][o.4o3] in% (12)
12
I =0.0067 in® (13)
For the aluminum section,
|2:i[1.25][o.6o3] in® (14)
12
I, =00225 in® (15)
The composite stiffness El requires two terms, as calculated in Table 2 and in the
following equations.
Table 3. Composite Stiffness
Sect c c? AE AEC? E , lo Eo lo
ion Ibf /i .4 .2
(in) (inz) (1bf) (Ibf inz) o 1in?) (in®) | (bf in%)
Epoxy | 0441 | 0194 | 1010%| 194(10%| 2(10%| 00067 | 134(10%
Alum. 0.059 0.0035 7.5(10 6) 2.61 (10 4) 10 (10 6) 0.0225 2.25 (10 5)
Total 2.20 (109 2.384 (10




The composite beam stiffness factor El is
o} 2 0
=Q AEc“+Q Eo lo
El =2.20(10°) + 2.384(10°)  (Ibf in?)

El= 458(10°) (Ibf in2)

Perform a unit conversion.
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El = 4.58(10 ) ’Ibf in
_ 8
El = 1.77(10 %)

The mass per length for the epoxy fiberglass section is

ry= é0065 [1 25in][0.40n]
|n a

ry= %).033 %E

The mass per length for the aluminum section is

ro= éomon [125|n][060|n]
| a

Ibm

r ‘?0075
2= in H
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The composite mass per length is

r=rq+ro
r =0.033 1M, &) o75 10U
g inH & in H
é Ibm g
r =.108 —,
& in H
Furthermore, et the length be L = 20 inch.
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