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ABSTRACT

For a large scale civil and architectural structures, mainly steel, concrete and aluminum
have been used and weight and corrosion of materials became a major concern.

Designing with composite materials is very much complicated, Simple classical theory
may yield good results for selecting "initial” sections for preliminary design. D. H. Kim
proposed to use the quasi-isotropic constants by Tsai for the preliminary design of the
composite primary structures for the civil construction. Also he made simple equation
using correction factor. In this paper, the simple formulas developed by D. H. Kim to
obtain "exact” values of the natural frequencies of [ABBCAAB]r laminate are compared
with Whitney's equations. Also natural frequencies of the plate with varying aspect ratios
and reinforcing fiber orientations, are compared with natural frequencies of beam. This
work can be a guideline to obtain data in many other cases.
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Table 1. Angle Orientation of [a B 8 7
a a B Type Laminated Composite Plate.

ase I I m v \'4 Vi

Angle
@ 0 15° 1307 | 45° |60 |75
0 -15° [-30° |-45° [|-60" |-75°
14 90° 90" [90° |90° |90° |90
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Table 2. Stiffness of Laminated Composite Plate for Each Case

N) Case 1 Case I Case I
Stiffness 1D | 7(49) [15(108)|22(154)| 1(7) | 7(49) |15(106)|22(154)| 1(7) | 7(49) |15(105){22(154)
B; 0 0 0 0 0 0 0 0 0 0 0 0
A'w/D'n |0.88979)0.99748|0.99945 | 0.99975 | 0.89295 | 0.99756 | 0.99947 |0.99976 |0.90422 | 0.99874 | 0.99953 | 0.99978
B'¢/D'n 0 0 0 0 0 0 0 0 0 0 0
B'wDn 0 0 0 0 0 0 0 0 0 0 0
Table 3. Stiffness of Laminated Composite Plate for Each Case
r(N) Case IV Case V Case VI
Stiffness U7 | 7(49) |15(108)|22(154)| 1(7) | 7(49) |15(105)|22(154)| 1(7) | 7(49) |15(106)}22(154)
B; 0 0 0 0 0 0 0 0 0 0 0
A'/D'n ]0.928540.99843 10.99966 0.99984 10.96591 |0.99928 10.99985 [0.99993 [0.99368 |0.99987 |0.99997 |0.99999
BwD'1t 0 0 0 0 0 0 0 0 0 0 0
B'1w/D'y 0 0 0 0 0 0 0 0 0 0 0

Table. 4. Natural Freguencies and Correction Factor of Laminated Composite Plate for Case I, II

Aspect Case 1 Case O
Ratio
Method 1 3 5 1 3 5
= 19.29792] 1502388 14.73534] 20.21175] 14.54498] 14.11011
0, 19.29791| 15.02387| 14.73533| 20.21174| 1454498 14.11011
wn™ 21.09101] 11.71723| 10.96733{ 21.09101] 11.71723] 10.96733
FRC*(1) 0.83719 164755 1.80922| 0.83719 1.64755 1.80922
FRC(2) 0.83719 1.64404]  1.80517| 0.91835 1.54090 1.65523
w,""FRC(1) 19.29787|  15.03988| 14.75185| 19.29791] 15.03988| 14.75185
w FRC(2) 19.29787| 1502385 14.73533] 20.21174] 1454495 14.11010
W T gy o 1.00000 1.00000]  1.00000] 1.00000 1.00000 1.00000
@Y W, 0.91498 1.28220; 134357 0.95831 1.24133 1.28656
Du 2.1815723| 2.1815723| 2.1815723| 1.9741523| 1.9741523| 1.9741523
wn " 14.57755| 1457756 14.57755| 13.86724|. 13.86724| 13.86724
o @, 1.32381] 1.0306176] 1.010824| 1.457517| 1.048873] 1.0175139
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Table. 5. Natural Frequencies and Correction Factor of Laminated Composite Plate for Case III, V.

Aspect Case M Case IV

Method | mauo 1 3 5 1 3" | s
wn 21.92545| 13.23456| 12.44410{ 22.73391] 11.43812| 10.31165
wn"" 21.92544| 1323455 12.44410| 22.73389| 11.43811| 10.31165
" 21.09101| 1171723 10.96733 21.09101| 11.71723|  10.96733
FRC“(1) 0.83719| 164755 1.80922| 0.83719] 1.64755 1.80922
FRC“(2) 1.08069|  1.27575 1.28743| 1.16185|  0.95292 0.88400
wn""FRC(1) 19.29787| 1503988 14.75185| 19.29787| 15.03988|  14.75185
wnFRC(2) 21.92542| 13.23451|  12.44407| 22.73382| 11.43808|  10.31162
w0 w0, 1.00000]  1.00000 1.00000]  1.00000|  1.00000 1.00000
on" Y @ 1.03956|  1.12950 1.13465|  1.07790| 097618 0.94022
Dy 14753059 1.4753059| 1.4753059 .954367| 0.954367 954367
" 11.98784| 11.98784| 11.98784| 9.641786| 9.641786|  9.641786
w0 " 1.828974| 1.1039987 1.03806| 2.35785| 1.186307|  1.069475

Table. 6. Natural Frequencies and Correction Factor of Laminated Composite Plate for Case V, VI.

Aspept Case V Case VI
Mothoq 02t 1 3 5 1 3 5

w 21.92545|  9.63057| 845803 20.21175| 829612 7.40348
wn™™" 21.92544|  9.63056| 845802 20.21174| 829612 7.40348
wn™ 21.09101| 11.71723| 1096733} 21.09101] 11.71723 10.96733
FRC“(1) 0.83719 164755  1.80922| 0.83719] 1.64755 1.80922
FRC*(2) 1.08069|  0.67554] 059488 091835 050130 0.45569
w""FRC(1) 19.29787| 15.03988| 14.75185| 19.29787| 15.03988 14.75185
w P FRC(2) 21.92542|  9.63054| 845892| 20.21164| 8.29610 7.40347
0w 1.00000 1.00000|  1.00000] 1.00000|  1.00000 1.00000
wn Y @™ 1.03956 0.82192 0.7712| 0.95831]  0.70803 0.67505
D 0.618756| 0.618756| 0.618756| 0.4905644| 0.4905644|  0.4905644
. 7763535  7.763535| 7.763535| 6.912702] 0.912702 6.912702

wn " 0" 2.824158|  1.240487| 1.0895719| 2.923856| 1.2001269|  1.0709965
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