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A Simple Method of Analysis for the Preliminary Design of
Structures for Civil Construction made of Particular Composite
Laminated Plate

D.HXKim* and C.M.Won™*

ABSTRACT

It is difficult for civil engineer to apply composite materials of laminated type to structure for civil con-
struction because of complicated theory although those have much merit. A simple method by which one
can predict “exact” values of the natural frequency of vibration of laminated plates is presented. Many
laminates with particular orientations have negligible values of Bs and By as the number of plies increas-
es. Such laminates, with Ds = Dy—0 can be solved by the same equation as for the special orthotropic
laminates(1991,1995). If the quasi-isotrpic constants are used, it is possible to simplify analysis procedure
since the equations for isotropic plates can be used. Use of some coefficients can produce ‘exact” values
for laminates with such configuration. This coefficient, in fact, represents the effect of the anisotropy of
the laminate. D. H. Kim proposed to use a correction factor, he developed, to produce “exact” solution
out of the approximate solution obtained by using the quasi-isotropic constants(1995). In this paper, the
fiber orienation studied is [a/f/f/y/a/a/B}r, with a=—8, and y=0"or 90°and the above-mentioned method is
used to obtain the natural frequencies of plates with such orientations, and detailed result is presented for
the use of engineers.
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Fig. 1. Geometry of [o/8/8/y/a/a/fIr Type Laminate(r = 1)
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Table 1. Flexural stiffness and angle orientation of [a/f/8/y/a/alf]r
Type Laminate(r=1)

C’: fle e {8 7| D0| Dol Du/| D
] i 0" | 90" [2.18157310.47348110.121803 [0.231123
[ HIS | =15" | 90° |1.974153(0.49557410.21446710.323787
I 14307301 90° [1.475306]0.623765/0.39979410.509115
| +45° | —45 | 90° 10.954367]0.95937610.492458 [0.601778
Vo1 460° | —60° | 90° [0.618756]1.480315(0.39979410.509114
W47 -75° [ 90" 10.490564(1.97916210.214467]0.323787
4907 | =90° | 90° 10.46847212.186582(0.12180310.231123

Table 2. (An‘,Bm‘,st’,D‘s‘,Dzs‘)/Dn‘ for [aﬂﬁyaaﬁ]r Type
Laminate, ¢ = 30°, f# = —30°, 7 = 0°, t;= 0.000125m

Layer No.

10 | 3QD | 749) | 1T | 15(105) | 190133 | 23¢t6)

AxD.* [1.06696] 1.0070211.00128 | 1.00052] 1.00028 | 100018 1.00012
B#D* i 0 0 0 0 0 0 0

Bx:Do* | 0 0
D*Dyp* § 0 0
DDy | 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

Table 3. (A,B1¢,B2¢,D1¢ D26’ )/Dyt' for {aBByaafr Type
Laminate, a = 30°, # = —30°, 7 = 90°, t,= 0.000125m

. J
ekl o Vsan e | e
A |090422 | 098686 099784 [ 099913 | 099953 | 099971 | 099980
B.*Dy* 0 0 0 0 0 0 0
st*/Dn* 0 0
DDt | 0 | 0
DD | 0 | 0

15(105) | 19¢133){ 23(161)

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

/Dt = 28.3/26.5 = 1.06696 = 1 ojojA} oju] “BHF
3td(normalized)” A 2 D 744, A*= D* ojB = o]
AHZ22 “§A ¥34 HZH(quasi-homogeneous
laminate)” ] o}, nHA 0|83} FAEo| AHEE F
glm(Kim, 1995, p.324) o] & 98l “SA} SwA" 4
F& & 4 itk

[a/BIBO0° (afalfl]; | Z-xte] uljghzt Wsle] WE Dy
gtol E (Dol FoAA Utk AZF re] Frtd) wE
(A11, Bis, Bag, Dig, DagyDi19] @80l v = 0°Ydle
F(2)el, 7y =90°ddEe EQ)ell, FA At

AHVEFE, 0°F WO S AYE ] o]

U, A2DE 38 g, FRCE Adkla 2(22)5 #
A 3¢ Ae 7 & o A%YS PUe 2 2
2. w"ol FRCE B34 we 78 the 298 ¥
Yoz A 1/AESFE 7 S Utk

3.2 2{=sel S U M| St e DR
5

R (el AAE 2724 wigkztd Zkn gAdul(a/b)
7} 191 BEne) $AE F7MAA AN na B
7t & (H~E (Dl FoA 9t

A9d Wyo AME W9 J¢AFE B
ot W (special orthotropic plate)”e] Xjuj32],
2(9)of] S o] tigt Naviersi(1820)& ARE-sll
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Table 4. Natural Frequencies of Composite Laminated Plate
and Correction Factor for Case [and V[ (c=a/b=1)

Wn = Wrea * ph

i(N) Case 1, Case VI

method i 7(49) 15(105) | 22(154)
" 19.29792 | 357.4023 | 1121.106 | 1991.332
@™ | 1929791 | 357.4021 | 1121.106 | 1991.331
" 20109101 | 3906111 | 1225277 | 2176.364
FRC(1) | 091498 | 091498 | 091498 | 091498
FRC(2) | 091498 | 091498 | 091498 | 091498
@, FRC(1) | 19.29787 | 357.4016 | 1121.105 | 1991331
@ FRCQ2)| 19.29787 | 357.4016 | 1121.105 | 1991331
™ o™ 1,000 1.0000 1.000 1.000
" o | 091498 | 091498 | 091498 | 0.91498

Table 5. Natural Frequencies of Composite Laminated Plate
and Correction Factor for Case | and V (c=a/b=1)

Wn = Wreal * \/7);

r(N) Case T, Case V[

method 1(7) 7(49) 15(105) | 22(154)
a™ | 2021175 | 3720454 | 1166922 | 2072.680
o™ | 2020174 | 3720452 | 1166922 | 2072679
@™ | 2009101 | 3906111 | 1225277 | 2176.364
FRC(1) | 083719 | 083719 [ 083719 [ 0.83719
FRC(2) | 095831 | 095247 | 095237 | 095236
@ FRC(1)| 19.20787 | 3574016 | 1121.105 | 1991331
@ FRC(2)[ 2021164 | 3720435 | 1166918 | 2072.671
o o™ 1000 | 1000 | 1000 | 1.000
@™ | 095831 | 095247 | 095237 | 0.95236
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Table 6. Natural Frequencies of Composite Laminated Plate Table 7. Natural Frequencies of Composite Laminated Plate
and Correction Factor for Case I and V (c=a/b=1) and Correction Factor for Case V (c=a/b =1)
©r= et +\ ph 0n= Grear *\ ph
1(N) Case I, Case ¥ 1i(N) Case W, Case [y
method 1(7) 7(49) 15(105) 22(154) method 1(7) 7(49) 15(105) 22(154)
o 2192545 | 399.7257 | 1253.541 | 2226.479 " 2273391 | 412.8705 | 1294.678 | 2299.523
o 21.92544 | 399.7255 | 1253.540 | 2226.478 ™ 22.73380 | 412.8703 | 1294678 | 2299.522
o 2109101 | 3906111 | 1225277 | 2176.364 " 2109101 | 3906111 | 1225277 | 2176.364
FRC(1) 0.83719 | 083719 | 0.83719 | 0.83719 FRC(1) 0.83719 | 083719 | 083719 | 083719
FRC(2) 1.03956 1.02333 1.02307 102303 FRC(2) 1.0779 1.05699 1.05664 1.05659
w" FRC(IM 19.29787 | 357.4016 | 1121.105 | 1991.335 o, FRC(1){ 19.29787 | 357.4016 | 1121105 | 1991.33]
" FRC(2)| 21.92542 | 399.7251 | 1253.537 | 2226.478 o " FRC(2)| 22.73382 | 412.8687 | 1294.672 | 2299.522
@ ™| 1000 1,000 1.000 1.000 oo™ 10000 | 1.000 1.000 1.000
™ o™ | 1.03956 1.02333 1.02307 1.02303 o | 10719 1.05699 1.05664 1.05659
Table 8. ge;gos of w"/ @™ with increasing number of laminate Table 9. Ratig;)of "/ o with increasing number of laminate
=1) (r=
Angle t(N) Angle Aspect ratio (c=a/b)
(g7 )] 7(49) 15(105) 22(154) (@ gy | 2 3 4 5 6
0.0.90 0.91498 0.91498 0.91498 0.91498 0,090 | 0.91498 | 0.79478 | 0.78438 | 0.78490 | 0.78620 | 0.78723
5.-590 | 092032 0.91959 0.91957 091957 §.-5.90 1 091957 | 0.79994 | 0.78787 | 0.78742 | 0.78818 | 0.78889
10, -10,90| 0.93551 0.93271 0.93266 0.93266 10, -10,90] 0.93266 | 081496 | 0.79827 [ 0.79512 | 0.79437 { 0.79419
15, ~15,90] 0.95831 0.95247 0.95237 0.95236 15, -15,90] 0.95236 | 0.83850 | 0.81539 [ 0.80837 | 0.80545 | 0.80398
20,-20,90| 0.98556 0.97616 0.97601 0.97598 20,-20,901 0.97599 | 0.86864 | 0.83888 | 0.82765 | 0.82232 | 0.81940
25,-25,90| 101376 1.00076 1.00055 1.00051 25,-25,901 1.0005% | 090323 | 0.86819 [ 0.85332 | 0.84586 | 0.84164
30,-30,90 | 1.03956 1.02333 1.02307 1.02303 30,-30,90] 102303 { 094014 | 0.90261 | 0.88547 | 0.87661 | 0.87154
35,-3590( 1.06013 1.04138 1.04107 1.04102 35,-35,90] 1.04102 | 097745 | 0.94119 | 0.92375 | 0.91454 | 0.90919
40, -40,90 | 1.07334 1.05298 1.05265 1.05260 40,-40,90] 1,05260 | 1.01360 | 0.98283 | 0.96729 | 0.95895 | 0.95407
45, -45,90 | 1.07790 1.05699 1.05664 1.05659 45,-45,90] 1.05659 | 1.04736 | 1.02627 | 1.01480 | 1.00850 | 1.00478
50, -50,90 | 1.07334 1.05298 1.05265 1.05260 50,-50,90] 1.05260 | 1.07788 | 1.07015 | 1.06460 | 1.06133 | 1.05934
55,-535,90] 106013 1.04138 1.04107 1.04102 55,-35,90] 1.04102 | 1.10463 | 111306 | 111477 | 1.11524 | 111539
60, —60,90| 1.03956 1.02333 1.02307 1.02303 60, ~60,90] 1.02303 | 1.12737 | 1.15363 [ 1.16333 | 1.16790 { 1.17040
65, -65,90 | 1.01376 1.00076 1.00055 1.00051 65, -65,901 1.00051 | 1.14607 | 1.19051 | 1.20831 | 121701 | 1.22187
70, -70,90 | 0.98556 0.97616 0.97601 0.97598 70,-70,901 0.97599 | 116087 | 122250 | 1.24787 | 1.26042 | 1.26747
75,=75,901 095831 0.95247 0.95237 0.95236 75,-75,90] 095236 | 1.17199 | 124854 | 1.28042 | 1.29626 | 1.30517
80, 80,90 093551 0.93271 0.93266 0.93266 80, -80,90] (.93266 | 117970 | 126779 | 1.30465 | 1.32299 } 133332
85, 85,90 0.92032 0.91959 091957 0.91957 85, 85,90 0.91957 | 118422 | 1.27959 | 131958 | 1.33949 | 1.35071
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