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ABSTRACT

This study carried out finite element vibration analysis of composite plate structures for construction using multi-scale approaches,
which is based on the higher-order theory. The finite element (FE) models for composite structures using multi-scale approaches
described in this paper is attractive not only because it shows excellent accuracy in analysis but also it shows the effect of the material
combination. The FE model is used for studying free vibrations of laminated composite plates for various fiber-volume fractions. In
particular, new results reported in this paper are focused on the significant effects of the fiber-volume fraction for various parameters,
such as fiber angles, layup sequences, and length-thickness ratios. It may be concluded from this study that the combination effect of
fiber and matrix, largely governing the dynamic characteristics of composite structures, should not be neglected and thus the optimal
combination could be used to design such civil structures for better dynamic performance.
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Fig. 1. Representative Volume Element Loaded in the 1-Direction
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Table 1. Mechanical and Physical Properties of the Materials Used in this Study

gz0] HSDT 7]t 34

Material Source E, Ex Viz G2 Go3 Gz p
I Singha and Daripa (2007) 4000.0 100.0 0.25 0.5E, 0.6E, 0.5E, 1.0
I Kumar and Shrivastava (2005) 130.0 10.0 0.35 5.0 3.3 5.0 1,500.0

Note that the properties of materials I is normalized by E,. And the units of Ej, Es, Gia, Gos, and Gis of material 1I are GPa and that of p is ke/m’,

respectively.

Table 2. Normalized Natural Frequencies of Simply Supported Plates (w= wa?/7*h/p/E, , [90/0/90/0/90], Material I).

Mode
L/h Source
I I 111 v A%
Singha and Daripa (2007) [FSDT] 1.9140 3.9741 6.6541 7.6528 8.1492
L/h=1000 Wang (1997) [FSDT] 1.9141 3.9742 6.6567 7.6564 8.1511
Present study [FSDT] 1.9099 3.9687 6.6593 7.5915 8.1870
Present study [HSDT] 1.9079 3.9605 6.5883 7.5763 8.1046
Singha and Daripa (2007) [FSDT] 1.5700 3.0386 3.7422 4.576 5.1667
L/h=10 Wang (1997) [FSDT] 1.5699 3.0371 3.7324 4.5664 5.1469
Present study [FSDT] 1.5699 3.0369 3.7297 4.5631 5.1466
Present study [HSDT] 1.5701 2.9034 3.7813 4.6212 6.2438

Table 3. Normalized Natural Frequencies of Simply Supported Square Plates (w= wb? \/p/E, /h, b/h="15, [(£45°/05), (90°/05/90"),].,

Material Il)
Mode
Source
I II 11 v
Kumar and Shrivastava (2005) [FSDT] 13.590 29.113 37.792 53.934
Kumar and Shrivastava (2005) [HSDT] 13.714 29.503 38.309 54.852
Present study [HSDT] 13.592 29.003 37.665 53.607

SRR ARs-Eelo] B3t Hgae] Fajdstd 1
%L‘%ﬁ% Hlagk Aotk A= 1= ARg3telem] L= 1000}
109] thale] HSDTS} FSDTE 243+ A7}2 FSDTS 243
7R o i wasSl: BERE 2 el ek 220
ol o)t Ak Ve 23 & dAShL Qlse e ¢
91tk Table 3& HSDT¥} FSDTE AMgEH ol £3 Ans
HSDTE ARt i sz e dvjel el vlasiglon,
2 sl Y-S & 4= Ik Tables 2 and 3% FSDTS} HSDT9|
ek sl Aate] Apoli= 2 vpEkskort, HSDT 2 FSDT=
e Hol-Am], 8l gl Az Y 718Kk @ ol wket
kel o7t =A) wAYSE 4= glti(Lee and Wooh, 2004). wlebA
2 drelre 7P At w sy ol2e= deizl HSDTd
7 IR e FRsIR dk

H3ILA
HaA
2 X

3.2 B0l SEHISO M 2y wat
TR dAlE AL Bokl] 2 AREEE= Glass fiber7}
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Epoxyoﬂ &x%¥ GFRP (Glass Fiber Reinforced Polymer) 2+
Z tsto] et stolHe} wAle] AE =4 E,=345
=1.26GPa, p,=0.35, p;

GPa, E~853GPa, Gj=

=35.5GPa, G,

m

=0.200]1, ¢ =2.00]t}. Table 4= lolH] Mg W3}l w2
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o] AP [BI7F 00] ohd gk zHAl =m, AP de] aapa)
[El= 3k& 2H] =o] AXA 54 53¢ 93 A Ak =3
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59 ko] wig- A SVIRES WES 5 Sl o) sholu
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Table 4. Stiffness Matrices of Simply Supported Anti-Symmetric Laminated Composite Plates for Different Fiber-Volume Fractions (L/h=10,

[0/90/0/90])
Fiber-volume Fraction (%)
Stiffness 10 20 40 60 80
[a,,] 0.841E+09 0.131E+10 0.232E+10 0.346E+10 0.500E+10
[A] [a,,] 0.156E+09 0.187E+09 0.271E+09 0.404E+09 0.678E+09
(2] 0.163E+09 0.209E+09 0.339E+09 0.570E+09 0.110E+10
- [by, ] -0.468E+07 -0.910E+07 -0.172E+08 -0.237E+08 -0.256E+08
(b, ] 0.468E+07 0.910E+07 0.172E+08 0.237E+08 0.256E+08
[d,,] 0.700E+06 0.109E+07 0.193E+07 0.288E+07 0.416E+07
[D] [d,,] 0.130E+06 0.156E+06 0.225E+06 0.336E+06 0.564E+06
(dg] 0.136E+06 0.174E+06 0.282E-+06 0.475E+06 0.916E+06
IE] e, -0.102E+05 -0.199E+05 -0.377E+05 -0.520E+05 -0.560E+05
ey, ] 0.102E+05 0.199E+05 0.377E+05 0.520E+05 0.560E+05
(f,] 0.105E+04 0.164E+04 0.289E-+04 0.432E+04 0.624E+04
[F] (f,,] 0.195E+03 0.234E+03 0.338E+03 0.505E+03 0.847E+03
[fy] 0.204E+03 0.261E+03 0.423E+03 0.712E+03 0.137E+04
h,,] 0.187E+01 0.293E+01 0.517E+01 0.771E+01 0.111E+02
[H] [hy,] 0.348E+00 0.418E+00 0.605E+00 0.902E+00 0.151E+01
[hgs) 0.364E+00 0.466E+00 0.756E-+00 0.127E+01 0.245E+01
[A] | la,] 0.193E+09 0.246E+09 0.398E+09 0.666E+09 0.127E+10
[D] [d,,] 0.160E+06 0.205E+06 0.331E+06 0.555E+06 0.105E+07
[F] | [f.] 0.241E+03 0.308E+03 0.497E+03 0.832E+03 0.158E+04

Table 5. Natural Frequencies (Hz) of Simply Supported Symmetric Laminated Composite Plates for Different Fiber-Volume Fractions and

Layup Sequences (L/h=100)

Fiber-volume Fraction (%)

Layup Sequence Mode 10 20 40 60 80
I 236.934 285.250 372.012 460.572 578.000
(0] I 513.286 584.643 742.883 946.565 1274.264
I 703.500 888.697 1183.328 1437.876 1700.614
1\Y 932.766 1112.886 1413.755 1802.136 2277.248
I 236.945 285.270 372.042 460.601 578.017
[0/90/0] I 521.616 598.866 764.110 969.536 1292.635
I 697.700 879.821 1170.719 1423.477 1687.358
v 932.816 1120.807 1456.649 1810.552 2277.387
I 236.949 285.281 372.061 460.618 578.026
[0/90]s I 541.017 631.455 812.383 1022.168 1335.563
I 683.105 857.466 1138.950 1387.321 1654.246
v 933.334 1122.369 1463.058 1812.691 2277.600
I 236.959 285.302 372.096 460.652 578.045
[0/90/0]as I 569.471 678.293 881.094 1097.798 1398.774
I 660.030 822.007 1088.507 1330.009 1602.068
1\Y 933.666 1123.626 1464.914 1814.348 2278.335
I 236.971 285.327 372.135 460.691 578.068
[0/90]:s I 598.786 725.763 950.175 1174.477 1464.193
I 634.048 781.469 1030.472 1264.481 1543.482
v 933.967 1124.815 1467.277 1816.348 2278.952
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Sl jg LHNEFE VL
09} 00" B ALEE B, 2

n A ek e 2o Vet
Z7lol weh THABGE 0% Fe) Ao s

g Aolck

A%

o4 B s} o],
45w % jgshh 3 ARIE
2, sfols) gHlel
o= Z7lst

Fiber Volume Fraction (%)
Layup Sequence Mode 10 20 40 60 80

I 222.826 257.867 330.019 417917 550.735

[0/90] I 573.309 671.020 863.525 1089.189 1417.103
I 578.155 676.700 870.841 1098.409 1429.079

1\Y 879.465 1018.510 1303.951 1650.842 2173.935

I 233.537 278.760 362.134 450.4472 571.402

[0/90] 1l 604.410 732.352 958.487 1185.813 1478.738
& 11 609.500 738.518 966.556 1195.798 1491.200
v 920.937 1099.550 1428.636 1777.085 2254.009

I 235.463 282.449 367.757 456.201 575.138
[0/90] 11 609.960 743.076 974.930 1202.732 1489.806
3“ 11 615.092 749.321 983.120 1212.842 1502.350
v 928.359 1113.783 1450.340 1799.296 2268.429

I 236.132 283.728 369.704 458.196 576.439

[0/90] I 611.888 746.786 980.608 1208.587 1493.655
o I 617.033 753.058 988.840 1218.739 1506.227
v 930.938 1118.711 1457.843 1806.989 2273.446

Table 7. Natural Frequencies (Hz) of Simply Supported Symmetric Laminated Composite Plates for Different Fiber-Volume Fractions and

L/h Ratios ([0/90],s)
Fiber Volume Fraction (%)
L/h Mode 10 20 40 60 80
I 4154.333 4914.559 6362.607 7964.720 10209.347
5 I 6513.569 7365.816 9378.592 12166.502 16892.536
11 8435.502 9607.134 12287.942 15645.154 20910.796
\Y 10003.672 11935.433 15501.452 19430.045 24653.927
| 2285.522 2732.627 3555.639 4417.165 5578.752
10 Il 5006.849 5778.731 7418.513 9374.863 12349.005
111 6194.885 7446.401 9474.005 12253.883 15003.306
1\Y% 6677.977 7583.753 9983.018 12383.446 17413.553
I 1175.426 1410.493 1838.461 2278.043 2863.253
20 II 2658.531 3079.195 3959.030 4987.420 6531.012
111 3343.098 4143.139 5495.077 6707.598 8046.082
v 4590.504 5715.961 7595.706 9184.605 11179.083
I 474.142 569.662 742.894 919.814 1154.479
50 I 1083.698 1257.482 1617.640 2035.690 2660.546
11 1370.480 1705.857 2265.485 2760.349 3292.989
v 1884.850 2265.868 2957.285 3661.446 4567.509
I 237.376 285.281 372.061 460.618 578.026
100 I 543.463 631.455 812.383 1022.168 1335.563
11 687.829 857.466 1138.950 1387.321 1654.246
v 943.773 1122.369 1463.058 1812.691 2277.600
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