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Vibration and Buckling Characteristics for Composite Rectangular
Plates Stiffened with Box Beam Stiffeners

Young-Wann Kim* and Kang Chung*

ABSTRACT

The Rayleigh-Ritz procedure based on energy method is used to present analytically the natural
frequencies and the critical buckling loads for four types of loading conditions: (1) uniaxial, (2) biaxial,
(3) positive shear and (4) negative shear, of the rectangular, composite plates unidirectionally stiffened
with box beam type stiffeners. In analysis the discrete stiffener theory is adopted to present the effect of
stiffeners in the plate structure. The convergence study is presented to demonstrate the accuracy of the
results. Contour plots of the vibrated and buckled mode shapes are shown for some examples. The effect
of various parameters such as numbers, position, aspect ratio of stiffener and layer angle, aspect ratio of
plate are focused.
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(b) Loading condition

Fig. 1 Considered coordinate system of stiffened plate and
loading conditions for buckling
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Table 1 Material properties and geometric data

Plate ‘ Each Stiffener
Material Properties E=138GPa  E;=896GPa G;,=7JGPa
vp=03  p=1560kg/m
Dimension axb = 2500cm* dyxw, = 2.25cm’*
Stacking Sequence variable [+ 45/0/90]s
Thickness for each layer te = 0.13mm




134 6458, 2000. 12

AAY B 27E 2As Azt A% 2 A254 13

Sty opdbekgtad dig FFaFue sl
#Qre)A-g st 1 AHE & o| &9 vwdt
Ak o] W fFasHMe ALFFaL TR Y
ANSYS[11]7} ol &dUen, A&E 2ae
ANSYSolN A F3he A% 484 SHELLSYE
o] 838l5ion, o] 84% 8-HH, 6-AHxE Hh F
g as)XdMe] RFXNEAE F4 FFT A
(reduced subspace analysis)o] AM-E %1t

284 @) ARG BAAle] o Wl oE
F Q7] B FE8E FESY) H3 22AY F
Al dfwe=191 & e 4T M9 A A
9% Aoz »4dE Bg uweiged, uad #
9] A (@/b)e 0.5, 1,29 Aol o] &=} F 74
o B7AAg B4R sl it AxE Table 2(a)dl,
AF e WAAR 278 dd Wg ZAas Table
2(b)d Aelslgck Fo vehd AAE nHE BRE
Bl i) xiake] 93 ML 3o FEAe) 1
A & 982 7AA = LA yakel g F4yt
Ne| dizide 1 98 =71 34 Jehvdz ok B
AR AL A+ A Adsg P 4= A
Sole A FFY MM FHE AU o] o]
AL E B} & MM £H& af, g At o
& N=140]x Z83 Fo] o|FojHct wpepr] BZ
A7 F Aelsiel Agel disiMe BE AT H
AL F YEZ MxN=8x14F g3}z zlof 3
of A & Fe7l fie AoR [uEo] gor
A" 2E FRldd] HLT Holoh 3t UF 719
B B A#HE A2l Table 2(b)lA y'dEe]
B N xrakel 48 Mo vg] & ZholA &)
7F $4& A T BAAST oA E &
#e 5% NN +£3& I gas] 1237} F
A 0143 BAAwe] Aol tisiMe MxN=10x24
& Addsld goz AME BE A HE4E A
olthy. ¥o] ¥A HEANA & § UXel BRI B
olXH o =gl =@l FFFol ZA S8
AR @89 Aol AA Heo] B RARE 27
& A B dpda =¥ ojiRAe|&& 19A
& a3} Qs Ao wdEn.

T3 ASRoAN AZFZe] £ vXe ¥
AEs7) 98 [0lsdEE BA viggdwd diw,=
190 ) A9 2AAR 27E FARGg g $34
ZAF}Z Table 30 At vinitge] Z¢ A%
Ztol BAglel AL gl FHol olFojxim ek

Table 2(a) Convergence study for [+£45/0/90}s composite

plates stiffened with 2-stiffener(dy/ws=1)

| aeos absl | ae2

1. Fundamental Frequency Parameter; Ap

N | M=2 M=4 M=6|M=2 M=4 M=6|M=2 M=4 M=6

6 1128 1128 1128 | 7820 7820 7820 | 3045 3045 3045
8 1115 1115 1115|7704 7702 7704 | 3024 3023 3023
10 | 1098 1098 1098 | 7666 7664 7663 | 30.20 3020 30.20
12 11084 1083 1083 ! 7602 7600 7600 | 3020 3020 3020
14 11083 1083 10827597 7595 7594 | 3017 3017 3017

FEM 1047 74.25 2172

2. Critical Biaxial Buckling Load Parameter; Ag

N | M=2 M=4 M=6|M=2 M=4 M=6|M=2 M4 M6

6 |8815 8814 8814|6772 6771 6771 | 5348 5348 5348
8 | 894 8684 8681|6654 6649 6647 | 51.30 5128 51.27
10 | 8502 8446 8441 | 6513 6506 6504 | 51.12 5110 5109
12 ] 8447 8431 B84.26 | 6463 6456 6454 | 4997 4995 4994
14 18417 8399 8393 | 6430 6423 6421 | 4963 4961 4960

FEM 80.27 61.87 45.78

3. Critical Uniaxial Buckling Load Parameter; Ay

N | M=6 M=8 M=10{ M=6 M=8 M=10!| M=6 M=8 M-=10

6 | 2577 2516 2516 | 5574 2574 2574 | 0662 2560 2559
8 | 2477 2476 2476 | 2462 2458 2457 | 2576 2444 2431
10 | 2419 2417 2416 | 2409 2406 2405 | 2512 2394 2386
12 | 2365 2364 2363|2359 2356 2355|2450 2344 2339

14 | 2357 2355 2354 | 2353 2349 2348 | 2448 2338 2328

FEM 224.3 229.0 22712

4. Critical Positive Shear Load Parameter; Aps

M=6 M=8 M=10| M=6 M=8 M=10] M=6 M=8 M=10

1188 1187 1186 | 7262 7244 7241 | 3846 3834 39
3243 3239 3237 | 2495 2490 2489 | 2417 2348 2345
10 | 3061 3059 3058 | 2422 2419 2418 | 2377 2312 2309
12 | 2055 2952 2951 | 2373 2365 2367 | 2333 2258 2255
14 |2012 2909 2907 | 2331 2327 2326 {2286 2219 2216

[ 34

5. Critical Negative Shear Load Parameter; Ans

M=6 M=8 M=10| M=6 M=8 M=10] M=6 M=8 M=10

1206 1296 | 7736 Ti28 7726 | 4045 4034 4030
4537 4535 4535 3490 3488 3488 [ 3212 3201 3198
4411 4410 4410 | 3431 3430 3429 | 3113 3103 3098
12 | 4336 4335 43353401 3399 3399 | 307.7 3065 3061

ooz
g

14 14257 4257 4257 | 3338 3336 3336 | 301.2 3000 2996
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Table 2(b) Convergence study for [£45/0/90]s composite
plates stiffened with 7-stiftener(dy/ws=1)

| aos | ate1 | alb=2
1. Fundamental Frequency Parameter; Ap
N M=2 Ms=4 M=6| M=2 M=4 M=6| M= M=4 =6

10 | 5192 5192 5192 | 1459 1459 1459 | 4438 4438 4438
14 | 5156 5156 5156 | 1455 1455 1455 | 4417 4417 4417
18 | 4673 4673 4673 | 1444 1444 1444 | 4326 4326 4326
22 | 4645 4645 4645 | 1444 1444 1444 | 4323 4323 4323
24 | 4643 4643 4643 | 1444 1444 1444 | 4319 4319 4319

FEM 4457 1353 42.0

2. Critical Biaxial Buckling Load Parameter; Ap

N | M=2 M=4 M=6| M=2 M=4 M=6 =2 =4 M=

10 | 1508 1508 1508 | 3259 3259 3259 | 1295 1295 1295
14 19253 9253 92533267 3267 32571262 1262 1252
18 | 4509 4509 4598 { 3132 3132 3131 1185 1185 1185
22 | 4520 4518 4517 | 3080 3080 3079|1171 171 1171
24 14462 4461 4460 | 3067 3067 3066 | 1170 1170 1170

FEM 4252 3018 1165

3. Critical Uniaxial Buckling Load Parameter; Ay

M=6 M=8 M=10| M=8 M=10 M=12| M=6_M=8 M-=10

Table 3 Effect of layer angle 6 on convergence for [6]s angle-ply
composite square plates

[aN | 2 | a0 [ 2 [ i | am
(a) Unstiffened Plate

2x6 | 1107 | 1291 595 2767 | 2167
4x8 | 1107 | 1291 585 2518 | 25.78
o° 6x10 | 11.07 | 1291 595 2572 | 25712
8x12 | 1107 | 1291 5.95 2571 | 671
8x14 | 11,07 | 1291 5.95 2571 | 2571
2x6 | 1214 } 1491 7.39 2430 | 6836
4x8 | 1168 | 1313 6.47 1272 | 6152
30° 6x10 | 1151 | 1271 6.26 1224 | 67.35
8x12 | 1142 | 1249 6.15 1203 | 67.14
8X14 | 1141 | 1246 6.14 1201 | 67.11
2%X6 | 12,08 | 1479 7.38 2102 | 7178
4x8 | 1160 | 1142 6.31 1251 | 67.32
60° 6x10 | 1146 | 1111 6.17 12.08 | 6713
8x12 | 1138 | 109 6.09 1191 | 6698
8x14 | 1136 | 1091 6.06 1186 | 6691

14 | 6808 6398 6898 | 2190 2190 2190 | 8044 8044 8044
18 | 1850 1850 1849 | 2049 1857 1845 | 7716 TIl6 7TIL6
22 | 1748 1745 1744 | 1842 1760 1742 | 7705 7705 7705
24 | 1731 1727 1726 | 1822 1742 1724 | 7689 7689 7689
26 | 1727 1723 1722 | 1818 1738 1721 | 7676 1676 7676

FEM 1681 1685 7564

4, Critical Positive Shear Load Parameter; Aps

2X6 11.07 743 595 3480 | 3480
4%x8 11.07 743 595 26588 | 2588
90° 6x10 | 11.07 743 5.95 25.75 | 2575
8x12 | 11.07 743 5.95 2572 | 2572
8X14 | 11.o7 7.43 5.95 25672 | 2572

(b) Stiffened Plate with 2-stiffener of dy/ws=1

M=6 M=8 M=10| M=6 M=8 M=10| M=6 _M=8 M-=10

N

14 144042 28980 9776 | 18178 10836 3855 | 8446 4161 1378
18 (21310 3720 3719 | 16351 2758 2752 | 3015 1243 1241
22 | 1880 1877 1876 | 2021 1839 1812 | 1215 1212 1210
24 | 1742 1740 1739 | 1890 1706 1680 | 1215 1210 1208
26 | 1727 1724 1723 | 1870 1691 1664 | 1212 1209 1207

5. Critical Negative Shear Load Parameter; Ans

N | M=6  M=8 M=10{ M=6 M=8 M=10| M=6 M=8 M=10

14 | 38263 28561 9922 | 18331 11182 3936 | 8659 4328 1392
18 121584 4241 4240 | 10855 2874 2869 | 1387 1273 1271
22 | 2605 2603 2602 | 2436 2422 2418 | 1247 1244 1243
24 | 2481 2478 2478 | 2380 2366 2363 | 1245 1242 1241
26 | 2469 2466 2466 | 2356 2343 2338 | 1244 1241 1240
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2X6 | 4128 | 1049 | 1487 | 3753 | 3753
4X8 | 4106 | 1039 | 1477 | 9141 | 9141
0° 6x10 | 4039 | 1019 | 1443 | 8312 | 8812
8X12 | 39.88 | 1001 | 1435 | 8542 | 8642
8x14 | 3988 | 100.1 | 1431 | 8531 | 831

2x6 | 6233 | 2373 | 37.03 | 6183 | 7088
4X8 | 6061 | 1549 | 3324 | 1002 | 3044
30° 6x10 | 59.04 | 1392 | 3150 | 7758 | 3014
8%12 | 5840 | 1346 | 3091 | 7260 | 2997
8x14 | 58.18 | 1324 | 3070 | 7232 | 2951
2X6 | 9026 | 470.3 | 1151 | 9440 | 10703
4%x8 | 8342 | 2068 | 9380 [ 2211 | 6020
60° 6x10 | 8805 | 1403 | 79.98 | 1333 | 589.2
8x12 | 8767 | 1186 | 7490 | 1106 | 5800
8x14 | 8752 | 1165 | 7359 | 1104 | 5714

2x6 | 9%.19 | 5761 | 1538 | 1115 1115
4X8 | 9487 | 1811 | 1057 | 4702 | 4702
R° 6x10 | 9486 | 1110 | 8468 | 3275 | 3275
8x12 | 9460 | 1005 | 8282 | 2849 | 2849
8X14 | 9450 | 1005 | 8280 | 2805 | 2805
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