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Vibration Analysis of Special Orthotropic Plate with Non-uniform
Cross-Section and with Arbitrary Boundary Condition
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Abstract

A method of calculating the natural frequency corresponding to the first mode of vibration of beams
and tower structures, with irregular cross-sections and with arbitrary boundary conditions was
developed and reported by D. H. Kim in 1974. This method has been developed for two-dimensional
problems including the laminated composite plates and was proved to be very effective for the plates
with arbitrary boundary conditions and irregular sections. In this paper, the result of application of this
simple method of vibration analysis developed by D. H. Kim to the special orthotropic plates with
variable cross—section, and with arbitrary boundary conditions is presented. The effect of concentrated
point mass/masses is also studied.

Keywords @ Vibration Analysis, Variable Cross-section, Arbitrary Boundary Condition, Concentrated
Point Mass
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Fig. 1 Cross-Section of the plates

]
H
B
=
o
A
o
o
@
HD

A M2 M45(1999.12) 565



(b) CASE B

(a) CASE A

Fig. 2 Plates with and without its own weight
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Fig. 3 Location of the concentarated mass(, j)
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Table 1 wn e V9-t-p of simple supported plate with various section configurations
SECTION Kim's Method F.EM Accuracy (%)
I Il m (rad/sec) (rad/sec)
1 1 1 8214.492 8221.813 0.9991
1 1 2 8885.012 8907.424 0.9975
1 1 3 9181.958 9203.136 0.9977
1 2 1 9188.185 9205.045 0.9982
1 2 2 9687.572 9722.223 0.9964
1 2 3 9961.463 10002.662 0.9959
1 3 1 9760.449 9766.559 0.9994
1 3 2 10246.550 10277.797 0.9970 -
1 3 3 10945.840 10996.288 0.9954
1 2 1 9952.749 9915.05 1.0038

Note : 1.2 and 3 are section types of laminate
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Table 2 wn evV9-t-p with P=n-q-a-b at the center of the plate
(Unit : rad/sec)

G, i Section 111 Section 112 Section 113

n CASE A | CASE B Ratio CASE A | CASE B Ratio CASE A CASE B Ratio
0 8214.492 8885.012 9181.958
1 3904.582| 3552.045 0.9097| 4412.101| 3974.494 0.9008| 4804.564| 4280.658 0.8910
2 2760.957| 2628.458 0.9520| 3119.826| 2953.987 0.9468| 3397.340| 3197.247 0.9411
3 2254.312| 2180.646 0.9673| 2547.327| 2454.839 0.9637| 2773.916| 2662.000 0.9597
5 1746.182| 1711.351 0.9801| 1973.151| 1929.305 0.9778| 2148.667| 2095.480 0.9752

7 1475.793| 1454.609 0.9856| 1667.617| 1640.919 0.9840| 1815.955| 1783.534 0.9821
10 1234.737] 1222.260 0.9899| 1395.229| 1379.490 0.9887| 1519.337| 1500.209 0.9874
15 1008.159| 1001.337 0.9932| 1139.199| 1130.589 0.9924| 1240.533| 1230.061 0.9916

20 873.091| 868.650 0.9949| 986.575| 980.968 0.9943] 1074.333| 1067.512 0.9937
G.5) Section 121 Section 122 Section 123
n CASE A | CASE B Ratio CASE A | CASE B Ratio CASE A | CASE B Ratio
0 9188.185 9687.572 9961.463
1 4376.871 | 3983.565 | 0.9101 | 4805.434 | 4334.452 | 0.9020 | 5231.165 | 4661.024 | 0.8910
2 3094.915 | 2947.278 | 0.9523 | 3397.955 | 3219.826 | 0.9476 | 3698.992 | 3481.438 | 0.9412
3 2526.988 | 2444.946 | 0.9675 | 2774.419 | 2675.155 | 0.9642 | 3020.215 | 2898.578 | 0.9597
5 1957.396 | 1918.621 7 0.9802 | 2149.055 | 2102.029 | 0.9781 2339.448 | 2281.662 | 0.9753

7 1654.302 | 1630.723 | 0.9857 | 1816.283 | 1787.658 | 0.9842 | 1977.195 | 1941.976 | 0.9822
10 1384.088 | 1370.203 | 0.9900 | 1519.612 | 1502.741 | 0.9889 | 1654.240 | 1633.464 | 0.9874
15 1130.103 | 1122.513 | 0.9933 | 1240.758 | 1231.530 | 0.9926 | 1350.681 | 1339.308 | 0.9916
20 978.698 | 973.757 | 0.9950 | 1074.528 | 1068.519 | 0.9944 | 1169.724 | 1162.316 | 0.9937

(i.j) Section 131 Section 132 Section 133
n CASE A | CASE B Ratio CASE A CASE B Ratio CASE A CASE B Ratio

0 9760.449 10246.55 10945 .84
1 4564.787 | 4168.667 | 0.9132 | 4987.237 | 4515.620 | 0.9054 | 5671.708 | 5073.103 | 0.8945
2 3227.792 1 3097.452 | 0.9540 | 3526.509 | 3348.631 | 0.9496 | 4010.503 | 3782.921 0.9433
3 2635.481 | 2553.119 | 0.9687 | 2879.382 | 2428.563 | 0.9739 | 3274.562 | 3147.498 | 0.9612
5 2041.435 | 2002.5636 | 0.9809 | 2230.360 | 2000.209 | 0.9824 | 2536.465 | 2476.173 | 0.9762
7 1725.327 | 1701.681 | 0.9863 | 1884.998 | 1642.762 | 0.9882 | 2143.704 | 2106.978 | 0.9829
10 1443.512 | 1429.591 | 0.9904 | 1577.103 | 1322.710| 0.9924 | 1793.551 1771.895 | 0.9879
15 1178.623 | 1171.014 | 0.9935 1287.699 | 1137.691 | 0.9944 1464.429 1452.578 0.9919
20 1020.717 | 1015.765 | 0.9951 1115.180 | 1109.197 | 0.9946 | 1268.232 1260.514 | 0.9939
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Table 2 continued b
(i,j) Section 321
n CASE A | CASE B Ratio é >
0 9952.748 .
1 4344.974 | 4013.684 | 0.9238 $ TTa Sedtoniiz
2 3072.361 | 2949.261 | 0.9599 g oo - T Secten i
3 2508.572 | 2440.415 | 0.9728 T Seston a2
5 1943.131 | 1911.016 | 0.9835 7 T en e
7 1642.246 | 1622.743 0.9881
10 1374.001 | 1362.528 | 0.9916 " ! 7 T T l
15 1121.867 | 1115.600 0.9944 n
20 971.565 | 967.488 | 0.9958 Fig. 4 Ratio of CASE B and CASE A
ol o HFEFol ALY HFAx Kimol secolth. FEF #Heo (j)FHNAM A" AZEYE
wlo] guAog AHEH ¢ dute A& EolY Table 3] ettt 4% AxgEL 7] AL
A8l Fig. 59 £& @HddE 2 A8 o d A7 g gzt ReeFgs FEeR
oo aAFaFe sty £ S FYPsATh A o fGA FE} A3 g d& F+ Ut
ol Aid HAEFE 2051.83/V9-t-p rad/ Fig. 5914 N& 39 d$2 7E(Newton)©|th.
A
J Simple
$S123
yN 4N;
H .
I i Slmple_“*ZN $4N Simple
o
Simple
Fig. b Location of four concentrated loads
Table 3 Deflection at (i, j) points of the plate with SS123 type section
Deflection (UNIT : 107 M)
JI 1 2 3 4 5 6 7 8 9 10 11
1 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 { 0.0000 | 0.0000 | 0.0000 | 0.0000
2 0.0000 | 0.0302 | 0.0593 | 0.0841 | 0.0932 | 0.0961 | 0.0831 | 0.0653 | 0.0453 | 0.0231 | 0.0000
3 0.0000 | 0.0562 | 0.1075 | 0.1467 | 0.1676 | 0.1691 | 0.1520 | 0.1218 | 0.0844 | 0.0431 | 0.0000
4 0.0000 | 0.0743 | 0.1403 | 0.1901 | 0.2178 | 0.2201 | 0.1996 { 0.1616 | 0.1124 | 0.0574 | 0.0000
5 0.0000 | 0.0823 | 0.1564 | 0.2129 | 0.2439 | 0.2466 | 0.2232 | 0.1802 | 0.1254 | 0.0642 | 0.0000
6 0.0000 | 0.0823 | 0.1575 | 0.2164 | 0.2465 | 0.2510 | 0.2256 | 0.1819 | 0.1268 | 0.0650 | 0.0000
7 0.0000 | 0.0778 | 0.1483 | 0.2022 | 0.2322 | 0.2356 | 0.2441 0.1737 | 0.1215 | 0.0624 | 0.0000
8 0.0000 | 0.0664 | 0.1254 | 0.1702 | 0.1959 | 0.1997 | 0.1833 | 0.1504 | 0.1059 | 0.0545 | 0.0000
9 0.0000 | 0.0479 | 0.0901 | 0.1221 0.1405 | 0.1440 | 0.1332 | 0.1102 | 0.0782 | 0.0404 | 0.0000
10 | 0.0000 | 0.0250 | 0.0471 | 0.0637 | 0.0734 | 0.0754 | 0.0701 | 0.0582 | 0.0415 | 0.0215 | 0.0000
11 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
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Table 4 @, cV9-t-0 Obtained by Kim’s Method and F.E.M

SECTION Kim's Method F.EM Accuracy (%)

PART i o m (rad/sec) (rad/sec) ceuracyle

1 1 1 6919.263 6957.5065 99.45

1 1 2 6844.230 6888.7757 99.35

1 1 3 7336.842 7384.5282 99.35

1 2 1 6844.974 6879.6540 99.50

TYPE 1 2 2 6759.013 6802.2258 99.36

1 2 3 7315.868 73569.2547 99.28

1 3 1 7485.102 7513.0802 99.63

1 3 2 7470.046 7513.5045 99.42

1 3 3 8630.739 8699.9590 99.20

3 2 1 8009.542 7729.2428 103.63

Table 5 wn°V9-t-p for SECTION 321 with P=n-a-b-qg at (, )
CASE A = g Neglected, CASE B = g Considered (Unit : rad/sec)
oG, ) w(l. 1) w(l, 2) w(l. 3)

n CASE A CASE B CASE A CASE B CASE A CASE B
0 8009.542 8009.542 8009.542
1 6003.810 6744.063 8981.125 6703.633 9106.189 6711.086
2 4902.090 5407.951 6350.614 5521.312 6439.048 5563.884
3 4245.335 4586.043 5185.255 4740.453 5257.461 4789.977
5 3466.301 3653.787 4016.481 3814.198 4072.412 3861.107
7 3001.905 3123.592 3394.546 3273.863 3441.816 3316.168
10 2560.033 2635.298 2840.081 2770.085 2879.630 2806.951
15 2122.667 2165.423 2318.917 2281.120 2351.208 2312.049
20 8981.125 1881.188 2008.240 1983.793 2036.206 2010.907
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Table 6 Natural frequency ratio for each section :

«(CASE B)/@(CASE A)

N oy e | as | en | e | @ | 6D | a2 | 63
1 0.7943 0.7464 0.7370 0.9161 0.8667 0.8577 0.9428 0.8992 0.8909
2 0.9008 0.8694 0.8641 0.9564 0.9281 0.9231 0.9705 0.9463 0.9417
3 0.9355 0.9142 0.9111 0.9705 0.9509 0.9474 0.9801 0.9634 0.9602
5 0.9622 0.9496 0.9481 0.9821 0.9699 0.9678 0.9880 0.9776 0.9757
7 0.9733 0.9644 0.9635 0.9872 0.9783 0.9768 0.9914 0.9839 0.9825
10 0.9815 0.9754 0.9748 0.9910 0.9847 0.9836 0.9939 0.9887 0.9877
15 0.9877 0.9837 0.9833 0.9940 0.9898 0.9890 0.9960 0.9924 0.9917
20 0.9908 0.9878 0.9876 0.9955 0.9923 0.9918 0.9970 0.9943 0.9938
Table 7 Deflection, at (i, j) points of the plate with SF 321 type section
Deflection (UNIT : 10 m)
) L 2 3 4 5 6 7 8 9 10 1
1 0.000 0.044 0.121 0.197 0.248 0.265 0.244 0.190 0.117 0.042 0.000
2 0.000 0.085 0.173 0.255 0.309 0.325 0.299 0.239 0.159 0.078 0.000
3 0.000 0.114 0.219 0.308 0.368 0.386 0.354 0.284 0.195 0.099 0.000
4 0.000 0.132 0.251 0.348 0.414 0.438 0.397 0.317 0.218 0.110 0.000
5 0.000 0.137 0.262 0.365 0.434 0.453 0.414 0.332 0.227 0.115 0.000
6 0.000 0.134 0.2565 0.354 0.421 0.445 0.404 0.324 0.223 0.112 0.000
7 0.000 0.119 0.230 0.321 0.379 0.396 0.365 0.296 0.205 0.104 0.000
8 0.000 0.099 0.193 0.270 0.318 0.331 0.308 0.254 0.178 0.090 0.000
9 0.000 0.077 0.150 0.211 0.250 0.262 0.245 0.202 0.142 0.072 0.000
10 0.000 0.051 0.103 0.150 0.182 0.192 0.180 0.147 0.100 0.050 0.000
11 0.000 0.020 0.055 0.090 0.115 0.125 0.116 0.092 0.057 0.021 0.000
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