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MAKING OF APPROXIMATE EIGEN MODES OF A SPHERICAL DOME

By Shigehiro MOROOKA and Haruo KUNIEDA

Synosis

When we design large span structures like domes, it is substantial to take into con-
sideration of influence of external forces such as earthquakes and wind. For a spherical
dome, exact eigen modes are already available. In modal analysis, however, the exact
modes are of little use, because they are represented in terms of Legendre bifunction
with complex or real fractional order.

The purpose of this paper is to get a powerful tool for response analysis of a
spherical dome subjected to dynamic excitation based on mathematical analytic method,
i.e., the Galerkin procedure in modal analysis, with sufficient accuracy and practicality.
This paper provides an approximate solution of eigen modes, which has sufficient
accuracy and practicality for response analysis in any states.
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Table 1 Eigen Value @ (1 = 1, Fixed Support, a/k = 100) Exact solution (upper),

Approximate solution (lower).

o st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
30 | 1.041 1.208 1.657 2.409
1.041 1.212 1.661 2.413
45 1 0.990 1.039 1.156 1.392 1.764 2.268
0.990 1.040 1.158 1.395 1.767 2.270
60 | 0.933 0.955 1.042 1.132 1.287 1.516 1.821 2.199
0.933 0.956 1.043 1.13¢4 1.288 1.518 1.823 2.201
751 0.836 0.974 1.007 1.049 1.120 1.233 1.392 1.600 1.856 2.157
0.83 0.975 1.007 1.050 1.121 1.233 1.393 1.601 1.87 2.160
90 | 0.703 0.955 0.990 1.016 1.060 1.118 1.205 1.323 1.476 1.658
0.704 0.957 0.991 1.017 1.055 1.115 1.204 1.324 1.478 1.666
105 | 0.547° 0.931 0.979 1.000 1.021 1.058 1.109 1.180 1.274 1.391
0.548 0.937 0.980 1.000 1.024 1.059 1.110 1.181 1.277 1.397
120 | 0.389 0.903 0.967 0.989 1.007 1.029 1.061 1.105 1.164 1.239
0.392 0.916 0.969 0.990 1.008 1.030 1.062 1.107 1.167 1.244
Table 2 Approximate Eigen Value Q & = 2, Fixed Support, a/h = 100)
Bo st 2nd 3rd 4th 5th 6th 7th 8th Sth 10th
30 | 1.065 1.365 1.969 2.859
45 1 0.998 1.076 1.249 1.552 1.990 2.555
60 | 0.972 1.015 1.079 1.199 1.389 1.656 1.998 2.411 2.890
75 1 0.946 0.992 1.026 1.081 1.172 1.307 1.490 1.722 2.001 2.326
90 | 0.901 0.977 1.003 1.03¢ 1.082 1.157 1.262 1.401 1.578 1.781
105 | 0.896 0.967 0.991 1.012 1.041 1.083 1.144 1.227 1.334 1.466
120 | 0.883 0.958 0.983 1.000 1.019 1.046 1.085 1.137 1.206 1.293
Table 3 Approximate Eigen Value Q@ (n = 2, Simply Supported, a/h = 100)
o st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
30 | 1.033 1.262 1.786 2.607
45 | 0.990 1.051 1.194 1.463 1.867 2.401
60 | 0.966 1.006 1.060 1.163 1.335 1.582 1.905 2.300 2.763
75| 0.939 0.988 1.017 1.065 1.146 1.269 1.440 1.660 1.928 2.241
90 | 0.967 0.996 1.023 1.066 1.131 1.219 1.244 1.354 1.544 1.715
105 | 0.906 0.967 0.989 1.008 1.03¢ 1.073 1.130 1.210 1.316 1.449
120 | 0.845 0.949 0.979 0.996 1.014 1.039 1.074 1.124 1.191 1.278
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Table 4 Approximate Eigen Value Q ( = 3, Fixed Support, a/h = 100).

Po Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

30 | 1.147 1.584 2.329

45 1 1.025 1.138 1.369 1.738 2.239 2.862

60 | 0.996 1.041 1.128 1.280 1.507 1.811 2.188 2.634

751 0.981 1.009 1.050 1.121 1.233 1.391 1.598 1.854 2.158 2.510

90 | 0.959 0.992 1.017 1.056 1.116 1.206 1.325 1.479 1.666 1.886
105 | 0.953 0.983 1.002 1.026 1.061 1.113 1.184 1.279 1.399 1.544
120 | 0.947 0.976 0.993 1.011 1.034 1.067 1.113 1.176 1.253 1.350

Table 5 Approximate Eigen Value Q (x = 3, Simply Supported, a/k = 100).

do Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

45 | 1.014 1.102 1.300 1.633 2.102 2.695

60 | 0.993 1.029 1.102 1.236 1.443 1.728 2.087 2.516

7510980 1.004 1.039 1.101 1.201 1.347 1.542 1.785 2.076 2.411

90 | 0.982 1.007 1.040 1.093 1.171 1.281 1.424 1.601 1.811 2.056
105 | 0.956 0.983 1.000 1.021 1.053 1.100 1.168 1.260 1.379 1.527
120 | 0.942 0.973 "0.990 1.006 1.027 1.057 1.099 1.156 1.231 1.326
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Fig. 1 Approximate Eigen Mode Fig. 2 Approximate Eigen Mode
(n = 2, Fixed Support, a/h = 100) (n = 2, Simply Supported, a/h = 100)
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Fig. 3 Approximate Eigen Mode Fig. 4 Approximate Eigen Mode
(n = 3, Fixed Support, a/h = 100) (n = 3, Simply Supported, a/h = 100)
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