288 HErlAEs=FA(A) A21A A2Z, pp 288~296, 1997

(=
FAR Q40 WX A lA] =P o] I
QAL - MEE
(1996+1 79 299 A=)
The Effect of the Mass Matrix in the Eigenvalue Analysis
of Curved Beam Elements
Ha-Sang Ryu and Hyo-Chol Sin
Key Words: Curved Beam Element(=4 ¥ 2 4), Strain Interpolation(i & & & 7}),

Eigenvalue Analysis{if% #4), Quality of Mass Matrix (deksgiade] &4))
Abstract

Curved beam elements with two nodes based on shallow beam geometry and strain interpola-
tions are employed in eigenvalue analysis. In these elements, the displacement interpolation
functions and mass matrices are consistent with strain fields. To assess the quality of the element
mass matrix in free vibration problems, several numerical experiments are performed. In these
analyses, both the inconsistent mass matrices using linear displacement interpolation function and
the consistent mass matrices are used to show the difference. The numerical results demonstrate
that the accuracy is closely related to the property of the mass matrix as well as that of the
stiffness matrix and that the mass matrix consistent with strain fields is very beneficial to
eigenvalue analysis. Also, it is proved that the strain based elements are very efficient in a wide

range of element aspect ratios and curvature properties.
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Table 1 Convergence of the normalized eigenvalues in a simply supported straight beam (I,/h=1000)

No. of Mode Normalized eigenvalues
elements number CCCS(CO) CCCS(IN) LCCS(CO) LCCS(IN)
1 1.2319 1.9711 1.0079 1.4783 a
2 2 1.2319 3.69E05 1.2319 3.69E05
3 2.49E05 4,38E09 1.5375 7.20E04
1 1.0965 1.3305 1.0016 1.1974
3 2 1.4392 3.7419 1.0238 1.8710
3 1.2320 1.64E05 1.2320 1.64E05
1 1.0530 1.1709 1.0005 1.1075
4 2 1.2319 1.9711 1.0079 1.4783
3 1.5527 5.9920 1.0369 2.0363
1 1.0232 1.0717 1.0001 1.0466
6 2 1.0965 1.3305 1.0016 1.1974
3 1.2319 1.9710 1.0079 1.4783
1 1.0130 1.0395 1.0000 1.0260
8 2 1.0530 1.1709 1.0005 1.1078
3 1.1653 1.4412 1.0026 1.2545
1 1.0083 1.0251 1.0000 1.0166
10 2 1.0336 1.1053 1.0002 1.0677
3 1.0774 1.2579 1.0011 1.1577
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Table 2 Convergence of the normalized eigenvalues in a simply supported straight beam (Lg/h=50)
No. of Mode Normalized eigenvalues
elements number CCCS(CO) CCCS(IN) LCCS(CO) LCCS(IN)
1 1.2319 1.96941 1.0081 1.4780
2 2 1.2369 928.94 1.2369 924.33
3 623.53 2.78E05 1.5512 184.10
1 1.0965 1.3301 1.0017 1.1973
3 2 1.4396 3.7074 1.0250 1.8690
3 1.2432 415.64 1.2432 411.02
1 1.0530 1.1707 1.0006 1.1075
4 2 1.2320 1.9645 1.0087 1.4772
3 1.5554 5.7725 1.0402 2.0315
1 1.0232 1.0716 1.0013 1.0466
6 2 1.0965 1.3289 1.0020 1.1970
3 1.2320 1.9565 1.0096 1.4758
1 1.0130 1.0395 1.0000 1.0260
8 2 1.0530 1.1702 1.0007 1.1074
3 1.1240 1.4362 1.0036 1.2532
1 1.0083 1.0251 1.0000 1.0166
10 2 1.0336 1.1049 1.0004 1.0676
3 1.0774 1.2554 1.0017 1.1570
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Table 3 Convergence of the normalized eigenvalues in a simply supported straight beam (Lg/h=5)

No. of Mode Normalized eigenvalues
elements number CCCS(CO) CCCS(IN) LCCS(CO) LCCS(IN)
1 1.2324 1.8413 1.0246 1.4536
2 2 1.6373 13.917 1.6373 9.2832
3 6.0920 6.9445 2.3768 2.9290
1 1.0965 1.2984 1.0094 1.1880
3 2 1.4536 2.4413 1.1071 1.7355
3 1.9796 7.6371 1.9796 4.0402
1 1.0530 1.1560 - 1.0050 1.1025
4 2 1.2321 1.6494 1.0577 1.4063
3 1.6012 2.4101 1.2016 1.7790
1 1.0232 1.0659 1.0021 1.0445
6 2 1.0964 1.2451 1.0247 1.1697
3 1.2306 1.5179 1.0891 1.3634
1 1.0130 1.0364 1.0012 1.0248
8 2 1.0530 1.1303 1.0137 1.0929
3 1.1233 1.2653 1.0494 1.1966
1 1.0083 1.0231 1.0007 1.0158
10 2 1.0335 1.0813 1.0087 1.0587
3 1.0771 1.1623 1.0314 1.1229
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