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Equivalent Continuum Modeling Methods for Flat Corrugated Panels
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Abstract

The corrugated panels are the prime candidate structure for the floor, roof and wall of
Korean high speed train. The equivalent continuum modeling approach panels can be used for
the efficient design and evaluation of their structural characteristics. The equivalent continuum
models, derived from the true complex corrugated panels, should have the same structural
behavior as the original structures have. This paper briefly reviews three representative
continum modeling methods: the static analysis method and two plate-models based on modal
analysis methods (MAM). These methods are evaluated through some numerical examples by
comparing the natural frequencies and static deflections. It is observed that the plate-model
based on Rayleigh-Ritz method seems to provide the best results when used in conjunction
with the cantilever-type boundary conditions. The equivalent elastic constants of various
corrugated panels, depending on the changes in their configurations, are tabulated for efficient

use in structural design.
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Fig. 1 Geometry of the corrugated panel
considered for Korean High Speed Train
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Table 1 Experiment methods for the

measurement of equivalent
material properties
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Fig. 2 Schematic digram of bending test for
the x- and y-directional specimens
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Fig. 3 Schematic digram of
torsional test
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2.2.1 Rayleigh Method
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2.2.2 Rayleigh-Ritz method
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Fig. 4 Geometry and material properties
of a corrugated panel

3.2 RAYTIH| HFEIL

S7HER8A ARE o8t FERLE T
EAFdo g mdlyste zZ4zte &y
Az O 7 d&AH R FFEE TH
A4S 71202 vlaste] Fig. 57 % Table
3ol #A3t4th. Rayleigh® 9] 7% BT 23%9
A8 Eed, deel i 1R 4HEd
Rayleigh-Ritz3 o] Z$-o}= e rneoh g o
& 27t AAERE 33T £ e @yl
Atk HatF slAHY] B HT 21%9] X5
HYgEsd, AHS 2 Jeezx 717ty 7]
BAAE ¥AE sty 2P & e W3
‘?l W dox B85l Rayleighyol] Hls}
WA AZE AL Tt ASARRE F=
f‘% "F Ut Rayleigh-Ritz o] A9 Bt 1%
o A5 BAed, 4129 o] x y¥Fo
Ztzt 67l o did NFE=E 1 =
2t 4R B FPoEN FRHoE 5
3 S71ERS 2T 4 YA Fig 57 ¢ 2A
Fof A AuE o FA|Hoe] &BR ¥ (C-F-F-F)

Table 20 AA)E sjay D AAZA u}
]_
=2

o¥ rk rju

£ Fi m{ﬂ

SrRETels/=FE /) H3H | H2s /20004 /47



ol&2 - ol4]

Table 2 Equivalent plate modeling method and boundary conditions dependance
of the material properties of the equivalent plate

BH-2d L o] & mEHAY
SI7HEA ) gzg Rayleigh Method Rayleigh-Ritz Method
F-F-F-F | CFFF | CF-CF | F-F-FF C-F-F-F C-F-C-F
En (GPa) 18.17 16.84 11.28 27.55 17.36 17.38 11.35
Exn (GPa) 22.06 2191 14.41 23.56 22.30 2213 16.16
G2 (GPa) 6.46 5.98 5.28 595 6.59 6.55 4.88
vz 0.32 0.14 0.56 0.16 L 0.18 0.28 0.50

Table 3 Equivalent plate modeling method and boundary conditions dependance
of % errors in the natural frequencies of the equivalent plate

THEE =Ygy

BAx A HE-REE ol & BEHAY
ez Haw
Rayleigh Method | Rayleigh-Ritz Method
F-F-F-F 1.83 245 126
C-F-F-F 1.76 1.10 0.54
C-E-C-F 2.70 3.19 1.15

Table 4 Stuctural parameters dependence of the material properties
of equivalent plate model

Core Angle (6) 30° 45.5° 60°
S7HEAA
h (mm) 70
25 17.23 17.19 17.24
En (GPa) | ¥ =30 t 30 1735 1732 17.42
) ) 35 17.43 17.44 17.63
25 2034 2123 2298
Ep (GPa) | 730 k 3.0 2087 22.09 2423
() ) 35 21.67 2.95 2546
25 657 6.54 6.47
=30
G (GPa) | 7 “ 30 6.58 6.5 6.49
) o) 35 659 6.57 6,51
25 0.30 0.29 028
" b (;r:)'o (mf‘m) 3.0 0.29 0.28 0.26
35 028 0.27 0.25
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Fig. 5 Accuracy of equivalent plate modeling methods for the corrugated panel
with F-F-F-F boundary condtions
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