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Efficient Methods of Prediction Incorporating Equivalent
Models for Elasto-Plastic Bending Behavior of Metallic
Sandwich Plates with Inner Dimpled Shell Structure

D. Y. Seong, C. G. Jung, S. J. Yoon, D. Y. Yang
(Received October 20, 2005)

Abstract

An efficient finite element method has been introduced for analysis of metallic sandwich plates subject to bending
moment. A full model 3-point bending FE-analysis shows that the plastic behavior of inner structures appears only at the
load point. The unit structures of sandwich plates are defined to numerically calculate the bending stiffness and strength
utilizing the recurrent boundary condition for pure bending analysis. The equivalent models with the same bending
stiffness and strength of full models are then designed analytically. It is demonstrated that the results of both models are
almost the same and the FE-analysis method incorporating the equivalent models can reduce the computation time
effectively. The dominant collapse modes are face buckling and face yielding. Since the inner dimpled structures prevent
face buckling, sandwich plates with inner dimpled shell structure can absorb more energy than other types of sandwich

plates during the bending behavior.
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Fig. 1 (a) Fabrication of inner dimpled shell structures

(b) Bonding process
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Fig. 2 Model of sandwich plate for 3-point bending FE
analysis
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Fig. 3 Results of symmetric model FE analysis of
sandwich plate subjected to 3-point bending
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[Modeling for unit structure of sandwich plates]
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Pure bending FE-analysis of unit structure
With recurrent boundary conditions
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Calculating geometric parameters
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[ 3-Point bending FE-analysis ]

Fig. 4 Flowchart of the efficient FE-analysis method
for sandwich plates
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Fig. 5 (a) 3D unit structure (b) pure bending condition

(c) recurrent boundary condition
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Fig. 6 Comparison of simulated results for unit
structure with continuous model sandwich
plate subjected to pure bending (a) stress
distribution (b) moment-angle graph
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Fig. 7 Various equivalent models with same stiffness
and strength of sandwich plates
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Table 1 Geometric parameter(x value) of equivalent
model from pure bending results

H 2.7mm 2.5mm 2.2mm

¢ 0° 45° 0° -45° 0° 45°

X 0.273 | 0.203 | 0.191 | 0.131 | 0.168 | 0.120

(mm)
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Fig. 8 Comparison of simulated results for equivalent
model with full model sandwich plate subjected
to 3-point bending(span length 120mm) (a)
stress distribution (b) load-displacement graph
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Table 2 Comparison of mesh number and computation
time for full model with the equivalent model

Number Number Analysis
of of Time
Node Element (minutes)
Full Model 137861 535760 1020
Equivalent
quiv 23844 82164 50
Model
Ratio 17.3% 15.3% 5%
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Fig. 9 Simply supported bending of sandwich plates
(a) load-displacement graph (b) collapse mode
(H=2.5mm, §=10mm)

Table 3 Simulated results of sandwich plates from FE
analysis for 3-point bending

H 2.7mm 2.5mm 2.2mm
¢ 0° 45° 0° 45° 0° 45°
K [kN/m] | 108.3 | 107.9 | 77.8 74.7 60.5 58.8
PC IN] 171.5 | 173.1 151.9 | 146.7 | 131.9 | 130.5

O [mm]| 580 | 4.54

max

346 | 2.67 | 419 | 3.27

E [Nm] 0.835 | 0.620 | 0.373 | 0.253 | 0.399 | 0.279
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