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Abstract

In the analysis of thin elastic structures such as plate and shell-like structures, classical

lower-order theories like Kirchhoff and Reissner-Mindin theories are insufficient to describe the

behavior of such structures in the region where the state of stresses is complex. On the other

hand, the fully three dimensional theory of linear elasticity can provide desired analysis accu-

racy, but requires expensive computational implementation compared to the classical theories.

This paper is concerned with the development of hierarchical models for elastic structures which

can be used for hierarchical modeling for the analysis of such structures. Derivation and limit

model analysis (when the thickness of structures tends to zero) of hierarchical models are

presented together with a introduction of modeling error estimation. Also, numerical results

supporting theoretical results are given.
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Table 1 Calibrated central vertical deflection usD/ga*{ x 107%)

a/d 3 10 100 500
Model
1 1, 0) 2.88744 1.21576 1.03476 1.03359
(1, 1, 0)* 3.12712 1.44874 1.26722 1.26722
1, 1, 2) 3.10634 1.43630 1.25265 1.25254
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Table 2 Calibrated radial deflection at the middle point u.Ed/4p,R?
R/d 3 10 100 500
Model
(1, 1, 0) 0.17596 0.18453 0.18709 0.18718
(1, 1, 0)* 0.21042 0.22127 0.22771 0.22831
1 1, 1 0.22272 0.22736 0.22820 0.22835
1 1, D* 0.23898 0.24543 0.24999 0.25053
2, 2, 0) 0.17596 0.18453 0.18709 0.18718
2, 2, 0)* 0.21042 0.22127 0.22771 0.22831
(2,2, 1 (0.22283 0.22736 0.22820 0.22835
2 2 1 0.23898 0.24543 0.24999 0.25053
2, 2 2 0.23898 0.22591 0.22817 0.22835
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Table 3 Modeling error of hierarchical models

for plate-like body

&2

Modeing error 45
Model
a/d=10 a/d=100 (s)
(1, 1, 0)*0.129(E-06) | 0.320(E-08) | 1.537
(1, 1, 2) 0.178(E-06) | 0,656 (E-09) | 2.434
3, 3, 2) 0.473(E-07) | 0.209(E-10) | 3.355
(3, 3, 4 |0.294(E-07) ; 0.686(E-11) | 3.632

Table 4 Modeling error of hierarchical models

for cylindrical can

==

Modeing error TEE
Model
a/d=10 a/d=100 (s)
(1, 1, 1) | 0.159(E-03) | 0.604(E-04) | 0.421
(2, 2, 2) |0.125(E-04) | 0.263(E-06) | 1.678
3, 3, 3 | 0.108(E-05) | 0.447(E-08) | 2.383
(4, 4, 4) |0.381(E-06) | 0.718(E-10) | 3.346
(5, 5 5 |0.258(E-06) | 0.843(E-10) | 3.486
:E&Uﬁﬂb@_:‘

Convergence rate (s) log (3 /2) s+1.5
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