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BUCKLING STRENGTH OF SINGLE LAYER LATTICE DOMES
UNDER STATIC SEISMIC LOAD

NG R ATEN L R A Bl 0 o et
Toshiyuki OGAWA, Kousuke YAMAOKA, Ken'ichi MINOWA
and Toru TAKEUCHI

Although large numbers of attempts have been made to evaluate buckling strength of single layer lattice domes under equally-
distributed vertical loads, stability under seismic loads has not been studied enough yet. In this paper, evaluation method on
buckling strength of single layer lattice domes based on continuum shell analogy under equivalent static seismic loads proposed
in the previous studies is investigated. First, the buckling behavior under distributed loads proportional to the static seismic
loads is researched taking shape parameters into account. Next, the buckling strength for vertical loads and the buckling strength
for static seismic loads is evaluated using continuum shell analogy, and converted to elasto-plastic buckling strength using
knockdown factors and Dunkerley formulation. The effectiveness of the proposed evaluation is discussed against the results of
time-history response analyses.

Keywords : Static seismic load, Single layer lattice dome, Continuum shell analogy, Elasto-plastic buckling analysis,
Buckling load factor, Incremental dynamic analysis
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1. Introduction
Although large numbers of attempts have been made to evaluate buckling strength of single layer lattice domes under equally-distributed vertical
loads, stability under seismic loads has not been studied enough yet. In this paper, evaluation method on buckling strength of single layer lattice
domes based on continuum shell analogy under equivalent static seismic loads proposed in the previous studies is investigated. First, the buckling
behavior under distributed loads proportional to the static seismic loads is researched taking shape parameters into account. Next, the buckling
strength for vertical loads and the buckling strength for static seismic loads is evaluated using continuum shell analogy, and converted to elasto-
plastic buckling strength using knockdown factors and Dunkerley formulation. The effectiveness of the proposed evaluation is discussed against the
results of time-history response analyses.
2. Analysis models and numerical static analyses
The studied models are single layer parallel lamella domes with 80 m span and half subtended angles of 20, 30, 40 degrees. The slenderness ratios
of the lattice members are set as 42, 56, 79 respectively, and static buckling analyses and dynamic response analyses were carried out on these models.
Load distributions for the static analysis are set as uniformly-distributed vertical loading or equivalent seismic loading combining anti-symmetrically and
horizontally distributed loadings proposed by authors.
3. Buckling strength under different horizontal loads
The horizontal component in the proposed seismic loads varies depending on horizontal amplitude factor /. The effect of the horizontal compo-
nent on the buckling strength is discussed based on the above static analyses.
4. Theoretical buckling loads under equivalent static seismic loads
To evaluate the theoretical buckling strength under seismic loading, the equations for the linear buckling strength under anti-symmetrical loads and
horizontal loads are derived based on the continuum shell analogy and combined to express the various loading proportions. The obtained linear buckling
strengths are compared with the elastic buckling strength by numerical analyses including geometrical non-linearity, and knockdown factors to express these
effects are evaluated.
5. Evaluation of elasto-plastic buckling strength
Evaluation methods of elasto-plastic buckling strength under the equivalent seismic loads are proposed using Dunkerley formulation on the ob-
tained elastic buckling strength. Further, another simple evaluation method converting the buckling strength under the vertical loads to the buckling
strength under the equivalent seismic loads are proposed.
6. Dynamic buckling strength compared with the proposed methods
In order to confirm the validity of the proposed evaluation method, incremental dynamic analyses (IDA) using an artificial seismic wave BCJ-L2
are conducted. The dynamic buckling strengths obtained by the numerical analyses are compared with those by the proposed method, and their valid-
ity is discussed.
7. Conclusions
By above studies, the following results are obtained.
1) The theoretical linear buckling strength under equivalent seismic loads can be derived using continuum shell analogy, by combining the buckling
strength under anti-symmetrical loads and horizontal loads.
2) The elasto-plastic buckling strength under equivalent seismic can be evaluated from the theoretical linear buckling strength using the knockdown
factors and Dunkerley formulation.
3) The elasto-plastic buckling loads under uniformly distributed loads and anti-symmetric loads are confirmed to have a proportional relationship.
Consequently, buckling strength under the equivalent static seismic loads can be evaluated from the buckling strength under the equally-distrib-
uted vertical loads using continuum shell analogy. The validity of the proposed evaluation method was confirmed by IDA analyses including

geometrical and material non-linearity.
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