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Abstract Review History

Damage of both building and non-building structures (including the space structures) against Received: Jun 28, 2024
earthquake is of great importance for civil engineers, because collapse of such large structures Revised: Jan 25, 2025
may have significant casualties and economic losses. Space structures are classified as large-scale  Accepted: Mar 02, 2025
structures and can cover a large space without columns. Seismic behavior of these structures is

different from building structures. There are different types of space structures considering the ~[<€ywords

geometrical aspects, which are effective in the damages causing economic and life losses. A  Single-layer Dome
space structure has three-dimensional behavior, and their higher-mode effects are remarkable. On  Time History Analysis
the other hand, the weight of these structures is relatively low that may cause an unrealistic Response Spectrum
reduction in the calculation of seismic force in a static analysis. Therefore, the static analysis ~ Analysis

cannot capture their structural response effectively. Traditionally, the dynamic analysis is utilized  ggismic Design
for seismic design of space structures due to their complex structural behavior. Thus, in this

paper, seismic design of two single-layer domes is performed using two dynamic analyses: time

history analysis and response spectrum analysis. Although there are some studies on seismic

design of domes, further investigations are required due to the structural diversity of different

domes and the difference in their seismic behavior. Here, the ribbed and Schwedler domes under

gravity and seismic loads are analyzed dynamically. The parameters of the design response

spectral acceleration are based on ASCE7-16, and the site class (based on the soil type) is

selected as “D”. Both horizontal and vertical components of seismic excitations are utilized in the

dynamic analyses, because all these components are effective in design of a dome structure. The

damping ratio is assumed to be 2% in the dynamic analyses based on the relevant literature. In

the response spectrum analysis, the vertical seismic load is expressed in terms of dead loads in

the response spectrum analysis. In the time history analysis, seven ground motion records are

selected based on the seismic zone. These ground motion records are scaled using both amplitude

scaling and spectral matching approaches. The vertical components are scaled to the specific

vertical design spectrum obtained from ASCE7-16. In this study, seismic design of the ribbed

and Schwedler domes with a span of 36 meters and a height of 6 meters are carried out with some

limitations on the member stress ratios and top nodal displacements. The structural designs based

on the time history analysis and the response spectrum analysis are compared. The same cross-

sectional areas are used in designs of the dome structures to compare the effects of these dynamic

analysis methods better. In general, the top node displacement and stress ratios of the dome

obtained using time history analysis is larger than that obtained using spectral dynamic analysis.

Accordingly, the results indicate that the structure designed with the time history analysis is

heavier than the structure designed with the response spectrum analysis. Obviously, although the

time history analysis provides a better understanding of the dynamic behavior of the structure, it

requires much higher computational cost than the response spectrum analysis.
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Table 1. Details of the target spectrum

Damping Site
ratio Ss St (ass 3 Fy Sos So1
0.02 1.2 0.43 D 1.02 1.87 0.816 0.5361

sl gl sl ols Slasie Y Jga
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Table 3. Specification of the sections used
for the ribbed dome (mm)

Ring member @ 193.7x4.5
Diagonal member @ 139.7x5.6
Radial member @ 159x6.3

mm) Js il S bl slasie ¥ Jod>

Table 4. Specification of the sections used
for Schwedler dome (mm)

Ring member 1
Ring member 2
Radial member

@ 203%6
@ 180%6
@ 219x7
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Fig. 14. Location of the critical members of Schwedler dome based on the maximum stress ratio in the analysis: (a) time history (AS), (b)
time history (SM), and (c) response spectrum
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Table 5. Maximum stress ratios of the ribbed and Schwedler domes

Stress Ratio

Type of Analysis Ribbed Dome Schwedler Dome
Response Spectrum 0.627 0.492
Time History AS 0.762 0.597
SM 0.881 0.607
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Table 6. Displacements of the ribbed dome’s top node

Displacement Value (cm)

Type of Analysis _ Elastic Displacement Inelastic Displacement Allowable
X y z X y z Displacement
Response Spectrum 438 438 022 561 5.61 0.26 9
Time Histor AS 494 507 022 592 6.08 0.26 9
Y SM 446 440 031 535 528 037 9
Hosl 48 0 5 0 W plraler olie LV Jgder
Table 7. Displacements of the Schwedler dome’s top node
Displacement Value (cm)
Type of Analysis ic Di Inelastic
yp y Elastic Displacement Displacement Allowable
Displacement
X y z X y
Response Spectrum  0.196 0.197 054 0.235 0.236 0.648 9
Time AS 0.445 0.489 0472 0534 0.586 0.566 9
History SM 033 0.28 060 0396 0.336 0.72 9
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