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Ground motion parameters and fragility analysis for single-layer
reticulated domes supported by substructures
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Abstract: The current research on ground motion parameters and fragility analysis of large-span spatial reticulated
domes mostly focuses on the superstructure, ignoring the influence of the substructures on the overall structure. In
order to select the ground motion parameters suitable for evaluating the response of schwedler single-layer
reticulated domes supported by substructure, six single-layer reticulated domes with different rise-span ratios and
different substructures were designed. Then, the dynamic characteristics of the reticulated domes supported by
substructure are analyzed. After that, incremental dynamic analyses were carried out for reticulated domes supported
by substructure on multiple three-dimensional ground motion records. Based on incremental dynamic analysis data,
eighteen ground motion parameters are analyzed and evaluated in terms of correlation, efficiency, and sufficiency.
Based on characteristic responses at failure state of a large number of arithmetic cases, the seismic damage model of

single-layer reticulated domes supported by substructure was established. The results show that the presence or
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absence of the substructure has a greater influence on the structural fundamental frequency, and the structural
fundamental frequency decreases as the stiffness of the substructure decreases. The difference between the
fundamental frequency of the structure without support column and the structure with 10-meter support column is as
high as 24%. The acceleration spectrum intensity and PGA are more strongly correlated to the seismic responses of
reticulated domes supported by substructure ,and the efficiency and sufficiency are better than other ground motion
parameters, which can be used as ground motion parameters for fragility analysis of schwedler single-layer
reticulated domes supported by substructure. At the same time, when the height of substructure is the same, the
seismic performance of the reticulated dome structure with small rise-span ratio is better, and the critical load due
to the collapse of the structure is greater. The influence of the support height on the seismic performance of
reticulated domes is not linear. Therefore, the height of the substructure should be selected reasonably when
designing the structure.
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Fig. 1 Structural diagram of single-layer reticulated domes supported by substructures
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Table 2 Sectional dimensions of structural members

Table 3  Rayleigh damping factors

FFA 2T A R ~F/mm Ay Alpha 2 Beta )2
Rl 120x4.5 D403246 0.4723 0.0008
WFE 120%4.5 D403248 0.4382 0.0009
BT 130x5.0 D4032410 0.3943 0.0010

HAPARHT 140x4.0 D405246 0.4878 0.0008
TINAIRFF 260%10.0 D405248 0.4740 0.0008
SRR RHE 260x10.0 D4052410 0.4428 0.0009
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Fig.2  The first mode shape of different single-layer reticulated domes supported by substructures
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Table 6 Earthquake wave records used in the study

P RS WEFAAE EVLEAN P MRR MRS EVIELS
1 6.53 Imperial Valley-06 EI Centro Array#6 9 7.51 Kocaeli Duzce
2 6.53 Imperial Valley-06 EI Centro Array#7 10 7.51 Kocaeli Tzmit
3 6.93 Loma Prieta Corralitos 11 7.62 Chi-Chi TCU102
4 6.93 Loma Prieta Saratoga-Aloha Ave 12 7.14 Duzce Duzce
5 6.69 Erzican Erzincan 13 7.37 Manjil Abbar
6 7.01 Cape Mendocino Petrolia 14 7.13 Hector Mine Hector
7 7.28 Landers Lucerne 15 7.90 Denali TAPS Pump Station #10
8 6.69 Northridge-01 Sylmar-Olive View Med FF
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Table 7 Ground motion parameters
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Fig.3 Pearson correlation coefficient of single-layer reticulated domes supported by substructures
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Fig.5 Effectiveness of single-layer reticulated domes supported by substructures
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Fig. 6 Sufficiency of single-layer reticulated domes supported by substructures
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Fig.9 Fragility curves of different single-layer reticulated domes supported by substructures
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