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Research on Progressive Collapse of Single-layer Spherical Reticulated
Shells Subjected to Downbursts

HUO Linsheng, ZHAO Wei, CHEN Chaohao
(Dalian University of Technology, Dalian 116000, China)

Abstract: Aiming at the problem that the failure law of large-span spatial structures subjected to down-
bursts is not clear, the destruction mode and failure law of the K8 single-layer spherical reticulated
shell structure under a downburst are analyzed. Based on the deterministic-stochastic hybrid model,
the downburst wind field is simulated. The mean wind is simulated by the Wood vertical wind profile
model and Holmes empirical model, while the fluctuating wind is generated according to the autore-
gressive model. Considering the geometrical nonlinearity,, material nonlinearity and element failure cri-
terion of the structure, the elasticplastic time-history analysis and progressive collapse process simula-
tion of reticulated shell structures with different rise-span ratios subjected to downbursts are carried out
using the vector form intrinsic finite element method. The failure law of the single-layer spherical retic-
ulated shell is explored by studying the variation of the maximum nodal displacement and the influence

of the mean and total wind load of a downburst on the structural failure mode when the rise-span ratios
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are 1/3, 1/5 and 1/7, respectively. The results show that the failure of the single-layer spherical retic-

ulated shell structure under the action of a downburst is mainly caused by the buckling of structural ele-

ments. The influence of the mean wind plays a dominant role, determining the failure mode of the

structure, while the fluctuating wind intensifies the structural response and makes the failure time ad-

vanced. In addition, with the increase of the rise-span ratio, the shape coefficient and wind area of the

structure change, which will affect the structural failure mode, namely the structural failure mode

changes from the gradual buckling failure mode of the local elements to the instantaneous failure mode

of the whole structure. The research results of this study can provide references for the downburst-re-

sistant design of large-span spatial structures.

Keywords:downburst; single-layer spherical reticulated shell; vector form intrinsic finite element;

progressive collapse
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Table 2 Maximum nodal displacements of reticulated

shell structures with different rise-span ratios

HAT :mm
s 1/3KEL 1/5K B 1/7 % ¥
1 61.50 67.45 83.05
2 61.07 67.41 84.32
3 62.23 66.59 82.86
4 62.19 63.84 79.95
5 63.93 65.70 86.02
6 60.73 66.53 81.24
7 64.04 63.62 86.94
8 63.73 64.54 81.55
9 64.32 63.24 76.42
10 61.92 63.16 74.76
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mean wind load
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