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Seismic response analysis of an 80-meter span single-layer
reticulated dome with bolt-ball joints
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Abstract; Taking an 80-meter-span singer-layer reticulated dome which has been constructed in the Shenbei New
District as an example, the natural frequency characteristics and dynamic response of the singer-layer reticulated
dome under different peak seismic loads were analyzed with the FE software ANSYS. Based on the data of the
numerical analysis and the test of the joints, the bending performance of bolt-ball joints were obtained and introduced
into the seismic response analysis considering the joint stiffness. Different structural models were established to
investigate the effect of the structure model changes, including strengthening the local members and joints and
installing maintenance materials on the surface of the structure. The results show that the constructed 80-meter-span
singer-layer reticulated dome has a good seismic performance, but the local hole on the structure is the obvious weak
area. It is suggested that the welded ball joints should be used around the hole, and the members around the hole
should be strengthened. The seismic performance of the structure will be reduced by installing maintenance materials
on the surface, and the maximum displacement of the reticulated dome increases by 140.1%, and the maximum
internal force increases by 77.8% under the rare earthquake action. A divergence trend of the curve can be found in
the time-displacement curve of the structure, showing the possibility of a whole collapse of the structure.

Keywords: semi-rigid joint system; single-layer reticulated shell; finite element simulation; natural frequency

analysis; seismic response analysis
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Fig.1  Structural model and the entrance location
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Tab.1 Member bars of the reticulated dome

FeEgms  FAOFEE/mm RMEE/10%m? VA
1 ®159x5 0.72 1~14 3
2 ®180x5 1.05 14~18 3
3 D219x%5 1.92 18~20 3
4 D245%9 4.60 20~22
5 D299x 12 11.1 22~24 3
6 ®325%20 23.3 24~25 3
7 7 500x300x20 45.1/101.6 WA
8 I 60040020 102.3/193.2 EAN
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Fig.2 Connection of member bars and bolt-spheres
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Tab.2 Characteristics of the model
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Tab.3  Natural frequency of vibration in model—1
1 355 WS 5 R Pt 2 5 RE
F/Hz X YR ZIW X Y Z

it

1 1.89 0.01 0.03 0.00 0.00 0.00  0.00
2 1.89 0.01 0.00 0.00 0.00 0.00  0.00
3 1.99 1.00  0.33 0.01 0.55 0.04  0.00
4 2.00 0.37 1.00 0.02 0.08 0.35  0.00
5 2.16 0.05 0.80 0.03 0.00 0.23  0.00
6 2.59 0.00  0.00 0.00 0.00 0.00  0.00
7 2.59 0.00  0.00 0.00 0.00 0.00  0.00
8 2.59 0.00  0.00 0.00 0.00 0.00  0.00
9 2.59 0.00  0.00 0.00 0.00 0.00  0.00
10 2.60 0.00  0.01 0.00 0.00 0.00  0.00
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Fig.3 The vibration mode of model-1
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Fig.4 The vibration mode of model-3
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Fig.6  The ground motion
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Fig.7 Time history curve of node displacement of model-1
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Tab.4  Statistics of the structural response (model-1) under common earthquakes
W) STUNIVE =4 ICoNIPIV Sy DAV SN RS CEERK R T1/
W, = B
= mm MPa kN (kN - m) (kN - m) kN
EL-Centro 87.2 154.1 1378.8 20.9 23.1 1042.7
Taft 87.0 154.0 1374.6 27.4 29.2 1014.5
Kt 87.5 154.3 1378.4 22.7 28.0 1020.8
HfH 87.2 154.1 1377.3 23.7 26.8 1026.0
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Fig.12  Time history curve of maximal stress in members
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Tab.5 Statistics of structural response under rare earthquakes

— IZYNIL: 74 Sy NIV Ry, R W Rl R S KR T/
mm MPa kN (KN + m) (kN = m) kN
R 1 191.5 203.8 2 764.6 76.2 34.3 2 674.5
R 2 87.5 198.0 2 010.6 139.9 33.5 1793.7
i 3 459.7 362.3 3717.4 90.9 59.1 3 404.6
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TCHT SRR JCHFT 1 S . 5 18 b = A T s A K
F12 0 S AR B (1) 44.6% , S5 S JRE AR Bk 7, 454
KRMIFEH 87.2 mm, FF AR BRI — K HEER
T30 b 7 AR B, R e KON 7 24 Sk e IR 5
59.1% , TCAFEHE A BB (AN 58 S0 8 3% e Bk
I3, BB R FHPUIR 7 JE.

3) JRy BT S A A R R AR R T P2 Bk
T W FE PR RE , 250 M R A R s, 7 s e KA
W/ 54.3% TR 10N 27.3% , IR AR KT
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