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ABSTRACT : 

This paper reports on how to reduce earthquake responses for a single layer lattice dome installed with buckling 
restrained braces. The software of nonlinear finite element analysis ANSYS has been used and the single-layer 
oval Lattice Shell is modeling and analyzed with Buckling Restrained Braces(BRBs) on vibration reducing 
performance. On the assumption that the material modal of steel is the perfect elastic-plastic modal, the 
single-layer landing oval shell works under the effect of 3-dimension El-Centro and Taft wave during the course 
of the analysis. The result shows that the displacement response of the key-points and the force of the structure 
on the shell equipped with BRBs decrease evidently. This paper compares the different position of the BRBs in 
the single-layer landing oval shell as well, and puts forward the arrangement principle of the BRBs. 
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1. BACKGROUND 
 
Because single-layer oval lattice shell has streamline shape and good structure characteristics, there are a lot of 
practical engineering applications, such as the Shanghai Science and Technology Museum, National Grand 
Theatre and so on. The safety large public building under during strong earthquake shaking is very important. 
The traditional seismic design method relied on enhanced the cross sectional of components and strengthening 
structural rigidity. In recent years, there is emerging a new way for seismic design—vibration control 
techniques，namely energy dissipation and vibration reduction of structure, the essence of which is installing 
energy dissipation components in the structure. Buckling-Restrained Braces is a new developing energy 
damping devices in recent years, it has been large-scale application in Japan and Taiwan region. But ,most of 
them have been used in steel frame structure. In this paper, a single layer lattice dome installed with buckling 
restrained braces has been carried out. Figure 1 is construction of buckling-restrained braces that offers strength 
energy dissipation. The internal steel core encased in a steel tube filled with concreate. Buckling-restrained 
brace’s basic working principle is shown in Figure2.  
 

             
                  Fig.1 Construction of BRBs                       Fig.2 BRBs’ working Principle 
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2. FINITE ELEMENT MODEL 
 
The finite element model has been established. The shell is K8 single-shell landed ellipsoid network(see figure 
3),and the long span is 80m,short span is 50m, and high vector is 20m, vector-ratio is 0.4. Network shell landed 
directly, so don’t consider the lower stiffness, the bound is three ways to fixed hinge bearing, while the bottom 
of rib direction left about 4m high and 3m wide openings to conform to the actual situation. Ribbed by the 
φ 273 × 10mm circular pipe, Central rib φ 203 × 8mm, ramps at φ 168 × 7mm. Buckling Restrained Braces’ 
the yield strength is 100 MPa, modulus of elasticity is 210 GPa, the density is 7850 Kg/ 3m , section size is 
about 0.8 times of the bar’s. Load is 2.44 kN/ 2m . Beam188(3D beam element) has been selected in ANSYS.  
The structures are imposed on the three-dimensional El-Centro wave and Taft wave analysis in seismic 
fortification of the intensity of 8 rare earthquake, the basic acceleration of the earthquake is 0.2g in the ellipsoid 
shell with BRBs after the shock absorber response, the peak acceleration is 400gal. The original structure is 
imposed on seismic waves, the structure is found that the nodal displacements are larger universal values at the 
bottom, maximum nodal displacements in the structure are at the bottom. To take the six kinds of BRBs layout 
scheme. Layout is shown in Figure 4. 
 

 

    
Fig.3 Finite element model diagram 

 
3. THE RESULTS AND ANALYSIS 
 
Generally speaking, the layout BRBs after the six kinds of programmes compared with the original structure, 
the nodal displacements are lower and bar axial force decreased significantly, the damping effect is obviously. 

 
3.1 Comparison of the Nodal Displacements 
In the intensity of earthquake proof 8 degrees rare earthquake, and to impose Taft wave and El-Centro wave the 
nodal maximum displacement’s comparison is in Table 1. 

 
Table 1 Comparison of maximum nodal displacements under Taft, El Centro Save  

Node maximum displacement under 
Taft Save  

Node maximum displacement under El 
Centro Save 

Arrangement Node 
maximum 

displacement
（cm） 

Percentage of 
reduced nodal 

displacements（％） 

Node maximum 
displacement（cm） 

Percentage of 
reduced nodal 

displacements（％） 

Original structure 25.6 / 27.7 / 
Layout Option 1 23.9 6.64 22.0 20.58 
Layout Option 2 22.9 10.55 22.9 17.33 
Layout Option 3 22.0 14.06 24.7 10.83 
Layout Option 4 20.9 18.36 24.2 12.64 
Layout Option 5 21.6 15.63 24.3 12.27 
Layout Option 6 21.5 16.02 22.8 17.69 
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Option 1                    Option 2                      Option 3 

 

          
Option 4                      Option 5                Option 6 

 
Fig.4 Layout support 

 Bar structure      Supporting bar pieces 
 

On the structure of maximum displacement, can be found from Table 1,under the Taft layout support of a 
programmed to reduce the maximum displacement of the smallest, and the support of other layout programmed 
have significantly reduced the maximum displacement. Under El-Centro wave the first programmer’s damping 
effect of the displacement is the most obvious, and under Taft wave the support arrangement under Option 4 
damping effect of the displacement is the most obvious. This shows that the different types of seismic waves on 
the same layout support for the peak displacement have different effects on the whole, however, the layout 
constraints buckling support structure after the peak displacement compared with the original structure is 
reduced. At the same time, in order to see the layout BRBs after the entire structure of the impact of 
displacement, and also compared the Taft wave and El-Centro wave buckling under six bound programmed 
support layout axial nodes, the nodes to the Central displacement of the original axial structure nodes, the nodes 
of the Central displacement values are shown in Figure 5 and Figure 6. From Figure 5 and 6, the displacement 
of structure, can be found under Taft wave action, support program 1 and 2 layout of the structure to reduce the 
overall value of the displacement have the most obvious effects, and other support program layout relatively are 
less Obviously; In El-Centro wave, the layout of various support program are more ideal, especially layout 
support program of Option 1 have the most obvious effects. 
Under Taft wave, the structure’s axial nodes’ displacement with BRBs is less than the original axial nodes’ 
displacement and the value of the of the largest node is 36.4% lower, and layout structure with BRBs of the 
Central nodal displacements has the largest decrease 28.8 percent than the original value of the ring structure of 
the nodal displacements. Under El-Centro wave, layout BRBs’ structure the axial nodes displacement is 32.1% 
lower than the original value of the axial displacement of the largest node, and layout structure with BRBs of 
the Central nodal displacements value is 25.0% decrease largest than the central of the original structure’s nodal 
displacements. Therefore, as the displacement of the structure under two seismic waves, the axial nodal 
displacement of structure with BRBs has better effective than ring nodes to reduce the value of the 
displacement. Through the above analysis can be found, support layout scheme 2 and 6 on the peak 
displacement of the structure have a more obvious effect of the reduction, and support layout Options 1, 2 and 6 
on the entire structure of the displacement have a more obvious effect of the reduction. This shows that the 
support layout scheme 1,2 and 6 is relatively good for the damping effect. To analyze the reasons for the 
support 1,2 and 6 of the supporting bar layout uniform, and a good number of reasonable, and support layout 
Options 3 and 4 layout at the bottom of the structure in the main, a relatively small number, can not fully absorb 
seismic energy transmission, the effect of energy consumption structure is not ideal. Layout scheme 5 is 
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additional structural support and is mainly concentrated in the bottom of the structure, number fewer but has 
better results than layout 3 and 4. Therefore, the arrangement should absorb the greatest degree of energy and 
then be good results to the displacement response of the structure, which requires not only supporting bar to the 
location of a suitable arrangement, the number to a reasonable layout. Through six kinds of support 
programmes’s displacement response comparison with the displacement response of the original structure, the 
BRBs can be found in the layout of the structure at the bottom and the upper part should be properly layout, the 
number of BRBs pieces of the structure is about 10% of the number of the whole structure’s bar. 

    
    (a) The displacement of axial nodes        (b) The displacement of central nodes  

Fig.5  Nodal displacements of different arrangement under Taft wave 
 

       
(a)Displacement of axial nodes         (b)Displacement of central nodes 

Fig.6 Nodal displacements of different arrangement under EI-Centro wave 
 

3.2 Comparison Bar Axial Force 

The damping coefficient has been defined K, K= N1/N2. N1 indicated the maximum axis response of structure 
with BRBs, N2 indicated the maximum axis response of structure without BRBs. The Two seismic wave’s 
damping coefficient of axial force is shown in Figure 7.  

         
 (a) Under the Taft wave damping              (b) Under the El-Centro wave damping            

coefficient of axial force                 coefficient of axial force 
Figure 7 Comparison of damping coefficient of axial force  
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Apart from the layout 5 and 6’s damping coefficient generally close to 1, the remaining support for the majority 
of layout bar axial force is quite obviously lower. In addition, these layout 5 in the original structure remain 
unchanged, additional supporting bar pieces of the system, according to calculation can see that the additional 
support of structural layout of the structure under the impact of internal forces is not very obvious, but the 
largest displacement response can be reduced 12%, as the additional support after the overall structure of the 
outcome variable stiffness, the appropriate additional supporting bar of the deformation of the structure can be 
controlled better play the role. 
 
4. CONCLUSIONS 
 
This paper analyzes for single layer lattice dome installed with buckling restrained braces on the vibration
reducing performance. The three-dimensional El-Centro, Taft wave was imposed on the different structure
models. Structural displacement and the axis force have been carried out, the following conclusions can be 
obtained: 
（1）Appropriate layout of the BRBs, the structure would reduce the peak displacement, and lower the overall 
structure of displacement. 
（2）BRBs on the axial forces is a better-reduced role. However, there is the different effect under different
arrangement of BRB. BRBs should be bound by buckling layout uniform and rational. At the bottom of the 
main structure layout, short axis direction to appropriate more, also should be in the upper appropriate layout.
The total number of the BRBs should be about 10% of the structure. 
（3）The displacement and internal forces response of the on the one structure is not same as under different
wave. Generally, It is more sensitive under EI-Centro wave than Taft wave. 
 (4). BRB is a good absorber energy component. It is very effectively for large-span spatial structure to 
improve anti-seismic and enhance safety of large-span spatial structure. 
 
ACKNOWLEDGEMENT 
 
The authors are grateful for the supports of National Natural Science Foundation of China. (50678078) and 
Excellent Young expert Foundation of Lanzhou University of technology for the present research. 
 
REFERENCES  
 
Wang Jiaming, Nakajima. Buckling bound and Application Support System Research Progress（I）[J]. Steel 
Construction Progress, Lu Ye translation.2005, 7(1):1-12. 
Wang Jiaming, Nakajima. Buckling bound and Application Support System Research Progress（II）[J]. Steel 
Construction Progress, Lu Ye translation.2005, 7(2):1-11. 
Wang Xiuli, etc. Kaiweite type space of single-layer reticulated shell Nonlinear Analysis[J]. Gansu Industrial 
University Journal,1999,25(4)：73-78. 
Cao Zi,Xue Suduo. Seismic spatial structure theory and design[M]. Beijing: Science Press, 2005. 
Xia Feng Lin, Gao Bo Qing. Single-layer network ellipsoid shell structure of the static stability analysis [D]. 
Hangzhou: Zhejiang University master's degree thesis，2004. 
Wang Xiuli, Wang Lei: Seismic response analysis of new type elliptical reticulated shell. Earthquake Resistant 
Engineering and Retrofitting. 2007, Vol.29(4)pp:31-36. 
S Kato, S Nakazawa, M Uchikoshi and Y Mukaiyama: Response Reducing Effect of Seismic Isolation. System
Installed Between Large Dome and Lower Structure. Proceedings of APCS,2000,Vol.1,pp.323-330 
Fan Feng, Shen Shizhao. Vibration reducing analysis of reticulated shells with viscous damper. Earthquake 
Engineering and Engineering Vibration.2003. 29(4): 31-36. 
 
 


