
1/10 

 

 

 

 

 

 

 
SEISMIC RESPONSE EVALUATION OF CYLINDRICAL LATTICE SHELL ROOFS  

SUPPORTED BY SPHERICAL SLIDING BEARINGS 
 

 

 *1  *2 *3 
Toru TAKEUCHI, Takashi MIYAZAKI, and Toshiyuki OGAWA 

 
To reduce the seismic response of latticed shell roofs, introducing seismic isolation bearings are known to be effective. Although easy 

response evaluation methods are proposed, they are limited to the condition that the elastic stiffness of isolated layer is much larger 

than the supporting substructure or the weight of substructure is relatively light. In this paper, easy seismic response evaluation 

methods for cylindrical lattice shell roofs are researched including longitudinal directions, and then those for seismically isolated roof 

structures are proposed including the condition that the weight of substructure is heavier. SSB (Spherical Sliding Bearings) are 

assumed for isolated bearings, and two different analytical models are compared for evaluating the response. 

 
Keywords : Cylindrical Lattice Shell, Seismic Isolation, Equivalent Linear Method,  

Response Evaluation, Response Spectrum Analysis, 
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SEISMIC RESPONSE EVALUATION OF CYLINDRICAL LATTICE SHELL ROOFS  
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Toru TAKEUCHI*1, Takashi MIYAZAKI*2, and Toshiyuki OGAWA*3 
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*3 Prof. Emeritus, Tokyo Institute of Technology, Dr. Eng. 
 

 1. Introduction 
To reduce the seismic response of latticed shell roofs, introducing seismic isolation bearings are known to be effective. Although 

easy response evaluation methods are proposed, they are limited to the condition that the elastic stiffness of isolated layer is much larger 
than the supporting substructure or the weight of substructure is relatively light. In this paper, easy seismic response evaluation methods 
for cylindrical lattice shell roofs are researched including longitudinal directions, and then those for seismically isolated roof structures 
are proposed including the condition that the weight of substructure is heavier. SSB (Spherical Sliding Bearings) are assumed for 
isolated bearings, and two different analytical models are compared for evaluating the response. 

 2. Analytical Models 
The analysis models are cylindrical lattice shell roofs supported by isolation bearings assuming SSB and substructures. The span of 

the roof is 36m, longitudinal length is 48m, and half subtended angles of the roofs are varied as 20, 30, 40 and 60 degrees. SSB is 
assumed to have natural period of 4.5 sec. and friction ratio of 4.7%. Two types of analytical models as Friction Pendulum (FP) model 
and Multi Shear Spring (MSS) model are used for SSB. 

 3. Response evaluation of the roofs without isolation bearings 
Prior to seismic response evaluation of the roofs with SSB, those of the roofs simply supported by substructures without SSB are 

discussed. The equivalent response acceleration formulas in span direction proposed in the past studies are reviewed and theoretically 
explained using double degree of freedom models. Also the response evaluation formula in longitudinal direction is also proposed, and 
their validities are confirmed against time-history analyses. 

 4. Response evaluation of the roofs with isolation bearings only 
Next, seismic response of the roof models with SSB are studied. The proposed response evaluation formulas for the roofs with 

substructures are applied to them assuming the isolated layers as supporting structures. Their results are compared with those of 
time-history analyses with FP and MSS models. The results with FP models are close to MSS models, and validity of the proposed 
method is confirmed against them regardless the raise/span ratios. 

 5. Response evaluation of theroofs with isolation bearings and substructures 
Finally, response of the roofs with SSB and supporting substructures are discussed. In past studies, the effects of substructures is 

negligible where the elastic natural period of isolated layer is 5 times larger than those of substructures, or the weight of substructure is 
less than 1.2 times of the roof. However, roofs supported by SSB has high elastic stiffness and the conditions above is not necessarily 
satisfied. To overcome this condition, amplification factor formula for evaluating the effects of both the isolated layer and substructure 
is proposed, and their validity is also confirmed. 

 6. Conclusions 
 1) The proposed response evaluation formulas of cylindrical lattice shell with substructures in span directions in past studies are well 

explained by theoretical studies with double degree of freedom model. Also those in longitudinal directions are proposed using similar 
approach, and their validities are confirmed against time-history analyses. 

 2) The proposed response evaluation formulas for the roofs with SSBs are compared with those of time-history analyses with FP and 
MSS models. The results with FP models and MSS models are close each other, and validity of the proposed method is confirmed 
against them regardless the raise/span ratios. 

 3) The response evaluation formulas for the roofs with both SSB and substructure are proposed, and their validities are confirmed even 
where the roofs whose substructures are heavy and the natural periods of the isolated layers are close to those of substructures. 
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