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SUPPORTED BY RC SUBSTRUCTURES 
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Numerous steel roof bearings in RC gymnasia were damaged at the 2011 Tohoku and 2016 Kumamoto Earthquake, mainly due to 

out-of-plane response of cantilevered RC walls. Although the authors confirmed the reduction effect for seismic response of 

cantilevered RC walls by friction damper bearings, the transverse response evaluation methods including the roof response are not 

established. In this paper, using the experimental results of a PTFE sliding bearing, a friction damper bearing, and a rubber sheet 

bearing, the transverse response of RC walls are analyzed by numerical simulations including effects of the roof response, followed 

by proposing the evaluation methods. 
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2 749.8 19149.8 1.16 1.05 597.0 16349.3 1.15 0.95
1 534.9 20614.9 1.00 0.61 382.0 17814.4 1.00 0.54

0.0592 11434.2
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0.224 11.82 28.01 15.07 1.77 5 1.44

Eq.(28) Eq.(29) Eq.(30) Eq.(32)
u y k d k eq h eq F h u w,r u w,r max u rs D a 1,2

(mm) (kN/mm) (kN/mm) (-) (-) (mm) (mm) (mm) (mm)
RC wall 0.16 625.0 115.4 0.112 0.679 18.12 26.11 9.28 35.38

Roof 0.16 625.0 662445.9 0.020 0.999 1.77 2.55 9.28 11.83
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1. Introduction 

Numerous steel roof bearings in RC gymnasia were damaged at the 2011 Tohoku and 2016 Kumamoto Earthquake, mainly due to 

out-of-plane response of cantilevered RC walls. Although the authors confirmed the reduction effect for seismic response of cantilevered 

RC walls by friction damper bearings, the transverse response evaluation methods including the roof response are not established. In this 

paper, using the experimental results of a PTFE sliding bearing, a friction damper bearing, and a rubber sheet bearing, the transverse 

response of RC walls are analyzed by numerical simulations including effects of the roof response, followed by proposing the evaluation 

methods. 

2. Analysis model 

Analysis models for steel cylindrical lattice shell roofs with RC substructures assuming gymnasia is created. Pin bearing, PTFE sliding 

bearing, friction dumper bearing and rubber sheet bearing with slotted hole are considered as the roof bearings. From experimental 

results, hysteresis curves of PTFE sliding bearing and friction damper bearing are modeled by bi-linear model and that of rubber sheet 

bearing are modeled by powered expression and Masing rule. 

3. Applicability of response evaluation methods proposed in the past study when varying stiffness of side wall 

First, as new index of side wall stiffness, RWT is defined as a ratio of TW to TR. (TR: natural period of bending mode of roof, TW: that of 

transverse vibration mode of roof and side wall.) By dividing the mass of gymnasium into roof, side wall and the other parts, numerical 

model is converted into 3DOF model considering transverse vibration of roof and side wall. 

For pin bearing model, evaluation values of horizontal acceleration on top of the side wall, amplification factor of roof and reaction 

force of pin bearing shown in AIJ recommendation is found to be unsafe under transverse direction ground motions in the range of RWT 

>0.3 because transverse vibration of roof and side wall are combined. By converting the 3DOF model into 2DOF model (roof +side wall 

and the other parts), new evaluation method of horizontal acceleration on top of the side wall: AW are proposed, and evaluation method of 

amplification factor of roof and reaction force of bearing are complemented by using AW. 

For evaluating the response displacement of PTFE sliding bearing, friction damper bearing and rubber sheet bearing models, the 3DOF 

model is converted into two types of 2DOF models of side wall dominant models and roof dominant models. Initial relative 

displacement at bearings are calculated from these 2DOF models and then modified using equivalent linearization method, considering 

equivalent additional damping and stiffness determined by each bearing hysteresis. Although these methods requires iterative 

calculations, the algorithms are simple and easy to obtain the response from the key parameters. 

4. Conclusions 

1) As new index of side wall stiffness, RWT is proposed. In the range of large RWT, evaluation values of horizontal acceleration on top of 

the side wall shown in recommendation become unsafe. And new evaluation method of horizontal acceleration on top of the side wall: 

AW was proposed considering transverse vibration of roof and side wall. 

2) In the range of large RWT, evaluation values of amplification factor of roof and reaction force of bearing shown in recommendation 

become unsafe. And evaluation methods shown in recommendation were complemented by using AW. 

3) PTFE sliding bearing, friction damper bearing and rubber sheet bearing models are converted into SDOF and 2DOF models for side 

wall and roof, and by using response of 2DOF model and equivalent linearization method, relative displacement of bearings were 

evaluated. 
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