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4.3 Regarding performance for MCE 
As shown in section 3.2, structural performance of 
model EDCL under MCE ground shaking is well within 
the performance level limits for collapse 
prevention.  

Hence, the low ductility design is compliant with 
ASCE 7-16 target reliabilities and there is no need 
for greater ductility. However, this is only true if the 
connections are designed for the performance-
point loads. That is, the MCE deformation can only 
be resisted if the connections are designed for 
somewhat higher loads.  

This shows the benefits of capacity design for 
connections: applying capacity design principles on 
the main lateral-load resisting connections makes 
the structure more robust against (unforeseen) 
higher than design-level actions. 

5 Conclusions 
Based on the results obtained in this study, the 
following conclusions can be drawn for the 
preheater tower case study: 

− Performance-based seismic design to 
ASCE 41-17 can be used to show 
compliance with code target reliabilities. 
This is especially useful when prescription-
based design procedures cannot be 
applied. 

− In this study performance-based 
procedures have been used to show that a 
low-ductility design, for wind and the 
design earthquake, is compliant with ASCE 
7-16 target reliabilities for the maximum 
credible earthquake. To achieve this 
performance main connections should be 
slightly overdesigned.  

− Therefore, if the design is mostly governed 
by non-seismic resistance criteria, 
additional ductility requirements add 
unnecessary steel weight (368 t) and 
complexity to the design, fabrication, and 
erection of the preheater tower, as well as 
its foundation, under analysis. 
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Abstract 
In Japan, Laminated rubber bearings have widely been used in road bridges after Kobe earthquake 
(1995). In Great East Japan earthquake (2011) and Kumamoto earthquake (2016), some damages 
were found in the bearings and they might be caused by tensile deformation. In this research, 
compressive and tensile hysteretic models of the bearings are developed. At first, we conduct 
loading experiments of single rubber layer, in order to grasp compressive/tensile behavior. Then, 
based on experimental results, we develop a tensile hysteretic model which combines an elasto-
plastic unit and a damage unit in parallel. Finally, a compressive hysteretic model is constructed by 
adding a nonlinear elastic unit to the tensile hysteretic model in parallel. As a result, the proposed 
model is found to accurately reproduce the experimental results. 

Keywords: laminated rubber bearing; vertical force-displacement relation; hysteretic model; elasto-
plastic unit; damage unit; nonlinear elastic unit. 

 

 

1 Introduction 
After Kobe earthquake (1995), Seismic devices such 
as laminated rubber bearings have widely been 
used in road bridges. Typical characteristics of 
laminated rubber bearings are that it is flexible in 
the horizontal direction and it has high stiffness in 
vertical direction in order to support 
superstructures. In previous studies, many 
hysteretic models for horizontal deformation were 
developed [1][2][3][4][5]. On the other hand, a 
design code in Japan considers only compressive 
deformation of the bearing as effective and 
neglects tensile deformation, because large 
compressive pre-loading by gravity exists [6]. 
Therefore, there exist few hysteretic models of 

vertical deformation, especially in the tensile 
deformation. However, in Great East Japan 
earthquake (2011) and Kumamoto earthquake 
(2016), some damages were found in the bearings 
and they might be caused by tensile deformation of 
the bearing, which originated from rotational 
response of girders  

There are a few researches on the hysteretic 
models in the vertical direction. For examples, 
Kikuchi et al. [7] proposed a hysteretic model and 
they showed that the model could well reproduce 
their experimental results. However, rules for 
making hysteresis seemed to be complex and 
implementation of the model might be difficult. 
Kumar et al. [8] developed a unified hysteretic 
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