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Abstract 

Historical buildings are considered to be critical infrastructures. Different conservation organizations are developing a vested 

interest in strengthening and securing the resilience of historic buildings against earthquakes. Earlier studies in the use of seismic 

isolation systems for historic building and other publicly important buildings produced results that clearly show the benefits of 

seismic isolation in the horizontal direction. However, vertical ground motions transmitted through the isolation system remain 

significantly unchanged or even magnified, in some cases. In response to this problem, this paper presents vertical deflection of 

the seismic isolation system for use in a historic building.   
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I. INTRODUCTION 

All Many cultural heritage sites and monuments include hundreds of historic buildings. These buildings are generally reliable to 

safely carry the vertical loads, but are particularly susceptible to damage, and prone to partial or total collapse under earthquake 

horizontal loads, sometimes in the presence of ineffective restoration [1]. 

The seismic vulnerability of this type of building is due to both the configuration, often characterized by open spaces, facades 

sparingly interconnected with the perpendicular walls, flexible wooden roofs, and the mechanical properties of the masonry 

material, which has highly nonlinear behavior and very low tensile strength [2]. 

Laminated elastomeric bearing pad, one type of reinforced elastomeric bearings, is made of multi-layer rubber and reinforced 

with steel plate through sulfuration and adhesion. Compared with non-reinforced elastomeric bearing, it has sufficient vertical 

rigidity which can reliably transfer the concentrated down-loads and impact loads of the superstructure to both ends of the pier. 

What's more, laminated elastomeric bearing pad not only has a fine elastic nature which can adapt the rotation of beam end but 

also has great shearing deformation capacity which can satisfy the horizontal displacement of the superstructure. Thus, it is often 

applied for steel bridge, PC bridge, RC bridge including right, curved, or skew angled bridge [3]. But, this rubber bearing may 

experience differential vertical deflection due to the eccentric loading [4,5]. This rotational inertia can take place in isolation mass 

due to several reasons, such as: i. Large eccentricity of the super-structure can take place during very strong ground motion. ii. 

Seismic isolators enclose alternative rubber and steel layer. During the vibration of building, edge rubbers in isolator can slightly 

deform in vertical direction because of the excessive edge load from super-structure. iii. Compressive deformation due to the shear 

strain can create a global deformation of the containment building [6]. Simplified model of Spyrakos et. al. cannot really express 

the effect of differential vertical deflection [7,8,9].  

Isolation is believed to be an effective strategy for shock absorption. It has an increasing demand and is being applied to a wide 

range in practical engineering. However, it had a negative impact on long-period structures, isolated structures and seismic 

performance, near the earthquake zone [10]. Also, isolators may fail due to excessively large deformation [11]. 

In this paper, the differential deflection of isolator would be measured using the RISA-3D software. The associated structural 

response would be investigated as well. 



Structural Impact of Vertical Deformation of the Seismic Isolation System  
(IJSTE/ Volume 4 / Issue 11 / 010) 

 

 All rights reserved by www.ijste.org 
 

48 

 
Fig. 1: The pattern of deflection of rubber bearing/ seismic isolator [3] 

II. ANALYTICAL PROCEDURE 

For the analysis, RISA-3D software is used. A simplified rigid structure with 18m height is considered for the analysis. The base 

is considered as a rigid plate, where four corners of the plate are subjected to horizontal and vertical spring. These springs are used 

as a representation of seismic isolator. The vertical and horizontal stiffness coefficients for the isolator are considered as 

150KN/mm and 50KN/mm, respectively. Vertical and inclined (1o) weight (9071846 Kg) of the structure is applied at the top of 

the structure. 

 
Fig. 2: RISA-3D model for isolator with stick structure 

III. RESULTS  

 Deflection Analysis 

Based on the RISA-3D model, it can be found that the isolator has uniform vertical deflection. But on the other hand, the differential 

deflection is found due to inclined load application, shown in Table 1. The difference between maximum and smallest deflection 

is approximately 76mm. 
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Table – 1 

Deflection of isolator depending on load application 

Load Application Lateral deflection Vertical Deflection 

Vertical load None Uniform vertical deflection (150mm) 

Inclined load 6.5mm Differential deflection was found 

 Moment and Shear Analysis 

Bending moment, one of the most fundamental concepts that should be understood thoroughly in structural engineering. From 

beams to columns bending moment and shear force decide the size and strength required for a structural member. Based on Fig. 3 

and 4, moment and shear force due to the applied force is increased in inclined force application. 

 
Fig. 3: Moment and shear diagram for the stick building when the load is vertical 

 
Fig. 4: Moment and shear diagram for the stick building when the load is inclined 
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IV. CONCLUSION 

Based on the above-mentioned results, it can be stated that:  

1) Laterally applied force can create differential vertical deflection. This deflection can create an extra moment to the structure. 

2) Due to the differential vertical deflection, the super-structure may experience large lateral deflection. It can be detrimental to 

the structure that leads to the structural collapse. 

3) Based on this study, it is recommended to perform a more experimental study in order to understand the overall behavior of 

the rubber bearing with respect to lateral environmental loading. 
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