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Abstract 

The bridges are an important transportation infrastructure. Transportation organizations are developing a keen interest in 

strengthening and maintaining the safety and resilience of bridge against earthquakes and other lateral loading. Earlier studies in 

the use of seismic isolation systems for bridges produced results that clearly state the benefits of seismic isolation in the horizontal 

direction. However, the vertical ground motions transmitted through the isolation system were observed to be unchanged or even 

magnified in a few cases. In response to this problem, this paper presents vertical deflection of the seismic isolation system for use 

in bridges.    
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I. INTRODUCTION 

There are hundreds of bridges around the world, which are functional with the inclusion of seismic isolator. These bridges can be 

termed safe I.e. in general, they are capable of carrying safe vertical loads, but they 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 bridges is due to both the configuration, often characterized by deck interconnected with piers, 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 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]. Also, these eccentric loadings can come from overhang deck 

during deck construction [6-17]. This rotational inertia can take place in isolation mass due to several reasons, such as: 

 Large eccentricity of the super-structure can take place during very strong ground motion. 

 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.  

 Compressive deformation due to the shear strain can create a global deformation of the containment building[4] Simplified 

model of Spyrakos et. al. cannot really express the effect of differential vertical deflection [18-20]. 

Isolation is assumed to be an effective means of shock absorption, especially in some of the earthquake scenarios. It has been 

increasingly applied to a wide range of cases in practical engineering. However, it had a negative impact on long-period structures 

and isolated structures seismic performance in near the earthquake zone [21]. Also, isolators may fail due to excessively large 

deformation [22]. 

In this paper, the differential deflection of isolator would be measured using RISA-3D software for eccentric deck overhang 

loading. 
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Fig. 1: Pattern of deflection of rubber bearing/ seismic isolator [3] 

II. FE MODEL 

For the analysis, RISA-3D software is used. A bridge girder beam (W 40x249) with the length of 6m is considered for the analysis 

as shown in Fig. 2. The base is considered as 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. Different vertical (100KN/mm, 135KN/mm) and horizontal 

(50KN/m) stiffness coefficient for the isolator are considered for this analysis. An overhang deck is considered with the width of 

1.0m where a vertical load with a magnitude of 4kips is applied at the tip of the overhang. 

 
Fig. 2: RISA 3D model 

III. DEFLECTION ANALYSIS 

Based on the RISA-3D model, it can be found that eccentric vertical loading can make create considerable amount to differential 

vertical deflection to the isolator. Isolator with greater stiffness has lesser deferential deflection. But on the other hand, the 

differential deflection is found due to inclined load application, shown in Fig. 3. 
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Fig. 3: Differential deflection with respect to isolator stiffness 

IV. MOMENT AND SHEAR ANALYSIS 

 Bending moment, is one of the most fundamental concept 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. 4 

and 5, the moment and shear force due to the applied force is increased in lesser isolator stiffness. 

 
Fig. 4: Moment and shear diagram for the stick building when the isolator stiffness is 135 KN/mm 
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Fig. 5: Moment and shear diagram for the stick building when the isolator stiffness is 100 KN/mm 

V. CONCLUSION 

Depending on the finite element analysis, it can be stated that: 

1) Applied load on overhang deck can create considerable amount of differential vertical deflection. This deflection can create 

extra moment to the girders. 

2) Due to the differential vertical deflection, girders 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 more experimental or field study in order to understand the overall behavior 

of the rubber bearing with respect to lateral environmental loading. 
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