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Abstract 
 
Bridges are vital to modern transportation infrastructure, providing convenient and efficient access 

to different locations. Because of their structural simplicity and low degree of indeterminacy, 

bridges tend to be particularly vulnerable to damage and even collapse when subjected to 

earthquakes. The costs of their construction and retrofitting are high, so the maintenance of these 

capitals is one of the necessities of urban management. This paper investigates the influence of 

increasing the height of bridge piers on seismic behavior of isolation systems in urban reinforce 

concrete (RC) bridge. For this purpose, the seismic performance of the Hesarak Bridge constructed 

in Karaj city, Iran with two isolation systems; i.e. the existing elastomeric rubber bearing (ERB) 

and a proposed lead rubber bearing (LRB) are discussed by changing three times the height the 

bridge piers as compared with the existing situation. The numerical model was implemented in the 

well-known FEM software CSiBridge. The isolated bridge has been analyzed using nonlinear time 

history analysis (NTHA) method with seven pairs of earthquake records and the results are 

compared for the two isolation systems in both height modes. The results showed that with the 

increase in the height of the bridge piers, the natural period of the LRB isolated system changes 

from 2.7 to 2.77 seconds and on the other hand, this value increases from 1.37 to 1.62 in the ERB 

isolated system. The ratio of maximum base shear force for the bridge with the LRB to the ERB 

isolators under given ground motions in longitudinal and transverse directions showed higher 

values with increasing the height of bridge piers in comparison with the current situation, which 

indicates the weaker seismic performance of LRB isolators. Also, the results of the numerical 

analysis illustrate the pier head relative displacement of columns increases in the longitudinal 

direction of the bridge with increasing height of bridge piers. 
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1. Introduction 

 

The bridges are the main parts of 

transportation that must be fitted to 

earthquake hazard. Thus, the capacity of the 

bridges should be greater than its demand. By 

increasing the ground acceleration, the force 

on the bridge increases and the bridge's 

capacity should be increased, which is to 

some extent acceptable and rational. In such 

cases, design codes allow the use of ductility 

to increase capacity. 

Isolation of the structure is typically used 

support the deck on the piers and the 

abutments and reduce the effects of seismic 

loads and thermal effects on bridges [1]. 

Since 1970, a range of isolation devices has 

been developed in aseismic design structures 

[2]. The LRB is most commonly used base 

isolation system. The bearing is very stiff and 

strong in the vertical direction, but flexible in 

the horizontal direction. Roy and Dash [3] 

observed that the response parameters 

significantly reduce for a multi-span bridge 

seismically isolated by LRB over non-

isolation bearing. 

The LRB isolators have a bi-linear 

behavior that reduces the stiffness of the 

second part of the curve by yielding the lead. 

In other words, it is softened and produces an 

optimal performance against severe and slight 

seismic loads [4, 5]. the lead core causes 

energy loss and increases the structure 

damping, and the steel layers increase vertical 

bearing capacity. LRB isolators in 

combination with elastomeric bearings 

distribute earthquake forces between 

abutments and piers [6]. Unlike the LRB 

isolators, the ERBs are not able to properly 

distribute earthquake forces between the piers 

and abutments during an earthquake ground 

motion, and in some cases do not work as 

isolators at all [7]. The LRB are multilayered, 

laminated elastomeric bearings that have one 

or more circular holes. Lead plugs are 

inserted into these holes to add damping to 

the isolation system [8]. Base isolation (BI) 

systems were originally applied to short 

period structures (e.g., low-rise buildings [9]) 

subjected to short period ground excitations 

such as far-field (FF) earthquakes recorded on 

firm-soil profiles. In the past decade, BI has 

been used even for rather tall (long-period) 

buildings and long period ground motions 

such as those present in most near-field (NF) 

excitations. Examples of isolated tall 

buildings are the 41- story residential tower 

and the Sendai MTI 18-story building in 

Japan, and the 33-story Nunoa Capital 

building in Chile. Despite these specific 

examples, consensus does not exist on the 

effectiveness of the BI technique for long-

period (flexible) structures and for long-

period ground motions [10]. Mendez et al. 

[11] demonstrated in full-scale experiments 

the proper function of LRB isolators in 

energy losses during cyclic loads and 

effective operation against displacements.  

The LRB isolator has been shown to function 

properly under the near-and far-fault zone 

earthquake motions [12]. The natural period 

of the structure and the isolation coefficient of 

friction are the most critical parameters that 

control the isolator function [13]. 

When an isolated bridge is subjected to an 

earthquake, deformation occurs in the 

isolators instead of the substructure elements. 

This greatly reduces the forces transmitted 

from the superstructure to the substructure. 

Over the past 20 years, more than 200 bridges 

in the United States have been designed or 

renovated using seismic isolation, and more 

than a thousand bridges around the world 

have now been used with this affordable 

technology for seismic protection [14]. 

Seismic isolation with ERB has been used 

extensively in contemporary bridge 

engineering in Iran as a means of mitigating 

the effect of earthquake loads [15]. In this 

study, the influence of increasing the height 

of bridge piers on seismic behavior of 

isolation systems in urban RC bridge has been 

investigated. For this purpose, the seismic 

performance of the Hesarak Bridge 

constructed in Karaj city, Iran with two 

isolation systems; i.e. the existing ERB and a 

proposed LRB are discussed by changing 

three times the height the bridge piers as 

compared with the existing situation. 



INTERNATIONAL JOURNAL OF ADVANCED STRUCTURAL ENGINEERING (2023) 13 

  
 

 

2. Bridge Description 

 

The Hesarak RC Bridge is located on the 

Karaj-Qazvin freeway along the Shahid 

Beheshti Blvd. in the city of Karaj, Iran. Fig. 

1 shows the aerial photo of the bridge. It has a 

concrete deck and concrete walls of piers as 

depicted in Fig. 2. Deck section is single-cell, 

pre-fabricated and pre-stressed. Figs. 3 

through 5 show deck cross-section, abutment 

details, pier section, and longitudinal profile 

of the bridge, respectively [17]. The width of 

the bridge is 14.2 m and the length of the 

spans is variable. The bridge has wall middle 

columns, seven spans and a total length of 

302.4 m, a width of 14.2 m, the longest span 

is 58.25 m and the shortest span is 25.45 m. 

Table 1 shows the detailed information of the 

bridge. 

The main components of the deck are the 

top slab, the cantilever segment, the web, and 

the bottom slab. The tendons used in the 

bridge deck are of 270 GR-270 types with the 

ultimate resistance of 18700 kg/cm2. The type 

of cables is strand and they are seven wires, 

with a nominal diameter of 1.5 cm. The 

compressive strength of concrete used in the 

deck is considered to be 300 kg/cm2. While, 

concrete used in piers, abutment, cap and 

piles has a compressive strength of 250 

kg/cm2. The rebars used in the bridge is AIII 

grade with a yield strength of 4000 kg/cm2 

[17]. According to the field test experiments, 

the site soil type II (375<Vs<750 m/sec) is 

considered based on the standard No. 2800 

[18]. Also, the coefficient of design 

acceleration A=0.35, and the period values T0 

and Ts are considered to be 0.1 and 0.5 sec, 

respectively. The deep foundation located 

below the piers consists of a pile head 8.5 m 

by 5.5 m and thickness of 1.5 m. Piles are 

single with a rectangular cross-section 

measuring from 0.8 m to 3.6 m and a height 

of 18 m. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Aerial photo of the Hesarak Bridge [16]  
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Figure 2. General view of the Hesarak Bridge

Seismotectonic studies indicate that the 

Hesarak Bridge is located in the site with high 

seismic activity [17]. The north Tehran fault 

is the nearest fault to the site, which is about 4 

km away from the bridge. Note that NF 

motions are considerably affected by the 

forward rupture directivity [19]. However, the 

detailed seismic assessment of bridge due to 

the effects of NF ground motion can be an 

interesting issue for further future researches. 

Furthermore, the effects of soil-structure 

interaction are neglected in this study. In 

other words, it is assumed that the foundation 

of the bridge is fixed against all the 

movements. It is worth mentioning that 

Tahghighi and Rabiee [20] concluded that 

ignoring base flexibility may over or under 

predict seismic response of the structure 

depends mainly on the soil–structure relative 

rigidity. Therefore, the soil–pile–bridge 

interaction should be considered as a further 

study on the seismic response of the bridge. 

In the following, the bridge's seismic behavior 

has been evaluated using the LRB isolators as 

of the proposed bridge isolator system and 

compared with the current status of the 

bridge, which includes ERB isolators. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cross-section through the deck of Hesarak Bridge (unit in cm) [17] 

                                                      (a)                                                                    (b)    

Figure 4. Details of the Hesarak Bridge (unit in cm): a) Abutment, and b) Pier section [17] 
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Figure 5. Longitudinal profile of the Hesarak Bridge (unit in m) [17] 

 

Table 1. Specifications of the studied bridge 

Bridge specifications Quantity 

Bridge length (m) 302.4 

Bridge width (m) 14.2 

Pier height* (m) 5.28, 5.79, 6.64, 6.61, 6.15, 5.52 

Number of spans 7 

Span length** (m) 25.47, 46.24, 54.45, 58.24, 46.29, 46.28, 25.43 

Piers width (m) 5.5 

*: The pier's height is from the left to the right side of the bridge 

**: The length of spans is from the left to the right side of the bridge 

 

3. Finite Element Model 

 

 

 

In order to investigate the isolated bridge 

response, the three-dimensional numerical 

modeling was performed utilizing the finite 

element software CSiBridge [21]. The 3D 

model of the bridge is shown in Fig. 6. 

According to the design codes, it is assumed 

that the elements of the superstructure and the 

substructure remain elastic. Therefore, the 

substructure elements like piers and elements 

of the superstructure, namely the deck, are 

modeled using a frame element that has linear 

behavior. The nonlinear link element is used 

to model the isolator bearing, which during a 

response history analysis is capable of 

providing nonlinear behavior. The columns at 

the bottom end are based on a rigid 

foundation and the interaction of soil and 

structure are neglected. 

XY

Z

 
Figure 6. 3D finite element model of the bridge 
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3.1. Bridge Deck 

 

As shown in Fig. 3, the deck section of the 

bridge is a pre-stressed box girder concrete 

with a single-cell and width of 14.2 m. The 

bridge deck was modeled with frame element, 

because it is boxed with a linear element that 

has linear behavior. 

 

3.2. Lateral and Middle Piers 

 

Lateral piers (abutments) are reinforced 

wall, which interacts with the soil around. 

Fig. 4a illustrates the detail of the abutments 

of the Hesarak Bridge. The abutments are 

assumed to be rigid due wing wall, and the 

bottom end of the abutments is assumed to be 

fixed. The middle piers of the RC type wall 

with a dimension of 1.2 m by 5.5 m with a 

variable height of 5 to 7 m are considered 

following Fig. 4b and it is exerted to the 

numerical model as a frame element. As 

mentioned before, the connection of the 

bottom ends of the middle piers to the 

foundation is fixed. 

 

3.3. ERB Isolator 

 

The ERB isolator is a common type of 

supports in concrete bridges. These supports 

transmit the horizontal force by means of 

friction, and their behavior depends very 

much on the initial stiffness. ERB isolators 

are modeled using a linear link element. In 

finite element modeling, it is necessary to 

determine the vertical and shear stiffness of 

the isolator. The shear stiffness, KH, and axial 

stiffness, KV, of the ERB isolators are defined 

by Equations (1) and (2), respectively. 

r
H

T

GA
K =                                                       (1) 

r

C
V

T

AE
K =                                                      (2) 

Where G is the shear modulus of the 

elastomer, A is the cross-sectional area of the 

bearing, Tr is the total thickness of rubber 

layers, and Ec is the instantaneous 

compression modulus of the elastomer. The 

value of Ec is obtained from Eq. (3) for the 

rectangular isolators. S is the shape factor 

which is defined following AASHTO guide 

specifications for isolation design [22] (Eq. 

(4)). In Eq. (4), B and L are width and length 

of the ERB, respectively, and ti is the 

thickness of one rubber layer. According to 

the explained procedures, the ERB 

specifications used in the bridge is given in 

Table 2. 
24GSEc =                                                      (3) 

)(2 LBt

BL
S

i +
=                                                 (4) 

 

3.4. LRB Isolator 

 

The isolation design of a bridge with LRBs 

primarily involves the determination of the 

properties of the isolators themselves. Fig. 7 

shows the components of an LRB system. 

Where d and H are the diameter and the total 

height of isolator, respectively. dL and hL are 

the diameter and the height of lead core, 

respectively. Elastomeric LRB is considered 

as an ideal bi-linear hysteresis model with 

nonlinear characteristics in shear freedom 

degrees and linear properties in other degrees 

of freedom. In order to model the isolator, the 

spring element (Link) is used. The shear and 

axial mechanical behavior of the LRB isolator 

is shown in Fig. 8. The nonlinear model is 

based on the hysteretic behavior provided by 

Park et al. [23]. According to this method, the 

parameters required for an LRB isolator are 

the initial elastic stiffness (Kel), yield strength 

(Fy), post-yield stiffness (Kd), and effective 

stiffness (Keff). Table 3 presents the material 

properties of rubber used in isolator design. 

Gr is the shear modulus of rubber, K is the 

bulk modulus of rubber, and k’ is the material 

constant for rubber.  
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Table 2. ERB isolator specifications used in the bridge 

 

 

 

 

 

Figure 7. LRB seismic isolator system [14] 

 

          
Figure 8. Force-displacement model for LRB: a) Shear behavior b) Axial behavior 

 

Table 3. Material properties of rubber used in LRB design 

 

 

 

Following AASHTO guideline [22], the 

LRB has been designed for the bridge. The 

properties of the isolators which need to be 

determined to complete the design include 

lead core diameter, isolator diameter, 

thickness and number of the rubber layers, 

thickness and number of steel reinforcing 

plates. Equations (5) through (9) have been 

used to calculate the LRB properties. 
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KV 

(ton/m) 

KH 

(ton/m) 

Ec 

(kg/cm2) 

G 

(kg/cm2) 

ERB dimension 

(mm) 
 

487373 1373 3550 10 900×900×59 Lateral piers 

302684 852.6 3550 10 900×900×95 Middle piers 

k’ 
K 

(kg/cm2) 
Gr 

(kg/cm2) 

0.73 20000 6.4 
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Where Dd is the design displacement, A is 

the acceleration coefficient, Si is the site 

coefficient for seismic isolation, Te is the 

effective period, BL is the damping coefficient 

corresponding to damping ratio (ζ=30%), Ke 

is the required effective stiffness of the 

bearings, W is the weight of the bridge 

superstructure, nb is the number of bearings, 

and g is the gravitational acceleration 

constant. Qi is initial required characteristic 

strength (seismic resistance) of the lead core. 

Kr is stiffness provided by rubber, Ap is lead 

core area, and Ab is the bonded plan area of 

the bearing. Kpd is lead core stiffness and Qd 

is characteristic strength. The design 

recommendation by Naiem and Kelly [5] for 

Kd/Kel is 0.1. Accordingly, Table 4 shows the 

detailed information of the LRB calculated 

for the bridge. 

 

 

Table 4. LRB isolator specifications 

 

4. Ground Motion Records  

 

A database of seven recorded ground 

motion time histories with a wide range of 

intensity, duration, frequency contents and 

earthquake magnitudes (i.e., Mw= 6.2-7.3) has 

been compiled from well-known studied 

seismic events. The ground motion records 

for NTHA should, as far as possible, have 

characteristics similar to the probable 

earthquake record in the site. In other words, 

the design earthquake conditions must be 

persuaded. Table 5 lists the characteristics of 

interest for the selected site ground motion 

records [24]. In Table 5, Rrup is the nearest 

distance to the fault, Mw is earthquake 

magnitude, Vs is shear wave velocity, and 

PGA is the peak ground acceleration in the 

longitudinal (L), transverse (T) and vertical 

(V) direction. Note that each pair of motions 

shall be scaled such that in the period range 

from 0.5TD to 1.25TM, the average of the 

SRSS spectra from all horizontal component 

pairs does not fall below the corresponding 

ordinate of the design spectrum [25]. TD and 

TM are the effective periods of the isolated 

bridge calculated for Design based earthquake 

and Maximum considered earthquake, 

respectively. 

Keff 

(kg/m) 

Fy 

(kg) 

Kel  

(kg/m) 

Qd 

(kg) 

Dd 

(cm) 

Tr 

(mm) 

ti 

(mm) 

H 

(mm) 

hL 

(mm) 

d 

(mm) 

dL 

(mm) 

Te 

(sec) 

310884 31400 1644576.8 28260 19.3 386 16.7 550 500 1000 200 2.7 

No. Earthquake Station Year MW Mechanism 
Rrup 

(km) 

Vs 

(m/sec) 

PGA ( g ) 

L T V 

1 Tabas Dayhook 1978 7.30 Reverse 13.90 471.53 0.324 0.41 0.19 

2 El Centro 
El Centro 

Array 
1940 6.95 Strike slip 6.09 213.44 0.28 0.21 0.17 

3 Cape Mendocino Petrolia 1992 7.00 Reverse 8.20 422.17 0.59 0.66 0.16 

4 Northridge Pacoima Kagel 1994 6.70 Reverse 7.20 508.08 0.301 0.43 0.17 

5 Kobe Nishi-Akashi 1995 6.90 Strike slip 7.10 609.00 0.483 0.46 0.38 
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Table 5. Specifications of the accelerograms used in the analysis [24]

5. Numerical Analysis 

 

The most suitable method of analysis 

consistent with the physical behavior of 

structures subjected to earthquake excitations 

is NTHA. In the response history analysis, the 

effect of earthquake stimulation on a structure 

is considered more realistic than other 

dynamic analysis methods. If seven or more 

pairs of ground motions are used for the 

response history analysis, the average value 

of the response parameter of interest is 

permitted to be used for design. If fewer than 

seven pairs of ground motions are used for 

analysis, the maximum value of the response 

parameter of interest shall be used for design. 

In this study, fast nonlinear analysis (FNA) 

has been performed for seismic assessment of 

the bridge. FNA is a nonlinear modal time 

history analysis method useful for the static or 

dynamic evaluation of linear or nonlinear 

structural systems [26]. Because of its 

computationally efficient formulation, FNA is 

well-suited for NTHA, and often 

recommended over direct-integration 

applications. This method is primarily linear 

elastic but has a limited number of predefined 

nonlinear elements [27]. For this nonlinear 

modal analysis, all nonlinearity is restricted to 

the Link elements. The efficiency of FNA 

method is largely due to the separation of the 

nonlinear-object force vector RNL(t) from the 

elastic stiffness matrix and the damped 

equations of motion, as seen in the 

fundamental equilibrium equation of FNA, 

expressed as Eq. (10): 

 

)()()()()( tRtRtKutuCtuM NL =+++                 (10) 

Where M, C, and K are the mass matrix, 

damping matrix and stiffness matrix, 

respectively. Time dependent vectors of )(tu , 

)(tu , and )(tu  are relative displacements, 

velocities, and accelerations. )(tR  is the 

external vector of applied loads. Furthermore, 

the Newton-Raphson iteration procedure 

consisting of corrective unbalanced forces is 

employed within each time step until 

equilibrium condition is achieved. 

 

6. Results and Discussion 

 

The purpose of this section is to investigate 

the influence of increasing the height of 

bridge piers on seismic behavior of isolation 

systems in urban RC bridges. For this 

purpose, the seismic performance of the 

Hesarak multi-span bridge constructed in 

Karaj city, Iran with two isolation systems; 

i.e. the existing ERB and a proposed LRB are 

discussed by changing three times the height 

the bridge piers as compared with the current 

situation. The period of vibrations, base shear, 

the isolator's displacement, the displacement 

of the piers, and the amount of energy 

dissipations by the isolators have been 

considered. CSiBridge computing platform is 

adopted to perform an eigenvalue analysis 

and NTHAs using seven pairs of acceleration 

ground motions in the longitudinal and 

transverse directions of the considered bridge. 

The results of different cases are extracted, 

compared, and discussed as follows. 

The results showed that with the increase 

in the height of the bridge piers, the natural 

period of the LRB isolated system change 

from 2.70 to 2.77 seconds and on the other 

hand, this value increases from 1.37 to 1.62 in 

the ERB isolated system.  
The purpose of seismic isolation is the 

reduction of forces in the structure and the 

foundation. In which, one of the solutions is 

to increase the vibration period of the 

structure. Increasing the vibration period 

reduces the structural response according to 

the response spectrum, which has been 

investigated in many studies as the effect of 

structural period transitions. However, 

increasing the period of the structure reduces 

the lateral stiffness of the bridge that 

increases the lateral displacement of the 

structure. 

6 Chi Chi TCU084 1999 6.20 Reverse 9.30 665.20 0.139 0.06 0.05 

7 San Simeon Cambria 2003 6.50 Reverse 7.20 362.42 0.206 0.15 0.08 
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Table 6 indicates that ERB isolator in 

assumed status (bridge with long piers) 

caused an increase of approximately 1.2 times 

the fundamental period of vibration for the 

first mode of the bridge compared to the 

current bridge. In addition, it was also found 

that the use of the LRB isolator does not 

significantly change the mentioned result. 

Using the LRB isolator, the pier base shear 

is sharply decreased both in longitudinal and 

transverse directions in different earthquake 

motions, which causes less force to enter the 

bridge. The reasons for reducing the base 

shear are the increase in the period and 

damping of the bridge, which Roy and Dash 

[11] also refer to it. Table 7 and Fig. 9 show 

the ratio of maximum base shear force for the 

bridge with the LRB to the ERB isolators 

under given ground motions. 

These ratios show higher values with 

increasing height of bridge piers in 

comparison with the current situation, which 

indicates the weaker seismic performance of 

LRB isolators. 

 

Table 6. The fundamental period for the studied bridge (sec) 

 
Table 7. The ratio of maximum base shear for the bridge with ERB and LRB due to the given 

earthquake motions

 

LRB ERB 

2 

Bridge with long  piers 

(Assumed status) 

1 

Bridge with current  

piers 

2 

Bridge with long  piers 

(Assumed status) 

1 

Bridge with current 

piers 

2.77 2.7 1.62 1.37 

Longitudinal 

direction 
 

Earthquake 
ERB 1 

(ton) 

LRB 1 

(ton) 

Base shear ratio 

(LRB 1/ERB 1) 

ERB 2 

(ton) 

LRB 2 

(ton) 

Base shear ratio 

(LRB 2/ERB 2) 

Tabas 3127.00 583.20 18.60 2263.74 889.68 39.30 

El centro 3345.00 790.63 23.60 2055.10 910.94 44.32 

Cape Mendocino 3522.50 1293.90 36.70 2496.06 1184.00 47.43 

Northridge 3770.75 655.25 17.30 2322.39 441.25 19.00 

Kobe 2085.06 528.15 25.30 1389.78 425.19 30.60 

Chi Chi 3028.20 592.00 19.50 1371.04 715.82 52.20 

San Simeon 1919.60 769.78 40.10 1547.76 798.61 51.60 

Transverse 

direction 

Tabas 2381.62 475.63 19.97 2614.75 549.09 21.00 

El centro 2105.50 710.62 33.70 2011.43 878.77 43.68 

Cape Mendocino 3087.00 1121.00 36.30 3029.33 1165.00 38.45 

Northridge 3377.45 413.74 12.25 2923.51 952.00 32.56 

Kobe 1133.40 462.93 40.84 1571.07 699.00 44.50 

Chi Chi 2650.00 557.00 21.00 2591.48 638.59 24.64 

San Simeon 1334.00 738.03 55.32 1696.17 945.58 55.74 
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Figure 9. The ratio of maximum base shear in the bridge (LRB/ERB) 

 

According to numerical analyses, the LRB 

isolator reduces the pier head relative 

displacement of bridge columns. For instance, 

the analysis results of the middle pier P4 in 

the current and assumed status of the bridge 

under various earthquakes in the longitudinal 

direction for the ERB and the LRB isolators 

are shown in Table 8. These results illustrate 

the pier head relative displacement of 

columns increases in the longitudinal 

direction of the bridge with increasing height 

of bridge piers. 

As shown in Fig. 10, the LRB isolator 

reduces the input energy of the existing 

structure and wastes a high percentage of 

earthquake input energy, which shows the 

high separation efficiency. Mendez et al. [11] 
demonstrate high energy dissipation by the 

LRB isolator. For example, for the current 

bridge with the ERB isolator, there is no 

hysterical energy loss due to the lack of the 

damping and the input energy of the 

earthquake is dissipated intrinsically. 

Regarding the characteristics of the 

hysteresis diagram, we can refer to three 

factors: the number of cycles, the area 

enclosed by the loop, and the symmetry. 

If the produced curve has symmetry, it 

shows the structural behavior is uniform 

against earthquake. The next feature of the 

hysteresis loop is the surface area enclosed by 

the curve, the more the surface area, the 

greater the energy absorbed by the structure, 
indicating that the structure is more ductile. 

Another feature is the number of hysteresis 

curve cycles, the higher the number of cycles, 
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the later representing the deterioration of the 

member. 

In Fig. 11 and 12, hysteresis loop for the 

current and assumed bridge with LRB isolator 

subjected to various earthquakes is shown, 

respectively. As is clear, the enclosed surface 

area of the hysteresis loop by the LRB 

isolators in the status quo of the bridge is 

greater in comparison with assumed status.

 
Table 8. Comparison of P4 pier head relative displacement with ERB and LRB isolator (mm) 

 

                

 

 

 

 

 

 

Figure 10. Input and dissipation energy diagrams of the current bridge due to the three representative 

earthquake motions: a) Tabas, b) Northridge, and c) Kobe 

 

  
Figure 11. Hysteresis loop for the current bridge with LRB isolator subjected to various earthquakes 

 

Earthquake 
ERB LRB ERB LRB 

Current bridge Assumed bridge 

Tabas 8.17 2.25 117.21 29.15 

El Centro 8.27 2.82 95.73 53.32 

Cape Mendocino 9.50 3.60 127.20 73.34 

Northridge 10.00 0.97 119.00 24.67 

Kobe 41.60 2.018 49.49 27.87 

Chi Chi 8.00 2.17 72.78 45.98 

San Simeon 5.11 2.50 85.95 47.46 
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Figure 12. Hysteresis loop for the assumed bridge with LRB isolator subjected to various earthquakes 

7. Concluding Remarks 

 

This paper investigates the influence of 

increasing the height of bridge piers on 

seismic behavior of isolation systems in urban 

RC bridge. The specific conclusions are as 

follows: 

 

1. The results showed that with the increase in 

the height of the bridge piers, the natural 

period of the LRB isolated system change 

from 2.70 to 2.77 seconds and on the other 

hand, this value increases from 1.37 to 1.62 in 

the ERB isolated system. In other words, 

ERB isolator in assumed status caused an 

increase of approximately 1.2 times the 

fundamental period of vibration for the first 

mode of the bridge compared to the current 

bridge. In addition, it was also found that the 

use of the LRB isolator does not significantly 

change the mentioned result. 

2. The base shear of the bridge using the LRB 

isolator is significantly reduced compared to 

the ERB. 

 

3. The ratio of maximum base shear force for 

the bridge with the LRB to the ERB isolators 

under given ground motions in longitudinal 

and transverse directions showed higher 

values with increasing the height of bridge 

piers in comparison with the current situation, 

which indicates the weaker seismic 

performance of LRB isolators. 

 

4. The enclosed surface area of the hysteresis 

loop by the LRB isolators in the status quo of 

the bridge is greater in comparison with 

assumed status. 

 

5. The results of the numerical Analysis 

illustrate the LRB isolator reduces the pier 

head relative displacement of bridge columns. 
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