
1 
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DESIGN OF BASE ISOLATION SYSTEMS IN BUILDINGS 

 

FILIPE RIBEIRO DE FIGUEIREDO 

SUMMARY 
The current paper aims to present the results of a study for the comparison of different base 

isolation systems. The study’s main purpose is the establishment of a preliminary design stage of 

different isolation systems, composed by high damping rubber bearings (HDRB), lead rubber bearings 

(LRB) and friction pendulum systems (FPS). These systems are used to assure the seismic protection 

of an illustrative five storey-high reinforced concrete building. A comparative analysis of the seismic 

performance experienced by the isolated structure, including all the above mentioned systems, is also 

presented. 

I. INTRODUCTION 
The purpose of this paper is to present the results and conclusions achieved during the 

research work developed for the Master Dissertation entitled “Seismic Base Isolation – Design of Base 

Isolation Systems in Buildings” (Figueiredo, 2007). 

Over the years several seismic protection techniques have been refined due to the need to 

design buildings in areas with high seismicity. Seismic isolation is one of these techniques, which can 

be generally understood as the application of appropriate devices, called isolators, in the base of 

structures with the purpose of promoting a surface of horizontal discontinuity. Such surfaces serve the 

purpose of uncoupling the movement of the structure from seimic ground motion with the intent of 

reducing the transmission of horizontal ground accelerations to the structure. In other words, seismic 

isolation allows the reduction of the energy inputted by the earthquake into structures, reducing the 

seismic forces on the superstructure and thus allowing the structural elements to remain within an 

elastic range during high intensity earthquakes. 

Although base isolation is still not regularly employed as an alternative to the conventional 

approach, as a method to achieve the seismic protection of structures, this methodology has proven to 

be enough reliable in order to assure a more widespread use, given the exceptional performance that 

seismically isolated structures have presented during the occurrence of severe earthquakes. 

Furthermore, a large number of numerical and experimental studies have been supporting the 

effectiveness of these base isolation systems. 

Consequently, this study focus on establishing a preliminary design stage of different isolation 

systems, composed by high damping rubber bearings (HDRB), lead rubber bearings (LRB) and friction 

pendulum systems (FPS), employed for the protection of a five storey-high reinforced concrete 

building. In addition, it was performed the evaluation of the seismic behaviour of the isolated structure, 

using a computational analysis of tri-dimensional structural models which were preformed using the 

software SAP2000. 
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Whereas HDRB devices may be modelled by linear behaviour, LRB and FPS devices cannot, 

since they present a non-linear behaviour. Thus, the execution of the present study must encompass 

a modal response spectrum analysis or a linear time-history analysis in the case of the HDRB devices, 

and a non-linear time history analysis for the other two types of devices. 

II. FIXED BASE STRUCTURE 
The design process of an isolation system must start by the analysis of the fixed base structure. 

Such analysis serves the purpose of determining the value of the fundamental frequency and the 

distribution of the structural weight by the several support points. The structure under consideration 

presents 55 support points, therefore, the isolation systems will be equally composed by 55 bearings. 

Modal dynamic analysis demonstrated that the structure under study is characterized by a 

fundamental frequency of 6,84 Hz, which reveals that this structure is composed by a lateral load 

resisting system with significant stiffness. The configuration of the main structural modes of vibration 

shows that this building exhibits a regular behaviour, being that the two first modes are exclusively 

related to translational deformations in the horizontal plan. 

The values of vertical reactions (Ni), correspondent to the quasi permanent loads, were 

determined for each of the support points. Based on these values the calculation of the total mass of 

the superstructure (M) was possible, by dividing the correspondent value of the total vertical reaction 

(W) by the acceleration of gravity (g), which was estimated at 12466,1 ton. 

In order to allow a comparison of the seismic effects upon the fixed base structure and the base 

isolated structure, therefore testing the efficiency of the isolation systems, a modal response spectrum 

analysis was performed based on the adequate elastic 5% damping response spectrum. The obtained 

maximum base shear values were 60832,8 kN and 58393,8 kN for the directions X and Y respectively. 

The evolution, in height, of the horizontal displacements was also estimated, which will be presented 

further on in this paper. 

III. BASE ISOLATED STRUCTURE 

III.1. HIGH DAMPING RUBBER BEARINGS (HDRB) 

The first step in the design process of an isolation system composed by cilindrical HDRB 

devices is related with the establishment of the isolated fundamental vibration frequency. According to 

the specifications of the seismic codes, the value of the fundamental frequency of an isolated structure 

must be between 0,33(3) Hz and one third of the frequency verified by the fixed base structure. 

Therefore, for the purpose of this study the isolated frequency must be lower than 2,28Hz (≈6,84/3), 

and a target frequency of 0,50 Hz was adopted. The adoption of an isolated frequency close to the 

previously stated inferior limit is acceptable, since the lower the frequency, the lower are the seismic 

forces acting on the structural elements. 

Assuming that the superstructure behaves as a rigid body in translation above the isolation 

system, the calculation of the system’s horizontal stiffness can be performed: 
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The lateral stiffness of each isolated unit is obtained by the product of the percentage of the 

supported vertical load, relative to the total weight of the superstructure ( WWW i /% = ), by the value 

of the system’s horizontal stiffness ( SystemHiH KWK ×= %, ). This methodology enables us to control 

the eccentricity between the mass centre of the superstructure and the stiffness centre of the isolation 

system. This is possible since the calculation of the stiffness centre considers the spatial distribution of 

the “structural mass” by the different devices in place. 

The following step in the design process of the isolation system is characterized by the 

determination of the maximum design displacement (ddc). Taking as a basis the spectral acceleration 

(Sa) (correspondent to a frequency of 0,50 Hz and a damping level of 5%), the importance class of the 

building and the system’s horizontal stiffness, it was possible to determine the value of the maximum 

design displacement: 
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To quantify the increase of deformation, due to global torsional effects, it was considered a 

multiplication factor of 1,1. Consequently, the total design displacement was given by 

mmddc 4206,6,1871,11,1 =×=× . Considering the fact that elastomeric bearings are designed to 

withstand a maximum shear strain of 100%, it was adopted a total height for the elastomer (hElastomer) 

of 209 mm, which corresponds to nineteen 11 mm-thick layers. 

Based on the mathematical formula of the horizontal stiffness of the HDRB devices (presented 

in Figure 1), on the value of hElastomer and on the adoption of shear modulus (G) of 1 MPa, it was 

determined an adequate solution (composed by three groups of bearings) for the isolation system, in 

accordance with the previously estimated lateral stiffness values. 

The characteristics of the several groups of devices are presented in Table 1. The bearings’ 

vertical stiffness was determined by a ratio of 500 between both the vertical and lateral stiffness of the 

devices (KV / KH). 

 

 

 

 

 

Figure 1 – HDRB horizontal stiffness evaluation. 
 

Table 1 – Characteristics of the HDRB devices for the chosen solution 

Group Φ [mm] Quantity G [MPa] hElastomer [mm] KH [kN/m] KV [kN/m] 

1 500 13 1,0 209 939,5 469 735,7 
2 800 27 1,0 209 2405,0 1 202 523,5 
3 900 15 1,0 209 3043,9 1 521 943,8 
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With the purpose of analyzing the seismic response of the isolated building with the previously 

presented system, Link/Support Elements (Rubber Isolator type) were used to carry out the linear 

modeling of the devices, which was done with SAP2000 software. For this task the set of 

characteristics displayed in Table 1 were used, in addition to a damping coefficient of 10% (which is 

characteristic of HDRB devices). The impact of the seismic action on the building was evaluated by 

performing a linear time-history analysis, resorting to 10 artificial accelerograms. 

The results obtained in SAP2000 for the maximum base shear and the maximum lateral 

displacements are presented in Table 2. 
 

Table 2 – Maximum base shear and maximum lateral displacements at the isolation level 

FShear, X  [kN] FShear , Y  [kN] ΔMax , X [mm] ΔMax , Y [mm] 

18 250,6 18 107,4 150 154 
 

It must pointed out that the implementation of the seismic isolation system, composed by HDRB 

devices, presented a 70% reduction in the maximum shear forces at the base of the structure, when 

compared with the base shear forces observed on the non-isolated structure. In accordance with EC8 

(CEN, 2004), the seismic design displacement of each unit is determined by applying a magnification 

factor xγ , with a value of 1,2. Therefore, in the present analysis of HDRB devices, the design 

displacement was mm1851542,1 ≈× , equivalent to a shear strain of approximately 90%. 

III.2. LEAD RUBBER BEARINGS (LRB) 

In the follow up of the previous design procedure, the design of LRB isolation systems also 

targeted a 0,50 Hz vibration frequency level. However, the main difference between the design of the 

HDRB and LRB isolation systems lies in the fact that the last are characterized by non-linear (bilinear) 

behaviour, as illustrated in Figure 2. These devices require additional considerations in what concerns 

the elastic phase, where the elastic response is controlled exclusively by the lead core. 

 

 
 
 
 
 
 
 
 
 
 

Figure 2 – Idealized hysteretic cyclic behaviour of an LRB device. 

The design process of LRB devices can therefore be understood by two practically distinct 

components. Firstly, the design of the lead core based on the intended value of the systems yielding 

force (Fy). Secondly, the plastic phase of the device that determines the natural vibration frequency of 

the isolated structure, in which the response is fully controlled by the elastomer. Given that the target 
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frequency was also 0,50 Hz, the design of the second phase was therefore identical to the design of 

HDRB devices, allowing the determination of elastomer areas (AElastomer). 

In the next step of the LRB system design the system’s yielding level was defined at 5% of W. 

Considering the vertical reactions observed in the fixed base model it is possible to calculate the 

yielding forces of each bearing ( iiy NF ×= 05,0, ). Based on the yielding force values of each bearing, 

the average value for each group of considered devices was evaluated. Thus, the area of transversal 

section of the lead cores (ALead), was obtained by the following formula (assuming MPaLeady 10, =τ ): 

 LeadyLeadyLead FA ,, τ=   
 

Since the present study is only focused on devices with circular section, which are composed by 

cylindrical elastomer blocks (with inner thin steel plates) that contain cylinder lead cores (firmly fitted in 

a hole to deform in pure shear), their design is characterized by defining the lead core diameter (ΦLead) 

and the total bearing diameter (ΦLRB Device). Afterwards, the calculation of the total bearing diameter 

was performed: 

 πφ /)(2 LeadElastomerDeviceLRB AA +×=   
 

Given that bearings must have diameters in compliance with commercial standards, it was 

necessary to recalculate the devices’ parameters to fit the final chosen diameters. Similarly, the lead 

cores also had to present rounded up (to the millimetre) diameters. By using both the final device and 

lead core diameters, the final post-yielding stiffness value (K2) was calculated, by the following (where 

GElastomer = 1 MPa e hElastomer = 209 mm): 
 

 [ ]22
2 )2/()2/( FinalLeadFinalDeviceLRB

Elastomer

Elastomer

Elastomer

ElastomerElastomer
Final h

G
h

AGK φφπ −××=
×

=   

 

The elastic bearing stiffness (K1) is determined by the ratio K1 / K2 = 10. The yielding levels (Fy) 

were also recalculated for the final adopted lead core diameters. To find the bearings’ vertical stiffness 

values it was established the ratio KV / K2 = 500 (also previously adopted for HDRB devices). 

In Table 3 the characteristics of the LRB bearings, employed in the isolation solution for a 

frequency of 0,50 Hz and a yielding level of 5% W, are presented. 
 

Table 3 – Final characteristics of LRB devices for the fIsolated =0,50 Hz and Fy = 5% W solution 

Group ΦLRB Device [mm] ΦLead [mm] Fy [kN] K1 [kN/m] K2 [kN/m] KV [kN/m] 

1 500 94 69,4 9062,7 906,3 453 133,4 
2 800 118 109,4 23 527,2 2352,7 1 176 361,1 
3 900 140 153,9 29 702,3 2970,2 1 485 116,5 

 

One of the main reasons for applying base isolation is to decrease the seismic forces acting on 

the structural elements. The magnitude of such forces may be controlled by the definition of the 

yielding level (Fy), that is, the lower the yielding force of the bearings, the lower the shear forces acting 

on the structural elements. Having considered this fact, in order to evaluate the building’s seismic 

response variations it was also studied LRB isolation systems with a yielding level of 2,5% of W. The 

design process of the isolation systems characterized by a yielding level of 2,5% of W and an isolated 
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frequency of 0,50 Hz was performed in a similar manner as for the previously described systems (with 

Fy = 5% of W). 

In Table 4 it is displayed the properties of LRB bearings, as defined in SAP2000, corresponding 

to the isolation systems which were designed for a frequency of vibration of 0,50 Hz. The LRB 

bearings, as the HDRB devices, were modelled by Link/Support Elements (Rubber Isolator type). 
 

Table 4 – Linear and non-linear properties of LRB devices, defined in SAP2000, for the fIsolated =0,50 Hz solutions 

  Linear 
Properties Non-Linear Properties Linear / Non Linear 

Properties 
 Group KH,1 [kN/m] KH,2 [kN/m] Fy [kN] KH,2 / KH,1 KV [kN/m] 

Fy =5% W 
1 9062,7 906,3 69,4 0,1 453 133,4 
2 23 527,2 2352,7 109,4 0,1 1 176 361,1 
3 29 702,3 2970,2 153,9 0,1 1 485 116,5 

Fy =2,5% W 
1 9226,0 922,6 35,3 0,1 461 301,2 
2 23 785,3 2378,5 55,4 0,1 1 189 265,7 
3 30 070,6 3007,1 77,0 0,1 1 503 528,3 

 

The design of the previous systems was performed by evaluating the post yielding stiffness 

values (K2) with the purpose of obtaining an isolated frequency of 0,50 Hz. However, this measure may 

not have been the most adequate when aiming to fulfil a natural frequency of 0,50 Hz, since it lead to a 

higher frequency than what was planned (Keq is superior to K2). This fact could be understood through 

the bilinear behaviour of the LRB devices, previously illustrated in Figure 2. Therefore, the 

determination of the post-yielding stiffness (K2) was performed considering a lower frequency value, 

enabling us to reduce the disparity between Keq and the target frequency of 0,50 Hz. 

At this stage the value of the isolated frequency present in the previously designed systems 

may be underestimated, therefore the definition of two LRB isolation systems (for Fy = 5% W and Fy = 

2,5% W) with an isolated frequency of 0,30 Hz was made. The design process of these two systems 

was performed in accordance with the same procedures previously presented. In order to achieve a 

frequency of 0,30 Hz an isolating solution composed by 40 bearings with a total diameter of 400 mm 

and 15 bearings with a total diameter of 600 mm was defined. In the design of the systems for the 0,30 

Hz isolated frequency solution, was considered a ratio of 800 between the vertical stiffness and the 

lateral post-yielding stiffness (KV / K2). Therefore, in order to get a stiffer vertical solution and avoid the 

occurrence of vertical deformations at the isolator units it was adopted the ratio KV / K2 = 800. 

In Table 5 the characteristics of LRB bearings corresponding to the two isolation systems which 

were designed to confer a frequency of vibration of 0,30 Hz to the isolated structure, are presented. 
 

Table 5 – Linear and non-linear properties of LRB devices, defined in SAP2000, for the fIsolated =0,30 Hz solutions 

  Linear 
Properties Non-Linear Properties Linear / Non 

Linear Properties 
 Group KH,1 [kN/m] KH,2 [kN/m] Fy [kN] KH,2 / KH,1 KV [kN/m] 

Fy =5% W 
1 5549,6 555,0 96,8 0,1 443 968,7 
2 12 791,8 1279,2 153,9 0,1 1 023 347,5 

Fy =2,5% W 
1 5784,0 578,4 47,8 0,1 462 719,0 
2 13160,1 1316,0 77,0 0,1 1 052 806,3 
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The seismic response of the building isolated by the four LRB systems previously presented 

must be evaluated using non-linear time-history analysis. Both the maximum base shear and lateral 

displacements results at the isolation system are summed up in Table 6. 
 

Table 6 – Maximum base shear and maximum lateral displacements at the isolation level 

fIsolated [Hz] Fy / W [%] FShear, X  [kN] FShear , Y  [kN] ΔMax , X [mm] ΔMax , Y [mm] 

0,50 
5,0 16439,4 16278,2 87 88 
2,5 16764,9 16636,1 114 114 

0,30 
5,0 10492,6 10492,6 113 110 
2,5 8338,3 8272,8 125 129 

 

For each one of the LRB systems it is observed that base shear level reduction is always higher 

than 70%, when compared to the fixed base structure. It was also verified that for a given yielding 

level, the base shear decreased along with the reduction of the fundamental frequency. However, this 

effect always implies an increase of the lateral deformation at the isolation system. Therefore for the 

purpose of this study, the systems designed for a natural frequency of 0,30 Hz have revealed a higher 

efficiency level, since they combined a lower base shear level with lateral deformations within safety 

limits. 

It must be stressed that in the four cases of LRB devices analyzed the safety requirements at 

the isolator units were always fulfilled, since they did not register shear strains higher than 100%. The 

maximum design displacements were obtained with the multiplication of the displacements present in 

Table 6 by a safety coefficient of 1,2 ( xγ ). 

III.3. FRICTION PENDULUM SYSTEM (FPS) 

The design process of FPS devices is practically focused on the definition of the curvature 

radius (R) of the spherical sliding surface. Since the design process aims to confer a frequency of 

0,50Hz to the isolated structure, the curvature radius of the sliding surface was obtained from the 

following equation: 

 mmR
R
gf BaseIsolated 01,99396,0)5,02(/81,9

2
1 2 ≈=×=⇔= π
π

  

 

The curvature radius of 1,0 m was adopted for all the devices. Thus, the lateral stiffness values 

of each device were proportional to the value of the vertical reactions observed in the fixed base case. 

Consequently, the vertical projection of the mass centre of the superstructure and the stiffness centre 

of the isolation system are coincident. With all bearings designed with a curvature radius of 1,0 m, the 

lateral stiffness of the system was equivalent to the total weight of the superstructure (KSystem = W/ R = 

122 292,8 kN/m). 

The FPS devices’ design also includes the definition of kinetic friction coefficient (µkin), 

characteristic of the sliding surface. The resisting force developed in these devices, during their 

pendular movements, is described as the sum of a restoring force and friction force:  
 

 W
R
xWx

R
WWxKFFV kinkinkinFrictionestoringR .)(.... μμμ +=+=+=+=   
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The definition of the friction coefficient determines the necessary shear force (V) to initiate the 

oscillatory movement. Since the value of this friction coefficient normally varies between 3 and 10%, 

for the purpose of this study, it was assumed a 6% value for this parameter. 

The first aspect to consider on the computational modelling of FPS devices is related to the 

definition of the vertical stiffness (KV). Since these bearings are extremely stiff on the vertical direction 

it was adopted a value of 3500 MN/m for both linear and non-linear properties. In what regards the 

definition of linear properties, the value of the equivalent lateral stiffness (Keq) must be estimated, in 

order to adequately describe the behaviour of FPS bearings, as in Figure 3: 

 

 

 

 

 
 
 
 
 

Figure 3 – Idealized hysteretic cyclic behaviour of an FPS device and definition of the equivalent lateral stiffness. 

Additionally, the modelling of FPS bearings encompasses the definition of a non-linear 

parameter (a) which transmits the dependence of the friction coefficient in relation with the sliding 

velocity, being estimated at 40 s/m in order to permit a relatively narrow transition between the 

minimum and maximum friction coefficient. 

The impact of seismic action on the isolated structure with FPS bearings was evaluated by non-

linear time-history analysis. Although these analyses are similar to the ones performed on the study of 

the isolated structures by LRB devices, they are still unique in the need to consider the effect of 

vertical loads simultaneously with the horizontal seismic input. In order to consider the response 

variations deriving from structural asymmetrical properties, the analysis of the FPS devices should 

consider the seismic input with distinct positive or negative directions. The maximum values obtained 

for both base shear and lateral displacements levels are presented in Table 7. 
 

Table 7 – Maximum base shear and maximum lateral displacements at the isolation level 

 FShear, X  [kN] FShear , Y  [kN] ΔMax , X [mm] ΔMax , Y [mm] 

Seismic Action wtih “ + ” Signal  8847,2 8784,6 93 94 
Seismic Action wtih “–” Signal 8837,3 8802,2 93 94 

 

The isolating system with FPS devices present a maximum base shear level of 8800 kN, which 

were equivalent to an approximate reduction of 85%. The maximum lateral displacements occurred at 

the isolator level (94 mm) were quite under the maximum lateral displacement that they can withstand, 

even considering the application of a magnification factor of 1,2 ( xγ ). 
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IV. COMPARATIVE ANALYSIS OF ISOLATION SYSTEMS’ PERFORMANCE LEVELS  
In this section the main differences identified between the seismic responses of the building, 

with different isolation systems are presented. The main focus of this evaluation was to document in 

detail the differences of the decrease of the building’s seismic response, for each type of isolation 

device. 

As with all the previous individual analysis this comparison was centred on the maximum base 

shear levels, the maximum lateral displacement at the isolator unit level and the interstorey drifts. In 

the following table the results obtained for the base shear and the maximum lateral displacement are 

presented: 

Table 8 – Maximum base shear levels and maximum lateral displacements at the isolator unit level, 

obtained in all the analyzed isolation systems 

Isolation Systems FShear, X  [kN] FShear , Y  [kN] ΔMax , X [mm] ΔMax , Y [mm] Δ Design [mm]

HDRB 18 250,6 18 107,4 150 154 185 

LRB (f=0,50 Hz e Fy = 5% W) 16439,4 16278,2 87 88 105 
LRB (f=0,50 Hz e Fy = 2,5% W) 16764,9 16636,1 114 114 137 
LRB (f=0,30 Hz e Fy = 5% W) 10492,6 10492,6 113 110 136 

LRB (f=0,30 Hz e Fy = 2,5% W) 8338,3 8272,8 125 129 155 

FPS (Signal “ + ”) 8847,2 8784,6 93 94 113 
FPS (Signal “ – ”) 8837,3 8802,2 93 94 113 

 

From the above table it can be concluded that the system composed by HDRB devices 

presents the lowest reduction of the maximum base shear level (≈70%), when compared with the fixed 

base structure. The highest level of lateral displacements was also registered by this same system. As 

expected, the systems composed by LRB devices verified lower displacements than those composed 

by HDRB devices, revealing an equivalent damping coefficient higher than 10%. 

The lowest base shear forces (≈8300 kN), which corresponded to a reduction of approximately 

86% in relation with the fixed base model, were obtained by the systems composed by LRB bearings 

devices, which were designed to confer a fundamental frequency of vibration of 0,30 Hz to the 

structure and a yielding level of 2,5% of W. In fact, this system was the only one that obtained 

maximum base shears similar to the value obtained with FPS devices. The system designed with FPS 

devices demonstrated itself to be the most effective among all others under consideration, resulting in 

a combination of both lower lateral displacements at the isolating bearings and lower level of shear 

forces at the base of the structure. 

From the results attained by the four different solutions of the systems composed by LRB 

devices, it was possible to conclude that the reduction of the building’s seismic response can be 

achieved by reducing the fundamental frequency of vibration of the isolated structure, that is, by 

decreasing the bearings’ post-yielding stiffness (K2). In the specific case of the systems designed to 

confer a frequency of vibration of 0,30 Hz to the isolated structure, a decrease of the maximum base 

shear levels was observed by inducing a reduction of the yielding level of the isolating devices. 

However, such a result implicated an amplification of the lateral displacements (≈11% for direction X 

and ≈18% for direction Y) at the isolation system. On the other hand, in the specific case of the 
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systems designed to confer a frequency of 0,50 Hz such an outcome did not occur. Indeed, the 

reduction of the isolator’s yielding level did not induce a decrease of the base shear and resulted in 

the increase of lateral displacements, in comparison with the system with a yielding level of 5% of W. 

It should be pointed out that the devices with non-linear behaviour, such as the LRB and FPS 

devices, allow a higher versatility in the choice of the seismic isolating system characteristics. This 

versatility stems from the fact that the definition of their behaviour depends on a higher number of 

parameters, which therefore allows the optimization of the systems’ behaviour. The system composed 

by FPS devices enabled the structure to have a more regular and predictable behaviour, given that all 

bearings were designed with the same characteristics, and in this way the probability of occurrence of 

global torsional effects is lower. The remaining systems, since they are composed of several groups of 

bearings, presented a higher susceptibility of promoting eccentricities between the vertical projection 

of the superstructure and the effective stiffness centre of the isolation system. 

Figure 4 presents the evolution of the relative interstorey drifts of all the isolation systems 

measured in one of the building’s corners. 
 

 

Figure 4 – Evolution, in terms of height, of interstorey drifts (for direction X) for one of the building’s corners 

obtained through the application of all six isolation systems. 

Although with only a slightly significant difference the FPS system enabled the occurrence of 

less interstorey drifts. 

V. CONCLUSION 
The design process referring to the FPS bearings has revealed itself to be quite simpler when 

compared with the design of the elastomeric bearings. This simplicity derives mainly from the fact that 

the design of these bearings is mainly dependant on the definition of the radius of curvature of the 

sliding surface (R). 

An extremely important point concerning seismic isolation lies in the modelling of the isolating 

devices’ behaviour. In this concern, the HDRB devices stood out from the remaining bearings, given 

the fact that their behaviour can be linearly modelled, and thus allowing the execution of a simpler and 

swifter global structural analysis. 
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Through the results obtained from the various analysis performed, it can be concluded that the 

three types of isolating devices under consideration are individually capable of supplying the 

necessary properties for the execution of an effective seismic isolation. It can also be concluded that 

the system composed by FPS bearings managed to combine both lower base shear levels and lower 

lateral deformations at the isolation system, and therefore standing out as the most effective system 

between the six analyzed. 

The choice of which isolating system should be used depends on the priorities defined during 

the design stage of the isolated structure. Therefore, the main priorities could be: the reduction of base 

shear levels, the control of the degree of displacements or the control of induced seismic accelerations 

to the structure. Reasonably, a different isolation system solution can correspond to each one of the 

above stated issues. 
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