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Abstract— The concept and theory of base isolation system 

are widely accepted at the present. To accomplish the 

predicted behaviours of the base-isolated buildings, the 

design for base isolation system is regarded as the dominant 

factor of the success of isolated buildings. Although the base 

isolation design can be fulfilled using Uniform Building Code 

1997, conceptual design is yet necessarily analyzing to 

achieve the optimal and effective values of design. The 

conceptual design and preliminary design are discussed 

through analyzing a 100 year-old historical building, Mitchell 

Hall in Istanbul, Turkey. During the procedure of design, 

many issues were raised given that the performance of the 

isolated building is dependent on the properties of buildings, 

the isolators and the scale of excitations. Therefore, torsion 

effect, P-6 effect and finally, the performance of base- 

isolated buildings subjected to extreme loads and service 

loads are investigated. Specifically, the implementations of 

active control system and semi-active control system are 

studied. The results show that the new devices can highly 

reduce the response of the building under service loads. 
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I. INTRODUCTION 

An earthquake has been a major threat to human kind and the 

world, in the unrecorded and recorded human history. It 

causes an active shaking due to volcanic eruption, which 

causes the failure of weak and badly designed structures, 

leading to the innumerous fatalities. Base isolation technique 

is commonly adopted as safety precaution in earthquake 

prone areas all over the world. It is implemented in the 

foundation section of the structure to reduce the effects and 

damages caused by an earthquake. This system is designed to 

take the weight of the building and let the foundations move 

sideways during the earthquake. It provides flexibility at the 

supports of a structure in the horizontal plane. Seismic 

isolation can increase the performance expectation of 

structure in life and also minimizes damage. Due to the 

tectonic plate moment there has comes the earthquake in the 

form of different types of waves this waves has different 

magnitude. in this project earthquake resistance building by 

the lead rubber bearing .in this certain process the steel plates 

has the alternate to the rubber plates that has properly joints 

to the rubber plate on which our structure load is acted 

directly. Has a fundamental period similar to a dominant 

period of the earthquake. Avoidance of such near-

coincidence of periods may be impeded by architectural 

requirements, by difficulty in predicting earthquake periods, 

and by increases in ground period with increasing ground 

strains. 

Type 2 earthquakes are those which include severe 

ground damage in addition to the inertia attack, and this poses 

special design problems which are not considered in this 

paper. Economy of design is achieved by allowing a structure 

to deform well into the inelastic range during severe 

earthquakes. Effective earthquake resistance may be obtained 

provided the structure has adequate capacity for inelastic 

deformation and for associated hysteretic damping. 

II. METHOD & MATERIAL 

A. Materials 

Seismic base isolation is one of the most popular techniques 

used in buildings and bridges to control their seismic behavior 

under severe ground motion. A historic appraisal on seismic 

isolation systems is provided in the literature (e.g. Kelly 

1997, Skinner et al 1993, Bhuiyan (2009). Various types of 

bridge isolators have been developed, tested and are in use all 

over the world as a means of effective earthquake resisting 

systems, such as lead rubber bearings, high-damping rubber 

bearings, friction pendulum bearings, magneto-rheological 

dampers, steel plate dampers, etc (Ghobarah and Ali 1990, 

Warn and Whittaker 2004, Bhuiyan et al 2009, Alam et al 

2012, Bhuiyan and Alam 2012). The most popular isolation 

devices 1 address for correspondence: School of Engineering, 

The University of British Columbia, 1137 Alimni Avenue, 

EME 4225, and Kelowna, BC, V1V 1V7, Canada. Are 

natural rubber bearing (NRBs), lead-plug rubber bearings 

(LRBs), and high-damping rubber bearings (HDRBs). They 

have been used in bridges for both new construction and 

retrofit applications. The premise of using these devices is to 

have high flexibility, which shifts the natural period of the 

bridge structure to a value beyond the critical period range of 

the earthquake event. In addition, they are usually endowed 

with damping properties that prevent the bridge piers and 

decks from undergoing excessive displacement. 

Nevertheless, most of these devices have known limitations 

related to aging and durability (e.g., rubber-based dampers), 

maintenance (e.g., viscous fluid dampers), long-term 

reliability (e.g., friction dampers), temperature-dependent 

mechanical performance (e.g., rubber-based dampers, 

viscoelastic dampers), and geometry restoration after a strong 

earthquake (for most dampers) (Dolce et al 2000). In this 

regard, im 

Table 2 

Geometrical properties of natural rubber bearings. (Note: tE: 

thickness of supporting steel plates; 

 tr : thickness of rubber layers; 

 ts : thickness of steel shims; 

 nr : number of rubber layers; 

 ns : number of steel shims; 

 R: aspect ratio of the rubber bearing, i.e. the ratio of the 

height to the length.) 

Specimen Horizontal dimensions of isolator (mm × mm) 

Horizontal dimensions of steel 
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Fig. 1: Schematic View of the Elastomeric Isolator 

a) Plan view of NRB-1 and NRB-2, (b) side view of NRB-

1, (c) side view of NRB-2. Rubber bearings with 

different numbers of elastomeric layers are listed in table 

2. The thicknesses of the elastomer layers and steel shims 

are 4.5 mm and 1 mm, respectively, for both cases. While 

the number of rubber layers, nr, is increased from 8 to 

14. The aspect ratio of the rubber bearing is defined as 

the ratio of the effective height to the length. 

b) R = Heff 

c) L  

1) Where the effective height is the total thickness of the 

rubber layers and steel shims. Heff = trnr + tsns. 

2) The schematic view of NRB-1 and NRB-2 consisting of 

8 and 14 rubber layers, respectively, is plotted in figure 

2. 3.1. SMA-NRBs with straight wires In SMA-NRBs 

with straight wires (SMA-NRB-S), two continuous SMA 

wires with a radius of 2.5 mm are wound on two opposite 

sides of the rubber bearing, as 

III. LRB ISOLATOR DEVICES 

The LRB isolator is composed of an elastomeric bearing 

made by laminated rubber layers with steel shim plates, cover 

plates, and a lead core located on its center. The typical LRB 

isolator device is shown in Figure 1. This LRB isolator device 

can combine the function of isolation and recentering in a 

single unit (i.e., elastomeric bearing), thereby giving 

structural support, horizontal flexibility, and recentering 

force to the isolation system [20,21]. Furthermore, it produces 

the required amount of supplemental damping and energy 

dissipation by adjusting the size of the lead core. The energy 

dissipation generated by the yielding of the lead core achieves 

an equivalent viscous damping coefficient up to 

approximately 30%, and effectively reduces the horizontal 

displacement. The LRB isolators are usually fabricated in 

circular sections, and sometimes produced with more than 

one lead core. 

Model max Fv F1 F2 1 2 Q Ke Kp Keff 

λeff 

Z Dg dg H h te * 

ID 
(mm) (kN) (kN) (kN) (mm) (mm) (kN) (kN/mm) (kN/mm) 

(kN/mm) 
(mm) (mm) (mm) (mm) (mm) (mm) 

LRB1 400 3170 259 651 16 333 239 16.19 1.24 1.95 22.3% 800 750 170 397 337 203 

LRB2 400 5780 308 823 16 333 282 19.25 1.62 2.47 20.8% 900 850 185 382 322 200 

Table 1: Properties of the LRB Isolator Models 

 
Fig. 2: 

A. Frame Model & Design 

All prototype buildings were designed in accordance with 

current design guidelines [22–24] so as to examine the effect 

of base isolation systems under earthquake events. They were 

assumed to be located on the stiff soil site (i.e., site class D 

per ASCE 7-05 definition [24]) in the Los Angeles (LA) area, 

and be subjected to a 10% probability of exceedance in 50 

year (10% in 50 years) seismic hazard corresponding to 

design-based earthquake (DBE). The seismic design category 

(SDC) class D is considered to be a high seismicity as 

stipulated in the ASCE 7-05 design code was applied for 

frame design. Including dead and live loads (DLs and LLs), 

basic design conditions are summarized in Table 2. The 

mapped spectral accelerations for 0.2- and 1-s periods were 

taken as 2.35 g and 1.41 g, respectively. The response 

modification factors were taken as the value of 6 consistent 

with concentrically brace frame (CBF) structures [22]. The 

sizes of structural members (i.e., brace, beam, and column 

members) were designed in accordance with the AISC-LRFD 

manual [23]. A set of horizontal loads corresponding to the 

DBE force level should be generated on the basis of 

equivalent load transformation procedure in 

Stor

y 

Column 

* (C1) 

Beam 

* (B1) 
CBF ** 

Intern

al 

Colum

n * 

(C2) 

Intern

al 

Beam

* (B2) 

1 
W14x1

09 

W24x

84 

HSS6x6x

3/8 

W12x

87 

W24x

68 

2 
W14x1

09 

W24x

84 

HSS6x6x

3/8 

W12x

87 

W24x

68 

3 
W14x1

09 

W24x

68 

HSS6x6x

3/8 

W12x

87 

W24x

68 

4 
W14x1

09 

W24x

68 

HSS6x6x

3/8 

W12x

87 

W24x

68 

5 
W14x1

09 

W18x

50 

HSS6x6x

1/4 

W12x

87 

W24x

68 

6 
W14x1

09 

W18x

50 

HSS6x6x

1/4 

W12x

87 

W24x

68 

*Gr.50 Carbon Steel; ** Gr.B Carbon Steel for Rectangular 

Shape; CBF: Concentrically Brace Frame 

Table 2: Member Sizes for Prototype Braced Frame 

Buildings 

B. Analytical Modeling 

The analytical spring models mostly used for simulating the 

behavior of LRB isolator devices are constructed with the 

Open SEES program with an intention to perform nonlinear 

dynamic time-history analyses [25]. The modeling attributes 
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are illustrated in Figure 4. The main part of the LRB isolator 

(i.e., elastomeric rubber and lead core) was modeled as the 

zero-length nonlinear component spring while the cover plate 

was modeled as the rigid element (see Figure 4a). The 

behavior of the LRB isolator can be ideally characterized by 

the bi-linear stiffness model using three key parameters such 

as initial stiffness (Ke), yield force (F1), and post-yield 

stiffness (Kp) (see Figures 2 and 4b), and simply simulated 

by using isotropic hardening material command provided in 

the Open SEES program. It was assigned to the component 

spring element for the purpose of reproducing the force-

displacement response curve. The analytical component 

spring models classified herein as LRB1 and LRB2 were 

installed on the base-isolated frame model (see Figure 5). 

Each LRB spring model includes the force-displacement 

response presented in Figure 2. The column bases of as-built 

frame model without base isolation are considered to be 

fixed. Accordingly, LRB-isolated frame models (i.e., LRB1 

and LRB2 models) have flexible end boundary conditions 

while as-built frame models possess fixed end boundary 

conditions. 

 
Fig. 3: Modeling Attributes for 2D Frame Models 

The brace members were also modeled as nonlinear 

beam-column elements with 2D fiber sections. The modeling 

of the brace members is shown in Figure 3. The discrete fiber 

sections that contain nonlinear material behavior can 

configure the cross-section of the hollow steel tube. The 

section properties were assigned to the integration points 

distributed over the nonlinear beam-column element. The 

brace members were connected to other members as pinned 

connections because they were considered to be structural 

elements only subjected to axial forces. For this reason, the 

brace member with the hollow tube section is susceptible to 

buckling in compression. The initial imperfection generated 

by offsetting the node on the middle of the brace member may 

be required to reproduce buckling failure in the frame model. 

The brace member under compression behaves as elastic until 

it reaches the buckling state (Pcr). Global buckling that 

indicates the peak load suddenly occurs at the middle of the 

brace member prior to the compressive yielding of the brace 

member. Moreover, other characteristic branches concerning 

negative stiffness after post-buckling, unloading, elastic 

tension reloading, and uniaxial tensile yielding (Py) are also 

found at the hysteretic behavior curve (see Figure 4b). 

 
Fig. 4: Modeling of the Brace Members 

C. Near-Fault Ground Motions 

The ground motion data based on historic earthquake records 

were developed as a part of the FEMA/SAC project [29]. A 

set of 20 ground motion time histories (10 two-components) 

were selected to represent near-fault (NF) ground motions 

from earthquakes possessing a variety of faulting 

mechanisms (e.g., strike, rupture, oblique, and thrust) in the 

magnitude of 6.7 to 7.4 on the Richter scale (see Table 4). 

The individual components of each ground motion couple 

were rotated with 45 degrees away from fault-normal and 

fault-parallel orientations. The closest distances to reach shall 

crustal faults are ranged from 0 to 10 km, and the closest 

distances for blind thrust faults are ranged from 6 to 18 km 

[30,31]. These magnitudes and distance ranges govern the 

UBC Seismic Hazard Zone 4 for return periods of 10% in 50 

years [29–31]. Detailed information on the NF ground 

motions used in the analyses is given to Table 4 with the 

variability of magnitude, distance from the epicenter, and 

duration time. 

Ground Motion ID Earthquake Record 
Richter 

Scale 

Distance 

(km) 

Duration 

(sec) 

Max. 

PGA (g) 

Min. 

PGA (g) 

NF01 1978 Tabes 7.4 1.2 50 0.90 −0.86 

NF02 1979 Tabes 7.4 1.2 50 0.98 −0.75 

NF03 1989 Loma Prieta (Los Gatos) 7 3.5 25 0.72 −0.64 

NF04 1989 Loma Prieta (Los Gatos) 7 3.5 25 0.46 −0.44 

NF05 1989 Loma Prieta (Lex Dam) 7 6.3 40 0.59 −0.69 

NF06 1989 Loma Prieta (Lex Dam) 7 6.3 40 0.37 −0.28 

NF07 1992 Mendocino 7.1 8.5 60 0.64 −0.62 

NF08 1992 Mendocino 7.1 8.5 60 0.60 −0.66 

NF09 1992 Erzincan 6.7 2.0 21 0.43 −0.31 

NF10 1992 Erzincan 6.7 2.0 21 0.46 −0.27 
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NF11 1992 Landers 7.3 1.1 50 0.71 −0.71 

NF12 1992 Landers 7.3 1.1 50 0.61 −0.80 

NF13 1994 Northridge (Rinaldi) 6.7 7.5 15 0.62 −0.89 

NF14 1994 Northridge (Rinaldi) 6.7 7.5 15 0.38 −0.39 

NF15 1994 Northridge (Olive View) 6.7 6.4 60 0.51 −0.73 

NF16 1994 Northridge (Olive View) 6.7 6.4 60 0.60 −0.56 

NF17 1995 Kobe 6.9 3.4 60 1.09 −0.73 

NF18 1995 Kobe 6.9 3.4 60 0.58 −0.57 

NF19 1995 Kobe (Takatori) 6.9 4.3 40 0.79 −0.51 

NF20 1995 Kobe (Takatori) 6.9 4.3 40 0.38 −0.42 

Table 3: Near-fault Ground Motion Data Used for Nonlinear Dynamic Analyses (PGA: Peak Ground Acceleration)

D. Seismic Responses 

The nonlinear dynamic time-history analyses were performed 

on 2D frame models with 20 NF ground motion data 

mentioned above in an attempt to check the efficacy of LRB 

isolation systems in the frame building. The seismic 

responses of the LRB-isolated frame models were compared 

to those of the as-built frame model in terms of roof 

displacements, base shear forces, and inter-story drifts. The 

resulting curves from time-history analyses performed with 

representative NF08 ground motion data are presented as 

compared to each frame model in Figures. 

 
Fig. 5: 

Use either SI (MKS) or CGS as primary units. (SI 

units are encouraged.) English units may be used as 

secondary units (in parentheses). An exception would be the 

use of English units as identifiers in trade, such as “3.5-inch 

disk drive.” 

Avoid combining SI and CGS units, such as current 

in amperes and magnetic field in oersteds. This often leads to 

confusion because equations do not balance dimensionally. If 

you must use mixed units, clearly state the units for each 

quantity that you use in an equation. 

IV. CONCLUDING REMARKS 

In this study, the LRB isolator devices with the combination 

of recentering and damping properties are examined for their 

seismic performance in terms of base shear forces and inter-

story drift ratios through nonlinear dynamic time-history 

analyses with several NF ground motions. The more remarks 

and conclusions are as follows: 

1) The force-deformation responses of the LRB models can 

be idealized as bilinear hysteresis loops simulated based 

on four main parameters. Two LRB models used in the 

practical field construction are selected for design and 

analyses in this study. The LRB2 model was designed 

with geometric 

2) The prototype buildings constructed as 6 story-braced 

frame structures can be modeled as 2D numerical frame 

models because they are designed to be symmetrical to 

their center axes with uniform mass and stiffness 

distribution. The LRB isolator devices installed at the 

column bases of the LRB-isolated frame models were 

modeled as the nonlinear component springs with 

behavioral properties. The as-built frame models without 

base isolation systems had fixed end boundary 

conditions because their column bases were designed to 

be fixed. 

3) After conducting time-history analyses with 

representative NF ground motion data, the seismic 

responses of the LRB-isolated frame models were 

compared to those of the as-built frame model in terms 

of roof displacements, base shear forces, and inter-story 

drifts. The relatively larger maximum roof displacements 

were distributed over two LRB-isolated frame models 

owing to flexible end boundary conditions used for 

simulating the behavior of the LRB isolator. In spite, 

these LRB-isolated frame models exhibited smaller 

residual inter-story drift ratios than the as-built frame 

model because they were subjected to the mitigated base 

shear forces transferred from ground accelerations. 

4) All statistical lines presented herein ascend in the almost 

straight lines as the scale factor of the ground motion 

increases. The as-built frame model shows larger 

maximum and residual inter-story drift ratios as 

compared to the LRB-isolated frame models under the 

same seismic loading condition. This implies that the 

LRB isolator devices reduce the amount of generating 

base shear forces, thereby mitigating structural damage 

and permanent deformation occurring over the second 

floor. Finally, it is concluded based on the analysis result 

that seismic performance and capacity for the multi-story 

building structure subjected to severe NF ground 

motions can be upgraded by installing the LRB isolator 

devices. 
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