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ABSTRACT
It is a well-known fact that in any code based seismic design approach the performance
objective at design bases earthquake level is preventing the inhabitants of the building and accepting a
certain level of damage which may be beyond repair. On the other hand the owners of the buildings
have an idea that once a building is designed based on a seismic code the building will suffer no
damage. By the introduction of “performance based design philosophy” a new approach has been
introduced to earthquake engineering society. In the framework of performance based design the socalled performance level which related to the response of the building is defined for different level of
seismic input.
The performance levels defined in seismic design approach has basically three levels namely;
“immediate occupancy”, “life safety” and “collapse prevention”. As the code based design will
provide “life safety” performance level where considerable damage is inevitable. Based on this new
approach it is possible to design a building that meets the performance levels named above. In order to
achieve this “target performance” there are certain design alternatives to be applied one of which is
“base isolation”.
The basic approach in “seismic isolation design” is to provide additional damping and
concentrate the nonlinear response on the isolator units and limit the seismic forces on the structural
members above isolation level. This approach provides almost elastic response on the structural
members and limits the floor accelerations acting on the non-structural elements on superstructure.
Through seismic isolation application “immediate occupancy” performance level could be achieved.
In recent years seismic base isolation applications are increasing especially in health complexes
like hospitals which are expected to be functional after a major seismic event. And very recently it has
been announced by Ministry of Health that the new hospitals in seismic zone 1 and 2 in Turkey will be
designed with seismic isolation. This application is also could surely be achieved with application of
base isolation. The relevant design of the seismic isolated structures are analysed and designed by both
international codes and the “draft” Turkish Seismic Isolation Code which is under preparation.
In high seismic areas of the world seismic base isolation is widely used in not only buildings
with high importance but also in residential buildings. Additionally owners of the residential building
could ask for “immediate occupancy” performance level which is a better response level than classical
code design. As the first application in Turkey a residential building has been seismically isolated by
Ulus Yapı Construction Com. in Selimpasa, Silivri, Istanbul. The four-story RC frame building has
been designed under the consultancy of Department of Earthquake Engineering of Kandilli
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Observatory and Earthquake Research Institute. A site specific of seismic hazard analysis has been
performed and relevant design parameters are determined. The seismic isolation has been done with
“Lead Rubber Bearing (LRB)” which is designed based on the ASCE 7-10 and draft “Turkish Seismic
Isolation Code” with “immediate occupancy” performance objective at design bases earthquake
(DBE) level which correspondence to elastic response of the superstructure. Additionally prototype
tests of the isolators have been performed according to EN15129 Code.
The construction of the seismically isolated building has been done recently completed and
ready to be used. The design criteria defined in the above mentioned Codes are fulfilled and as an
additional investigation the additional cost due to seismic isolation is compared. A cost analysis has
been performed in order to provide information on the most frequently asked question on cost.
As the first seismically isolated residential building in Turkey, this building will serve as a good
application of seismic isolation on residential buildings. Considering the better seismic performance of
the seismic isolated building compared to the conventionally designed buildings a demand will arise
among both the investors and the renters. It should be emphasized that the effectiveness of the seismic
isolation requires expertise in all phases of design, testing and application process.

INTRODUCTION
It is a well known fact that the basic design philosophy of base isolation is to reduce the seismic
forces acting on the superstructure above isolation layer in high seismic areas. The proposed design
approach is achieved though elongation of fundamental period of the system and providing additional
damping via isolation units. But it should be emphasized that by the application of the isolation units
results in significant amount of increase in the displacement response of the overall system. This
phenomena is illustrated in Figure 1 below.
Acceleration of NonIsolated System

Acceleration of
Isolated System

Reduction in
Accelaraiton

Period Shift
Figure 1. Difference between isolated and non-isolated systems on acceleration response spectrum

The so-called “isolation layer” in which isolation units are located acts as a diaphragm that
reduces the lateral loads transmitted to the superstructure. As as result of this response both the floor
accelerations and drift values are significantly reduced in the superstructure.
Due to this reduction in displacements the structural members above isolation layer respond in
almost elastic range which corresponds to “immediate occupancy” performance level is achieved. In
addition to the elastic response in structural members base isolation provides functionality in nonstructural element in terms of equipment.
2

H. Polat, E. Kalafat, K. Oral, C. Tüzün, M. Erdik

3

It should be emphasized that major issue the isolation units should have capability to
accommodate the lateral displacements and re-centering to its original position after seismic action. In
other words the isolation system should have high vertical stiffness and adequate lateral stiffness to
resist lateral forces. These properties should be verified through prototype test.
As the new design philosophy introduced into the earthquake engineering society, “performance
based design” approach provides opportunity to the owner and the designer to decide the expected
response in different levels of seismic input. Especially in case of important buildings that have be
occupied after an earthquake such as hospitals telecommunication facilities, power plants additional
response criteria should be defined. These performance criteria could be easily achieved through base
isolation techniques.
As for the seismic design of residential buildings in Turkey the performance objective defined
in Turkish Seismic Code is “life safety” which corresponds to a significant damage in structural
members that will not result in partial collapse. These design approach and performance objective
cannot be accepted considering the high amount of financial investment provided by the owner of the
building. As such based on the performance based design methodology the owner may ask for
“immediate occupancy” performance objective from the designer and this target could be achieved
through base isolation application. Performance based design approach acts as a tool for the owner or
the investor to define the seismic behaviour of the building in case of major earthquake and protect
both the structural and non-structural elements in the building.

SITE SPECIFIC SEISMIC HAZARD ANALYSIS & RESPONSE
SPECTRUM
The design of base isolated structures is not covered in Turkish Seismic Code as such the
seismic input defined in the relevant document cannot be used for this design. On the other hand “site
specific seismic hazard” study which is more reliable seismic input definition compared with the Code
based “uniform hazard spectrum” should be used in the design process ıf the isolated buildings. As
such a site specific seismic hazards study which has been also used in recent studies on Istanbul
Seismic Loss Estimation done by Earthquake Engineering Department of Kandilli Observatory and
Earthquake Research Institute has been performed. The site specific hazard analysis methodology
mainly follows the methodology defined by Seismic Hazard Group of United States Geological
Survey. (http://geohazards.cr.usgs.gov/eq/index.html.)
Basically two levels of seismic input has been defined as “Design Basis Earthquake” with a
10% probability of exceedance in 50 years and “Maximum Credible Earthquake” with 2% probability
of exceedance in 50 years. It has been expected that the location of the building to be designed will be
effected by the main Marmara faults system that will Istanbul and its vicinity. The main fault system
that will generate a destructive earthquake in Istanbul has been studied in detail in different project
very recently and the fault segmentation used in the seismic hazard analysis is given in Figure 2
below. (Erdik et.al., 2004, OYO-IBB, 2007).

Figure 2. Fault segmentation model of Marmara region (Erdik et al. 2004)

Probabilistic Seismic Hazard Analysis
The probabilistic seismic hazard analysis for the location of the building under consideration
has been performed the time dependent renewal model by Erdik et al(2004) has been used in order to
obtain the average results. The use of average values result in reduction in epistemic uncertainties that
exist in the model. As the result of this methodology the “peak ground acceleration (PGA)”, “short
period spectral acceleration” (Sa(T=0.2s)) and “1 second spectral acceleration (Sa(T=1s)) has been
determined for DBE and MCE level seismic input. The relevant results are given in Table 1.

Table 1. PGA and Spectral acceleration values for DBE and MCE level seismic input
Spectral Acceleration

Seismic Input
Level

PGA

DBE Level
MCE Level

0.43g
0.63g

Ss=0.2s

S1=1.0s

1.15g
1.39g

0.45g
0.68g

A local site investigation has been performed and as the result of this study soil type has been
determined as B/C boundary as defined in NEHRP site classification. Site specific uniform hazard
spectrum for each seismic input level has been determined according to IBC 2006 as shown in Figure
3 for both seismic input level.
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Figure 3. Uniform hazard spectrum for DBEand MCE level seismic input (%5 damping)

DESIGN OF ISOLATION SYSTEM
The force displacement relationship of the isolation system is determined based on the seismic
levels defined above. The steps of the isolation system are summarized as;
Isolated period at DBE Level: TDBE = 2.35 s
Isolated period at MCE Level: TMCE = 3.00 s
Seismic mass of the structure : WDL+0.3LL = 974 t
Effective damping : βeff = 25%
The 25% damped spectrum used in the isolation system design is given in Figure 4.

Figure 4. 25% damped acceleration spectrum for DBE and MCE seismic input level

The yield force level of the isolation system has been selected as 10% of the total weight of the
structure. In other words the lateral load level that will be transmitted to the superstructure is
determined as 10% of the total weight. The isolation system will move in horizontal direction under
seismic loads above this lateral load level.

Determination of Isolation Unit Characteristics
As the first stage of the procedure for determination of the characteristics of the isolation units
are determined considering the axial load s of the column due to gravity loading. Based on a gravity
analysis of the 3D model of the system the total weight of the structure is determined as 9554 kN.
The steps of this procedure are summarized as;
•

For DBE level

S A (T = 2.35, ξ = 0.25) = 0.122 g ; S D , DBE = 0.17 m
•

For MCE level earthquake ;

S A (T = 3.00, ξ = 0.25) = 0.143g ; S D , MCE = 0.33m
•

Effective Stiffness at DBE Level:

TDBE = 2π
•

; keff , DBE = 6.43*106 N / m

Effective Stiffness at MCE Level:

TMCE = 2π
•

m
k

m
k

; keff , DBE = 76*106 N / m

Yield and Maximum forces for DBE and MCE level earthquake:

Considering that the isolation system will transmit 10% of the total weight of the system to the
superstructure, the yield force of the isolation system has been determined as;
• Yield force of the isolation system:

Fy = a yWDL + 0.3LL = 9373kN ; Fy = 9373 kN
•

Maximum force at DBE level:

S A, DBE = 0.122 g ; FDBE = S A, DBEWDL + 0.3 LL = 11434kN ; FDBE = 11434 kN
•

Maximum force at MCE level:

S A, MCE = 0.143 g ; FMCE = S A, MCEWDL + 0.3 LL = 13402kN ; FDBE = 13402 kN
Based on the parameters calculated above the force displacement relation of the isolation unit is
given in Figure 5.
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Figure 5. Force –displacement relationship of isolation unit

Displacement Capacity Control of Isolation Units
The displacement capacity of the isolation system has been determined based on a series of
nonlinear time history analyses. A set of spectrum compatible strong ground motion records composed
of 7 pairs of acceleration time history has been obtained. The isolated system has been represented as
SDOF system. Considering the force displacement relationship obtained above the maximum
displacement of the isolated structure has been investigated. Two perpendicular component of the
strong ground motion has been applied on the system simultaneously and response of the system in
terms of hysteresis curves. The sample of ground motion pair and result of the nonlinear response
history analysis have been given in Figure 6 to Figure 8 respectively.
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Figure 6. E-W component of GM-1 acceleration time history
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Figure 7. N-S component of GM-1 acceleration time history
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Figure 8. Hysteresis response of the isolation system under Eq-1

Figure 9. Maximum isolation system displacements for all cases
Based on this preliminary analysis results the isolator manufacturer has provided the force
displacement relationship which is given in Figure 9 and the results have been compared with the
preliminary analysis. It has been deduced that the displacement capacity of the isolation units is satify
the displacement demands. But it should be emphasized that the final decision will be obtained based
on the 3D analysis results.
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Figure 10. Force-displacement capacity of the isolation unit proved by the manufacturer

ANALYSIS & DESIGN OF ISOLATED BUILDING
The building under consideration is a four story reinforced concrete frame system plan and
mathematical model of which is given in Figure 11 and Figure 12. The isolation layer has been
selected as the foundation level.

Figure 11. Typical formwork plan of the building

Figure 12. Mathematical model of the isolated building
The design of the isolation system and the superstructure has been done based on the draft
version of the “Turkish Seismic Isolation Code” and Chapter 17 of “ASCE Standard ASCE/SEI 7-10:
Minimum Design Loads for Buildings and Other Structures”.
The isolation system displacement capacity has been checked for MCE level input which has
been applied in two orthogonal directions simultaneously. The superstructure elements have been
designed based on DBE level earthquake considering the structural behaviour factor, R=1.5.

ANALYSIS RESULTS
Response spectrum analysis has been performed for both DBE and MCE level in which
seismic input is applied in two orthogonal directions to the structural system simultaneously.
Basically isolation layer displacements, drift and story shears are evaluated. The result of
these response quantities are given in Figure 13, 14 and 15 respectively.
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Figure 13. Maximum isolator displacement for MCE level earthquake ( Dmax=0.27 m)

Figure 14. Drift distribution for MCE level earthquake (x&y direction)

Figure 15. Story shear distribution for MCE level earthquake (x&y direction)
The analyses results have been checked with the limits defined in relevant Codes and it have
been shown that the capacity of the isolators are satisfactory. The superstructure elements are designed
based on the DBE level results. As the result of the design it has been verified that the seismic
performance target selected as “immediate occupancy” for DBE level has been achieved which in turn
means that the building will have no significant damage.

TESTS OF ISOLATED UNITS
The isolation units have been tested based on the prototype test procedures defined in
EN15129:2009 in order to determine the isolation unit characteristics in term of stiffness, damping and
displacement. Some sample graphs from the test results are given in Figure 16 and 17.

12

H. Polat, E. Kalafat, K. Oral, C. Tüzün, M. Erdik

13

Figure 16. Test result of the horizontal capacity control of the isolator.

Figure 17. Test result of the horizontal capacity control of the isolator.
The results of the prototype test have also provided that the isolation units are sufficient in
terms of stiffness, damping and buckling stability.

CONCLUSION
The seismic base isolation design procedure of the first base isolated residential building has
been summarized. Based on the performance based design approach the building has been designed so
that the structural and non-structural elements will suffer no significant damage after an earthquake
and the loss will be minimized. It should be once again emphasized that this performance could not be
achieved through regular design procedure defined in any classical Code Design.
As it has been emphasized above the regular Code based design has “life safety” seismic
performance objective which results in significant damage both in structural and non-structural

elements. One of the methodologies to be applied for this seismic performance is “seismic base
isolation”.
Based on the earthquake reconnaissance reports it can be deduced that the main soır of the
high economic loss in recent earthquakes in Turkey is due to the poor performance of the residential
buildings. Considering the rapid urbanization in Turkey, the investment on housing industry
constitutes a major portion of economic activity. As such in order to mitigate the vulnerability of the
building stock in Turkey “base isolation application” can be the most appropriate solution to overcome
this problem.
The application cost of base isolation is another parameter for the owners and investors.
Considering the investment for land and construction in big cities like Istanbul, the cost of isolation
can be accepted as affordable. Additionally the upgrade up seismic performance form “life safety”
level to “immediate occupancy” level cannot be measure by means of any cost.
As the last evaluation with its effective seismic performance “base isolation” application to
residential buildings would considerably reduce the vulnerability of this type of buildings.
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