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THE EFFECTS OF LEAD RUBBER BEARING (LRB) SYSTEMS
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The base isolation systems set sight on mitigating the effects of forces triggered by an
earthquake through neutralizing the interaction between building and ground by means of
earthquake isolators. This study aims to determine the effects of base isolation systems on the
earthquake response of a high-rise building. In the content of the study firstly the high-rise
building is designed for different sized isolators under the framework of earthquake isolator
technique, and then scrutinize the earthquake response of the same building by comparing its
configurations equipped with different sized isolators and fixed support. The building has
122.5 m tall and 35 stories and 16x20 m’ habitable inner space, which is properly considered
in line with vertical settlement movement widely seen in the world metropolises, is
punctiliously designed and diffusively probed within the concept of fixed support. During the
following stage, 2 different diameter size of 21 cm. tall lead rubber bearings are added to the
structure, its unpredictable behaviors and forces transferred to the building under 1999 Kocaeli
Earthquake highlighted from the study that LRB systems provide better structural response to
building compared to fixed system, and then the critical parameters such as acceleration,
lateral displacements, base and shear forces are compared with each other. Figs.: 9. Table 1.
Refs.: 13 titles.

Keywords: base isolation; lead rubber bearing system; earthquake response; high-rise
building.

Problem statement and literature analysis. The earthquake has been
the most significant and hazardous disaster that is always kept in mind to avoid
of its impacts when it comes to construct a building in the history of human
being. There are a lot of factors and situations that may cause damage on the
structures during an earthquake. In the low-rise structures with a lower natural
period, there occurs a threat of resonance because of the adjacency of building
period to base period, while in the high-rise buildings the rigidity of structure
is critically affected by the increased bending moment and shearing force
because of the nonlinear behavior of structure caused by the motions of lower
and upper stories during the vibration of building [1].

Thanks to advanced construction technologies, there is a wide range of
alternatives to absorb the energy of an earthquake nowadays. Today, it is
possible to improve the seismic performance of a structure through absorbing
some of the energy entering to architectonics by means of various
components like base isolation systems added to the structure [2]. The
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method of seismic isolation mitigates the interaction between building and
ground, and separates the upper structure from the ground motions by placing
certain equipment that are capable of displacement — vertically rigid but
horizontally elastic — on the base of structure [3]. More often than not, the
horizontal components of an earthquake are severer than its vertical
components. To this respect, the seismic isolators used in the earthquake
resistant design of structures are usually planned in a way to have a lower
lateral stiffness but a higher vertical stiffness. Thus and so, an isolated
structure behaves like a pendulum with a single degree of freedom on the
horizontal direction.

With a meticulous design taking into account the relation of mass-
rigidity-frequency in the single degree of freedom systems, it is possible to
design a base-isolated structure with a certain mass in a way to have a natural
frequency that is far enough from the dominant frequencies of ground
motions [2].

Through the help of a seismic (base) isolation system, a structure is
able to demonstrate both enough elasticity to make big displacements and a
rigid motion at the upper structure, as it will be independent of the ground.
Thanks to this characteristic added to structure by the isolators, the various
effects such as story translations, story momentums, shear forces applied to
structure, and bending moments are considerably limited. As the higher
modes causing substantially cross-sectional effects in a fixed support structure
would fail to go with the motion (structural behavior) because of base
isolation, the structure will be less exposed to the cross-sectional effects
caused by higher modes. In Fig. 1, the behavior of a structure with anisolated
and fixed support base is schematically exhibited.
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Fig. 1. The schematically exhibition of the behavior of a structure with fixed support
and isolated base [4]

When fig. 1 is closely examined, it is seen that the internal forces in a
structure with base isolation triggered by the effects of earthquake forces are
likely to decrease in a businesslike manner.
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The purpose of the article is to study the behavior of high-rise
buildings during earthquakes, depending on the type of seismic isolation.

Numerical application. Description of High-Rise Building and Finite
Element Modeling.

Within the scope of this study, a high-rise building with 122,5 meters tall
and 35 story concrete construction with a base area of 16x20 m” is selected.
The plan view of the structure is shown in the fig. 2 a. As seen in fig. 2 a, b, the
structure is designed to have four spacing in both directions. The concrete
curtains are located at each of the four corners (5, A-B; 5, D-E; A, 4- 5; E, 4-5;
1, A-B; 1, D-E; A, 1-2; E, and between the axes of 1 and 2) and around the
elevator shaft (4, C-D; 3, C-D; D, 3-4), and then the finite element model of
structure is set up by the help of an SAP2000 software (Fig. 2 b).
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Fig. 2. a — Plan of selected concrete structure; b — Location of concrete curtains in
finite element model

In this paper, it is targeted to determine the earthquake behavior of
high-rise fixed support structures with seismic isolation. The blueprint of the
model created for this purpose related with fixed support structure with
seismic isolation is grounded on design spectrum (Fig. 3) — actually called as
Uniform Building Code 1997 [5].

Accordingly, the columns with size of 80x90 cm? and the beams with
size of 50x100 cm® are used, the floor height of 20 centimeters and the
curtain width of 30 centimeters are selected, and C25-30 concrete as the
material of construction and S420 steel as the reinforcement are preferred.
There are 35 isolators placed between structure and ground as a result of
design calculations of seismic isolated structure. According to the output of
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calculations, the finite element models are formed through designing 2
different diameter size of 21 cm tall lead rubber bearings (74, and 90
centimeters).

Response Spectrum of UBC 97
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Fig. 3. Uniform Building Code 1997 earthquake design spectrum

In the design of isolators, the weights formed on structural bearings are
obtained by the combination of 1,0 DL + 0,3 LL (1,0 Dead Load + 0,3 Live
Load), and it is observed that the maximum of these values is 11871.29 kN,
while the minimum of them is 4000.37 kN as seen in fig. 4. According to the
findings of analysis, there are different sizes of support reactions formed at
the base-column and base-curtain wall intersections. In compliance with the
analysis, the structure effective period is realized as 7=2.94 s.

As the base layout is more limited and the interior constructional area
should be used at maximum efficacy in the skyscraper style buildings like the
structure in this study, there are far fewer number of columns standing on the
ground. Thus, there will be pretty much vertical load on the base isolators to
be placed. And, it will indispensably cause a compression pressure and a
threat of torsion on the isolators. In order not to let that happen, it is
mandatory to make designs by taking into account the isolator capacity, and
vertical and horizontal loads during the calculation of structure, and consider
the different types of base isolation systems instead of a single type of
isolator in the case of design change is not an option.
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Fig. 4. The analysis findings at 0 (zero) elevation with respect to three-dimensional
construction model and 1.0DL+0.3 LL combination of fixed support construction
model

In the text and tables residing in the rest of study, the 21 cm tall isolator
with 90 cm diameter will be denoted as KCI21.a, while the isolator with 74
cm diameter as KCi21.b (Fig. 5). In order to realistically evaluate the
capacity and performance of the design and modeling conducted in this study,
the information and tables subjected to experiment in the labs of California
University, San Diego and delivered to the administration after the
preparation of audit certificate within the concept of necessary items of IBC’s
[6] specification related with the structure’s seismic isolation during the
construction of Erzurum State Hospital are used [7].
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Fig. 5. The 21 centimeters long lead rubber bearing with diameters of 74 and 90
centimeters

The formulas and tables given in UBC 97 (Uniform Building Code, 1997)
are used to determine the specifications of isolator. The earthquake zone is
selected as No. 1 earthquake zone, and A0 = 0.40 (UBC 97 Z = 0.40). Sc —
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dense sand and soft rock — is selected as the soil profile type UBC 97. By
considering the near fault effect, equations of Na = 1.2 and Nv = 1.2 are
assumed.

During the estimation of damping ratio, there is no need to use high
damping rubber in the lead rubber bearing as enough dumping will be acquired
due to the lead core at the heart of isolator. Therefore, the dumping ratio is
taken as 20%, and the corresponding damping coefficients BD and BM are
assigned the value of 1.5 [2].

The coefficients are assigned values as: lateral load coefficient, RL = 2,

fixed in structure lateral load coefficient, R = 8, and the building significance
coefficient, I=1.

Earthquake Response of the High-Rise Building. In order to identify
the earthquake behavior of the building, the spectrum obtained for 5% of
damping ratio in the accelerogram produced from Izmit Meteorological
Station about 1999 Kocaeli earthquake is applied to the structure in X and Y
directions. The time histories of the acceleration record are given fig, 6 a,
while the spectrum graph of record in fig. 6 b.

PEER NGA Strong Motion Database Record Fesponse Spectrum of Kocaeli Earthquake,
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Fig. 6. a — Time histories of acceleration record; » — Response spectrum graph

According to the analysis results of fixed support structure subjected to
vertical load, there is a difference of value up to 2 — 3 times between
maximum and minimum normal force that are calculated at the level of
structural bearing. In terms of structure cost and factualness of study, No. 1
and 2 nodal points (fig. 4) are assigned two isolator designs with the same
height but different diameters with respect to the vertical load values of 7840
kN and 11871 kN respectively.

According to the modal analysis results of fixed support model, the
structure effective period is calculated as 7 = 2.94 s. If a structure with that
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period is subjected to a seismic isolation to pull up the structure period to the
levels of 4.5 — 5 s, then it is assumed that the isolators designed in this way
will have a higher degree of average excess strength than the isolators
designed for 4 — 7 storied structures.

The fixed support structure model is attached 21 centimeters long
isolators with diameters of 90 and 74 centimeters, and the forces of
acceleration, displacement, and shear forces are obtained by iterating the
analysis. Accordingly, the new value of period has changed as 7= 4.99s.

As a result, the following values are obtained: the maximum
acceleration value of structure: 3,874 m/sn’, the maximum displacement in
the direction of Ul: 1.23 meters, and U2: 1.352 meters, and the shearing
forces F1, F2, F3: 2685 kN, 2510 kN, 66390 kN respectively.

In the Table 1, the analysis result and comparison of fixed support
system and the systems with KCI21.a and b are shared.

Table 1

Comparison of the values of Acceleration, Displacement, and Shearing force
belonging to fixed support and seismic isolated models of structure.

ACCELERATION (m/sn?) DISPLACEMENT (m) SHEARING FORCE (kN)
Ul U2 U3 Ul U2 U3 F1 F2 F3
Fixed
10,140 | 9,910 2,740 0,701 1,036 0,102 | 7799,58 | 8314,14 {74286,04
Model
h=21cm
; 3,066 | 3,874 0,498 1,230 1,352 0,096 |2684,36 | 2510,88 [66388,40
S0.
Reduction
b 69,76% | 60,91% | 81,82% |-75,47% |-30,47% | 5,45% | 65,58% | 69,80% | 10,63%
ercent

As compared with the fixed support system, the maximum
accelerations occurred in the directions of U1, U2, and U3 on the floors of
structure for KCI21 decrease by 68%, 59%, and 81% respectively. And, it
means that the felt magnitude and motion of an earthquake are mitigated by
the absorption of energy to a great extent during an earthquake motion.

As can be seen in the Table 1, the maximum acceleration values acting on
the structure decrease by 61% and 81%. When looked at the acceleration
graph related to story height in the fig. 7, it is recognized that the higher
acceleration differences among the stories are eliminated by the
implementation of seismic isolation. In the fixed root model, the average
acceleration acting on the structure has seriously faltered, and the amounts of
increase and decrease in acceleration have been at pretty low level as the
height scales up
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Acceleration Value of the Model in the X-Direction Acceleration Value of the Model in the Y-Direction
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Fig. 7. Comparison of fixed support model with the acceleration values of KCI.21
isolator in X and Y directions

In the fig. 8, the displacement graph of fixed root and base isolated
system dependent on the structure height is given. Accordingly, it is observed
a rise in the amount of displacement in the structure by 75%, and 30% in the
directions of Ul and U2 respectively. When it is probed with that point of
view, it is concluded that the existing seismic isolator implementation
designed has no positive impact on the displacement performance of structure.
For a better performance, it might be tried to increase the height of isolator, or
choose a rubber material that is capable of making a higher rate of shift unit
displacement, or refer a design that the seismic isolation implementation is
supported by dampener devices.

Here, the biggest question for KCI21 is whether the structure will meet
the average maximum displacement of 50 centimeters at the isolator level.
When the displacement ratio of %238 in Table 1 is taken as a reference, the
isolator of KCI21 might exactly meet a displacement of 49.38 centimeters.
However, that would be quite on the fringe. Although our structure design
can meet the energy that the isolator fails to absorb, choosing an isolator with
height in the range of 35 — 40 centimeters would both meet the translation at
the isolator level and make sure to produce a more economical solution in
order not to take the risk of breaking the isolator and adherence of isolator-
base and isolator-column and decreasing the amount of horizontal
displacement to make sure that the earthquake isolator exactly achieves its
mission.
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Displacements of the Model in X-Direction Displacements of the Model in Y-Direction
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Fig. 8. Comparison of fixed support model with the displacement values of KCI.21
isolator in X and Y directions

The systems analyzed are sifted through, it is comprehended that the
shearing forces that on the joints applied to the floors in the base isolated
structures tend to exhibit lower values in the directions of F1, F2, F3 at the
ratios of 65.58 %, 69.80 %, and 10.63 % respectively than that of fixed
support structures. The reason is that the earthquake motion including
different displacements between columns is largely absorbed through cutting
the connection between structure and ground via seismic isolators.

In the fig. 9, the graph of frame reaction that fixed root and base
isolated system dependent on the structure height is given. Accordingly, it is
observed probably a same in the amount of frame reaction in X- Direction in
the structure, when looked at the graph of frame reaction of model in Y-
Direction related to story height in the fig. 9, it is recognized that the higher
frame reaction differences among the stories are eliminated by the
implementation of seismic isolation.

As can be seen in the comparison of fixed support model, the amount of
displacement increases by 75% and 30% in the directions of Ul and U2

respectively. Actually, this is an expected behavior model for a high-rise
structure that is enabled to move and separated from the base, which
permanently interacts with the ground. When the model mentioned in the
study is analyzed with respect to its compliance with seismic isolation, we
face with a less number of spacing and a smaller footage of housing space
than that of a 35-story structure, and we also face with greater displacements
than that of fixed support structures when this case is coincided with releasing
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the columns and curtain walls from the ground. Depending on the height and
material specs, the isolator has a capability of damping the displacement
motion. And, this means that the relative floor adding in the seismic isolated
models is likely to realize less than the fixed support structure model.
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Fig. 9. Comparison of fixed support model with the frames shearing forces that
values of KCI.21 isolator in X and Y directions

The structure is never exposed to over internal forces, because 35
individual structural bearings on which the structure is seated are all
independent from the ground. That is to say, the structure behaves in a
nonlinear way when an earthquake motion is detected in a fixed root system.
In other words, there occur different internal forces and displacements in
different floors. In this case, a rigid structure tied to the ground is subjected to
higher shearing force and torsional moment. When we separate our structure
from the ground by means of isolators, then the great majority of those
different displacements and the horizontal motions of earthquake are absorbed
by isolators, and our upper structure tends to show a rigid behavior as a whole,
and it is observed serious increments in the absorption capacity of structure.
The high rate of decrease in the shearing force is likely to provide an extra
endurance to our structure against the axial tensions stemmed from
overturning moment.

Conclusions. In line with the primary objective of the study, it is
aspired to investigate the functionality of seismic isolation implementation in
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the structures with a period of 3 and above at the design of high-rise and fixed
support structure. The fallowing conclusions obtained from the study are
summarized as:

1. The acceleration obtained due to earthquake on the x and y direction
of the building are generally increased through the bottom to top for fixed
system. However, accelerations are similar to each other from bottom to top
of the isolated system. Also the maximum acceleration values are obtained on
the isolated system as 3 — 4 times smaller than those of fixed system.

2. The displacements obtained for both fixed and isolated systems are
increased from the bottom to top of the building in x and y directions. Also,
relative displacements are similar for both fixed and isolated system. This
mean that isolated system behaves as fixed system, because the height of the
isolators (21 cm ) are not suitable such a high rise building (122,5 m) when
considered displacement changes.

3. The frame reaction obtained due to earthquake on the x direction of
the building is probably same through the bottom to top for fixed and isolated
system. However, for isolated system the frame reaction obtained due to
earthquake on the y direction of the building is smaller than those fixed
system. Also the frame reaction values are obtained on the isolated system is
little bit smaller than those of fixed system.

4. Should we evaluate the study as a whole, the seismic isolators placed
in the fixed support structure model seriously improve the performance of
structure through decreasing floor shearing forces and floor accelerations.
Thus, the cross-sections inside the structure will be exposed to pretty lower
level of strains following a possible earthquake, the risk of torsion will be
largely avoided, and the structure will display a more robust performance
against axial tensions. Besides, the structure gaining freedom as a result of
disengagement with ground has achieved a higher displacement as compared
to the fixed support model. Among the reasons of this displacement
performance is the structure geometry, working on a model with a pretty
higher structure than that of recommended for a seismic isolation
implementation, choosing an isolator with lower height, and few number of
spacing in both of the directions.
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BB cucrem ocBiHmoBanHmx amoptmsatopiB (COA) Ha mnoBemiHKY
BHCOTHOI OyaiBii mix wac 3emuerpycy / Saglam Dogan, Sevim Barig // BicHuk
HTY "XTII". Cepist: Inpopmaruka Ta MmoaemoBanns. — Xapkis: HTY "XIII". — 2017.
—No 21 (1243).-C. 14 -27.

Cucrema 30l 6a3u TPU3BOANTH 10 3MCHIICHHS BIUIUBY CHJI, BUKJIUKAHUX
3eMIJIETPYCOM, 3a JOIIOMOTOIO0 HeHTpaiizarlii B3aeMomii MK OymIiBJICIO 1 3eMIICIO 3a
JOIIOMOTOI0 CeiicMOaMOopTi3aTopoB. MeTa LbOTro AOCHIIKEHHS — BU3HAYUTH BILTUB
cucteM i30imii 0a3M Ha peakililo BUCOTHOI OymiBIi IiJ dYac 3eMIICTPYCY.
JloCiKYyIOTECSL BUCOTHA OYMIBIISI 3 aMOPTU3aTOPAMH 3eMIIETPYCIB Pi3HUX PO3MIpIB,
SIKI IPU3HAYeHi AJ1s 130711 3eMJIeTpyCiB, a MOTIM PEeTeIbHO BUBYAIOTH PEAaKIiio Ha
3eMJIeTpyC B LbOMY X OYAMHKY, MOPIBHIOIOYM ii NMPH BHKOPHUCTAaHHI 130JIATOPiB
pi3HHEX pO3MipiB 1 HepyxoMux omop. bymisins mae 122,5 M B BUCOTY 1 35 moBepxiB, a
TaKOX >KUTIOBUH MpocTip po3Mipamu 20x16 M2, mis SKOTO BUKOHAHI PO3PaxXyHKH
BEPTUKAILHOTO pyXy, NPHHHATI I BHCOTHUX OymiBenb MeramonrociB. Lli
PO3paxyHKH JAeTaJbHO pO3pOOJIeHI 1 MOMMpEeHi B paMKax KOHLENHii Hepyxomoi
onopu. JlocmimKyoThCsl Aitoui Ha OYAIBIIO CHIIM 3€MIIETPYCY, SIKE Malo Micle B
Komxaemi B 1999 pomi. VY gdocHikeHHI MOAYEpKiBaTCSI, IO CHCTEMA 3
OCBHHIIbOBaHMMHU aMOPTH3aTOpaMU 3a0e3Nedye Kpally CTPYKTYPHY PEalyio CpOeHis
B MOPIBHSHHI 3 HEpyXoMHMH omnopamu. [IopiBHIOIOTbCA MiK cOOO0I0 Taki KpUTHYHI
mapamMeTpu SIK TPUCKOPEHHs, OidHWi 3CyB, Oa3wcHi 1 momepeddi cwiau. Dm.: 9.
bi6miorp.: 13 Hass.

Karouosi caoBa: i3omsmis 0asu; cucTeMa OCBIHLIOBAHHUX aMOPTH3aTOPIB;
peaxiisi Ha 3eMJIETPYC; BUCOTHA Oy IiBIISL.

YK 699.841

Bausinne cucTeM OCBHHIOBAHHBIX aMopTH3aTopoB (COA) Ha moBeneHmne
BBICOTHOTO 31aHUs NPH 3emJiieTpsicenuu / Saglam Dogan, Sevim Baris // BectHuk
HTY "XIIN". Cepus: UadopmaTuka u Mmoaenuposanne. — Xappkon: HTY "XIIN". —
2017.—Ne 21 (1243). - C. 14 -27.

Cucrema wu3omauuu 0aszbl MPHUBOAWT K YMEHBIIECHHIO BO3ICHCTBHSA CHIL,
BBI3BAHHBIX 3€MIIETPSICEHHEM, MTOCPEACTBOM HEUTPATN3alliU B3aUMOJCHCTBHS MEXKIY
3JaHMEM U 3eMJIel C TIOMOIIBIO celicMoaMopTu3aTopoB. Llens aToro uccnepoBanus —
OTIPEICTUTh BIMSIHUE CUCTEM HM30JISIIMHU 0a3bl Ha PEAKIMI0 BBICOTHOTO 3aHUS MPH
3emiieTpsaceHnu. Vccnemyercs BRICOTHOE 37JaHME C aMOPTH3aTOpaMH 3eMIIETPSICEHUI
Pa3IUYHBIX Pa3MEpOB, IMPEIHA3HAUYECHHOE JUIS W3OJIAIMU 3EMIICTPSCEHUM, a 3aTeM
TIIATENBPHO U3Y4YaroT PEaKIUI0 Ha 3eMIICTPICCHUE B ATOM K€ 3[aHHUM, CPaBHUBAS €€
MIPU WCTIOJIb30BAaHUHM H3OJSTOPOB PA3IUYHBIX pPa3MEPOB W HEMOABHKHBIX OIIOP.
3manne mMeer 122,5 M B BBICOTY W 35 JTaXkeW, a TaKkKe JKWIOE IPOCTPAHCTBO
pasmepamu 16x20 M, Ul KOTOPOTO BBIITOIHEHBI PACUEThI BEPTHKAIBHOTO JIBHKEHHS,
NPHUHATHIC JUIS  BBICOTHBIX 3[aHWA METArloNIOCOB. OJTH pPacyeThl JICTAIBHO
pa3paboTaHbl U PACIpPOCTPaHEHbI B paMKax KOHIEHIIMHM HETOJBMXHOW omopsl. Ha
CIIEIYIONIEM 3Tale Ba Pa3IMYHBIX 10 BBICOTE aMOPTH3aTOpa W3 OCBHHIIOBAHHOM
pesuHbl muamerpoM 21 cM mo0aBiSIOTCA B CTPYKTYpYy 3maHusa. Mccrnemyrorcs
JEHCTBYIOMINE Ha 3IaHUE CHIIBI 3eMJIETPSICEHHS], KOTopoe uMeno Mecto B Komkasnu B
1999 romy. B wmccnmemoBaHWM TOMYEPKUBATCS, YTO CHCTEMa C OCBHHIIOBAHHBIMHU
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aMopTH3aTOpaMu  00ECIICYMBAET JYUIIyl) CTPYKTYPHYHO pEalli0 CPOCHUS 110
CPaBHCHUIO C HEMOIBMKHBIMU omopaMu. CpaBHUBAIOTCS MEKIy cO00H Takue
KPUTHYECKHE TIapaMeTphl KakKk YCKOpeHHe, OOKOBOe CcMellleHHe, Oa3WCHbIe WU
nonepedrsie cuibl. Wi.: 9. bubmuorp.: 13 Hass.

KiroueBble cJIOBa: W30JAIMS OCHOBAaHMSA, CHCTEMa OCBUHIIOBAaHHBIX
aMOPTU3aTOPOB; PEAKIINs Ha 3eMIICTPSICEHHE; BEICOTHOE 3/IaHME.

UDC 699.841

The effects of lead rubber bearing (LRB) systems on the earthquake
response of high-rise building / Saglam Dogan, Sevim Baris // Herald of the
National Technical University "KhPI". Subject issue: Information Science and
Modelling. — Kharkov: NTU "KhPI". —2017. — Ne. 21 (1243). — P. 14 - 27.

The base isolation systems set sight on mitigating the effects of forces triggered
by an earthquake through neutralizing the interaction between building and ground by
means of earthquake isolators. This study aims to determine the effects of base
isolation systems on the earthquake response of a high-rise building. In the content of
the study firstly the high-rise building is designed for different sized isolators under
the framework of earthquake isolator technique, and then scrutinize the earthquake
response of the same building by comparing its configurations equipped with different
sized isolators and fixed support. The building has 122.5 m tall and 35 stories and
16x20 m* habitable inner space, which is properly considered in line with vertical
settlement movement widely seen in the world metropolises, is punctiliously designed
and diffusively probed within the concept of fixed support. During the following stage,
2 different diameter size of 21 cm. tall lead rubber bearings are added to the structure,
its unpredictable behaviors and forces transferred to the building under 1999 Kocaceli
Earthquake highlighted from the study that LRB systems provide better structural
response to building compared to fixed system, and then the critical parameters such
as acceleration, lateral displacements, base and shear forces are compared with each
other. Figs.: 9. Refs.: 13 titles.

Keywords: base isolation; lead rubber bearing system; earthquake response;
high-rise building.
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