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ABSTRACT

The purpose of base isolation is to absorb earthquake energy, prolong the life of the structure,
and enable the structure to be similar to a rigid body. However, since resonance can occur due to
the closeness of the period of structures to the long period and large velocity pulses of the near field
earthquakes, the stability of these buildings greatly reduces, and with the large displacement above
isolation level, sometimes, tendency of overturning is created in isolators leading to their destruction.
The main objective of this study is to significantly reduce the lateral displacement of base isolation
subjected to near field earthquakes. In this research, seismic response calculation has been carried
out for five steel moment frame structure with the 3, 5, 8, 11, and 14 stories in two states of with and
without stiff core structure and energy dissipaters. The analyses has been done under fourteen
scaled records of seven near-source and seven far-source earthquakes. It has been shown that the
lateral displacement of base isolation system can be reduced by 87% for low-rise buildings, and 77%
for high-rise buildings.
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INTRODUCTION

Based on the official records, many buildings collapse due to major earthquakes, and more
importantly, due to the lack of having appropriate earthquake-resistant designs. Mortality rates due
to earthquakes can be significantly restrained if buildings are equipped with suitable earthquake-
resistant designs which mainly rely on the ductile behavior of the design. When efforts are made to
protect the integrity of the building by boosting the stiffness, unluckily, the acceleration of floors can
rise successively leading to the destruction of the building.

Seismic isolation has arisen as an alternate earthquake-resistant design method. This method has
increasingly become popular since it offers to protect both structural and non-structural mechanisms
and the contents of a building. Hence, seismic isolation attempts to reduce floor accelerations to
focus on limits while keeping base displacements below a reasonable range. This is achieved by
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simultaneously balancing three factors. First, seismic isolation elongates the natural period of the
building by using laterally flexible isolation elements. In other words, this reduces spectral
accelerations and thus the effective seismic forces. Second, the isolation system allows the
superstructure to move flexibly that offers rigid-body motion decreasing inter-story drift ratios. Third,
the system provides damping via the isolation elements. This causes dissolving the energy input
from the earthquake and is particularly indispensable in restraining the base displacements.

The effects of earthquakes have been investigated both near and far from the faults. Primarily, near-
field earthquakes were defined by Bolt [1] in 1975. According to Bolt, if the earthquake occurs in the
vicinity of a site, it is considered a near-field earthquake. Hence, the distance of the center of the
earthquake from the site is vital for the classification; for instance, Bolt [1] stated that if the site is
within a radius of 15 km of the fault, the earthquake is classified as near-field. These types of ground
motions are essentially famous for their critical energy pulses. In spite of the small magnitude of
near-field earthquakes, they carry tremendous destructive potential. As these earthquakes take
place in the vicinity of an active fault, they have long-period pulse maps [2]. A thorough investigation
of the main parameters of near-field earthquakes for concrete structures has been carried out by
Talebi Jouneghani et al. [3].

Comprehensive studies have been carried out to address the main concerns on seismic

isolation within the last decades [3-22]. These studies show an accurately designed seismic isolation
system effectively diminishes floor accelerations and inter-story drift ratios to acceptable levels
without triggering unsatisfactorily large base displacements in case of far-field earthquakes.
However, regarding near-field pulse-like earthquakes, the isolation system performs poorly, and
researchers are still in dispute whether this system is appropriate for the mentioned situation.
Lu et al. [4] experimentally investigated sliding isolation systems. They reported when the isolation
period is close enough to the pulse period, resonance-like behavior is more likely caused. To tackle
this problem, the utilization of high damping at the isolation system was pursued to reduce excessive
base displacements. However, other problems were caused by using high damping at the isolation
systems. By utilizing a two degree of freedom model, Kelly [5] revealed that using additional damping
could substantially reduce excessive base displacement; however, this causes the enhancement in
inter-story drifts and floor acceleration. Jangid and Kelly [6] showed a similar result, but floor
accelerations suddenly increase in isolation damping leading to transmit higher accelerations into
superstructure when subjected to near—field earthquakes. Hall [7] showed that by utilizing an
"optimum” amount of excessive damping, it is possible to reduce base displacements without
expanding floor acceleration or understory drifts afterward. Alhan and Gavin [8] proved that an
optimum mix of isolation stiffness and damping to certain levels could be achieved to decrease base
displacements without significantly enhancing floor accelerations in an 8-story building.

Alhan and Guvin [9] examined the reliability of the floor isolation system to protect vibration-
sensitive equipment in a probabilistic study. The results indicated it could not save the structures in
the close area of the fault. In another research, Jangid [10] has investigated the seismic response
of shear-type multi-story buildings equipped with lead-rubber bearings under near-field effects. They
observed that the lead rubber bearings with higher yield displacement, which is soft bearings, have
a better performance than the bearings with low yield displacement in the case of near-field ground
motions. Alhan C and Goktas Y. [11] investigated the near-field earthquake records. A significant
difference was observed when comparing far-field and near-field earthquake records in terms of long
velocity pulses and large vertical acceleration. As a result of the proximity and the long-term
periodicity of pulses to the period of structures in this area, destructive shocks are caused in the
buildings with base isolation. Recently, the effects of near field ground motions on the base-isolated
buildings were assessed by Providakis [12]. In his study, the base-isolated structures were equipped
with lead rubber and friction pendulum bearings along with supplemental damping. He showed
although the use of supplemental damping in limiting the absolute floor accelerations for both lead
rubber bearing and friction pendulum system isolators in cases of near-field earthquake motions are
effective, the absolute floor accelerations of the investigated types of lead rubber bearing and friction
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pendulum system isolated buildings under specific far-field motions increases. Other studies [11, 13-
14] demonstrated that floor acceleration could enhance if seismically isolated structures were
exposed to near field earthquakes with a pulse period close to their solution period. They also
suggested additional base displacements in case of near field earthquake probably result in the
pounding of the seismically isolated building provided that the isolation system displacement
surpasses the seismic gap left around it. Moreover, it was observed that substantial increases in
floor acceleration are caused by such a pounding [15]. Likewise, Taflanidis and Jia [16] conducted
the most dangerous base-isolated structures supplied unit lead rubber bearing through a proposed
simulation-based framework. They demonstrated that the seismic risk test in their work. The study
revealed that when the deformation of bearings exceeds the isolation gap, the seismic risk amplifies.
It was recently revealed by Mazza and Vulcano [17] and Mazza et al. [18] that the isolators might
even take tensile loads when vertical components of near-field earthquakes with high peak values
are in question with a possible failure of isolation system caused by high seismic displacement
demands. Alhan and Sahin [19] investigated the role of isolator characteristics in reducing the floor
accelerations of seismically isolated buildings with flexible superstructures under near-field
earthquakes. They found that higher isolation damping would decrease floor accelerations up to the
creation point, but further increases in isolation damping may cause higher floor accelerations.

In another study, Mazza and Vulcano [20] proved that supplemental damping is crucial to
control the base displacements of seismically isolated buildings. However, it may not guarantee
better performance in terms of structural and non-structural damage subjected to near-field
earthquakes. In addition, for relatively short pulse periods, some undesirable results are created.
Nigdeli et al. [21] offered a harmony study optimization metrology for seismically isolated buildings
subjected to both near-field and far-field earthquakes to optimize isolation system parameters such
as isolation period and damping ratio. Alhan and Davas [22] stated that "Benchmark buildings with
base isolation systems of different isolation periods and characteristic force ratios are subjected to
synthetically developed near-field earthquake records at different fault-distances with different
velocity pulse periods, and their seismic performances are reported.” In their study, for seismically
isolated buildings, protecting vibration-sensitive equipment in operating conditions in case of large
magnitude pulse-like near field earthquakes with very long pulse periods is a very challenging task.
Furthermore, the ratio of the isolation period to the pulse period has a huge impact on the peak base
displacement demands and the peak floor acceleration demands when subjected to long and short
pulse periods, respectively. It is reported that the mentioned effect becomes even more tangible for
shorter fault-distances and smaller characteristic force ratios.

Responses of base isolation systems subjected to near-field ground motions are one of the
well-researched areas. However, researches have indicated that base isolation systems utilized in
near-field earthquakes have experienced substantial lateral displacement. Moreover, a large number
of structures equipped with base isolation have overturned. Consequently, in this study, a new
method is adopted to limit the lateral displacement of base isolation in all types of structures under
near-field earthquakes, add more stability to the structure, and reduce the destructive effects of this
phenomenon. Furthermore, a support structure with viscous dampers is employed to reduce the
effects of the resonance due to near-field earthquakes.

MODULATION

Design of structures

As it is shown in Figure 1, five steel moment frame structures of 3, 5, 8, 11, 14 stories with
square plans are the designed models, and all of them are equipped with a Chevron brace with a
yard for the establishment of supporting structures. All of the structures are designed by the LRFD
method in ETABS 2016; later, they are transferred to PERFORM 3D for nonlinear time history
analyses.
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Fig. 1 — Structures witho'ut a rigid'supp'ort |

Rigid support structure

The rigid support structure is a square column situated in the middle of the base structure.
The stiffness of this column in all types of structures is the same as the stiffness of the braces in one
direction of the same structure. This column is designed in the center of the base, and it is rigidly
connected to the foundation. In addition, the structures are connected to the column in the roof by
horizontally crosswise viscous dampers, as is shown in Figure 2. It is notable that all of the rigid
support structures are designed in PERFORM 3D.
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Fig. 2 — Rigid support structure with dampers

Base isolation system

The base of lead rubber bearing (LRB) isolators is designed based on International Building
Code (IBC) [23]. The initial design of the Base isolation is by force-displacement method, in which
effective stiffness (K.sf) is required. As a result, the target period T, can be determined using

Equation (1).

w
T,=2r g (2)
gKe/f
In Equation (1), W, is the total weight of the superstructure. Moreover, Equation (2) is used

to estimate the displacement of the design.

__ & Solp 2)
D 47[2 BD
In Equation (2), B, is the damping factor, and Sp, is the spectral pseudo acceleration

obtained from the design spectrum. The parameters selected to define the utilized isolators, lead
rubber bearing, in PERFORM 3D are demonstrated in Figure 3 and Table 1.
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F(KN)

Tab. 1 - Force-displacement relationship

E—— for lead rubber bearing
Kp | __—T
N Structures K, Ke R Drex
== (KN) | (KN) | (KN) (m)
A 3 story 400 40 14 | 0.200
0 5 story 485 | 485 | 165 | 0.225
Dicm) 8 story 530 53 19 0.255
Fig. 3 — Force-displacement relationship for 11 story 605 60.5 | 225 | 0.311
lead rubber bearing l4story | 675 | 675 | 26 | 0.311

The fluid viscous damper system

According to the Iranian manual for structural damping systems in the design and retrofitting
of buildings [24], the force in the viscous damper is calculated using Equation 3.

F:Cg‘D‘a sgn[[)} (3)

In Equation 3, C, is the damping factor, D is the relative velocity between the two ends of the
damper, a is the numerical power of damper velocity, and sgn is the sign function. Moreover, the
parameters selected to define the utilized fluid viscous damper in PERFORM 3D are similar to LRBs,
which are indicated in Figure 4 and Tables 2-6.

F) Tab. 2 - Characteristics of the fluid
viscous damper in the 3-story structure

Diem)

Fig. 4 — Force-displacement relationship for

fluid the viscous damper the in 3-story structure

Tab. 3 - Characteristics of the fluid
viscous damper in the 5-story structure

Segment Deformation | Coefficient(C)
rate
1 0.6 2222
2 2.4 1333
3 5.4 952.4
4 9.6 740.7
5 15 606.1
Axial Force =C (Deformation rate)%5
force at last Segment=20000Kgf

Tab. 4 - Characteristics of the fluid viscous
damper in the 8-story structure

Segment | Deformation Coefficient(C) Segment Deformation | Coefficient(C)
rate rate
1 0.6 4444 1 0.6 6667
2 24 2667 2 24 4000
3 5.4 1905 3 5.4 2857
4 9.6 1481 4 9.6 2222
5 15 1212 5 15 1818
Axial Force =C (Deformation rate)®> Axial Force =C (Deformation rate)®>
force at last Segment=40000Kgf force at last Segment=60000Kgf
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Tab. 5: Characteristics of the fluid viscous Tab. 6: Characteristics of the fluid viscous
damper in the 11-story structure damper in the 14-story structure
Segment | Deformation Coefficient(C) Segment Deformation | Coefficient(C)
rate rate
1 0.6 8889 1 0.6 11110
2 2.4 5333 2 2.4 6667
3 5.4 3810 3 5.4 4762
4 9.6 2963 4 9.6 3704
5 15 2424 5 15 3030
Axial Force =C (Deformation rate)?5 Axial Force =C (Deformation rate)®>
force at last Segment=80000Kgf force at last Segment=100000Kgf

Equation of motion

In 1999, Naeim F and Kelly JM [25] evaluated the relative displacement (u) of each degree
of freedom with respect to the ground. The equation is as follows:

MU +Cu+Ku= -Mrug 4)

Where, r is a vector that couples each degree of freedom to the ground motion. When this
structural model is superimposed on a base isolation system with the base mass m,,, stiffness k,
and damping c¢,, Equation 4 becomes:

MV +Cv+Kv = -Mr(U‘g +ijb) (5)

Where v is the displacement relative to the base slab, and i, is the relative displacement of

the base slab to the ground. Now, the overall equation of motion for the combined building and the
base slab is:

r M@+ 1, +riig) +my (6 +iig) +ep by +e 04 +kpyvp, =0 ©6)

In Equation 6, v, is the displacement relative to the fluid viscous dampers, which can be
rewritten in the following form:

rTMv+ (m+ mb)i)b +cbi)b +cdbd +kbub = -(m+mb)ijg (7)

Equation 7 identifies v M as the total mass m of the building. Therefore, m + m,, is the total mass
carried by the isolation system. Equation 7 can be written in matrix form as follows:

* * * * * * * *
MV +Cv +tKv =-Mr Ug (8) Where:

T
Mr M 0 C 0 K 0 v
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Ground motion information

For time-history analyses by PERFORM 3D, the ground motions should be scaled such that

the average value of the 5 percent damped response spectra for the suite of motions is not less than
the design response spectrum of the site for periods ranging from 0.2T to 1.5T. T is the fundamental
period of structure in the fundamental mode for the direction of the response being analyzed
(standard no. 2800) [26].

Tab. 7 - Characteristics of NF earthquake motions

No. | Earthquake M Station Distance(km) | PGA(g) | PGV(cm/s) | PGD(cm)

1 Northridge 6.69 LA Dam 11.79 0.576 77.09 20.1

2 Chi Chi 7.62 TCU068 3.01 0.5 277.56 715.8

3 San Fernando | 6.61 Pacoima 11.86 0.827 34.43 18.67

Dam
4 Palm springs 6.06 | North Palm 10.57 0.669 73.55 11.87
springs

5 Kocaeli 7.4 Sakarya 3.2 0.41 82.05 205.9

6 Gazil 6.8 Karakyr 12.82 0.599 64.94 24.18

7 Whittier 5.99 Santa-fe 11.73 0.398 23.75 1.76

narrows springs
Tab. 8 - Characteristics of FF earthquake motions
No. | Earthquake M Station Distance(km) | PGA(g) | PGV(cm/s) | PGD(cm)
1 Imperial 6.53 Brawley Airport 43 0.158 36.09 22.63
Valley

2 Loma Prieta 6.9 Richmond City Hall 87.87 0.124 17.34 3.58
3 Tabas(Iran) 6.8 Tabas 55.24 0.851 121.22 95.06
4 Kobe 6.9 KIMA 18.27 0.854 95.75 24.56
5 Chi Chi 7.62 TCUO065 26.67 0.831 129.55 93.85
6 Kocaeli 7.51 Sakarya 33.24 0.376 79.49 70.56
7 Northridge 6.7 | Huntington BchWaikiki 69.5 0.086 5.01 1.63

Discussion and results
When the time history analyses, the acceleration response, the velocity, and displacement of the
classes for all of earthquakes has been discovered, it is observed that the changes in the output
responses of all earthquakes are very close to each other. Therefore, only the Northridge earthquake
responses are presented.
As shown in Figures 5 - 15 and Table 9, the response of the structures is extracted under near-field
scaled Northridge (North. NF) and far-field scaled Northridge (North. FF) records. Hence, the
reduced amounts in most displacements of the upper level of base isolation are observed according
to the following Figures and tables:
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Fig. 5 — Displacement of North. FF earthquake
for the 3-story structure
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Fig. 7 — Displacement of North. FF earthquake Fig.
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Fig. 9 — Displacement of North. FF earthquake
for the 8-story structure
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Fig. 11 — Displacement of North. FF
earthquake for the 11-story structure
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displ. t
isplacement(cm) displacement{cm)
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= Structure without support e Structure with support

Fig. 13 — Displacement of North. FF Fig. 14 — Displacement of North. NF
earthquake for the 14-story structure earthquake for the 14-story structure

Tab. 9 - The reduced amounts of lateral 100
displacement of the upper level of the

base isolation in structures with rigid
support under the North. FF and North.
NF earthquakes
Field Far Near I
Structure

B e M oW oW @ - @ b
0 O 4O D o a4 o o

3 story 88 % 87 % 1ast 11st 8st 5st 3st
5 Story 903 % 856 % m near field earthquakes m far field earthquakes

8 story 90.6 % 84.8 %

11 story 44.7 % 745 % Fig. 15 — The reduced amounts of lateral
14 story 58.3 % 77 % displacement of the upper level of base

isolation in structures with rigid support
under the North. FF and North. NF
earthquakes

As shown in Figures 16 - 26 and Table 10, the response of these structures is extracted
similar to the previous section, (North. NF) and (North. FF). Furthermore, reduced amounts in most
base shears of the upper level of base isolation are observed in the following figures and tables:

base shear{N) base shear(N)

60000 50000
40000

30000
20000
10000

0 il
-10000
-20000
-30000
-40000
-50000
-60000 ts) 50000 t(s)

-20000

-40000

Structure without support Structure with support

——Structure without support  ——— Structure with support

Fig. 16 — Base shear of North. FF earthquake  Fig. 17 — Base shear of North. NF earthquake
for the 3-story structure for the 3-story structure
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base shear(N)
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60000
40000
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-60000 t(s)

= Structure without support ~ =—Structure with support

Fig. 18 — Base shear of North. FF earthquake
for the 5-story structure

base shear(N)

80000
60000
40000
20000
0
-20000
-40000

-60000 t(s)

= Structure without support == Structure with support

Fig. 20 — Base shear of North. FF earthquake
for the 8-story structure

base shear(N)
150000
100000
50000
0
-50000

-100000

-150000 ts)

= Structure without support m—Structure with support

Fig. 22 — Base shear of North. FF earthquake
for the 11-story structure
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-40000

-60000 t(s)

= Structure without support = Structure with support

Fig. 19 — Base shear of North. NF earthquake
for the 5-story structure

base shear(N)
60000

-20000

-40000

-60000 t(s)

= Structure without support m— Structure with support

Fig. 21 — Base shear of North. NF earthquake
for the 8-story structure

base shear(N)
150000

100000
50000
(4]

-50000
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= Structure without support m— Structure with support

Fig. 23 — Base shear of North. NF earthquake
for the 11-story structure
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base shear(N) base shear(N)

-100000 100000

-150000 tls) -150000 ts)

——Structure without support ~ ———Structure with support ——Structure without support — Structure with support

Fig. 24 — Base shear of North. FF earthquake  Fig. 25 — Base shear of North. NF earthquake
for the 14-story structure for the 14-story structure

Tab. 10 - The reduced amounts of base
shear of the upper level of base isolation
in structures with rigid support under the

North. FF and North. NF earthquakes -
Field Far Near B
Structure .
3 story 71% 78% II .I

8st 5st 3st .

=

5 story 66% 64% 14st 11st
8 Story 55% 45% m near field earthquakes @ far field earthquakes
11 stor 15% 26% :
Y Fig. 26 — The reduced amounts of base
14 story 19% 25%

shear of the upper level of base isolation in
structures with rigid support under the North.
FF and North. NF earthquakes

The results demonstrate that the structures with viscous dampers have four main
advantages. The first considerable effect of support structures with viscous dampers in the near-
field earthquakes is reducing the displacement of the upper level of base isolation and decreasing
the base shear in all of the structures, especially in shorter buildings. Similarly, the same effect of
the mentioned structure is observed in the far-field earthquakes.

As shown in Figures 27 - 37 and Table 11, the velocity of stories in the structures is extracted
as (North. NF) and (North. FF) records, and reduced amounts in the velocity of the stories were
observed through the following figures and tables:

stories stories

3 3

velocity (cm/s) .
0 10 20 30 40 S0 60 70 80 velocity (cm/s)
0 10 20 30 40 50 60

—e—structure without support  —e—structure with support i
—e—structure without support  —e—structure with support

Fig. 27 — Stories velocity of North. FF Fig. 28 — Stories velocity of North. NF
earthquake for the 3-story structure earthquake for the 3-story structure
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velocity (em/s) velocity (cm/s)
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—e—structure without support  —e=structure with support —e—structure without support  —e—structure with support

Fig. 29 — Stories velocity of North. FF Fig. 30 — Stories velocity of North. NF
earthquake for the 5-story structure earthquake for the 5-story structure
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—e—structure without support  —e—structure with support —e—structure without support  —e—structure with support

Fig. 31 — Stories velocity of North. FF Fig. 32 — Stories velocity of North. NF
earthquake for the 8-story structure earthquake for the 8-story structure

stories stories
11 11
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7 7
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Fig. 33 — Stories velocity of North. FF Fig. 34 — Stories velocity of North. NF
earthquake for the 11-story structure earthquake for the 11-story structure
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Tab. 11 - The reduced amounts of ”
velocities in structures with rigid support
under the North. FF and North. NF 60
earthquakes
Field Far Near I 20
Structure I |
3 story 5% 8%
5 story 86 % 23 % et
8 Story 90 % 81 % 14st - 8st B 5st 3st
11 Story 68 % 32 % m near field earthquakes far field earthquakes
14 story 45 % 73 % Fig. 37 — The reduction amounts of velocities

in structures with rigid support under the
North. FF and North. NF earthquakes

The second significant feature of support structures with viscous damper in near-field
earthquakes is reducing the story velocity in all structures, especially in tall buildings. Evidently, the
same effects are observed when the structure is subjected to far-field earthquakes.

As shown in Figures 38-48 and Table 12, the response of these structures is extracted as (North.
NF) and (North. FF) records, and reduced amounts in the acceleration of the stories could be
observed in the following figures and tables:

: / 3 y
/ /
/
. / /
/ ! /
/ /
/ /
acceleration{g) s 02 os o8 08 1 12 acceleration(g)
e structure without support e structure with support —e—structure without support ~ —e—structure with support
Fig. 38 — Stories acceleration of North. FF Fig. 39 — Stories acceleration of North. NF
earthquake for the 3-story structure earthquake for the 3-story structure
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Fig. 40 — Stories acceleration of North. FF
earthquake for the 5-story structure

Fig. 42 — Stories acceleration of North. FF
earthquake for the 8-story structure

Fig. 44 — Stories acceleration of North. FF
earthquake for the 11-story structure
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Fig. 41 — Stories acceleration of North. NF
earthquake for the 5-story structure
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Fig. 43 — Stories acceleration of North. NF
earthquake for the 8-story structure
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Fig. 45 — Stories acceleration of North. NF
earthquake for the 11-story structure
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Fig. 46 — Stories acceleration of North. FF
earthquake for the 14-story structure

Tab. 12 - The reduced amounts of
accelerations in structures with rigid support
under the North. FF and North. NF

acceleration(g)
01 02 03 04 05 06 07

—e—structure without support  —e—structure with support

Fig. 47 — Stories acceleration of North. NF
earthquake for the 14-story structure

earthquakes
Field Far Near I I I ”
Structure - ’
3 story 58 % 119 % 50
5 Story 197 % 75 % 14st 11st 8st Sst 3st
8 story 10% 103 % i s i corthauokes  mfar fiet carthauekes
11 story 109 % 37 % Fig. 48 — The reduced amounts of
14 story 6% 6 % accelerations in structures with rigid support

under the North. FF and North. NF
earthquakes

The third vital strength of support structures with viscous damper in near-field earthquakes
is reducing the stories' acceleration in all of structures, especially in short structures. The mentioned
effects are also evident in all types of structure subjected to far-field earthquakes.

The fourth important advantage of the support structures with viscous dampers is changing
the first modal shape of the structure from shear to torsional. This important effect plays a significant
role in reducing the effect of modal mass on the first action of the structure. Despite early long pulses
in near-field earthquakes records, the risk of structural collapse in base isolation is greatly reduced.

CONCLUSIONS

The base isolation is usually designed to reduce the destructive effects of an earthquake,
prolong the effective life of a building, and help the structures to be similar to a rigid body. Although
using a base isolation system could improve the mentioned features, in case of a near-field
earthquake, it may cause a significant reduction in the structures' stability leading to the building
overturn and destruction. The previous studies have demonstrated that the structure with a base
isolation design usually experiences critical lateral displacement leading to the structure's overturn.
Consequently, one of the main concerns in the utilization of base isolations is the inconsistent
performance of the design when subjected to near-field earthquakes. Therefore, if the lateral
displacement is handled properly and its amplitude is decreased enough to be safe for the structure
and its residents, the application of such a system is fully justified.
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As a remedy to the mentioned problem, in this study, a safe method for reducing the lateral
displacement of base isolation under near-field earthquakes was proposed. For all the models in the
study, a support structure is designed which is connected crosswise with a viscous damper to the
roof, and it is rigidly connected to the foundation of the building. Analyses of the results revealed that
the implementation of the proposed method has five main advantages which are as follows:

e The lateral displacement of the base isolation in all types of structures subjected to near-field
earthquakes is significantly reduced.

e The base shear was proved to substantially decrease when subjected to near-field ground
motions.

e The acceleration of the stories is observed to experience a major decrease as a result of the
support structure in all types of buildings when subjected to near-field earthquakes.

e The velocity of the stories in the case of a near-field earthquake is remarkably dropped in all
types of buildings.

e The first modal shape of the structures has shifted from shear to torsional.

These advantages demonstrate that most of the destructive effects of the resonance, which could
be caused by near-field earthquakes, leading to the overturn of the buildings are eliminated. Hence,
the method justifies the application of the lead rubber bearing isolation systems. Moreover, this
method could help to save the structural and non-structural properties of the building, and more
importantly, this method could reduce the mortality rates caused by near-field earthquakes.
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