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Abstract
Four remarkable projects on retrofitting by base isolation: (i) of an existing stone apartment
building that was made in the city of Vanadzor (Armenia) without resettlements of the
occupants; (ii) of a 60 years old non-engineered stone school building in the city of
Vanadzor (Armenia); (iii) of about 180 years old historical building of the Iasi City Hall in
the city of Iasi (Romania); and (iv) of an existing reinforced concrete frame hospital
building in the city of Yerevan (Armenia) are briefly described in the paper to demonstrate
accumulated in Armenia experience of retrofitting by seismic isolation. Based on this
further developments have taken place and the given paper is mainly focused on retrofitting
by base isolation of the existing 4-story reinforced concrete industrial frame building with
its simultaneous reconstruction into a 6-story hotel building. Paper describes the new
structural concept of retrofitting by base isolation developed in 2014 and the results of
analysis of this building in accordance with the provisions of Armenian Seismic Code and
also time history analysis. The created solution is proposed for the first time and envisages
gradual cutting the structural elements and placing at the same time the seismic isolators.
Operations are designed to be performed for the existing columns in several stages.

1. Introduction
The retrofitting technique using base isolation has great potential for rehabilitation of
ordinary civil structures such as apartment blocks and critical facilities such as schools,
hospitals. Several remarkable projects on retrofitting by base isolation were developed and
implemented using technologies created by the author of this paper. By given below the
brief description of these projects an objective is pursued to demonstrate experience
accumulated in Armenia in this field.
1.1. Retrofitting of an Existing 5-Story Stone Apartment Building
The first retrofit of 1A-450 series stone apartment building with load bearing walls (Fig.
1) has been carried out in Armenia in the city of Vanadzor in 1995-1996, financed by the
World Bank and co-financed by UNIDO [1, 2]. The high damping rubber bearings
(HDRB) for this retrofit project were designed with significant help and support of the UK
based Malaysian Rubber Producers’ Research Association (MRPRA). 60 HDRBs were
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used in the project, of which 28 bearings have been
manufactured by MRPRA and 32 in Malaysia by Min Rubber
Products Sdn. Bhd. and Sime Engineering Rubber Products
Sdn. Bhd [3]. The structural concept aims at retrofitting an
existing building with seismic isolators using a simple and
innovative working technology developed by the author of this
paper (Patent of the Republic of Armenia #579) [4, 5]. This is a
unique and pioneering seismic isolation project implemented
for an existing 5-story stone building without re-settlement of
the dwellers. There has been no similar precedent in the world
practice of retrofitting apartment buildings. The isolators in
this building are located by upper and lower recesses provided
by annular steel rings bolted to outer steel plates which are

connected to the reinforcement in the upper continuous and
lower foundation beams; the isolators are not bolted to the
structure (Fig. 2). This method of connection helps to
minimize the cost of the isolators themselves and simplifies
their installation on site. The side, top and bottom rubber cover
layers ensure the steel plates are protected from corrosion. In
the existing building under consideration the bearings were not
to be located in an enclosed, heated basement, but would be
exposed to the outside environment. The severe winter weather
at the site meant that particular attention had to be paid to the
low temperature crystallization resistance of the rubber
compound. Thus, a rubber compound suited to sites with
severe winter temperatures has been developed.
upper continuous beam connected to the superstructure

lower continuous beam connected to the foundation at its upper edge

Figure 2. Location of HDRB by upper and lower recesses provided by
annular steel rings bolted to the outer steel plates connected to
reinforcement in the upper continuous and lower foundation beams
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Figure 1. General view of the existing 5-story stone apartment building
retrofitted by base isolation and fragments of its isolation system
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Figure 3. General view of the existing 3-story stone school
building retrofitted by base isolation
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Figure 4. Plan of the basement with location of seismic isolators on the lower
continuous beams of the 3-story school building retrofitted by base isolation
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1.2. Retrofitting of an Existing 3-Story Stone
School Building
The other retrofit has been carried out in Armenia in
2001-2002. This was the school #4 in the city of Vanadzor and
this building not only has a historical meaning for the city, but
also a great architectural value (Fig. 3). With this in mind, the
financing organization – Caritas Switzerland – has agreed with
the proposal of the author of this paper to retrofit the building
by base isolation. The unique operations were carried out to
install seismic isolation bearings in this building [6, 7]. The
school is a 3-story, over 60 years old building with thick
bearing walls made of tuff stones. Actually, this building is a
non-engineered structure with wooden floors in some of its
parts. The design for retrofitting of this school together with
implementation of base isolation was set to replace the wooden
floors by the R/C slabs. These operations were performed
simultaneously with installation of the base isolation system at
the level of the school basement. Forty-one medium damping
rubber bearings for retrofitting of this building were
manufactured in Armenia by the Yerevan Factory of Rubber
Technical Articles. The thickness of bearing walls in this
building varies from 600 mm to 1150 mm in the basement and
from 600 mm to 700 mm in the floors above the ground. There
is a school sports hall located between the axes “A”-“C” and
“5”-“6”. The height of the sports hall is equal to the height of
the basement plus the height of the first floor. This, along with
the U-shape plan, causes significant asymmetry to the building
relative to the longitudinal axis “D”. Actually the plan of the
building in the limits of the basement and the first floor is
almost rectangular (Fig. 4), while the plans of the second and
third floors are U-shaped. The school building had survived
the 1988 Spitak Earthquake and fortunately the effect of this
earthquake on the building was not very damaging. The
building suffered inclined cracks mainly in the walls located
around the staircases. Therefore, it was also decided to
strengthen parts of the existing damaged walls by cement
injection and/or by reinforced concrete jackets. These
operations were also performed simultaneously with
installation of the base isolation system.
1.3. Base Isolation Retrofitting Design of the
Cultural Heritage Building of Iasi City
Hall
Experience accumulated in Armenia in retrofitting of
existing buildings including those of historical and
architectural value created a good basis for participation in the
international competition announced by the Government of
Romania for development of the design on retrofitting of about
180 years old 3-story historical building of the Iasi City Hall
(Iasi County) by base isolation (Fig. 5). The retrofitting design
was to be implemented within the framework of the Romania
Hazard Risk Mitigation and Emergency Preparedness Project
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financed by the World Bank. The structural concept was
developed and proposed for retrofitting of the Iasi City Hall
building including the new approach on installation of seismic
isolation rubber bearings by clusters described in [8, 9] and
successfully implemented in many buildings in Armenia (Fig.
6). The design was accomplished under the leadership of the
author of this paper in cooperation with the Romanian
company MIHUL S.R.L. [10] and was finally approved by the
Technical Committee for Seismic Risk Reduction (a body
especially created by the Government of Romania) on June 1,
2009. As described in [11], the Iasi City Hall building was
originally constructed in 1810's in neo-classical Viennese style,
and its façade was decorated with marble statues of
mythological characters. It was modified in 1860's and turned
into City Hall in 1891. It is considered a cultural heritage
building and used to be the Romanian Royal Family residence.
The Palace underwent a major remodeling in 1985, creating
the mansard, roof structures and entrance staircase that are
visible today. Taking into account that the Iasi City Hall
building has historical and architectural value, evidently the
conventional (traditional) methods of strengthening
(reinforced concrete jacketing, construction of additional shear
walls and frames, etc.) are not applicable to this building.
There are known cases, when the application of conventional
methods of strengthening to similar type of buildings has
brought to significant disfiguration of their façades and
interiors. The above upholds that the City Hall should be
retrofitted using innovative seismic (base) isolation
technologies. In this case the first dynamic mode of the
isolated building involves deformation only in the isolation
system, the building above being to all intents and purposes
rigid. The higher modes do not participate in the motion so that
the high energy in the ground motion at these higher
frequencies cannot be transmitted into the building [12]. The
key objective of the given work was to develop a structural
concept and design for retrofitting the Iasi City Hall building
by base isolation, which will ensure cost-effectiveness of the
construction works, high reliability of the structure and
preservation of the historical and architectural value of the
building. Base isolation method for this existing building with
bearing walls that involves placing seismic isolators at the
level of basement solves the problem through the same
innovative technology as was mentioned above for the
apartment and school buildings (Patent of the Republic of
Armenia #579). It was also proposed to lay a 150 mm thick
reinforced concrete slab immediately above the seismic
isolation plane to cover the basement. This approach would
significantly increase the reliability of the whole structure (i.e.
the building itself plus the isolation system), lead to an
increased rigidity of the superstructure (the part of the building
above the isolation plane) and would result in a more uniform
distribution of seismic forces on isolators.
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Figure 5. View of the Iasi City Hall building
(Iasi County, Romania)
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Figure 6. Plan of location of seismic isolators on the level of the basement highlighting the lower
pedestals under the isolators and the lower continuous beams along the whole perimeter of the
bearing walls

1.4. Retrofitting of an Existing 8-Story
Reinforced Concrete Frame Hospital
Building
In 2013 a new structural concept was developed [13] for an
existing 8-story reinforced concrete (R/C) hospital building
(Hematology Centre) to be retrofitted by base isolation in the
city of Yerevan (Fig. 7). The project was initiated by
Healthcare Project Implementation Unit and financed by the
World Bank. The seismic isolation of the building in this
project was planned to be implemented at the basement level
(Fig. 8). Principally new structural approaches have been
proposed for seismic isolation of the building’s R/C bearing
frame. The phases for cutting the columns and shear walls and
placing the seismic isolators were developed in detail. The
seismic isolators are placed under all columns of the
superstructure, grouped in two or three isolators. In addition,
they are placed also within the limits of shear walls. The
developed structural solution for cutting the columns and shear
walls and placing the seismic isolators is proposed for the first
time ever. The existing building has rectangular plan. The
bearing (moment resisting) frames with strong beams of cross
section 400x520(h) mm are located in transverse direction,
while in longitudinal direction there are frames with the
interior weak beams of cross section 1200x250(h) mm and
exterior weak beams of cross section 800x250(h) mm and with
shear walls of the thickness equal to 140 mm. Cross section of

all the columns is equal to 400x400 mm. The main objective
was to implement the proposed structural solution for seismic
isolation of the existing building in parallel with its full
renovation. This is one of the advantages of retrofitting by base
isolation when superstructure can be renovated immediately
with the implementation of the works on retrofitting.
Obviously, this significantly shortens the whole construction
process. Such an approach becomes possible due to
application of base isolation to this existing building and there
is no need to strengthen the structural elements of the
superstructure. Along with providing the high reliability to the
building, seismic isolation also allows considerable savings in
construction cost. Results of analysis of this retrofitted
building by the Armenian Seismic Code and the time histories
prove high effectiveness of the seismic isolation system, thanks
to which the superstructure of the Hematology Centre building
practically will not deform during an earthquake and will act as
a rigid body. This will ensure high reliability of the building,
which will suffer no damage under seismic impacts, since the
structural elements below and above the seismic isolation
plane will work only in the elastic phase. An input acceleration
of 0.52g at the foundation bed gets damped more than 3 times
in the superstructure. The experience in seismic isolation of
existing buildings in Armenia has shown that compared to
other conventional methods for improving the earthquake
resistance of the buildings, seismic isolation is several times
less expensive [14, 15].

Engineering and Technology 2014; 1(1): 1-12

5

E

D

C

B

A

1

Figure 7. Design view of the 8-story R/C Hematology
Centre building retrofitted by base isolation
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Figure 8. Plan of location of seismic isolators on the level of the basement of Hematology
Centre existing building

2. Retrofitting by Base Isolation of an
Existing 4-Story Industrial R/C
Frame Building and Its
Simultaneous Reconstruction into
a 6-Story Hotel Building
2.1. General Information on the Structural
System of the Existing 4-Story Industrial
R/C Frame Building
The project on seismic isolation and reconstruction of the
4-story industrial R/C frame building located in Yerevan (Fig.
9), was implemented at the order of the Fredex Services LLC.
The project is based on the seismic isolation method, the
structural concept of which has been developed by the author

of this paper. During the development of the design principally
new structural approaches have been proposed for seismic
isolation of the building’s R/C bearing frame. The existing
building has a bow-shaped plan with dimensions of about
18×80 m, thirteen spans in longitudinal direction and three
spans in transverse direction. The bearing (moment resisting)
frames with strong beams of cross section 400x640(h) mm are
located in transverse direction, while in longitudinal direction
there are frames with the interior weak beams of cross section
1200x250(h) mm and exterior weak beams of cross section
800x250(h) mm. Cross section of all the columns at the first
floor is equal to 400x500 mm. The same is true for the columns
along the exterior axes of the second, third and fourth floors,
but for the columns along the interior axes at these floors the
cross section is equal to 400x400 mm. The heights of floors are
different and given by the floor marks in Figure 10. Between
the axes “5” and “6” the building has an expansion joint.

Figure 9. View of the existing 4-story industrial R/C frame building to be
retrofitted by base isolation

Figure 10. Vertical section of the existing 4-story industrial R/C
frame building
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2.2. The Set Objectives and Parameters of
the Used Seismic Isolation Laminated
Rubber-Steel Bearings
From Figure 10 it can be noticed that the height from the
upper edge of the existing foundation to the ceiling of the first
floor is equal to 7.02 m. That is why it was suggested by the
author of this paper to create within this space two floors and
consider one of them as a basement level and the other as a
ground floor. Also the task was set by the owner to increase the
number of floors at the top of the building by two more floors.
However, the main objective on retrofitting of this building in
principle is the same as for the mentioned above Hematology
Centre building, namely, application of the proposed structural
solution for seismic isolation of the existing building in
parallel with its full reconstruction. All other objectives and
advantages on retrofitting by base isolation listed above are
also applicable for this building. At the same time, it is decided
to determine the dynamic characteristics of the building after
completing the seismic isolation and reconstruction works, and
to compare displacements during micro-oscillations for the
superstructure and part of the building below the seismic
isolation plane level. It is also decided to thoroughly
follow/record all activities in all phases of seismic isolation
system construction by photo and video cameras, to archive the
obtained materials, as well as to place seismic sensors with
identical specifications at all levels of the building, including
the basement floor, in order to record accelerations,
displacements and dynamic characteristics during seismic
impacts in mutually perpendicular directions. Thus, based on
the accepted decisions and the set objectives the existing
4-story industrial building was actually converted into a
6-story hotel building plus a basement floor. In this case the
mark ±0.00 was applied to the level of the ground story’s
finished floor and the seismic isolation system is designed
between the marks ±0.00 and –1.20 as it is shown in Figure 11
for the new vertical section of the building. This means that
seismic isolation system of the building is implemented at the
level of the newly created basement. Seismic isolation
laminated rubber-steel bearings (SILRSB) of same type and
sizes were used to make the seismic isolation system. Total 158
SILRSBs were used with aggregate horizontal stiffness equal
to 127980 kN/m. These are manufactured in Armenia
according to the Republic of Armenia Standard HST 261-2007
with the sizes and physical/mechanical parameters given in
Figure 12.

2.3. Proposed Structural Solution of
Retrofitting by Base Isolation of the
Existing 4-Story Industrial R/C Frame
Building and its Conversion into a 6-Story
Hotel Building
The structural solution developed for cutting the existing
columns and placing the seismic isolators is proposed for the
first time ever and it is performed in 9 stages. The existing
columns of the given building, designed in accordance with the
former Soviet Union building code, have the spread footings.
However, according to the current Armenian Building Code
(RABC II-6.02-2006) the spread footings must be connected
to each other. This was done by newly designed connecting
beams of cross section 600x400(h) mm. Exactly in these
beams the reinforcing bars of the newly designed columns are
anchored (Fig. 13). Thus, the new columns of different shape
are designed to be constructed around the existing columns and
the SILRSBs are placed on top of them grouped in two, three
or four seismic isolators to carry the weight of superstructure
(Fig. 14). The different cross-sections of the new columns were
designed based on the results of calculations to ensure their
required horizontal stiffness. Also dimensions of the
cross-sections have to be large enough in order to
accommodate the isolators’ lower sockets and to provide a
possibility for easy concreting of the columns. There are upper
pedestals envisaged above the isolation interface and their
cross-sections are exactly the same as for below located
columns. The height of the upper pedestals is equal to 950 mm
and all of them are connected to each other by very strong
upper beams along the all axes of the building. The upper
beams of cross-section 600x800(h) mm are designed along the
all interior axes, but those of cross-section 600x950(h) mm are
designed along the all exterior axes. Finally all upper pedestals
and upper beams are united by a slab of thickness 150 mm.
Special attention needs to be paid to the stairs leading to the
basement. These structures have gaps between them and
superstructure to ensure unhindered movement of the
superstructure and displacement of the seismic isolation
system during design level earthquakes. In the basement floor
limits the elevator shafts have metallic carcasses, which are
hung on new beams designed between the marks ±0.00 and
–0.85. There are 100 mm gaps between the lower parts of the
mentioned metallic shafts and bottoms of the elevator pits. The
sizes of pits are chosen in such a way that during design level
earthquakes they allow free movement of elevator shafts,
without touching the pit walls.
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External diameter of the bearing (D): (380 ± 2.0) mm;
Internal diameter of the bearing’s central hole (d1): (19 ± 1.0) mm;
Height of the bearing (H): (202.5 ± 2.5) mm;
Thickness of the rubber layers (S): (9 ± 0.1) mm;
Diameter of the steel shim plates (d2): (360 ± 0.5) mm;
Thickness of the steel shim plates (S1): (2.5 ± 0.1) mm;
External diameter of the upper and lower flanges (d3): (376 ± 0.5) mm;
Thickness of the upper and lower flanges (S2): (20 ± 0.2) mm;
Thickness of the upper and lower flanges’ protective layer (S3): (2 ± 0.1) mm;
Mass of the bearing: (77.5 ± 2.5) kg;
The bearing must withstand a maximum (design) permissible vertical
loading of 1500 kN;
Shear modulus of the bearing’s rubber must be (0.97 ± 0.15) MPa;
Vertical stiffness of the bearing: no less than 300 kN/mm;
Horizontal stiffness of the bearing: (0.81± 0.1) mm;
The bearing must withstand a maximum (design) permissible horizontal
displacement of 280 mm, without causing cracks greater than 3 mm deep and
6 cm long;
Shore A hardness of the bearing: 70 ± 5 points;
Damping coefficient of the bearing: 13-15%.
Figure 11. New vertical section of the existing 4-story industrial R/C frame
building converted into 6-story (plus a basement) hotel building

Figure 12. Dimensions and physical/mechanical parameters of the seismic
isolation laminated rubber-steel bearing

Figure 13. Views of the connecting beams with the anchored in them reinforcement cages of the newly designed columns (left), of the seismic isolators lower
sockets installed before casting the columns’ concrete (middle) and the final view of the new columns constructed around the existing columns (right)
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Figure 14. Plan of location of seismic isolators on the level of the basement of 6-story base isolated hotel building and the joints showing the different shapes
of newly designed and constructed columns with various locations of SILRSBs on top of them

The given structural solution developed for cutting the
columns and placing the seismic isolators is proposed for the
first time ever and it is performed in 9 stages (Fig. 15). First the
concrete cover layer of the existing columns has to be removed
as shown in the presented drawing. Then the reinforcement
cages of the newly designed columns are installed around the
existing columns and anchored in the connecting beams (stage
2). The next step is placing of the isolators’ lower sockets on
top of the new columns’ reinforcement cages (stage 3). As
concrete is casted on the parts of new columns around the
existing basement columns, it is necessary to follow that the
lower sockets of seismic isolators are in strictly horizontal
position (stage 4). Then the SILRSBs can be placed in the
lower sockets (stage 5) and after that the upper sockets and the
reinforcement cages of the upper pedestals have to be placed
on isolators (stages 6 and 7). Together with this the process of
reinforcing of the upper beams and slabs is going on and
concrete of all the structural elements above the isolation
interface is casted (stage 8). At the final 9th stage the parts of
the existing columns between the marks –1.00 and –1.20,
namely, between the newly constructed columns and the upper

pedestals are cut and the superstructure is isolated. All
operations related to cutting the columns till the stage 8 can be
performed simultaneously. However, the cutting of columns
must start from the middle part of the building plan and
gradually continue to the right and left edges of the building.
Placing all isolators of the seismic isolation system and cutting
all columns brings in separating of the building’s
superstructure from its base. Consequently, the mass of the
building and horizontal seismic loads are passed to vertical
structures and footings of the building only through seismic
isolators.
Before implementation of the above described technology
the self-supporting walls encasing the former first floor level
have to be dismantled. Once the seismic isolation system is
completed, all partitions of the basement have to be built, with
gaps ensuring unhindered movement of bearing structures
above and below the seismic isolation plane relative to each
other. The sizes of the gaps are determined by displacement
values obtained during calculations. The design also involves
constructing of 50 mm thick R/C layers on all inter-storey floor
slabs of the building to increase their stiffness in horizontal
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planes. This is a requirement of RABC II-6.02-2006. For this
purpose top surfaces of all prefab floor slabs and connecting
cross-beams have to be bared, whereas the joints between
these structural elements have to be cleaned from debris.
Before making the R/C layers, all surfaces and joints must be
thoroughly washed. After that 300 mm long rebars with
a.

diameter of 8 mm have to be placed in joints between prefab
slabs with a spacing of 900 mm and concrete has to be cast.
The rebars are necessary for creating reliable connection
between reinforcement meshes of R/C layers and existing
prefab slabs.

c.

b.

f.

e.

d.

newly
constructed
column

existing column

existing spread
footing

9

connecting
beam

g.

h.

i.

upper
pedestal

Figure 15. Stages of installation of the seismic isolation rubber bearings under the existing columns of the 4-story industrial R/C frame building converted into
6-story (plus a basement) hotel building
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3. Analysis of the Seismic Isolated
Retrofitted 6-Story Hotel Building
on the Basis of the Armenian
Building Code and Acceleration
Time Histories
According to a geological report, the site of the building is
located in the Seismic Zone 3, and the site Soil Category is II
corresponding to the RABC II-6.02-2006. The report suggests
an expected peak ground acceleration value of 0.4g. Vertical

loading and seismic impact analysis of the seismic isolation
system and the whole structure was performed in accordance
with RABC II-6.02-2006 and by the acceleration time histories,
using LIRA-SAPR2013 R2 software. The 3D design model
(Fig. 16) was developed using different types of finite elements
like bar frame finite elements for columns and beams or
membrane finite elements for floor slabs, as well as finite
elements for seismic isolators with due consideration of the
structural solution of the superstructure (i.e. part of the
building above the seismic isolation plane) and of the seismic
isolation system.

Figure 16. The 3D design model of the seismic isolated retrofitted 6-story hotel building

The following parameters were assumed for analysis:
Soil conditions coefficient is K0=1.0 and the site
prevailing period of vibrations 0.3≤T0≤0.6 sec;
Permissible damage coefficient for determining
displacements – K1=0.8;
Permissible damage coefficient for analysis of seismic
isolation system and reinforced concrete structures
below it – K1z=0.8;
Permissible damage coefficient for analysis of the
superstructure – K1=0.35;
Coefficient of seismicity – A=0.4.
The 8 acceleration time histories selected for calculations
and scaled to 0.4g are listed in Table 1.
The oscillations periods obtained for the building for the
first oscillation mode were equal to T1long=2.2 sec in
longitudinal and T1trans=2.1 sec in transverse directions. Shear
forces impacting the seismic isolation system, horizontal

displacements and accelerations of the seismic isolation
system and all floors and maximum drifts of superstructure’s
floors, according to calculations by RABC II-6.02-2006 and
respective average values by the time histories analysis are
given in Table 2.
The obtained results prove high effectiveness of the seismic
isolation system, thanks to which the superstructure of the
6-story hotel building practically will not deform during an
earthquake and will act as a rigid body. This will ensure high
reliability of the building, which will suffer no damage under
seismic impacts, since the structural elements below and above
the seismic isolation plane will work mostly in the elastic phase.
Indeed, according to the RABC II-6.02-2006 the permissible
drift in longitudinal or transverse directions for R/C moment
resisting frames is equal to 1/200 of the floor height, which
comprises 20.1 mm for the ground floor where maximum drifts
occur. This value is about 1.6 times in average bigger than the
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calculated drifts. An input acceleration of 0.4g at the foundation
bed gets damped in average up to 2.1 times in the superstructure
by calculations based on RABC II-6.02-2006 and up to 3.2 times
by the time histories calculations. Accelerations induced at the
first and last floor slabs of the structure differ by around 31% in
average. It also can be noticed that the displacements of isolation
system, floors’ drifts and horizontal shear forces obtained by
calculations of this base isolated building by the RABC
II-6.02-2006 are higher than the same values obtained by the
time history analysis by a factor of 1.5 in average. Therefore, the
Code needs a more accurate designation of reduction factors for
seismic isolation systems. At this stage it is suggested by the
author of this paper to accept K1z=0.6 for zone 3 in the next
edition of the Code, as a compromise solution [16].
The obtained results also show that vertical loads on seismic
isolators do not exceed the stipulated value of 1500 kN, which is
achieved through satisfying the requirements set in RABC
II-6.02-2006. Consequently, there is practically no eccentricity
between the horizontal stiffness center of the seismic isolation
system and projection of the structure’s mass center on
SILRSBs’ plane.
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This is proven and also can be well observed in analysis by the
time histories during the oscillations of the building.
Table 1. Acceleration time histories selected for earthquake response
analysis of the seismic isolated retrofitted 6-story hotel building
Earthquake and
Record Component
Hollister (USA)
Eureka (USA) horizontal
NE direction
Bar (former Yugoslavia)
in horizontal EW
direction
Chiba (Japan) in
horizontal NS direction
Spitak (Armenia) in
horizontal EW direction
Spitak (Armenia) in
horizontal NS direction
Loma Prieta (USA) in
horizontal EW direction
Manjil (Iran) in
horizontal NE direction

09.03.49

Predominant
Period, sec
0.30

Duration,
sec
9

20.12.54

0.44

26

15.04.79

0.55

15

17.12.87

0.35

39

07.12.88

0.43

18

07.12.88

0.47

18

17.10.89

0.34

10

20.06.90

0.49

20

Date

Table 2. Some results obtained by calculations in accordance with Armenian Building Code and average by the time histories for seismic isolated retrofitted
6-story hotel building
As per RABC II-6.02-2006

Average by the Time Histories

Calculated Values

In longitudinal
direction

In transverse
direction

In longitudinal
direction

In transverse
direction

Shear forces, kN

21160

22180

14140

14990

167

194

112

131

0.137g

0.157g

0.092g

0.103g

1-st

185 / 0.153

186 / 0.170

123 / 0.102

125 / 0.114

2-nd

202 / 0.167

196 / 0.179

135 / 0.112

132 / 0.120

3-rd

218 / 0.181

205 / 0.187

146 / 0.121

138 / 0.126

4-th

234 / 0.194

213 / 0.194

156 / 0.129

144 / 0.131

5-th

248 / 0.205

220 / 0.200

166 / 0.137

149 / 0.136

6-th

261 / 0.216

226 / 0.206

174 / 0.144

153 / 0.139

19

14

12

9

Maximum displacements of the seismic isolation
system, mm
Accelerations above the seismic isolation system at
the middle part of the building plan

Displacements, mm / accelerations in
portion of “g” of the floors at the middle
part of the building plan

Maximum drifts of the floors, mm

4. Conclusions
Paper briefly describes the seismic isolation technologies
developed by the author for retrofitting of the various types of
existing buildings. Four projects, where base isolation is
applied, are mentioned demonstrating retrofitting experience
accumulated in Armenia. Based on this the paper presents
further development in the field of upgrading the earthquake
resistance of existing structures considering 4-story industrial
R/C frame building. This is the most recent application of
retrofitting by base isolation in the city of Yerevan. The general
information on the structural system of this building is given
and the set objectives together with parameters of the used
seismic isolation laminated rubber-steel bearings are listed.
Details of the proposed new and original structural concept for

retrofitting of the existing 4-story R/C frame industrial
building with its conversion into 6-story hotel building are
presented in the paper. Stages of installation of the seismic
isolation rubber bearings under the columns in the basement of
this building are described and the sequence of the gradual
cutting of the existing columns is mentioned. Results of
analysis of the building by the Armenian Building Code and
the time histories have shown that the structural elements
below and above the seismic isolation plane will work only in
the elastic phase. Permissible floor drifts are about 1.6 times in
average bigger than the calculated values. An input
acceleration of 0.4g at the foundation bed gets damped in
average up to 2.1 times in the superstructure by calculations
based on the Code and up to 3.2 times by the time histories
calculations. It is suggested to revise the Code reduction
factors for seismic isolation systems.
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