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This article briefly presents the applicability of base 
isolation made of elastomeric isolators for the protec-
tion of heritage architecture. The first part of the article 
gives an illustrative overview on the use of base isolati-
on throughout the world, together with an analysis of 
guidelines for the protection and management of places 
of heritage architecture. The guidelines which are given 
through international agreements and resolutions on 
the conservation of monuments have to be considered 
when designing the base isolation of existing monu-
ments. Generally, interventions into such structures 
should be minimal or visible as little as possible and 
should minimally affect the aesthetics and functiona-
lity of the object. In the second part of the article the 
general and some special requirements for base isolati-
on design with elastomeric isolators are presented. The 
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influence of the slenderness of the structure is analysed 
in more detail. The analysis is based on the correspon-
ding rocking prevention criterion, upon the condition 
that the isolators cannot bear any tensile forces. The 
article concludes with a presentation of the maximum 
height-to-width ratios for objects that can be moun-
ted on isolators, fulfilling the given rocking prevention 
criterion for different soil conditions. The maximum 
aspect ratios have also been determined by considering 
5 appropriately scaled ground motions from the 1998 
Posočje earthquake.
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1 Introduction

Increasing the seismic safety of existing objects demands a re-
latively extensive intervention upon the object itself, therefore 
such remedial action on existing residential and business bu-
ildings is taken only if it is absolutely necessary. The situation 
is completely different with buildings of special significance, 
which have for example, a high financial or cultural value. The 
latter group includes mainly cultural heritage objects, where 
using also more expensive technological solutions for protec-
tion against earthquakes is of no consequence. In the context 
of this article, the notion of ‘cultural heritage’ comprises archi-
tectural heritage objects, namely cultural monuments, which 
in addition to their practical and functional value also display 
special cultural and historical characteristics (Fister, 1979).

Increased seismic safety can be achieved by inserting special 
elastomeric isolators, which are usually installed at the foun-
dation level of a structure. The main function of base isolation 
is to increase the period of vibration of a structure or to re-
duce the level of forces applied to a structure during seismic 
loading. The experiences gained in recent earthquakes shows 
that isolated buildings actually behave in accordance with 
expectations, and successfully reduce the damage caused by 
earthquakes (Naeim and Kelly, 1999).

Remedial action on architectural heritage objects is, due to 
their high cultural value, usually extremely demanding. Accor-
ding to the Burra Charter (ICOMOS, 1999), places of cultural 
heritage need to be protected and should not be exposed to 
dangers or be left unprotected. Interventions upon such objects 
should be with minimal or visible effects and should minimally 
affect the aesthetics and functionality of the object. It is desired 
that for reconstruction purposes, the same materials as those 
already installed are used as much as possible. Such materials 
often do not meet the requirements for mechanical resistance 
like more modern materials do, and therefore do not signifi-
cantly contribute to a significant increase in earthquake safety. 
Frequently with older objects, the design itself is unfavourable 
from a seismic safety point of view. In this respect, seismic 
isolation presents a unique solution, as it enables and allows 
for greater seismic safety of architectural heritage objects with 
the minimal amount of intervention upon the object itself.

This article briefly presents the use of base isolation made of 
elastomeric isolators. In the first part of the article some exam-
ples of base isolated objects of heritage architecture are given, 
as well as conservation guidelines that have to be followed 
when designing base isolation for the protection of architec-
tural heritage. The second part of the article presents the basic 
guidelines of base isolation design, together with a detailed 
analysis of the special requirements that affect the design 

process. The effect of the slenderness of the object (its hei-
ght-to-width aspect ratio) on the selection of proper isolators 
is presented. The analysis is based on the rocking prevention 
criterion upon the condition that the isolators cannot bear 
any tensile forces.

2 Use of base isolation systems

Bearings extend the structure’s vibration period and reduce the 
forces to the structure induced by an earthquake. In practice, 
restoration measures on existing buildings make use of the 
so-called hybrid systems, which in combination with special 
dampers for seismic energy dissipation enhance the damping 
capabilities of a structure, and so reduce the level of seismic 
forces to the structure (Naeim and Kelly, 1999). The imple-
mentation of such system is presented in Figure 1. We have 
to realize that the installation and design of seismic isolation 
has its particularities and is a unique task with respect to eve-
ry project. It requires experienced designers and contractors, 
since misdesigned and misinstalled seismic isolation can in 
some cases even worsen an object’s response to seismic loa-
ding (Skinner et al., 1993; Naeim and Kelly, 1999; Kilar and 
Koren, 2007).

Figure 1: Rodin’s Gates of Hell isolated by bearings and dampers 
(source: Internet 1).

In existing objects, seismic isolation presents a very efficient 
method of ensuring greater earthquake safety, as the inter-
vention upon the object itself is minimal. This is especially 
relevant with architectural heritage objects with a high cultural 
value. In continuation, a few examples of seismically isolated 
architectural heritage objects will be presented. In Italy, many 
remedial measures for increasing the seismic safety of archi-
tectural heritage objects have been taken (Martelli and Forni, 
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1998, 2004; Indirli et al., 2006). Besides increasing seismic re-
sistance, restoration using seismic isolation can as well increase 
the stability of a structure. Such examples are the Cathedral of 
San Feliciano in Foligno, which also suffered serious damage 
during the earthquakes in Marche and Umbria and was later 
appropriately restored using seismic isolation (Martelli and 
Forni, 2004). 

Seismic isolation is becoming more widely used also for the 
protection of other cultural monuments, such as statues, tri-
umphal arches, obelisks and other similar objects of high cul-
tural value. As an example, we mention the seismic isolation of 
Praxiteles’ statue of Hermes (Figures 2 and 3) at the Olympia 
museum in Greece, which was isolated by elastomeric bearings 
(Koumousis, 2007). According to Indirli et al. (2006) and Ko-
umousis (2007), a similar method was used to isolate Rodin’s 
‘The Gates of Hell’ at the National Museum of Western Art in 
Tokyo (Figure 1), the statue of Aphrodite at the Guggenheim 
museum in New York, the Fountain of Neptune in Messina in 
Italy, and a number of exhibits in the J. Paul Getty Museum in 
Los Angeles. Also in Slovenia, which is situated in an earthqua-
ke prone area, there are a number of cultural monuments, such 
as statues, chapels and other objects, where earthquake resis-
tance could be increased in this fashion if necessary. 

Figure 3: Placing the statue onto seismic isolation (source: Koumo-
usis, 2007).

Figure 2: Installation of seismic isolation for the statue of Hermes at 
the Olympia museum (source: Koumousis, 2007).

of the 5th General Assembly of the International Council on 
Monuments and Sites (ICOMOS) (ratified in Moscow, in 
1978). Currently applicable is the revised version dating from 
November 1999. As indicated by Zupančič et al. (2007), one 
of the main advantages of this charter is its wide applicability, 
as it clearly defines the notions, principles and procedures for 
cultural heritage preservation.

The essence of preservation is defined in the Burra Charter as 
the “conservation of places of cultural heritage”. In this article, 
a place of cultural heritage presents buildings, monuments, 
chapels and other similar objects and also comprises of their 
component parts, contents and premises. The Charter states 
that any changes to such places are only allowed to the smallest 
possible extent and that priority should be given to the use of 
traditional techniques and materials.

Generally any work on architectural heritage objects in order 
to increase seismic safety should be such, that it least disturbs 
the aesthetics and functionality of the objects themselves. The-
re is a tendency that with such work we try to find a compro-

3 Guidelines for the protection of 
heritage architecture

The Australian National Committee of ICOMOS adopted 
the Burra Charter in Burra in the South of Australia in 1979 
(ICOMOS, 1999). It provides the guidelines for the preser-
vation and management of architectural heritage. The char-
ter is based upon the knowledge and experience of Australia 
ICOMOS members, as well as on the International Charter 
for the Conservation and Restoration of Cultural Monuments 
and Sites (ratified in Venice, in 1964) and the Resolutions 
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mise between achieving a sufficient level of earthquake safety 
and the least possible disturbance to the original object (Ame-
righi et al., 2007). The methods of achieving such a harmoni-
ous performance, including building techniques, establishing 
earthquake threats, collapse mechanisms and remedial mea-
sures are based mainly on experience from past restoration 
projects. The UNESCO organization co-operated with the 
ICOMOS to develop the guidelines that present the expertise 
that restoration professionals must possess in order to properly 
plan and commence the renovation of an architectural mo-
nument. Zupančič (2007) gives an overview of all of the 14 
guidelines, where special emphasis is given with regard to the 
structural restoration of architectural heritage, of which base 
isolation could be an integral part.

Guidelines f ) and j) are especially important when planning 
any renovation with seismic isolation. Guideline f ) uses the 
diagnosis of intrinsic and extrinsic causes of decay as the star-
ting point for determining the appropriate action to be taken. 
Guideline j) recommends additional specialist research into 
materials technology and static systems. The two guidelines 
serve as the basis for determining the level of earthquake threat 
to the object in question, and to prepare a plan for the objects 
seismic renovation.

Indirli et al. (2006) give proposals on how and to what extent 
objects of architectural heritage can be interfered with during 
the process of renovation itself. Their proposals can be sum-
marized in the following points:

1. Deviations from the regulations and criteria applicable to 
new buildings are acceptable, since these objects are normally 
not made of modern building materials, such as reinforced 
concrete and steel, and their renovation is demanding. 
2. In regulations that consider objects according to the “limit 
state” theory of (for example the Eurocode standards), the im-” theory of (for example the Eurocode standards), the im- theory of (for example the Eurocode standards), the im-
portance factor can be calculated separately for an individual 
object.
3. The effectiveness of any improvements should be continu-
ously evaluated.
4. Detailed preliminary studies are recommended.
5. The use of special procedures prepared separately for each 
individual object undergoing renovation is recommended, 
since the use of standard procedures is often impossible in 
such renovations.
6. It is recommended to follow the unwritten principles of 
construction, which are based on experience.
7. The use of advanced materials can significantly increase the 
level of seismic safety of an object; however the use of such 
materials should not disrupt the object’s aesthetics and should be 
compatible with the materials already installed within the object.

4 General requirements for designing 
elastomeric isolators

The design of base isolation of a building is relatively demand-
ing, as we are dealing with a dynamic system, in which the 
stiffness of the upper as well as the lower structure plays an 
important role. An inadequately designed system can do more 
damage than good if it moves the structure’s vibration period 
to replicate the prevailing seismic periods of an earthquake, 
thus causing a resonance response.

General requirements which have to be fulfilled when desi-
gning base isolation systems are presented in the European 
regulation on designing earthquake resistant structures – Euro-
code 8 (CEN, 2004). The requirements are described in detail 
and explained also in various scientific publications like Skin-
ner et al. (1993), Kelly (1997), Naeim and Kelly (1999), Ko-
modromos (2000) and Christopoulos and Filiatrault (2006). 
Some of the requirements that are important for the base 
isolation of heritage architecture will be summarized in the 
following paragraphs.

The compliance of general requirements requires 1) a check 
of the ultimate limit state, which is associated with a collapse 
or with other forms of structural failure, which may endanger 
the safety of people and 2) a check of the serviceability limit 
state, which is associated with damage occurrence, correspon-
ding to states beyond which specified service requirements 
are no longer met. In both cases the strength and maximum 
deformability of isolation devices must not be exceeded. The 
isolation devices must also possess additional safety, which is 
introduced by magnifying the obtained seismic displacement 
of each isolator by 20%.

Moreover, the code also requires that every bearing can with-
stand vertical loading and has the capability to dissipate en-
ergy, and to return to its original position, as well as to pos-
sess sufficient elastic stiffness to withstand horizontal loading 
of a non-seismic origin (e.g. the wind). It is important that 
an isolated structure is separated enough from the surround-
ing soil and other structures, so that it can move freely in all 
horizontal directions during an earthquake. To minimize the 
effects of torsion, it is suggested that the centres of effective 
stiffness and isolation system damping are as close as possible 
to the point of projection of the mass centre with regard to the 
isolation surface. Compression stresses created in isolators due 
to constant influences should be as even as possible, since in 
this way, the differences in the behaviour of isolation systems 
are diminished. Bearings have to be fixed to the superstruc-
ture and lower structure. This is achieved by installing a rigid 
structure above and below the isolation system, for example a 
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rigid diaphragm consisting of a reinforced concrete slab or a 
grid of tie-beams, designed and taking into account all possible 
local and global modes of buckling.

When examining the lower structure, it is necessary to con-
sider the inertia forces affecting it directly and the forces and 
the moments transmitted to it through the isolation system. 
Several design seismic states including maximal vertical and 
horizontal seismic load should be considered. The limit state 
of an isolation system can also be checked with the total drift 
between the lower and upper side of the isolators, where we 
should take into account the deformation due to the design 
seismic action and the effects of shrinkage, creep, temperature 
and other loading characteristics.

The choice of a suitable seismic isolation system is affected 
by several mutually exclusive factors. For example, the use of 
a certain isolation system on the one hand reduces the to-
tal horizontal seismic force, but on the other hand, increases 
displacements of the isolation system. An efficiently designed 
base isolation system significantly reduces the horizontal seis-
mic force acting on the superstructure, without exceeding the 
target displacement. The target displacement is determined by 
considering the mechanical properties of isolators and other 
requirements concerning the proper width of the dilatations. 
Therefore, the selection of a final isolation system depends on 
the total horizontal force created during seismic loading as well 
as on the horizontal displacement of the isolation system, the 
importance of the object and the available financial resources.

The effectiveness of a base isolation system also greatly depends 
on the “slenderness” of the structure, i.e. its height-to-width 
aspect ratio (Li and Wu, 2006; Egidio and Contento, 2008; 
Hino et al., 2008). Very slender structures are prone to develop 
a rocking phenomenon, which is caused by earthquake forces 
and liftoff of the superstructure, which might eventually lead to 
the collapse of the entire structure. Hino et al. (2008) present 
two criteria which govern the maximum allowable slenderness 
of a base isolated object:

•	 The ultimate state of tensile strength and liftoff preven-
tion;

•	 The limit value of the compressive force in the isolators 
during rocking.

Horizontal and vertical earthquake ground motions have to 
be considered simultaneously. Elastomeric isolators usually 
possess very small tensile strength and develop relatively large 
strains during tensile loading (Skinner et al., 1993; Kelly, 
1997). Tension stresses cause a set of small cavities within the 
bearing rubber, which grow progressively under cyclical load-
ing. This significantly reduces the vertical stiffness of the isola-
tors (Skinner et al., 1993). Numerous authors, e.g. Skinner et 

al. (1993), Kelly (1997), Li and Wu (2006), therefore suggest 
that the tension strength of elastomeric isolators should not be 
considered, and that the isolators should be designed as they 
can not withstand any tensional force. These special require-
ments that determine the maximum allowable slenderness of 
a base isolated object will be further presented in this article.

5 Special requirements for designing 
elastomeric bearings

5.1 Rocking and liftoff prevention

One of the limit state criteria that determine the characteris-
tics of elastomeric isolators is the rocking prevention criterion, 
which is based on the condition that the isolators cannot bare 
any tensile forces (liftoff prevention). If rocking is not prevent-
ed, the disconnection of the isolators from the superstructure 
may occur, which can eventually lead to the collapse of the 
entire structure (Li in Wu, 2006). As it will be shown, one 
of the main parameters that determine this criterion is the so 
called “slenderness” of the object.

Figure 4 presents a base isolation system of a superstructure, 
with height H and width B and with n rows of identical elas-
tomeric isolators. It is assumed that the isolators are uniformly 
distributed throughout the layout, in an orthogonal grid and 

Figure 4: External forces and base reactions of a base isolated rigid 
body just before entering the rocking phase.
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that the distance between the rows is constant. We have as-
sumed that the superstructure is a rigid body, which moves 
on the isolation system in a horizontal and/or a vertical direc-
tion. We believe that the given assumption is reasonable for 
architectural heritage buildings, which are usually very rigid, 
but cannot withstand much tensile stress within the elastic 
range. The centre of mass, which accounts for the mass of the 
superstructure and the mass of the base isolation system, is 
located on height hm.

Forces acting on the system are the horizontal earthquake force 
FH, the vertical earthquake force FV and the weight G. The 
maximum slenderness (H/B aspect ratio) has been determined 
on the condition, that the isolators cannot bare any tensile 
forces. Figure 4 shows the base isolated system just before it 
enters the rocking phase; when the base reaction R1 in the first 
row of isolators is zero and all other reactions (R2 to Rn) are 
producing compressive stresses in the isolators. The rocking 
prevention criterion can be written as the moment equilibrium 
condition on the first row of isolators. As the distance between 
the rows of isolators is constant, we can express the vertical 
reactions and their lever arms as the quotient of the maximum 
base reaction Rn, with respect to width B and the number of 
rows of isolators, n. The complete derivation of the condition 
for any number of rows n is complicated and it is therefore not 
presented herein. Only the final expression for the normalized 
slenderness ratio H/B, denoted with λ, is given:

We can see that the normalized slenderness l is a function 
of the vertical earthquake force FV, the horizontal earthquake 
force FH, the weight G. Coefficients km and kn represent the 
effect of the mass height and the effect of the number of isola-
tors, respectively. The coefficient km has the range from 0 to 1, 
while coefficient kn has the range from 1 to 3. If we have only 
2 rows of isolators (n = 2), then coefficient kn equals 1, while 
by increasing the number of rows the value of kn converges 

towards 3. Coefficient kn with respect to the number of rows 
of isolators n is depicted on the Figure 5.

The normalized slenderness λ presents the normalized limit 
H/B aspect ratio of a base isolated rigid body in which the 
combination of horizontal and vertical forces do not cause 
any tensile stresses or rocking in the elastomeric isolators. The 
actual limit H/B aspect ratio is normalized with coefficients 
km and kn. If both coefficients equal 1 (hm = H and n = 2), 
than the normalized slenderness λ represents the actual aspect 
ratio H/B.

5.2 Limitation of the compressive force in the 
isolators

As long as only the vertical loading acts on the system, the 
compression force in each isolator depends only on the number 
and arrangement of the isolators. In the case of simultaneous 
loading in a vertical and a horizontal direction, the base reac-
tions on one side of the object grow bigger than on the other 
side. Just before the rocking occurs (Figure 4) the base reaction 
on one side becomes equal to zero, while on the other side 
the base reaction is much bigger, if compared to the situation 
when only vertical loading were acting on the structure. It can 
be expressed as:

For a given normalized slenderness λ, selected number of rows 
n and actual maximum horizontal seismic force FH, the reac-
tion Rn presents the maximum compressive force that occurs 
in the compressed edge row of isolators. This is an additional 
design condition, which determines the required compressive 
strength of the isolators and has to be considered when desi-
gning elastomeric isolators.

6 Calculation of maximum allowable 
normalized slenderness

6.1 Calculation of maximum normalized 
slenderness with response spectra

In a response spectrum analysis the forces FV and FH can be 
expressed as a product of mass and the horizontal or vertical 
response acceleration. The response accelerations are obtained 
from the elastic response spectra given in Eurocode 8 (CEN, 
2004) for a given vertical and horizontal vibration period TV 
and T. Horizontal and vertical vibration periods are generally 
not of equal duration. Komodromos (2000) reports that the 
vertical frequencies of elastomeric bearings are usually between 

Figure 5: Coefficient kn with respect to the number of rows of 
isolators n.
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the range of 8 and 12 Hz, which corresponds to the vertical 
period of about 0.1 s. We have assumed that the vertical vi-
bration period is always in the plateau of the vertical response 
spectrum. Eurocode 8 also demands that the horizontal and 
vertical ground components are to be considered 100% in 
one direction, and 30% in the other direction. All conside-
red quantities are functions of the design ground acceleration  
ag (g), ground type and damping of the isolators. By considering 
the most unfavourable condition, which yields the maximum 
allowable slenderness for a given vibration period T, we have 
determined the normalized slenderness λ (Figure 6) for three 
ground conditions – hard ground, medium ground and soft 
ground. For each ground classification, the starting periods cor-
respond to the limit of the plateau of the horizontal response 
spectrum. They equal 0.4 s for hard ground, 0.5 s for medium 

ground, and 0.8 s for soft ground. The ground types correspond 
to subsoil classes A, B and D from Eurocode 8. A 10% viscous 
damping ratio has been considered in this analysis.

We can see that the ground conditions have a big influence on 
normalized slenderness. For example, for the same vibration 
period, the maximum allowable normalized slenderness can 
be up to 50% greater on hard ground as that of soft ground.

6.2 Calculation of maximum normalized 
slenderness with dynamic analysis

In a dynamic time-history analysis, the accelerations and forces 
FH and FV are functions of time t. These forces can be written 
with respect to the horizontal and vertical response accelera-
tions aH (t) and aV (t), acting on the centre of the mass. The 
accelerations can be calculated by means of various time-histo-
ry calculation methods (Fajfar, 1984) for given ground acce-
lerations (acceleration records), stiffness (vibration period) of 
the isolation system, mass and damping ratios. The vertical and 
horizontal responses each have their own maximum values that 
generally do not occur at the same time. In most cases, the 
critical combination of horizontal and vertical forces, which 
triggers the rocking of the object, does not occur when one of 
the two response accelerations achieves its maximum value. For 
the rocking prevention criterion, only a combination which 
at a certain time t causes the most unfavourable (minimum) 
normalized slenderness λ is relevant. Each response, accelera-
tion depends on the stiffness and damping in a given direc-
tion (horizontal and vertical). This means that the equation 
of motion has to be solved for each vibration period T in a 
given range, for each ground acceleration record and damping 
in both directions.

As an example, we have determined the normalized slender-
ness λ for a series of five ground motion records from the 
1998 Posočje earthquake (Table 1). For each ground motion 
record the corresponding horizontal and vertical components 
have been considered.

No acceleration records exist from the near-fault region of 
the main 1998 Posočje earthquake. The intensity of the gro-
und accelerations near the fault was estimated to be between  
0.1 g and 0.2 g (Tomaževič et al., 1999). In our analysis the 
peak horizontal ground components have been scaled to ag,H 
= 0.2 g. The same scale factor has been used to scale the peak 
vertical ground components ag,V, so that the ag,V / ag,H ratios 
remained unchanged. Figure 7 presents the normalized slen-
derness λ for the selected ground records, together with their 
mean curve and the curve obtained by the response spectrum 
analysis, based on Eurocode 8 (see chapter 6.1).

Figure 6: Normalized slenderness λ with respect to the horizontal 
vibration period for the three different ground conditions.
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Table 1: Selected ground motion records for the 1998 Posočje earthquake.

Record 
number

Station name ESD sequence 
number

Fault distance 
(km)

ag,H 
(g)

ag,V 
(g)

ag,V / ag,H

I Casacco – Piazza Noacco, Italy 004561 35 0.0124 0.0088 0.705

II Gemona – Scugelars, Italy 004558 35 0.0405 0.0177 0.438

III Gemona – Li Furmie, Italy 004559 38 0.0297 0.0129 0.436

IV
Faculty of Civil and Geodetic 
Engineering, Ljubljana

006235 64 0.0246 0.0078 0.320

V Ilirska Bistrica 006236 87 0.0042 0.0022 0.537

Source: Internet 2.

We can see from Figure 7 that the mean curve gives higher 
slenderness as the response spectrum curve (EC8 curve) for all 
vibration periods T, and is therefore conservative. If we howe-
ver consider the λ curves for each ground record separately, we 
can see that some ground records, especially I, IV and V give 
a non-conservative slenderness with respect to the one obtai-
ned by Eurocode 8. Record number V gives the most critical 
values for all vibration periods greater than 0.6 s. Maximum 
normalized slenderness is in this case approximately constant 
and equals λ = 1.0. This presents a notable decrease of the 
maximum allowable normalized slenderness. For example, if 
for instance kn = 1 (two rows of isolators) and km = 0.5 (mass 
centre in the middle of the height), the allowable aspect ratio 
should be H/B ≤ = 2. In this presented dynamic approach 
the maximum normalized slenderness depends on the actual 
accelerations ratio, which can be calculated only with a dyna-
mic analysis for a given ground motion record, which should 
be known in advance.

7 Conclusion

As inappropriate restoration of heritage architecture can do 
irreversible damage to the structure, such actions should be 
carefully planned. It is especially desirable that the retrofit in-
fluence on the object’s architecture is minimized. By following 
the guidelines for the protection and management of heritage 
architecture, held within international agreements and resolu-
tions on conservation of monuments, we can achieve an effi-
cient base isolation design by means of specialist research into 
the technological, environmental and other causes of damage, 
and by additional analyses which can supplement the existing 
renovation plans.

The design of seismic isolation system with elastomeric isola-
tors is relatively demanding, as we are dealing with a dynamic 
system, in which the stiffness of the superstructure as well as 
the lower structure plays an important role. This article pre-
sents certain general and some special requirements for base 
isolation design with the use of elastomeric isolators. In slen-

Figure 7: Maximum normalized slenderness based on the dynamic 
analysis for the 1998 Posočje earthquake.

der structures with high height-to-width ratios, it is impor-
tant to consider the rocking phenomenon, which is caused by 
earthquake forces and can lead to the liftoff of the isolators, 
or in the worst case scenario, the overturning of the structure 
itself. In such cases it is possible to determine the maximum 
slenderness of an object, which could still be installed on a base 
isolation system and would not produce any tensile forces in 
the isolators when subjected to an earthquake. An expression 
for determining the maximum normalized slenderness is given 
depending on the factors km and kn, which represent the effect 
of the mass height and the effect of the number of isolators, 
respectively.

The maximum normalized slenderness has been determined 
in accordance with the Eurocode 8 response spectra, and by 
means of dynamic time-history analysis of the scaled records 
from the 1998 Posočje earthquake. We have determined that 
the results based on the response spectra analysis are generally 
conservative, although certain unfavourable combinations of 
vertical and horizontal response accelerations can produce also 
much lower maximum aspect ratios. Such situations can be 
predicted only by conducting dynamic time-history analyses 
for a given horizontal and vertical ground motion record.
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We can draw towards the conclusion that the rocking preven-
tion criterion is predominantly for the selection of bearings in 
cases where soil conditions are poor, the centre of gravity is 
high above the ground, and when the design ground accelera-
tion in high. In other cases, the occurrence of tensile stresses 
in bearings is not a prerequisite condition for bearing selecti-
on. It generally holds true that isolation is not reasonable if it 
does not produce a significant reduction of forces compared 
to a non-isolated structure otherwise during an earthquake 
the superstructure may still be damaged. The use of bearings 
giving small reduction factors is of course neither reasonable 
nor financially justifiable from a designer’s point of view.
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