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1 - Introduction

ALGA operates since more than 60 years in the field of civil engineering and since
more than 30 years in the specific field of antiseismic devices.

In this short paper the seismic isolators, which are a category of all the antiseismic
devices, is treated in particular. When applicable, the seismic isolation technique
can provide the highest seismic protection, not only of the structure itself but of
the non structural parts and of its content also.

This paper aims to provide the Designer with a guide to select the applicable
Standard and to select the most performing seismic isolation solution.

2 - Applicable Standards

The European Community is provided now with the most updated and | would also
add the best indeed Standard for the design of structures subjected to the seismic
risk. The applicable Standards for the design of a base isolated structure are the
following:
EN 1998 (Eurocode 8). This is the general Standard for the design of all
kind of structures. It shall be applied in conjunction with the national rules
to define the earthquake intensity.
pPprEN15129. This is a pre-standard. It means that it is an official document
approved by the technical committee who drafted it (CEN TC 340) and
therefore officially distributed by CEN. This document already passed the
foreseen public enquiry and will undergo the formal vote procedure from
6/11/2008 to 6/01/2009 after that, if the result will be positive, will become
a Harmonized European Standard. Harmonized European Standard means
that the described antiseismic products will be CE marked in accordance
with the foreseen procedure and the Standard itself will be compulsory in all
CEN member states. However, even in the actual status of pre-standard,
prEN15129 can be fully utilized, because EN 1998-2, which is an approved
and published European Standard, at Clause 7.5.2.1 states: “All isolators
shall conform to prEN15129:200X (antiseismic Devices) or be covered by an
ETA (European Technical Approval)”.
EN 1337. This is the Harmonized European Standard on Structural Bearings.
It is compulsory in all European Countries and all the structural bearings
shall be CE marked. The designer of an isolation system shall take into
account this Standard because very often base isolators are combined with
structural bearings. In particular EN1337 states that any bearing shall allow
one rotation at least: therefore are expressly prohibited sliders which are not
combined with a rotating element.



3 — Antiseismic strategies and types of antiseismic devices

The following are the fundamental antiseismic strategies:
Period shift
Energy dissipation
The period shift, as it appears evident looking at a response spectrum given by the
standards, provides a reduction of the acceleration transmitted to the structure,
causing however an increase of the displacement between the structure and the
foundations or between the structural components.
The energy dissipation, in addition to a further reduction of the acceleration,
provides a reduction of the relative displacement.
The systems providing a period shift are based on either one of the following
physical principles:
Elastic systems that store the energy produced by the displacement under the
form of elastic energy
Pendulum systems that store the energy produced by the displacement under
the form of potential energy
The systems providing energy dissipation are based on either one of the following
physical principles:
Yield of metals
Viscosity of fluids or rubbers
Friction
Electric resistance
A classification of the antiseismic devices may be performance oriented, like the
one given in prEN 15129:
Rigid Connections
0 Restrains (Fixed or movable shear keys)
0 Shock Transmission Units
Velocity Independent Devices
0 Linear Devices
o Non Linear Devices
Velocity Dependant Devices
| solators
o Sliders
0 Rubber and Lead Rubber Bearings (Low or high damping)
o Pendulums
In the above classification the rigid connections are those not influencing the
response spectrum. They simply react rigidly to the earthquake (restrains) or
distribute the reaction produced by the earthquake in pre-determined locations of
the structure (shock transmission units).
The linear devices have an essentially elastic behaviour and therefore can provide
a period shift without a significant energy dissipation.
The non linear devices can provide a significant energy dissipation, like in
particular the hysteretic dampers. They cause a reduction of the acceleration on
the structure with limited displacement.
Some non linear devices, like for instance those based on the use of shape memory
alloys, don’t provide a significant energy dissipation but limit the maximum force
that may be generated by the earthquake. Therefore they can grant a better re-
centring capacity in respect of the hysteretic devices but they pay this plus with a
higher relative displacement in case of earthquake.



The velocity dependant devices are frequently based on the use of oil hydraulic
cylinders than can provide different performances in function of the adopted
hydraulic circuit.
In the prEN 15129 are defined as seismic isolators the devices or the combination
of devices providing the following four functions:

Support the weight of the structures.

Provide lateral displacement capability.

Provide re-centring capability

Dissipate energy
The following is a type oriented classification of the most commonly utilized
isolators:

High Damping Rubber Bearings (HDRB)

Lead Rubber Bearings (LRB)

Hysteretic devices (combined with sliding bearings) (HY)

Viscous Dampers (combined with sliding bearings and an elastic system)

(VD)

Sliding Pendulum isolators (SP)

We will describe the first four types, showing some of the most important
applications in the next chapter. The sliding pendulum, which represents the most
updated and innovative product recently developed by ALGA, will be more
exhaustively treated in chapter 5.

4 - |solators

4.1- High Damping Rubber Bearings

They have been developed by Prof. Jim Kelley at the University of California in
Berkeley in 1985. The first application in Europe have been performed by ALGA

for the buildings complex of the telephone company Telecom in Ancona in 1987,
having Prof Kelly as a consultant (see fig. 1)



Fig. 1 - The building complex of the Telecom telephone company: the first base
isolated structurein Italy, year 1987

High Damping Rubber Bearings are similar to rubber bearings but with some
important difference:
- The utilized rubber, thanks to some additives added to the compound,
dissipates energy when subjected to cyclic shear deformations.
The utilized rubber has superior mechanical properties in comparison with
that of the standard elastomeric bearings and can support shear
deformations over 3.
The rubber isolators cannot transfer the horizontal forces by friction but
shall be provided with anchors or other type of mechanical fixing.
ALGA has developed and tested 3 types of compounds with shear modulus of 0,4,
0,8 and 1,4 MPa with equivalent viscous damping up to 16%.
Starting from 1987 they have been used in many applications worldwide for
bridges, buildings, industrial structures and museum objects.
The lack of space available for this paper doesn’t allow to list them all but we
shall limit ourselves to mention the most important only:




Fig. 2 — The bridge over the river Tagus at Santarem, Portugal, 4 km long, is base
isolated with HDRB

The bridge over the river Tagus in Santarem, Portugal, (see fig. 2) is the longest
bridge in the world (4 km) base isolated with this technology. The NATO Air
Force South Headquarters (see fig. 3), currently under construction, utilizes 383
big size isolators combined with 128 hysteretic sliders and is the biggest base
isolated building in Europe.




Fig. 2 — The NATO Air Force South Headquarter near Naples utilizes 383 big size
isolators. It is the biggest base isolated building in Europe

4. 2 — Lead Rubber Bearings

They are similar to the previous ones but the energy dissipation is provided by one
or more lead plugs inserted in the rubber bearing and subjected to shear
deformation.
The lead is capable to undergo plastic deformations dissipating energy without
being damaged in an irreversible way. After a plastic deformation cycle is able to
re-crystallize reverting to the initial conditions.
They have been developed in 1978 in New Zealand but have been utilized in
Europe several years later.
In comparison with the high damping rubber bearings they have some advantage
and some disadvantage. The advantages:
They can dissipate more energy (up to 28% and more of equivalent viscous
damping)
At comparable performance they are cheaper
The lead plug may be a suitable restrain in the service conditions (wind,
braking of vehicles, etc.)
As disadvantages we can mention:
Since the energy dissipation is concentrated in the lead plug, under certain
conditions the heath generated may cause irreversible damages of the
isolator.




Lead is toxic and environment unfriendly and therefore requires particular
care for its handling and wasting.
Actually the European Standard inexplicably promotes the lead rubber bearings,
ignoring their disadvantages, so that their applications are increasing.

Fig. 4 — 5 The Airport of Antalya, Turkey, retrofitted by use of LRB

Among the numerous application performed by ALGA we can mention the most
important: the seismic retrofitting of the Antalya Airport in Turkey that has been
performed cutting the concrete columns and inserting the lead rubber bearings
without interrupting the airport operation (see fig 4-5).

Fig. 6 — Rendering of the arch bridge of the Basarab overpass, currently under
construction in Bucharest by the consortium Astaldi FCC

An other important application performed by ALGA is the base isolation of the
arch span of the Basarab bridge in Bucharest, currently under construction by the



consortium Astaldi FCC. This structure is base isolated by the use of 4 big size
lead rubber bearings of 1100 mm diameter (see fig. 6)

4.3 — Hysteretic isolators

This kind of isolators utilizes the yield of metals, normally steel, to dissipate
energy. To realize an isolator the hysteretic damper is combined to a sliding
bearing supporting the weight of the structure and allowing the relative
displacement.

The first hysteretic dampers have been developed in New Zealand in year 1974.
The first European application has been performed by ALGA in year 1980 for
several bridges in the Motorway Udine — Tarvisio. After the first application
ALGA greatly improved the technology in order to obtain a better resistance to the
low cycle fatigue and a perfectly symmetric behaviour. From the research
performed two devices with particularly suitable geometry and particularly
suitable steel quality, with E and C shapes, have been patented in year 1979 by V.
Ciampi and A. Marioni.

The most important application of hysteretic isolators, worldwide, still remain the
Mortaiolo viaduct on the Livorno — Cecina Motorway, 10 km long.

Fig. 7-8 — Isolators with hysteretic dampers and hydraulic shock transmission
units utilized in Mortaiolo viaduct on the Livorno — Cecina Motorway: the longest
base isolated bridge in the world

For this application the hysteretic dampers are combined with a sliding pot bearing
supporting the vertical load and allowing the displacements and hydraulic shock
transmission units to allow the longitudinal slow movements of the bridge and to
transfer the longitudinal force in case of earthquake (see Fig. 7-8).

Through the combination of C elements with radial symmetry it is possible to
obtain multidirectional hysteretic dampers with uniform response in the various
directions. This kind of device has been applied, in combination with free sliding
bearings, for the base isolation of the Bolu viaduct on the Istanbul Ankara
Motorway in Turkey. This viaducts became famous because in 1999 was hit by an
earthquake of 7,4 magnitude with epicentre very close to the bridge and ground
accelerations over 0,89, more then twice the design ones. In spite of the
unforeseen earthquake intensity the viaduct, although seriously damaged, didn’t
collapse thanks to the hysteretic dampers.

In figure 9 is shown a device similar to those installed in the Bolu viaduct during
the qualification tests performed in ALGA’s |aboratory.




Fig. 9 - Type test on the
multidirectional hysteretic dampers
for the Bolu viaduct in Turkey at

ALGA’s laboratory.

Fog. 10 — The Bolu viaduct in Turkey
survived a 7,4 magnitude earthquake thanks
to the hysteretic dampers supplied by
ALGA

One of the latest important applications of hysteretic dampers similar to those
installed on the Mortaiolo viaduct is the Tauriano viaduct on the Meduna river.
The viaduct is continuous and has a total length of 900 m without intermediate

joints (see fig 11).

Fig. 11 — The Tauriano viaduct on the Meduna river, built in year 2007, utilizes
hysteretic dampers combined with pot bearings and shock transmission units.

4.4 — Hydraulic Devices

This kind of devices has a strictly velocity dependent behaviour. They can provide
different performances in function of their hydraulic circuit but always consist of
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a steel cylinder with a piston dividing it in two chambers filled with oil. The
cylinder at one side and the piston at the other one are connected through spherical
hinges at two structural parts between which the earthquake will generate a
displacement. The displacement forces the oil to flow from one chamber to the
other though the hydraulic circuit.

Fig. 12-13 - Shock Transmission Units for the Paksey Bridge in Bangladesh

Their behaviour, in a simplified way not taking into account the oil
compressibility, can be represented by the following equation:

F=C"vVv?

Where:
F is the force applied to the piston
C is a constant depending from the physical — geometrical characteristics of the
device

is an exponent ranging between 0,01 and 2 (with force in kN and velocity in m/s)
depending from the adopted hydraulic circuit.
Devices with exponent 2 are utilized with the aim of maximizing the behaviour
difference at low velocity (with minimum reaction for slow movements due to
temperature, creep and shrinkage) and high velocity (with maximum reaction for
earthquake conditions). These devices are normally called Shock Transmission
Units and belongs to the Rigid Connection Devices category as describer by
prEN15129. They are not suitable to dissipate large energy quantities.
If the main scope of the devices is the dissipation of energy then the exponent
shall be as low as possible: 0,15 or lower, until nearly zero. This can be obtained
through a suitable hydraulic circuit. These devices are normally called Viscous
Dampers and belongs to the category of Velocity Dependant Devices as described
in prEN15129.
They can be utilized for several applications but, to be integrated in a seismic
isolation system they shall be combined to other devices supporting the weight of
the structure and providing a re-centring force. In some cases the re-centring force
may be generated by the structure itself through the elasticity of one pier or of one
frame.
Also hydraulic devices with re-centring capacity are available. their behaviour is
described by prEN15129 and they are named visco-elastic dampers.
Within several applications of hydraulic devices performed by ALGA (the first one
dated back to year 1974 for the Fiumarella del Noce Viaduct in Calabria) we can
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mention the devices for Paksey Bridge in Bangladesh, that are important for their
design force (1800 kN) and their stroke (800 mm) (See fig. 12-13).
Also in Romania there is an important application of hydraulic devices
manufactured by ALGA under construction: the Basarab cable stayed bridge,
currently under construction by the consortium Astaldi FCC (see fig. 14). It will
incorporate:
4 Viscous dampers with 2500 kN design force; 500 mm stroke; 0,15
exponent and limiting valve assuring the fixity of the system up to the
design force. These devices will be installed in the main pier
8 Viscous dampers with 3750 kN design force; 550 mm stroke; 0,15
exponent. These devices will be installed in the abutment

Fig. 14 — Rendering of the cable stayed bridge of the Basarab overpass, currently
under construction in Bucharest by the consortium Astaldi FCC

5 — Sliding Pendulum Isolators
5.1 — General Features

ALGAPEND seismic isolators are the result of the most updated technology. They
have been developed starting from an idea born in the USA in the eighties
implemented by the most updated research in the field of synthetic materials with
low or controlled friction.

Their main characteristics are the following:

They allow the relative displacement of the structure in respect of the
foundations following one or two spherical surfaces.

The radius of the spherical surfaces determines the natural period of the
structure.

The natural period is independent from the mass of the structure.
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The friction coefficient of the sliding surface determines the equivalent

friction damping of the isolation system

They are self re-centring after a seismic event

ALGAPEND isolators are based on the application of a series of sliding materials
called XLIDE®, which are the result of a research program appointed by ALGA to
Politecnico di Milano and protected by international patent. The XLIDE®
controlled friction materials have the following peculiar characteristics:

- Controlled friction coefficient means that the actual friction will correspond
to the specified one within a narrow tolerance. Besides the friction
coefficient will not be affected by the environmental temperature.

XLIDE® sliding materials have an outstanding resistance to wear and to high

temperature. This properties make them particularly suitable as energy

dissipating elements based on friction with exceptional performances.

XLIDE® sliding materials have a very high characteristic compressive

strength, more than twice that of PTFE. Therefore it is possible to greatly

reduce the dimensions of the devices with a cost saving design.
ALGAPEND isolators may be designed following three basic types:

1. With one main spherical sliding surface, that may be at the top or at the
bottom of the device, connected to a spherical hinge (see fig. 15).

2. With two main spherical surfaces wit an interposed point rocker
articulation. With this feature it is possible to minimize the dimensions
in plan of the isolator and the eccentricity caused by the horizontal
displacement (This solution is protected by an international patent) (see
fig. 16).

3. With two perpendicular cylindrical surfaces, one on top and the other at
the bottom, with two perpendicular cylindrical articulations interposed.
With this solution, properly selecting the friction materials, it is possible
to have two different behaviours of the device in the two perpendicular
directions (This solution is protected by an international patent) (see fig.

17).
Fig. 15 — Sliding Pendulum | Fig. 16 - Sliding |Fig. 17 - Sliding
Isolator with one sliding | Pendulum Isolator having | Pendulum Isolator
surface two sliding surfaces having two cylindrical
perpendicular sliding
surfaces.

The choice of the type of Sliding Pendulum Isolator is depending from the details
of the structure in which it shall be adopted, from the allowable displacement of
the resultant and from the geometrical space available.
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Fig. 18 — Displacement of the resultant | Fig. 19 — Displacement of the resultant
with a sliding pendulum isolator with with a sliding pendulum isolator with
one sliding surface two sliding surfaces

For instance a sliding pendulum isolator with one sliding surface as shown in fig.
18 would be suitable in a viaduct for which the displacement of the resultant
within the superstructure normally doesn’t create any problem. For the use in
buildings normally the isolator is installed upside down in order to have the
displacement of the resultant in the foundation and not in the column.

In certain cases it may be suitable the sliding pendulum with two sliding surfaces,
providing a halved displacement of the resultant both in the substructure and in the
superstructure (see fig. 19).

The use of the sliding pendulum with two perpendicular cylindrical sliding
surfaces as represented in fig. 11 may be particularly suitable in the bridges in
order to differentiate the behaviour of the structure during an earthquake in the
two directions. For instance the designer may wish to increase the energy
dissipation in transverse direction in order to limit the transverse displacement in
the expansion joints, although having a higher transversal force in case of
earthquake. Normally this greater force can be absorbed without any problem by
the piers if they are larger in the transversal direction.

5.2 — Mathematical model
Being

T Natural period disregarding friction
* Tt Effective period
* g Gravity acceleration
e u Dynamic friction coefficient
* V Vertical load
* R Radius of the sliding surface or surfaces
D Design displacement
* Kyt Effective stiffness
* X equivalent viscous damping
* h distance between the centre of the hinge and the sliding surfaces for the
isolators with 2 sliding surfaces
With reference to fig. 20 we obtain:
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Fig. 20 — Geometrical definitions for sliding pendulum isolators

For the isolators with one sliding surface:

VvV nv
K, =—+-—
R D
T2 R
g
V
T, =2
ff P K. g
w22 _m
P P
R

For the isolators with two sliding surfaces:

2(R- h)

T=2p

The other expressions for the isolators with two sliding surfaces are similar to the
above ones replacing R with 2(R-h) as appropriate.

5.3 - Sliding Materials XLIDE®

XLIDE® sliding material has been developed with different friction coefficients
for the different applications: for the spherical bearings ALGA SFERON and for
the spherical hinges of the ALGAPEND devices is utilized XLIDE® sliding
material with a very low friction coefficient, smaller than 0,02. For the special
applications like ALGAPEND are utilized XLIDE® materials with a friction
coefficient of 0,02, 0,06, 0,10 and 0,20 and a tolerance of 10%.
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Since energy dissipation produces heath, the XLIDE® sliding materials with
controlled friction have been developed and tested in order to provide a suitable
resistance to the wear and the heath generated during a seismic event.
The heath generated during a seismic event is Q=Cupvt where:

 C isaconstant depending on the material properties

e M isthefriction coefficient

* pisthe pressure on the sliding material

* visthevelocity

* tisthe duration of the seismic event
In the following table are listed for the various XLIDE® controlled friction
materials the allowable design pressures p, assuming a seismic event of 20 second
duration with an average speed of 500 mm/s.

M p (MPa)
0,02 135
0,06 50
0,10 30
0,20 15

In addition XLIDE®:
is environment friend
non toxic
bio-compatible
resistant to almost all aggressive agents
practically indestructible

5.4 — Reference Standard

ALGAPEND isolators are conforming to the requirements of the European
Standard EN 1998 (Eurocode 8) and to the pre-standard prEN 15129.
In addition they are conforming to AASHTO

5.5 — Laboratory tests

The sliding materials of the XLIDE® series have been subjected to both static and
dynamic tests at the laboratories of Politecnico di Milano and at ALGA laboratory.
Full scale dynamic tests have been performed at the Eucentre laboratory at the
Pavia University. They have been made in accordance to the requirements of prEN
15129 (see fig. 21).

Since the heath generated during the tests is relevant, it is very important to
perform full scale tests applying the design loads and velocities, for a period
equivalent to the duration of an earthquake. ALGAPEND isolators have been
subjected to load cycles much greater than a single earthquake event without
suffering any damage. During some of the test thermo-graphic pictures have been
taken in order to verify the temperature level reached (se fig. 22)
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Fig. 21 — Dynamic test on a sliding | Fig. 22 - Thermography executed
pendulum with one sliding surface at | during a dynamic test on a sliding
Eucentre - Pavia pendulum with two sliding surfaces at
Eucentre - Pavia

The following load — deflection plot is a typical test output (see fig. 23)
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Fig. 23 — Typical load — displacement plot obtained during the dynamic tests on a
sliding pendulum with one sliding surface at Eucentre - Pavia

5.6 - Accessories

When the fixity of the structure under service conditions shall be granted, like for
instance for railway or road bridges, or in buildings subject to a strong wind
action, the ALGAPEND isolators may be provided of so called mechanical fuses.
Fuses are rigid connections that grant the fixity of the structure up to a pre-
determined horizontal load. When this limit is reached the fuses will break off,
allowing the structure to move and the isolators to perform their duty. Fuses may
be fixed in all directions or unidirectional. The latter are suitable for the bridges
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where is necessary to grant the longitudinal movement of the beams due to
temperature variations, creep and shrinkage.

5.7 — Examples of application

The greatest application currently under construction is the seismic isolation of the
Golden Ear Bridge. It is a great complex of bridges, ramps and overpasses crossing
a sea channel called Golden Ear near to Vancouver, in Canada. In figure 24 is
shown a rendering of the bridge, currently under construction. In figure 25 are
shown some of the sliding pendulum isolators for the Golden Year bridge during
the manufacturing phase.

Fig. 24 — Rendering of the Golden Ear Bridge currently | Fig. 25 — Manufacturing
under construction in Vancouver phase of the sliding
pendulum isolators for
the Golden Ear Bridge

6 — Design procedure and performance check of the different isolator types
6.1 Design procedure for sliding pendulum isolators

In accordance with EN 1998-2 sliding pendulum isolators may be modelled as
linear equivalent if the equivalent viscous damping is 30%.
This requirement is met if the friction coefficient fulfils the following condition:

n£089D/R

For instance: with D=300 mm, R=3979 mm we get: p 0,067.

In other words the linear design may be performed if the friction coefficient of the
sliding surfaces is not too big.

The other requirements of the EN 1998-2 to perform the linear analysis are
practically always met.

In particular the requirement of coincidence of the mass barycentre and the
stiffness barycentre is always automatically satisfied because the stiffness of the
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sliding pendulum isolators is proportional to the weight and therefore to the mass
of the supported structure

1 n
K, =W((=+—
o (R D)

Of course the non linear analysis is always admitted.

For the design of a structure with sliding pendulum isolators normally one can
start assuming a radius of the sliding surfaces and a friction coefficient selecting
among the values recommended by the manufacturer.

The friction coefficient recommended by ALGA are listed at paragraph 5.3, and
the recommended radii are listed in the table here below. They correspond to
natural periods of 3, 4 and 5 seconds disregarding the friction..

R(m) T(s)
2,238 3
3,979 4
6,218 5

To perform the linear analysis one can use the formulas given at paragraph 5.2 to
compute the values of the stiffness, effective period and equivalent viscous
damping. Since these values are function of the design displacement D which is
not initially known, it is possible to operate through an iterative method, choosing
atrial value of D, computing in function of it the values of the stiffness, effective
period and equivalent viscous damping. In this way one can get, through the
response spectrum a new value of D, computing the new values in function of it
and so on until the procedure converges to a stable value, that happens very
quickly.

If the conditions to perform the linear analysis are not met, the most common
softwares for the execution of the non linear analysis available on the market
simply allow to model the sliding pendulum isolators through their fundamental
parameters: the radius and the friction coefficient.

6.2 — Comparison of the performances of various types of isolators

For this comparison are taken into consideration High Damping Rubber Bearings,
Sliding Pendulum Isolators and Hysteretic Isolators. Isolation systems including
Viscous Dampers are not considered because their application is subjected to too
many design factors.

The following input data are considered, assuming the response spectrum in
accordance with the Italian Standard given in figure 26.

 Seismic zone 1 (PGA = 0,350)

* Soil type B

* Natural period of the isolated structure T=2,75 s
* Mass beard by one isolator M=1000 t

* equivalent viscous damping x=16%
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Fig. 26 - Acceleration spectrum for the design example

With a High Damping Rubber Bearing one can immediately get the value of the
required stiffness through the following formula:

_ 4p*M _4 p?” 1000

K
T? 2,75°

=5240kN /m

From the adopted response spectrum the acceleration in correspondence of the
natural period 2,75 s is equal to:
A =1,419 m/s?

Taking into account the equivalent viscous damping of 16%, the acceleration is
reduced by the factor:

10
5+x

h=

=0,69

And becomes
A=0,979 m/s® (0,19)
The design displacement results:

D=A (l)2 =0,188m
2p

The above value represents one horizontal component of the seismic displacement.
To get the total displacement for the isolators, according to the Italian Codes, the
seismic displacements in the two directions shall be added vectorially and the
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result shall be amplified by a reliability factor x = 1,2. If a linear analysis is
performed, according to the Italian Standard, the displacement in the perpendicular
direction is assumed equal to 30% of that in the principal one. It results:

Dy =12¢D +0,3D? =257mm

The suitable High Damping Rubber Bearing, making reference to the ALGA
catalogue is the type HDH.E1000 having the following geometrical and mechanical
properties:

* Rubber diameter 1000 mm

 Dimensions of the outer steel plates 1050 x 1050 mm

» Shear modulus of the rubber 1,4 MPa

* Net rubber thickness 210 mm

* Total height 428 mm

The design of the equivalent Sliding Pendulum Isolator is very easy and may be
performed by the iterative method. Assuming the following values of the radius
and the friction coefficient:
* R=2,5m
e u=0,025
we get the same values of acceleration, displacement and equivalent viscous
damper obtained for the High Damping Rubber Bearing.
We can use a Sliding Pendulum Isolator with one or two sliding surfaces getting
the following overall dimensions of the devices:
with one sliding surface
Diameter of the bottom plate 600 mm
Diameter of the top plate 950 mm
Height 190 mm
with two sliding surfaces
Diameter of the top and bottom plates 700 mm
Height 240 mm

Utilizing a hysteretic isolator the comparison is not exactly congruent because the
equivalent viscous damping is much higher, of the order of 40%. Therefore, if we
want an acceleration equal to the previous cases we will get a smaller
displacement, of the order of 150 mm. In other words we will have a more
performing isolator.

A similar result would be obtained utilizing isolators with viscous dampers.
Making reference to the ALGA catalogue, the Hysteretic Isolator providing the
above described performance is the type PND 10000/150/150-750.

The four above mentioned isolators are represented at the same scale in figure 27.

It appears immediately evident that the sliding pendulum isolators are much
smaller than the others having similar performances.
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Fig. 27 — Dimension comparison of different types of isolators with equivalent
performance

In addition to the above it shall be noted that the considered High Damping
Rubber Bearings are near the upper limit of their possible performance. If we try
to increase their performance increasing the damping, inserting for instance a lead
core, the stiffness will increase and therefore the natural period will be reduced
hence reducing the efficiency of the isolation system. If we try to reduce the
stiffness we can increase the thickness of the isolator but very soon we will face
the problem of the reduced buckling stability; in alternative we can use a rubber
compound with reduced shear modulus but in that case we will reduce the bearing
capacity and we will be obliged to increase the diameter. All these solution will
imply a cost increase.

Utilizing sliding pendulum isolators their performances may be easily increased
without increasing the cost: to increase the damping it is sufficient to use a sliding
material with higher friction coefficient; to increase the natural period it is
sufficient to increase the radius of the spherical surfaces. Furthermore it shall be
noted that, according to the existing codes, increasing the period over 2,5 s does
not imply an increase of the displacement.

From all the above considerations it may be understood that the sliding pendulum
isolators may have a very interesting performance / price ratio.

The reduced dimensions of the sliding pendulum in comparison with other
isolators shall not raise concerns for the pressure on the concrete. The European
Standard EN 1992 (Eurocode 2) admits high pressures on the concrete provided the
loaded area is sufficiently far from the edges and the concrete is suitably
reinforced.
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In the following table is shown a tentative qualitative comparison of costs and
performances of the above described devices. Are used votes from 1 to 5 where the
vote 5 is the best so the highest performance or the minimum purchasing price or
maintenance cost.
All the essential performances of an isolator, with the exception of the load
bearing capability, are taken in consideration as well as the initial cost and the
maintenance cost.
The following symbols are used in the table:
- HDRB High Damping Rubber Bearings

LRB Lead Rubber Bearings

SP Sliding Pendulum Isolators

HY Hysteretic Damper Isolators

VD Viscous Damper Isolators

HDRB LRB SP HY VD
Energy dissipated 1 3 3 5 5
Period shift 3 3 5 3 3
Re-centring capability S 3 4 2 1
Initial cost 3 4 5 4 1
M aintenance cost 5 5 5 4 3

Examining the table we can notice that the energy dissipated increases going from
the HDRB to the VD. Hysteretic Isolators and Viscous Damper Isolators are those
assuring the best energy dissipation capability and therefore are normally
preferred in bridges or in the highly seismic areas in order to reduce as far as
possible the displacement.

The period shift capability is common to all types of isolators but with the Sliding
Pendulum Isolators this is for sure much easier.

An exact evaluation of the re-centring capability is surely not easy: several
formulas are proposed in various standards, including EN 1998, but none of them
until now has found a general consensus in the international scientific community.
Most of the formulas until now proposed utilizes a static approach to the problem
whilst the re-centring phenomenon is a much more complex one, implying
dynamic and energetic aspects.

From a qualitative point of view we can state that the re-centring capability
decreases as far as the energy dissipated increases.

In the case of the Sliding Pendulum Isolators however, due to the curvature of the
sliding plate, the vertical component of the earthquake plays an essential role in
the re-centring. In fact the vertical component facilitates the movement of the
isolator toward the position of minimum potential energy or, in other words,
toward the centre of the device, during the end phases of the earthquake.

This fact has been deeply investigated by two Engineers, Zurlo and Zaccone, in
their graduation thesis at Politecnico di Milano in 2007.

We can therefore assess that the sliding pendulum isolators, at equal value of the
energy dissipation, are those granting the best re-centring capability.

For what concerns the initial cost, further to the previous considerations, we can
assess that the sliding pendulum isolators have a very good value.

Concerning the maintenance burdens, High Damping Rubber Bearings, Lead
Rubber Bearings and Sliding Pendulums have very limited requirements, normally
limited to the corrosion protection system of the external steel plates, and in
addition they don’t require particular maintenance after a seismic event. Hysteretic
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and Viscous Damper Isolators normally have more complex maintenance
requirements, specially after a seismic event.

7 — Conclusions

A great variety of antiseismic devices and base isolators, which proved their
reliability and efficiency, is available in the market. They can satisfy any design
requirement.

Some device, including those manufactured by ALGA, confirmed their good
performance in presence of real earthquakes: this is indeed the most convincing
test!

The base isolation, which is a particular application of the antiseismic devices,
when applicable, is surely the way to get the best protection, not only for the
structure itself, but for all the non structural parts and for its content as well.
ALGA has always be in the vanguard proposing innovative antiseismic devices: for
instance has been the first in Europe applying Hysteretic Dampers and High
Damping Rubber Bearings.

The most updated result of the research constantly performed by ALGA in
collaboration with the main European research centres — in this case Politecnico di
Milano — is the Sliding Pendulum Isolator, providing outstanding performances at
a very interesting price, without requiring particular maintenance after a seismic
event.

As a conclusive remark we can note that actually in Europe we have probably the
best available Standard on seismic design, worldwide.

All premises exist for a wide diffusion of the antiseismic techniques as is already
happening in the most advanced countries in this field: Japan and China.
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