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ABSTRACT:

A research project concerning the seismidgmiion of constructions has been included amoerg'télevar
projects” of the scientific and technological pasbbetween Italy and Algeria. The project has beelecte
by a joint Commission of the Ministry of Foreignfairs of the two countries and is fwaded by the Italia
Ministry of Research and University. The researctiviies are aimed at improving the basic knowikedt¢
design procedures, the application systems, asaselhe experimental tools of Seismic Isolatiorrider tc
promote its use in the Algerian current design ficador eithernew constructions and the seismic retrofit
of the existing ones. The main goals of the researoject are: 1) dissemination of the knowledgehe
seismic protection advanced techniques among r&@sgrand designers; 2ybut of a laboratory for devict
full scale testing; 3) education and training athigicians in the use and design of nggismic protectic
system; 4) contribution to the drafting of guidekn(compatibles with the existing Algerian seisgadeanc
the usual design procedures) for the design of-isatsted buildings. The bilateral collaboratiommstivatec
by the fact that Italy is a world-wide leading ctynin the application and production of devices &zismc
Isolation and has high scientific and a technolaigimowhow; on the other hand, Algeria is a develo
country characterised by elevated seismic risk wilee demand for modern antiseisrdesign is increasit
fast. Huge programs of building devefent are planned in Algeria, mainly in seismic are¢his suggests t
use and proper application of seismic protectiochriégques with a high benefit-cost ratio, lil&eismi
Isolation. The paper gives an overview of the redearoject by highlightinghe innovative methodologic
approach and reports on the results so far obtained

KEYWORDS: Seismic isolation, base isolation, vulnerabilitduetion

1 INTRODUCTION

Modern anti-seismic techniques, which includesregissolation (SI) and passive energy dissipatieb); are

an excellent system to achieve effective seisnmategtion of both new and existing structures; thorejatively

new, they can be considered fully mature and haes videly applied, all over the world, to buildsndpridges,
industrial plant and equipments.

Base isolation is a design technique that reducedsdrce demand on structures by isolating thermftbe

damaging effect of the ground motion. It functiggremarily by lengthening the period of the struetuf his

approach contrasts with conventional design schehatgely on inelastic action of various structigl@ments
to dissipate earthquake energy. The isolationradtere reduces the force demand on the structutelemeby
limits inelastic deformation; it provides a levédlgerformance well beyond the normal code requirgsaith

potential for substantial life-cycle cost reductiém contrast to conventional technology, seismaation also
offers the possibility of protecting the contentsl @econdary features (such as cladding and eqoigjnaf the
building because seismic forces transmitted tosthgcture are strongly reduced, thus also enhanbmgafety
of occupants and allowing for continuous use ofstinecture, even after a major seismic attack.

Research activities reported in this paper focusthen dissemination, improvement and applicationthef

theoretical background, design approaches and guoeg, technological aspects and testing proceduitbs
the aim of promoting a correct use of Bl as prattiool to protect ordinary and strategic buildingnedium to
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high seismicity Algerian areas. The peculiar chirstics of SI makes it attractive for applicagsoto
reinforced concrete framed structures and masouitgibgs; furthermore, S| can successfully be addgor
the retrofitting of existing structures, by, gerigralimiting the works at the foundation level whavoiding
extensive, and often expensive, strengtheningeostiperstructure.

2 THEPROJECT

The bilateral co-operation, set up within the framek of the first Executive Protocol foreseen ireth
2006-2009 Cultural, Scientific and Technologicalrégment between ltaly and Algeria, offered subghnt
opportunities for exchanging experience ad infoiomatFrom one side, Italy, being a world-leadingiioy in
the Sl application and devices’ manufacturing, o@dsanced scientific and a technological know-hBram
the other side, Algeria, as a rich developing cguaharacterised by elevated seismic risk, deméordsiodern
antiseismic design with a high benefit-cost ratike Sl: as a matter of a fact, in Algeria nowadayisle
programs of housing development, often locatedgh Beismicity zones, are running, not to mentiwa huge
investments for the constructions of new highwanyd eilways and the need of seismically protectegic
industrial plants and equipments. Under these tiondi a "large relevance" research project wapgsed,
titled "Development and application of the advantechniques for the seismic protection of consionst'
with a total budget of approximately € 250000. Ppheject was approved and admitted to co-fundingtdtted
in April 2007 and will have a duration of 36 months

2.1 Main objectives of the project

As previously mentioned, the research activities aimed at improving the basic knowledge, the desig
procedures, the application systems, as well agxperimental tools of (Sl) in order to promoteute in the
Algerian current design practice for either newstaonctions and the seismic retrofitting of the 8ri$ ones.
The main goals of the jointly research project are:
— protecting citizens and infrastructures in the edeml and densely populated Algerian areas from
earthquake risk;
— seismic protection advanced techniques knowledgeediination among the selected target group of
stake-holders, researchers, designers and end-users
— definition of specific testing performance requestsl layout of an Algerian laboratory for S| degice
full scale testing;
— education and training of Algerian technicianshe tise and design of new seismic protection system;
— contribution to the drafting of guidelines, compéts with the existing Algerian seismic code anel th
relevant design procedures, for the design of dated buildings.

2.2 Working methodology

Project activities are organized in a series ofs@tant working tasks that can be grouped intcetinain work
packages, each one focussing on a specific resespéct, described in the following. The partnéns,
combining their experiences and practices, wildoe an enriched methodology: within each workagkt the
involvement of the Italian and Algerian partnersasying thus reflecting their specific competences

It is envisaged that the proposed approach shableran effective information transfer and a reduncof the
seismic vulnerability of buildings and infrastruaihroughout Algeria.

2.2.1 Work package 1: problem definition and data coltatt

Through a coordinated approach, in the first 9 im®wif the project, the following activities will loarried out:
— selection and analysis of Algerian typical struatuconfigurations, materials and construction
technologies for new and existing buildings andigtires in Algerians medium to high seismicity
areas;
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definition of the performance needs for optimalssec protection of the identified structural
configurations and selection of the most effecBVveystems amongst those available on the market;
computer aided design approach and software evatuaith emphasis on the capabilities of correctly
reproducing the actual Sl devices characteristics;

preparation and running of introductory workshopslidated to decision makers and technicians;
dissemination and exploitation activities will alsoclude presentations of the Sl technique to
mass-media.

Work package 2: definition of design proceduresnalestration activities and contribution to the
standards

Activities, foreseen for a duration of 21 monthghwsome overlapping with those of Work package d an
will concentrate on:

223

definition of specific design procedures for theplagation, within the Algerian context, of the SlI
techniques;

drafting of guidelines, compatibles with the exigti Algerian seismic code and relevant design
procedures, for the design of base-isolated strestu

implementation of demonstration activities and gesif pilot applications;

preparation of training material and organisatidériezhnical workshops for the training of Algerian
engineers in the application of SI concepts. #ngisaged that a number of the training matergfldes
and reports will be produced and edited with an aifmnot only serving as a means of results
dissemination but also actually becoming valid afidctive training and guidance tools, to be usgd b
relevant professionals.

Work package 3: technological aspects

Twelve months efforts within the project activitiedll be devoted to the:

definition of relevant acceptance and qualificatiests on Sl selected devices;

definition of performance requirements and layduam Algerian laboratory for SI devices’ full scale
testing;

organisation of a final workshop for the preseotaf the main project results. This event is feses

at the end of the project and will constitute aon@jstrument for dissemination and training, siitds
aimed at spreading the up-to-date and effectiveledmes and recommendations produced in the
project.

2.3 Project partnership

As described above, the rationale and missionratits of the project call for an integrated, mdiseiplinary,
holistic and articulated project partnership, witkpertise in the Sl techniques and proven knowlexfgihe
Algerian context. Therefore, the project team fesduhe presence and involvement, from eitherttdaih and
Algerian side, of leading academic and researditutisns as well as industrial partners.
The overall scientific project coordination is undlee responsibility of two members, one for eaaltipipating
country, namely the Dept. of Civil and EnvironmériEagineering (DICA) of the University of Perugierfthe
Italian side and the “Organisme National de Costroechnique de la Construction” (CTC-Chlef) for the
Algerian side.
The Dept. of Civil and Environmental Engineeringtioé University of Perugia has several years egpes in
S| research related activities and design, expeei@ocumented by a number of scientific publicatiohhe
Organisme National de Contréle Technique de la octson (CTC-Chlef) is an institution of high
technological competences in the field of constomctechniques, design and construction review @ndrol,
material testing. In addition to the two leadingrtpers, the project partnership takes advantagehef
contribution of the following members:

« Numeria Consulting srl — Italy, a high-tech oriehf@ivate company with a worldwide experience ia th
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design and testing of S| systems as well as icdloedination of international research projects;

« TARRC (Tun Abdul Razak Research Center) - Unitechgdom, a research institute specialized in
technologies for the use of rubber in seismic desjic

. Bombardieri SpA - Italy: a company with several @ldes experience in the design and manufacturing of
equipments for laboratory testing.

As far as the project management is concerned, BA@A being the responsible for the overall scigati
coordination and thus in charge of ensuring thatdpecific technical and scientific targets of fineject are
duly met, Numeria, in addition to technical acieat plays the roles of operations support to dwrdinator.

2.4 Expected results

The prolect main expected outcome will comprise:

technological transfer, through the training ofht@cians, the preparation of technical reports ted
definition of a laboratory layout;

— input for the development of an Algerian standandthe testing of S| devices and for the desig&lof
buildings, through the drafting of guidelines;

— demonstration activity, through the applicatioritté research developments into a real case study;

— knowledge dissemination, through the organisatibreither high technical level and introductory
workshops;

— improvement of bi-lateral scientific and technicalations, through the development of joint resiearc
and design activities;

— R&D impact, through the inclusion of Algerian resgeers in international SI research community;

— social impact, through the education of Algeriapests in the use of Sl systems;

— economic impact, through the reduction of seisminerability by means of a proper application af th
“integral seismic protection” philosophy concepts.

3 PROJECT FIRST YEAR ACHIEVEMENTS

Activities started in April 2007, further to therfoal approval of the project, and concentratedpwting to the
working program, on the definition of performanaeds, the data collection and the identificatiothef most
suitable S| systems. Work proceeded as plannedmaitimajor deviations; particular attention was degdo
the R&D and socio-economic aspects.

3.1 Ddiverables

A set of deliverables has been produced by thengest By making reference to abovementioned work
packages; the Tables 1, 2 and 3 hereinafter repsummarise the material produced so far.

Table 1 Work Package 1: problem definition and aalkection
Objective Deliverable

Analysis of Algerian typical structural configuratis, | Technical report on typical structural configuratio
materials and construction technologies for new anghardcopy)

existing structures

Definition of the performance needs and selection oTechnical report on the selected systems

the most effective Sl systems (hardcopy)
Software evaluation Technical report on softwandgomance evaluation
(hardcopy)

Introductory workshops Workshop held in AlgiersiMay 2007
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Table 2 Work Package 2: design procedures defimiiemonstration activities & contribution to tharslard
Objective Deliverable

Material and components specifications for the Technical report
manufacturing of SI devices (hardcopy)
Drafting of guidelines Technical report on guidelncontent
(hardcopy)
Pilopkgation selected — design in progress

Definition of workshop prograeam
1* technical workshop held in Algiers in August 2008
Production of training material

Implementation of demonstration activities
Technical workshops

Table 3 Work Package 3: technological aspects
Objective Deliverable

Definition of relevant acceptance and qualification| Technical report on testing procedures and
tests experimental set-up definition
(hardcopy)

3.2 Training and workshops

Training activities comprised two main lines of iant production of training material and organisatiof
workshops, as described below.

As far as the production of training material isxcerned, besides the technical reports illustratmgresults
achieved (Figure 1) and the recommended specditstitraining material reports have been producet! a
edited with an aim of not only serving as a medn®sults dissemination but also actually becomialid and
effective training and guidance tools, to be usgdetevant professionals.

a
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Repubblica ltaliana e la Repubblica Algerina Democratica e Popolare:
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Figure 1 Some of the printed reports prepared dutie activities of the first year

Within the scope of engaging with an audience fwEs beyond the research community (i.e. goverrahent
organizations, potential private end-users, massianehe public as whole, etc.), an introductoryrkgbop,
with the participation of more than one hundredradees, has been held in Algiers on June 9-10,.2007
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4 PROJECT SECOND YEAR DEVELOPMENT

4.1 Knowledge dissemination and training

The planned technical dissemination and trainingviac will be practically accomplished by means thie
organisation of three workshops, each one havithgration of three days.

A first training workshop, dedicated to a selegjeoup of Algerians technicians and engineers famdferring a
structural dynamic and seismic engineering backwlphas been organised in Algeria in August 20G$hekts
covered in the aforesaid training session arelpniesumed in Figure 2.

1. PRINCIPLES OF SEISMOLOGY

2. EARTHQUAKE AND STRUCTURES
Intensity scale. Ground motion recording. Characteristic parameters of the seismic
motion. PGA. Response spectrum. Site effect. Damage from earthquake attacks.

3. DYNAMICS OF STRUCTURES
SDOF systems. MDOF systems. Non linear response. Vibration isolation.

4. CONVENTIONAL PRINCIPLES OF EARTHQUAKE RESISTANCE
Force. stiffness. Ductility. Regularity. Redundancy. Tenacity. Configurations

5. INTRODUCTION TO THE NEW SEISMIC PROTECTION TECHNIQUES
Base isolation. Energy dissipation. Active/hybrid control.

6. PRINCIPLES OF BASE ISOLATION
Frequency shift. Additional damping.

Figure 2 Contents of the training workshops helduigust 2008

4.2 Demonstration project

The application of the research developments inteah case study has been successfully startech goildt
application of base isolation technology has beentified in the first semester of 2008. The bui¢dchosen is
to be the new headquarters of the Daira in Aindefltown located in northern Algeria in a higlssecity area.
The building, due to its strategic importance andhe role that the Daira will play in the posttbquake
emergency phase, is required to be fully operatidmang and after an earthquake.

As there is not yet an Algerian code for base tedlsstructures, approaches based on various itiEmaa
guidelines have been evaluated by the team. Réseatwities carried out in the framework of théateral
project led to the final choice of the Italian gelides as reference code for the structural ansalgsd design.
The building consists of five storeys above groand one below ground. Figures 3 and 4 show the fagade
and a cross section, respectively.
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Figure 4 Daira cross section with the locatiorhef isolating level

From the structural point of view, the buildingiis,its base isolated configuration, a reinforcedarete framed
(r/c) building, with non-structural infill and bodary r/c walls at the basement. It is worthwhilentr@ning that,
according to the current Algerian seismic code,ukhahe building being constructed according to
conventional approach, extensive use of shearmizk be made.

Taking into account that this is a demonstratiajgmt, the design of the structure and the isatasigstem call
for the need of detailed analyses and studieslyill in progress. For the sake of comparisammwentional
design, based on the Algerian code for the seisiesogn of structures, and the base isolated saliiwe been
compared.

A series of analyses has been carried out in daldind the optimal configuration of the isolati@ystem,
considering a target isolation period of 2.5 secdual isolation system has been used, consistingigi
Damping Rubber Bearings (HDRB) coupled with lovegtion Sliding Devices (SD). The isolating devices a
to be installed at the top of the basement coluamisperimeter walls. Bearing types and locationsswblosen
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So as to have a good coincidence of the centreastrof the structure (projected on to the isolgplane) with
the centre of stiffness of the isolation system.
Ground work preparation started in June 2008 andtcaction of the building is expected to finisi2@09.

4.3 Technology spreading

As a first practical outcome of the disseminatichivéty carried out so far in the bilateral resdaproject, it is
worthwhile mentioning the interest shown by the &lgn local authorities in the application of thasé
isolation technique to a new hospital to be bailthe Wilaya of Ain Defla.

The hospital (Figure 5), capable of hosting 250epés and deemed to serve one of the most populaggd
seismicity area in the north-western part of Algemvas initially designed as a conventional stmectiviore
recently, as per decision taken by the local Goweamd the relevant administrative organisations,rospital
design is being fully reviewed, according to thesébasolation concepts, by a team of Italian andeA&n
technicians, working under the coordination of phgject partners.
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Figure 5 Ain Defla new hospital typical floor laytou
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