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Extended Abstract
Earthquakes for a long time have caused great damagesrmastthry construction as buildings, monumental
structures, bridges, etc. Recent earthquakes in theeRiury, such as Kashmir (Pakistan) 2005, L Aquila (Italy)
2008, Shichuan (China) 2008, Port-au-Prince (Haiti) 2009, Mauleg)C2110, Christchurch (New Zealand)
2010 and Van (Turkey) 2011 have confirmed this trend. THec2@tury is full of cases of great destruction to
the masonry stock, causing a great number of casuéfiesired thousand), heavy injuries (many hundred
thousand) and millions of homeless. Even in Portugal, esaktes in the last century were responsible for the
great damage caused in 1909 in the Continent and in 1926 (Faial)Pi&3)3 1980 (Terceira) and 1998 (Faial)
(Azores).
Of course not only old masonry structures (MC) have suffemed the strength of earthquake ground shaking.
Reinforced concrete structures (RC), especially the stagctbuilt until the modern codes came into practice,
i.e., mid 1980’s, suffered quite severely in many instadgesssentially to either bad detailing of construction
and under defined seismic action. Even nowadays, in nechmological advanced countries, problems may
arise due to lack of control in the implementatiomefv seismic codes.
We can say that research in RC and steel constructianduae through great developments and if on the part
of ground motion there are no “surprises”, the seismitopeance of these typologies are very much under
control and modern codes have been able to tacklewithlthese loads. The Japan March 11, 2011 is the best
“experiment” to ascertain these statements. With so rdapiage caused by the tsunami, the behavior of the RC
stock was quite good given the long and strong ground motioncinbj¢hose structures. The same can be said
about the Chilean and the New Zealand earthquakes, but nttlimn or Turkish earthquakes (and Lorca, Spain
2011), where modern RC brick infill structures suffered quite sivere
In respect to this topic it is now the right time to refet definition of ground motion has been one ofrtioest
critical issues responsible for some of the past gieasters. In fact, in many instances, earthquakes have
occurred in locations where responsible authorities fitingecode provisions did not act in the best way, or by
neglecting historical lessons (case of March 11 2011 JaparkT @aocthquake and tsunami, Haiti, 2010), or by
under predicting seismic action as the cases of blind faedtidy populated areas (Sichuan, Athens 1999, etc.).
Each time a new event occurs there is always sontgttéw to learn or to confirm, theories to validateeject,
models to upgrade, ideas to renovate, policies to rethilmkmost recent case of Japan earthquake is full of new
information which will definitely change the way eamhience, earthquake engineering, social-economical
sciences and earthquake management are being taken byrdenvost advanced earthquake communities.
Similarly to what has happen with the 1755 earthquake whacised a great revolution in all those fields
including philosophical theories established up to tH&dghtury, the Japan earthquake of 11 March 2011 will
be a mark on the World Society in the way those seemeal with unexpected events of such great impact.
Questions such as how to use urban spaces in danger of fitgunesnis that may occur with a very low
probability, which level of ground motion to use in cortiwecwith retrofitting of structures, effects of veryntp
duration of motions (only reported on historical eyevgses accounts and never looked nowadays) on steel or
concrete, masonry and geotechnical structures, are atherignportant issues to be discussed in the future to
correct present-day practices.

The situation in the World (existing construction)

Figure 1 presents the World-Wide damage distribution in2@th century by geographic regions and by
structural type. It is clear that the masonry buildings
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Fig 1. Distribution of World-Wide damage in the 20th centyyygeographic regions and by structural type. (
M. Lopes Editor, 2008).

Elements for characterizing the situation in Portugal

The situation in Portugal with respect to construct®rofi great apprehension as far as earthquake safety is
concern, as still there is nowadays a large percentaffgedbuilding stock constructed in earthquake zones
without the minimum earthquake requirements (Table 1 and FR)ure the Azores the situation is similar,
even though a great deal of rehabilitation has taken plaberceira, Faial and Pico islands after the occeegn

of 2 important events in 1980 and 1998.

Table 1. Distribution of epochs of construction in Cormthiaé Portugal, including Lisbon and the Metropolitan
Area of Lisbon (by number of dwellings) (Census 2001).

Epoca de Cidade Area Portugal
construciao de Lisboa Metropolitana | Continental
de Lisboa
Ate 1919 10% 4% 6%
1919 a 1945 17% 7% 8%
1946 a 1960 19% 11% 10% |
1961 a 1970 19% 18% 13%
1971 a 1980 13% 22% 18%
1981 a 1985 4% 10% 11%
1986 a 1990 4% 9% 10%
1991 a 1995 6% 9% 10%
1996 a 2001 7% 11% 13%
Total de
alojamentos 288 481 1291 652 4 832 537

The Municipality of Lisbon, even though has gone throughrgelaenewal in the first decade of*2dentury,
there is a great number of old masonry buildings as cabd®rved in Figure 2.

112



Conferéncia Internacional sobre Reabilitacédo de Estruturas Antigadwemaria

Fig 2. Distribution of epochs of construction in the Mipédity of Lisbon (Census 2001).
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Fig 3. Seismic zoning in Portugal according to the Natidnaex. (EN1998-AN, 2009).

In fact, according to the Municipality in February 2012 frartotal of 57 573 buildings 1438 were in very bad
state of conservation and 6893 in bad situation. Ther2%@ completely empty buildings and 2819 where only
the commercial first floor is occupieRublico,14/4/2012).

The Municipality of Lisbon wants to launch in 2012 an enqtorypetter understand the level of earthquake
safety on the buildings under the responsibility of thenigipality and then extend it to the entire City. This
would describe in great detail the present structuralt&tuaith a much more profound analysis for assessing
the seismic vulnerability of the stock of buildings watiproposal for retrofitting when necessary.

113



The main properties to be analyzed are summarized in Figure 4.

Fig 4. Main properties to be analyzed in a masonry building.

Among these points, one of crucial importance is therations of the structural system with the opening of

spaces by demolishing interior walls. In many casesntbdern concept of wide areas has contributed to the
need of getting larger spaces. The use of metallic beamsdbeslve the problem of lateral loads which were

carried out by the existing walls. Much needs to be donaignarea by a co-operation between architects-
engineers in order to be able to find solutions whigukhminimize the seismic vulnerability and at the same

time maximize the expectations of the users (tenanttaadbbrds).

Rehabilitation Techniques

Looking at the world practice in rehabilitation of old soary structures there has been a great deal of studies
and tentative to find new reliable techniques for reftabibn. In conferences related to the topic the most
common topics deal more with numerical modeling to mpce experimental testing of components in
laboratory or field tests on parts of demolished bugdimlso several studies have been carried out to estimate
vulnerability and fragility curves of different old masorstyuctures, prior and post some kind of retrofitting.
Very few new techniques either with new materials ohwiéw engineering solutions have been tried. As an
example, “pombaline structures” (cage) (Figure 5) have recéety studied in great detail with numerical
models of the entire structure using data iolgd in laboratory test of timber walls. No entire “patiie”
building has ever been tested in order to analyze thelbperformed. Monitorization of a real building should

be made in the near future to understand the nonliesponse under real moderate to strong shaking.



http://www.dw.de/dw/article/0,,15856326,00.Htm

Other techniques of rehabilitation combine old traditionabdfling new exterior systems such as arches,
“contrafortes”, use egtior stairways, with strengthening horizontal diaphranith ties, timber, diagonal
frames, and reinforcing brick interior stairways or atev shafts.

Seismic rehabilitation should be done under strict cbofrquality in order that the “bad examplesbtserved in
many places after the occurrence of earthquakes dopeatreCases as in Italy with Umbria-Marché (1997), and
Moligno (2002) or in Faial (1973) where incomplete peripheral bdanels were applied, are examples to
illustrate how bad retrofit aggravated the seismic WehaAlso, the introduction of very heavy RC floors
instead of conserving light timber floors reduces vidbiity up to a certain ground motion level and then
suddenly can lead to collapse due to the accelerationss theavy elements.

Several tentative have been tried to persuade the awghpdtinstructors and the public in general, to the nfeed o
earthquake rehabilitation as part of the general retetholh scheme our stock of buildings, networks, critical
structures etc. so much need.

In the event of initiating a new process of regain confident these structures, it is of great importance the
following guide-lines:

-No intervention should reduce the strength of the existing steict

-New legislation accompanied by a Manual of interventiorushbe developed in a short period of time
in order that this initiation already incorporates the sieisehabilitation.

-New techniques low-cost should be developed in order to rémeleampaign attractive and sustainable.

-Rehabilitation should look to solutions that includertalern life-standards and the most economic long
life standards, as well as integrate other standarelseagy efficiency, acoustic and fire protection.

Final Remarks

Rehabilitation is gaining support all over the WorldEurope (Figure 6) the relative proportion of rehabilitatio
and maintenance in relation to the market of new coctgbn as 2003 is already very important for many
countries and should be a first option for investmenPantugal where this proportion was only 10%. This
number may have got to the 20% just before the econaisésc






ANNEX 1

Special Issue on “Old Masonry under Seismic Loads”, Gud#ibis C.S. Oliveira and AG. Costa (2012)
Bulletin of Earthquake Engineeringl:10 (1).

Guest Editorial: old masonry under seismic loadingp 1-5)

Old masonry construction constitutes still nowadaysrgelgortion of the stock of buildings throughout the
world. In zones of moderate to strong seismicity, thesestructions suffer quite significantly whenever
important earthquake events occur.

Due to the above facts, and considering that in martgrioss these structures are part of the human cultural
heritage and require special preservation, a book to nharkid Anniversary of the July 9, 1998 Azores
Earthquake, which caused a tremendous impact on the housingligious stocks, was published in 2008. The
book, written in Portuguese and entitled “Sismo 1998—Acoresa Détada Depois” (SPRHI.sa/Governo dos
Acores edition), contains a large number of chapters dewaiiih the various scientific and technical aspects of
this earthquake as well as the reconstruction that fetlowA PDF version of the book in English should be
ready by mid 2012. On the same occasion, an Internation@h&eon Seismic Risk and Rehabilitation was
organized in the City of Horta (Faial, Azores), in July 200§ resent the main findings described in the book
and discuss with the international community the matterbébilitation of old masonry construction under
seismic loads.

A Special Issue of the Bulletin of Earthquake Engineeringipjulslished in 2012 (BEE 2012), collects improved
versions of some of the papers presented at the Semamap)eznented with two recent relevant study cases
dealing with vulnerability and retrofit, in a total % papers. The paper by Oliveira et al. describes the most
important observations collected after the earthquake ti@kghe islands of Faial, Pico and S&o Jorge in July
9, 1998, which constitutes a set of an unprecedented quanitigood quality data about damage in
constructions, costs of repair and other variables. Argeneerview about the impacts of the earthquake on the
population, the housing, the monumental structures andeoedbnomy 10 years after the occurrence is also
briefly reported and analyzed. This information, assethbh a GIS database, together with similar data
obtained from other recent earthquakes, was the basensiruct an overall earthquake impact indicator
considering the systemic analysis of the urban area thritiggidentification of a set of criteria and defimnitiof












ANNEX 2

Cétia S. Dias (2007). Seismic Vulnerability of a “GaiagiBuilding. MSc. Thesis, Instituto Superior Técnico,
Lisbon. (extracts)

Dias(2007) has presented a study on the assessment of the seiferability of a “gaioleiro” building.

As we have experienced along History, humans’ lossesalsawil economical, during violent earthquakes
are mainly due to extensive damages in the constructimhtoahe buildings collapse. Therefore, the buildings
seismic resistance plays an important role as humaratie concern. This safety can only be assured if besides
practicing an adequate design on the new structures, #miseiulnerability of old buildings, most of the times
extremely high, is reduced.

Nowadays, design and construction on seismic areas followircenvdes that provide an acceptable
behaviour of structures when submitted to seismic adtipnwhich safety is guarantee when significant
earthquakes occur. However, a considerable part of the exXistilugngs, for their age, are not provided with a
proper design concerning seismic action thus they showi@ed¢fbehaviour lacking, most of the times, with
the minimal resistance. The reduction of seismic vubiktyacan be assured by the adoption of strengthening
and repairing techniques on the old buildings special foethasich design, precede the current codes.

The “Gaioleiros buildings” integrate this group of stuues in risk; some besides their degraded state of
maintenance do not assure the habitability requireditions; others, although apparently in good conditions,
present severe jeopardy for their inhabitants. This type oflibgd is distinct by their masonry and wood
structure of poor quality, which represent a major coné®m the seismic vulnerability point of view. Many
theses buildings are also constructed over soft saif,al sand-clay, few occur on rock. Therefore, areétdsav
high density “gaioleiros buildings”, under these foundation conditionsndb favour their survival. At last,
there is the subject of the adulteration of the origgitraictural concept by removal of some walls and somstime
their replacement by steel beams aggravating even timgireseismic vulnerability.

For all the mentioned reasons, the propose of this dapter alert to the seismic vulnerability of old
masonry constructions in apparent good state of consamyati particular the vulnerability of the “gaioleiros”
that can deceive their true weak structural resistamtiee seismic actions. To analyse the vulnerallitthese
type of structures a building with a plan size of 16,5xfamal it is 20 m height was selected (Figures 1 and 2).















ANNEX 4 — A few exemples of studies (lllustration)

Aqueduto Aguas Livres C. S. Oliveira (1990)

Torredo do Terreiro do Paco Ana Mateus (2008)












