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PREFACE 
 
The activities are foreseen by the Contract n. PRM.7.035.00-C between the InterAmerican 
Development Bank and ENEA, signed on March 12th, 2007 by Dott. Marcello Garozzo, Director of 
Environment, Global Change and Sustainable Development Department [01]. 
The main goal of the project “MAR VASTO” (which is to contribute to risk management due to 
natural disasters in the historical part of Valparaiso) has been almost reached during the work of the 
last months. 
In fact, this second general report (which gives a general description of the work done) describes 
the following work: 
- the main results obtained during the mission performed by the Italian team in the months October-

December 2007; 
- the activities in progress in Italy after the above mentioned mission.  
In the next weeks, specific work package reports shall be provided. 
 
During the last two missions at Valparaíso (May and October-December 2007), many local 
Organizations strongly cooperated to the in situ work of the experts coming from Italy: above all, 
the Municipality of Valparaíso (mainly the Heritage Office, “Oficína de Gestión Patrimoniál OGP”, 
providing logistic and technical support of about fifteen people, but also qualified personnel of 
Environment and Housing Departments); the Ministry of Culture (“Consejo Nacional de la Cultura 
y Las Artes”); the Regional Authority (“Intendencia V Region Valparaíso”); the Regional Civil 
Defense (“OREMI”); the SHOA (“Servicio Hidrográfico y Oceanográfico de la Armada de Chile”); 
Valpomío (“Programa de Recuperación y Desarrollo Urbano de Valparaíso”; the Firemen 
(“Bomberos”) and the Sea Rescue (“Bote Salvavidas”) Corps of Valparaíso; city organizations 
(“Junta de Vecinos” of the Cerro Cordillera and “Gerencia Barrio Puerto”, which is the historical 
district of the City); the Board of Architects of Valparaíso and other professionals; the Police 
(“Carabineros de Chile”); Church Authorities and  other Universities (“Pontificia Universidad 
Catolica de Valparaíso”, “Universidad de Valparaíso”); the Valparaíso Italian Community. Finally, 
important was the contribution of the Geocom Santiago team, which provided the laser-scanner 
equipment. 
The in-field work (October-December 2007) gave excellent results and involved about 30 
professionals (Italian and Chilean): 
 
- Maurizio Indirli (ENEA, coordinator of the project); 
- Fabio Geremei (ENEA); 
- Claudio Puglisi (ENEA); 
- Augusto Screpanti (ENEA); 
- Daniel Blersch (University of Ferrara); 
- Osvaldo Neira Figueroa (Geocom Chile); 
- Marco Quevedo Tapia (Geocom Chile); 
- Luca Lanzoni (University of Ferrara); 
- Marco Miglioli (University of Ferrara); 
- Giampaolo Simonini (University of Ferrara); 
- Enrico Milani (University of Ferrara); 
- Nieves Lopez Izquierdo (ENEA and University of Ferrara); 
- Marco Munari (University of Padua); 
- Fabio Romanelli (University of Trieste and ICTP); 
 
- Paulina Kaplan Depolo (Director of the Oficina de Gestion Patrimonial, Valparaiso Municipality); 
- Sotero Apablaza Minchel (Oficina de Gestion Patrimonial, Valparaiso Municipality, coordinator 

of the Chilean team); 
- Karen Fried Agosin (OGP); 
- Mauricio Gonzalez Loyola (OGP); 
- Cristian Palma Valladares (OGP); 
- Claudia Zuñiga Jara (OGP); 
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- Sandra Aliaga Vera (OGP); 
- Carolina Avalos Avalos (OGP); 
- Sofia Ayala Santander (OGP); 
- Gabriela Lozano Sandoval (OGP); 
- Carolina Peñaloza Pinto (OGP); 
- Claudia Ulloa Espinoza (OGP); 
- Juan Carlos Molina Carvajal (OGP); 
- Samuel Castro Zamora (OGP); 
- Oriana Ramirez Muñoz (OGP); 
- Mauricio Sanchez Pincheira (OGP); 
 
- Thomas Sturn (University of Chile). 
 
Other experts were contacted: 
- Tania Bertoglio, Josè Campusano (Direccion Desarrollo Abitacional, Municipality of Valparaiso); 
- Mauricio Gonzalez Peña y Lillo (Departamento Medio Ambiente, Municipality of Valparaiso); 
- Milagros Aguirre Donoso (Ministerio Obras Publicas and Chilean Board of Monuments); 
- Francisco Saavedra (Valpomio); 
- Luis Enriquez, Javier Troncoso (Jerencia Barrio Puerto); 
- Nelson Morgado Larrañaga (Board of Architects of Valparaiso); 
- people from SHOA, OREMI, Firemen and Sea Rescue Dept., Church Authorities, professionals, 

etc. 
 
Several Chilean Institutions thanked formally by letters the Italian team for the work done: the 
Municipality of Valparaiso, the Intendente of V Region of Valparaiso, the Ministry of Culture, the 
Archbishop of Valparaiso, the Organization of the Chilean Architects, the Organization of the 
Italian Community of Valparaiso (Figs. 60-67). 
The support of the Chilean Universities, partners of the project (University of Chile, University 
Federico Santa Maria), was excellent.  
Two presentations of our project have been made: a specific conference at the University Federico 
Santa Maria (November 22) and an invited lecture at the session "El terremoto de Valparaiso de 
1906" of the "VI Congreso Chileno de Geotecnia", organized by the Pontificia Universidad Catolica 
de Valparaiso (November 29). 
The work interested very much also the media (TV and press). 
Meetings took place also at ICE (Istituto Italiano per il Commercio Estero - Istituto Italiano para el 
Comercio Exterior) at Santiago (with the responsible Roberto Santilli and Maruzzella Giannini) and 
at the Italian Ambassador in Santiago (Ambassador Paolo Casardi, Niccolò Fontana and Rosa 
Minetti).  
 
The technical scientific effort shall continue in Italy during the next months, in particular with:  
- elaboration of the data coming from structural and laser scanner surveys;  
- structural calculations;  
- identification of pilot interventions on churches and relevant buildings, and also in Valparaiso 
urban areas (Cerro Cordillera);  
- tsunami and seismic input models;  
- geological studies;  
- GIS implementation, etc. 
 
After a check with Dr. Eugenia Fedeli of Istituto Italo Latino Americano (IILA), an opportunity will 
be checked to involve (in Italy and in the future work dedicated to identify restoration proposals) 3 
Chilean experts of the OGP, providing short bursaries (4 months, from March to June 2008, 
specifically targeted on the project). 
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PROGRESS IN THE PROJECT WORK-PACKAGES 
 
WP01 “State-of-the-art” for all the municipality of Valparaiso 
 

WP 01 activity sub-activity leader contributions
1.1 collection of cartography and maps of Valparaiso; acquisition of high 

resolution satellite images and aerophotos 
1.2 collection and analysis of historical material (photos, maps, databases, 

etc.) 
1.3 collection and analysis of existing studies/investigations regarding 

natural and anthropic risks (seismic events, landslides, floods, tsunami, 
coastal erosion, fire, status of infrastructures and lifelines, etc.) 

 
ALL 

 “state-of-the-
art” for all the 
municipality of 

Valparaiso 

1.4 data homogenization and  organization of a digital archive of the 
“state-of-the-art”, in GIS format (Geographic Information System) – 
see WP6 

 
ENEA 

- 

 
With regard of the collection of “state-of-the-art” information, in the framework of the last mission 
(October-November 2007), and during several meetings with Chilean Institutions, a lot of technical-
scientific data have been purchased, regarding all the tasks: 
- principal cartography and maps of Valparaiso; 
- a DEM (Digital Elevation Model) of Valparaiso; 
- aerial and satellital photos of Valparaiso; 
- urban planning and thematic maps; 
- historical cartography of Valparaiso; 
- architectonical and historical information on Valparaiso; 
- seismology, geology and tsunami data; 
- videos and CDs on the Calle Serrano explosion and following fire; 
- thousands of the Valparaiso area and buildings pictures; 
- data on three important churches (La Matriz, San Francisco, Las Hermanitas de la Providencia); 
- data on the selected sector of Cerro Cordillera, partially located inside the UNESCO zone, for 

urban planning and vulnerability analyses. 
 
Valparaíso represents a distinctive case of growth, inside a remarkable landscape, of an important 
Pacific Ocean seaport (over the 19th and 20th centuries), till to reach a strategic importance in 
shipping trade, declined after the Panama Canal opening (1914). Thus, Valparaíso tells the never-
ending story of a tight interaction between society and environment, stratifying different urban and 
architectonic layers, sometimes struck by disasters and always in danger (Fig. 1).  
 

Figure 1. Valparaíso: origin and present situation.  
 
Certainly, the city is subjected to various natural hazards (seismic events, but also tsunamis, 
landslides, etc.) and anthropic calamities (mainly wild and human-induced fires). Very interesting is 
its growth on reclaimed lands in the centuries (Fig. 2). These features make Valparaíso a 
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paradigmatic study case about multi-hazard mitigation, and risk factors must be very well evaluated 
during the restoration phases to be planned in the future (Fig. 3).  
 

Figure 2. Growth of Valparaiso on reclaimed lands. 
 

Figure 3. Valparaíso: hazards and safeguarded areas. 
 
The Valparaíso morphology can be roughly divided into two main sectors: the flat harbor area (Fig. 
4) and the hill quarters (Fig. 5). Large neoclassic masonry buildings, some previous colonial style 
constructions (still standing structures spared by earthquakes and following fires) and more recent 
architectures take place in the commercial district, with straight streets, highways and rail tracks 
parallel to the coast (Fig. 6). A wide area is occupied by the port facilities until the waterfront. 
Otherwise, the steep forty nine hills, cut by ravines (“quebradas”) and climbed by narrow and snaky 
lanes, are deeply filled by small and squat houses, typically made by wooden frames, adobe panels 
and covered by zinc tinplate (“calamina”); but also masonry constructions and beautiful buildings 
can be noticed (Fig. 7). Thus, Valparaiso shows a very irregular urban tissue and its building 
inventory is very inhomogeneous. In agreement with Sotero Apablaza Minchel (OGP architect), it 
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is possible to say that Valparaiso is, at the same time, “a city with and without architects” (Fig. 8), 
in which the work of anonymous citizens accumulated during the time. 
 

Figure 4. Valparaíso: the flat area and the harbor.  

Figure 5. Valparaiso: the hills quarters. 

Figure 6. Valparaiso buildings in the flat area. 
 
Several old cable cars (“ascensores”) ascend the slope, but only a few of them are still operating 
(Fig. 9). The UNESCO protected district (“Barrio Puerto”) lies in the Valparaíso Southern part 
(Figs 3 and 53) and embraces a sector which, starting from the flat, reaches the hills. In addition to 
the above said pervading clustered homes, notable historical buildings are present. 
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Figure 7. Valparaiso buildings in the hills. 

Figure 8. Valparaíso: a city “with and without architects”. 

Figure 9. Examples of Valparaiso cable cars (Cordillera, Artilleria, Baron, San Agustin). 

 
Figure 10. Three churches and Cerro Cordillera sites. 

 
Being impossible to manage deep investigations for all the Valparaíso historical area (due to limited 
resources in funds and time), a common decision with Chilean partners and stakeholders has been 
taken on structures/areas to be investigated with highest priority (Fig. 10): 
- three important historical churches (“La Matriz”, “San Francisco del Barón”, “Las Hermanitas de 

la Providencia”), made by different materials and located in different sites of the city; 
- a building stock in the Cerro Cordillera (partially included in the UNESCO zone), consisting in 

more than 200 residential/commercial buildings.  
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Study of landslide hazard 
The “State-of-the-art” information and the in field work provided enough data to study. Looking at 
the geological maps [01-03], Valparaíso is located on a superficial covering, sealing reclaimed 
lands, colluvial layers due to fluvial origin and interconnections of debris flow deposits (Fig. 11). 
Those materials lie on a schist basement; above them, fluvial terraces appear.  
From a geomorphologic point of view, the place shows two different slopes, respectively exposed to 
NW and NE. Both of them lead to straight sides, locally interrupted by deep fluvial incisions 
(“quebradas”), sometimes ploughed by water (Fig. 12). This geomorphologic potential, together 
with the presence of superficially alterated schist rocks (originating soils with abounding clay 
fraction), can induce two processes: 
- sheet erosion, due to a slow areal erosion of the soil, when the material slides and buildups in the 

bottom of the “quebradas”; 
- debris e mud flow, i.e. landslides with a prompt evolution (dragging surfacing schists and 

anthropic debris), acting on the sides and the bottom of the “quebradas”.  
Those effects (especially in the slope lower section, where the urban territory is dense and exposed 
to risk) can be very dangerous, if the natural water movement to the sea is interrupted; in fact, 
prompt flows can happen in pipelines or primordial creek-beds now shrinked in narrow streets. 
Thus, in case of great and fast rainfalls, the flowing materials can sweep or damage constructions 
and lifelines. The  in situ work identified main flow areas and point out most affected zones, with a 
deeper investigation for the “quebradas” San Agustin and San Francisco, located on the Cerro 
Cordillera borders, in order to provide for this pilot area the susceptibility data of the above 
mentioned phenomena. The results shall be described in a specific report (in progress). 
 

Figure 11. Valparaíso: hazards and safeguarded 
areas. 

Figure 12. Example of a “quebrada”. 

Figure 13. Explosion and fire in Calle Serrano. Figure 14. Lighting cables in Valparaíso. 
 
Study of fire hazard 
Fires certainly are the most common and dangerous disaster in Valparaiso. The “State-of-the-art” 
information has been provided by the Firemen Corp and OGP, with particular regard to the Calle 
Serrano tragedy. In fact, on February 3rd, 2007 a violent explosion due to a gas leak killed four 
people, destroyed some heritage buildings and damaged others in Calle Serrano, in the core of the 
UNESCO zone of Valparaíso (Fig. 13).  
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Despite the good expertise of the local Firemen, fires occur in the urban area (due to bad 
maintenance of electric systems - Fig. 14 - and gas pipelines, building materials, lack of education 
and vandalism), but also in the surroundings forests and bushes (mainly human-made events). 
Furthermore, the risk is worsened by usual windy weather, narrow and tortuous hill roads, presence 
of wooden houses and sometimes insufficient water pressure in the hydrants. Also the presence of 
the close harbor facilities represents a further risk factor.  
 

Figure 15. The San Francisco Church after the fire (1983). 
 
Moreover, important monuments were severely damaged by past fires, as happened for the Church 
of “San Francisco del Baron” in 1983 (Fig. 15). 
Thus, in the framework of a cooperation with the Valparaíso Firemen, the “MAR VASTO” project 
foresees an evaluation of fire hazard in the GIS database. A specific report is in progress. 
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WP02 Topographic and Laser Scanner 3D survey 
 

WP 02 activity sub-activity leader contributions
2.1 topographic survey of the GCPs (Ground Control Points) to geo-

referencing high resolution satellite images and DTM (Digital Terrain 
Model)  implementation for all the municipality of Valparaiso 

2.2 DGPS (Differential Global Position System) topographic survey in 
static configuration of the most significant and representative 
structures 

 
ENEA 

 

 
UNIFE 

 Topographic 
and Laser 

Scanner 3D  
survey 

2.3 3D Laser-Scanner survey of 1 to 3 significant structures of  the 
UNESCO area in Valparaiso (mainly in Barrio Puerto) UNIFE ENEA 

 
DGPS survey 
As foreseen by the project objectives, during the Valparaíso stay, several in-field surveys have been 
carried out. Firstly, about fifty points have been measured by DGPS, in order to check the GIS 
coordinates (Fig. 16). The equipment (Differential GPS Trimble Navigation, model 5700 double 
frequency L1/L2, for post-processing and real time surveys) has been sent from Italy to Valparaiso. 
 

Figure 16. Location of the points measured by DGPS.  
 
3D Laser Scanner (LS) survey 
In collaboration with Geocom Santiago and the Valparaíso Firemen Corp, a 3D laser scanner (LS) 
survey has been completed (internal and external of all the geometric, architectonic, decorative, and 
structural aspects, in order to provide an exhaustive documentation of the building, including the 
indispensable data for the preparation of the mathematical models) for the following three churches 
(Figs 17-20): 
- Church of “La Matriz”; 
- Church of “San Francisco”; 
- Church of “Las Hermanitas de la Providencia”. 
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LS is an easy-handling equipment of high velocity and accuracy (2-6 mm of range), particularly 
useful for cultural heritage. The process can be divided in three steps: data acquisition (from several 
stations which must be combined with care), geometric model creation, output elaboration (real 
status archives, Finite Element Models and plan, front, section drawings). The huge amount of 
materials is going to be processed (a specific report is underway) and will be very useful for next 
structural analyses. 
 

Figure 17. 3D laser scanner process. 

 
Figure 18. Laser scanner at “La Matríz”. 
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Figure 19. Laser scanner at “San Francisco”. 
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Figure 20. Laser scanner at “Las Hermanitas de la Providencia”. 
 
Other surveys 
The three churches and the Cerro Cordillera building stock have been documented through a huge 
number of pictures (architecture, urban planning, structural features, damage and maintenance). 
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WP03 Study of seismic hazard 
 

WP 03 activity sub-activity leader contributions
3.1 evaluation of existing studies and investigations  

ENEA, UC, 
USM  

3.2 suggestion of future deeper analysis through new seismic microzoning 
experimental campaigns, if necessary 

 study of 
seismic hazard 

3.3 elaboration of seismic hazard scenarios and maps; digital archive of 
results; also in GIS format – see WP6 

 

ICTP    
ENEA 

 
Chile is one of the most seismic country in the world. Major earthquakes interesting the City of 
Valparaiso are reported in table 1 and Fig. 21. 
 

Table 1.  Strong earthquakes interesting Valparaiso 

date location 
 

Magnitude M 

year month day   
1730 07  08 Valparaiso, Chile 8.7 
1906 08  17 Valparaiso, Chile 8.2 
1965  03  28 Near Santiago, Chile 7.1 
1971  07  09 Valparaiso region, Chile 7.5 
1985  03 03 offshore Valparaiso, Chile 7.8 

 
 Figure 21. Earthquake in Chile (courtesy of UC).

 
 “State-of-the-art” information has been provided by Chilean partners and stakeholders (using 
materials stored in original earthquake reports, local newspapers and magazines), as example by UC 
[09-10]. In [09], a new evaluation of the earthquake intensities scale of the Valparaiso 1906 
earthquake was made. In order to identify the local soils effects in the damaged area, the results of 
other destructives earthquakes affecting the same area were used. With the estimated intensities, an 
isoseismal map was developed and a relationship between intensity and hypocentral distance was 
obtained. In [10], large magnitude subduction thrust earthquakes, affecting Valparaiso every 85 
years, are analyzed. These earthquakes represent the extreme design condition in epicentral zones of 
Central Chile and in Santiago. Therefore, their study is the most relevant for earthquake 
engineering. Among them, the 1906 (M = 8.2) earthquake was one of the most destructive. The 
damage was concentrated in El Almendral neighborhood of Valparaiso harbor. In this study these 
damages were studied and classified using 1906 photographs. The obtained microzoning is in 
agreement with the one resulting from the damages of the 1985 earthquake with an increase of 
MSK intensities of 1 ¼. This microzonation is also in agreement with the soil structures identified 
at El Almendral. Good construction buildings performed well during both earthquakes indicating, a 
lower destructiveness of Chilean subduction interpolate earthquakes. The accelerograms obtained in 
fill and rock for the 1985 earthquake are Fourier-spectrum analyzed. The soil amplification obtained 
shows the importance of the sandy soil in the damage. However, amplification values obtained for 
these natural periods are several times larger than theoretical ones, differences maybe due to the 
influence of earthquake mechanisms.  
Three centennial surviving buildings of 1906 and 1985 earthquakes were identified. Finally, the 
1906 earthquake was only a moderate earthquake of the Valparaiso family of large earthquakes. In 
the following pages, some significant images are reported (Figs. 22-32). 
The still in progress activity shall define earthquake scenarios (algorithms for space-time medium 
terms forecasting) and deterministic models. A specific report shall be provided and maps of 
seismic hazard shall be available in the GIS database. 
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Figure 22. Map of Valparaiso sectors more damaged by the 
earthquake and by the fire (Rodriguez and Gajardo, 1906).

Figure 23. Intensities in Valparaiso city during 1906 
earthquake. 

Figure 24. Soil Zonification of El Almendral, showing three 
soil zones  (Carvajal, 1989). 

Figure 25. MSK intensities of 1985 Chile Central earthquake at 
El Almendral (Acevedo et al. 1989). 

Figure 26. General view of the 1906 earthquake and 
following fire at El Almendral (picture from Bellavista Hill). 
The foreground shows the destroyed La Victoria theatre (La 

Victoria square) and, on the background, near the shore, 
many undamaged buildings destroyed mainly by the fire. 

Figure 27. General view to the East of the damage due to the 
1906 earthquake at El Almendral. At the centre of the picture, 
La Victoria square, showing the undamaged belfry of Espiritu 

Santo Church and the Huito building. 

 
Figure 28. Damage at El Almendral, 1906 Valparaiso 

earthquake, showing backing the background the 
undamaged buildings and houses on the hills. 

Figure 29. Fire damage of a good construction 3-storey 
building at a fill soil zone, showing no cracks by the 1906 

earthquake. Blanco Street. (Hardy, 1906). 
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Figure 30a. Comparison between this picture taken after 
the 1906 earthquake of Condell Street near La Victoria 

Square, showing Lyon Palace (1) and 4-storey Huito 
building (2), undamaged, with picture of Figure 13b. 

Figure 30b. Similar picture to Figure 13a taken after the 1985 
earthquake again showing both undamaged buildings. Both 

buildings are Centennial since they survived both earthquakes.

 
Figure 31. Centennial El Mercurio brick masonry located 

at the foot of a hill. 
Figure 32. 1906 earthquake damage at Las Delicias Ave. 
(today Argentina Ave.) where the 1985 earthquake was 

recorded at El Almendral. 
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WP04 Study of tsunami and coastal erosion hazard 
 

WP 04 activity sub-activity leader contributions 
4.1 evaluation of existing studies and investigations - 
4.2 implementation of the existing studies and investigation regarding 

tsunami and coastal erosion risks in the UNESCO area 

 study  of  
tsunami and 

coastal erosion 
hazards 4.3 elaboration of risk scenarios and maps; digital archive of results, 

also in GIS format – see WP6 

ENEA, 
ICTP 

 
- 

 
Inundations happened several times in the past (Fig. 33). Information (Figs 34-35) has been 
provided by SHOA [06], during several and fruitful meetings in which reciprocal cooperation has 
been confirmed. The rupture areas of both the 1906 and 1985 earthquakes include all the Valparaíso 
Region coast. For both the events, the wave direction is initially perpendicular to the coast (W 
direction); near the shore, it begins to deflect. 
1) 1906 tsunami: at the earthquake occurrence, an instantaneous increase of 1.8 m over the average 
sea level could be recorded; at Concón, the increase is a little less (1.5 m); the stream maximum 
velocity is about 5 m/s (Playa Reñaca); 
2) 1985 tsunami: at the earthquake occurrence, an instantaneous increase of 0.8 m over the average 
sea level could be recorded. 
Thanks to SHOA simulations, the possibility of tsunamis for both the above mentioned events in the 
Valparaíso Bay has been evaluated. Looking at the inundation maps, it is clear that all the coastal 
line in the harbor zone must be considered at high risk of flooding. Further developments of 
propagation analytical models, in collaboration with SHOA, are underway, taking into account also 
worse scenarios (as the 1730 seismic event). A specific report shall be provided and maps of 
tsunami hazard shall be available in the GIS database. 
 

Figure 33. An old picture showing an inundation in Valparaiso. 
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Figure 34. Tsunami inundation map for the 1906 seismic event (elaboration from  SHOA [06]). 

Figure 35. Topobatimetric map for the Valparaiso Bay (elaboration from  SHOA [06]). 
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WP05 Vulnerability analysis 
 

WP 05 activity sub-activity leader contributions 
5.1 identification and classification of the structural typologies present 

in Valparaiso, with particular regard to the UNESCO area 
5.2 visual quick survey (architectonic/structural) for a representative 

amount of buildings and comparison with data obtained by satellite 
image processing  

5.3 visual deeper survey (vulnerability evaluation) of some 
representative buildings 

5.4 vulnerability scenarios and maps elaboration 

 
ENEA 

5.5 identification of interventions reducing structural vulnerability 
5.6 suggestion of future diagnostic campaigns, in situ dynamic 

characterization  and experimental laboratory tests; suggestion of 
numerical simulations 

 

UNIFE 
 

  
ENEA, UNIPD 

 vulnerability 
analysis 

5.7 organization of a digital archive for the results and cataloguing , also 
in GIS format – see WP6 

ENEA UNIFE 

 
The investigation on the churches: description of the monuments 
Periodically destroyed by earthquakes, tsunamis and fires, the present fourth version of the “Iglesia 
del Salvador, Matríz de Valparaíso” was constructed from 1837 to 1842 (and modifications after 
1897), in the same place of the original first chapel, built after the discovery of the Valparaíso Bay 
in 1559, in the ancient nucleus of the “Puerto”. The church (Fig. 36), in simple neoclassic style, is 
made by adobe perimetral walls (height 12 m and thickness 1.30 m), masonry façade, with a roof by 
clay tiles. The bell-tower (height 40 m), modified at the end of the XIX century, is wooden made 
and presents an iron spiral staircase inside. The internal colonnades, forming the naves, are also 
wooden made. In the XX century a certain damage occurred, due to seismic activity, scarce 
maintenance and termite attacks. Partial interventions have been done between 1971 and 1988.  
 

  

 
Figure 36. “La Matriz” Church  

 
The “Iglesia San Francisco del Barón” (Fig. 37) was constructed when the Franciscans moved from 
the “Puerto” to the Barón Hill, from 1845 to 1851 (thick adobe walls, wood colonnades, clay tiles 
later replaced by galvanized iron plates). Later, adjacent buildings and cloisters were added. The 
neo-baroque tower and façade were erected in 1890-92, thanks to the project of the architect 
Eduardo Provasoli (brick masonry connected by lime, without effective reinforcements). The 
church faced several earthquakes (mainly 1906 and 1985) without collapse, but a severe damage 
was found mainly in the bell-tower and the arcades during the investigation. In 1983, the church 
naves were burned by a fire (Fig. 15) and later reconstructed using similar techniques. 
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Figure 37. “San Francisco del Barón”Church and Monastery 

 
The first “Capilla de Las Hermanas de la Providencia” (Fig. 38), built in the “Puerto” after the 
1897, was destroyed by a fire in 1880. Then, a second version was erected on the Merced Hill 
(1880-1883), but collapsed almost completely due to the 1906 earthquake and later demolished. The 
present building (designed by the architect Victor Auclair in a neo-renaissance style but made by a 
rare primitive reinforced concrete) is located in the Almendral at the Merced foothill, exactly where 
the Intensity reached the maximum value (Fig. 23). The church, hardly hit by the 1985 seismic 
event, was severely damaged and declared unsafe.  
 

 
Figure 38. “Capilla de Las Hermanitas de la Providencia” 
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The investigation on the churches: the analysis of seismic vulnerability 
With the support of the Firemen (Fig. 39), damage and vulnerability have been evaluated by using a 
well known Italian procedure, filling up specific sheets conceived for churches [07]. The procedure 
is based upon a qualitative identification of selected parameters (Fig. 40-41). 
 

 
Figure 39. Investigation on the San Francisco Church with the support of the Firemen. 

 

PARAMETERS 

1 out-of-plane façade overturning 10 lateral walls overturning 
2 façade tympanum overturning 11 apse overturning 
3 façade in-plane mechanism 12 apse and presbytery vaults 
4 transversal response of nave and transept 13 wall shear rupture 
5 longitudinal response of the central nave 14 roof hammering 
6 central nave vaults 15 interactions due to structural irregularities 
7 transept or lateral vaults 16 bell-tower 
8 triumphal arches 17 bell-tower cell 
9 dome 18 top elements 

Figure 40. Sheet for the evaluation of damage and vulnerability. 
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Figure 41. Investigation on the three churches (surveys, geometry, materials, etc.). 
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The more vulnerable damage mechanism in “La Matríz” is n. 3 (façade in-plane mechanism), while 
in “San Francisco” are n. 1, (out-of-plane façade overturning), n. 8 (triumphal arches), and n. 16 
(bell-tower). 
La “Capilla de Las Hermanas de la  Providencia” is characterized by a lot of critical parameters: n. 
2 (façade tympanum overturning), again n. 3, n. 4 (transversal response of nave and transept), n. 9 
(dome), n. 11 (apse overturning), n. 12 (apse and presbytery vaults), and n.13 (wall shear rupture). 
In conclusion, “La Matríz” can be considered in sufficiently good static conditions, but a general 
restoration is anyway suggested, for fire, materials degradation and termite attacks prevention.  
In “San Francisco”, an intervention on the bell-tower, which shows worrying cracks, is needed and 
urgent with non-invasive antiseismic techniques.  
Finally, an immediate and global rehabilitation of the “Capilla” is absolutely necessary, in order to 
prevent a possible collapse in case of strong earthquake. 
 
The investigation on the sector of the Cerro Cordillera: description of the sector 
Geo-referred hazard maps must interact with a detailed land and building inventory, in which urban 
planning and single construction features (architecture, structural characteristics, vulnerability, real 
status, etc.) are linked to the surrounding environmental and social context.  
A remarkable study regarding vulnerability evaluation and building inventory is the Sana’a GIS 
implementation (Fig. 42), provided by the Ferrara University to the Yemeni authorities (2004), in 
the framework of the Conservation and Rehabilitation Plan for the Old City and other historic 
neighboring settlements [08]. A digitized database, after a detailed in-field survey, has been carried 
out, classifying all the buildings in different categories, depending on their architectonic relevance. 
Similar works, according to the ICOMOS Washington Charter [09], have been realized by the same 
university for the Baalbeck archaeological area (a Lebanon site included in the UNESCO List since 
1995), the historic core of the Huguang Huiguan complex, Chongqing (China), the City of Madaba 
(Jordan); in addition, the Ferrara University has been involved as a World Bank consultant for the 
reconstruction and development plan regarding the city of Bam (Iran), destroyed by a devastating 
seismic event (26 December 2003). 
 

Figure 42: Sana’a GIS database. 
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Another specific work, crossing urban planning and building vulnerability analysis (Fig. 43), has 
been developed for the reconstruction of San Giuliano di Puglia after the 2002 earthquake [10].  
 

 
Figure 43. The GIS database architecture for the study on San Giuliano di Puglia. 

 
The pilot zone of the Cerro Cordillera has been selected in agreement with the OGP of the 
Valparaíso Municipality. It is an historically “virgin”, socially complicated and poor sector, 
partially inside the UNESCO area, and delimited by Calle Serrano (plan side), the San Agustin 
cable car upper station (hill side), and by the two opposite “quebradas” of San Francisco and San 
Agustin (Fig. 44). 
 

 

Figure 44. Cerro Cordillera investigation pilot sector. 
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The investigation on the sector of the Cerro Cordillera: architectonic/urban planning analyses 
The investigation interested 230 constructions, 4 public areas and about 50 road network stretches, 
classified as shown by Fig. 45. The information (architecture, function, structural condition, quality, 
etc., see Fig. 47) has been picked up through in situ surveys by using special sheets elaborated for 
Valparaíso (Fig. 46) and then stored in the GIS. 
 

Figure 45. Classification of buildings, open spaces and road network in the GIS architectonic/urban planning database.
 
Different indexes properly overlapped (for example high architectonic quality and bad conditions, 
see Fig. 48), enabled to identify rehabilitation priorities (improvement of pedestrian accesses, 
integration of open spaces with road network, etc.) in primis the San Agustin cable car and its 
surroundings (Fig. 49). 
 

 
Figure 46. Valparaíso sheets elaborated for in situ surveys. 
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function architectonic style general condition 
Figure 47. Examples of the architectonic/urban planning database for the Cerro Cordillera selected sector.

 

Figure 48. Quality + condition index. 
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Figure 49. Rehabilitation priorities. 

 
The investigation on the sector of the Cerro Cordillera: vulnerability analyses 
On the base of the above mentioned architectonic and urban planning GIS classification (Fig. 50), 
prompt vulnerability analyses interested 70 structures of the Cerro Cordillera pilot sector, if 
exhaustive cadastral data available (plans, prospects, sections, construction details, geotechnical 
features, etc.), excluding informal and illegal houses (Fig. 51). The cartography has been updated 
and a photographic database created for the above said building stock (Fig. 52). 
 

Figure 50. Vulnerability analyses supported by the architectonic and urban planning GIS classification. 
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Figure 51. Buildings interested by vulnerability analyses. 

 

 
Figure 52. Cartographic update and creation of the photographic database. 

 
A special sheet (Fig. 53) has been elaborated for the analyses performed at Valparaiso, upon Italian 
checked procedures (AeDES and GNDT, respectively [11-12]), taking into account 11 parameters, 
as shown in Table 2 (type and organization of the resistant system; quality of the resistant system; 
conventional resistance; building position and foundations; horizontal elements; planimetry; 
elevation; maximum distance between structural units, covering; non structural elements; present 
situation). Thanks to preliminary results (Fig. 54), almost one half of the analyzed units shows a 
high vulnerability index IV (22% 0 < IV < 30 low vulnerability; 20% 30 < IV < 45; 16% 45 < IV < 
60; 42% 60 < IV < 100 high vulnerability). 
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AeDES sheet GNDT sheet Valparaiso sheet 

Figure 53. Vulnerability sheet elaborated for the Valparaiso analyses (right). 
 

Table 2.  GNDT sheet parameters 
parameter  class Cvi height  P

  A B C D  
1 type and organization of the resistant system 0 5 20 45 1.00 
2 quality of the resistant system 0 5 25 45 0.25 
3 conventional resistance 0 5 25 45 1.25 
4 building position and foundations 0 5 15 45 0.75 
5 horizontal elements 0 5 25 45 * 
6 planimetry 0 5 25 45 0.50 
7 elevation 0 5 25 45 * 
8 maximum distance between structural units 0 5 25 45 0.25 
9 covering 0 10 25 45 * 

10 non structural elements 0 0 25 45 0.25 
11 present situation 0 5 25 45 1.00 

   11   
 Vulnerability Index IV  IV = Σ Cvi Pi  
   I=1   

TOTAL   
* variable parameter 

Figure 54. Cerro Cordillera units interested by vulnerability analyses. 
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All the results shall be contained in a specific report. Moreover, the work is going on with 
numerical analyses of the three churches structures. 
The approach shown for the pilot sector in the Cerro Cordillera (integrating in an innovative way 
two different approaches: urban planning and building vulnerability) can be easily extended to all 
the Valparaiso historical area, in the framework of further projects and in cooperation with the 
Municipality. 
In case of restoration, rehabilitation, improvement, etc., the vulnerability index can be computed 
again and compared with the previous situation. 
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WP06 Development of the geo-referenced digital archive 
 
WP 06 activity sub-activity leader contributions

6.1 development of the GIS conceptual model  UNIFE 
6.2 analysis and spatial homogenization of the information provided by 

existing studies and investigations (« state-of-the-art ») for all the 
Valparaiso area 

6.3 ortho-rectification of the satellite images, implementation and 
actualization of the high definition vectorial base from satellite images 
of the buildings for all the Valparaiso area 

  
- 

6.4 urban classification of  Valparaiso from high definition satellite 
images 

UNIFE 

6.5 creation of the GIS digital archive for the results obtained from the 
risk analyses performed for the UNESCO area 

 Development 
of the geo-
referenced  

digital archive 

6.6 spatial elaboration of maps and scenarios (hazard, vulnerability, 
specific and multiple risks)  

 
ENEA 

 
UNIFE, ICTP, 

UNIPD 

 
The GIS geo-referenced database is the final output of the entire work and shall organize in clear 
and user-friendly maps the available data (cartography, satellital images, vectorial and raster 
thematic tools, surveys, hazards, vulnerability analyses, etc., see Figs 55-56), focusing the global 
risk for the selected churches and the pilot area in the Cerro Cordillera. In fact, the original GIS 
architecture identified for the selected sector and heritage buildings could be easily extended in the 
future to all the historical city, in the framework of further research stages. The GIS implementation 
is still in progress and shall be available at the end of the project activities. 
 

Figure 55. Pictures from GIS database 
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Figure 56. Pictures from GIS database: the UNESCO zone. 
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WP07 Principal final proposals 
 

WP 07 activity sub-activity leader contributions 
 Principal final 

proposals 
7.1 natural/anthropic disasters mitigation and vulnerability reduction 

in Valparaiso and particularly in the UNESCO area 
ENEA, 
UNIFE 

ICTP, 
UNIPD 

 
A specific report regarding principal final proposals is in progress, thank to the activities performed 
in Valparaiso during the last mission. 
The following items can be surely stressed:  
- guidelines for the restoration of the three churches studied (La Matriz, San Francisco del Barón, 

La Capilla de las Hermanas de la Divina Providencia); 
- guidelines for urban planning, vulnerability analyses and restoration of the pilot sector of Cerro 

Cordillera. 
It is clear that the above mentioned results can be easily extended to all the historical part of 
Valparaiso. 
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WP08 Realization of multimedia products 
 

WP 08 activity sub-activity leader contributions 
8.1 project and realization of the WEB site, audiovisuals, CD-ROM, 

WEB-GIS 
UNIFE, ICTP, 

UNIPD 
 Realization of 

multimedia 
products 8.2 international workshop 

 
ENEA 

ALL 

 
All the in-field activities have been filmed. In particular, during the work in the Cerro Cordillera, an 
important interaction with the resident people (through interviews) has been developed, in order to 
explain the research goals and receive their feedback about risk awareness (Fig. 57). 
 

Figure 57. Multimedia activities and work phases. 
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Two presentations of the “MAR VASTO” project have been carried out (an invited lecture at the 
conference “El terremoto de Valparaíso de 1906” in the framework of the VI Chilean Congress of 
Geotechnics, held by the Pontificia Universidad Catolica of Valparaíso, November 29, 2007; a 
specific seminar organized at the Universidad Federico Santa Maria of Valparaíso, November 22, 
2007).       
The project website (http://www.bologna.enea.it/lab-risk/Valpa.proj.Presentazione.htm) is going to 
be updated (Fig. 58), on the base of the results purchased during the Valparaiso missions. 
 

Figure 58. “MAR VASTO“ project website. 
 
In addition, a press conference together the Mayor of Valparaíso and other meetings with reporters 
during the in-field activities have been carried out. An example of a newspaper’s report (“La 
Estrella de Valparaiso, December 1st, 2007) is shown by Fig. 59. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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Figure 59. “La Estrella”, newspaper of Valparaiso, December 1st, 2007, cont’d. 
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LETTERS OF CHILEAN INSTITUTIONS 
 

Figure 60. Letter of OGP, Municipality of Valparaiso. 
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Figure60. Letter of OGP, Municipality of Valparaiso; cont’d. 
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Figure 60. Letter of OGP, Municipality of Valparaiso; cont’d. 
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Figure 61. Letter of the Municipality of Valparaiso. 
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Figure 62. Letter of the “Intendencia V Region Valparaiso”. 
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Figure 63. Letter of the Ministry of Culture (“Consejo Nacional de La Cultura y Las Artes”). 
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Figure 64. Letter of the “Departamento de Desarrollo Abitacional”, Municipality of Valparaiso. 



 52

 

Figure 65. Letter of the Archbishop of Valparaiso. 
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Figure 66. Letter of the Board of Architects of Valparaiso. 
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Figure 67. Letter of the Italian Community of Valparaiso. 
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