
 

 

 

 

Maule, Chile Earthquake 27th February 2010 

 

91

 
Figure 7-3 Constitución - Mapping of the buildings survived to the tsunami 

Moving inland from the estuary, several other blocks where strong motion shaking damage occurred 
were identified and also framed in red, as the VDV only allows for one colour per drawing feature 
(point in orange, lines in red, polygons in orange) , (see the Figure 7-4), Within those blocks only the  
damaged buildings were highlighted with the tool “polygon”, see the Figure 7-5,. as they represent a 
minority within each block.  

From the post event satellite image, the type of failure of the vertical structure of the inspected 
buildings can not been identified; indeed only high level damage relative to top horizontal surface 
collapse and partial and total collapse of a building can be recognised. 

   
Figure 7-4 Constitución - Pre-post event satellite image of the site damaged by the earthquake 
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Figure 7-5 Constitución - Mapping of the buildings damaged by the earthquake 

The large number of vertical images uploaded in the VDV web portal (as the Figure 7-6 shows) were 
used to validate the damage identification carried out using the satellite imagery. However, the 
vertical images are usually geo-referenced from the position of the photographer rather than the 
object itself, in some case creating confusion over the correct assignment of the satellite image 
corresponding building. A useful tool would be  a symbol which points out the direction in which each 
picture has been taken; this expedient would help the user to identify the building of the picture on the 
post event satellite image.  

  

 
Figure 7-6 Constitución - Mapping of the vertical images 
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For the area of Conception the seismic and tsunami damage identification is difficult to assess since 
the quality of the satellite images is low and the colours of the post event satellite image are so bright 
that it is extremely hard to identify the edges of volumes and hence recognise possibly damaged 
buildings (see Figure 7-7. Moreover the uploaded vertical images in this area suffer from the same 
geo-referencing shortfall than previously mentioned for Constitución , hence being unhelpful in 
identifying positively damaged buildings. 

    
Figure 7-7 Conception - Pre-post event satellite image 
 

In conclusion, the VDV web portal can be considered an interesting tool for looking at damage 
occurred on buildings due to earthquake and or tsunami by comparing satellite imagine before and 
after earthquake-event and vertical imagery collected on site. However the current version of this 
device still needs substantial developments which can be identified as follows: 

- Correct collocation of vertical images and use of symbols for identifying the direction in which 
a picture has been taken 

- Development of tools able to change colours of points, lines, or polygons 

- Improvement of satellite image quality or more careful choice of purchased satellite imagery 

- Development of tools able to measure perimeters of polygons and length of lines. 
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8 Conclusions 

8.1 Site Effects 

Factors influencing site effects can include the modifications of the vibrating signal due to the terrain 
and superficial layers and the effects of morphologic and hydrological factors that the earthquake has 
over the soil (liquefaction, slides and landslide).  The sedimentology and stratigraphic characteristics 
of the soil deposit or rock, the presence of faults and ruptures, depth of water table, the absence or 
presence of an artificial overfill and topographic slope can produce several site effects.   

The city centre of Concepción, where many of the damaged buildings are situated, is filled by artificial 
overfill sandy sediments with loose to medium density, inducing site amplification.  The hills that 
surround this area are mostly composed by clayey sand (local name: maicillo) and stiff clay, without 
presenting slides or landslides.  The presence of different vertical faults which cross Concepción and 
Talcahuano, increases site effects and localized damage to structures.  The lack of knowledge of the 
exact location and depth of these faults forces the authorities to be cautious and discard high 
buildings and roads near the probable locations, but this seems not to be taken into consideration by 
the building companies.  This was one of the explanations that the building company of “Alto Rio” 
(totally collapsed building) gave to the authorities, saying that a probable fault crosses the area were 
the building was constructed.  The proximity to the river Bio-Bio gives an average depth of the water 
table of 2 and 5 for February and July respectively, increasing the probability of soil liquefaction and 
lateral spreading, phenomena observed in the entire river BioBio coast near the city.   

The 1985 Valparaiso earthquake revealed site effects in the Santiago basin, due to unconsolidated 
sediments at shallow depths.  The evidence of expansive clays localized in Santiago increases 
seismic amplification in the area.  The recent earthquake also revealed a normal fault in the Maipo 
River Valley, in east side of the city, with a longitudinal crack reaching 4 km of extension, destroying 
houses and elevating the land over 0.50 m.   

 

8.1.1 Soil Conditions: 

Santiago city located in Region Metropolitana, 400 km from the earthquake epicentre, is characterized 
by a morph-structural unit generated during the Medium Superior Oligocene – Pliocene Era.  The 
plane area where the city of Santiago is located is filled principally by landfill alluvial sediments and in 
less proportion by volcanic sediments.  Specifically the areas of Pudahuel and Maipu are covered by 
superficial layer of volcanic sediments.  This landfill has been recognized by boreholes of 120 m. of 
depth.  The last meters of landfill are alluvial-fluvial sediments coming from the rivers Maipo and 
Mapocho.  The Santiago basin has a wide variety of geological formations generated by different 
disintegration processes.  The soil profile of Santiago is mainly made of sandy clay, sandy gravel and 
clayey gravel reaching more than 30 m. of depth, with some intermediate layers of sand and clay.  
The seismic classification given to these soils are Category II and III according to the Code of Practice 
of Chile “Seismic Design of Buildings NCh 433.Of96.  Table 2-3 gives the definition of these 
categories.  There is also evidence of some expansive clay in the Santiago basin, most of them 
located near the Mountain chain area.  

VI Region General Bernardo O’Higgins and VII Region Maule where the epicentre was located are 
dominated by clays in the intermediate area between the Coast Mountains and Los Andes Mountains.  
In the Andes Mountains the most characteristic soil is composed by volcanic ashes.  In the south area 
of Region Maule the presence of fluvial-glacial sediments gives more internal drainage to the soil.  
Between the rivers Maule and Perquilauquen alluvial soils have variable grains size and profile.  In all 
the valleys there are granitic and coluvial sediments, stratified, plane deposition, deep, and with low 
permeability, high quartz and mica content.  Specifically in Talca City there are mainly fluvial 
sediments with grains size increasing with depth, between silt, sand and gravel.  The majority of these 
soils are classified as II. 

 

Region Del Biobío, specifically the city of Concepción, 115 km from the epicentre, is formed by 
sediments carried from the Andes Mountains by the river Biobío.  Concepción and Talcahuano city 
areas are furrowed by vertical faults which act as a tectonic unit producing relative displacements with 
seismic events.  The soil is predominantly sand with interleaving of silt-clay, composed primarily by 
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medium sands, uniform and with variable percentage of silt; the density varies between loose and 
very dense, increasing with depth and reaching a maximum thickness of 107 m. in the city centre of 
Concepción.  The silty-clay layers have a variable distribution, depending on the location.  In the City 
Centre of Concepción they are located at 20 m of depth; near the rivers and hills this layers are more 
superficial and relevant; generally they contain organic material and variable mechanical properties.  
In all the Concepción and Talcahuano area there is a superficial layer of overfill loose sand with SPT 
number less than 20 blows/ft. with thickness varying in general between 3 and 7 meters.  Most of the 
soil in the city is classified as III (Figure 8-1) which correspond to silty sand, classified as SM in the 
USCS Classification System. 

 
Figure 8-1: General Soil profile for the city centre of (a) Santiago, (b) Talca, and (c) 
Concepción. 

8.1.2 Geotechnical Aspects: 

Lateral spreading, strong motion and liquefaction can explain the damage of the two bridges in 
Concepción which are situated over the sandy sediments of Bio-Bio River, joining Concepción to San 
Pedro de la Paz city.  

The railway bridge located between these two cities was constructed in 1890, and didn’t suffer any 
damage.  The “Puente Viejo” bridge, with 1648.5 m. of length was inaugurated in 1943, and recently it 
was been studied for its reparation, but was only in use for pedestrians.  With the recent earthquake it 
collapsed completely.  

 With the growth of habitants in San Pedro de la Paz a new bridge was constructed in 1968 called 
“Juan Pablo II”, this bridge suffered settlement in the middle area of its extension, and it is closed 
because of its imminent collapse.  This settlement can be a cause of liquefaction, due to the presence 
of saturated non-cohesive loose clean sand in the river Biobío.  

In February of 2000 the “Llacolen” bridge was inaugurated with 2157 m. of extension designed for 
urban traffic.  The bridge collapsed in a section with the strong motion of the earthquake.  

The large crack observed in the ends of the bridges and in the coast of the river evidence the clearly 
the lateral spreading generated and the loose conditions of the sand.  
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Figure 8-2: Geotechnical Map of Concepción and Talcahuano city, according to Table 2-3 
(Valenzuela et al. 2007) 

The Chilean Code of Practice for Seismic Design NCh 433.Of96 defines liquefiable soils as “saturated 
silty sands and silts with a Standard Penetration Resistance number N less than 20, normalized to an 
effective overburden pressure of 0.10 Mpa. This Code doesn’t consider the design in difficult soils like 
liquefiable soils or those susceptible of densification due to vibration, so the Geotechnical engineer 
must find a soil stratigraphy that gives the major basal shear stress. 

 

Figure 8-3: Evidence of liquefaction near the Bio-Bio River in Concepción. 
http://poweredbyorange.com/blog/ 
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Other important aspect observed in Concepción was the damage in the pedestrian paths which had 
several settlements, not more than 0.30 m., the majority caused by the destruction of water pipelines.  

 
Figure 8-4: Settlement due to water pipeline damage, city of Concepción. 

8.2 Tsunami  

In the days and weeks following the 27 February 2010 event, there were very few reports of the 
tsunami in the international media.  An overwhelming majority of reports focussed almost exclusively 
on earthquake damage and for some reason the tsunami went by almost unnoticed by the outside 
world.  In some areas of the Chile the tsunami accounts for the majority of the structural damage, and 
though a final figure on the death toll has not been reached, it is assumed by most that the tsunami 
accounts for the majority of fatalities resulting from this event overall.  Many are still listed as missing.  
Reasons for the initial lack of information are unclear, but certainly on the basis of what has been 
seen by the team, a large series of tsunami inundated a long expanse of coastline with very 
significant inundation depths and run-up heights. 

 
Figure 8-5: Timber top floor survived undamaged despite being completely submerged 

Structural damage observed included scour and undermining of foundations, impact by floating 
debris, failure to resist hydrodynamic, overturning, and buoyancy forces.  As is sometimes the case, 
well built engineered reinforced concrete structures generally fared better than other forms of 
construction.  Timber frames are a popular choice on the coast and occasionally a timber top floor 
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with a reinforced concrete or masonry ground floor are constructed.  In this case the team often 
observed the ground floor intact structurally, but the first floor had been lost.  The type of anchoring of 
the top floor to the base in this type of construction is generally insufficient to resist the level of loading 
expected from a tsunami and as such structures of this type often fail.   

There was one notable example observed in Dichato of this type of construction that survived (Error! 
Reference source not found.).  The owner had built the ground floor base out of very good quality 
reinforced concrete and anchored the hardwood first floor to the base using three foot starter bars 
from the walls.  He had also taken the liberty of installing a modest reinforced concrete sea wall 
immediately in front of his building.  Incredibly though the water reached the top of the roof, there had 
only been blow out of windows and obviously loss of contents.  Structurally, the building was sound.  
The proximity to the waterfront is clear, so this makes the story all the more impressive. 

 

8.3 Historical & Vernacular Buildings 

Heritage buildings in Chile are mainly built of timber and masonry of either stonework or adobe, with a 
minority of cases in fired brickwork. The Chilean code does not currently include prescriptions for 
repair or strengthening of these classes of buildings or provides requirement for new construction in 
these materials, which could be used as reference to assess their performance in this event. Rather, 
adobe as a construction material has been banned since the 1960 earthquake, while brickwork is 
allowed for new construction only if adequately reinforced or confined.   

These requirements have led to two different attitudes towards heritage construction: either demolition 
or heavy handed strengthening. Among the historic buildings visited during the mission, the majority 
was listed as either national or historic monument. In Santiago only a minority of the visited buildings 
had been retrofitted in any evident way. In Talca where much of the historic buildings were destroyed 
by the 1928 earthquake, many of the major monuments have been rebuilt making extensive use of 
confined masonry for the vertical structures and reinforced concrete for slabs and roofs. Although 
damage was not altogether prevented in these buildings, it was certainly contained, when compared 
with the performance of buildings in the historic villages. 

The churches visited in the villages of the Valle de Colchagua had a common 3 aisles typology and 
had all been damaged in past earthquakes and strengthen to different extent in recent years. Most 
common intervention had been the shotcreting of all longitudinal adobe walls, although this not always 
implemented in conjunction with wire mesh and through thickness ties.  In general shotcreting has not 
been sufficient to prevent cracking and partial collapse of the adobe walls. The general lateral stability 
of the churches is the main issue, considering substantial difference in lateral flexibility of the internal 
timber colonnades and the external longitudinal adobe walls. Facades collapse has been in general 
less of an issue. This behaviour is also common to churches of similar typology visited by the author 
in Peru’ and affected by the Pisco 2007 earthquake. 

The building stock of the villages of the Valle of Colchagua is mainly made of one storey adobe 
houses with few two storeys exceptions.  Many of the historic ones are made of a succession of 
rooms in line with a courtyard at the back and a porch at the front. The roof has a ridge beam 
spanning from end wall to end wall or partition wall and rafter resting on this and the longitudinal 
walls. The older buildings are built in line along the high street and sometimes share end walls. The 
stability and three dimensional box behaviour of the building is enhanced by the portico and the 
connection between rafters and wall plate is essential in ensuring restraining out of plane 
mechanisms in the adobe wall. 

Adobes buildings in general need demanding maintenance routine to prevent rotting from water 
penetration and pulverisation of the adobe due to termites attack. In many cases the completely 
collapse buildings suffered from loss of integrity of the adobe material and their bearing and lateral 
capacity had hence been significantly compromised before the earthquake. 

Some of the building inspected in Lolol and other small villages, although not irreparably damaged 
had been listed for demolition at the time of the visit and much of this had already been carried on in 
Peralillo and other small centres. The reason given was that due to the poor conservation condition 
and lack of resources people felt no confident in keep inhabiting them. If the demolition has been 
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carried out as extensively as planned many historic high street and village main square will be 
completely raised to the floor and rebuilt in coming years. 

In order to counteract this attitude, numerous initiatives to promote the safer repair and preservation 
of adobe heritage buildings were initiated in the immediate aftermath of the earthquake. Among those 
the Centro Nacional de Conservacion and Restauration has produced a manual “Cartilla Patrimonio 
en Tierra” which provides basic concepts on performance of adobe vernacular buildings and advise 
on use for ensuring safety in the aftermath iof a seismic event, for damaged buildings. A more 
comprehensive and technically oriented publication has been prepared by the Fundación Altipiano for 
the “Plan the Recuperación de Patrimonio de Arquitectura Tradicional en Tierra” for the O’Higgins 
region, to be implemented in the period 2010-2012. The booklet classifies the different type of 
traditional earth constructions and their structural performance and identifies the methodology for 
conservation and repair, following the general international guidelines according to ICOMOS. It then 
provides a set of criteria to evaluate type and level of damage and correlate this to possible inherent 
construction defects or previous deficient interventions. Finally outlines both traditional repairs method 
and novel strengthening techniques. Given the lack of technical research and development in this 
field in Chile, extensive reference is made to activity carried out in Peru’ by the Universidad Catolica 
Pontificia de Lima. 

 

8.4 Modern Buildings 

Modern buildings appear to have behaved well in the earthquake throughout most of Chile, with 
notable exceptions discussed in the previous sections.  For modern construction more than historical 
construction, the actual level of ground shaking is of particular interest, and preliminary evidence 
discussed in Section 2.2 suggests that ground motion levels were in excess of code level in some 
areas.  This suggests that the overall performance of modern buildings was compatible with (or in 
excess of) the code intent of “life safe” performance under the design earthquake ground motion.  We 
may also expect that the very large duration of strong ground shaking is compatible with the heavy 
damage to degrading historical and vernacular structures, but low damage to modern construction.  
These conclusions will need to be revisited as more accelerograms become publically available, 
particularly those recorded in the heavily hit areas of Talca, Concepción and Constitución. 

The main lessons learned from the performance of modern structures were: 

• Non-structural and architectural features need to be able to accommodate seismic 
movements, or life safe performance can be compromised.  This was particularly clear from 
the Talca Court of Appeals building where a slender architectural beam which appeared to 
have very little reinforcement failed, which could have led to injury or loss of life had the 
building been occupied. 

• A number of reinforced concrete shear walls failed due to buckling of reinforcement in the 
“boundary zones” at the ends of the walls.  A large amount of confinement is required in these 
areas where compression strains can be very high. 

• Several modern apartment buildings that seemed to have been in the direct path of the 
tsunami performed well, although there was scour at the foundations observed. 

• Seeing that modern buildings generally performed well over much of Chile, many residents of 
buildings that did not perform so well were angry and demanding to be relocated to “safer” 
buildings.  In some cases, such as the apartment buildings in Maipú, Santiago, all constructed 
by the same contractor, this appeared justified.  In other cases, such as the Edificio Amalfi, 
the reluctance of tenants to return to apartments with apparently superficial damage was a 
concern for the building management. 

• Similarly, when there is such a contrast between the performance of engineered and non-
engineered construction, building owners and occupiers can be made to feel proud of having 
spent a little extra in the initial construction.  Whilst it is clearly important to invest in culturally 
appropriate technologies in reconstruction efforts, in a modern but extremely seismic country 
such as Chile, all effort should be made to ensure that modern earthquake engineering 
principles are applied. 
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Chile’s industry was heavily affected by the earthquake.  The team visited a winery and a wood pulp 
plant in the Maule region, as well as observing silo damage scattered throughout the country.  
According to the representative of the winery, the wine industry overall lost 15% of all production – 
fortunately much lower than it could have been if the earthquake had occurred following the year’s 
harvest.  The winery we visited did not experience problems with water being contaminated by spilt 
wine, due to the modern cleaning system, but other wineries were affected. 

The Arauco pulp plant in Constitución was still closed when we visited, and it is expected to be 3-4 
months before they can reopen the plant.  Just prior to our visit, it had been reported that Arauco 
would be reopening their Valdivia pulp plant, and that they had already restarted operations at most of 
its saw mills, more than half of its wood panel production plans and two power plants 
(http://www.businessweek.com/news/2010-03-19/arauco-to-restart-valdivia-pulp-plant-first-la-tercera-
says.html).  The local economy of Constitución, which is dominated by the pulp plant, will be heavily 
impacted, especially given the large clean-up and rebuild effort that is required there. 

 

8.5 Infrastructure 

This earthquake caused extensive damage to roads and bridges over a very large area.  In general it 
was older bridges (such as the Puente Viejo Bridge in Concepción) that faired worst in this 
earthquake. The more modern bridges generally performed well showing that the codes are 
producing adequate designs based on the design earthquake ground motions.  Where recently build 
bridges did fail it appeared to be related to poor ground conditions rather than poor structural design. 

Numerous minor bridges were damaged restricting travel throughout the affected region but the 
damage to bridges along route 5, the main north-south highway could have had a much more 
profound impact on the country.  However, by the time the team visited, many of the bridges were 
being repaired and even where damage had been catastrophic, with bridges collapsing completely, 
the main road often remained usable because each of the two carriageways ran on a separate bridge.  
The extra bridges were built as a result of road widening in 1994 rather than being specifically added 
to improve earthquake resilience, but this redundancy had meant that route 5 had remained open as 
traffic could be rerouted via the remaining intact bridges.  While deliberately building this type of 
redundancy into a road network for earthquake protection could be challenging it should certainly be 
considered as an option when upgrading critical road links. 

 
8.6 Social and Economic Impact  

Chilean society has vast experience in earthquakes, but this will always be a traumatic experience 
and even a worse situation if a tsunami strikes the coast.  Local knowledge about these phenomena’s 
saved hundreds or even thousands of people, given the deficiency in the tsunami alert systems.  
Public and private communication systems in the south failed making impossible to know what was 
happening.  The lack of electricity and water supplies added to the people’s hysteria and the 
impression of an apocalyptic event generated a social chaos in the southern part of the country.  
People started to steal from supermarkets and local stores in order to supply themselves with food 
and water.  This generated a shortage of supplies the second day after the earthquake.  These 
actions were more critical in Concepción, where, vandalism acts and looting damaged the entire city 
centre and included looting private houses, stealing cars and also burning some large stores.  People 
had to protect their houses with weapons as the city appeared to be at war.  Two days after the 
earthquake government sent a military contingent to control the situation, imposing a curfew and 
leaving only 6 hours in the day for free transit in the streets.  The frustration and a feeling of 
abandonment of the population was heightened by the government’s delay in sending basic supplies 
and water, whihch reached only the fourth day after the main shock.   

Many modest fishing towns were destroyed by the tsunami, affecting one of the poorest sectors of the 
country, the majority living in camping and concerned by their situation for the winter starting in the 
next couple of months.   

Other important social impact has been in several communities in Region del Maule.  Many little 
towns lived of tourism, with historic and cultural heritage buildings, churches and houses.  Almost the 
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50% of theses constructions were destroyed, leaving many families homeless and without their main 
economic source.   

The new government leaded by the multimillionaire Sebastian Piñera promised to the population the 
reconstruction of about 13.994 houses and subsidy the reparation of 61.956 houses.  Many people 
feel that the temporary houses constructed in some towns will be the final solution for the people.   

 
Figure 8-6: Talcahuano Port after the earthquake 

 
According to a report given by Chile’s government the amount of losses from the earthquake are 
US$30.000 millions of dollars, which US$21.000 millions correspond to infrastructure losses, and 
US$1.000 millions are related to emergency supplies and rubbish removal.  The losses in houses 
ascend to US$3.700 millions; health in US$2.773 millions and education US$3.015 millions.  The 
number of homeless people is approximately 800.000, 2 millions of affected people and 25 severely 
damaged hospitals.  One of the most affected areas is industrial and artisanal fishing, Ports in the VIII 
Region, retail stores and wind industry.  The VIII region is an industrial area of Chile, where the most 
important industries where affected by the earthquake and tsunami: Iron and Steel Company 
Huachipato S.A. and Ship Building & Ship Repair ASMAR S.A., both of them in Talcahuano city.  
These two companies are closed leaving thousands of people unemployed until their complete 
reparation. 
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