Eleventh U.S. National Conference on Earthquake Engineering
Integrating Science, Engineering & Policy
June 25-29, 2018
Los Angeles, California

PERSPECTIVES ON RESILIENCE: A FIELD
STUDY OF HOUSING RECOVERY IN
CHILE AFTER THE 2010 EVENT
L. Hernández1, C. Johnson2, C. Norvell3, A. C. Rubiños4
ABSTRACT
As part of the Earthquake Engineering Research Institute’s (EERI) Learning from Earthquakes
(LFE) Travel Study Program in Chile in January 2017, program participants studied the
resilience of key community services seven years after the 2010 M8.8 Maule earthquake. One
group focused on housing reconstruction programs to evaluate their progress and effectiveness
and to investigate how housing influenced the resilience of the communities before and after the
earthquake, using a resilience reconnaissance approach. First-hand interviews were conducted in
communities that experienced significant damage during the earthquake and were later
reconstructed and/or relocated. The interviews focused on the personal experiences of the
interviewees and their families before, during, and after the earthquake, emphasizing narrative
descriptions and personal evaluations of the process of reconstruction. Common themes were
analyzed to draw high-level conclusions about the success of reconstruction, the resilience of
housing in Chile after the event, and the challenge of meeting diverse and complex needs in a
post-disaster environment. This session presents an overview of the field study process,
conclusions of the study, and recommendations for future reconnaissance.
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ABSTRACT
As part of the Earthquake Engineering Research Institute’s (EERI) Learning from Earthquakes
(LFE) Travel Study Program in Chile in January 2017, program participants studied the resilience
of key community services seven years after the 2010 M8.8 Maule earthquake. One group focused
on housing reconstruction programs to evaluate their progress and effectiveness and to investigate
how housing influenced the resilience of the communities before and after the earthquake, using a
resilience reconnaissance approach. First-hand interviews were conducted in communities that
experienced significant damage during the earthquake and were later reconstructed and/or
relocated. The interviews focused on the personal experiences of the interviewees and their
families before, during, and after the earthquake, emphasizing narrative descriptions and personal
evaluations of the process of reconstruction. Common themes were analyzed to draw high-level
conclusions about the success of reconstruction, the resilience of housing in Chile after the event,
and the challenge of meeting diverse and complex needs in a post-disaster environment. This
session presents an overview of the field study process, conclusions of the study, and
recommendations for future reconnaissance.

Introduction
The 2010 M8.8 Maule earthquake had devastating impact on housing in the central Chilean
regions V, VI, VII, VIII, and XI. After the earthquake, an estimated 370,000 homes were
damaged, and 220,000 housing units would receive government assistance, among which about
half would be repaired and half would be rebuilt. Considering the variety of housing types and
ownership models, it was necessary for the government to provide multiple paths to recovery.
Chile already had strong programs in place for subsidized housing before the earthquake, which
served as the framework for completing rebuilding after the earthquake. Common among the
various approaches was a four-year reconstruction plan, which included stages of planning,
implementation, and execution [1]. Many methods of repair were used, including contracted
work by larger companies, local subcontractors, and DIY repairs or rebuilds. Regardless of the
method, most approaches were organized by the central government, especially subsidized
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solutions, and then carried out through the help of local communities and officials.
The purpose of the EERI Learning from Earthquakes Resilience Reconnaissance study in Chile
was to pilot the use of a resilience reconnaissance approach to track the level of resilience in
communities affected by the 2010 earthquake seven years later compared to the state just prior to
the earthquake, and to understand the change in resilience over the transition period. The goal of
the newly-developing field of resilience reconnaissance is “to understand how an earthquake
affects the continuity of different services and functions […] and how disruption of these vital
services and functions impacts different groups within a community.” [2] Housing is at the core
of community resilience, since the loss of housing can lead to permanent migration from the
community, having cascading effects on business, health care, and education.
By conducting personal interviews with people living communities affected by the earthquake in
the period of January 14th to 18th, 2017, the authors gained an understanding of the various
responses to the earthquake and their level of success in developing strong communities that are
better prepared for the next disaster. In particular, the personal interview format provided data
not just on the facts of recovery, but on the perceptions of those in the community about the
effectiveness of recovery and the resilience of their communities before and after the earthquake.
The data reported here is a very small sample of opinions associated with just one point in time,
a necessary limitation of the LFE program in Chile, but it serves as an important data point and a
model for future, more comprehensive resilience reconnaissance studies.
Three locations were studied in depth: Santa Cruz, where new social housing was built by the
government in a location that previously had a social housing project; Lolol, a national heritage
district with buildings of historical interest but vulnerable construction; and Constitución, an area
twice devastated by both the earthquake and the subsequent tsunami. The information provided
for each site is a synthesis of the data provided by those interviewed as part of this study.
Data Collection Methods
The information presented in this report is based off of interviews with approximately 15
different individuals in January 2017 by the authors of the report. As a result, opinions expressed
are those of the individuals interviewed and not of the authors themselves. Interviews were
conducted primarily with residents in each location, as well as with local officials where
possible. Effort was made to talk to as many residents as possible at each location within the time
constraints, while interviews conducted with officials were limited to those who were scheduled
to participate in the LFE program.
In order to obtain the largest possible sample size of interviews in the limited time available in
each location, the interviews were kept short and to the point. Additionally, to yield candid and
honest responses from the interviewees, interviews were conducted in a conversational style
rather than using a consistent script. However, all interviews attempted to obtain the same basic
information:
•
•

Where were you living when the earthquake occurred and how was your home affected?
What recovery options were you offered or were you aware of?

•
•
•
•

What are some of the differences between your home before the earthquake and your home
after the earthquake?
How has your community changed between the time prior to the earthquake and now?
What can you tell us about the process of reconstruction after the earthquake?
What are your recommendations for improving the process of reconstruction in the future?
Community Observations

Location 1: Santa Cruz (VI Region O’Higgins)
A social housing complex of approximately 20 blocks of apartments on the edge of Santa Cruz
experienced significant physical and emotional damage during the 2010 earthquake. The first
floor of one of the buildings completely collapsed, causing the second floor to fall on top. This
resulted in two deaths. Three other buildings had significant damage. Due to the fatalities from
the earthquake and the extensive damage to the buildings, the government decided to demolish
all of the remaining buildings and build new social housing for the community.
A set of eight blocks of apartment buildings were built at the same site of the original housing
units. A representative image of one of the blocks is shown in Fig. 1. Each building is four
stories tall, and was built with base isolation system consisting of a combination of rubber lead
isolators and sliders to ensure safety during a major earthquake. Base isolation was chosen for
seismic protection due to the poor soil conditions on site. The units in the new buildings are
twice the size of those in the demolished buildings, allowing significantly more room for
families. The units were granted to the residents by the government, giving them full ownership.
Within the complex, a park, a soccer field, and a memorial to those who died in the earthquake
were built in order to create a sense of community. Residents of the new buildings consisted
mostly (but not exclusively) of residents of the previous social housing on site.
Building the new social housing complex took about three years. During this period, most of the
families were relocated to emergency camps consisting of tent sites provided by the municipality
that were situated near the complex. Not all residents of the previous buildings chose to stay and
live in the new buildings; about half of the community left permanently, with new families from
outside Santa Cruz occupying the remaining units. This is in part due to the fatalities that
occurred, and the memories associated with them.
In general, users felt satisfied with the housing solution presented to them. The previous
buildings were in very poor condition before the earthquake, and the units were considered too
small for the families residing there. The new buildings have helped to improve the quality of
life for many of the residents due to the good condition of the buildings and the size of the units.
In some cases, multiple families were residing in one unit before the earthquake and were
granted multiple units in the new buildings. Residents understood the purpose of the base
isolation and appreciated its presence.
The residents appeared appreciative of what the government had done for them post-earthquake,
but did mention that sometimes the process was not as transparent as they would have liked,
especially when it came to timelines. Complaints were expressed about the aesthetics of the new

buildings, even comparing the appearance of the buildings to that of a local prison. Additionally,
there were concerns about construction quality. Some apartments were leaking during the winter.
Even so, these buildings have experienced minor seismic activity since they were built and
residents felt safe and comfortable during these events. The residents felt that the sense of
community in the complex was strengthened after the earthquake, for reasons that included the
smaller size of the community, better quality of life, and recreational facilities added to the
complex.

Figure 1. Rebuilt social housing in Santa Cruz.
Concerns have been expressed about the project by both the designers and the social housing
administration, SERVIU (Servicios de Vivienda y Urbanización). A resident and director of the
community noted that while residents owned the units they were living in, because these housing
units were granted to the residents, they were not necessarily taking care of them as if they had
purchased them. This is often a problem identified in subsidized housing, but the government’s
intent was that ownership would help to avoid neglect. Additionally, the designers identified that
a base-isolated system requires some maintenance that likely would not be able to be provided.
Maintenance mostly consists of periodic inspection of and education about the buildings’ base
isolation system. Because the buildings are now privately owned, the designers and SERVIU do
not have the right to inspect the buildings and confirm that nothing is being built that would
prevent isolation during an earthquake. Finally, some of the apartments have not been occupied

even two years after they were completed.
Location 2: Lolol (VI Region O’Higgins)
Lolol is considered a national heritage area due its large stock of traditionally-built adobe
buildings. This building style is perceived as the stereotypical home design in rural Chile and has
been a driver of tourism to Lolol. During the 2010 earthquake, many of these adobe homes were
significantly damaged or collapsed completely due to weak materials and poor construction
standards, especially in Lolol’s historic district. An example of a damaged façade is shown in
Fig. 2. Only housing that featured a timber frame within the adobe blocks remained repairable;
those that lacked a timber frame had to be demolished.

Figure 2. Damaged façade of traditional adobe home in Lolol.
The local government sponsored the rebuilding of the homes in the historic colonial style, but
with structural upgrades. Timber frames were used to support the adobe blocks, and the adobe
bricks were made with straw to control cracks due to drying shrinkage. Some houses were
wrapped in light steel mesh to maintain the integrity of the walls. In either case, the walls were
covered with adobe plaster to give them a traditional appearance. All roofs were wood-framed
with clay tile, in the traditional style. Some of the houses that were just damaged were repaired
or retrofitted with these improved methods, but most were rebuilt completely.

Because of its historic significance, the area received more reconstruction money than was
typical of other affected areas. That funding was used by the local government to cover 70% of
the reconstruction costs of each building, leaving the remaining 30% to be covered by the owner.
Municipal representatives evaluated the damaged and destroyed buildings in the town and
brought in architects to evaluate solutions specific to each building. Several reconstruction
models were employed. During the first round of work, completed within a year and half from
the earthquake, the government paid the 70% subsidy directly to construction companies
assigned to complete the repairs. After this stage, some residents were permitted to select their
own construction companies and pay them with the government subsidy, managing the work
with minimal government involvement aside from verification that correct reconstruction
procedures were used on each house. In some cases, residents took it upon themselves to repair
their houses. An example of the reconstructed homes is shown in Fig. 3.

Figure 3. Rebuilt traditional adobe homes in Lolol.
It took four years to complete all repairs and reconstructions in Lolol, with minor exceptions due
to legal proceedings between land owners, which is why some houses remain unrepaired today.
During the reconstruction period, temporary housing varied from household to household; some
remained on their land overseeing the reconstruction process in temporary wood housing
provided by the government, while others went to nearby towns or other homes that they had.

Initially, many residents did not want to rebuild in the traditional adobe style. Many preferred
concrete or masonry houses, which they felt would be safer and more structurally sound during
an earthquake. The mayor determined that the rebuilt houses’ aesthetics should match those in
use before the earthquake in order to preserve the touristic and economic status of the town.
Initially this met with resistance—one woman even knocked down her wood frame three times
out of protest. However, after rebuilding began the residents seemed to be happier with the
construction. Houses were built in a style nearly the same as old houses, but with safer
construction methods, and in the end residents felt the homes were nice for the most part.
Because inconsistent models were used for reconstruction, many residents had concerns about
the consistency of construction. Several suspected that not everyone followed the guidelines
drawn up by the architects, meaning that some of the buildings may not perform as expected in
future earthquakes.
Location 3: Constitución (VII Region del Maule)
Constitución was the area hit hardest by the 2010 earthquake, both due to proximity to the
epicenter, and because the earthquake was followed by significant tsunami damage. The effect of
the tsunami was pronounced in Constitución due to its location on the mouth of the river Maule,
which was fully inundated by the tsunami. Many houses were located on the west bank of the
Maule river near its outlet to the sea, and these houses were irreparably damaged. This area
remains one of significant tsunami risk, and the government has forbidden construction in the
zone.
New social housing was built on the hills to the west of Constitución, well above the inundation
zone. This new community, called Villa Verde, was designed by the award-winning Chilean
architecture firm Elemental. The houses were designed to be built incrementally—initially a twostory frame with a floor and roof were built, and half the house was finished and granted to the
former occupants of the tsunami zone. The homeowners could then finish out the other half of
the house with their own resources when it was feasible to them, and according to their own
preferences. An example of the Villa Verde houses in their initial state is shown in Fig. 4, and an
example of completed Villa Verde homes is shown in Fig. 5. This simultaneously helped to
spread the benefit of limited reconstruction resources to a larger population, while also
encouraging homeowners to make the home their own, establishing a sense of ownership.
Although the intent was that these homes would be exclusively for those families displaced from
the inundation zone, as in other communities it was found that many of the homes were occupied
by families who lived in other areas prior to the earthquake.

Figure 4. Homes in Villa Verde, Constitución in their initial state. Photo from Elemental
(http://www.elementalchile.cl/en/projects/constitucion-i-villa-verde/).

Figure 5. Two homes in Villa Verde, Constitución. The half of the home built as part of the
reconstruction program is on the left, and the half later constructed by the residents is
on the right.

During the rebuilding process, some residents were given subsidies for temporary housing and
some were not given a temporary place to live. Those that did not receive a subsidy had to find
and pay for their own temporary place, which was very difficult for many given that they had
just lost everything to the tsunami. It took many up to four years after the earthquake to get into
their homes. Additionally, the plan and purpose of the social housing project was to move the
whole community from the tsunami-affected region to the new community on the hill, keeping
neighbors near each other, in order to keep the community as similar and close to each other as
possible. Instead, families were placed in homes based off of application number, people from
other areas and towns moved into the housing, and some even received these houses as second
homes. Anyone who was in the tsunami region were given the houses, but others were able to
buy homes. Some units are still open and on the market now. Additionally, some families in the
area whose houses in the inundation zone survived the earthquake have since lost their homes
due to unemployment after the earthquake, but the houses in Villa Verde are too expensive for
them to buy now.
At first, many residents were against these new houses due to their location since they had lived
near the water due to their occupation, and moving that far away from their jobs would cause
much longer commute times and in some cases an inability to continue that job. This could be
the reason that many from the community did not relocate here. However, those who chose to
move up the hill had mixed feelings about the housing itself. While some felt that the houses
were well built, nicer than their previous home, and a welcome unexpected gift, others,
particularly those in the smaller homes, felt that the new housing was in some cases smaller than
their previous homes. Feelings were mixed about the ability to expand their housing, which was
limited to certain enforced guidelines. One family complained that their financial situation made
it difficult to expand, but the expansion was necessary due to their house being too small for the
family. Others enjoyed the freedom associated with getting to complete their own expansion, and
having a say in what their home would look like.
One concern expressed about the expansions is whether the new additions are being built safely.
Residents were given access to architectural plans explaining how to expand their homes, but
according to a local resident many did not follow the plans, and there was little regulation from
the city to check this. If residents did not follow plans, it could be difficult to determine if all of
the houses would be safe during a future earthquake.
Conclusions
Despite the diversity of location, context, and construction type, the interview responses present
remarkably consistent themes. Residents were generally satisfied with the end result of the
recovery even if they had initial doubts. This is true for the many models employed in the
recovery, including direct government grants of housing, subsidies for repair and reconstruction,
and more innovative approaches like the one used in Villa Verde. While some have concerns
about potential quality control failures or long-term maintenance, on the whole those interviewed
were satisfied with the quality of construction employed in the repairs and new construction.
Community members were educated on how the construction methods used would improve the
earthquake resistance of their homes and they were able to successfully explain those concepts in

the interviews. In general, residents felt that at present (at the time of the interview) their
communities were more resilient than they were before the earthquake, and they were able to
articulate why they felt that way.
Community member complains generally centered around the initial response in the early
months after the earthquake, particularly the organization of the emergency housing camps. In
some areas, the government attempted to keep communities together during this fragile period,
but in others little effort was given toward doing so, and in both cases large proportions of the
pre-earthquake communities migrated to other parts of the country during the years of recovery.
This meant that other vital community services (like health care, education, and business)
suffered, and once the recovery was completed the community’s social resilience started out
lower than it was before the earthquake, even if the physical infrastructure was stronger.
Additionally, residents expressed frustrations about the transparency of the government’s
recovery plans, stating that they often were not well aware of the timeline of recovery or that
they had little say in how the recovery of their community would be done.
A consistent but surprising phenomenon is the large proportion of people from outside the
communities that benefitted from the recovery projects. While the scope of this study is too
limited to provide any statistical data on how many families benefitting from the community
recovery projects were originally from the communities in question, in Santa Cruz and
Constitución nearly half of those interviewed were not originally from the community. When it
comes to community resilience, the continuity of the people in the community from the preearthquake period to the recovery period plays a significant role, and a closer examination of the
ways community populations change through that transition would be a valuable future topic of
study and resilience reconnaissance activities.
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