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Overview 
 
On Saturday, February 27, 2010 at 03:34 am local time (06:34:14 UTC) a Mw 8.8 
earthquake struck the central south region of Chile, affecting an area with a population 
exceeding eight million people, including 5.4 million, 0.8 million, and 0.9 million in the 
urban areas around Santiago, Valparaíso/Viña del Mar, and Concepción, respectively. In 
the region of strongest ground shaking, ground accelerations exceeded 0.05g for over 
120 seconds. As of May 2010, the number of confirmed deaths stood at 521, with 56 
persons still missing. The earthquake caused damage to buildings, highways, bridges, 
railroads, ports, airports and other facilities and systems due to ground shaking, ground 
failure, and tsunami. Estimates of economic damage are around $30 billion. 
 
Chile is a country with stable 
institutions and a prosperous 
economy that, in response to a 
history of frequent strong 
earthquakes, has implemented 
programs and standards to 
improve safety and selective 
infrastructure operability fol-
lowing major earthquakes. 
Many of the Chilean standards 
are adopted from standards in 
use in the United States (U.S.). 
In some cases, these standards, 
where implemented, resulted in 
buildings and infrastructure that performed well. In other cases, observed performance 
was less satisfactory, suggesting there may be shortcomings in the available standards 
and programs for earthquake risk reduction. By studying the effects of the 2010 Chile 
earthquake, the community of earthquake researchers and professionals, both in the 
U.S. and abroad, can learn about great earthquakes and their effects on the natural, 
built, and social environment. Through such study, the effects of future earthquakes can 
be reduced.  
 
On 19 August 2010, the Earthquake Engineering Research Institute (EERI) convened a 
workshop with primary support from the U.S. National Science Foundation (NSF). The 
purpose was to discuss key observations from the 2010 Chile earthquake, postulate 
themes for emerging research needs and opportunities, explore opportunities for 
collaboration among researchers in the U.S. and Chile, and summarize findings with this 
written report to NSF. Invited meeting participants included individual researchers and 
practitioners from the U.S. and Chile with direct knowledge of the earthquake and its 
effects, representatives of the National Earthquake Hazards Reduction Program (NEHRP) 
agencies, and representatives of several U.S. federal agencies with an interest in 

Tsunami devastation in Llico (photo: G. Chock) 
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earthquake risk reduction and international programs. This report summarizes the 
meeting and its recommendations. 
 

Main findings and recommendations 
 
The following main findings and recommendations emerged as highlights from the 
workshop. 
 

1. The 2010 Chile earthquake was a landmark event in which the largest 
earthquake ever recorded by scientific instruments affected a vast populated 
region containing natural, built, and social systems representative of those in the 
United States. The event represents an enormous test bed on how earthquakes 
occur and how they affect technologically advanced societies, study of which can 
lead to rapid and vital advances in knowledge and practices. A focused research 
program is urged to take timely advantage of the information that can augment 
the scientific and engineering understanding of the 2010 Chile earthquake. 

 
2. This earthquake mechanism involved subduction of the Nazca plate beneath part 

of the South American plate that is more than 500 km long and 100 km wide. 
The rupture, geological deformation, and earthquake ground motions can be 
considered to be analogous of conditions that may result from the anticipated 
large earthquake on the Cascadia subduction zone in the Pacific Northwest of 
the United States. The effects of this deformation will lead to greatly improved 
assessments of timing and nature of a great Cascadia earthquake. The 
opportunity to learn from the 2010 Chile earthquake, and plan for a great 
Cascadia earthquake, is unprecedented and fundamental to reducing seismic risk 
in the Pacific Northwest. 
 

3. The 2010 Chile earthquake generated tsunami effects measured worldwide, but 
predicted effects in many cases were significantly different than actual 
conditions. Detailed study of the geologic movements associated with the 
earthquake, the tsunami timing and characteristics, and the resulting inundation 
zones would lead to vitally needed improvements in tsunami hazard assessment. 
The 2010 Chile earthquake provides a means to identify the most effective types 
of tsunami warning and public education systems. 

 
4. This is the largest earthquake every recorded by strong motion instruments. 

Therefore, rather than extrapolating to great earthquakes or using numerical 
simulations for the same purpose, for the first time we can calibrate ground 
motion prediction models using actual recorded ground motions from a great 
earthquake. The recorded motions show very long duration and, in many cases, 
peculiar frequency content. Studying the attenuation of ground motions with 
distance, the effects of local site conditions, and the effects of regional geology 
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are critical needs for advancing ground motion simulation and prediction 
methodologies and for advancing the seismic design of buildings and other 
infrastructure.  

 
5. Ground failure case studies have been the source of the most important 

advances in geotechnical earthquake engineering in the past, and numerous 
ground failures carefully document in the 2010 Chile earthquake would further 
advance this field. Of particular importance are effects of ground movement and 
failure on buildings, bridges, ports, and other facilities, many examples of which 
were documented for the first time.  

 
6. The earthquake shook an immense population of midrise buildings that are 

designed using building code provisions closely related to the provisions used in 
the United States. Thus, this earthquake was an enormous shaking laboratory to 
test building design practices, and the observed performance will relate directly 
to determining future design practices in the United States. Also, notably, several 
buildings were driven to near-collapse or collapse conditions. Evolving design 
and risk modeling procedures in the United States rely on collapse simulation 
capabilities that can only be tested through study of buildings like those that 
were shaken in this earthquake, creating a rare and essential opportunity. The 
occurrence of damage or collapse has socio-economic consequences, including 
downtime, repair costs, and developing public opinion on what are the 
appropriate performance targets for populations of modern buildings. 
 

Each of the items identified above, and many others, are unique and significant aspects 
of the 2010 Chile earthquake, making it arguably the most important earthquake in the 
past two decades from which to learn and advance earthquake sciences and 
engineering technologies.   
 

Workshop purpose 
 
To identify research needs and opportunities emerging from the 27 February 2010 Chile 
earthquake and its aftermath by pursuing the following actions: 
 

 Bring together experts and other interested parties from the U.S. and Chile to 
share observations and ideas related to the earthquake and its effects. 

 Learn about the latest findings and data sources from experts having direct 
experience with the earthquake and its effects.  

 Identify principal research areas in the physical sciences, engineering, and social 
sciences.  
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 For each of the principal research areas, explore the subject in depth to identify 
the key needs (including data needs) and opportunities, and develop a written 
summary describing these. 

 Explore opportunities and organizational approaches for international research 
collaboration. 

 Develop a workshop report that NSF can consider for use in developing a research 
program on the 2010 Chile earthquake and its aftermath. 

 

Workshop approach 
 

 The meeting was organized by a Steering Committee comprising Jay Berger 
(EERI), Jonathan Bray (University of California Berkeley), Lori Dengler (Humboldt 
State University), Marjorie Greene (EERI), Judy Mitrani-Reiser (John Hopkins 
University), Jack Moehle (University of California Berkeley, Chair), and William 
Siembieda (California Polytechnic State University).  

 Researchers and other earthquake professionals from the U.S. with direct 
knowledge of the 2010 Chile earthquake were invited as active participants in 
the workshop. These individuals were urged to communicate with other experts 
to broaden the cross section of knowledge and research interests, and to bring 
forth ideas emerging from those communications. Each of these invited 
participants also was invited to submit brief written statements highlighting 
research needs and opportunities.  

 Four active researchers from Chile presented new findings and perspectives on 
the earthquake, and actively participated in the discussions during the 
workshop.  

 Representatives from the NEHRP agencies and other federal agencies with 
interests in earthquakes and their effects were invited to participate as 
observers. 

 The workshop was organized according to the agenda (See Appendix A). 
Following brief introductions and an overview of the workshop, invited 
presentations by Chilean and U.S. researchers with questions and discussion 
provided background and detailed information about the earthquake, its effects, 
and some promising research opportunities. In the afternoon, a total of eight 
breakout sessions discussed focused research areas. Leaders and recorders from 
the breakout sessions summarized the discussion and primary research 
opportunities in a plenary session at the end of the workshop. See Appendix B 
for a listing of workshop participants. 
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Detailed Workshop Summary 
 

Morning Introductory Presentations 
 
The morning presentations provided an overview from several perspectives of the most 
important observations and lessons from the earthquake. Four Chilean researchers 
presented preliminary observations. In addition, members of the workshop steering 
committee made overview remarks based on his or her disciplinary perspective. A few 
summary points from each speaker are listed below. The presentations are available for 
download at the website: http://www.eqclearinghouse. org/20100227-chile/research-
needs-workshop.  
 
Jack Moehle, workshop moderator, EERI team leader, University of California, 
Berkeley 
This is the most significant earthquake in terms of lessons for the U.S. in the last 15 
years. Chile has a stable, strong economy with standards and programs for earthquake 
resistance. The construction practices and materials are very similar to those of the U.S., 
so in many ways this earthquake could be considered an indirect test of U.S. 
infrastructure and buildings.  

Sergio Barrientos, University 
of Chile 
Chile has a long history of 
large earthquakes. The event 
in 1960 was much bigger in 
terms of damage and resulting 
changes to codes and 
practices. Prior to 1960, there 
was also an earthquake in 
1939 (with 28,000 fatalities) 
along this same subduction 
zone. In 1879 and 1949, there 
were also earthquakes along a 
fault similar to the San 
Andreas.  
 

This earthquake presents a unique research opportunity as an exciting natural 
laboratory. An important data set consisting of approximately 34 main shock records is 
being processed primarily by Chilean scientists. This earthquake is also a huge learning 
opportunity for Chileans—there are only eleven seismologists in all of Chile, so the 
opportunity for education at all levels is great.  
  

Major damage along Route 5 (photo: C. Ledezma) 
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Andrés Tassara, Universidad de Concepción 
There is currently robust processing of real time GPS stations, and much modeling that 
is taking place in Chile. Concepción is in many ways a natural laboratory, and data 
sharing and discussion of interpretations should be widely encouraged, among Chilean 
researchers as well as with the international community. Sharing of graduate students 
would also be particularly encouraged.  
 
Christian Ledezma, Pontificia Universidad Catolica de Chile 
Summary observations of particularly important issues from a geotechnical perspective 
include liquefaction-induced settlement, flow failures (particularly the tailings dam), 
liquefaction-induced lateral spreading, failures in earth filled structures, and site effects. 
Particularly critical research needs include geotechnical characterization of key sites, 
understanding liquefaction, and making recommendations about what this earthquake 
means for risk in northern Chile. A U.S.-Chile research collaboration can help answer 
some of these questions. 
 
Ruben Boroshek, University of Chile 
This earthquake was forecast in a report published in 2005. Ultimately the scientific and 
engineering community will have approximately 34 strong motion records from the 
areas of strongest shaking. Chile is a natural laboratory for earthquakes, with a 
magnitude 7 every 5 years, and a magnitude 4 occurring 5 times a week. With enough 
instruments, it can be thought of as a permanent natural laboratory. There are over 
2000 buildings over 9 stories tall in the affected area, and of those only 50 to 100 have 
problems. There are problems with particular construction technologies (precast 
buildings, for example). The Chilean engineering community is developing 9 codes, some 
of which will address demolition, repair and retrofit. There are 150 engineers in the 
country who work specifically in earthquake engineering, so again there are possibilities 
for education and collaboration.  
 
Jonathan Bray, University of California Berkeley 
This is an extremely important natural laboratory for geotechnical engineers. Much of 
their work builds on empirically-based case studies and there are many opportunities 
for such studies in Chile. Site effects, effects on transportation and effects of ground 
failure on buildings all present opportunities to learn from this event.  
 
Lori Dengler, Humboldt State University 
Thirty percent of the casualties were caused by the tsunami. There are many similarities 
between the 2010 Chile earthquake and the anticipated large Cascadia earthquake, and 
the U.S. research community needs to learn as much as possible from this event. The 
Chile earthquake and tsunami provide ample data for the tsunami models, as well as an 
opportunity to test the models.  
 
The earthquake caused $3 million in damage to ports and harbors in California, including 
destroying docks and ships. Understanding currents and velocities as well as the effects 
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of existing site 
conditions will improve 
models and response in 
future events, and 
understanding the 
signature of the tsunami 
will help evaluate the 
products of past large 
earthquake in the 
Pacific Northwest.  
 
Judith Mitrani-Reiser, 
Johns Hopkins 
University 
Hospitals were parti-
cularly affected by this 
earthquake; many hospital administrators in both the U.S. and Chile have no idea how 
vulnerable they are. Nearly 20% of the health facilities in the affected area were 
partially or completely closed. Loss of functionality forced evacuation of many patients. 
Universities also suffered millions of dollars in losses from damage of research 
equipment, specimens and structures. Concrete building damage was clustered, 
possibly due to soils and amplification effects. Systematic collection of damage data 
would greatly improve understanding of building and lifelines performance. 
Comprehensive studies of damaged and undamaged structures and lifelines would be 
particularly helpful. 
 
William Siembieda, Cal Poly, San Luis Obispo 
In this earthquake, there were 1/10 the number of deaths that occurred in the 1960 
earthquake, a testament to how much emphasis Chile has placed on seismic design, 
resilience and preparedness. Several research areas in the social sciences were 
identified including: critical infrastructure, particularly importance of cell phones; 
housing; preparedness along the coast, particularly for a tsunami; issues of transport 
and access; issues of land tenure in the rebuilding; role of insurance; role of economic 
disparity in response behaviors and in the rebuilding, and the rapid breakdown in social 
order that resulted in looting, rioting and arson in some communities. 

Tsunami damage in Talcahuano (photo: C. Sempere) 
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Breakout sessions 

 The breakout sessions were organized around eight topic areas, each with two leaders.  

Breakout 
No. 

Topic Co-Leader Co-Leader 

1 Seismology, geology, 
ground motions, site 
effects 

Ruben 
Boroschek 

Mehmet 
Celebi 

2 Transportation and 
lifelines; impacts on 
response and recovery  

Ian Buckle Genda Chen 

3 Ports and industrial 
facilities; performance and 
economic impacts  

Roberto Leon Leonardo 
Duenas 

4 Organizational responses 
within an extensive 
affected region (including 
public health, hospitals, 
schools; emergency 
response; debris impact, 
removal)  

Judy Mitrani-
Reiser 

Bill Holmes 

5 Liquefaction, effects of 
ground failure, and seis. 
perf. of earth structures  

David Frost Christian 
Ledezma 

6 Vulnerability and 
resilience aspects; land 
use planning; housing; 
recovery; overall 
economic impact  

Bill 
Siembieda 

Steve 
Bender 

7 Tsunami and geology; 
variability and modeling; 
land use planning; 
education  

Lori Dengler Andres 
Tassara 

8 Buildings, modeling/ 
simulation, structural/ 
nonstructural, building 
codes, design approach, 
health monitoring, PBEE 
and policy, demolition, 
mitigation 

John Hooper Andres 
Lepage 
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Name Breakout assignment 
 
1 Seismo- 
logy 

 
2 Trans- 
portation 

 
3 Ports 

 
4 Organi- 
zational Issues 

 
5 Geosciences 

 
6 Vulnerability 

 
7 Tsunami 

 
8 Buildings 

Alzamora  x    x   

Barrientos x      x  

Bender    x  x   

Berger         

Boroschek x       x 

Bray x    x    

Buckle  x   x    

Celebi x       x 

Dengler   x    x  

Dragovich    x    x 

Duenas   x    x  

Filson x     x   

Frost  x   x    

Greene         

Harris x     x   

Holmes    x    x 

Hooper x       x 

Kelson   x    x  

Ledezma  x   x    

Leon   x     x 

Lepage  x      x 

Mahoney    x   x  

Mitrani-R    x  x   

Moehle         

Pauschke         

Robin         

Roeker x      x  

Siembieda    x  x   

Sweeney   x  x    

Tassara   x    x  

Yen  x   x    
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Breakout Session Reports 
 
Each breakout session was asked to prepare a summary report using the following 
format. Brief presentations were made back to the plenary group after the breakouts, 
and then each group polished their recommendations and sent in the reports that 
follow.  
 

Breakout Session Report Template 
 
Breakout Session Title: 
Discussion Leader and Recorder: 
Session participants: 
Format: 
 Introductory paragraph summarizing the general topic of the session and 

perspective of the participants 
 Identify the key research needs and opportunities in a single paragraph, 100 to 150 

words or fewer (see example below). <<It is suggested to have a general discussion 
during which the key topics will be identified and briefly discussed by a proponent, 
with the recorder keeping a list of topics and proponents, without reference to the 
statements submitted prior to the meeting. As the discussion winds down, or at 
some other time leaving sufficient discussion time, review and discuss the 
statements submitted prior to the meeting. Adjust the listed topics as necessary.>> 

 
Session products: 
 List of key research needs/opportunities with relevant discussion as time permits. 
 Presentation at the end of the day including: 

o Names of discussion leader, recorder, and other participants 
o List of key research needs/opportunities with brief oral discussion of each. 

 Polished version of the session report, including the same information as in the 
presentation, but with the 100-word narratives for each research need/ 
opportunity. 

 
Sample paragraph 
 
The Chile tsunami caused significant inundation and damage over 600 km of the Chile 
coastline and produced a far-field tsunami that affected the entire Pacific basin. The 
event provides an opportunity to study: the combined impacts of strong ground shaking 
and tsunami impact on a modern built environment; the complexity of the tsunami 
water heights in space and time and validating inundation models; character of tsunami 
deposits; coastal uplift/subsidence impacts on tsunami characteristics; tsunami currents 
and current amplification factors both near and far-field; the tsunami impacts on 
river/estuary systems and coastal ecosystems; factors that prompted evacuation and 
effectiveness of education/outreach efforts. 
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Breakout Session #1 
Seismology, Geology, Ground Motions, Site Effects 
 
Discussion Co-Leaders: Ruben Boroschek & Mehmet Celebi 
 
Session participants: John Hooper, John Filson, Jon Bray, Jay Harris, Sergio Barrientos, 
Steve Roecker, Andres Tassara, Jessica Robin and others 
 
Format: 

A. The session focused on the following main and specific topics: 
MAIN TOPICS: Geosciences, Ground Motions / Next Generation of Ground-
Motion Attenuation Models (NGA), Site effects, Definition of demands, Data for 
Design of infrastructure, Activation of crustal faulting  

 
SPECIFIC TOPICS: GEOSCIENCES: Earthquake Sources, Rupture Processes, Energy 
release, Slip Variability, Wave Propagation (Modeling), Crustal and Mantle 
identification, Extreme Magnitude and Slip for a Subduction area, Post seismic 
effects are only present for a very large earthquake (as observed in Global 
Positioning System (GPS) data for this event). 
SPECIFIC TOPICS: GROUND MOTION & SITE EFFECTS: Ground Motion, Site 
characterization, GMPE (ground motion prediction equations) for subduction 
zones experimental and modeling, Metadata for ground motion records. Site 
investigation is not only local (area study is required). There is a need for 
correlation between site characterization and seismic demands. Is Vs 30 (average 
shear wave velocity in the first 30 meters) the appropriate reference for design? 
Integration of geophysical data for definition of demands. Site characterization 
for aftershock stations. GPS data for asperity identification. Several data sets: 
GPS, satellite, gravimetry, strong motion, seismometers. Pre earthquake data: 
deformation, loading evolution. Signal and record analysis: amplitude evolution, 
duration, frequency components and evolution. 

 
B. The 27 February 2010 Mw 8.8 Chile earthquake is the fifth largest magnitude  

earthquake known but it is the largest magnitude earthquake ever that has been 
scientifically well recorded. With frequent large magnitude earthquakes in Chile, 
it was stated by many that it should be considered as a natural laboratory. 
Therefore, studying the specific characteristics of this earthquake including the 
strong-motion data and GPS data is important to assess.  
 
However, it was stressed that these proposed research activities assume that 
all seismic, geodetic and other relevant data collected before, during and after 
the earthquake will be freely available or made available under “as needed” 
and/or agreed to protocols.  
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The following specific topics are recommended for funded research: 
 

 Size / Slip / Data from a subduction zone. For slips in range of 15-20 meters, such 
studies will answer questions for similar environments especially in the U.S. 
where very few data are available. 

 The impact of long-duration strong-shaking components of the records and 
effect on cyclic-responses of structures in Chile as well as possible other 
locations where similar earthquakes are expected (e.g., Pacific Northwest of the 
United States). 

 Vs30 issue and how the 
specific site classifications 
relying on Vs30 are not 
applicable in zones where site 
responses must include the 
area’s geometric and topo-
graphical formations in addi-
tion to deeper than 30 meter 
geotechnical environments 
typical of basins and other 
specific regions. 

 Existing GMPE relationships 
and how they may be revised; 
How to better extrapolate 
ground motions in subduction 
zones in light of the data 
acquired in Chile. 

 Building codes and design 
response spectra in Chile as  
well as the United States. 

o It is important to follow up what “emergency revisions” to building codes are 
being proposed by post-earthquake established nine “emergency” code 
committees and how these may affect the revisions of building codes in the U.S.  

 Specific site response issues (e.g., basin effects and how this issue should be 
treated in microzonation). 

 The reason why (a) high frequency content of the motions recorded during this 
earthquake as compared to prior events, and (b) the specific velocity 
computations from strong-motions show maximum 65 centimeters/second for 
such a large magnitude earthquake. The “damage causing potential” effects of 
these characteristics need to be investigated.  

o The post-event recovery of permanent displacements over time as documented 
by continuous GPS measurements particularly in Concepción offers 
opportunities to study for the first time such phenomenon where years of GPS 
data exist before the event also. 
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Breakout Session #2 
Transportation and lifelines; impacts on response and recovery 
 
Discussion Leader and Recorder: Ian Buckle and Genda Chen 
 
Session participants: David Frost, Christian Ledezma, Andres Lepage 
 
Overview: The Chile earthquake and associated tsunami effects caused the damage of 
about 200 bridges including 20 structures with one or more collapsed spans. Many of 
the unique damage patterns observed in the field provide an opportunity to study: 
ground motions with unique characteristics such as two pulses, long duration, and 
rotational components; 
tsunami effects on bridges 
with debris impact and 
scour; superstructure 
rotation with or without 
transverse diaphragms, 
particularly within the 
context of accelerated 
bridge construction; no or 
less joints in bridge 
superstructure; post-
earthquake recovery and 
reconstruction such as 
rapid seismic retrofit; and 
ground failures and their induced comprehensive damages. 
 
Key Research Needs/Opportunities 

1. Earthquake and associated loads: ground motions with unique characteristics 
such as two pulses, long duration, and rotational components (Miraflores, Lo-
Echevers, Romero, Hospital, Quilikura, Chad, Mercedes, etc.); tsunami effects on 
bridges with debris impact and scour (Cardenal Raul Silva Henriquez). 

2. Load path of a bridge system with unique superstructure behavior: 
superstructure rotation including precast concrete girders, diaphragms, shear 
keys, and seismic restrainers, particularly within the content of accelerated 
bridge construction; no or less joints in bridge deck (Cardenal Raul Silva 
Henriquez). 

3. Post-earthquake recovery and reconstruction: network redundancy, rapid 
seismic retrofit, and roadway performance such as the effect of culverts. 

4. Ground failures and their induced comprehensive damages on Juan Pablo II 
Bridge over Bio-Bio River. 

5. Communications disruption occurred throughout the impacted regions. As a 
result, this slowed response times and allocation of emergency resources where 

Rio Claro Bridge (photo: Eduardo Miranda) 
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needed. What factors led to this disruption and what measures have been taken 
to prevent further disruption in the communication networks and services? 

 

Breakout Session #3 
Ports, industrial complexes and utility facilities: performance and socio-
economic impacts 
 
Session participants: Roberto Leon (Co-Leader), Leonardo Duenas-Osorio (Co-Leader), 
Lori Dengler, Keith Kelson, Steve Sweeney, Joy Pauschke, and Jay Berger. 
 

Overview 
The exposure to strong 
and long duration shaking 
of Chilean sea ports and 
large scale industrial and 
utility facilities, such as 
manufacturing facilities, 
power plants (including 
wind turbines), water 
treatment plants, wine 
factories, and 
petrochemical facilities 
among others, offers 
unique opportunities to 
study how complex 
engineered systems 

respond, perform, interact, and get restored to re-activate economic activity and social 
stability. The February 2010 Chile Earthquake provides key research opportunities at the 
intersection of risk-based design of critical facilities and the assessment of acceptable 
levels of economic impairment and social unrest. 
 
Research Need # 1: Study the provisions and practices that led to the successful 
performance of undamaged facilities, including large-scale sea ports, industrial 
complexes and utility facilities.  
 

Although some critical ports, industrial complexes, and utility facilities were 
damaged during the earthquake, most exhibited adequate to excellent 
performance and contributed to the resilience of specific sectors of the economy. 
Clearly, deliberate seismic resistant design, maintenance, and logistical practices 
enhanced capacity and provided redundancies to critical facilities. There is a need 
to understand how these practices together led to undamaged and functional 
complex engineered facilities. Examples include the adequate performance of base 
isolated ports, and the ability to control and operate power systems assisted by 

Concepción Silo Collapse (photo: G. Chock) 
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data transmission through power lines. In addition, there is a need to investigate 
how indirect redundancies contributed to adequate performance and quick 
restoration of ports and complex industrial and utility facilities. For example, 
parallel North-South routes provided the possibility of re-establishing paths that 
could have severed the transport of goods, equipment, and repair parts, or large 
coal-fired power generation plants were able to decouple from water distribution 
systems by relying on sea water.  
 

Research Need # 2: Understand the nature of disproportionate system-level 
functionality loss in certain ports, industrial complexes and utility facilities from 
comparatively benign component-level failure triggering events.  
 

The Chile earthquake evidenced that the design and performance of key structural 
components of ports, and large complex industrial and utility facilities is mature and 
relatively successful. However, the responses of other, purportedly non-key 
components to strong ground motions or other earthquake effects demonstrate 
that complex critical facilities can be rendered nonfunctional because of failure of 
weak or non-redundant secondary components. The 2010 earthquake shows that 
the overall performance of some facilities, when viewed as a system, often did not 
satisfy acceptable performance-based criteria even though critical components 
performed according to design. Several critical facilities could have performed 
better if designs acknowledged the need for stronger or redundant secondary 
components. For instance, large generation capacity power plants were impaired by 
the failure of control rooms or smoke stacks, not the typical main structures, or 
large water treatment plants experienced failure of clarifiers that required 
bypassing treatment steps. This calls for a renewed study of system-level 
performance assessment of critical facilities as emerging from the interaction of 
multiple components and operational equipment. In short, once the key 
components of critical facilities are able to meet performance-based design criteria, 
what second-tier components are most likely to cause system failure, and how can 
such failure be prevented? Also, how typical details, such as connections between 
column base plates and foundations or detailing to permit relative movement 
between components, can be improved to significantly reduce the impact of the 
failure of second-tier components on the overall system performance? 
 

Research Need # 3: Establish methods for the multi-scale modeling of port, industrial 
and utility facility networks, and their interaction with social and national economic 
sectors. 

 
Despite the functionality loss of some critical ports, the large Chilean coastline and 
the existence of several other small ports provided a level of redundancy to 
maritime operations; this system can be conceptualized and modeled as a port 
network. This network enabled port activity in Chile during the summer of 2010 to 
reach record levels of activity, only a few months after the earthquake. This 
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example highlights that it is necessary to understand how the existence of alike 
critical facilities can contribute to rapid regional and national recovery, and how 
these large complex facilities trigger social and economic stability by providing basic 
utility services, returning people to work, and helping them be part of renewed and 
productive economic sectors. An important aspect of the relatively rapid recovery 
of the Chilean ports is that many workers voluntarily were available to reinitiate 
their typical activities, and contribute substantially to the recovery of their own 
local economy. These social-technical dynamics show that cultural aspects also 
contribute significantly to the rapid recovery of large facility operations and entire 
economic sectors, although such dynamics are still not well understood.   

Research Need # 4: Investigate the use of recent technological advancements in 
monitoring the real-time performance of structural and infrastructure systems (“system 
health monitoring”) to assist in pre-event protection, post-event degradation control 
and restoration activities. 
 

Acknowledging the advances in wireless monitoring of structure and infrastructure 
systems along with the concept of smart grids and affordable self-sufficient sensing 
units, the management and protection of ports, industrial complexes and utility 
facilities can be taken to a new level. This new level requires studying the 
combination of monitoring of structural systems along with the monitoring of 
distributed facilities, equipment operation and production activities. Such enhanced 
monitoring will lead to a rich situational awareness of complex systems that can 
improve pre-event protection as well as post-event restoration and production 
reactivation. 
 

Research Need # 5: Revisit the design of ports and diverse industrial and utility facilities 
that comply with operational performance requirements and compare with design best 
practices in the United States. 

 
The unparalleled availability of seismic-loading histories from the Chile earthquake 
provides an opportunity to revisit design philosophies that link capacity and 
demand with performance. For instance, the design of power plants in Chile 
requires that any damage be visible, that it be quickly repairable (including 
replacement), and that the facility be operable in a very short time (less than two 
weeks for the power industry as an example). Also, Chilean provisions utilize far 
lower force reduction factors (R = 2 to 3) than commonly used in the United States. 
In most cases, these structures performed very successfully, even when their 
structural systems may have been considered vulnerable relative to U.S. practices. 
Hence, research is needed to clearly understand whether the intended design goals 
were achieved and how different that approach is from the one used for similar 
facilities in the United States. This focus on design also affords the opportunity to 
study cases of connections failures, and relative movements of multiple structural 
systems and equipment within large complex engineered facilities. 
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Breakout Session #4 
Organizational Responses within an Extensive Region 
 
Discussion Leader and Recorder: Judith Mitrani-Reiser and Bill Holmes 
 
Session Participants: Steve Bender, Jeff Dragovich, Marjorie Greene, Mike Mahoney, 
and Bill Siembieda 
 
Report: The Chile earthquake of February 27, 2010 impacted a large geographic area; 
nearly 800,000 people were displaced, more than 4,000 schools and more than 60% of 
the hospitals in the affected area were damaged, and 18 bridges collapsed with 200 
bridges in need of repairs. This earthquake provides a “natural lab” for scientists to 
study the response of essential public services (e.g., healthcare, education, emergency 
management, and 
local/federal govern-
ment) to an expan-
sive event given the 
additional difficulties 
imposed by failed 
critical lifelines. 
Multidisciplinary re-
search that includes 
structural engineer-
ing, systems engi-
neering, public 
health, public policy, 
and social science is 
required to address 
these challenges. 
 
Roughly 20% of 
hospitals in the affected area were partially or completely inoperable after the 
earthquake. All of these critical facilities suffered crippling nonstructural damage 
including loss of utility services; some suffered structural damage. Many important 
areas of investigation can be uniquely studied in the aftermath of the Chile earthquake: 
the consequences of physical damage on public and private healthcare systems, the 
impact of enforcing seismic design requirements on hospitals, the dynamic response of 
healthcare systems to restructure after the loss of key medical services, strategies for 
managing patients/victims and providing care using partially operating facilities, and the 
optimization of pre-event emergency plans to protect hospital staff and patients during 
widespread communication system failures.  
 

Ceiling collapse and nonstructural damage in hospital (photo: W. Holmes) 
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A significant number of schools (K-12 and universities) were damaged during the 
earthquake, causing damage to or complete destruction of many laboratories and 
special equipment. Comprehensive data collection of damage to K-12 (private and 
public) schools is still needed in Chile—an assessment of structural and nonstructural 
damage to these facilities as well as an assessment of post-event functionality is 
required. Universities cannot be easily replaced and so it is essential to study the causes 
of university downtime. Such a study should include a systematic physical damage 
assessment of research facilities, an evaluation of the loss of faculty/students/staff, and 
a study on the loss of function of academic facilities and student housing. 
 
The extensive damage to necessary infrastructure in Chile provides a unique 
opportunity to study emergency management strategies employed after this major 
event. Key components of emergency planning should be carefully studied: 
management of emergency shelters, allocation of domestic (e.g., military) and 
international and national non-governmental organizational resources, the role and 
performance of volunteer emergency response units, strategies for effective debris 
removal, protection of civil security (e.g., management of civil unrest and emergency 
plans for prisons), methods for assessing and reporting (e.g., tagging) structural damage 
and safety concerns to the public, and the structure and effectiveness of emergency 
operation centers.  
 
The Chile earthquake occurred less than two weeks before a new President took office 
and during a complete change of leadership in all government agencies. This unique set 
of events provides an opportunity for researchers to study the role of government at all 
levels (local, regional, and national) in the enforcement of seismic and other natural 
hazard risk management policies and regulatory processes, and in the broader disaster 
management and response. A longitudinal study of Chile’s disaster management is also 
necessary since the change of leadership occurred over several months after the event. 
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Breakout Session #5 
Geotechnical - Liquefaction, effects of ground failure and seismic 
performance of earth structures 
 
Discussion Leaders and Recorders: David Frost and Christian Ledezma 
 
Session Participants: Jay Berger, Jon Bray, Ian Buckle, Steve Sweeney, Rick Fragaszy 
 
Session Overview: Case histories have been critical to developments in geotechnical 
earthquake engineering over the past 50 years. While there have been a large number 
of events that have yielded opportunities to conduct detailed case history based studies 
during that time and these have been exploited by researchers and practitioners around 
the world, The February 27 Chile event is considered particularly strategic for a number 
of factors including: 

 Large magnitude event offers the opportunity to study geotechnical 
performance under loading conditions at upper end of previously studied events; 

 Long duration and multi-pulse characteristics of ground motions are quite 
unique; 

 Event was well-documented through reconnaissance activities of Chilean and 
other engineers/scientists; 

 Interventions from case study based lessons from earlier events provide unique 
reference knowledge. 

 
Case history-based research is needed in the following three geotechnical areas: 
 
1. Effects of Liquefaction on the Built Environment 
 

 Studies on effects of liquefaction on the response of bridges and the interaction 
between their foundations and superstructures resulting from foundation 
settlement, bearing capac-
ity, lateral displacement 
and other factors. 

 Studies of complex struc-
tures (different height 
sections and orientations) 
and facilities with hybrid 
foundation and substruc-
ture systems (shallow, mat 
and deep foundation sys-
tems). 

 Assessment of perfor- Damage to port due to liquefaction (photo: J. Bray) 



20 EERI Chile Research Needs Workshop Report 

 

mance of large diameter steel pipes and other types of distribution pipes due to 
liquefaction, lateral spreading and associated ground settlement, as well as 
associated studies of system performance and restoration. 

  
2. Effects of Ground Motion on Earth Structures 
 

 Studies on effects of ground motion on performance of earth embankments, 
including transportation infrastructure (highways, railroads, access ramps). 

 Studies on effects of ground motions on performance of levees, earth and rock-
fill dams, concrete dams, tailings ponds and other mine waste facilities. 

 Assessment of performance of retaining structures (gravity, reinforced and tied-
back) during strong ground motion including studies of earth pressures. 

 Comparative studies of non-improved/improved ground behavior for large 
magnitude events and associated ground motions. 

 Studies allowing assessment of occurrence of liquefaction during significant 
aftershocks. 

 
3. Interdisciplinary Studies with Geotechnical Components 
 
The Chile event provides a unique test-bed to understand how the interaction among 
geologic, seismologic, geotechnical, structural and socio-economic factors impacted 
both the performance of systems during the event as well as how response and 
recovery efforts were influenced.  
 

 Studies of the large magnitude event impact on critical infrastructure such as 
highways and other buried lifeline infrastructure system performance at the 
network level as well as the potential effects on response and recovery efforts 
are required.  

 Studies of industry performance during the Chile earthquake aimed at 
ascertaining how to maintain critical regional economic hubs such as fishing 
ports operational after future seismic events are critical. Linking the importance 
of affordable upgraded engineered systems for regional economic engines 
before future major events to the need for enhanced and resilient system 
performance is critical. 

 Unanticipated social reactions and behaviors were observed in heavily damaged 
areas and could be a direct result of the duration of the earthquake and the 
types of damaged sustained. Studies to examine the relationship between the 
characteristics of the event, the built environment performance and post-event 
social behaviors are required. 

 The foundation systems as well as the superstructure components of many 
structures were subjected to very large ground motions. Studies to assess likely 
future performance and necessary rehabilitation measures for not readily visible 
systems that may have suffered significant damage are required. The 
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implications of reusing rather than replacing infrastructure components should 
be investigated from an integrated engineering-socio-economic perspective.  

 

Breakout Session # 6   
Social Vulnerability and Social Resilience 
 
Co-leaders: S. Bender, W. Siembieda 
 
Participants: Steve Bender, Judy Mitrani-Reiser, John Filson, Jay Harris, Bill Siembieda 
 
Research Needs and Opportunities Statement 
 
From the social science perspective, disasters are socially derived and can be viewed as 
events and as processes. In Chile, the disaster involved people and their associated 
infrastructure, which included inadequate buildings on unstable soils in low-lying areas. 
The social vulnerability that leads to disasters is derived from the socio-economic 
systems in place as reflected by their political, administrative, economic, educational 
and technical systems. Chile’s history over the past 50 years reveals an increasingly 
effective mixture of science and engineering to improve building codes, land use 
planning, housing systems, liability laws, risk management, and education system for 
societal adaptation to natural hazards and their impacts. This has occurred alongside 
continued poverty, lack of safe settlement and lifelines, and uneven enforcement of 
rules and regulations. This mixture, similar to that in the U.S., revealed unevenness in 
resilience of the built environment to the recent earthquake and tsunami.  
 
What went right and why as revealed by the impact of the February 2010 Chile 
earthquake, tsunami and flooding on the built environment along a significant section of 
its Pacific coast? Chile shares not only a similar hazard exposure to that of the US west 
coast, but also a similar economic, social, technical, political and education/information 
resource base. Given the magnitude of the earthquake and the social science and 
engineering issues to be explored, what lessons need to be learned and how can they be 
applied to reduce vulnerability to the built environment in the U.S.? Also, how are the 
policies of ‘rebuilding better’ and ‘no regrets’ with associated established standards and 
regulatory processes considered in the context of possible, yet infrequent mega- 
earthquakes in the future? 
 
Evaluating the pre- and post disaster built environment by sector, by economic 
development, by regulatory tools and mechanisms, by administrative era, and by 
ownership and operation, the following research needs and opportunities emerge: 
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1. Social Vulnerability   
 

The social unrest resulting from this disaster establishes the existence of social 
vulnerability in Chile. The central research questions for the behavioral science are: 
What was the understanding of exposure and response by the general public, and by 
specific groups including public officials and other decision makers in the public and 
private sectors, priority sectors (communications, education, energy, health, trans-
portation, water and sanitation), and those who had invested in risk management? 
What role did public expectation and actual level of risk play in social fabric 
disintegration? Who was involved, and why did they choose to act in this way?  
 
2. Land Use Planning 

 
The Chilean legal and administrative frameworks for land use planning and the land 
development and real estate markets are extensive, multi-layered (national, regional, 
comuna, and municipal), and regulated, including special plans for high natural hazard 
risk areas involving legislation and microzonation. The research questions are: How did 
the system work to lessen earthquake, flooding and tsunami impacts? What are the 
critical variables related to planning, development and markets in those cases where 
impact was low - city size, technical or fiscal capacity, administrative priorities or 
policies? Should the emphasis be on changes in structure and content, or on 
implementation and regulation to contribute to local structural and nonstructural 
resiliency? In regards to the last question, what are the costs and benefits of each of 
these approaches given the economic and political dynamics of the vulnerable area, the 
increased knowledge about hazard exposure, and the type and amount of existing social 
and economic infrastructure at risk? What specific policy adaptation will be made for 
the coastal cities subject to multiple types of seismic hazards? 

 
3.Housing  
 
While loss of life was low (521), 
an estimated 370,000 housing 
units will need to be replaced, 
or repaired as part of the 
recovery process. What factors 
contributed to such a large loss 
in the housing sector? This 
question needs to be answered 
by an examination of three 
components and their 
relationships: structural perfor-
mance by building type and 

materials, location of units in terms natural hazards in the area, and the system of 
damage determination and demolition.   

Families displaced to temporary tent camps in the center of 
Talca.  Construction of simple wood frame shelters is under way 

(photo: G. Franco) 
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The housing units are to be replaced or repaired through a government five-part 
program that was quickly put forth following the disaster that is now entering the 
reconstruction phase. The research questions that can inform U.S. practices related to 
housing tenure, distribution and location are: 

 How is this process to be carried out? 

 Will people find permanent shelter in safer locations (less subject to geo-
technical, seismic, flooding and tsunami)? 

 How do victims move from temporary shelter to permanent shelter? 

 How do the poorest, those most in need, receive attention? 

 What does the overall program effort cost? 

 What are the repair issues related to condominium tenure?  

 How are the benefit distributed?  
 

4. Social Resilience 
 
Chile has experienced many disasters over the years. These events have led to 
improvements in building codes, changes in the emergency management system 
(including the National Plan for Civil Protection (2002) for multiple sectors on a 
decentralized basis), increases in insurance coverage and deepening of disaster 
preparedness information in the public schools. Given the severity of the disaster the 
research questions are: 

 Were the losses consistent with public expectations in Chile? 

 In what ways did the disaster preparation and avoidance information lead to 
fewer deaths or loss of property? 

 In what ways were emergency management plans effective in building a more 
resilient government disaster preparation and social response system? 

 Did the centralized system in place provide enough information for local 
governments to act upon, and enough resources to provide assistance? 

 
5.  Overall Economic Impact 

 
The $30 billion estimated economic impact is 17% of the country’s GDP. An estimated 
15,000 jobs have been lost, and many are in coastal tourism, port servicing, ship-
building, and fishing industries. It is not known how fast these sectors will recover, nor 
the type and extent of government assistance provided. The research questions include:  

 How many of these jobs will return, if at all? 

 What permanent shifts in livelihoods and economic welfare in the impacted 
communities will occur? 

 What constitutes the government’s assistance program (scope and process of 
implementation) to cities, industry and families 

 What are the distributive effects of government policy?   
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Breakout Session #7 
Research Opportunities in Tsunami & Geology 
 
Co-leaders: Andres Tassara and Lori Dengler 
 
Participants: Steven Roecker, Mike Mahoney, Andres Tassara, Keith Kelson, Sergio 
Barrientos, Lori Dengler, Leonardo Duenas, Joy Pauschke 
 
Overview: What is unique about the February 27, 2010 earthquake? It is the first 
modern megathrust earthquake (long duration strong ground shaking, uplift and 
subsidence over 500 km of coastline, and major tsunami) that impacted a country with 
infrastructure, technology, construction, and intellectual capacity comparable to the 
U.S. In particular, this earthquake is the best modern example of the likely patterns of 
deformation and damage during great earthquakes on subduction zones across the 
globe, including the Cascadia zone and recently notable Sumatran zone. 
 
Geology 
1)  Understanding the complete megathrust system in space and time. 
The 2010 Chile earthquake provides a unique opportunity to document the complete 
seismic cycle associated with a megathrust fault system, including coseismic surface 
deformation and the buildup of aseismic strain. The area deformed in 2010 includes the 
area studied by Darwin following the 1835 earthquake, and provides a basis for 
understanding the long-term cycle of coseismic and post-seismic deformation. South-
central Chile contains multiple long-term strain gauges that allow assessment of the 
patterns of uplift/subsidence over geologic time. Comparing long-term patterns with 
effects of the 2010 earthquake provides information on earthquake strain release and 
subduction-zone segmentation. The high rate of convergence of the Chile subduction 
zone results in an earthquake cycle that is much shorter in Chile and provides an 
understanding of how Cascadia and other more slowly converging megathrust zones 
operate. This is essential information for conducting comprehensive seismic hazard 
analyses of subduction zones around the globe. 
 
2)  Defining Patterns and Hazards of Upper Plate Deformation 
The 2010 Chile earthquake and its aftershocks highlight the fact that seismic hazards in 
subduction zones not only include subduction megathrust interface events, but also 
shallow earthquakes in the overlying upper-plate. Earthquakes generated above the 
subduction interface include normal faults representing upper-plate extension, and 
strike-slip faults accommodating lateral components of oblique convergence. 
Understanding the pattern of deformation associated with these seismic sources 
provides insight into the processes of subduction and segmentation of the large 
megathrust systems; the historical earthquake record in south-central Chile 
demonstrates that upper-plate structures may control rupture termination, fault 
segmentation, and thus earthquake magnitude and location. Understanding the 
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processes of earthquake generation in the shallow crust is critical for seismic hazard 
analyses. Shallow crustal faults often control hazards (and thus risk) in densely 
populated areas (e.g., Puget Lowlands, Willamette Valley near Cascadia), and thus are of 
engineering and humanitarian significance.   
 
3)  Geomorphic & ecologic change  
The earthquake caused permanent changes in land level that exposed marine terraces, 
caused subsidence, and provided a unique data set to study how landforms and 
ecosystems adjust to the seismic/interseismic cycle. Examples include the ability to 
study the process of marine terrace formation and possible accelerated coastal dune 
growth. Uplift and subsidence of a number of major river systems allows the study of 
base level and grade adjustments. Long-term geomorphic features (e.g., coastal marine 
terraces or inland fluvial terraces) commonly document long-term patterns of surface 
deformation, and thus reflect the distribution of persistent fault asperities that 
influence fault segmentation points. This is applicable to faults everywhere because 
segmentation may control earthquake magnitudes and locations. It is also important to 
document the post event land level changes as a new interseismic cycle begins, and its 
potential impact on other hazards such as coastal and riverine flooding. 
 
Tsunami  
1)  Characteristics of the tsunami 
The Chile tsunami was complex in space and time, in part because of the complexity of 
the earthquake rupture. Water height and runup data can be used to examine the role 
of slip, uplift/subsidence, aspect, bathymetry, topography, estuaries, vegetation, built 
environment, on the tsunami height, flow velocity, timing of surges and characteristics 
of tsunami sediments. The tsunami also caused damage in the far field and tide gauge 
data; damage and eye-witness 
accounts can be used to understand 
the currents and fragility of ports and 
harbors. The data can also be used 
for both tsunami model verification 
and source models of slip.   
 
2) Performance of structures and 
lifelines subjected to both strong, 
long duration ground shaking and 
tsunami impact 
The Chile earthquake and tsunami 
impacted a modern coastal 
environment similar in characteristics 
to those in U.S., Japan, and other 
developed nations. It is essential to document the performance of structures and 
infrastructures affected by both strong ground shaking and high velocity hydrodynamic 

Severely damaged house in Dichato (photo: G. Chock) 
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loading along with debris impacts. Understanding which structures survived will help to 
develop standards for vertical evacuation and lifeline system resiliency.  
 
3)  Human behaviors in response to tsunami 
The number of casualties in the 2010 earthquake and tsunami was significantly lower 
than the great Valdivia earthquake in 1960 even though the population in the region is 
much greater today. It is important to document not only the engineering design issues 
that contributed to the reduced vulnerability in 2010, but also the behavior of people in 
the areas exposed to the tsunami. Survival in a near-source tsunami is the result of self-
evacuation in the absence of official guidance. It is essential to examine the factors that 
worked and didn’t work in Chile to promote evacuation in both the near and far field 
including informal and formal warning systems, signs, pre-event planning, and 
education. This event also provides an unprecedented opportunity to document 
evacuation behaviors and its determinant factors for long-term residents and the large 
numbers of visitors that were present, and how those two populations and factors 
interacted 
 

Breakout Session # 8 
Buildings, modeling/simulation, structural/nonstructural, building codes, 
design approach, health monitoring, PBEE and policy, demolition, 
mitigation 
 
Discussion Leaders: John Hooper and Andres Lepage 
 
Session Participants: Ruben Boroschek, Mehmet Celebi, Jeff Dragovich, Bill Holmes, and 
Roberto Leon 

Introduction 
 
The session focused on the 
performance of buildings 
including their 
modeling/simulation, design 
approaches, building codes 
used and issues associated with 
performance based earthquake 
engineering, policy decisions 
and health monitoring. 
 
The Mw 8.8 Chile earthquake 
produced long duration, strong 
ground motions that are similar 
to what is expected from a 
Cascadian subduction zone 

O’Higgins Tower in Concepción (photo: J. Dragovich) 
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event. Coupled with a modern building stock consisting of design and construction 
practices that are similar to the U.S., this event provides a unique opportunity: to study 
the performance of reinforced concrete wall buildings ranging from operational through 
collapse; to investigate the adequacy of seismic design approaches and modern building 
codes; to enhance the capabilities of collapse simulation; to assess performance targets 
for buildings of varying occupancies; to evaluate nonstructural component performance; 
and to investigate the performance of buildings repaired as the result of damage 
sustained in the 1985 Chile earthquake.  
 
Suggested Research Topics: 

 
Performance of Modern Buildings to Long-duration, Strong Ground Motions 
 
The Mw 8.8 Chile earthquake subjected a large population of modern buildings to long-
duration, strong ground motions. Building performance ranged from fully operational to 
complete collapse, and was notably affected by performance of the foundation, 
superstructure, and nonstructural components and systems. The availability of 
instrumental records, as-built building documentation, and building performance 
surveys creates a unique opportunity to study the performance of reinforced concrete 
buildings ranging from operational through collapse, to investigate and make advances 
in current seismic design approaches and modern buildings codes and to enhance 
collapse simulation capabilities.  
 
Acceptable Performance for Building Occupancies 
 
Seismic design of ordinary building occupancies (occupancies categories I and II) in the 
U.S. targets a low likelihood of collapse (1% in 50 year) as the performance goal. 
Enhanced performance goals for more critical occupancies (schools, hospitals, 
emergency operation centers) are obtained by employing an importance factor in the 
seismic design. The decision of which building occupancies are deemed ordinary or 
critical is largely judgmental. The Mw 8.8 Chile earthquake provides a unique 
opportunity to investigate the policy decision of which occupancies should be deemed 
ordinary and which should be deemed critical. This is especially important for 
occupancies such as residential, which are currently deemed ordinary, and whether the 
performance goal is appropriate.  
 
Performance of Nonstructural Components  
 
Nonstructural component damage in the Mw 8.8 Chile earthquake was widespread, 
ranging from minor damage to complete failure. The amount of damage and the range 
of performance provide a unique opportunity to investigate the relationship between 
ground motion intensity, installation techniques and resulting damage. Installation of 
seismic anchorage and bracing in low-to-moderate seismic hazard areas carries an 
enormous cost. The current cut-off levels for including seismic anchorage for most 
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nonstructural components are largely judgmental. A systematic study of the 
performance of nonstructural components can provide a quantitative, benefit-cost basis 
for determining the ground motion intensity for which seismic anchorage of 
nonstructural components is appropriate.   
 
Performance of Repaired Buildings 
 
The Mw 8.8 Chile earthquake subjected a numerous of previously rehabilitated buildings 
to ground motions of varying intensity and long duration. Many of these buildings were 
repaired as a result of the 1985 Chile Earthquake and their performance ranged from 
fully operational to near collapse. The repair techniques used, and their resulting 
performance, provides a unique opportunity to evaluate their effectiveness. The 
availability of instrumental records and as-built building documentation provide the 
requisite information to evaluate these rehabilitated buildings. 
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Chile Research Needs Workshop 

To identify research opportunities and priorities following the February 27, 2010 earthquake 

 
Organized for the U.S. National Science Foundation by 

the Earthquake Engineering Research Institute 
 

AUGUST 19, 2010 
 

National Science Foundation 
Stafford II 

4201 Wilson Blvd., Arlington, VA 
 

---AGENDA--- 
 
8:30 am  Welcome (NSF and Jack Moehle) and introductions 
8:45 am  Introductory remarks, workshop goals, U.S. perspective on Chile earthquake-- 
Jack Moehle 
9:00 am  Summary observations and research opportunities from Chileans  
(15-minute, moderated presentations) 

Sergio Barrientos, Univ of Chile--seismology 
Andrés Tassara, Univ of Concepcion-tsunami  
Ruben Boroschek, Univ of Chile--ground motions, structures 
Christian Ledezma, Pontificia Univ Catolica—geo-engineering         

10:15 am  Break 
10:45 am  Summary observations and research opportunities from U.S. investigators  
(12-minute, moderated presentations) 

Jonathan Bray—geotechnical issues (incl effects on lifelines) 
Lori Dengler—geology and tsunami 
Judith Mitrani-Reiser—buildings, bridges, other structures 
William Siembieda—social science, organizational response, economic aspects 

11:35 am  Group discussion of emerging major themes and issues—moderated by Jack  
Moehle 
12:30 pm  Lunch 
1:30 pm  Four small group meetings (topics and participants pre-assigned based on morning  
sessions) 
2:30 pm  Four additional small group meetings (topics and participants pre-assigned based  
on morning sessions) 
3:30 pm  Break   
4:00 pm  Convene back as large group, present recommendations 
5:30 pm  Adjourn 

  

Appendix A: Meeting Agenda 
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