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Workshop Objectives and Today's Program
Main Objectives

9:15 a.m.

Natural Hazards Reconnaissance and the
NHERI Network

10:10 a.m.

Brief Self-Introductions

10:20 a.m.

RAPID Science Plan and Facility Basics

10:50 a.m.

Break (15 mins)

11:05 a.m.

Earthquake and Structural Damage
Reconnaissance with Advanced Tools

• Galvanize the community around
critical research needs and nextgeneration reconnaissance strategies
identified in the NHERI/RAPID
science plan

11:30 p.m.

RAPID Field Instrumentation

• Inspire research ideas involving the
use of the facility, and data developed
with facility resources

2:15 p.m.

Exploring RApp

2:30 p.m.

Break (15 mins)

2:45 p.m.

Designsafe-CI

• Provide a basic understanding of
and best practices for reconnaissance
missions

3:45 p.m.

Special Considerations for Missions

4:15 p.m.

Discussion of Earthquake Reconnaissance

4:45 p.m.

Wrap-up

• Familiarize the natural hazards
research community with capabilities
of the RAPID's equipment, software,
and support/services portfolio, and
explain how users can access the
facility

12:15 p.m.

Lunch (on your own)

1:15 p.m.

RAPID Field Instrumentation (continued)

1:45 p.m.

Laser Scanner Demonstration

RAPID Facility Team

Kurtis Gurley (UF), Wind Hazards Specialist
Jennifer Irish (VT), Coast Hazards Specialist
Laura Lowes (UW), Structural Engineering Specialist
Jeffrey Berman (UW), Site Operation Director
Scott Miles (UW), Social Science Specialist
Michael Olsen (OSU), Technical Director
Ann Bostrom (UW), Social Science Specialist
Troy Tanner (UW‐APL), IT and Data Director
Jake Dafni (UW), Site Operations Manager
Joseph Wartman (UW), Director
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RAPID Facility Mission and Values
 The RAPID facility provides investigators with the

equipment, software, and support services needed to
collect, process, and analyze perishable data from natural
hazard events. The facility supports natural hazard and
disaster researchers through training and educational
activities, field deployment services, and facilitating
engagement between scientists, engineers, stakeholders,
and the public.
 We promote reconnaissance‐based science, shared

resources, open data, interdisciplinary research,
community engagement, and innovation to reduce the
adverse impacts of natural hazards.
5

RAPID Facility Strategic Activities
To achieve its mission, the RAPID facility engages in the following strategic
activities.
 Acquiring, maintaining, and operating state‐of‐the‐art data collection

equipment
 Developing and supporting mobile applications to support

interdisciplinary field reconnaissance
 Providing advisory services and basic logistics support for research

investigations
 Facilitating the systematic archiving, processing and visualization of

acquired data in DesignSafe‐CI
 Training a broad user base through workshops and other activities
 Engaging the public through citizen science, as well as through

community outreach and education
6
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RAPID Timeline
Year 1
Community Input
and Resource
Requirement
Development
September 2016‐September 2017
• Developing facility headquarters
• Hiring staff (site operations, IT,
administrative)
• Workshop
• Science plan revision
• Specification development
• Trial equipment deployment and
testing
• NHERI summer institute
• Coordination with DesignSafe
• Facility operating documents
• Outreach via conference
presentations
• Mobile app development
• Citizen science app development and
workshop

Year 2

Years 3‐5

Acquisition,
Commissioning
and Training

User Service,
Field Operations,
Continued Training

September 2017‐September 2018
• Procurement and commissioning
• Staff training
• Facility operating plan and site users
manual
• User training workshops (4)
• REU program
• IT cyber security
• RApp development and testing
• Fiscal operating plan
• Proposal support

September 2018 and beyond
• Supporting field missions and data
use/reuse
• Training
• Maintenance
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1906: The Dawn of Natural Hazard Reconnaissance in the U.S.

• Three days after the earthquake, Governor Pardee appoints a California State Earthquake Investigation Commission (lead by
A. C. Lawson) to unify the work of scientific investigation teams
• "Lawson Report" (1908) - a detailed, benchmark compilation on scientific investigation of the earthquake and the damage it
caused
Source: USGS (https://earthquake.usgs.gov/earthquakes/events/1906calif/18april/revolution.php)
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1906: The Dawn of Natural Hazard Reconnaissance in the U.S.

• Inspired new, fundamental understanding of earthquakes: e.g. ground movement surveys leads H. F. Ried to introduce the
landmark "theory of elastic rebound"
• Post-event mapping across the city begins to provide a coherent story that explains damage concentrations: the notion of "site
effects"
Source: USGS (https://earthquake.usgs.gov/earthquakes/events/1906calif/18april/revolution.php)

1971: EERI Multidisciplinary investigation of the San Fernando quake

• Multidisciplinary investigation addressing seismology, emergency operations, lifelines, structural and geotechnical engineering,
policy, and governmental response
• Leads to the Earthquake Engineering Research Institute's "Learning from Earthquakes" program
Source: LATIMES and EERi )
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Geotechnical Extreme Events Reconnaissance (GEER)

GEER is a volunteer organization of experts scientists from academia, industry, government organizations, and non‐profit organizations
that responds to extreme events, conducting detailed reconnaissance and documenting observations
Source: GEER

Recent Reconnaissance Example: Rapid Assessment of Post‐Earthquake Building Damage




Issue: Techniques are
needed to enable rapid
assessment of building
damage (i.e. red/
yellow/green tagging) in
the aftermath of
earthquakes. Rapid
assessment speeds
recovery and reduces the Still image of structural damage
impact of earthquakes on
(Haiti 2010)
communities.
Approach: Collect still
image, SfM, and lidar data
of earthquake damaged
buildings to support
development of rapid
damage assessment
methods.

Images from Paal et al. (2015)

(a)

(b)

(c)

(d)

(e)

Damaged region (a), detected spalling (b),
cracking (c), vertical reinforcement (d) and
horizontal reinforcement (e)

Images from
Shakya and
Barbosa (2017)

Terrestrial lidar scan and reconstruction of temple (Nepal 2015)



Outcome: Next generation
of damage‐detection
algorithms
Automated crack detection using lidar data
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Recent Reconnaissance Example: Perceptions of Mexico's Earthquake Early Warning


Issue: How do Mexico City residents
perceive SASMEX (earthquake early
warning system)? How did they
respond to warnings for the
September 2017 earthquakes relative
to the system’s performance?



Approach: Interdisciplinary team of
seismologists, sociologist,
psychologist, and urban geographer.
In‐depth interviews. Convenience
sample of the public, government
officials, academics, business, &
NGOs.



Outcome: Recommendations for
earthquake early warning system
development in the United States
published in Science.
Allen, R.M., et al. (2017) “Quake warnings,
seismic culture”, Science

Recent Reconnaissance Example: Impact of Co‐Seismic Rockfall on Buildings


Issue: landslide risk practices
require that the vulnerability of
communities to landslides be
known, but information was not
available to support such
assessment.



Approach: lidar‐scan ~30
homes/sites damaged by rockfall
during the Christchurch
earthquake , and relate impact
energy to building damage
indices; geotechnical‐structural
collaboration



Outcome: A series of rigorous,
data‐driven fragility
relationships to support risk
assessment and land‐use policy a
Grant et al. (2017) Landslides
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Value of Natural Hazard Reconnaissance Data
• Data generated by an extreme event is unique and often highly
"perishable" —and thus, must be collected quickly
• Disaster data sets include the real‐world complexities (e.g., interplay
between natural, human, and built systems) that allow us to better
understand and to quantify the socio‐technical dimensions related to
damage, restoration, and resiliency of the built environment
• Such data is difficult to duplicate in the laboratory
• These data can be used to:
‐ develop new, fundamental discoveries and insights
‐ test and verify simulation models
‐ reduce uncertainties in probabilistic models
‐ inspire next generation simulation models

Enabling the Next Generation of Natural Hazards Reconnaissance
Courtesy of J. Bray,
(2017) Ishihara Lecture,
Simplified procedure for
estimating liquefaction‐
induced building
settlement

• Fundamental
insights
• Critical data
for validation
• Lots of highly
perishable data
• 2D “point"
data
• Manual
measurements
• 10 cm
resolution
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Enabling the Next Generation of Natural Hazards Reconnaissance

• Large amount of
high‐quality data
• High‐resolution (<1
cm), systematic data
collection
• 3D (and 4D)
• Automation
• Geo‐referenced
data sets that can be
later analyzed and
interrogated
• Open data archived
in DesignSafe

Enabling the Next Generation of Natural Hazards Reconnaissance

Tsunami Inundation
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Enabling the Next Generation of Natural Hazards Reconnaissance

Example Eyewitness Interview Transcript

Enabling the Next Generation of Natural Hazards Reconnaissance
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Relative frequency

Enabling the Next Generation of Natural Hazards Reconnaissance

Vertical displacement

Complementing Laboratory Instrumentation

NHERI UCSD
Shaking Table Experiment

Obtain 3D high‐ resolution point cloud models for NHERI experiments
o Record damage
o Determine precise instrument locations
o Benchmark experiments to field observations
o Develop damage detection and load history determination methods

22
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NSF‐Supported NHERI RAPID Facility:
Vision and Implementation

Joy M. Pauschke, Ph.D., PE (jpauschk@nsf.gov)
Division of Civil, Mechanical and Manufacturing Innovation
Directorate for Engineering
National Science Foundation
June 25, 2018

Motivation for NHERI: Earthquake and Wind Engineering Research
• 2000‐2014: George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES)
• NSF as part of legislated interagency natural hazards programs (NIST is lead agency)
• National Earthquake Hazards Reduction Program (NEHRP)
• National Windstorm Impact Reduction Program (NWIRP)
• Community planning, as referenced in NSF 14‐605 and NSF 15‐598, e.g.,
• National Research Council, Grand Challenges in Earthquake Engineering Research: A
Community Workshop Report. Washington, DC: The National Academies Press, 2011
• NIST GCR 14‐973‐13, Measurement Science R&D Roadmap for Windstorm and Coastal
Inundation Impact Reduction. (This roadmap developmental effort was supported in
part by NSF, through award CMMI‐1235689, to obtain community input on related
long‐term fundamental research challenges in windstorm and coastal inundation
impact reduction)
2
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Description of NHERI
• Is a distributed, multi‐user, national facility – part of NSF’s large facility
portfolio.
• Provides the natural hazards community with access to research
infrastructure (earthquake, tsunami and storm surge, and wind engineering
experimental and post‐disaster, rapid response research (RAPID) facilities,
cyberinfrastructure, computational modeling and simulation tools, and
research data), coupled with education and community outreach activities.
• Enables research and educational advances that can contribute knowledge
and innovation for the nation's civil infrastructure and communities to
prevent natural hazard events from becoming societal disasters.
3

NHERI Scope: Major Infrastructure Components (Notional Diagram)
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NHERI Facilities

NSF History of RAPID Awards
(see NSF 18‐1, PAPPG, for RAPID funding mechanism/proposal requirements)
• SGER/RAPID support (NSF Engineering) awarded, e.g.,
•
•
•
•
•
•
•
•
•
•
•
•

2004 Great Sumatran Earthquake and Tsunami
2005 Hurricane Katrina
2010 Haiti and Chile Earthquakes
2010/2011 and 2016 New Zealand Earthquakes
2011 Tohoku, Japan Earthquake and Tsunami
2011 Tuscaloosa, AL Tornado
2012 Hurricane/Superstorm Sandy
2013 Moore, OK Tornado
2013 Super Typhoon Haiyan
2016 Hurricane Matthew (Haiti)
2017 Central Mexico Earthquake
2017 Hurricanes Harvey, Irma and Maria
6
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NHERI RAPID Facility – Role (NSF 15‐598)
• Provides community resources (equipment, instrumentation, and data management infrastructure) for
quick field deployment globally to support perishable research data collection following an earthquake
or windstorm event.
• The primary users of the RAPID Facility resources will be researchers supported through separate NSF
awards (RAPIDs), including coordinated RAPID awards, for post‐disaster investigations, with assistance
in the field from RAPID Facility staff, as required.
• While the primary focus of this facility must be for perishable data collection following earthquake and
windstorm events, this does not preclude facility resources being deployed for perishable data
collection following other natural hazard events or for testing at other facilities.
• All collected data must be curated and archived in NHERI DesignSafe Reconnaissance Portal.
• RAPID Facility development and commissioning
• Develops facility concepts and requirements in year one
• Procures and commissions equipment in year two
• Operational by end of year two, including user training conducted
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GEER Model for Community‐led RAPID Deployments
• Geotechnical Extreme Event Reconnaissance (GEER) Association
•
•
•
•
•
•
•
•

http://www.geerassociation.org
Supported by NSF since ~2003 formation
Community‐organized and community‐governed
Receives multi‐year NSF support to enable “quick,” preliminary RAPID data collection
(travel/lodging/per diem)
Selects RAPID field team and notifies NSF
Collects perishable data from a range of natural hazards, e.g., earthquakes, hurricanes,
landslides, tsunamis
Quickly shares findings and report on web
Observations and data enable follow‐on NSF RAPID proposals

• GEER as an “X”EER model, e.g.,
• EAGER: Interdisciplinary and Social Science Extreme Events Reconnaissance (ISSEER)
NSF Award 1745611, Lori Peek, University of Colorado, Boulder
• “Structural Engineering” EER
8
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Opportunity for “Collective” Community Expertise: Self‐Organization for “Early”
RAPID Deployments using NHERI RAPID Facility

Geotechnical
Extreme Events
Reconnaissance
(GEER)

Social
Sciences EER

Intersections are
opportunity for
interdisciplinary
coordination

Interdisciplinary
Coordination/
Reconnaissance

Structural
Engineering
EER

9

Going Forward – Working Together
• NHERI RAPID Facility becomes operational and trains users (by fall 2018)
• Disciplinary and interdisciplinary RAPID coordination: GEER, SSEER, STEER…
• Proposals for RAPID awards to use NHERI RAPID facility resources can be
submitted to NSF programs , e.g.,
• Engineering for Civil Infrastructure
• Humans, Disaster, and the Built Environment
• Other NSF programs
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