
 
 
 
 
 
 
 

 
ISTIM: Interdisciplinary Studies in Tsunami Impacts & Mitigation 
A Summer Research Experience for Undergraduates 

2007 Closing Program 

July 27, 2007 
1:00 pm – 5:00 pm 
240 DeBartolo Hall 



WELCOME 
The Interdisciplinary Studies in Tsunami Impacts and Mitigation (ISTIM) Summer REU Program 
at the University of Notre Dame seeks to use the principles of science and engineering to aid in 
the mitigation of and recovery following natural hazards, such as tsunamis, with a focus on ethical 
and humanitarian issues. Support for this program is provided by the Department of Defense’s 
ASSURE Program and the National Science Foundation through NSF grant #EEC-0552432. 

Our program’s major objectives include: 

• Generate interest in science and engineering research by demonstrating its benefits to 
society; 

• Increase participation of underrepresented groups; 
• Mentor students to increase interest and succeed in graduate study; 
• Train students in basic principles of scientific inquiry and research;  
• Provide an ethical/ humanitarian/social context to research in engineering and science; 
• Document the impacts of this program in pursuance and completion of advanced 

degrees, particularly among underrepresented groups. 

This summer we hosted eight students from across the United States, specializing in Structural 
Engineering and Environmental Geosciences. Students have been working on projects in these 
areas for the past eight weeks, attending presentations and seminars related to natural hazards, and 
making preparations for graduate school. In a few days, the students will leave for their travel 
component, beginning at the NEES Tsunami Simulator at Oregon State University and a variety 
of coastal locations with geologic evidence of past tsunami activity, and then on to Thailand, 
where they will visit sites impacted by the 2004 Indian Ocean tsunami and visit cultural sites in 
this beautiful country. 

Today you will see presentations from each of our eight participants, summarizing their research 
projects. Posters for each research project are also on display in the department near 161 
Fitzpatrick. 

More information on our program can be found at http://istim.ce.nd.edu. 

We thank you for your interest in our program!  

 
Best Wishes, 
 
 
 
 
Dr. Tracy Kijewski-Correa 
Program Director 



GROUP 1: 
ENVIRONMENTAL 
GEOSCIENCES I 
Session Evaluators:  
Ginger Sigmon, Janice Kenney 
 
1:00 pm – 1:30 pm 
Katherine Anderson 
University of Arizona 

The Effect of Nearshore 
Bathymetry and Coastline Shape 
on Tsunami Wave Propagation 
and Run-Up: Investigations of 6 
Regions in the Circum-Pacific  

Advisor: Dr. Susan Sakimoto 

1:30 pm – 2:00 pm 
Tamara Carley 
Whitman College 

Geochemical Analysis of Minor 
and Reworked Tsunami Deposits 
in Coastal Stratigraphy 

Advisor: Dr. Susan Sakimoto 
 
The December 26, 2004 Tsunami 
was generated by the second 
strongest earthquake since 1900, 
with a Richter magnitude of 9.3. 
The ocean floor experienced 
vertical uplift of 7-10 m. 

GROUP 2: 
ENVIRONMENTAL 
GEOSCIENCES II 
Session Evaluators:  
Dan Unruh, Amanda Klingensmith 
 
2:00 pm – 2:30 pm 
Eric Schoettle 
Whitman College 

Modeling the Effects of Coral Reef 
Health on Tsunami Run-Up with the 
Finite Element Model ADCIRC  

Advisor: Dr. Susan Sakimoto 

2:30 pm – 3:00 pm 
Chris Thissen 
University of Notre Dame 

Comparative Analysis of Depth 
Averaged, Overland Tsunami Flow 
Velocities From Sediment Transport 
Models, Structural Damage, and 
Video Recordings With Applications 
to Tsunami Paleodeposits 

Advisor: Dr. Susan Sakimoto 

The massive tsunami wave reached 
heights of up to 24 m, resulting in 
casualties were in excess of 
310,000 with over 2 million 
persons displaced. 

GROUP 3: 
STRUCTURAL 
ENGINEERING I 
Session Evaluators:  
Kevin Walsh, David Pirnia 
 
3:00 pm – 3:30 pm 
Collin Hayward 
University of Michigan 

Design and Testing of Special 
Unbonded Post-Tensioned Precast 
Walls for Use in High Seismic 
Regions 

Advisor: Yahya Kurama 

3:30 pm – 4:00 pm 
Megan McCullough 
University of Notre Dame 

Time-Frequency Analysis of Wave 
and Seismic Time Histories  

Advisors: Dr. Ahsan Kareem, Dr. 
Tracy Kijewski-Correa 

The debris-laden waves pounded 
coastal structures, buildings and 
bridges, imposing severe damage up 
to 4 km inland. Lifelines such as well, 
reservoir and tank systems were 
completely overrun with debris and 
salt water.  

 

GROUP 4: 
STRUCTURAL 
ENGINEERING II 
Session Evaluators: 
Jennifer Cycon, Kyle Butler 
 
4:00 pm – 4:30 pm 
Mary Beth Oschnack 
University of Pittsburgh 

A Cross-Hazard Approach to 
Structural Design: Lessons From 
Reconnaissance and Prescriptive 
Codes 

Advisor: Tracy Kijewski-Correa 
 
4:30 pm – 5:00 pm 
Emily Kunen  
Brown University 
 
Framework for Evaluating the 
Sustainability of Post-Tsunami 
Housing Reconstruction Projects 
in Coastal Fishing Villages Around 
the Indian Ocean  

Advisor: Dr. Ahsan Kareem 

Despite the involvement of many 
NGOs, many communities within 
the affected regions are still working 
to rebuild their homes and their lives. 

 



THE EFFECT OF NEARSHORE BATHYMETRY AND COASTLINE SHAPE 
ON TSUNAMI WAVE PROPAGATION AND RUN-UP: INVESTIGATIONS OF 
6 REGIONS IN THE CIRCUM-PACIFIC  
 
Katherine E. Anderson∗ 
University of Arizona 
 
Dr. Susan Sakimoto 
University of Notre Dame 
 
 
ABSTRACT 
 
Local variations in tsunami wave heights and run-ups are thought to be strongly dependent 
on nearshore bathymetry and coastline morphology. For example, gently sloping shorelines 
may enhance wave height growth or narrow bays may focus tsunami energy further inland. 
These local bathymetric and coastline characteristics are key factors in assessing tsunami 
hazards. This study investigates the Alaska-Aleutian arc, the Cascadia subduction zone, the 
Rivera Plate, Nazca plate, Nankai trough, and Sumatra trench regions and considers how 
source fault variations and the bathymetry and coastline topography in their nearest coastal 
hazard zone combine to affect tsunami wave height and run-up. We use TUNAMI-N2 and 
AVI-NAMI to consider magnitudes of M7-9 along with varying rupture lengths of 500-1000 
km in these areas to see how the various characteristics of shape in seafloor and coastline 
play a role in not only guiding tsunami waves but also creating subsequent variations in wave 
heights. These areas were chosen for similarities in their relatively young age of subducting 
slab (15-20 m.y), slow convergence rates, and low seismicity in shallow zones. The models 
are calibrated using historical earthquakes by comparing modeled observations with recorded 
results. Hypothetical earthquakes are then modeled to predict potential seismic hazard areas 
and possible tsunami generation.  

                                                 
∗ email: andersok@email.arizona.edu  



GEOCHEMICAL ANALYSIS OF MINOR AND REWORKED TSUNAMI 
DEPOSITS IN COASTAL STRATIGRAPHY  
 
Tamara L. Carley∗ 
Whitman College 
 
Susan E.H. Sakimoto 
University of Notre Dame 
  
 
ABSTRACT 
 
The December 26, 2004 Indian Ocean Tsunami was a sobering reminder that tsunamis have 
the potential to create extremely hazardous situations for populated coastal areas.  The 
frequency, inundation area and magnitude of past tsunamis are critical to studies in risk 
assessment and hazard mitigation. By creating a comprehensive picture of past events we are 
better able to understand the probability of future tsunamis and the ways they will affect 
human life.  A great deal of paleotsunami information can be gathered from the geologic 
record to supplement human observations.  To date, visible evidence such as ghost forests, 
on-shore coral, and major tsunami deposits dominates paleotsunami research (Price et al 
1999). While this evidence is vital to reconstructing the regional history of tsunami 
inundation it does not provide a complete history of past events.  Tsunami deposits can be 
altered beyond recognition in active environments by geologic or human activity.  Also, 
tsunami wave height must exceed five meters  to leave a visible deposit in the geologic 
record (Goff et al 2001).  Current hazard assessment projects are limited because reworked 
and minor tsunami deposits are overlooked in vulnerable areas.  Insufficient knowledge of 
regional tsunami hazard leaves coastal populations dangerously unprepared for events like 
the 2004 Indian Ocean Tsunami. 

The objective of this research is to better understand major tsunami deposits and to 
recognize reworked and minor tsunami deposits in coastal stratigraphy using geochemical 
analysis techniques. Specifically, thermoluminescence dating, radiometric dating, Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS) and Portable X-Ray Fluorescence 
Spectroscopy (PXRF) are identified as appropriate methods for examining sediment 
deposited from sources beyond typical wave base (Price et al 1999, Goff et al 2001).  
Research culminates with on-site examination of tsunami deposits using Portable X-Ray 
Fluorescence Spectroscopy (PXRF).   Studies are first conducted on sediment transported to 
the Oregon Coast during the 1700 Orphan Tsunami.  This sediment is exposed in trenches 
dug at beaches in Newport, Neskowin, and Seaside, Oregon.  Sediment deposited by the 
2004 Indian Ocean Tsunami is studied in low-lying coastal areas of Khao Lak, Phuket and 
Koh Phi Phi Don in Thailand.  After testing the sensitivity and accuracy of the PXRF in the 
analysis of known tsunami deposits, the device is used to identify reworked and minor 
deposits.  This is done by detecting anomalous changes sediment composition above and 
below the major-tsunami deposit in the stratigraphic record. Risk assessment and hazard 
mitigation can be improved by using PXRF to increase understanding of paleotsunami 
location and frequency.  

                                                 
∗ email: carleytl@whitman.edu 



MODELING THE EFFECTS OF CORAL REEF HEALTH ON TSUNAMI RUN-
UP WITH THE FINITE ELEMENT MODEL ADCIRC  
 
Eric Schoettle∗ 
Whitman College 
 
Susan Sakimoto 
University of Notre Dame 
 
 
ABSTRACT 
 
Around the world, coral reef health is in massive decline from a wide array of mostly 
anthropogenic causes, including over fishing, pollution, climate change and coral harvesting. 
As stands of coral die, they become brittle and break, which reduces the bottom friction felt 
by waves, increases the effective sea level, and allows the limestone reef flat on which live 
stands grow to slowly erode away. Both modeling and observation show that the decline of 
reefs has led to greater beach erosion by wind waves, but little has been done to model 
tsunami waves relative to this decline. As the December 26th, 2004 tsunami illustrated, 
tsunamis can cause immense loss of life, infrastructure, and environmental damage. If it is 
found that reef health substantially effects tsunami wave energy, this knowledge can not only 
be a powerful tool in mitigating tsunami damage to coastal communities, but also provide 
further support for protecting reefs and their ecological and economic value. Previous work 
has shown that reefs attenuate tsunami waves, although this work modeled oceanic islands 
without continental shelves, rather than the more abundant coastlines with continental 
shelves. This study uses the finite-element Advanced Circulation Model (ADCIRC) to 
simulate tsunamis on several idealized continental shelf coastlines with coral reefs. Modeling 
tsunamis on an idealized coastline helps form a broad understating wave and reef 
interactions. Degradation of coral reefs is modeled in this study by lowering the coefficient 
of friction on the reef and lowering the surface of the reef. In addition to reef profile, width 
of continental shelf, friction and reef height, model parameters include effects of tides, 
tsunami magnitude, and channels through the reef. Preliminary results show that healthy 
reefs provide significantly more tsunami protection than degraded reefs, particularly at low 
tides.  

                                                 
∗ email: schoeteh@whitman.edu 



COMPARATIVE ANALYSIS OF DEPTH AVERAGED, OVERLAND TSUNAMI 
FLOW VELOCITIES FROM SEDIMENT TRANSPORT MODELS, STRUCTURAL 
DAMAGE, AND VIDEO RECORDINGS WITH APPLICATIONS TO TSUNAMI 
PALEODEPOSITS  
 
Christopher Thissen∗ 
University of Notre Dame 
 
Susan Sakimoto  
University of Notre Dame 
 
 
ABSTRACT 
 
Knowledge of prior tsunami magnitudes and recurrence intervals is invaluable in estimating 
local tsunami hazard potentials. However, historic records may be incomplete or may not 
cover a long enough period for the largest tsunami magnitudes. Sediment deposits left by 
tsunamis can supplement and extend an incomplete historic record, potentially providing 
otherwise unavailable information on tsunami intervals and magnitudes if they can be 
identified in the geologic record. Such tsunami paleodeposits reflect the hydrodynamic 
conditions (e.g. flow velocity, flow depth, run-up elevation), and thus the magnitude, of the 
onshore wave incursion. Several recent models have focused on determining overland 
tsunami flow characteristics from the grading and grain size distribution of the tsunami 
deposit. For example, the Tsunami Sedimentation Model (TsuSedMod), as developed by 
Jaffe and Gelfenbuam, (in press) models particle settling as the primary deposition process 
and is applicable for normally graded deposits. For any given location, the grain size 
distribution and deposit thickness are used as observational constraints to model the depth 
averaged, wave height dependent flow velocity of the onshore wave incursion. In this study, 
we use the TsuSedMod approach to model overland, hydrodynamic tsunami flow conditions 
from tsunami deposit characteristics. We compare the modeling results to field observations 
of probable flow depths and velocities determined from structural damage, watermarks, and 
video recordings from the December 26, 2004 Indian Ocean tsunami in northwest Sumatra 
and the Andaman coast of Thailand. Preliminary results suggest that for locations where 
flow depth and velocity data could be well-constrained from field evidence and where the 
local tsunami sediment deposit is normally graded in a shallow-sloping environment, this 
approach produces flow velocity/depth results consistent with the observations. This 
suggests that estimates of flow velocity/depth from tsunami paleodeposit characteristics may 
be better constrained than previously thought if the paleodeposits can be recognized in the 
stratigraphic record. 

                                                 
∗ email: cthissen@nd.edu 



DESIGN AND TESTING OF SPECIAL UNBONDED POST-TENSIONED 
PRECAST WALLS FOR USE IN HIGH SEISMIC REGIONS 
 
 
Collin Hayward∗ 
University of Michigan 
 
Yahya Kurama 
University of Notre Dame 
 
 

ABSTRACT 
 

In areas of high seismic activity, structures must be designed to meet higher lateral strength 
and ductility requirements to ensure their stability in the case of an earthquake.  Special 
unbonded post-tensioned precast walls have shown significant advantages to resist seismic 
loads.  However, such walls have not been tested in accordance with the ACI ITG 5.2 
testing requirements, and therefore cannot be implemented in building designs.  The 
objective of this project is to design a prototype wall and testing mechanism that meet the 
requirements specified in ACI ITG 5.2.   
 
So far, the project has thoroughly reviewed and summarized the ACI ITG 5.2 requirements.  
The new standards have been compared to previous guidelines and key changes have been 
noted.   A prototype wall that satisfies these requirements has been designed.  A basic 
structural layout was taken from previous research work and analyzed to determine several 
key design parameters.  The effective seismic weight of the building, the total shear force at 
the base of the structure, the total shear force at the base of one of the special unbonded 
post-tensioned precast walls, and the gravity loads for one of the precast walls were 
calculated.  These values in turn were used to determine the lateral force the actuator would 
need to exert on the model wall during testing.   Knowing this, two scaled-down versions of 
a shear wall from the initial structure were designed.  This involved surveying the laboratory 
facility to ensure the model walls could fit in the designated space and determining if the 
equipment could provide the necessary force and support during testing.  The main design 
obstacle during this process was creating a wall foundation strong enough to withstand the 
uplift forces and stresses resulting from the actuator’s push on the model wall.  To solve this 
problem, computer models of the wall and foundation were developed and tested using SAP 
2000, and the results were thoroughly reviewed. 
 
The computer analysis has shown that a four-anchor foundation block is strong enough to 
support both wall models during testing.  Uplift forces in the foundation anchor blocks did 
not exceed the calculated maximum, and the maximum stress was only exceeded over less 
than 23% of the right anchor block area.  Results were verified through refinement analysis, 
and the inclusion of gravity loads in the computer testing proved to further decrease both 
the uplift forces and stress at the anchor blocks.  The wall and foundation designs are 
therefore adequate for laboratory testing, and shall be utilized in future research work. 
 

                                                 
∗ email: collinh@umich.edu 



TIME-FREQUENCY ANALYSIS OF WAVE AND SEISMIC TIME HISTORIES  
 
Megan McCullough∗ 
University of Notre Dame 
 
Ahsan Kareem 
University of Notre Dame 
 
Tracy Kijewski-Correa 
University of Notre Dame 
 
ABSTRACT 
 
Time-frequency analysis becomes a useful tool when analyzing non-stationary and nonlinear 
signals such as those from waves and seismic activities. Wavelet transform which produces a 
time-frequency distribution of energy, has the ability to discern high intensity, short duration 
frequency components and thus identify transient signals of non-stationary processes. 
Traditional analysis methods, such as the Fourier Transform, have a stationary assumption 
and therefore lose all time information during the transform. In addition, short-lived 
components become spread over the entire frequency range. Wavelet analysis, however, 
reveals bands of frequencies present within specific time intervals. Good resolution in both 
time and frequency simultaneously is not always possible due to the Heisenberg Uncertainty 
Principle (HUP), but wavelet transform has the ability to adjust the resolution within the 
bounds of HUP to reveal the characteristics necessary for the specific analysis. Both a 
primary analysis with good frequency resolution and a secondary analysis with good time 
resolution may be done and compared side by side to improve the results of the analysis of 
the signal. The ability to distinguish different frequency bands present at specific intervals of 
time is an important feature of wavelet transform that can provide important information 
about how the events will affect a given structure. In addition, wavelet transform has the 
unique ability to eliminate noise in a signal by eliminating or altering the wavelet coefficients 
below a predetermined threshold. Tsunamis, such as the one that occurred in the Indian 
Ocean on December 26, 2004, are often triggered by underwater earthquakes. Analysis of 
the earthquake signals as well as the resulting waves has the ability to reveal information that 
may be useful when analyzing the response of structures to the event. Information gathered 
may also be able to reveal improved criteria for building design in tsunami prone regions. 
For example, the distribution of energy over a range of frequencies may offer critical 
guidance in predicting structural responses of buildings. Current work is focusing on 
earthquake and ocean waves. This will be followed by the analysis of tsunami-induced waves. 

                                                 
∗ email: mmccull3@nd.edu 



A CROSS-HAZARD APPROACH TO STRUCTURAL DESIGN: LESSONS FROM 
RECONNISSANCE AND PRESCRIPTIVE CODES 
 
Mary Beth Oshnack∗ 
University of Pittsburgh 
 
Tracy Kijewski-Correa 
University of Notre Dame 
 
ABSTRACT 
 
For centuries, natural disasters have tested the resistance and resilience of the built 
environment. Depending on geographic location, the design of a structure is typically 
governed by a single hazard, e.g., seismic forces or the storm surge and high winds of a 
hurricane. Other hazards, such as the impact wave loading of tsunamis, are rarely considered 
due to their perceived infrequency and thus lack codification. However, while each 
distinctive disaster subjects the structure to a unique loading condition, there are noticeable 
similarities in the failure modes that result. For instance, bridge uplift, column failures, and 
façade washout experienced in Thailand during the Indian Ocean Tsunami of 2004 parallel 
those seen on the Mississippi Coast during Hurricane Katrina, which struck the US eight 
months later. Interestingly, the failure of structural elements like columns also bears an eerie 
similarity to those observed in earthquakes like Northridge (1994) and Kobe (1995). This 
implies that design strategies successful in countering the effects of one hazard may indeed 
be extrapolated to related hazards such as tsunamis. 
 
To test this hypothesis, reconnaissance from recent natural disasters is reviewed and 
commonalities in failure mechanisms and successes are identified. Load effects from 
prescriptive codes and standards (IBC 2006, ASCE 7-05) are then determined for various 
hazards and compared to the observed load effects in these disasters. The resulting load 
cases are applied to finite element models of structural members representative of the 
regional construction practices and the resulting failure is compared to the reconnaissance 
data to determine if the prescribed load effects are faithful. Specifically, load effects and 
structural performance in better understood hazards like earthquakes and hurricanes are 
compared to less-understood phenomena like tsunamis to determine appropriate load 
scenarios. Preliminary results indicate, for example, that even modest US seismic provisions 
would have generated base shears greater than those observed in the 2004 tsunami and thus 
well-established seismic methodologies may be suitable for extrapolation to tsunami-resistant 
design both in the United States and abroad. The end result of this cross-hazard analysis will 
be a recommendation for appropriate load effects and design remedies for tsunami loads. It 
is hoped that through such cross-hazard investigations, the lessons learned from successes 
and failures under one hazard can be extrapolated to help prevent future failures. 

                                                 
∗ email: mao21@pitt.edu 



FRAMEWORK FOR EVALUATING THE SUSTAINABILITY OF POST-
TSUNAMI HOUSING RECONSTRUCTION PROJECTS IN COASTAL 
FISHING VILLAGES AROUND THE INDIAN OCEAN 
 
Emily Kunen∗ 
Brown University 
 
Ahsan Kareem 
University of Notre Dame 
 
 
ABSTRACT 
 
Losses from natural disasters are due to the interaction between the hazard itself, society, 
and the built environment. Most deaths resulting from natural disasters occur in the 
developing world and are because of structural failures. The 2004 Indian Ocean tsunami 
demonstrated the direct relationship between quality of construction and losses from the 
event. Fishing villages in countries affected by the tsunami experienced especially great losses 
in terms of lives, housing and built-infrastructure, culture and society, the environment, the 
economy, capacity to govern, and local empowerment. Each of these components must be 
addressed in reconstruction efforts such that what was lost and damaged is replaced, as well 
as to avoid recreating the disaster, and place communities on a path towards sustainable 
development. Many of the housing reconstruction efforts in these villages have been done in 
ways that are not appropriate for the particular community. The focus of housing 
reconstruction projects has often been on designing structures which are better able to 
withstand tsunami loads without considering socio-cultural, environmental, economic, or 
political constraints, and without efforts to re-empower the local community. This research 
will develop damage-probability matrices for four reinforced concrete columns against 
tsunami-induced loads corresponding to waves up to 4 meters in height. When applied with 
the probability of occurrence of these hazards, it is possible to determine associated levels of 
risk. The research will also include a framework to evaluate additional components necessary 
to consider in the design of sustainable structures. The six areas considered for evaluating 
the sustainability of these structures are structural survivability, socio-cultural acceptability, 
environmental impact, economic feasibility, involvement of political infrastructure, and local 
focus and empowerment. Although this framework can be used to design more sustainable 
structures, it must also be recognized that safer housing cannot be the sole means of 
reducing losses associated with natural disasters. 

                                                 
∗ email: emily_kunen@brown.edu 


