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GARRY H. GREGORY

A
s I assume the role of your Geo-Institute 
president, I’ve been considering the 
relationship between research and practice 

in geotechnical engineering. Are the trajectories 
of research and practice converging, or diverging? 
How does the relationship between the two com-
pare to the relationship some 40 to 50 years ago? 
These two aspects of our profession are widely 
recognized as important, but do they really matter 
individually, or only when considered together? If 
we consider the trajectories of both research and 
practice to be bands rather than lines, then the 
lower portion of the research band and the upper 
portion of the practice band should ideally be 
parallel and constantly overlap, although perhaps 
by varying amounts over time. But do they?

Looking back a half-century, I believe a significantly larger 
percentage of our journal papers contained research that could 
be applied in practice almost immediately, or at least within a few 
years. Today, our journals are a fantastic outlet for research publi-
cations, but many of the manuscripts do not contain information 
that can be absorbed into practice within a reasonable period of 
time, or perhaps ever in some cases. There are always a few papers 
that contain practical and applicable material, but the percentage 
appears to be much less than in the past. Moreover, 50 years ago, 
practitioners were much more likely to publish the results of their 
work and join in the discussions. It also appears that research 
of the past was embraced and incorporated into practice much 
sooner than it is currently. Undoubtedly, part of our reluctance 
today is fear of liability. While the concern for liability is very 
real, this fear may have caused an unjustified shying away from a 
reasonable application of research theory into the emerging state 
of practice.

From the President

The Trajectories of 
Research and Practice

RESEARCH

PRACTICE
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I suggest that the trajectory bands of research and practice 
no longer continuously overlap at their boundaries, but only 
intersect when an occasional downward spike in the research 
band intersects with an upward spike in the practice band. 
We’ve made tremendous strides in some of our analysis 
capabilities resulting from focused research being adopted into 
practice. Powerful analysis techniques have been developed 
and incorporated into user-friendly computer software 
programs that are readily available and widely used in practice. 
Complex analyses that took oversimplification of the problem 
and weeks of hand calculations 50 years ago can now be 
completed in a very short time. But the amazing improvements 
in analytical techniques probably represent only an occasional 
simultaneous spike in the research and practice trajectories 
when considering the total volume of research publications. 
In recent years, we’ve seen a plethora of research papers 
presenting dozens of detailed and highly theoretical models 
for performing these same analyses, but most are not practical 
to adopt into practice. Moreover, these new models offer little, 
if any, improvement in accuracy or usefulness over the more 
practical techniques already adopted.

In my view, improvements in field exploration and labora-
tory testing practices have lagged behind analyses techniques. 
Far too much of our practice is still based on the split-spoon 
sampler and the standard penetration test (SPT), an occasional 
“undisturbed” Shelby tube sample, and the unconfined com-
pressive strength test — the same as 50 years ago! Research 
has probably not been as focused in this area as it could be. 
Perhaps more research is needed in field exploration and 
laboratory testing rather than in additional impractical models. 
It seems that research in these areas has made more progress 
than the practice sector has been willing to embrace on a 
widespread basis. For example, research has resulted in very 
significant improvements in field exploration techniques such 
as CPT, pressuremeter, and geophysical methods, including 
interpretation techniques, which have not been adopted in 
practice to the extent that should have occurred. Laboratory 
equipment has improved strikingly, and automated devices are 
widely available, but we are still testing too many low-quality 
samples in practice.

Of course, these are just my personal observations, and 
many exceptions can be immediately cited. However, I believe 
there’s a definite disconnect between research and practice 
in a significant portion of our profession today. There are 
undoubtedly numerous reasons for this situation, but a few 
may be obvious if we compare the present to 40-50 years ago. 

At that time, it seems that a higher percentage of academics 
were heavily involved in consulting on real projects. Also, 
more practitioners were regularly engaged with academics 
(if not part-time educators themselves) to better understand 
the research and how to apply it in practice. The pressure 
on academics to constantly publish and the ever-increasing 
budget and schedule pressures on practitioners have probably 
eroded this relationship.

So, what do we do? This is a cultural condition that has 
developed over time, and it’s not easy to resolve. First, we 
must be willing to admit that there’s a problem. Second, we 
can encourage our academics to become more involved in 
actual consulting, and our practitioners to engage more with 
academics. And finally we need to find ways to work more 
collaboratively in our daily professional lives and in our 
conferences, meetings, and committees.

In many aspects, the dilemma mirrors a junior high 
dance: all the boys are on one side of the room, all the girls 
are on the other side, and each side is afraid to approach 
the other. Very little dancing or getting to know each other 
can happen that way! We have tremendous talent in our 
profession in both academics and practitioners, especially 
in our young geoprofessionals. I’m confident that working 
together we can once again achieve a continuous overlap in 
the trajectory bands of research and practice. Our profession, 
our clients, and the public will benefit greatly if we join 
forces to make this happen. 

Garry H. Gregory, PhD, PE, D.GE, M.ASCE
Geo-Institute President
ggregory@gregeo.com



When I travel to other 

parts of the U.S. and note 

that I am from California 

(I’m a native, in fact), I 

inevitably end up talking 

about Silicon Valley, the 

great weather, how the 

Golden Bears football 

is going to be great next year, the high home 

prices, “left-coast politics” — and earthquakes. 

Some people I’ve met during my travels very 

seriously want to know when it is expected that 

California will fall into the sea. For those of you 

that love your iPhones and blockbuster movies, 

you’ll be happy to know California isn’t going 

to fall into the ocean, but living with the risks of 

earthquakes is something Californians and others 

residing in earthquake-prone parts of the world 

must accept. There’s no doubt that earthquakes 

are scary and can occur without warning. No 

matter where an earthquake takes place, without 

consideration of the potential for earthquake 

loading, even moderate levels of shaking can be 

highly destructive.

What’s Inside?
The GEOSTRATA Editorial Board is pleased to present this 

issue with a focus on Earthquake Geotechnics. We encourage 
everyone to read the commentary by Professor Izzat M. Idriss, 
which reminds us of the very significant advancements 
geotechnical earthquake engineering has made in just the last 
50 years or so. It’s quite astonishing to be reminded that just a 
generation ago, the effects of local subsurface conditions on 
ground responses were just beginning to be codified into struc-
tural design. This issue continues with article topics ranging 
from communicating earthquake risk, to microbiologic ground 
improvement, to new insights regarding liquefaction triggering.

In “Performance-Based Earthquake Engineering,” Steven 
Kramer and Menzer Pehlivan discuss how using general sub-
surface assumptions can compound uncertainty and lead to 
more expensive construction. These are costs that can be read-
ily recouped by reducing geotechnical uncertainty through a 
more thorough investigation and performance-based design.

Ellen Rathje and Kevin Franke discuss the positive 
impacts that remote sensing via digital imagery are 
having in making observations and measurements of 
earthquake-damaged areas, and how future technologies 
promise the ability to improve our measurements of various 
earthquake phenomenon.

Russell Green and Brady Cox, in “The 2010-2011 Canterbury, 
New Zealand, Earthquake Sequence,” highlight the importance 
of post-earthquake reconnaissance and study. In particular, 
this article offers new insights about liquefaction triggering that 
were gleaned from the study of sites around Christchurch.

Tom Boardman’s “You Designed It for the Big One, Right?” 
illustrates some of the challenges engineers face when 
answering the seemingly simple question of describing the 
earthquake that a project is designed for.

A colleague once explained to me that there are more bac-
teria in a handful of sand than there are people on the planet. 
Edward Kavazanjian, Jr., and Jason DeJong put microbes to 
use in “Biogeotechnical Mitigation of Earthquake-Induced 
Soil Liquefaction” — an article that outlines how to improve 
seismic performance properties of the ground. This fascinating 
technology has the potential to disrupt ground improvement 
practices significantly.

In this issue’s installment of “Lessons Learned from 
GeoLegends,” Christine Beyzaei and Chris Markham interview 
Kenji Ishihara, renowned internationally for his teaching, 
research, and consulting in geotechnical earthquake engineer-
ing. Professor Ishihara talks about how his interest in applied 
mathematics led him to soil mechanics and earthquake 
engineering, travel to study in the U.S., and work-life balance.

All this, plus our GeoPoet’s “Earthquake Haikus,” deliver 
a jam-packed issue on earthquake geotechnics. We hope you 
enjoy it. 

This message was prepared by BRIAN HUBEL, PE, GE, M.ASCE. 
Brian can be reached at hubelb@bv.com.

From the Editorial Board

BRIAN HUBEL
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Board of Governors Update

Greetings,

The Outreach and Engagement Committee (OEC) is a 
Board-level Geo-Institute committee that was established in 
November 2015 as a transition from the former Diversity and 

Inclusion Committee. The OEC’s 
mission is to engage the full breadth 
of our members, reach out to other 
groups and organizations that are 
impacted by geotechnical engineer-
ing, and leverage the geo-profession 
industry throughout society. While the 
OEC embraces the goals of the former 
Diversity and Inclusion Committee, 
it also aims to develop a collaborative 
environment for interaction between 

all G-I members. We host outreach activities to promote the 
geo-profession to the next generation of engineers and expand 
our efforts as much as possible to reach out to everyone. 

As Kord Wissmann (Past President, Geo-Institute) said 
during the 2016 Geo-Structures convention in Phoenix, AZ, the 
primary goal of the G-I is to become the place that is “home” 
for all geo-professions and other allied disciplines. The OEC 
plays a crucial role in achieving this goal by helping break 
down barriers such as race, ethnicity, religion, age, gender, 
sexual orientation, nationality, or physical challenges. As such, 

we are developing programs and activities that will encourage 
geo-professionals to build a more inclusive and collaborative 
community. This year, we’ve initiated a GI-OEC photo contest 
for Geotechnical Frontiers 2017 in Orlando, FL. This contest 
will provide an opportunity for members to demonstrate their 
photography skills while giving them the chance to be featured 
in the Conference Program. In addition, we are working 
together with the GeoFrontiers organizing committee to 
develop a family day for conference participants to have their 
families visit the exhibition halls. This will not only give the 
participants the chance to show-&-tell their profession to fam-
ily members, but also develop a stronger sense of community 
by strengthening the bonds between members. 

With outreach being a main focus of the OEC, we aim to 
engage and collaborate with local high schools and undergrad-
uate college programs to promote geotechnical engineering 
and bring more interest into our profession. Currently, local 
students can participate in our Geo-Congress by watching the 
Geo-Competitions and talking to geo-professionals to learn 
about geotechnical engineering. The next step is to provide 
and incorporate such programs during regional conferences. 
We hope to attract the interest of the next generation of engi-
neers while exposing them to the rich, diverse, and welcoming 
environment of geo-professionals through the G-I. 

The G-I is composed of many members who develop feasi-
ble solutions for complex projects around the world. However, 

One of the Board’s initiatives is to make G-I publications more valuable to our members 

and to increase access to these publications. We have developed a list of publication needs, 

including easy economical access to journal articles, full access to conference proceedings 

with conference attendance, access to historical articles that have not been scanned by 

ASCE, and curated content, and have met with ASCE’s publications staff accordingly. More 

recently, we formed a task force, chaired by Professor Roman D. Hryciw, PhD, M.ASCE, to 

advance G-I’s publication delivery system. Professor Hryciw is a former editor-in-chief of 

the G-I’s Journal of Geotechnical and Geoenvironmental Engineering, a member of the 

Technical Publications Committee, and past chair of the Technical Coordination Council. 

Be on the lookout for exciting developments in publications.

We also want to share with you a letter from Menzer Pehlivan, the chair of our newly 

formed Outreach and Engagement Committee:



the value of our profession is often not well appreciated by 
society. Through the OEC, we are developing programs that 
will help increase society’s awareness of the importance of 
geotechnical engineering in sustainable development. As 
a starting point, we are working with local media outlets at 
the annual conventions to attract the attention of the public 
through the Geo-Congress, and provide a source for conveying 
what geotechnical engineers do and why they are critical to 
national development. 

In addition to developing outreach and engagement pro-
grams for the Geo-Institute, the OEC is also tasked to represent 
the G-I in several ASCE platforms, including the ASCE Diversity 
and Inclusion Committee and the ASCE Institute Advisory 
Committee. We participate in several ASCE committees to 
successfully represent the G-I and collaborate with ASCE and 
the Institutes on developing programs that specially address 
diversity and inclusion topics.

Although newly formed, the Outreach and Engagement 
Committee is working diligently to make the Geo-Institute 
your “home” for the intersection of diverse experiences mixed 
with the foundation for innovation. Besides myself, we have 
dynamic and dedicated committee members Stacey Kuselza, 
John McCartney, and Kofi Achempong, as well as help from our 
Governor-in-Charge Patrick Fox. We hope you take the oppor-
tunity to become actively involved with the Geo-Institute at 
whatever level interests you, and that you enjoy the resources 
and programs of the OEC. 

Sincerely, 
Menzer Pehlivan, PhD, PE, M.ASCE 
Chair, Outreach and Engagement Committee

G-I Board of Governors
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Robert B. Gilbert 
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Kancheepuram N. Gunalan 
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Secretary and G-I Director 
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Manages the day-to-day activities of the G-I
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The Earth Retaining Structures Committee 
(ERS), chaired by Dimitrios Konstantakos, 
PE, M.ASCE, hosted a free web conference 
on August 24. This was the first of its kind 
put together within the Geo-Institute. The 
conference featured six speakers with a com-
bined total of more than 150 years of 
experience. They hailed from around the 

country and came from academia, government, consulting, 
and contracting. More than 1,000 people participated, and 
over 350 unique companies and institutions were represented 
for the 2.5-hour conference. Each participant earned two con-
tinuing education hours while learning from some of the best 
engineers in the earth retention profession. The event can still 
be viewed at https://www.webcaster4.com/Webcast/
ListenPage?companyId= 
1521&webcastId=16650 or by going to the Geo-Institute’s 
YouTube page.

Thanks to all who participated and contributed. The 
event was made possible by a grant from the Geo-Institute 
and exceeded expectations. Special thanks to speakers Keith 
Moser, PE, M.ASCE; Barry Siel, PE, M.ASCE; Kevin Dawson, 
PE, M.ASCE; Stan Vitton, PhD, PE; John Edens, PE; and James 
Schmidt, PE, PEng, D.GE. Special thanks to ERS committee 
members Dimitrios Konstantakos, PE, M.ASCE (chair), Glen 
Anderson, A.M.ASCE (secretary), Fransiscus Hardianto, PE, 
GE, D.GE, F.ASCE, and Joel Dellaria, PE, SE, for turning a good 
idea into a great conference. Look for another event like this in 
2017, in possible partnership with other G-I committees.

The Embankments, Dams, and Slopes Committee hosted a 
panel discussion on August 29 at ASCE headquarters in Reston, 
VA, chaired by Daniel Pradel, PhD, PE, GE, D.GE, F.ASCE. This 
forum brought together four featured speakers with extensive 
knowledge in dealing with the high vulnerability of levees 
worldwide, and the disastrous human and economic losses 
that occur when they fail. Leslie F. Harder, Jr., PhD, PE, GE, 
F.ASCE, discussed lessons learned regarding the management 
of levees in a changing environment (including the increased 
risk related to aging, global warming, and growing popula-
tions). J. David Rogers, PhD, PE, PG, F.ASCE, spoke about the 
problems related to foundations of levees, the importance 
of locating paleochannels, understanding deposition and 
geologic processes, and the importance of risk assessments. 
Joseph Wartman, PhD, PE, M.ASCE, shared his findings from 
an investigation of Hurricane Katrina levee failures, and 
the impacts of the breaches on New Orleans. Finally, Pradel 
discussed the nature of levee damages (liquefaction, lateral 
spread, and seismic instabilities) along the Tone River, north 
of Tokyo, during the 2011 Mw9 Tohoku earthquake, the impor-
tance of historical records in locating paleochannels, and the 
benefits from simplified numerical models to assess risks.

The Sustainability in Geotechnical 
Engineering Committee, chaired by Jeffrey R. 
Keaton, PhD, PE, D.GE, PG, ENV SP, F.ASCE, 
continues efforts on a special project with its 
six-person working group to systematically 
review the elements of the Envision® Rating 
System for the purpose of identifying where 

geotechnical engineering has relevance. A draft report was 
completed at the end of September. The committee plans to 
meet in Orlando at Geotechnical Frontiers 2017.  

Technical Activities Update

Pradel Harder Rogers Wartman
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Technical Committees

COMMITTEE COMMITTEE CHAIR EMAIL ADDRESS

Computational Geotechnics José E. Andrade, PhD, M.ASCE jandrade@caltech.edu 

Deep Foundations Luis O. Garcia, PE, M.ASCE logarcia@geocim.com

Earth Retaining Structures Dimitrios Konstantakos, PE, M.ASCE dimitrios@deepexcavation.com

Earthquake Engineering and Soil Dynamics Adrian Rodriguez-Marek, PhD, A.M.ASCE adrianrm@vt.edu

Embankments, Dams, and Slopes J. Erik Loehr, PhD, PE, M.ASCE eloehr@missouri.edu 

Engineering Geology and Site Characterization Xiong “Bill” Yu, PhD, PE, M.ASCE xxy21@case.edu

Geoenvironmental Engineering Dimitrios Zekkos, PhD, PE, M.ASCE zekkos@umich.edu

Geophysical Engineering Nenad Gucunski, PhD, A.M.ASCE gucunski@rci.rutgers.edu

Geosynthetics Jorge G. Zornberg, PhD, PE, M.ASCE zornberg@mail.utexas.edu

Geotechnics of Soil Erosion Ming Xiao, PhD, PE, M.ASCE mxiao@engr.psu.edu

Grouting Paolo Gazzarrini, P.Eng, M.ASCE paolo@paologaz.com

Pavements Charles W. Schwartz, PhD, M.ASCE schwartz@umd.edu

Risk Assessment and Management D. Vaughn Griffiths, PhD, PE, D.GE, F.ASCE d.v.griffiths@mines.edu

Rock Mechanics M. Ronald Yeung, PhD, PE, M.ASCE mryeung@cpp.edu

Shallow Foundations Daniel J. Rich, PhD, PE, D.GE, F.ASCE danjrich@yahoo.com

Soil Improvement Kyle M. Rollins, PhD, M.ASCE rollinsk@et.byu.edu

Soil Properties and Modeling T. Matthew Evans, PhD, A.M.ASCE matt.evans@oregonstate.edu

Sustainability in Geotechnical Engineering Jeffrey R. Keaton, PhD, PE, D.GE, PG, ENV SP, F.ASCE jeff.keaton@amec.com

Underground Engineering and Construction Elizabeth Dwyre, PE, D.GE, M.ASCE dwyre@pbworld.com

Unsaturated Soils Laureano R. Hoyos, PhD, PE, M.ASCE hoyos@uta.edu
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COREBITS PEOPLE

Hussein Recognized by PDCA
Mohamad Hussein, PE, M.ASCE, was 

presented the Presidential Award for 

Distinguished Service at the Pile Driving 

Contractors Association’s (PDCA) 20th 

Annual International Conference and 

Expo on May 18, 2016. PDCA President 

Eric Alberghini and Vice President Marty 

Corcoran recognized Hussein for his 

unceasing efforts and dedication to advancing the driven-pile 

industry. 

Hussein is executive vice president of GRL Engineers and 

has managed its Florida office since 1987. In his 30+ years of 

association with the pioneers of foundation testing and analysis, 

he has worked on more than 1,000 deep foundation projects in 

the U.S. and around the world. He has consulted on more than 

300 bridge projects of all sizes in Florida, as well as conducted 

state-of-the-art research on deep foundations in association with 

departments of transportation (DOTs) and universities. 

Hussein frequently organizes educational courses and 

seminars on deep foundations, including directing the ASCE 

Continuing Education Course “Deep Foundations Design, 

Construction, and Quality Control.” He also trains engineers, 

contractors, and state DOTs on foundation testing and analysis, 

frequently co-edits conference proceedings and publications, 

and has prepared 80+ papers, articles, book chapters, and 

presentations on the subject. 

DFI Announces Winner of 2016 Student Paper 
Competition
Youssef Bougataya, EIT, S.M.ASCE, has won the DFI Educational 

Trust 2016 Student Paper Competition. 

The winning paper is titled “Region-Specific Calibration 

of Resistance Factors for Use with Static and Wave Equation 

Analyses of Driven Piles.” It describes how resistance factors for 

use with Load and Resistance Factor Design (LRFD), the Wave 

Equation Analysis of Piles (WEAP), and a static analysis method 

are calibrated for use with piles driven in the Puget Sound 

lowlands. A database of driven piles was used as the basis for the 

interpreted reference capacity. 

Bougataya is a staff geotechnical engineer II at PBS 

Engineering and Environmental in Portland, OR, and recently 

earned his master’s degree in civil engineering from Oregon 

State University. He presented his paper in October at the DFI 

Annual Conference.

Mancini Awarded Medal
The American Geosciences Institute (AGI) has announced that the 

2016 recipient of the Marcus Milling Legendary Geoscientist Medal 

is Dr. Ernest "Ernie" A. Mancini. A Professor Emeritus in geological 

sciences at the University of Alabama, Mancini is being recognized 

for his distinguished career in the geosciences, spanning research, 

teaching, and service. 

He has served in many professional capacities: distinguished 

research professor in the areas of stratigraphy and petroleum 

geology at the University of Alabama; state geologist of Alabama 

and director of the geological survey of Alabama; director and 

founder of the Center for Sedimentary Basin Studies at the 

University of Alabama; the first director of the Berg-Hughes 

Center for Petroleum and Sedimentary Systems at Texas A&M 

University; president of several geoscience organizations, etc. 

He has also been the science and natural resources advisor to 

several Alabama governors and the state legislature. Mancini has 

actively trained students as well as experienced geoscientists 

through short courses, seminars, and technology workshops 

sponsored by geoscience organizations, universities, government 

agencies, and industry.

Mancini's prodigious body of work has led to significant 

advancements in the understanding of the stratigraphy and 

petroleum systems of Mesozoic and Cenozoic strata of the 

Gulf of Mexico basin. The advances made in this region have 

fundamentally shaped geoscientists’ understanding of similar 

depositional and petroleum systems worldwide. In addition to 

more than 400 publications and technical reports, he produced 

and published the first statewide geologic maps of Alabama since 

1926, including the first map at the 1:250,000 scale. 

Mancini formally accepted his award at the Geological 

Society of America’s Annual Meeting in September 2016. The 

Marcus Milling Legendary Geoscientist Medal is given to a 

recipient with consistent contributions of high-quality scientific 

achievements and service to the earth sciences having lasting, 

historic value; who has been recognized for accomplishments in 

fields of expertise by professional societies, universities, or other 

organizations; and who is a senior scientist nearing completion 

or having completed full-time regular employment.  

j   PLEASE SUBMIT company news and  
career achievements to GEOSTRATA  
via geostrata@asce.org.



Students: Learn from an Expert about 
Underground Engineering 
Would you like to invite an engineer working in the design and 

construction of underground projects to address your Student 

Chapter? Experienced underground industry speakers are 

available to address your ASCE/G-I Student Chapter on topics 

such as: 

 o  Geotechnical investigation and geotechnical engineering for 

tunneling

 o Tunnel design

 o Tunneling methods

 o  Soft ground tunnel design and construction by Tunnel Boring 

Machine (TBM)

 o Hard rock tunneling by TBM

 o Sequential Excavation Method (SEM) for tunneling

 o Groundwater control and ground improvement for tunneling

 o  Designing and monitoring for protection of existing structures 

during underground construction

 o Geotechnical considerations and seismic design of tunnels

 o Tunnel inspection and rehabilitation

 o A day in the workplace — a young tunnel engineer’s perspective

 o Or perhaps another topic you have in mind

Speaker travel expenses will be reimbursed.

Apply today at students.geoinstitute.org/student-chapters- 

invite-speaker-underground-engineering-construction. 

Applications will be accepted on a rolling basis for the Spring 

2017 semester until March 20, 2017.

This program is sponsored by the Underground Engineering 

& Construction Technical Committee (UE&C TC) of the Geo-

Institute (G-I) of ASCE and the Underground Construction 

Association (UCA) of the Society for Mining, Metallurgy & 

Exploration (SME).  

COREBITS STUDENTS
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50+ Years of Geotechnical Earthquake 
Engineering – What Have We Learned?

As I See It

By Izzat M. Idriss, PhD, PE, GE, NAE, Dist.M.ASCE

Earthquake Geotechnics, as it is designated in this issue of GEOSTRATA, or "Geotechnical 

Earthquake Engineering," as I prefer to call it, has come a long way over time. There 

have been many major earthquakes during this period, and we have learned a lot from 

post-earthquake studies coupled with field investigations, laboratory testing, and physical 

and numerical modeling. Although many performance patterns and observations tend 

to repeat from one earthquake to another, there is invariably something unique about 

each earthquake. The totality of observations and the valuable lessons learned from 

post-earthquake studies and associated activities over the past 50+ years have improved 

our state of knowledge, state of the art, and state of practice in all earthquake-related 

engineering fields and especially in geotechnical earthquake engineering.

Slide in the upstream shell of the Lower San Fernando Dam after 

the 1971 San Fernando earthquake. (Photo courtesy California 

Department of Water Resources.)
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The field was initially led and driven by a 
few brilliant and far-sighted individuals. 
They are too many to mention in this 
commentary, but one individual stands 
out as the "originator," or as some have 
called him, the "father" of the field of 
geotechnical earthquake engineering. 
That was Professor H. Bolton Seed, who 
taught at the University of California at 
Berkeley, from the early 1950s until he 
passed away in the spring of 1989. He 
was a teacher, a mentor, an esteemed 
colleague, and a true friend to many of 
us who continued in this field. We should 
also acknowledge the contributions of 
our colleagues in the geological and 
seismological fields to this progress.

There are two aspects to geotechnical 
earthquake engineering. One pertains to 
the effects of earthquakes on soils and 
soil structures (e.g., embankment dams), 
which may result in loss of strength and 
limited or uncontrolled deformations. 
The other aspect is the effects of local 
subsurface (or local site) conditions 
on the transient earthquake ground 
motions.

The effects of earthquakes on soils 
and soil structures have been experi-
enced and recognized for centuries. 
Our abilities to evaluate what happened 
in past earthquakes, and hence to 
estimate what might happen in future 
earthquakes, however, dates back only 
for several decades and started most 
strongly in the early 1960s. By the late 
1960s, the field had advanced signifi-
cantly by creation of the first successful 
cyclic triaxial testing apparatus, the 
introduction of finite elements, availabil-
ity of FORTRAN language, introduction 
of "high speed" computers, introduction 
of the equivalent linear solution, adop-
tion of the direct simple shear apparatus 
to conduct cyclic tests, refinements in 
the resonant column testing apparatus, 
etc. The 1964 Great Alaska earthquake 
(moment magnitude, Mw = 9.2) and the 
1964 Niigata earthquake (Mw = 7.5) had a 
huge influence in increasing awareness 
of these effects and the potential for 
loss of soil strength and resulting 
deformations. These two earthquakes 

also had a huge influence in increasing 
research in these fields. Except for 
nuclear plant sites, however, the impact 
on practice was not significant until the 
1971 San Fernando earthquake (Mw = 
6.6) occurred.

It took a while for the entire 
engineering community, particularly 
our structural engineering colleagues, to 
consider the effects of local subsurface 
(or local site) conditions on transient 
earthquake ground motions. It took 
the recordings and observations from 
the 1971 San Fernando earthquake to 
initiate considerations and eventual 
inclusion of local site effects into the 
building codes in the U.S. a few years 
after this earthquake. Since then, there 
have been numerous earthquakes 
throughout the world that affirmed and 
reaffirmed these effects. Tens of thou-
sands of recordings have been obtained 
on wide ranges of local site conditions. 
These were analyzed and used to develop 
empirically-based models and relations 
that allow us to estimate the range of 

earthquake ground motions that may be 
experienced during future earthquakes. 
These data have been used also, and 
will continue to be used, to refine 
and improve these empirically-based 
relationships and to allow calibration of 
numerical procedures for site response 
and earthquake ground motion simula-
tion studies.

Since the seminal San Fernando 
earthquake occurred in 1971, there have 
been some very significant earthquakes 
in many parts of the world, including 
the 1979 Imperial Valley (Mw = 6.5), 1987 
Whittier-Narrows (Mw = 6.0), 1989 Loma 
Prieta (Mw = 6.9), 1994 Northridge (Mw = 
6.7), 1995 Kobe (Mw = 6.9), 1999 Chi-Chi 
(Mw = 7.6), 1999 Kocaeli (Mw = 7.5), 2010 
Darfield (Mw = 7.0), 2010 Chile (Mw = 8.8), 
2011 Christchurch (Mw = 6.2), and the 
2011 Tohoku (Mw = 9.0) earthquakes, to 
name a few. Each of these earthquakes, 
and a number of others, have added 
to our knowledge and have quite often 
expanded that knowledge. We are very 
fortunate that detailed post-earthquake 

Our abilities to evaluate what happened in 

past earthquakes, and hence to estimate 

what might happen in future earthquakes, 

dates back only for several decades and 

started most strongly in the early 1960s.
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reconnaissance, investigations, and evaluations have been 
supported by U.S. federal and state agencies, and by compara-
ble agencies in other countries. It’s particularly wonderful that 
the various investigators involved in these post-earthquake 
studies and evaluations have cooperated with each other. In 
fact, most, if not all, of these activities have been completed by 
multi-disciplinary teams.

Because of the efforts of cumulative thousands of individu-
als over the years, our knowledge has improved and continues 
to grow. Nevertheless, decades of past experiences have taught 
us to be prepared, to expect some surprises, and to be vigilant 
in our post-earthquake studies and evaluations.

Lessons learned over the last 50+ years have guided us to 
develop many of the procedures currently used in geotechnical 
earthquake engineering. We’ve also made improvements 
because of the previously mentioned post-earthquake 
investigations and evaluations. The many currently available 
field-based procedures and analytical tools have been based, 
calibrated, and augmented based on the results of the latter 
investigations and evaluations. They are refined, and occa-
sionally recalibrated, based on observations from the latest 
earthquakes.

The role of physical modeling has also increased signifi-
cantly over the past two decades. Large shaking tables have 
been installed at a number of facilities, and large centrifuges 
in the U.S., Japan, and other countries have been upgraded. 
These improvements have made it easier to conduct 
larger-scale experiments, which, in turn, have improved our 
understanding of the mechanisms of phenomena like void 
redistribution due to impedance of flow, soil-pile-structure 
interaction, effectiveness of various techniques of soil 
improvement in reducing liquefaction potential, to name a 
few.

Performance-based design has been, and continues to be, 
a major component of geotechnical earthquake engineering. 
The best examples that utilize this approach are embankment 
dams (water as well as tailings) and pile-supported structures. 
That’s because their design is guided by limiting deformations 
and deformation patterns that lead to satisfactory perfor-
mance during future earthquakes — and not by a target factor 
of safety. Greater understanding of the mechanisms involved, 
especially for pile-supported structures, has been gained from 
dynamic tests in the large centrifuges and in large shaking 
tables. Analytical procedures have also been better calibrated, 
and constitutive models have been updated and improved. 
Advances in geophysical measurements have also contributed 
to these gains.

It is also encouraging to observe that many sites and earth 
structures that had been remediated, replaced, or improved 
using the most up-to-date field, laboratory, and analytical 
procedures for their design, have since experienced significant 
shaking levels and have had adequate to excellent perfor-
mance. Those experiences have been and are continually 
examined.

Finally, while few individuals were involved in geotechnical 
earthquake engineering in the early 1960s, their numbers have 
grown into the thousands and promises to continue increas-
ing. Innovations abound, as evidenced by the articles included 
in this issue of GEOSTRATA.  

j IZZAT M. IDRISS, PhD, PE, GE, NAE, DIST.M.ASCE, is professor 

emeritus of geotechnical engineering at UC Davis and a consulting 

geotechnical engineer currently residing in Santa Fe, NM. He is 

recognized as having developed or co-developed many of the 

procedures that are used today for evaluating the behavior of soil sites 

and soil structures during earthquakes. Professor Idriss can be reached 

at imidriss@aol.com.

As I See It

Decades of past experiences 

have taught us to be prepared, 

to expect some surprises, 

and to be vigilant in our 

post-earthquake studies and 

evaluations.
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Lessons Learned from GeoLegends

Professor Kenji Ishihara is a renowned teacher, 
researcher, and consultant whose efforts over the 
last several decades are highly regarded within the 

international geotechnical engineering community. His 
work has been especially paramount in the development 
and advancement of the field of geotechnical earthquake 
engineering, where his research and professional interests 
include soil liquefaction, constitutive modeling of cohesion-
less soils, and field and laboratory characterization of soils. 
He has published more than 280 papers and multiple books, 
served on and chaired multiple technical committees, and 
remains an active member and leader of several Japanese and 
international professional associations and societies.

Ishihara was born in Chiba, Japan. Upon earning his 
bachelor’s degree in civil engineering in 1957, he continued 
his education by completing both his master’s (1959) and PhD 
(1963) at the University of Tokyo. After serving as a lecturer at 
the University of Tokyo from 1963-66, he received a Fulbright 
grant to study for a year in the U.S., which he used to work 
with Professor Ralph Peck at the University of Illinois, Urbana-
Champaign. Upon returning to Japan, Ishihara continued his 
post at the University of Tokyo as an associate professor and 
eventually a professor (beginning in 1977) until his retirement 
in 1995. Since then, Ishihara has been a professor at the Tokyo 
University of Science (1995-2001) and Chou University, Tokyo 
(2001-present).

Throughout his career, Professor Ishihara has been an 
active member and leader of professional organizations 
around the world. He was the vice president of the 
International Society for Soil Mechanics and Geotechnical 
Engineering (ISSMGE) from 1989-1993 and then president 
from 1997-2001. He has also served as president of the 

Kenji Ishihara, PhD
By Christine Z. Beyzaei, PE, Aff.M.ASCE, and Chris Markham, PhD

K. Ishihara at 2nd International Conference 
on Performance-Based Design of Earthquake 
Geotechnical Engineering; Taormina, Italy (June 2012).
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Japanese Geotechnical Society (JGS) 
and the Japan Association of Earthquake 
Engineering (JAEE). Ishihara has 
received numerous honors and awards, 
including the H.B. Seed Medal (ASCE, 
1998), Distinguished Accomplishment 
Award (Japan Society of Civil Engineers, 
2005), and the Order of the Sacred 
Treasure, Gold Rays with Neck Ribbon 
(Emperor of Japan, 2009) for his distin-
guished career and work in the field of 
geotechnical engineering.

Even with such an illustrious career 
and resume, Professor Ishihara remains 
very humble and approachable. His 
kind nature was apparent during our 
conversation, and it was easy to see why 
he has been an extremely successful 
professor and consultant. It was an 
honor and privilege to speak with one of 
the true leaders and pioneers in the field 
of geotechnical earthquake engineering.

Q: What inspired you to pursue engi-

neering, and eventually geotechnical 

earthquake engineering, especially 

since it was a relatively young field at 

the time?

It’s a long story. When I entered the 
university, there were three divisions in 
the natural sciences and two in human 
science. My classmates and I could 
apply to any of these five courses of 
study.

When I was in high school, I wanted 
to go to the University of Tokyo, the 
most well-known university in Japan. 
I succeeded in entering the natural 
sciences area of study. All the students 
were placed in general education at a 
separate campus for the first one and a 
half years. At this stage, our future pro-
fession was yet to be decided. Then, we 
could apply to the division of our pref-
erence. There were eight engineering 
divisions: architecture, naval structures, 
civil, chemical, electrical, mechanical, 
mining engineering, and mathematical 
physics. I didn’t like drawing, so archi-
tecture wasn’t an option for me. I also 
didn’t want to work in a factory, so I 
eliminated chemical, mechanical, and 
electrical engineering, naval structures 
and so on, without knowing what would 
happen. Civil engineering was the 
only one left! It seemed to me that civil 

engineering offered a wide range of job 
opportunities, from the government 
officials taking care of public matters, 
to the construction industry and the 
railway companies, electrical power 
companies, and gas companies. Thus, 
my decision to enter civil engineering 
came about by the rule of elimination.

Once I began studying civil 
engineering, I became very interested 
in the application of mathematics to 
engineering, or “applied mechanics.” 
Professor Takeo Mogami had written 
textbooks on applied mechanics that 
referred to old English books, such as A 
Treatise on the Mathematical Theory of 
Elasticity by Love, and On the General 
Theory of Elastic Stability by Southwell. 
I read those books. They were magic 
to me because I discovered so many 
natural phenomena could be described 
by means of applied mathematics. I felt 
enchanted and wanted to pursue these 
topics. One year after entering the civil 
engineering department, I had to make 
a decision regarding what lab I should 
belong to, so I chose Professor Mogami’s 
laboratory. Fortunately, there were 

From left: K. Ishihara and M. J. Hvorslev (1970). In-situ sampling of exposed surface at a landslide on Ontake 
Mountain, Japan (1985).
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not many students wanting to chase 
that route. Thus, I belonged to the soil 
mechanics laboratory.

Soil mechanics was still in its early 
stage of development, particularly in 
Japan. On the other hand, the U.S. and 
England had advanced further. But 
when I entered the soil mechanics lab 
(1955), it was only about 10 years after 
the end of World War II — a time when 
many countries were still recovering 
from ruin and were very poor. In 
contrast to my expectations, Professor 
Mogami didn’t show much interest in 
applied mechanics and changed his 
focus to soil mechanics. I now strug-
gled by myself to find a new subject of 
my own interest. After reading many 

papers, I eventually discovered the 
subject of elasticity dealing with effects 
of stiff surface layers underlain by 
soft materials which are subjected to 
surface loads (i.e., a two-layer system 
in a half-space). Several solutions to 
this problem were already available, so 
I attempted, with success, to obtain the 
exact solution for the two-layer system 
consisting of viscoelastic material. This 
became the subject of my PhD thesis. 
Afterward, Professor Mogami suggested 
that I get involved in measurements 
of earth pressures during subway 
construction excavations. I reluctantly 
agreed to do so. We measured the earth 
pressures by installing vertical pipes 
in a sand-filled hole behind sheet pile 

walls with instrumentation to measure 
pore water pressure and earth pressure.

Q: Could you participate in 

international research during grad-

uate school? How did you become 

involved with the international 

engineering community?

In 1964, I had published two papers. 
The first paper was on earth pressure 
measurements, and the second was 
on two-layer systems. I wrote a letter 
to Professor Ralph Peck expressing 
my wish to study at the University of 
Illinois. I also sent him my two papers. 
He was intrigued by them, as you 
can well imagine. After reading them 
both, he asked me two very interesting 
and important questions about 
arching actions for the embedded pipe 
method of sheet pile earth pressure 
measurements. I still remember those 
questions, especially because I was 
unable to answer them correctly. I 
followed up with a letter, and he was 
very kind! In fact, he was kind enough 
to make an application to the research 
board at the University of Illinois. The 
board accepted our application, and 
I was allowed to go to the University 
of Illinois. With financial assistance 
from the University of Illinois and the 
Fulbright Program, I came to the U.S. 
for the first time in 1966. There was 
an orientation program held at the 
University of Washington in the sum-
mer. My wife, our first daughter, and 
I stayed in a student dormitory. I still 
remember there was a young assistant 
professor, Mehmet Sherif, who had just 
graduated from Princeton. I had met 
him at a party at UW. The UW president 
knew I was interested in soil mechan-
ics, so he invited Sherif. This was the 
first time I met a young soil mechanics 
colleague in the U.S. We got to know 
each other very well. Unfortunately,  
he passed away much too young 
around 1990.

Lessons Learned from GeoLegends
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During that first year in the U.S., I was 
not able to speak English very well, and 
there were some mistakes during our 
travel, but somehow I managed to reach 
Urbana-Champaign. Professor Ralph 
Peck and his wife were very kind; they 
even prepared a special crib for our 
young daughter. We settled down in an 
apartment with the help of Professor 
Peck, who made all kinds of arrange-
ments for us. We spent one year at 
Illinois, for which I still feel the deepest 
thanks. While I didn’t actually work with 
Ralph Peck, he was quite flexible and 
available. I very much enjoyed the stay 
at the University of Illinois.

There were many famous professors 
in the civil engineering department 

at Illinois, and above all was the head 
of the department, Nathan Newmark. 
Do you know of Professor Newmark? 
[Laughs] He wrote a letter officially 
inviting me to the University of Illinois. 
After that, I had a number of chances 
to establish friendships with many 
distinguished engineers in the U.S. 
Among them, Professor Harry Seed, 
who established close cooperation with 
us after the 1964 Niigata Earthquake, 
the late John Lysmer, Liam Finn, and 
Marshall Silver stayed with us at the 
University of Tokyo for about one 
year. Bill Marcuson invited me to the 
Waterways Experiment Station in 
Vicksburg, MS, to talk about the Niigata 
earthquake. They were the people who 

profoundly influenced me during my 
early U.S. collaborations.

Q: Now that you’ve retired from 

teaching, what have you been work-

ing on recently?

Right now I’m doing consulting 
with Professor Jonathan Bray (U.C. 
Berkeley), and I’m also now heavily 
involved with review of soil investiga-
tions along the eastern coast of Japan, 
where oil refineries and oil storage 
firms are located. We anticipate a huge 
earthquake (M=8.5~9.0) will occur in 
the near future, with a probability of 80 
percent. The government has become 
very concerned after the 2011 Tohoku 
Earthquake and has appropriated 
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considerable funding to investigate the 
event. The government encouraged 
several firms to make proposals for 
the soil investigation and evaluation 
of liquefaction, lateral flow, and so 
on. Approximately 40 companies 
submitted proposals. The Japanese 
government worked very hard with the 
consultants to conduct sampling, lab-
oratory testing, and in-situ shear-wave 
velocity logging. From time to time, 
the companies have submitted interim 
reports. I am part of a committee that 
reviews them. There have been several 
other committee activities in Japan that 
I have been involved with, in relation to 
remedial measures for liquefaction- 
affected private houses. This has become 
a greater concern, as the problem of 
liquefaction has shifted largely from 
the safety of large public facilities to 
small-scale residential land. Thus, 
the number of landowners claiming 
damages has drastically increased after 
the 2011 earthquake.

Q: How do you balance work and 

home life?

Well, I should start by saying that I 
haven’t always fulfilled my share of the 
duties at home. [Laughs] My wife was 
prudent, taking on the more traditional 
role in the home. She has always taken 
on the domestic things and cared for the 
family, including raising our three girls. 
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My wife has taken care of our children 
so much that she has gained their 
respect, and they are now very good 
friends with each other. Sometimes it 
seems my wife loves our children more 
than her husband. [More laughs] It was 
a four-on-one confrontation at home. 
That’s a difficult proposition, and too 
often I was forced to take refuge in the 
study of soil mechanics. [Even more 
laughs] I appreciate my wife in the sense 
that she has never been too demanding 
and she has always taken care of the 
details of our home life. Our three 
children and their families live nearby, 
within about one hour by car. They visit 
almost every week, and my wife and I 
enjoy their visits very much.

Q: What advice do you have for 

young engineers, and what do you 

think are the most important skills 

for them to develop today?

My professional advice would be first to 
just work hard. I think one of the most 
important things is to have ambitious, 
targeted objectives toward which 
you want to make strides. I think the 
best way to fix the target is to find out 
one or two distinguished forerunners 
whom you wish you could be. In the 
early period, my target scholar was 
Dr. Maurice A. Biot, who published 
important papers on poroelasticity, the 
interaction between fluid flow and solids 
deformation within a porous medium. 
This targeted forerunner may change as 

you develop yourself. You need to have 
an interest — a very strong interest — in 
the subject of your choosing, and if the 
situation permits, spend a lot of time 
on your profession. I consider myself 
to have a bad memory and bad brain 
activities, so I decided to work hard to 
fulfill my intended purpose. At one time 
I set a goal of writing four papers per 
year, and to submit them to journals 
for publication. I achieved this goal for 
several years and think this constitutes a 
significant contribution.

Beside setting ambitious goals and 
working hard, good colleagues are of 
course very important in the sense that 
they help drive scholarship through 
discussion and healthy competition. 
Overall, I think having good friends 
and good teachers is very important 
throughout an engineer’s career.  

After our interview concluded, Professor 
Ishihara stayed for coffee to discuss our 
PhD research topics and to show us pho-
tographs from his early collaborations 
and research activities. He provided some 
of those photographs to accompany this 
interview.
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There’s been a lot of talk, and 

some confusion, lately about 

performance-based earthquake 

engineering (PBEE). Many geotechnical 

engineers wonder — what is it, how 

does it differ from what I’ve been doing, 

and what does it mean for me and my 

practice? PBEE is a process that seeks 

to predict the seismic performance of 

structures and facilities in ways that are 

useful to a wide variety of stakeholders 

and decision-makers. PBEE requires the 

integrated and collaborative efforts of 

several groups of earthquake professionals, 

including geotechnical engineers. In 

seismically active areas, PBEE can provide 

very positive economic benefits for 

geotechnical engineers and their clients.
The seismic performance of a structure or facility can be 

described in many ways, and some are more useful than others 
to different stakeholders. While the permanent displacement 
of a marginally stable slope after an earthquake may be a 
good indicator of performance to a geotechnical engineer, an 
estimator may be more interested in the number and width of 
cracks in the slab of a structure at the top of that slope. And the 
cost and time required to repair that slab may be of greatest 
interest to the owner of the structure. PBEE offers the ability to 
express performance in all of those terms.

Geotechnical engineers have always been interested in 
performance, and have long recognized that serviceability is 
related to deformations — we consider allowable deformations 
in addition to strength considerations when we design 
foundations, retaining structures, and slopes because we know 
that large deformations lead to damage, and damage leads to 
losses. In past practice, however, measures of performance 
(deformations, damage, and loss) were often inferred from 
force- or stress-based quantities such as factors of safety, which 
were chosen for design with consideration of uncertainty and 

By Steven L. Kramer, PhD, M.ASCE, and 

Menzer Pehlivan, PhD, PE, M.ASCE
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consequences of failure. PBEE allows geotechnical engineers to 
calculate measures of performance directly.

Hazard, Risk, and Performance
A number of terms are used to describe earthquakes and their 
potential effects, among them being “seismic hazard” and 
“seismic risk.” Though often used interchangeably, seismic 
hazard and seismic risk have specific and different meanings. 
A seismic hazard is a natural, earthquake-generated phenome-
non such as ground shaking, fault rupture, or soil liquefaction. 
Seismic risk, on the other hand, describes the damage or loss 
caused to elements of the built environment that are exposed 
to a seismic hazard. Whether a high seismic hazard leads to 
high seismic risk depends on the vulnerability of the structures 
and facilities exposed to the hazard. In simple terms:

Seismic Risk = Seismic Hazard x Vulnerability

This equation shows that high hazard doesn’t necessarily mean 
high risk if the vulnerability is low, and vice versa. Seismic risk 
can be very high, however, when both hazard and vulnerability 
are high.

The process by which performance can be evaluated can be 
broken down into five stages as shown in Figure 1. An earthquake 
produces ground motions, which cause structures and facilities 
to respond dynamically. If that response is excessive, it can 
lead to physical damage, and damage produces losses that can 
include casualties, repair costs, and loss of serviceability (often 
referred to as the “three D’s” — deaths, dollars, and downtime). 
The first three boxes in Figure 1 would typically fall under the 
heading of seismic hazards and the latter two under seismic risk.

Uncertainty and Performance Prediction
Whether designing new structures or evaluating existing ones, 
earthquake engineers need to predict seismic performance. 
Because each step of the progression shown in Figure 1 — and 
the analyses that lead from one step to another — are uncer-
tain, performance prediction is necessarily probabilistic. The 
Pacific Earthquake Engineering Research (PEER) Center devel-
oped a framework for PBEE that describes ground motions in 
terms of Intensity Measures (IMs), system response in terms 
of Engineering Demand Parameters (EDPs), physical damage 
in terms of Damage Measures (DMs), and losses in terms of 
Decision Variables (DVs). The framework is encapsulated in 

an equation that allows explicit consideration of uncertainty 
associated with each step, and accounts for it in a logical and 
consistent manner.

In the PEER framework, ground motions are defined based 
on a probabilistic seismic hazard analysis (PSHA), which con-
siders, for all earthquake sources, all anticipated combinations 
of earthquake magnitude, location relative to the site of inter-
est, and the distribution of potential IMs that can be produced 
by each magnitude-distance combination. The results of a 
PSHA are typically expressed in a ground-motion hazard curve, 
which shows how often different levels of ground shaking are 
expected to be exceeded. Weak levels of shaking (low IMs) may 
be exceeded relatively frequently at a given location and strong 
levels of shaking (high IMs) much more rarely. The reciprocal 
of the mean annual rate of exceedance of an IM is known as its 
return period; low IMs have short return periods, and high IMs 
have long return periods.

With some simplifying assumptions that are reasonable for 
illustrative purposes, the PEER framework allows the relation-
ships between IMs, EDPs, DMs, and DVs to be written in closed 
form, i.e., as exact mathematical expressions. Furthermore, 
these parameters can be expressed in modular form with the 
same basic solution being used to go from IM to EDP, from 
EDP to DM, and from DM to DV.

The modular solution at each step can be divided into 
two parts: one based on the median relationships between 
the variables, and a second based on the uncertainties in 
those relationships. The second part acts as an “uncertainty 
amplifier” that increases the value of the computed variable 
for a given return period. A higher uncertainty in the median 
response prediction for a given ground motion level, for exam-
ple, will lead to a higher expected level of response for a given 
return period. Thus, the expected value of any performance 
measure such as response, damage, and loss can be decreased 
by reducing the uncertainties associated with the parameters 
and the analytical procedures used to predict them. The 
impacts of uncertainty and the recursive use of the modular 
solution are illustrated schematically in Figure 2.

The Geotechnical Engineer’s Role in PBEE
Geotechnical earthquake engineers are primarily involved with 
the prediction of ground surface motions and the response of 
soil-structure systems. As geotechnical engineers have known 
since the early days of the profession’s existence, geotechnical 

Seismic hazard and seismic risk have specific  
and different meanings.
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problems are fraught with uncertainty. Soil conditions are 
spatially variable, subsurface investigations are limited, and 
field/laboratory tests may include measurement errors. These 
limitations can increase uncertainties associated with the 
input parameters and thus limit the accuracy of the predictive 
models, which range from simple empirical models to detailed 
analytical models. Simple empirical models either ignore or 
greatly simplify the physics of the phenomena being predicted 
and often lead to high levels of uncertainty. Detailed analytical 
models might better represent the physics of the problem; 
however, they may require additional data, engineering time, 
and computational effort.

Geotechnical engineers try to minimize uncertainties by 
performing more extensive subsurface investigations and more 
advanced and complete response analyses. However, budget 
and schedule constraints often limit these attempts. PBEE can 
show how such limitations lead to greater uncertainty, and 
therefore to higher expected levels of damage and loss. In a 
design situation, the increased uncertainty leads to increased 
construction costs. In its fullest implementation, PBEE allows 
the geotechnical engineer to estimate the effects of uncertainty 
on construction costs and earthquake losses.

The Value of Geotechnical Services
No one doubts that geotechnical engineering is required for 
the design of new structures and reliable evaluation of the 
safety of existing structures. The PBEE framework offers the 
potential to demonstrate the value of geotechnical earthquake 
engineering services by comparing levels of losses both 
with and without the reductions in uncertainty that detailed 
subsurface investigations and response analyses can provide. 
The reductions in losses that would result from more detailed 
geotechnical services can be compared to the additional cost 
of those services to determine their value to the owner and to 
society at large. This type of analysis can be illustrated with 
an example based on the previously described closed-form 
solution for response, damage, and loss. Although a number of 
approximations and simplifications have been made, the fol-
lowing example illustrates representative analyses that can be 
performed and the kinds of information that can be obtained.

Example PBEE Analysis
Consider an estimated $5 million, three-story reinforced 
concrete office building with a 2,000 m2 base footprint that is 
proposed to be built at the top of a slope near Los Angeles. The 

Figure 2. 
Convolution of 
hazard curves 
and the effect 
of uncertainty. 
Applying 
the modular 
relationship 
repeatedly allows 
prediction of 
losses (e.g., 
repair costs) at 
different return 
periods. Note 
that the effects 
of uncertainty, 
which increase 
each Y value, are 
compounded with 
each application.

Figure 1. Schematic illustration of the progression that leads to earthquake losses. 
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site is underlain by 90 m of alluvial sediments. A stability analy-
sis indicates that the slope has a yield acceleration of 0.2g.

Ground motion hazards for the site are readily determined 
using the USGS Interactive Deaggregations website (http://
geohazards.usgs.gov/deaggint/2008). Ground surface motions 
are strongly influenced by near-surface soil conditions, partic-
ularly the stiffnesses of those soils. A limited soil investigation 
suggests a NEHRP Site Class D, which implies a general 
and rather broad range of soil stiffnesses. A more detailed 
subsurface investigation would include direct measurement of 
the stiffness of the soil, typically through its shear wave velocity 
(VS). Recent research indicates that site-specific measurement 
of the shear wave velocities of near-surface soils results in 
uncertainties that are less than half of those associated with 
generic site classes.

To evaluate the potential effects of uncertainty in soil 
stiffness on losses, a suite of rock outcrop ground motions 
consistent with USGS-determined ground motion hazards 
was assembled. A series of site response analyses were 
then performed with the computer program STRATA using 
randomized versions of the baseline shear wave velocity profile 
shown in Figure 3. The shear wave velocities were randomized 
in one case with the level of uncertainty expected for a generic 

site classification, and then again with the reduced uncertainty 
expected for the case in which site-specific velocity measure-
ments were made.

The resulting ground surface motions were used as 
inputs to sliding block analyses to estimate the permanent 
displacements associated with movements on the underlying 
sliding surface. Those analyses showed that the uncertainties 
in slope displacement for spatial variability associated with 
site-specific VS measurements were 45-60 percent lower than 
those with spatial variability based on the generic site class.

The computed ground surface motions were used with  
a popular semi-empirical sliding block model for seismic  
displacements modified to account for spatial variability 
effects. A modified version of the ground displacement- 
induced building damage model of Bird, et al. (2006) was 
used to estimate the ground displacements corresponding 
to limit states of slight, moderate, extensive, and complete 
damage. Based on HAZUS data, loss ratios of 2 percent for 
slight damage, 10 percent for moderate damage, 50 percent for 
extensive damage, and 100 percent for complete damage were 
assumed. Uncertainties in the damage states and loss ratios 
were characterized by dispersions (i.e., standard deviations of 
natural logarithms) of 0.55 and 0.50, respectively.

Figure 3. Randomized shear wave velocity profiles: (left) uncertainty associated with generic site class, and (right) uncertainty 

associated with site-specific shear wave velocity measurements. Velocities are truncated at ± two standard deviations.



PBEE can allow geotechnical engineers to demonstrate … the  

long-term value of geotechnical services to owners or clients who 

may wish to cut short-term costs by limiting those services.
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The closed-form solution can be used to compute losses 
associated with different return periods, which can be 
converted to annual probabilities of different levels of loss. 
The annual loss probabilities over some number of years can 
be converted to present values assuming some inflation rate 
(3 percent here), which represent the expected loss associated 
with permanent slope deformations. The expected loss could 
be interpreted as the amount by which a knowledgeable 
prospective buyer would reduce his/her offer to account for 
the risk of future earthquake losses. The expected loss level will 
be influenced by uncertainty in the shear wave velocity, and by 
the type of analyses used to predict the ground movement.

Four possible cases were evaluated, representing all 

combinations of high (no site-specific measurements) vs. 
low (with site-specific measurements) shear wave velocity 
uncertainty, and prediction of slope displacements using 
procedures with uncertainties corresponding to higher and 
lower levels of spatial variability. Figure 4 shows the present 
value of losses for each case and reveals the sensitivity of the 
expected losses to uncertainties in site response and ground 
movement prediction.

For the case in which the lack of shear wave velocity 
measurements produces high uncertainty in soils stiffness, and 
displacements are estimated using generic empirical models, 
the present value of the expected loss is over $1.4 million, or 
nearly 30 percent of the value of the building. If shear wave 
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velocities are measured and site-specific sliding block analyses 
are performed, the resulting reduction of uncertainty drops 
the present value of expected loss to a little over $200,000, or 
less than 5 percent of the value of the building. When fully 
accounted for, the compound effects of uncertainties in 
ground motion, ground movement, damage, and loss can be 
enormous.

The cost of reducing uncertainty that can lead to lower 
predicted losses is the cost of a thorough investigation such 
as drilling two 30-m-deep borings with downhole shear wave 
velocity measurements, performing site-specific site response 
analyses with randomized soil profiles to predict the surface 
response, and performing actual sliding block analyses. These 
costs would likely vary in different parts of the country and 
from practitioner to practitioner, but would likely be on the 
order of $40,000-$60,000, which is clearly a small fraction of 
the additional expected loss based on a lesser investigation. 
Such a difference could determine whether a project would go 
forward, or determine the value a developer or potential buyer 
would assign to the building.

Showing the Long-Term Value
The preceding example is hypothetical and involves a number 
of assumptions and approximations that allowed a closed-
form solution to be used. Damage due to ground shaking 
and losses due to downtime/loss of use, which will be very 

significant to the owner, would also be included in a more 
complete performance evaluation. For an actual case, the 
multiple integrations that lead from IM to EDP to DM to DV 
would be performed numerically, thus allowing more realistic 
relationships between those variables to be used.

Geotechnical engineers intuitively understand the benefits 
of their services, while owners understand time and money. 
PBEE can allow geotechnical engineers to demonstrate, in the 
type of economic terms they appreciate, the long-term value of 
geotechnical services to owners or clients who may wish to cut 
short-term costs by limiting those services. 
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Post-Earthquake 
Reconnaissance U sing 
Digital Imagery

A Bird’s-Eye View
By Ellen Rathje, PhD, PE, F.ASCE, and Kevin Franke, PhD, PE, M.ASCE

A
dvances in geotechnical earthquake engineering often are initiated by obser-
vations from previous earthquakes. For example, after the 1999 earthquake 
in Kocaeli, Turkey, field observations of liquefaction occurrence helped the 
development of liquefaction-triggering relationships as well as criteria for lique-

faction susceptibility of fine-grained soils. As such, reconnaissance efforts are critical for 
evolving the field of geotechnical earthquake engineering, and researchers have placed 
significant emphasis on collecting perishable geotechnical observations and data after 
earthquakes.

Over the last decade, remote sensing has played an increasing role in geotechnical 
earthquake reconnaissance through the use of satellite imagery, LIDAR, and unmanned 
aerial vehicles (UAVs). These techniques have been used not only to qualitatively 
document earthquake effects, but also to acquire quantitative information about damage 
patterns, digital elevation models of failures, and ground movements. Digital imagery 
obtained from satellites and UAVs provides a bird’s-eye view, and thus offers a holistic 
perspective of the geotechnical effects of an earthquake at both the regional and site 
scales. Additionally, digital imagery can be integrated with other data within a geospatial 
framework, which allows researchers to investigate relationships that could not be 
evaluated otherwise.

Regional-Scale Assessments of Geotechnical Earthquake Effects
Geotechnical conditions often play an important role in the spatial distribution of earth-
quake damage. The locations of damaged structures may reveal the effects of local soil 
amplification on ground shaking. The occurrence of liquefaction and landslides is clearly 
related to subsurface soil and geology conditions. Yet sometimes these relationships 
can only be discerned with data collected at a regional scale. Optical satellite imagery is 
well-suited for this purpose because its large aerial coverage provides a broader view of the 
damage than is possible through ground-based reconnaissance alone. The main drawback 
of satellite imagery is cloud cover, which conceals the earthquake effects below.

When satellite imagery is used to document regional earthquake effects, there are con-
siderable trade-offs among data resolution/quality, processing time, and aerial coverage. 
High-resolution satellite imagery (sub-meter resolution) provides the most detailed data, 
but its smaller aerial coverage (~100 km2 per image) makes it difficult, time-consuming, 
and expensive to analyze the entire area affected by an earthquake, particularly when 
studying larger earthquakes that have larger affected areas. Lower resolution (15-30 m 
resolution) satellite imagery, such as provided by LANDSAT, provides the largest aerial 
coverage, but these data may not be detailed enough to generate comprehensive damage 

Brigham Young University’s Dr. Kyle Rollins and undergraduate student Brandon 
Reimschiissel operate a UAV with a digital camera payload for post-earthquake 
reconnaissance in Iquique, Chile.
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data for engineering studies. Thus, a multi-scale approach 
may be required in which low-resolution data at a larger scale 
are used first to develop rapid observations of damage over a 
large area, and then higher resolution data are used to refine 
and improve the initial damage estimates.

For example, satellite imagery is frequently used to identify 
earthquake-induced landslides because it shows the surface 
vegetation removal due to these failures. After the 2008 M 
7.9 Wenchuan, China, earthquake, multi-scale analysis was 
used to document the earthquake-induced landslides using 
low-resolution and high-resolution imagery. The fault rupture 
was over 200 km long, and an area of over 15,000 km2 was 
analyzed for landslides using 30-m resolution imagery and 
change-detection analysis. This analysis identified 436 km2 of 
landslide failure area. This large-scale analysis was followed 
by a smaller-scale analysis in specific areas using high- 
resolution imagery and change detection analysis (Figure 
1). For the area shown in Figure 1, the large-scale analysis 
identified 2.3 km2 of landslide failure area, while the small-scale 
analysis identified 5.4 km2 of landslide failure area. The small-
scale change detection analysis correctly identified most of the 
landslides observable in the high-resolution image. However, 
it also identified some change not associated with landslides, 
such as the water impounded in the riverbed that is visible at 
the bottom of Figure 1, which resulted in the larger landslide 
area identified by the small-scale change detection analysis. 

This result illustrates the importance of validating change- 
detection analyses with visual interpretation of the imagery.

More recently, a large community of landslide and 
remote-sensing researchers visually analyzed satellite 
imagery from multiple sources collected at different 
resolutions to identify landslides induced by the 2015 M 7.8 
Gorkha earthquake in Nepal. Using more than 40 volunteers, 
the team quickly identified 4,312 landslides across an area 
of 58,000 km2. The information was shared with relief and 
recovery agencies and was used to investigate the factors 
influencing the distribution of landslides. This large-scale 
effort demonstrates the power of engaging the technical 
community to develop a unique dataset that has broad 
scientific, as well as humanitarian, benefit.

In addition to identifying failures, optical satellite imagery 
can also be used to measure horizontal ground displacements. 
Horizontal movement due to liquefaction-induced lateral 
spreading is one of the main causes of liquefaction damage 
to infrastructure; however, the ability to predict these 
displacements is imperfect due to the limited field data that 
exist regarding liquefaction-induced horizontal movements. 
Analysis of high-resolution satellite imagery using optical 
image correlation can fill this gap and provide more complete 
and detailed datasets of liquefaction-induced movements.

Optical image correlation measures displacement by iden-
tifying the same localized area in pre- and post-earthquake 

Figure 1. Identification of earthquake-induced landslides from the 2008 Wenchuan earthquake in China using pre- and 
post-earthquake satellite imagery: (a) pre-earthquake photo, (b) post-earthquake photo, and (c) comparative photo showing 
earthquake-induced landslides in red.

(a) (b) (c) 
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images and measuring the change in location of the areas 
in the two images. Displacements as small as 30 cm can be 
measured at a spacing of 10 to 20 m. This technique was first 
applied to lateral spreading for the 2011 M 6.2 Christchurch 
earthquake in New Zealand (Figure 2). A 35 km2 area was 
analyzed to obtain detailed displacement patterns. The 
displacements from the satellite imagery were consistent with 
field-measured crack widths and qualitative field observations 
of the occurrence of lateral spreading, demonstrating that 
optical image correlation can provide accurate measurements 
of displacements associated with lateral spreading.

Site-Scale Assessments of Geotechnical 
Earthquake Effects
After an area of interest is identified at the regional scale, 
engineers may want to investigate the earthquake effects 
at higher resolution than satellite imagery can provide. 
Additionally, it may be important to image an area as 
quickly as possible, without waiting until the next pass of 
a satellite that could be several days away. Engineers have 
traditionally performed these types of site-scale assess-
ments either visually or by using LIDAR technology, such 
as terrestrial laser scanning (TLS). While TLS has proven to 
be a powerful and very useful remote-sensing technology, 
it can be difficult to use in cluttered environments where 
topography or objects (e.g., infrastructure, boulders, trees, 
etc.) obstruct the field of view and produce “holes” in the 
collected data. These holes in the data can only be filled by 
eliminating the obstructions or moving the TLS scanner to 
various locations around the site.

An increasingly attractive companion or alternative to TLS 
for site-scale reconnaissance is UAV-based aerial imagery. 
Low-altitude aerial imagery captured from a UAV or “drone” 
is similar to satellite imagery because it’s possible to capture 
a broad view of the geotechnical effects of an earthquake; 
however, the imagery has a resolution that is orders of magni-
tude finer (often sub-centimeter resolution) than the satellite 

imagery. By moving the imaging sensor much closer to the 
target, the resolution of the imagery increases dramatically, 
though aerial coverage of the imagery decreases proportion-
ately. Perhaps one of the greatest advantages of site-scale 
assessments using a UAV is the ability to collect multi-scale 
imagery. Images of the ground can be taken from any altitude, 
ranging from a few centimeters above the ground surface to 
a hundred meters or higher. Such flexibility allows engineers 
to find a desirable balance between image resolution and 
aerial image coverage that can be optimized for each specific 
reconnaissance mission.

Various remote sensors can be flown on a UAV depending 
on its size and payload capacity. These sensors include, but 
are not limited to: conventional digital cameras, thermal 
and multi-spectral cameras, hyperspectral cameras, LIDAR 
scanners, interferometers, and chemical “sniffers.” By far, the 
most commonly used sensor with UAV-based remote sensing 
currently is the conventional digital camera because of its 

Figure 2. Horizontal 
displacement amplitudes 
due to lateral spreading 
in Christchurch, New 
Zealand, during the 2011 
Christchurch earthquake. 
Mapped field cracks from 
Canterbury Geotechnical 
Database are also shown.

Perhaps one of the greatest 

advantages of site-scale 

assessments using a UAV  

is the ability to collect  

multi-scale imagery.
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relatively small size and affordability. Digital imagery captured 
by a digital camera can be analyzed using various photo-
grammetric techniques, including 2D object recognition and 
structure from motion (SfM) computer vision. SfM generates 
3D point clouds from a large suite of digital images of an area 
taken from different vantage points. These techniques and 
others have been used by researchers to identify, model, and 
analyze damage to infrastructure from earthquakes and other 
natural hazards.

UAV-based aerial imagery offers the advantage of an 
instantaneous perspective of earthquake damage from a 
bird’s-eye view. Such perspective can be extremely valuable 
in helping engineers understand surficial damage patterns 
and interpret their causative mechanisms. Many geotechnical 
damage patterns are relatively large in size, can extend across 
a site in a complex manner, and can be difficult to interpret 
from the ground. However, an aerial perspective allows an 
engineer to see the larger overall site, which often makes 
complex damage patterns more clear and explainable.

For example, significant liquefaction damage occurred 
to the Molo Pier at the Port of Iquique in Chile in the 
form of lateral spread and settlement following the M 8.2 
earthquake in 2014. A geotechnical reconnaissance team 
from the Geotechnical Extreme Events Reconnaissance 
(GEER) Association investigated the earthquake, including 
the liquefaction damage at the pier. From the ground, the 
cracks associated with lateral spreading and settlement 
were large and generally followed the orientation of the pier. 
However, near the corner of the pier, the crack pattern in the 
ground became more complex and difficult to interpret as 
cracks intersected one another (Figure 3a). The GEER team 
flew a small quadrotor UAV mounted with a high-definition 
video recorder. The resulting aerial imagery taken from an 
elevation of approximately 30 m above the pier surface (Figure 
3b) captured the crack pattern. From these images, it was 

clear that the complex crack pattern at the corner of the pier 
was due to the transition from east-west-trending cracks to 
north-south-trending cracks. Using nearly 500 images like 
these, SfM computer vision was used to create 3D point cloud 
and textured models of the pier. Lateral spread displacements 
measured in the textured 3D model were very similar to the 
displacements measured with a surveying tape in the field.

Another attractive advantage of UAV-based post-earthquake 
reconnaissance is the ability to rapidly collect data from 
very large sites. Because UAVs usually encounter few 
obstructions at altitudes greater than about 30 m, they can 
maneuver across large sites with ease. For example, in 2016, 
a 10-km-long swath of ground depression occurred inside of 
the Aso crater following the M 7.0 earthquake near Kumamoto 
Prefecture, Japan. The ground depression was approximately 
60-100 m wide, and localized settlements were as large as  
2 m. Members of the GEER reconnaissance team flew a small 
quadrotor UAV equipped with a mounted video camera across 
a 4-km section of the depression zone. Images from the flights 
were processed using SfM computer vision to develop a 3D 
point cloud of the depression zone and ground surface cross 
sections (Figure 4).

Data Fusion and Integration
Remote sensing data obtained from satellites and UAVs 
provide information at different spatial scales, temporal 
intervals (hours vs. day to weeks), and spatial dimensions (2D 
vs. 3D), yet together they offer unprecedented opportunities 
to develop more comprehensive observations of earthquake 
effects. Importantly, these data are georeferenced, which 
facilitates integration with geologic maps, topographic maps, 
and ShakeMaps of ground motion. Other sources of data, such 
as subsurface data, field observations, and field mapping data 
can be integrated if they are georeferenced, which highlights 
the need for georeferencing and sharing of all observations 

Figure 3. Liquefaction damage at the Port of Iquique, Chile, following the 2014 M 8.2 earthquake. Photographs were taken from (a) 
the ground and (b) UAV.
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from earthquake reconnaissance and post-earthquake field 
studies. Integration and fusion of complementary datasets 
allows researchers to explore the relationships between earth-
quake effects and the various factors that drive them.

An outstanding example of an interface that facilitates this 
integration is the Canterbury Geotechnical Database (CGD), 
which was developed after the 2011-2012 Canterbury earth-
quake sequence in New Zealand. In this single database, a 
user can find not only geo-located information about ground 
shaking, ground displacements, ground cracking, and field 
observations of liquefaction, but also detailed subsurface data 
from tens of thousands of cone penetration tests, boreholes, 
piezometers, laboratory tests, and more. The impact that 
the CGD is having on geotechnical earthquake-engineering 
research cannot be overstated; because of its success, it is now 
being expanded to all of New Zealand (https://www.nzgd.org.
nz) to aid in improving earthquake resilience for future events.

The Reconnaissance Integration Portal being developed 
as part of the DesignSafe cyberinfrastructure (designsafe-ci.
org) for the National Science Foundation-sponsored Natural 
Hazards Engineering Research Infrastructure (NHERI) is 
another notable example of a data integration interface. 
This portal is being developed to share reconnaissance data 
collected after earthquakes and other natural hazards, and 
will use a geospatial framework similar to the CGD.

The Path Forward
Observations of the damaging effects of earthquakes facili-
tate advances in geotechnical earthquake engineering, and 
it’s clear that remote sensing via digital imagery is positively 
impacting our ability to make useful observations at the 
regional and site scale soon after an earthquake occurs. Over 
the last 10 years, we have seen the use of digital imagery 
in geotechnical earthquake reconnaissance evolve from a 
neat, new toy used occasionally to produce pretty pictures 
to a critical tool that offers unprecedented capabilities to 
make quantitative measurements and observations. In 

the near future, rapid advances in sensor technologies, 
automation, artificial intelligence, aeronautics, computer 
processing, and photogrammetry will contribute to exciting, 
new remote-sensing applications for post-earthquake aerial 
reconnaissance. Furthermore, not only will remote sensing 
become even more ubiquitous in earthquake reconnaissance, 
but regional-scale remote sensing observations will provide 
the foundation upon which all geospatial reconnaissance 
observations will be shared. Taking the lead from the 
Canterbury Geotechnical Database, remote sensing data can 
be assimilated with other sources of field reconnaissance 
data to enable research discoveries that would not be 
possible otherwise. 
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Figure 4. UAV-based (a) 3D 
point cloud, and (b) digitally 
generated ground surface 
cross sections of a portion 
of the depression zone in 
the Aso caldera following 
the 2016 M 7.0 earthquake 
near Kumamoto, Japan.
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L
iquefaction is a common cause of ground failure 

during earthquakes and is directly responsible for 

tremendous damage to infrastructure. Evidence of 

the impact of liquefaction includes failure of bridge 

foundations due to lateral spreading, settlement and tilting 

of structures, cracking and buckling of roadways, and failure 

of buried lifelines (e.g., water, sewer, gas, and electrical lines) 

due to flotation or differential movements, among others. 

These effects were vividly displayed during the 2010-2011 

Canterbury earthquake sequence (CES) in New Zealand, 

which caused widespread, severe, and recurrent liquefaction 

throughout the city of Christchurch (Figure 1).

Car submerged in liquefaction sand boil in the Christchurch 

eastern suburb of Aranui during the September 22, 2011, Mw6.2 

Christchurch earthquake. (Photo courtesy of Mark Lincoln.)
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The CES began on September 4, 2010, with the moment 
magnitude (Mw) 7.1 Darfield earthquake along a previously 
unknown fault approximately 40 km west of Christchurch. 
Widespread liquefaction was triggered during this event. Less 
than six months later, the Mw6.2 Christchurch earthquake 
struck on February 22, 2011. While damage from the Darfield 
earthquake was significant, no lives were lost during this event. 
However, due to its closer proximity to the city center, damage 
from the Christchurch earthquake was staggering and resulted 
in 185 lives being lost. Severe liquefaction was triggered 
throughout much of Christchurch during this event.

In total, liquefaction was triggered in up to 10 events during 
the CES. The total capital cost of the CES is estimated to be 
around NZ $40 billion (approximately U.S. $28 billion), and 
up to 40 percent of this is attributed to damage resulting from 
liquefaction. Expressed alternatively, the capital cost of the 
CES is approximately 20 percent of the New Zealand GDP. For 
comparison, the most costly natural disaster to impact the U.S. 
was hurricane Katrina in 2005, causing damage estimated to be 
approximately 1 percent of the U.S. GDP for that year.

Due to the severity and spatial extent of liquefaction 
resulting from the CES earthquakes, the New Zealand 
Earthquake Commission (EQC) funded an extensive subsur-
face geotechnical characterization program for Christchurch. 
The site characterization data were ultimately used to create 
an unprecedented, open-access, geo-referenced database 
called the Canterbury Geotechnical Database (CGD). The 
CGD continues to grow as consulting engineers add data to 
the database. To date, the CGD has expanded to include over 
20,000 cone penetration test (CPT) soundings, among other 
in-situ test data, from the greater Christchurch area. Due to its 
success, it has now been merged into a nationwide database 
called the New Zealand Geotechnical Database (NZGD; https://
www.nzgd.org.nz/).

The combination of well-documented liquefaction 
response during multiple events, densely-recorded ground 
motions for the events, and detailed subsurface characteri-
zation is providing an unprecedented opportunity to assess 
and advance the current state of practice for evaluating 
liquefaction and related phenomena. New Zealand academ-
ics, practicing engineers, and government engineers and 
researchers (including geologists, geographers, seismologists, 
and geotechnical engineers) are leading the efforts, with much 
of the work performed in close collaboration with researchers 
from the U.S. and other countries. The research being per-
formed is potentially the best coordinated and most impactful 
international collaborative geo-engineering post-disaster 
study conducted to date, focusing both on immediate needs 
for rebuilding Christchurch and longer-term objectives of 
improving engineering practice. Among the topic areas being 
studied are:

 o  Liquefaction triggering: documenting case histories, evaluat-
ing existing liquefaction evaluation procedures, assessment 
of liquefaction susceptibility criteria, aging effects on 
liquefaction resistance, influence of partial saturation on 
liquefaction triggering

 o  Assessment of existing and development of new liquefaction 
damage potential indices: liquefaction potential index (LPI); 
Ishihara H1-H2 charts, liquefaction severity number (LSN); 
Ishihara-inspired LPI (LPIISH)

 o  Liquefaction-related deformation: lateral spreading and 
post-liquefaction consolidation, increased risk of flooding 
due to land subsidence

 o  Impact of liquefaction on the built environment:  
performance of shallow and deep foundation systems for 
residential and commercial structures, bridges, levees,  
and lifelines

 o  Mitigation of the risk due to liquefaction: performance of 

Figure 1. Liquefaction 

severity observations fol-

lowing the (a) September 

4, 2010, Mw7.1 Darfield 

and (b) February 22, 2011, 

Mw6.2 Christchurch earth-

quakes. [From Maurer et al. 

(2014a).]

(a) (b) 
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improved ground; development and assessment of new 
liquefaction mitigation technologies

 o  Development and advancement of in-situ testing and sam-
pling technologies and remote sensing: direct push cross-hole 
technique, gel-push sampling, optical image correlation

 o  Paleoliquefaction analyses: identification, mapping, and 
dating of paleoliquefaction features, characterization of the 
causative earthquake(s)

Let’s get into some more detail about a few of these topic areas:

Liquefaction Triggering
Liquefaction triggering is a phenomenon that occurs in 
saturated sandy soils. It involves the transfer of overburden 
stress from the soil skeleton to the pore fluid under 
undrained conditions, with a commensurate increase in pore 
water pressure and reduction in effective 
stress. Several different liquefaction 
evaluation procedures are commonly 
used in engineering practice in the 
U.S. and worldwide. Depending on the 
characteristics of the soil deposit and 
earthquake scenario being evaluated, 
the results of these different procedures 
can be consonant or widely ranging. The 
latter case particularly applies for smaller 
magnitude events, soils with high fines 
content, and deep liquefiable layers.

The liquefiable deposits in 
Christchurch are generally shallow 
and thus will not provide much insight 
regarding liquefaction of deep layers. 
However, the CES includes thousands 
of events ranging from very small 
magnitudes to Mw7.1, and include up to 
10 events that triggered liquefaction. Also, 
although not officially part of the 2010-
2011 CES, the 2016 Mw5.7 Valentine’s Day 
earthquake triggered liquefaction in the 
eastern suburbs of Christchurch (Figure 
2). As a result, the CES (to include the 
Valentine’s Day earthquake) is providing 
a unique opportunity to refine the 
threshold of ground motions required to 
trigger liquefaction.

The fines content of deposits in 
Christchurch are wide ranging. While 
saturated, loose, granular soils are known 
to be highly susceptible to soil liquefac-
tion, less is known about the liquefaction 
susceptibility of finer-grained transitional 
soils. Of particular interest are silty 
soil sites that were predicted to have 

liquefied, but showed no evidence of doing so during the 
Darfield and/or Christchurch earthquakes (i.e., “false-posi-
tive” sites). False-positive sites are generally concentrated in a 
few areas of Christchurch.

A combination of factors has been identified as possibly 
driving false-positive liquefaction predictions. These include 
plastic fines reducing the susceptibility of the sand, and 
inter-bedded non-liquefiable layers within the liquefiable 
deposit limiting evidence of liquefaction from reaching 
the ground surface. Furthermore, in-situ measurements of 
P-wave velocity made via direct-push crosshole testing at 
some false-positive sites have revealed that many of these 
soil deposits are not fully saturated until several meters below 
the static ground water table. The liquefaction susceptibility 
of a deposit decreases significantly as saturation decreases. 
Hence, ongoing studies are attempting to address liquefaction 

Figure 2. Sand boils formed during the February 14, 2016, Mw5.7 Valentine’s 

Day earthquake in the former subdivision of Bexley. 
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triggering predictions and refine liquefaction damage 
potential indices so that appropriate predictions can be 
incorporated into engineering design at sites underlain by 
transitional and inter-layered soil deposits.

It has been long recognized that liquefaction occurs more 
frequently in younger deposits than older ones. However, there 
is a distinction between the geologic versus geotechnical age 
of a deposit that has been previously proposed, where the 
geotechnical age is more important to liquefaction potential 
than geologic age. In this context, geologic age is the time 
since deposition, and geotechnical age is the time since last 
major disturbance (e.g., occurrence of liquefaction). Evidence 
from the CES shows that deposits that moderately to severely 
liquefied during the Darfield earthquake were more susceptible 
to liquefaction during the subsequent Christchurch earth-
quake, supporting the distinction between geotechnical versus 
geologic ages of deposits.

Mitigation of the Risk Due to Liquefaction
Due to earthquake concerns, several sites around Christchurch 
were improved to mitigate the risk due to liquefaction before 
the CES. These sites provided additional case histories to the 
database on the performance of improved ground during 
earthquakes. Most notable among these is the AMI Stadium, 
the planned venue for the 2011 Rugby World Cup prior to the 
CES. The East and West stands of the stadium had undergone 
renovations prior to the CES. The sites of the stands had been 
improved with stone columns to reduce the potential for 
liquefaction-induced ground damage.

The AMI Stadium suffered extensive damage from liquefac-
tion during the Christchurch earthquake (Figure 3). The East 
and West stands suffered structural damage from differential 
settlements and ground shaking. The West Stand settled up to 
400 mm, with variation of settlements across the structure of 

approximately 80–100 mm. Due to ongoing litigation surround-
ing the performance of AMI Stadium, only a limited amount of 
forensic information has been made available to researchers. 
However, it will make an excellent ground improvement case 
study once full access is granted to subsurface data, design 
criteria and methodologies, and post-earthquake performance.

Liquefaction-induced damage during the CES affected 
51,000 residential properties in Christchurch and caused 
approximately 15,000 residential houses to be damaged beyond 
economic repair. Differential settlement was the primary 
cause of distress to the structures, and less structural damage 
occurred in liquefaction-prone areas having an intact, relatively 
stiff, non-liquefying crust of at least approximately 3 m thick. 
To support the rebuilding of some of the residential areas in 
Christchurch, the EQC and U.S. National Science Foundation 
(NSF) cofunded a trial program to evaluate the efficacy of 
various cost-effective shallow ground improvement methods 
aimed at creating a stiff, non-liquefying crust.

The shallow ground improvement methods evaluated 
included rapid impact compaction, Rammed Aggregate 
Pier™ reinforcement, driven timber piles, low-mobility grout, 
resin injection, and shallow gravel and soil cement rafts. To 
assess the effectiveness of these measures, the University 
of Texas at Austin’s vibroseis truck, nicknamed T-Rex, was 
used to simulate low- to moderate-strain earthquake ground 
motions directly on top of the improved zones. This controlled 
loading allowed stresses and strains leading up to liquefaction 
triggering to be studied and compared across shallow ground 
improvement methods. Then, the effects of liquefaction 
(primarily differential settlement) were studied by using 
explosives to liquefy the soil around and beneath the shallow 
ground improvements. The results from this study are being 
analyzed and will be used to develop new guidelines for 
improving ground in residential areas.

Figure 3. Liquefaction ejecta and heaved ground near grand stands at AMI Stadium.
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Paleoliquefaction Studies
Paleoliquefaction features are liquefaction features 
generated by prehistoric (i.e., before written records) or 
pre-instrumental earthquakes. By studying them, we can 
determine information about the magnitude recurrence rate 
of earthquakes of a region, extending the earthquake history 
of a region to prehistoric times. This is important for regions 
like Christchurch, where the historic earthquake record 
only extends back to the European settlement around 1850. 
Prior to the CES, little to no attention was given to paleo-
liquefaction features observed in construction excavations 
across Christchurch, possibly because the features were not 
identified as being liquefaction features, or perhaps their 
significance was not appreciated.

Excavation of liquefaction features from the CES revealed 
evidence of paleoliquefaction (Figure 4), indicating that 
at least some of the sites that liquefied during the CES 
had previously liquefied during paleoearthquake(s). 
Paleoliquefaction studies entail extensive field investigations 
to determine the extent of a given paleoliquefaction field. 
Often multiple generations of paleoliquefaction features 
exist at a site, indicating repeated occurrence of larger 
magnitude earthquakes over time. In addition to the field 
investigations in Christchurch, significant advancements 
have been made in the analysis of the features to determine 
the causative earthquake. The advances in the analysis 
frameworks of the paleoliquefaction features have direct 
application in the U.S. (central-eastern U.S. and Pacific 
Northwest) and worldwide.

Future Efforts
While the devastation that occurred in Christchurch as a result 
of the CES is tragic, the tragedy would be made even worse if 
the profession did not do its best to learn from these events 
with the aim of advancing the state of knowledge and practice 
of liquefaction engineering worldwide. Collaborative efforts 
toward this end are still ongoing and in some areas are just 
starting, funded by the U.S. NSF, the U.S. Geological Survey, the 
EQC, GEER, and others.

In many ways, more high-quality liquefaction data 
is being collected from the CES than from all previous 
earthquakes combined. As a result, it will not be surprising 
if throughout the next decade almost all analysis and design 
procedures for liquefaction and related phenomena are 
overhauled as a result of the studies stemming from CES. 
These events have provided a clear impetus (and data) for 
the profession to rethink about how liquefaction is evaluated 
and how its effects are mitigated. 

j RUSSELL A. GREEN, PhD, PE, M.ASCE, is a professor in the 

Department of Civil and Environmental Engineering at Virginia Tech 

in Blacksburg, VA. His research focuses on geotechnical earthquake 

engineering. He can be reached at rugreen@vt.edu.

j BRADY R. COX, PhD, PE, M.ASCE, is a professor in the Department 

of Civil, Architectural and Environmental Engineering at The University 

of Texas in Austin, TX. His research focuses on geotechnical earth-
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Figure 4. Trench excavated across lateral spread feature exposing evidence of paleoliquefaction formed during the 2010-2011 CES.



54 GEOSTRATA NOVEMBER/DECEMBER 2016

EARTHQUAKE 

GEOTECHNICS

N O V/ D E C

2016



Illustrating and Communicating Uncertainty in 
a Deterministic Seismic Hazard Analysis

I
n seismic regions of the U.S. and worldwide, engineers design structures to 
withstand seismic ground motions resulting from a large, rare earthquake. But 
definitions of “large” and “rare” depend on who you talk to, your perceptions of 
uncertainty, and how these terms are defined by the public agency responsible 

for assuring that projects are designed to an acceptable safety level. Difficulty arises 
when trying to explain to your professional colleagues the large uncertainty inherent 
in the seismic design values, and even more importantly, to the public who will rely on 
your recommendations. Typically, “large” refers to the earthquake magnitude and the 
resulting ground motions, and “rare” refers to time between events, but often these terms 
are blurred and become one and the same to a non-technical audience. What most people 
want to know, and what you are often asked, is, “You designed it for the Big One, right?”

By B. Tom Boardman, PE, GE

You Designed It for 
the Big One, Right?
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In fact, it’s well known within our 
profession that there are large uncer-
tainties associated with earthquake 
engineering, but explaining this to 
stakeholders and the public can be 
quite difficult. For example, you might 
have a site that requires a seemingly 
straight-forward deterministic seismic 
hazard analysis (DSHA), but the 
design ground motions could change 
depending on how differing agency 
requirements result in different seismic 
design values for the same site. Even so, 
there are there some straightforward 
ways to communicate such uncertainty 
to a non-technical audience.

Maximum Magnitude 
Earthquake (Mmax)
The large, rare earthquake (i.e., the 

“Big One”) is often referred to as the 
maximum magnitude earthquake 
(Mmax). The Mmax scenario is defined as 
the largest expected (or best estimate) 
moment magnitude earthquake that 
appears capable of occurring on a fault 
under the presently known geologic 
and tectonic framework. The Minimum 
Design Loads for Buildings and Other 
Structures (ASCE 7-10) refers to Mmax 
as the “Characteristic Earthquake.” In 
general, it seems reasonable to assume 
that there is some known (or knowable) 
absolute Mmax for any given fault. If we 
have knowledge of the fault geometry, 
geology, historical fault offsets, and 
plate boundary slip rates, then we 
should be able to determine the abso-
lute Mmax value, right? Unfortunately, it’s 
not that simple.

Numerous authors have developed 
relationships between the expected 
magnitude earthquake (M) and the 
estimated fault rupture geometry. These 
relationships predict an average, or 
mean, Mmax using statistical analyses of 
empirical datasets, or theoretical seis-
mology models, but not some absolute 
maximum value. Uncertainty of the Mmax 
value prediction is attributed to variable 
strain release, rupture depth, fault 
asperities, fault geometry, fault creep, 
geologic differences, fault shear strength, 
stress drop, and fault step overs. So 
when we discuss Mmax, we are referring 
to a very large earthquake, but not the 
largest, because we don’t know what the 
absolute largest Mmax could be.

Ground Motion Hazard Analysis
In designing for earthquakes, engineers 
typically estimate ground motions 
(i.e., the peak ground acceleration 
(PGA) or other spectral acceleration) 
using either a probabilistic seismic 
hazard analysis (PSHA) or a DSHA. In 
a PSHA, you consider all earthquake 
scenarios, across the full range of 
ground motion probability levels, and 
scale by the mean activity rate for each 
fault. The project is then designed 
for ground motion values that have a 
specific probability of being exceeded 
over a specific amount of time (e.g., 10 
percent chance that a ground motion 
is exceeded in 50 years). A PSHA can 
be complicated to communicate, as 
the ground motion value could be 
caused by a large, rare earthquake with 
near certainty, or — less likely, but 

possibly — by a smaller, more frequent 
earthquake. Either scenario makes an 
explanation difficult.

In a DSHA you consider a specific 
earthquake scenario (typically Mmax at 
the closest distance to the site), and 
then estimate the ground motion for a 
single probability level, typically using 
empirical ground motion prediction 
equations (GMPEs) such as those from 
the NGA-West2 ground motion predic-
tion project sponsored by the Pacific 
Earthquake Engineering Research 
Center (PEER), or less commonly with a 
physics-based seismology model of the 
fault rupture and wave propagation to 
the site. In a DSHA, designers typically 
use either the median (50th percentile) 
or median +1 standard deviation (84th 
percentile) probability level. Using a 
DSHA results in a single seismic design 
value considering the earthquake’s 
magnitude, distance, fault type, spectral 
frequency, subsurface ground condi-
tions, and probability level.

The DSHA approach is often viewed 
as the “worst case scenario,” as you 
have evaluated the “expected” (50th 
percentile) or “conservative” (84th per-
centile) ground motion resulting from 
the “Big One.” While time is not explic-
itly included in the ground motion 
value, “rare” is implied by the size of the 
earthquake because, intuitively, large 
earthquakes don’t happen very often 
in the same location. The DSHA-based 
ground motion is relatively easy to 
explain, but the uncertainty in the 
value is generally not communicated 
effectively to a non-technical audience.

Table 1. California State Agencies' Definitions of the “Big One” for DSHA

AGENCY EARTHQUAKE SIZE
GROUND MOTION 

PROBABILITY LEVEL 
(PERCENTILE)

ACTIVE FAULT AGE 
(YEARS)

RWQCB  
(Landfill)

Maximum probable earthquake (MPE) likely to occur during  
a 100-year interval, or the “largest historical event”

50th Holocene  
< 11,000

Caltrans 
(Bridge)

Maximum rupture (Mmax) of any fault  
in vicinity of bridge site

50th Late Quaternary  
< 700,000

DSOD 
(Dam)

Maximum magnitude a fault is capable of  
generating at closest distance to site

50th to 84th Quaternary  
< 1,600,000
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Public Agency Approach  
to DSHA
In California, three public agencies 
have developed their own approaches 
to DSHA. Table 1 reflects their views on 
earthquake occurrence, ground motion 
uncertainty, and the possible conse-
quences of structure failure resulting 
from earthquake loads generated by the 

“Big One.”
The California Regional Water 

Quality Control Board (RWQCB), 
which is responsible for regulating 
municipal solid waste landfills, requires 
engineers to evaluate the seismic slope 
stability of landfills using 50th percentile 
ground motions resulting from the 
Maximum Probable Earthquake (MPE). 
The RWQCB defines the MPE as the 

“maximum earthquake that is likely to 
occur during a 100-year interval,” thus 
introducing time into the evaluation. As 
large earthquakes don’t generally occur 
every 100 years on average for most 
faults, the RWQCB requires the designer 
to evaluate a smaller magnitude, but 
more frequent earthquake. However, the 
RWQCB notes that engineers should, 
at a minimum, design for the largest 
historical seismic event in the vicinity of 

the site in lieu of the MPE, if applicable. 
The consequences of excessive landfill 
slope movement during an earthquake 
could be liner failure, possibly leading 
to leachate or methane gas escaping 
from the landfill and slowly contami-
nating the underlying groundwater. In 
addition, if the integrity of the liner is 
questionable, then the landfill may not 
be able to accept additional waste. This 
could result in immediate and long-term 
public health issues in the surrounding 
community, which is also likely to be 
affected by the same earthquake that 
damaged the landfill.

The California Department of 
Transportation (Caltrans) is responsible 
for designing and maintaining state 
highway infrastructure, including 
bridges. It requires engineers to evaluate 
the structural demand of highway 
bridges using both PSHA and DSHA 
approaches. For a DSHA, the designer 
evaluates the 50th percentile ground 
motions resulting from “the maximum 
rupture (corresponding to Mmax) of any 
fault in the vicinity of the bridge site.” 
Caltrans defines Mmax as the maximum 
moment magnitude for “all faults in or 
near California considered to be active 

in the last 700,000 years (late Quaternary 
age) and capable of producing a 
moment magnitude earthquake of 6.0 or 
greater.” Thus, Caltrans has defined what 
earthquakes it considers large and rare. 
In addition, Caltrans requires all bridges 
to be designed for a minimum seismic 
loading of the 50th percentile ground 
motion “generated by a magnitude 6.5 
earthquake on a strike-slip fault located 
12 km from the bridge site,” regardless 
of the surrounding known (or unknown) 
faulting. The consequences of a bridge 
failure during an earthquake could be 
disastrous, with the possibility of losing 
multiple lives as well as immediate and 
long-term disruption of the transpor-
tation network in the area around the 
bridge failure.

In California, dams are designed for 
different ground motion probability 
levels, depending on the consequences 
of the dam failure. The California 
Division of Safety of Dams (DSOD), 
which regulates the state’s dams, 
requires engineers to evaluate a dam’s 
seismic slope stability using ground 
motions with probability levels ranging 
from the 50th to 84th percentile and 
the Mmax earthquake per the DSOD 

Figure 1. Site location 

for DSHA design 

example. (Courtesy 

East Bay Municipal 

Utility District.)
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Table 2. Summary of Monte Carlo simulation for 10,000 “Big Ones.”

STRUCTURE TYPE “BIG ONE” EARTHQUAKE
DESIGN GROUND 

MOTION (PGA)
PROBABILITY OF EXCEEDING DESIGN PGA DURING 

“BIG ONE” EARTHQUAKE (%)

Landfill Mhistorical~6.80 0.44g 57

Bridge Mmax~7.25 0.49g 50

Dam Mmax~7.25 0.82g 16

“Consequence-Hazard Matrix.” The 
DSOD requires engineers to consider all 
active and conditionally active seismic 
sources for the “maximum magnitude 
a fault is capable of generating at the 
closest distance to the site.” The DSOD 
defines an “active seismic source” as 
any fault that has experienced surface 
or subsurface displacement within the 
last 35,000 years; a “conditionally active 
source” is defined as a Quaternary age 
fault that has experienced seismic 
displacement in the past 1.6 million 
years without enough geologic evidence 
to clearly classify the fault as either 
active or inactive. For some locations, 
the DSOD criteria result in considering 
more faults with rarer earthquakes (i.e., 
longer recurrence interval) than other 
state agencies. In addition, the DSOD 
requires engineers to design dams for 
a minimum seismic load consisting of 
a PGA ranging from 0.15 to 0.25g gen-
erated by a magnitude 6.25 earthquake 
on a fault located 17 km from the dam 
site, regardless of local seismicity. The 
consequences of dam failure can be 
catastrophic, with the potential for 
multiple lives lost, biological impacts, 
water storage and recreation losses, and 
immediate and long-term community 
disruption in the areas downstream of 
the dam.

DSHA-Based Design Ground 
Motion Example
Suppose you’ve been asked to 
develop the PGA value, per the DSHA 
requirements of the three different state 
agencies, for a site 5 km east of the active 
Hayward fault (See Figure 1 on page 
57) which passes through Oakland, CA. 
The Hayward fault is an ~96-km-long, 
northwest trending, right lateral, 

strike-slip fault in the foothills east of 
the San Francisco Bay. While the largest 
historical earthquake is the 1868 M~6.8 
event, seismologists generally agree 
that the expected maximum magnitude 
earthquake is a Mmax~7.25 event. Using a 
GMPE from the NGA-West2 Project, for 
Site Class C/D soils, the DSHA-based 
design PGAs for the three structure types 
are presented in Table 2. Depending on 
the structure type and the controlling 
state agency definition for the “Big One,” 
the seismic design PGA values range 
from ~0.4g to 0.8g at the same site.

As discussed previously, the actual 
PGA at the site given the “Big One” 
could be significantly different than 
this range due to the uncertainty in the 
size of Mmax, as well as the uncertainty 
of resulting ground motions for a given 
Mmax. One option for capturing and 
presenting this range of uncertainty is 
to perform a Monte Carlo simulation 
for 10,000 “Big Ones” considering the 
uncertainty of the Mmax magnitude 
(Figure 2) and the full range of GMPE 
probability levels (~0 to 100th percen-
tiles) to estimate the distribution of 
possible PGA values (Figure 3).

The simulated PGA values range 
from approximately 0.1 to 2.5g, and the 
histogram has a roughly log-normal 
distribution given the uncertainty in 
the GMPE values. As expected, this is 
a much bigger range than the 0.4 to 
0.8g calculated using the three different 
agency approaches. While these extreme 
ground motions (both low and high) 
don’t happen very often, they can occur 
as indicated by the simulation. Even 
for the relatively conservative agency 
design requirements, the DSHA-based 
design PGA values still have a 16 to 57 
percent chance of being exceeded for 

the simple example considered here 
(Table 2). Exceeding the design PGA 
during the “Big One” does not mean the 
structure will immediately fail, as there 
will likely be some structural ductility or 
conservatism in the allowable deforma-
tions. It does mean, however, that the 
structure could approach failure as the 
actual PGA increases down the tail of the 
distribution shown on Figure 3.

Views of Uncertainty
Acknowledging the uncertainty in our 
best estimate can be difficult. As noted 
by Silver in The Signal and the Noise, 
society tends to reward bold predictors, 
as they are believed to be knowledgeable 
and confident, whereas a forecast shad-
owed with a range of uncertainty is seen 
as being weak and indecisive. While bold 
predictions may be the best short-term 
strategy for winning proposals, clearly 
stating that you are uncertain may be 
the most appropriate message for your 
client, such as noting “the river is 1 m 
deep on average” if your client cannot 
swim. The key message to deliver is that 
while there is an expected value, there 
is also a range of possibilities. Moreover, 
you must phrase it in such a way that it 
resonates with a non-technical audience.

The National Weather Service (NWS) 
is one organization that recognizes the 
need to accurately define and commu-
nicate its weather forecast uncertainty 
in an honest manner to the public. A key 
to the NWS success has been to develop 
official terminology for precipitation 
forecast uncertainty, such as “slight 
chance” (20 to 30 percent chance), 

“chance” (30 to 50 percent chance), and 
“likely” (60 to 70 percent chance). It then 
presents the forecast with a picture (i.e., 
a rain cloud), a number (i.e., 60 percent 
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Figure 2. Monte Carlo 

earthquake simulation 

for 6.5< Mmax <8.0. 

(Courtesy East Bay 

Municipal Utility 

District.)

Figure 3. Monte 

Carlo ground motion 

simulation for DSHA 

design example. 

(Courtesy East Bay 

Municipal Utility 

District.)
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chance), and a verbal description (i.e., rain likely). Over time, 
the public has learned to interpret these three NWS forecast 
descriptors (picture, number, verbal) to make their own 
decisions about risks to take (or not take) when dressing for 
the local weather that day.

In Degrees of Belief: Subjective Probability and Engineering 
Judgment, Vick refers to these types of descriptions as “verbal 
to numerical transformation conventions.” Based on previous 
research, he summarizes that a “very unlikely” event is 
commonly viewed as having a 2 to 15 percent chance of 
happening, while a “very likely” event has a 75 to 90 percent 
chance of happening. These probabilities at the tail ends of 
the likelihood range are interesting; rationally, the numbers 
should be equal, since “very unlikely” and “very likely” are the 
exact opposite of each other. These differences (i.e., in order to 
consider an event “very unlikely” the probability must be lower 
at 2 to 15 percent, relative to the chance of “very likely” at 10 to 
25 percent) are a direct result from what some have described 
as the “possibility effect.”

Researchers have found that when people consider unlikely 
events, they fixate more acutely on the thing that could happen, 
and irrationally overweigh it — even as the probability of that 
thing gets lower and lower. This is known as the “possibility 
effect” and is why the same person will buy both a lottery 
ticket (they overweigh the probability of winning) and flight 
insurance (they overweigh the probability of crashing) — even 
though the probability of both these events happening is 
very low. In particular, people tend to dramatically overweigh 
potential losses due to loss aversion, particularly when the 
probability of the loss gets lower than about 10 percent.

In Thinking Fast and Slow, Kahneman notes: “When 
you pay attention to a threat, you worry — and the decision 
weights reflect how much you worry. Because of the possibility 
effect, the worry is not proportional to the probability of threat. 
Reducing or mitigating the risk is not adequate; to eliminate 
the worry, the probability must be brought down to zero.” 
The possibility effect, particularly when it comes to very rare, 
high-consequence events like large earthquakes, may explain 
the unease in which the uncertainty of ground motions are 
received by a non-technical audience. The general public 
wants to know that “you designed it for the Big One,” rather 
than be told that there is small chance of failure (however 
small) and be forced to make their own decisions regarding an 
acceptable risk.

Wording Matters
So, you designed it for the “Big One,” right? While the easiest 
answer is “yes,” maybe a better answer is to say, “We’ve 
designed the structure to remain operational with ground 
motions meeting the agency’s current DSHA requirements, 
and it’s very unlikely (less than 10 percent) that our recom-
mended values will be exceeded during the ‘Big One,’ as shown 
on the attached figure.” Perhaps this clarification of the ground 

motion uncertainty with three descriptors like the NWS 
weather forecast will be enough for non-technical decision 
makers to understand, interpret, and accept the unknowns in 
moving forward with their project with the threat of the “Big 
One” looming in the background. And if the possibility effect 
looms even larger, then perhaps they should buy an insurance 
policy, or move the project to another location.

One could attempt to design the structure for the “biggest, 
Big One” (i.e., a PGA of 2.5g from the design example), but 
as Taleb noted in The Black Swan, we shouldn’t try to model 
extreme values on the tail of the distribution because, by defi-
nition, they are not identifiable (we cannot model unknown 
unknowns). Instead, a better strategy is to not put ourselves 
in a situation to lose everything in the event that a black 
swan occurs. From a civic infrastructure design perspective, 
it may be best to think in terms of redundancy, emergency 
action plans, or perhaps to just not build a new structure in a 
location where the consequences of a completely unexpected 
sequence of fault ruptures and seismic ground motions are 
devastating — because you can never design a structure for 
the “Big One” scenario with 100 percent certainty. 

j B. TOM BOARDMAN, PE, GE, is an associate civil engineer for  

the East Bay Municipal Utility District in Oakland, CA, where he has 

managed the planning, design, and construction of more than $100 

million in capital improvement projects such as water storage tanks, 

pumping plants, pipelines, and earth dams. He can be reached at  

tom.boardman@ebmud.com.

The “possibility effect” is why 

the same person will buy 

both a lottery ticket and flight 

insurance — even though the 

probability of both these events 

happening is very low.
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Three biogeotechnologies currently under development 
show promise for cost-effective remediation of liquefaction 
under existing facilities.

By Edward Kavazanjian Jr., PhD, PE, GE, D.GE, NAE, F.ASCE, and Jason DeJong, PhD, A.M.ASCE

T
he 2011 Christchurch earthquake in New Zealand 
dramatically illustrated the risks associated with 
earthquake-induced soil liquefaction. Over 15,000 
modern single-family homes, along with numerous 
commercial structures and subsurface utilities, 
were damaged beyond repair in this relatively 
modest magnitude 6.3 event. Trillions of dollars of 

infrastructure worldwide constructed without consideration 
of earthquake-induced liquefaction are at risk due to this 
phenomenon. Based upon the latest National Seismic Hazard 
Map for ground motions that have a 90 percent chance of 
being exceeded in a 250-year period, approximately 40 per-
cent of the continental U.S. is subject to earthquake ground 
motions that are capable of triggering liquefaction.

While reducing the potential for liquefaction is relatively 
straight-forward at “greenfield” sites (open sites with no exist-
ing infrastructure), mitigation beneath and around existing 
facilities is a challenging task. Most existing methods for 
mitigating liquefaction potential induce ground movements 
(e.g., settlement) that would be damaging when applied in the 
vicinity of existing infrastructure facilities. The few non- 
disruptive techniques that are available are either expensive 
and burdensome to apply (e.g., compaction grouting) or of 
limited applicability (e.g., permeation grouting). However, 
there are three non-disruptive biogeotechnologies currently 
under development that can potentially reduce the potential 
for earthquake-induced liquefaction under and around 
existing facilities in a cost-effective manner.

Biogeotechnical Engineering
Biogeotechnical engineering is an emerging sub-dis-
cipline within the geotechnical field (see “What’s New 
in Geo? Sustainable Biogeotechnics, by Jason DeJong 
in the September/October 2015 issue of GEOSTRATA). 
Biogeotechnical engineering employs both bio-mediated 
and bio-inspired processes for geologic hazard mitigation, 
infrastructure construction, environmental protection and 

ecological restoration, and natural and energy resource devel-
opment. Bio-mediated processes employ living organisms, 
while bio-inspired processes may use biological principles 
and materials but do not employ any living organisms. Besides 
liquefaction mitigation, potential applications of bio-mediated 
technologies include erosion control, enhancing the bearing 
capacity of shallow foundations, tunneling in running and 
flowing sands, control of groundwater, and remediation of 
contaminated soil and groundwater. Potential applications of 
bio-inspired processes include foundation design, subsurface 
exploration, tunnel excavation, reinforcement of slopes and 
embankments, fugitive dust control, and replacing Portland 
cement for creating building materials out of aggregate.

The three biogeotechnologies that show promise for 
mitigating liquefaction potential around existing facilities are: 

 o Microbially Induced Carbonate Precipitation (MICP)
 o Enzyme Induced Carbonate Precipitation (EICP)
 o Microbially Induced Desaturation and Precipitation (MIDP)

MICP and MIDP are bio-mediated processes because 
subsurface microbes (bacteria) play an essential role in 
these processes. EICP, however, is a bio-inspired process 
that employs a biological material, but no living organ-
isms. Like most ground improvement techniques, each 
process has advantages and limitations, and our evolving 
understanding suggests each process may have a role in 
geotechnical practice.

MICP (Microbially Induced Carbonate 
Precipitation)
Geotechnical engineers have been conducting laboratory 
studies of MICP for over a decade and more recently have 
conducted limited large-scale tests and field trials. In this 
process, the hydrolysis of urea is catalyzed by the enzyme 
urease contained in ureolytic microbes, producing carbonate 
cations. In the presence of calcium anions in solution with 

Leaning apartment houses in Niigata, Japan, after the 1964 magnitude 7.4 Niigata earthquake. The problem arose from soil 

liquefaction and the behavior of poor foundations. (Photo courtesy of NOAA/NGDC, NOAA National Geophysical Data Center.)
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the appropriate alkalinity, calcium carbonate will precipitate. 
The precipitated calcium carbonate, preferably in the form 
of calcite, improves soil properties by forming cementation 
bonds at particle contacts, cladding and roughening particle 
surfaces, and filling voids within the soil. The net result is an 
increase in soil stiffness, strength, and dilatancy.

Figure 1 shows the stress-strain and volume change behav-
ior in triaxial tests of a loose, contractive soil and the same 
soil after treatment by MICP. After treatment with MICP, the 
sand not only has a higher initial stiffness and strength, but 
also exhibits a dilative response, generating shear-induced 
negative excess pore pressures. While continued shearing 
does degrade the inter-particle cementation, as evident in the 
strength and shear modulus degradation, the improvement of 
undrained behavior at the particle scale increases resistance 
to liquefaction triggering because the cementation between 
particles resists rearrangement during dynamic loading. 
Furthermore, the increased dilatancy of the soil may mitigate 
some of the consequences of liquefaction triggering.

The improvement in liquefaction resistance of sand treated 
by MICP has been demonstrated in centrifuge tests where 
untreated loose sand and loose sand improved by MICP were 
subjected to repeated cyclic loading of different amplitudes. 
A snapshot of the difference in response of treated and 
untreated sand is shown in Figure 2. High excess pore pres-
sures are generated by the third loading cycle in the untreated 
loose sand (dashed grey trend lines), while the cemented 
sand exhibits a small but manageable dynamic pore pressure 
increase. Consequently, negligible settlement occurred in the 
treated sand model while significant settlement occurred in 
the untreated sand model.

The necessary ingredients for MICP via hydrolysis of urea 
(ureolysis) include urea and calcium ions in solution along 
with ureolytic microbes. Initially, exogenous (non-native) 
microbes were cultivated externally and injected into the 
soil with the necessary substrates, a technique that has been 
referred to as bio-grouting and is similar to the bio-augmenta-
tion process sometimes used for environmental remediation. 
Figure 3 shows the results of a test conducted at Technical 
University Delft in a large (5 m x 5 m) soil box in which a large, 
homogeneous mass of soil was bio-grouted using ureolysis. 
More recently, engineers have taken to bio-stimulation, 
i.e., stimulating indigenous (native) ureolytic microbes 
in the soil, for MICP. Bio-stimulation, where feasible, is in 
general preferred to bio-augmentation for several reasons. 
Bio-stimulation eliminates the need for cultivating microbes 
above the ground surface in a bio-reactor, eliminates concern 
about the ability of non-native bacteria to compete with 
indigenous bacteria, and alleviates concern over introducing 
non-native bacteria into the ground.

The microbes in MICP help the improvement process soil 
by attaching to soil particles, thereby providing nucleation 
points for carbonate precipitation. The microbes also 

remain viable for a sustained period of time, allowing for 
multiple treatments during the initial improvement process. 
In a laboratory setting, multiple treatments have increased 
the unconfined compressive strength of a sand to over 10 
MPa, which is much greater than required for liquefaction 
mitigation, but useful for other soil improvement purposes. 
Figure 4 presents a plot of shear wave velocity versus time for 
a specimen of Ottawa 50-70 sand under 100 kPa confinement 
and subject to nine episodes of treatment with a urea/
calcium chloride solution. The microbes in this treatment 
process were only introduced once and remained viable 
during the repeated treatments. The continued viability of 
the microbes may also facilitate “healing” of the improved 
soil after bonds are broken by an earthquake or other 
phenomena.

MICP is a relatively rapid process. Significant soil improve-
ment can be achieved in a matter of days following treatment. 
MICP treatment is constrained by pore size, because this 
controls the ability to deliver microbes, chemicals, and 
nutrients into the void volume. While bio-augmentation 
is limited to fine sands and coarser soils by these pore size 
constraints, bio-stimulation enables MICP in silts and some 
waste products where the necessary microbes are already 
entombed in the pore spaces. Another potential limitation is 

Figure 1. Undrained behavior of lightly cemented MICP-

treated sand subjected to triaxial shearing. (Adapted from 

Montoya and DeJong 2015.)



65www.geoinstitute.org

that the ureolysis process generates ammonium as a by- 
product. Ammonium is a potential ground water contaminant, 
and potential acidification of ammonium could dissolve 
some of the calcite precipitate. While acidification has not 
been observed in long-term tests in the laboratory, the fate of 
ammonium generated by MICP is not fully understood and 
must be evaluated by additional research.

EICP (Enzyme Induced Carbonate Precipitation)
EICP is a bio-inspired variant of MICP, as it uses urease 
enzyme that is derived from agricultural sources instead of 
microbial urease to catalyze the hydrolysis of urea to induce 
carbonate precipitation. Urease can be found in all green 
vegetation and is particularly plentiful in melons and beans. 
The primary commercial source of urease is the jack bean, 
a drought-resistant relative of the soy bean that grows in 
Southeast Asia. The advantages of EICP over MICP are that 

the free enzyme is much smaller than ureolytic microbes, so 
it can penetrate into the pores of fine-grained soils where no 
trapped ureolytic microbes are present (for bio-stimulation 
purposes). Furthermore, it’s not necessary to cultivate 
exogenous microbes or stimulate indigenous microbes.

The disadvantages of EICP compared to MICP include 
the absence of nucleation points on the soil particle surface 
and a rate of reaction that can be too fast. This leads to 
bio-clogging, i.e., rapid precipitation leading to a dramatic 
reduction in permeability around the injection points for the 
precipitation solution, inhibiting its penetration into the soil. 
The rapid reaction rate can also result in precipitation of less 
stable forms of calcium carbonate than calcite, e.g., vaterite 
and aragonite. EICP requires the same urea and calcium ion 
substrates as MICP and also generates the same ammonium 
by-product.

Figure 2. Acceleration and excess pore 

pressure generation time histories 

from a location near the surface 

in a centrifuge model subjected to 

10 cycles of loading at a prototype 

amplitude of 0.7 g. Untreated sand 

response is shown by the gray dashed 

line, and the response of Ottawa sand 

lightly cemented by MICP is shown by 

the blue solid. (Adapted from Montoya 

et al. 2013.)

Figure 3. Large-scale bio-grout 

experiment at TU Delft. (Courtesy  

Dr. I.R. L.A. van Paassen, TU Delft.)
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Current research on EICP is focused on slowing down 
the reaction rate to allow for better penetration into the 
soil around the injection points. Figure 5 shows a stabilized 
column of F-60 Ottawa sand formed by injecting an EICP 
solution into the soil through a perforated 0.5-mm-diameter 
tube. Shear strengths on the order of 250-500 kPa can be 
generated with a single injection of an EICP solution into a 
granular soil.

MIDP (Microbially Induced Desaturation  
and Precipitation)
MIDP employs dissimilatory reduction of nitrogen (denitrifica-
tion), an alternate bio-mediated process to hydrolysis of urea, 
to precipitate calcium carbonate. Denitrification is an essential 
part of the nitrogen cycle in nature by which nitrate is reduced 
to elemental nitrogen. It is performed by a wide variety of 
microbes and is used extensively to treat sewage or animal 
residues with high nitrogen content. While the precipitation 
of carbonate via denitrification is slower than via ureolysis, 
denitrification begins by producing non-toxic nitrogen and 
CO2

 gas as a by-product almost immediately. Some of the 
insoluble nitrogen gas remains in the soil pores, desaturating 
the soil and thereby providing an alternative liquefaction 
mitigation mechanism.

Figure 6a shows the cyclic strength curve for Ottawa 
20/30 sand at degrees of saturation of 97, 99, and 100 percent, 
indicating that even a small amount (e.g., 3 percent) of 
desaturation can lead to an increase in the cyclic stress 
ratio of more than 40 percent. Figure 6b shows the degree of 

saturation versus time during MIDP treatment in a laboratory 
column of Ottawa 20/30 sand (measured based upon correla-
tion with compressional wave (P-wave) velocity), showing 
the rapid rate at which denitrification can desaturate a soil. 
Laboratory column tests suggest that it takes the carbonate 
precipitation that occurs at the same time as gas generation at 
least several months to build up enough carbonate to provide 
liquefaction mitigation. Thus, mitigation of liquefaction 
potential via MIDP may be viewed as a two-phase process, 
initially providing mitigation via desaturation and ultimately 
providing mitigation by carbonate precipitation. The 
influence of grain size and confining pressure on MIDP has 
not yet been investigated. Furthermore, at this time, research 
on MIDP is limited to small-scale laboratory testing. This 
technology is the least mature of the three biogeotechnologies 
described in this article and has yet to be implemented on a 
field scale.

What’s Ahead?
The three non-disruptive biogeotechnologies for mitigation of 
earthquake-induced soil liquefaction under and around exist-
ing facilities have been shown to be effective on a laboratory 
scale. The two technologies that rely upon ureolysis have also 
been demonstrated to a limited extent on a field scale. There 
are still important questions that need to be addressed before 
these technologies can be deemed cost effective and ready 
for implementation in practice. For example, “How will the 
necessary nutrients and mineral substrates be delivered in the 
field?”, “What is the relationship between the level of treatment 

Figure 4. Change in shear wave velocity of MICP-treated sand. Figure 5. EICP-stabilized soil column.
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and the degree of mitigation?”, “How do you achieve and verify 
the necessary spatial distribution of treatment?”, “How do you 
manage undesirable by-products?”, and “What other adverse 
environmental effects need to be considered in applying these 
techniques?” Work on all of these questions, and on a variety of 
other biogeotechnical processes, is currently underway under 
the auspices of the Center for Bio-mediated and Bio-inspired 
Geotechnics, a third-generation National Science Foundation 
Engineering Research Center project (biogeotechnics.org).

Acknowledgment
The work described in this article was supported by the 
National Science Foundation Geomechanics and Geosystems 
Engineering and Engineering Research Center programs under 
grants numbered CMMI-0703000, CMMI- 0727463, CMMI-
1233658, CMMI-0830182, and ERC-1449501. The authors are 

grateful for this support. Any opinions or positions expressed 
in this article are those of the authors only, and do not reflect 
any opinions or positions of the NSF. 

j EDWARD KAVAZANJIAN JR., PhD, PE, GE, D.GE, NAE, M.ASCE, is 

a Regents Professor and the Ira A. Fulton Professor of Geotechnical 

Engineering at Arizona State University’s School of Sustainable 

Engineering and the Built Environment. He also directs the NSF Center 

for Bio-mediated and Bio-inspired Geotechnics (biogeotechnics.org). 

He can be reached at edward.kavazanjian@asu.edu.

j JASON DEJONG, PhD, A.M.ASCE, is a professor of civil and envi-

ronmental engineering at the University of California at Davis. He also 

leads the Geologic Hazard Mitigation effort with the NSF Center for 

Bio-mediated and Bio-inspired Geotechnics and directs the UCD Soil 

Interactions Laboratory. He can be reached at jdejong@ucdavis.edu.

Figure 6. MIDP via 

denitrification. a) 

Effect of desaturation 

on cyclic shear 

strength, and b) 

degree of saturation 

versus time via MIDP.

A

B



68 GEOSTRATA NOVEMBER/DECEMBER 2016

John E. Anderson,  
PhD, PE, GE, D.GE, M.ASCE

Look Who’s a D.GE

Dr. John E. Anderson is chief geotech-
nical and foundation engineer for the 
Tunnel and Underground Practice at 
HNTB. He has been practicing geotech-
nical and foundation engineering for 
more than 40 years. Presently based in 
Oakland, CA, he was born and raised in 
the Edison Park area of Chicago, IL. He 
earned his undergraduate degree, as well 
as a master’s in geotechnical engineering 
and a PhD in structural engineering, 
from Northwestern University. 

John started his career with Bechtel 
Incorporated in Gaithersburg, MD. He 
then moved on to McClelland Engineers 
in Houston, TX, STS Consultants 
(Chicago and Minneapolis), and GME 
Consultants in Minneapolis. He rejoined 
Bechtel in Ann Arbor, MI, to serve 
as project geotechnical engineer for 
the Midland Nuclear Power Station’s 
remedial soils (underpinning) project. 
Bechtel transferred him to the San 
Francisco Bay Area in 1984, where he’s 
lived for the past 32 years. He joined 
CH2M Hill in 1987, where he served 
as Oakland Geotechnical Department 
manager and became the firm’s geo-
technical and foundation engineering 
discipline lead in 1999 and a Technology 
Fellow in 2004. In 2010, he joined HNTB 
as the geotechnical specialist for the 
firm’s Design Build Division, moving 
into his present position when the 
Tunnel and Underground Practice was 
formed in 2012.

John is a licensed Civil Engineer in 
California and also holds professional 
engineer licenses in Illinois, Iowa, and 
Michigan. He earned the California 
Geotechnical Engineer authority 
license and became a Board Certified 
Diplomate in Geotechnical Engineering 
in 2008. Some of his professional 
service includes: the board of directors 
and president of CalGeo (formerly 
California Geotechnical Engineers 
Association); the board of governors 
and president of ASCE’s Geo-Institute; 
the board of directors and president of 
Civil Engineering Inc; and the board of 
trustees and president of the Academy 
of Geo-Professionals (AGP). He also 
served two terms on the Geotechnical 
Advisory Committee for the California 
Board of Registration for Professional 
Engineers and Land Surveyors.

John and his wife, Kris, have been 
married for almost 40 years. They 
have a daughter, a son, and four 
grandchildren.

Where was most of your childhood 

spent? What was it like for you 

growing up there?

I grew up in the Edison Park area of 
Chicago (far northwest corner, not 
far from O’Hare Airport). That part 
of Chicago is more of a suburban 
area than urban. I attended Edison 
Elementary School and Taft High 
School. Like most kids, I was involved 

JOHN E. ANDERSON



in Boy Scouts and youth baseball, but 
when I was in the seventh grade I got 
involved in a drum and bugle corps 
(similar to a brass marching band). 
I played the bass-baritone horn and 
thus became proficient at a musical 
instrument. The organization was one 
of the major programs in the country at 
that time, and we competed during the 
summer around the Midwest, with one 
or two trips a year to the New York area 
and Canada. I left the activity when 
I started college, but still have some 
good friends from that experience.

How do you feel about the state of 

civil engineering and the profession 

as it is today?

In the specialty of geotechnical and 
foundation engineering, it seems to 
me that Professor Peck’s comment/
question, “Where has all the judgment 
gone?” is still appropriate. Although we 
have the tools to analyze geotechnical 
problems with rigorous theoretical 
mathematical models, there is a ten-
dency to use the results without critical 
evaluation of all the variables and 
assumptions required for the models. 
We also have a tendency to do some of 
these analyses “because we can” rather 
than because the situation requires 
the application of a more rigorous 
approach. In addition, the codification 
of various methods of analysis and 
interpretation of parameters for 
geotechnical and foundation design 
has further eroded the application of 
judgment in the practice of geotechni-
cal and foundation engineering.

Do you have a message about 

specialty certification that you’d 

like professional engineers to be 

aware of?

Because civil engineering covers a 
wide broad range of disciplines, not 

every civil engineer has the skills or 
experience in all aspects of the profes-
sion. The PE license does not provide a 
means of differentiating an individual’s 
skill in a specific discipline of the field. 
Specialty certification provides that 
means of recognizing one’s advanced 
qualifications in his or her specific field 
post-PE. I encourage all engineers who 
meet the requirements for specialty 
certification to apply.

As an original AGP board member, 

why did you want to get involved 

with helping create board certifica-

tion for geotechnical engineers?

Initially I became engaged while a 
member of the G-I Board of Governors. 
I was the Board liaison to the Task 
Committee that developed the AGP 
plan prior to the G-I Board recom-
mendation to create the Academy. I 
volunteered because I had previous 
service on the California Board of 
Registration for Professional Engineers 
and Land Surveyors’ Geotechnical 
Advisory Committee. At the time, 
California was the only state with a 
geotechnical engineering license, 
and I felt I could provide some of that 
background in the formulation of the 
Academy. I also believed that in lieu 
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of creating an authority or specialty 
license in each of the states, certifica-
tion was the best means of recognizing 
geotechnical engineers’ specialized 
knowledge and skills. 

When the AGP formally started, I 
became one of the Trustees. I and the 
other founding Trustees were interested 
in implementing what we had created.

You’ve poured a lot of blood, sweat, 

and tears into helping launch AGP — 

do you like what you see?

When the AGP started, my sense was 
that it would take time for it to evolve 
in terms of recognition in the profes-
sion. It has obviously grown since 2008, 

with many of the prominent people 
engaged in the practice of geotechnical 
engineering having become D.GE’s. 
However, the one area that the AGP 
needs to address is the lack of younger 
Diplomates who have earned their 
PE within the last 8 to 20 years. The 
Board of Trustees, along with the 
current D.GEs, needs to encourage the 
individuals in this category to become 
certified. This group of geotechnical 
engineers represent the future leaders 
of geotechnical engineering as well as 
the future of AGP.  
 
For the complete interview, please visit 
geoprofessionals.org.

Although we have 

the tools to analyze 

geotechnical 

problems with 

rigorous theoretical 

mathematical 

models, there is a 

tendency to use 

the results without 

critical evaluation 

of all the variables 

and assumptions 

required for the 

models. 

Look Who’s a D.GE

It can be very stressful. 

•	 AFTER	SLIDING	BEGINS,	
the	dilatant	contribution	
to	friction	is	gone.

•	 DILATANT	SHEARING	
reduces	density	of	soil	
in	the	shear	zone,	and	
also…

•	 SUCKS	IN	WATER,	so	
the	soil	is	permanently	
weakened.

•	 Equilibrium	then	can	
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on	the	weather.
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…measures	critical	 ’	and	c’	in the shear zone,	where	duplicate	sampling	for	
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THE BOREHOLE SHEAR TEST generates	drained,	multiple-point	failure	
envelopes	in	less	than	an	hour,	as	radial	consolidation	incrementally	moves	
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needed	to	design	a	safe	and	economical	repair	--	if	it	is	not	too	late.
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G-I Welcomes New 
Organizational Member

GRL Engineers, Inc.,  
Announces New Hire
GRL Engineers, Inc. (GRL) has announced 

that Rozbeh B. Moghaddam, PhD, PE, 

M.ASCE, has joined the firm at its Central 

Office, which conducts research, offers 

educational activities, provides foundation 

testing services and analyses to interna-

tional locations and offshore sites, and 

assists GRL’s ten branch offices in complex 

The Geo-Institute is pleased to introduce our newest 

Organizational Member. Pagani Geotechnical 

Equipment has been a leader in the design and 

manufacturing of penetrometers and other geotechnical 

equipment for over 30 years, including developing and 

manufacturing special versions of penetrometers to perfectly meet a project’s unique 

requirements. Pagani prides itself on developing its technology in the context of close 

relationships with universities, research institutes, and engineering firms. Pagani’s factory is 

in Piacenza, Italy. The firm has recently opened a branch in Toronto, Canada.

j   PLEASE SUBMIT company news and career achievements to 
GEOSTRATA via geostrata@asce.org.



situations. Moghaddam has a doctorate 

degree in geotechnical engineering from 

Texas Tech University, and an MBA from 

Eastern New Mexico University. His civil 

engineering degree is from Instituto 

Politecnico Nacional in Mexico City. He is 

a Licensed Professional Engineer in Texas. 

Moghaddam’s academic and industry 

experience includes a significant focus 

on deep foundations and underground 

structures, including research on load and 

resistance factor design of deep founda-

tions and lecturing on deep foundation 

design and construction at Texas Tech. 

Rozbeh is a member of ASCE, of the Deep 

Foundations Institute, and of the Texas 

Society of Professional Engineers, among 

other professional organizations.

Subsurface 
Constructors, Inc. 
Announces New 
Hire
Subsurface 

Constructors, Inc. is 

pleased to announce 

that Kevin P. Daut, PE, M.ASCE, will be 

serving as a project engineer of ground 

improvement services. He will assist in 

project bidding, takeoffs, plan drafting, 

project design, and management. Daut 

joined Subsurface Constructors in August 

after serving as a project engineer and 

materials group manager in the geotech-

nical consulting industry for over nine 

years. Daut holds a bachelor’s degree in 

geological engineering and a master’s 

degree in civil (geotechnical) engineering 

from Missouri University of Science and 

Technology. 

Shannon & Wilson 
Geologist Elected 
Section Director
Mark A. Wieners, a 

registered geologist 

with 13 years of 

experience with 

Shannon & Wilson in Saint Louis, has 

been elected as a director of the Air & 

Waste Management Association’s Greater 

St. Louis Section, which serves the Saint 

Louis and Metro East areas. During his 

two-year term, he will assist the Section 

in obtaining a better understanding of the 
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j   AECOM
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j   Fudo Construction, Inc.   

j  Fugro Consultants LP

j  GRL Engineers, Inc.    

j   GZA

j   GeoEnvironmental, Inc.

j  Gannett Fleming, Inc.

j  GeoEngineers, Inc.

j  Geo-Instruments, Inc.

j  Geokon, Inc.

j   Geopier Foundation Company  

j  Geo-Solutions, Inc.

j   GeoStabilization International®

j   Geosyntec Consultants

j  Golder Associates, Inc.

j  HNTB Corporation     

j  Haley & Aldrich, Inc. 

j  Hart Crowser 

j  Hayward Baker, Inc.

j  HUESKER, Inc.

j  Insulfoam  

j  Jafec USA, Inc. 

j  Kelchner

j  Kleinfelder, Inc   

j   Langan Engineering & 

Environmental Services, Inc.

j   Layne GeoConstruction

j  Loadtest, Inc.    

j   Magnus Pacific Corporation

j   Malcolm Drilling Company, 

Inc. 

j   McKinney Drilling Company

j  Menard, Inc.

j  Moretrench       

j  NTH Consultants, Ltd. 

j   Nicholson Construction 

Company

j   Pagani Geotechnical 

Equipment®

j  PB Americas, Inc.    

j   The Reinforced Earth 

Company

j   Rembco Geotechnical  

Contractors, Inc.

j  Richard Goettle, Inc.

j  RocScience

j  S&ME, Inc.   

j   Sanborn, Head & Associates, 

Inc.

j  Schnabel Engineering

j   Schnabel Foundation 

Company

j  Sentez Insaat Ltd. Sti.

j  Shannon & Wilson

j   Soil and Materials Engineers, 

Inc.

j   Specrete-IP Incorporated

j  Stantec

j  Strata Systems, Inc.

j   Subsurface Constructors, Inc.

j   TenCate 

  Geosynthetics

j  Tensar International

j  Terracon, Inc.   

j   Terra Insurance Company 

j   Tolunay-Wong Engineers, Inc.

j   ZETAS Zemin Teknolojisi A.S. 
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issues related to topics like air pollution 

control, waste management, water pol-

lution control, and related environmental 

concerns.

Foundation and 
Siesmic Expert 
Joins Shannon & 
Wilson
Jan L. Six, a senior 

geotechnical engineer 

formerly with the 

Oregon Department of Transportation 

(ODOT), has joined Shannon & Wilson’s 

Portland-area office. His impressive 

career at ODOT focused on soil-structure 

interaction at bridge foundations, seismic 

retrofits, drilled shafts, and driven piles. 

He was the lead geotechnical engineer 

for major ODOT projects, including the 

Sunset Highway, Corvallis Bypass, I-5 

Columbia River Crossing, and more than 

200 new bridges. Six also represented 

ODOT on many oversight and working 

groups with the Federal Highway 

Administration and the American 

Association of State Highway and 

Transportation Officials. He is a registered 

professional engineer and licensed 

geotechnical engineer. At Shannon & 

Wilson, Six will provide senior review and 

technical oversight, working with staff to 

meet the unique requirements of public 

agencies. 

Dodson Promoted to Vice 
President of Schnabel 
Foundation Company
Jeff Dodson, PE, was promoted to 

vice president of Schnabel Foundation 

Company in Bethesda, MD. Dodson 

started his career with Schnabel at its 

Southeast Regional Office in 1992 as a 

construction manager. During his tenure, 

he has served as a construction manager 

at the Bethesda Office and the branch 

manager of Schnabel’s Philadelphia 

Office. Schnabel Foundation Company 

is a nationwide design-build contractor 

specializing in earth-retaining structures, 

micropiles, and ground improvement 

since 1959. 

G-I ORGANIZATIONAL MEMBER NEWS

groutingconference.org

SAVE THE DATE

5th International Grouting Conference

GROUTING 2017
Grouting, Deep Mixing, and Diaphragm Walls

Honolulu, Oahu, Hawaii | July 9-12



georiskconference.org

SAVE THE DATE

6th International Symposium on Geotechnical Safety and Risk (ISGSR)

GEO-RISK 2017
Geotechnical Risk from Theory to Practice
Denver, Colorado | June 4-6
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COREBITS CHAPTERS

Dallas Chapter
On July 11, 2016, the Dallas Geo-Institute 

Chapter participated in the ASCE Dallas-

Fort Worth Joint Meeting. The Chapter 

presented three technical speakers. Ed 

Radford of Aldridge Group discussed the 

M Pile System; Liz Smith, PE, GE, D.GE, 

M.ASCE, of Terracon outlined the IH-35 

Design-Build project; and John Edens, 

PE, of Hayward Baker spoke about a 

contractor’s perspective on applications 

in geo-structural design.

Sri Dinakaran, PE, D.GE, M.ASCE, 

of Kleinfelder’s Dallas office, has 

earned certification as a Diplomate of 

Geotechnical Engineering (D.GE) from 

the Academy of Geoprofessionals. Sri 

serves as the president of the G-I Dallas 

Chapter. He also works as Kleinfelder’s 

geotechnical geographic leader for the 

South-Central Region.

Florida West Coast Chapter
On September 8, 2016, the Florida West 

Coast Chapter hosted Gray Mullins, 

PE, M.ASCE, of the University of South 

Florida to present the latest updates on 

thermal integrity profiling. 

Thermal integrity profiling is a 

relatively new method of evaluating 

the as-built features of cast-in-place 

concrete foundation elements, such as 

bored piles, drilled shafts, continuous 

flight auger piles, barrettes, dams, 

or diaphragm walls. The technology 

measures the temperature of curing 

concrete along the length of the 

foundation element to detect the 

presence (or absence) of hydrating 

cement, the alignment of the 

reinforcement, and the cover thickness 

over the reinforcement. 

Like many integrity methods used for 

drilled shafts, direct comparison of local 

concrete conditions is made relative to 

the overall normal or average concrete 

conditions with two exceptions: the top 

and bottom of the element cannot be 

directly compared to the rest of the shaft 

temperature without adjusting those 

measurements to account for end effects. 

Dr. Mullins’ presentation concentrated 

on the selection of adjustment 

parameters to ensure that the top and 

bottom shapes are properly defined. The 

presented data regression process is 

based on both numerical model findings 

as well as the statistical findings from 

over 400 shafts tested in the Tampa area. 

The meeting was attended by nearly 40 

geotechnical practitioners in the Tampa 

Bay area.

The Chapter is currently planning 

for the annual Wissa Lecture, to be 

held on November 14th at the Museum 

of Science and Industry. It will feature 

Professor Richard Jardine of the Imperial 

College of London presenting the 56th 

Rankine Lecture, "Geotechnics & Energy."

Arizona Chapter
Join the Arizona Chapter for the 2016 

Southwest Geo-Hazard Symposium on 

November 14. This all-day conference 

will take place at the Desert Willow 

Conference Center in Phoenix, AZ. 

Topics will include earth fissures in 

Arizona and the Arizona Geological Survey 

Earth Fissure Mapping, new simplified 

methodology to design flexible debris 

flow barriers, recent developments in 

the evaluation of earthquake-induced 

soil liquefaction, risk assessment 

in geotechnical engineering, new 

technologies for landslide mitigation 

and bridge abutment construction/

rehabilitation, and land subsidence 

and earth fissure hazards. For more 

information and registration, visit azsce.

org/branches-technical-groups/

technical-groups/geo-institute.

Los Angeles Chapter
On June 15, 2016, Ronald D. Andrus, 

PE, M.ASCE, a professor in the Glenn 

Department of Civil Engineering at 

Clemson University, spoke to the 

Los Angeles Chapter on the topic of 

liquefaction resistance of aged soils. 

Liquefaction is the loss of soil strength 

due to ground shaking generated by 

an earthquake. It can cause building 

foundations, utilities, and other 

structures to fail due to large lateral soil 

displacements and excessive settlement. 

Professor Andrus presented his results 

of laboratory and field investigations, 

especially the liquefaction potential of 

aged soil deposits in Charleston, SC. He 

also covered initial findings from the 

Christchurch, New Zealand, earthquake. 

The meeting was attended by 50 

geotechnical professionals and students 

in the Los Angeles area.

Cross USA 
Lectures  
Finish Up
Jean-Louis Briaud, 

PhD, PE, D.GE, 

Dist.M.ASCE, 

completed his 2015 

Cross USA Lecture tour in July. He 

delivered 22 lectures during a one-year 
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period, ranging from Melbourne, FL, to 

Fairbanks, AK, from San Diego, CA to 

Pittsburgh, PA, from UC Berkeley to U 

of Illinois, and many other places. Geo-

Institute and local G-I chapters hosted 

these events where Briaud covered a 

variety of topics, including: geotechnical 

engineering risk; unsaturated soils 

behavior for the practicing engineer; 

design of slabs on grade in shrink 

swell soils; behavior of two large mats 

under high loads; bridge scour and the 

observation method; the pressuremeter 

and foundation design; and high-speed 

train geotechnics.

“It was a true joy to see so many 

Geo-Institute members and a privilege to 

deliver this Distinguished Geo-Institute 

Lecture,” said Briaud, who even gave 

the lecture in St. Petersburg, Russia! “It 

was a bit odd to see the title “Cross USA 

Lecture” in a Russian classroom, but the 

students are just as excited to absorb 

new knowledge regardless of location,” 

he added.

“One mistake I made was to propose a 

list of 18 topics to choose from — because 

in the end, nine of the 18 were selected, 

and I had to prepare nine separate 

PowerPoint presentations and movies!”

When he wasn’t 

delivering 

lectures, Briaud 

made special 

memories, 

including 

seeing the 

ice sculptures 

of the World 

Championship 

in Fairbanks, AK, 

in February 2016 — at night in -16-degree 

weather. After the lectures were 

completed, Briaud said he was motivated 

to continue with all the traveling because 

of the new people he met and the friends 

he made.

“I thank the Geo-Institute for selecting 

me and all those who met me at the 

airport, drove me around, and helped 

me out as if I were someone important,” 

he said. “The experience was definitely 

among the best.”

For anyone interested in receiving a 

copy of Dr. Briaud’s PowerPoint slides, 

please contact geo-institute@asce.org.  

ASCE Press

Prepare yourself for the pitfalls and 
opportunities that arise during the process 
of contract claims and change orders with 
this handbook. The general guidelines 
and legal principles provided in this book 
were shaped by the outcome of federal 
and heavy construction cases. This book 
merges principles of construction law with 
practical advice to aid those involved in 
the construction claims process.

2016 | 512 pp. | List $100 / ASCE Member $75 
Hard Cover: 41429 | ISBN 978-0-7844-1429-3 
E-book: 47969 | ISBN 978-0-7844-7969-8

Construction Contract Claims, 
Changes, and Dispute Resolution
Third Edition
Edited by Paul Levin

New Book from ASCE Press

American Society of Civil Engineers 
1801 Alexander Bell Dr. Reston, Virginia 20191

1-800-548-ASCE | 703-295-6300 (Int’l)
www.asce.org/bookstore

j   PLEASE SUBMIT 
company news 
and career 
achievements to 
GEOSTRATA via 
geostrata@asce.org.
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COREBITS CAREER

ASCE/G-I Co-Sponsored Online Live Webinars
All posted webinars offer professional development hours (PDHs) as 

indicated.

j    Design of Geomembranes for Surface Impoundments (Ponds, 
Reservoirs, etc.)  (1.5 PDHs) 
November 3, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j    Seismic Assessment and Design of Water and Sewer Pipelines 
(1.5 PDHs) 
November 3, 2016 
12:00 p.m. – 1:00 p.m. (ET)

j    Design of Slab on Grade for Light Buildings on Shrink Swell 
Soils  (1.5 PDHs) – NEW 
November 10, 2016  
11:30 a.m. – 1:00 p.m. (ET)

j    Constructability-Based LRFD for Geotechnical Features Deep 
Foundations: Drilled Shafts  (1.5 PDHs) 
November 14, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j    Geotechnical Investigations in Karst  (1.5 PDHs)  
November 29, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j   Lessons Learned Using Geotextiles as Filters  (1.5 PDHs) 
December 1, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j    Details for Mechanically Stabilized Earth (MSE) Walls: Good 
Practices  (1.5 PDHs)  – NEW 
December 5, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j    Avoiding Failures of Retaining Walls  (1.5 PDHs) 
December 9, 2016 
11:30 a.m. – 1:00 p.m. (ET)

j    Load and Resistance Factor Design (LRFD) for Geotechnical 
Engineering Features: Design of Ground Anchors and Anchored 
Wall Systems  (1.5 PDHs) 
December 19, 2016 
11:30 a.m. – 1:00 p.m. (ET)

 ASCE/G-I Seminars 
All posted seminars offer continuing education units (CEUs).

j    Earthquake-Induced Ground Motions 
November 7-8, 2016 
Oklahoma City, OK

j    Instrumentation and Monitoring Bootcamp: Planning, 
Execution, and Measurement Uncertainty for Structural and 
Geotechnical Construction Projects 
November 10-11, 2016 
Saint Louis, MO

j    Deep Foundations: Design, Construction, and Quality Control 
November 17-18, 2016 
Miami, FL

j    Earth-Retaining Structures: Selection, Design, Construction, 
and Inspection - Now in an LRFD Design Platform 
November 17-18, 2016 
Philadelphia, PA

j    Soil and Rock Slope Stability 
December 1-2, 2016 
Scottsdale, AZ

j    Design of Foundations for Dynamic Loads 
December 14-16, 2016 

Denver Metro Area, CO

On-Demand Learning
On-demand learning opportunities offer continuing education 

units (CEUs). Recorded from ASCE’s most popular live webinars or 

in-person seminars, these courses allow you to hear the instruc-

tor’s lecture, see the presentation, and listen in on questions from 

the audience.

For more information about webinars, seminars, and on-demand 

learning, visit the ASCE Continuing Education website: asce.org/

continuing_education/

Internships Available  
Are you looking for an internship? Explore the positions listed 

on the ASCE website to help you obtain the experience you 

need to further your career path. New opportunities are added 

all the time, so start your search today: careers.asce.org/

jobs?keywords=internship

A Continuing Education Event
September 26–30, 2016

Enjoy discounted seminars! Save up to 
$900 on two seminars or up to $350 on 
one seminar when you register by 
September 2, 2016
Earn up to 34 PDHs to meet your license 
renewal requirements.
Special Tour of Hoover Dam, Mike 
O’Callaghan – Pat Tillman Memorial Bridge, 
and Lake Mead
Enjoy deluxe accommodations at Green 
Valley Ranch Resort Spa & Casino

LEARN FROM THE EXPERTS
n Pay 1 low rate!
n Your choice of 10 on-demand  

webinars!
n Earn PDHs/CEUs!
n Convenient 24/7 access!
Go to WWW.ASCE.ORG/ON-DEMAND-SUBSCRIPTION 
for more details.

Go to WWW.ASCE.ORG/JOIN to become a member 
today and take advantage of member pricing.

ASCE WEEK
Las Vegas, NV

WWW.ASCE.ORG/ASCEWEEK
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COMING IN JANUARY/FEBRUARY 2017

CONNECT WITH US

www.asce.org/geo            twitter.com/GeoInstitute            facebook.com/GeoInstitute            LinkedInGeo           GeoInstituteASCE 

Railway 
Geotechnics

As I See It: The Challenges 
of Numerical Modelling in 
Geotechnics 
By Paul Doherty

As I See It: Railroading from 
the Ground Up 
By James P. Hyslip

Railway Geotechnical Asset 
Management in Great Britain 
By Simon Abbott

Energy and Water Issues Are 
Too Great to Ignore! 
By Kurt Fraese

Railroad Tunnel Clearance 
Improvement and Liner 
Replacement 
By Kyle Guenther and Roberto Guardia

Railway Geotechnics and 
Remote Sensing 
By James P. Hyslip and Steve Chrismer

Emergency Response to 
Railroad Tunnel Fire 
By Randy K. Zeiger

An Interview with Leaders of 
the ISSMGE 
By Suguang (Sean) Xiao, Sean Salazar, 

and Merve Gizem Bozkurt

Lessons Learned from 
GeoLegends: Roy Hunt 
By Bridgit Reeve, Carolyn Messer, and 

Christopher Nelsen

Rocky Mountain  
Geo-Conference 2016
November 4, 2016
Lakewood, CO

47th Annual Ohio River 
Valley Soils Seminar (ORVSS 
XLVII)
November 16, 2016
Louisville, KY
kgeg.org

3rd International Conference 
GEOTEC HANOI 2016
November 24 - 26, 2016
Hanoi, Vietnam

Central Pennsylvania 
Geotechnical Conference
Jan 25-27, 2017
Hershey, PA

Geotechnical Frontiers
March 12-15, 2017
Orlando, FL
geotechnicalfrontiers.com

Geo-Risk 2017
June 4-7, 2017
Denver, CO

Grouting, Deep Mixing, and 
Diaphragm Walls 2017
July 9 - 12, 2017
Honolulu, Oahu, HI

GeoMEast 2017
July 15 - 19, 2017
Sharm El-Sheik, Egypt
geomeast2017.org

3rd International Conference 
on Performance-based 
Design in Earthquake 
Geotechnical Engineering 
(PBD-III)
July 16 - 19, 2017
Vancouver, BC, Canada

PanAm-UNSAT 2017: Second 
Pan American Conference on 
Unsaturated Soils
November 12 - 15, 2017
Dallas, TX

19th International 
Conference on Soil 
Mechanics and Geotechnical 
Engineering
September 17 - 22, 2017
Seoul, Korea
icsmge2017.org

IFCEE 2018
March 13-17, 2018
Buena Vista, FL

Geotechnical Earthquake 
Engineering and Soil 
Dynamics V 2018
May 27-30, 2018
Austin, TX

INDUSTRY CALENDAR

For more seminar information:  
asce.org/continuing-education/face-to-face-seminars



MARY C. NODINE, PE, M.ASCE, is a geotechnical poet, a member of the 

GEOSTRATA Editorial Board, and a project engineer with GEI Consultants, Inc. 

in Woburn, MA. She can be reached at mnodine@geiconsultants.com.

GeoPoem
By Mary C. Nodine, PE, M.ASCE

Earthquake Haikus
Frugal client wants
Just one boring... Site Class D!?
Call the geophones.

Simple, elegant:
Pseudostatic is nothing
Like reality.

Low blowcounts abound.
Thirty-five percent fines. So...
Will soil liquefy?

USGS: Free
Seismic data! Only... what
Does “SDS” mean?

If only soil slopes
Were rigid blocks. Oh, Newmark!
Your dreams would come true.
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Which means we’re doing more than just shipping geogrid. For more than 30 years we’ve been delivering 
the engineering, service, support and performance validation that allow your roadway improvement 

projects to run smoothly from beginning to end. Let us show you how we go the extra mile.

TensarCorp.com | 800-TENSAR-1
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