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Geo-Poem by Mary C. Nodine
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I stand at the edge.

Take in the view.

Bright haul trucks like industrious ants, far below
Change the landscape:

By minute, imperceptible.
By day, barely noticeable.
By geologic standards,
A blink of an eye.

Blast by blast.
Load by load.
Lift by lift…

The soil strata I know so well
From borings drilled,
Samples gathered,
Logs drawn,

Layers defi ned,Profi le painstakingly interpolated,
Is revealed in all its glory – 
But briefl y.

For the earth, once cut,
Is swiftly shored.

Humble grains engineered into stout walls.

Solid ground becomes space:
Pure potential.
The cleanest of slates
To fi ll as we please.

Perhaps from it will grow
An architectural wonder.
A tower of dizzying heights.

But few will marvel at the hole in the ground.

This masterpiece created
Not by building,
But by taking away.

Excavation

Mary C. Nodine, P.E., A.M.ASCE, 
is a geotechnical poet and a project 
engineer with GEI Consultants, Inc. 
in Woburn, MA. She can be reached at 
mnodine@geiconsultants.com
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Thoughts from the President by Craig Benson
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United We Thrive, Divided We Struggle

T
he threat of commoditization has been a common 

thread of discussions in our profession, as well as 

envisioning the means to ensure that our stake-

holders (e.g., clients, customers, the public, etc.) 

understand and appreciate the value of the services we provide. 

There is talk of “raising the bar” to ensure a high level of tech-

nical competency and communicating the “value proposition” 

associated with this competency to our stakeholders. These are 

high priorities for our profession.

I argue that there is another issue that we need to consider – 

the great power of unity within groups that compete for resourc-

es allocated from a larger community. The medical and legal 

professions make great use of the power of unity, and I think the 

geoprofession can do more to project unity and professionalism 

to our stakeholders. 

I often think back to an experience early in my career as a 

young assistant professor when I first began to comprehend 

and appreciate the power of unity in groups. In faculty meet-

ings in my department, faculty groups would position them-

selves to argue for new faculty positions or to promote their 

view on policy. One group was always superior to all others 

in making their case. They argued with a common voice and 

voted in a block, and ultimately won in nearly every case in 

which they had a stake.

I was amazed at how this group of faculty, which included 

star scholars, strong wills, and some huge egos, could be so 

unified. I was also eager to find the recipe for their success. 

Later I learned that they actually had strong, but respectful, ar-

guments within their group and followed an accepted process 

that promoted communication and consensus building. When 

they reached working consensus, they would vote on a posi-

tion, and then share their unified vision with the department. 

While some disagreement may still have existed in their group 

about the consensus decision, the group always presented itself 

to the department and others as a unified team with a com-

mon vision. This projection of unity helped the group thrive 

like none other within the department. Their ability to affect 

policy and capture resources was unparalleled.

There is an important lesson from this story that we can ap-

ply to our profession. Although we may have factions that dis-

agree about policies, practices, or behavior, we should project 

ourselves as a unified professional community with a unified 

vision to the world. We should first settle our differences and 

issues internally through thoughtful and respectful dialogue 

conducted through accepted processes and procedures that we 

have developed over the years. We should then build consen-

sus opinions and vision, and share these consensus visions 

with those who procure our services or may join us in our 

profession. We will thrive with this behavior. In contrast, if we 

behave divisively, make end runs around accepted policy, and 

project our disputes in the court of public opinion, we will 

look foolish and unprofessional and will struggle to make a 

case regarding our professionalism and the value we add.

In the last decade, our profession has periodically veered 

from unity, which has damaged how stakeholders perceive 

us. Without being too specific, let me share two examples. A 

public dispute erupted between factions in our profession re-

garding the relative roles of standardization and the creativity 

and independence of the design engineer. This public display 

of division, which went so far as litigation, projected weak-

ness and lack of communication within our profession to our 

clients, customers, and the public.

More recently, a dispute has erupted regarding responsi-

bility within our profession. Efforts were made to squash 

some of these opinions and to discredit some of the persons 

involved. More importantly, the dispute was shared publically 

with vitriol, making the profession appear divided and weak 

rather than unified and strong. These unfortunate events, and 

the fallout associated with them, could have been avoided by 

thoughtful discussion and debate within our community fol-

lowing processes that have existed for years.

Communication is a key thread to success – divisiveness can 

be avoided by engaging in effective and respectful dialogue 

about issues and by following a process that leads to a working 

consensus that can be projected positively by our profession.  

Effective and respectful communication takes time and effort, 

but the benefits are invaluable.

Through unity we will thrive. I encourage all geoprofes-

sionals to commit to a unified professional community that 

settles its issues internally and projects our value added to 

others through positive visions focused on our technical savvy, 

creativity, and ingenuity.

Craig H. Benson, Ph.D., P.E., D.GE, NAE
chbenson@wisc.edu
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From the Editorial Board by Peter Nicholson
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G
eo-Strata often repeats issue themes that have 

broad reader interest. One of the most funda-

mental is that age-old problem of slope stabil-

ity. And because of this years’ third recurrence 

of stability and performance of slopes and embankments as 

a major conference theme (the others were held in 1967 and 

1992), the Editorial Board thought that it was an opportune 

time for an issue centered around the same theme. Even with 

our knowledge gained through experiences and failures and 

advancements in analysis and modeling and methods, includ-

ing our ability to compute 3-D factors of safety for slopes and 

slope movements, slope stability remains a challenge with 

sometimes surprising results. This again shows that engineer-

ing judgment can never be replaced with certainty even by 

modern design, modeling and computational technology.

What’s Inside?

This issue includes a collection of articles describing a 

combination of case studies, advancements and analyses, and 

related issues that underscore some of the current trends in 

slope and embankment stability issues.

An article by Stark, Queen, and Choi describes an interesting 

forensic investigation of a landfill failure in which the failure 

surface unexpectedly occurred within the compacted clay liner 

rather than at the more typical membrane/clay interface. This 

article emphasizes the realm of unknowns and unexpected 

failures that continue to occur despite the tremendous gains in 

knowledge and experience with such fundamental geotechni-

cal mechanisms.

Arndt, Ortiz, and DeMarco provide some successful case 

studies describing some of the benefits of using polyurethane 

resins to stabilize rock slopes. Among those advantages are 

construction time and aesthetics in sensitive scenic corridors. 

The article also discusses the valuable and time-saving use of 

radar scanning to monitor real-time displacements and overall 

stability during drilling operations, a technique that ultimately 

led to modifications in the stabilization design.

Stabilization of a recurring landslide in Wyoming is de-

scribed in an article by Szturo and Martens, where micropiles 

were used after previous attempted remediations by more con-

ventional methods had not fixed the problem. The micropile 

solution addressed the owner’s time and cost restraints while 

still maintaining two-way traffic throughout the construction. 

The article highlights the need to accurately identify the causes 

and mechanisms of an instability in order to effectively ap-

proach and design a working solution.

While not all the articles in this issue relate directly to con-

ventional slope stability, there is some interesting reading that 

covers some different ground. We hope you will enjoy.

AUTHOR

This message was prepared by Peter Nicholson, Ph.D., P.E., D.GE, F.ASCE 
from the Geo-Strata Editorial Board. Peter can be reached at 
peter.hawaii@gmail.com

Slope stabilization project by Steele Foundation, LLC 
on the Severn River near Annapolis, MD.
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By Chester F. Watts, Ph.D., P.G., M.ASCE

R ock slope hazards in natural and man-made slopes 
adversely affect people, property, and infrastructure 
around the world, so understanding these hazards 
is essential to protecting the public. But most tradi-

tional civil engineering programs provide students with little or 
no exposure to geologic principles associated with structurally 
controlled rock slope stability, even though many graduates will 
face rock slope stability challenges during their careers. Interdis-
ciplinary teams of civil engineers working alongside engineering 
geologists and geological engineers provide a practical solution.

Some of the basic geologic concepts must include:

• the origins and characteristics of rock mass discontinuities,
• misperceptions regarding true dip and apparent dip,
• the multiple roles that discontinuities play in rock slope 

failures, and
• evaluation of groundwater’s effects on stability.

Discontinuities, or breaks in rock mass continuity, are the 
“weak links” that control stability in otherwise competent 
rock. They include bedding planes in sedimentary rock, folia-
tions in metamorphic rock, and joints, fractures, and faults in 
all types of rock. Discontinuities provide slip surfaces as well as 
planes where separations might form in tension, and conduits 
where water can seep, sometimes developing destabilizing 
hydrostatic pressures. Structural geology deals with the origins, 
distribution, orientations, characteristics, and evaluation of 

these and other geologic features.
A thorough rock slope study requires careful geologic field 

mapping of discontinuities. Their orientations are plotted 
on stereonets providing the means to kinematically identify 
possible rock slope failures. As potential hazards are recog-
nized, safety factors are calculated using limiting equilibrium 
methods. Contributions from discontinuity cohesion and 
friction, surcharges, artificial support, and water pressure are 
considered. As stability decreases over time—through process-
es like fracture propagation and internal weathering—transient 
factors become more likely to trigger failure. These include 
seismicity, thermal effects, and pulses of excess water.

As with many slope problems, the effects of water must be 
addressed. Instances of rockslides triggered by transient water 
flow are well documented, yet the exact pressure effects can be 
difficult to judge. Hydrogeology provides helpful insight. Open 
discontinuities in the vadose zone can move water quickly 
with little or no pressure developing, while impediments to 
seepage can retard flow, causing destabilizing water pressures. 
To evaluate the sensitivity of discontinuities above the water 
table to the effects of transient water pressure, rock slope engi-
neers and geologists have relied on adaptations of well-known 
equations developed by Evert Hoek in the 1970s for modeling 
pressure in saturated discontinuities.

Some criticize this use as being inconsistent with principles 
of hydraulics governing unimpeded flow between paral-

As I See It: The Importance of Geology in 
Structurally Controlled Rockslides
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lel plates. From the geological perspective, however, natural 
discontinuities are rarely perfect parallel plates. In fact, they 
are geologically notorious for undulations and variations in 
aperture. They contain intact rock bridges and frequently trap 
vegetation, mineral matter, and weathering products able to 
restrict flow, thereby causing variable hydrostatic pressures.

Hydrogeological models which treat discontinuities in tight 
rock as localized, tilted, confined aquifers that are partially 
blocked by restrictions experiencing Darcian flow provide the 
same ranges of uplift water pressures, as do Hoek’s original 
saturated equations, because the resulting piezometric surfaces 
match his assumed phreatic surfaces. The surrounding rock 
mass is presumed to have little or no hydraulic conductivity 
compared to the open discontinuity, and the infilling materi-
als have conductivities appropriate for common soil types. In 
such cases, even small amounts of confined water can saturate 
a discontinuity, generating large uplift forces even if the system 
is free-draining below the restrictions.

It is not surprising, therefore, that engineering geologists have 
long accepted the Hoek saturated model as a starting point for 
evaluating uplift water pressures along discontinuities above and 
below the water table. The concept is easily demonstrated using a 
fracture permeameter built to simulate a discontinuity, having an 
array of piezometers to provide pressure data.

Different definitions of “free-draining” seem responsible for 
confusion in practice. The term is frequently used to distinguish 
between discontinuities blocked at the toe, hence not “free to 
drain,” from those without toe blockage, while no assumption is 
implied regarding other internal impediments. In a broader sense, 
the term is also used to denote complete drainage throughout. 
Distinctions should be made in practice, such as “free-draining 
toe” versus “free-draining discontinuity.”

Civil engineers and geologists have much they can learn from 
working together. And, until the state of knowledge in rock slope 
engineering allows for more precise characterization of water 
within rock discontinuities, Hoek’s equations for bracketing water 
pressures remain a practical tool for everyday use by geologists 
and civil engineers alike.

AUTHOR

Chester F. Watts, Ph.D., P.G., M.ASCE, is the past chair of the 
Department of Geology and Dalton Distinguished Professor at 
Radford University in Virginia. He is the author of RockWare 
software for evaluating the stability of rock slopes, served as 
the 2001-02 USGS-GSA Congressional Science Fellow, and is 
the 2003 GSA-AEG Jahns Distinguished Lecturer. He can be 
reached at cwatts@vt.edu
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This article is the fi fth in a series of 
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excelled in advancing the geotechnical 
engineering profession.
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C harles C. Ladd is internationally renowned for his 
leadership and contributions to geotechnical engi-
neering research, teaching and practice. Through-
out his career, he has worked on in situ and 

laboratory testing, soil stabilization, soft-ground construction, 
foundation stabilization, risk analysis, and offshore engineer-
ing. A major focus of his research has been understanding soft 
cohesive soil behavior and describing that behavior in terms 
that are useful in practice.

Born in Brooklyn, NY, Professor Ladd received a B.A. in 
math and physics from Bowdoin College in Brunswick, ME, 
and a B.S. in building engineering and construction from the 
Massachusetts Institute of Technology (MIT) in 1955, and in 
1957 earned his M.S. in civil engineering from MIT. After com-
pleting his D.S. at MIT in soil engineering in 1961, he joined 
the Civil Engineering faculty, where he has worked closely 
with T. William Lambe and Robert V. Whitman. Prof. Ladd is 
the Edmund K. Turner Professor of Civil and Environmental 
Engineering at MIT, Emeritus, since retiring in 2001.

During his 40-year tenure at MIT, Prof. Ladd has established 
an almost legendary reputation as an excellent mentor and 
teacher. His courses in geotechnical engineering, foundation en-
gineering and soil behavior are well known among students as 
carefully prepared and very well taught. Many students and aca-
demic colleagues were inspired by his meticulous attention to 
details, focused thinking and integrity. One of his major contri-
butions to the geo-community is the development of SHANSEP, 
an acronym for Stress History and Normalized Soil Engineering 
Properties, which has been widely adopted for evaluating the 
undrained stability of construction in and on soft clays.

His professional and technical achievements have been rec-
ognized by his election to the National Academy of Engineering 
in 1983. He has received numerous prizes and research awards, 
including the Walter L. Huber Civil Engineering Research Prize 
of ASCE (1969), Croes Medal of ASCE (1973), Norman Medal 
of ASCE (1976), the Effective Teaching Award of the Depart-
ment of Civil Engineering at MIT (1980), Karl Terzaghi Lecture 
of ASCE (1986), Hogentogler Award of ASTM (1990), Samuel 
M. Seegal Prize of MIT (1994), Middlebrooks Award of ASCE 
(1996, 2002), Karl Terzaghi Award of ASCE (1999), and Arthur 
Casagrande Lecture, 12th Panamerican Conference of SMGE 
(2003). Prof. Ladd was recently selected to receive ASCE’s 2013 
Outstanding Lifetime Achievement Award for Education.

He has been very active in ASCE and chaired several com-
mittees, including Curricula and Accreditation and the Soil 

Properties, Awards and Executive Committees of the Geo-
technical Engineering Division. He was on the Geo-Institute 
Board of Governors (1996-98) and is a member of the British 
Geotechnical Society and the Canadian Geotechnical Society. 
Prof. Ladd served as a geotechnical consultant on some 110 
projects, one-fourth of which were international, and has over 
100 publications in multiple areas of geotechnical research and 
practice. In 1995, Prof. Ladd was elected Honorary (Distin-
guished) Member of ASCE in recognition of his extraordinary 
service to the geotechnical profession.

How did you fi rst become interested in civil 
engineering?

As a kid I liked building things with Erector sets and I 
certainly liked playing in the dirt. Later, when I was at Bow-
doin, a classmate’s father, who was a contractor, helped me 
with my math and physics homework. Construction sounded 
interesting, so when I transferred as part of the 3-2 year plan 
to MIT, I got a B.S. in building engineering and construction. It 
differed from civil engineering because I learned how to design 
everything from residential homes to large buildings. So I was 
in civil engineering from an early age, but soon switched to a 
very different specialty.

(l to r) Alain El Howayek and Professor Ladd

During his 40-year tenure at MIT, Prof. Ladd has
established an almost legendary reputation as an

excellent mentor and teacher.
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What was the 
main thing that 
encouraged you 
to attend graduate 
school?

Between my junior and 
senior years at MIT, I married 
my high school sweetheart 
and planned to become 
a contractor after gradua-
tion. But that fall I took my 

fi rst course in geotechnical engineering using Taylor’s book, 
Fundamentals of Soil Mechanics. That’s when I began doubt-
ing if I wanted to be a contractor for several reasons:  it could 
involve lots of travel and I didn’t want to be away from my 
wife; I’d be working with unions and I didn’t particularly like 
how they operated; and I wasn’t good at estimating costs. 

At the end of the fall semester, my soil mechanics 
instructor asked if I was interested in working part-time 
in the lab and fi eld on one of Prof. Harl Aldrich’s consult-
ing projects. I was, and started by running lab tests on the 
organic silt under an oil storage tank to be built in Boston. 
Then I was in the fi eld to survey the settlement of the tank 
during water testing. I really liked the lab-fi eld combina-
tion. Because MIT required a thesis for a B.S., I decided to 
do mine for Prof. Aldrich on the design and construction of 
an oil storage tank foundation.

Apparently my fi rst geotechnical research was far from 
outstanding—I got a B for my thesis, although I got all A 
grades during the next six years of graduate school. Hence, 
Harl Aldrich is responsible for my interest in geotechnical. 
Then, Prof. T. W. “Bill” Lambe offered me a research as-
sistantship in soil stabilization with chemical additives. So 
that’s how I attended graduate school, i.e., I knew I wanted 
to change fi elds and I had a job to pay tuition and partially 
support my family. I then became an instructor for four 
years while working on my doctoral thesis.

How important is a graduate degree to 
become a geotechnical engineer?

It’s absolutely essential! Otherwise, you are likely to end up 
as a lab or fi eld technician. Although undergraduate students 
can take beginning courses in soil mechanics and foundation 
engineering, graduate work is needed before they really un-
derstand the fundamentals of soil mechanics like computing 
effective stresses in soil with seepage and knowing the factors 
affecting soil behavior. The same applies to basic geotechni-
cal engineering; they may know how to use equations and 
computer programs, but not how to select appropriate input 
parameters without graduate studies. I can’t imagine a geotech-
nical fi rm hiring anybody, except as a technician, who didn’t 
have at least a master’s degree in geotechnical engineering.

Throughout your career, you have worked 
as a teacher, a researcher, and a consultant; 
which part did you enjoy the most? And 
what advice do you have for a graduate 
student deciding among these activities?

I would like to start with a few comments on each of them. 
Teaching: I taught only graduate courses where the students 
were very bright and highly motivated, a very special audience 
that I greatly appreciated. I soon inherited teaching Advanced 
Soil Mechanics, which is the only course required of all gradu-
ate students and essentially covered most of Lambe & Whit-
man in one semester. After teaching the graduate lab course 
while an instructor, I started a new course, Soil Behavior, which 
went into why we run fi eld and lab tests and how to use the 
results in geotechnical practice. And I occasionally taught the 
part of Foundation Engineering that covered design criteria, site 
exploration and shallow foundations.

Research: When I was appointed to the faculty in 1961, 
60 percent of my salary was covered by MIT out of academic 
funds, my nine-month salary, and 40 percent I had to cover 
out of research contracts. Thus I had to get research funds to 
pay that 40 percent, plus any summer months. Initially Bill 
Lambe, who was my mentor and boss, very fortunately got me 
fi ve years of funding from the Army Corps of Engineers where I 
could more or less do research on whatever topics I wanted.

Consulting: When I became an assistant professor, seven 
years after getting married, my nine-month salary was $6,000 a 
year and there was no way I could support a wife and four kids 
on that income. So I had to do consulting, and fortunately Bill 
Lambe always had work for me on very interesting projects. 
Consulting became extremely important for my teaching 
because it showed me how things were done in practice and 
identifi ed which fundamentals many practitioners lacked so I 
focused on these in my courses. Finally, consulting often gave 
me my best ideas about what sort of research to pursue.

For example, a job for Bill Lambe involved the stability of 
storage tanks in Japan on deep soft soils. I had been taught, 
using Bishop & Bjerrum’s paper from 1960, that the fi eld vane 
and UU triaxial tests should give the same strength so that ei-
ther of them could be used in undrained stability analyses. But 
for this job, the fi eld vane gave twice the UU strength! That got 
me interested in sample disturbance and the effects of anisot-
ropy and strain rate, which eventually led to the development 
of the SHANSEP procedure. So consulting was very important 
for both teaching and research. Of the three, the only part I 
often disliked was getting research contracts.

If you are at a major university, teaching and research 
always go together. I think a major problem now is that new 
faculty have to devote so much effort getting research funding 
and publishing that, after teaching, they don’t have time to 
become exposed to practice by consulting. I was very lucky to 
have started many decades ago and to have Bill Lambe as my 
mentor. So my advice to students:  If they have a master’s de-

Charles C. Ladd
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gree they are limited to working for engineering and consult-
ing fi rms or the government. If they have a doctorate, that’s of 
course the “union card” needed to join academia.

I think it’s unfortunate that too many schools now want 
to become major research universities, which is a big mistake. 
We will always need good teachers who have practical experi-
ence. Nowadays, in order to get research funding, you have 
to get narrower and more divorced from what goes on in the 
real world in order to obtain contracts for highly specialized 
research. This research focus is not working in the best interest 
of the students in learning the fundamentals and then how to 
apply them to solve problems in the real world.

For me, there is no question that I made the right choice of 
going into academics. In the late sixties, while on sabbatical, 
I worked essentially full time for the geotechnical fi rm Haley 
& Aldrich. I was offered a partnership that doubled my salary 
and provided a free car, which my wife desperately wanted me 
accept. Nevertheless, I decided that I was better suited for aca-
demia than being a principal in a consulting fi rm. I have always 
had a hard time estimating time and costs. As an academic, I 
simply worked more hours, but with a consulting fi rm you need 
to bring in the work and have to stay on budget and schedule.

You were involved as a geotechnical 
consultant on some 110 projects; which project 
did you fi nd most challenging and what 
important lessons have you learned from it?

Probably the most challenging was one of the earliest 
that started when I was working for Haley & Aldrich while on 
sabbatical. I was put in charge of my fi rst highway project, an 
interchange for Interstate 95 in Portsmouth, NH. It had fi ve 

bridges with approach embankments located in an area having 
some 35 ft of clay with an undrained strength of only 200 psf 
and water contents signifi cantly above the Liquid Limit. The 
soil was a “quick clay” that literally fl owed if remolded.

The fi rst thing I did was to write Dr. Laurits Bjerrum, direc-
tor of the Norwegian Geotechnical Institute, which had unique 
expertise with quick clay slope failures. I asked about their 
experience with building major embankments on quick clays, 
which I knew had to be done in stages. His reply essentially 
said “no experience.” So I convinced the owner to construct a 
test section which I think was the fi rst fully instrumented em-
bankment purposely loaded to failure. Unfortunately, it failed 
at night so I didn’t see it, at a height of about 20 ft compared 
to the 35 ft required. I wrote the specs for construction in two 
stages after installing sand drains that should not cause any 
disturbance to the highly sensitive clay.

Fortunately, the contractor used a new method, called “Dutch 
jet-bailer” drains, that installed absolutely perfect (no soil distur-
bance) sand drains. It had a cutting shoe and a jet to make 12-in.-
diameter holes and detailed measurements made sure that they 
were fully backfi lled with sand. After placing the sand blanket, we 
constructed the fi rst embankment stage with wide, 10- to 15-ft-
thick stability berms and extensive instrumentation to monitor 
lateral movements and consolidation behavior. 

As described in a paper for the 1972 ASCE conference at 
Purdue University [Editors Note: "Performance of Earth and 
Earth-Supported Structures"], the measured soil settlements 
were more than expected from lab consolidation tests on tube 
samples that, in hindsight, were not the best quality. The in 
situ soil essentially collapsed with an almost vertical compres-
sion curve! The temporary stability berms, which did not have 
sand drains, gave us another surprise. Inclinometers at the toe 
of the berms moved so much after loading that we were afraid 
they might fail.

Therefore, we installed a new set of inclinometers at the toe 
of the main embankments to monitor movements with place-
ment of the second stage fi ll to check if everything was moving 
out. The new inclinometers showed very small displacements, 
thus the stability berms ended up being the weak link because 
the soil was very creep susceptible. So I learned that it helps 
to be lucky in that the jetted sand drains worked much better 
than expected and prevented lateral creep under the main em-
bankment. If we had used another type of sand drain, I don’t 
think the project would have been successful.

Do you remember a specifi c project in 
which you encountered a major problem 
and how did you solve it?

It involves the same highway about 10 miles away, where they 
needed to widen I-95 in a tidal area having a thick deposit of 
peat with very low strength. The cost of bridging over the swamp 
would have been at least several times higher than improving 
the peat by precompression, which was selected for design. We 
ran consolidation and direct-simple shear strength tests and I Professor Charles C. Ladd
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called for Dutch jet-bailer sand drains in order to not disturb the 
soil. The drain installation required a 3-ft thick sand blanket to 
support the crane and I watched as a dozer fi rst began to carefully 
push sand out over the swamp. The ground where I stood, some 
50 ft away, moved outward 10 ft and heaved 2 or 3 ft!

The New Hampshire Highway Dept. wanted to stop con-
struction and switch to a pile foundation. I realized that install-
ing sand drains in peat was unusual, but the lab tests showed a 
100-fold decrease in the vertical coeffi cient of consolidation at the 
fi nal surcharge loading. Therefore, my scheme required horizontal 
drainage to reach the design consolidation during surcharging. 
I said let’s install some drains through the blanket closest to the 
existing roadway and see what happens. The 1-ft-diameter sand 
drains had a design spacing of only 4 ft. I was hoping so much 
sand would reinforce the peat by acting as sand piles. The drains 
did stabilize the blanket and construction continued without 
further problems. When I travel north, I always drive near the 
shoulder of I-95 at that location to check for signs of settlement: a 
few inches in 40 years, so not perfect but acceptable.

What do you consider your most signifi cant 
contribution to the geotechnical engineering 
profession?

I think my teaching has been the most signifi cant, although 
some of my publications like the SHANSEP paper and my Terza-
ghi lecture on stability analyses during staged construction had a 
signifi cant impact on geotechnical practice. But the feedback I’ve 
received over the years from students include comments that they

• have a better understanding of the fundamentals of soil 
mechanics and soil behavior than most of their peers,

• learned new ways of tackling problems, 
• increased their self-confi dence, or
• developed an improved work ethic and attention to detail.

This feedback has been most rewarding because I always put a 
lot of effort into my teaching and supervision of theses. The students 
have largely enjoyed very successful careers in both practice and 
academia which, I think, has greatly benefi ted our profession. My 
decision in 1968 to stay at MIT was correct because my talents were 
better suited for working with students, doing research and consult-
ing and writing papers. It has required a lot of effort, by literally 
averaging 10-hour days for months on end, but I have no regrets.

What are the differences between 
geotechnical engineering today and when 
you were a graduate student? What do you 
see for its future?

There are enormous differences! When I was a graduate 
student there were very few major geotechnical graduate pro-
grams: mainly Harvard and MIT on the east coast, Purdue and 
the University of Illinois in the midwest and Berkeley on the 
west coast. And there were a relatively small number of major 
geotechnical fi rms such as Haley & Aldrich (Boston), Mueser-

Rutledge (New York), Dames & Moore, and Woodward Clyde 
who got large projects based on their qualifi cations.

If you look at things now, in my opinion there are far too 
many geotechnical graduate programs. Many are too small to 
offer a comprehensive high quality program, while too many 
of the larger programs emphasize contract research to the 
detriment of their students. Regarding engineering practice, the 
excessive number of fi rms has created an even greater problem 
by signifi cantly lowering the average quality of engineering 
services. Part of this problem is caused by awarding contracts 
based solely on the lowest-cost bid. Therefore, the profession 
needs to convince clients that high quality engineering can 
lower construction costs and minimize claims. But geotechni-
cal “ignorance” is the principal cause. Too many engineers 
graduate without knowing the fundamentals of soil mechan-
ics, and soil behavior, join fi rms that are equally handicapped 
and never realize their limitations.

ASCE puts a lot of emphasis on ethics and the G-I offers many 
courses on specialized topics and hosts excellent yearly confer-
ences. But there is little policing of geotechnical practice and it 
would be diffi cult to force practitioners to learn the fundamentals 
needed to improve their engineering services. This is why I am co-
authoring a book on soft ground construction with Don De Groot 
and Suzanne Lacasse that covers the fundamentals of soil behavior 
and their application to stability and settlement problems.

What advice can you share with young 
geotechnical engineers?

The most important thing in life, other than having a good 
spouse/partner, is to have a job that you enjoy doing. If you 
select geotechnical engineering, I would fi rst look for a group 
that knows the fundamentals and has interesting projects. 
Then seek a potential mentor because it’s extremely important 
to have someone who will look after your interests by sharing 
experiences and giving you rewarding jobs.

By 1961, after fi nishing my doctorate, I had met most of the 
famous geotechnical engineers, thanks to my mentor Bill Lam-
be. He had me drive Terzaghi from his home to MIT and then 
show him around the laboratory before his lecture. He took 
me to conferences where I met Alan Bishop, Laurits Bjerrum, 
Arthur Casagrande, Jerry Leonards, Ralph Peck, Harry Seed, 
Alex Skempton and Bill Richart, many of whom supported my 
career and became good friends. Then Bill would put me on 
conference panels and recommend me for ASCE lecture series, 
which rapidly expanded my U.S. exposure. Finally, the group 
you join should have a professional development program that 
supports and encourages attendance at conferences and short 
courses, writing papers and being active in technical societies.
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U
nstable rock slopes and cuts are commonplace along 
Colorado’s narrow mountainous transportation cor-
ridors. Rock bolting is one typical mitigation method 
used to stabilize the rock slopes, but this option can be 

labor intensive and may require long construction times, and the 
fi nished product is aesthetically undesirable in many cases. One 
alternative that has been used successfully to stabilize rock slopes 
in Colorado is “rock gluing,” a method for rapidly stabilizing 
weak, actively failing ground in which polyurethane resin (PUR) 
is injected into the rock mass. This method has been used for 
decades in the underground mining industry.

PUR is a two-component polymer resin. The components are 
delivered to a project site in 50-gallon barrels, approximately 500 
lbs each, mixed through a pumping system, and injected into the 
unstable rock mass or retaining wall structure. The PUR product 
typically sets and cures in a few minutes. Cured components are 
chemically inert and environmentally safe. Material-handling pre-
cautions are provided by the manufacturers, and typically require 

the contractor to take precautions during installation such as re-
ducing skin contact and avoiding breathing over open containers.

Case Study at Poudre Canyon

The Colorado Department of Transportation (CDOT) and the 
Federal Lands Highway Division (FLHD) of the Federal Highway 
Administration (FHWA) are both responsible for managing rock 
slopes by working with stakeholders in settings such as scenic 
byways and environmentally sensitive areas. Preserving unique 
natural features such as scenic rock slopes along historic trans-
portation routes is central to the FLHD’s “Lightly on the Land” 
construction philosophy. In an effort to further support preserva-
tion of public land resources, FLHD sought ground stabilization 
technologies that:

• provide methods to stabilize and preserve natural and 
historic structures subject to environmental and roadway con-
struction damage;

Stabilizing Colorado’s Rock Slopes 
by Gluing, Scanning, and Bolting
By Ben Arndt, P.E., M.ASCE, Ty Ortiz, P.E., and Matthew DeMarco

Figure 1. Injecting PUR; the 
product is migrating out of 
discontinuities on the right.
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• produce aesthetically pleasing results, particularly tech-
nologies that are virtually invisible to the public; and

• provide cost-effective alternatives to traditional blasting-
scaling-bolting operations for rock slopes and wall replace-
ment for failing historic walls.

In 2006, FLHD, in cooperation with CDOT, conducted 
a full-scale PUR injection repair project at a historic tunnel 
located along State Highway 14 in the scenic Poudre Canyon 
west of Fort Collins, CO. The project involved “gluing” a previ-
ously bolted section of the western tunnel portal where the 
combination of annual freeze/thaw cycles and open fractures 
within the rock mass above the portal raised concerns for de-
veloping portal instability. In six days, a three-man crew drilled 
23 holes, 10-12 ft deep, above the western portal and outboard 
tunnel abutment using 6,000 lbs of PUR. The PUR was suc-
cessfully infused throughout the rock mass, evidenced by small 
amounts of product dripping from surface joints and fractures, 
effectively stabilizing and sealing the portal area (Figure 1).

Lessons learned from the project included:

• injecting the product from the bottom to top to ensure that 
the staged pumping was confi ned against the treated volume of 
rock as the PUR migrated upward through the rock mass;

• locating the drill holes at intersections of rock fractures 
to maximize the injection potential of the PUR product;

• considering the orientation, persistence, aperture, and 
condition of the fractures and joints prior to placement of the 
product to maximize the stabilization effects; and

• drilling and then injecting the product sequentially to 
determine the migration distances and effects in areas with 
very highly fractured rock masses. It was found that in some 
cases too many drill holes or tightly spaced drill holes may 
cause PUR product to migrate out of the pre-drilled holes.

Stabilizing Red Mountain Pass

Red Mountain Pass is a major scenic route that traverses 
the San Juan Mountains through the south-central part of 

Figure 2. Project site showing 
rock bolt drilling on the left, 

PUR injection on the right, and 
the radar scanning unit in the 

foreground.

PUR is a two-component polymer resin…
mixed through a pumping system and injected into the unstable 

rock mass or retaining wall structure.
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Colorado. It is a two-lane paved road that has changed little 
since the late 1880s. At an elevation of about 11,000 ft, most 
of the roadway is located along vertical or overhanging rock 
slopes with fi ll slopes steeper than 1H:1V. Most of the pass 
is constructed without guard railing, which makes avoiding 
fallen rock on the road a major challenge, and the slope below 
the highway extends nearly 500 ft in some areas. This section 
of road has many geologic hazards that include rockfalls, ava-
lanches, and debris fl ows.

CDOT and its consultants evaluated several mitigation 
system alternatives for unstable rock slope sites on US 550 
along Red Mountain Pass. In advancement of the gains made 
during the Poudre Canyon project, CDOT undertook further 
work along US 550 Red Mountain Pass to implement PUR 
product injection which also included selected rock bolting. 
Additionally, real-time radar scanning was used to monitor 
the potential destabilizing effects of PUR injection and drilling 
activities on an overhanging section of the rock face (Figure 2).  
Radar scanning is often used in the surface mining industry for 
monitoring large-scale ground movements in open pit mines, 
but is relatively new to transportation applications.

Radar Scanning

CDOT concurred that a real-time scanning system would 
benefi t the project and a radar scanning vendor was retained to 
scan the rock slope during rock bolt drilling and PUR injec-
tion. The radar scanner consisted of a truck-mounted radar 
dish that began scanning the rock face areas within 15 minutes 
of arriving on site. The scanning system is comprised of a radar 
dish that continually scans a slope at preset intervals. The data 
sets are presented as pixels or square areas on the rock slope. 
The resolution of the data and pixel aerial size depends on the 
radar dish size and distance to the slope face.

For the rock slope scanned at the site, the pixel area was ap-
proximately 3 ft x 3 ft. The radar system scans a rock slope and 
averages movement of the rock face by comparing the most 
recent scans with previous scans to establish a displacement 
range. The system averages the measured rock slope displace-

ment within a given pixel area and displacement alarms can be 
set at various thresholds to notify the operator if displacement 
has exceeded the pre-determined threshold.

The intent of using the radar scanning system was to de-
termine if there was signifi cant displacement of the rock slope 
during PUR injection and to monitor the overall stability of 
the rock slope face during drilling operations. Radar scanning 
data revealed that the pixel size was relatively large for the 
small rock slope area of interest. For mining applications, the 
pixel size for large open pits is more than suffi cient to discern 
slope movements where rock slopes can be 500 to 1,000 ft 
high. However, for relatively small rock slopes less than 60 ft 
in height, scanning at this resolution is not as sensitive and 
specifi c rock features are diffi cult to determine in some cases.

Also, with any given rock slope, experience is required to 
estimate what the normal displacement of the slope face is and 
what should be considered a critical threshold movement when 
impending failure may occur. For mining applications where ra-
dar units have been in use for years, engineers have a reasonable 
knowledge of what threshold of displacement is acceptable and 
what displacement thresholds are excessive, indicating immi-
nent slope failures. At new sites without background scanning 
data, it is diffi cult to evaluate threshold displacement limits for 
determining excessive rock slope movement.

PUR placement at the project site consisted of drilling and 
injecting approximately 5,300 lbs of product into 16 holes up 
to 10 ft in depth. During PUR injection, the radar scan did not 
indicate any measureable displacement, suggesting that either 
the PUR was not affecting the rock face or that the movement 
was very small, less than 0.001 inches. However, during drilling 
activities for placement of rock bolts near the overhanging rock 
slope, the radar system indicated signifi cant vibrational move-
ment in the form of color-coded pixels. Once drilling activi-
ties ceased, the displacement measured from the radar scans 
returned to normal background levels. As drilling continued, 

Figure 3. Screen image of slope of interest with 
corresponding color-coded pixels indicating a pre-set range 
of displacement during drill operations.

The radar scanning
system was used to 
determine if there was 
signifi cant displacement
of the rock slope during 
PUR injection and to 
monitor the overall stability 
of the rock slope face 
during drilling operations.
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the radar system on subsequent scans indicated the rock face 
was moving between 0.001 and 0.25 in. relative to the position 
and orientation of the scanner with the rock face. Figure 3 is a 
screen capture of the radar system.

PUR placement was deemed not to be suitable at this loca-
tion due to the signifi cant movement of the overhanging rock 
slope during drilling indicated by the radar system. The rock 
slope stabilization design was modifi ed to install 50-ft post-
tensioned rock bolts at a steep, near-vertical angle above and 
behind a planar failure feature that dipped unfavorably into the 
roadway (Figure 4). The rock bolts were successfully installed 
and tensioned to provide a reasonable degree of stabilization to 
the planar failure feature.

A Successful Innovation

At the Red Mountain project, a combination of PUR technol-
ogies with well-established rock bolting techniques was needed 
to stabilize the rock slope. The placement of the PUR product 
saved time during construction, requiring only a few days for 
PUR placement in a specifi c area to stabilize a feature, compared 
to weeks or even months of construction effort if rock bolts were 

used throughout. Time savings were a critical component of the 
project, as traffi c control on narrow two-lane roads with single 
temporary construction lanes can create numerous construction, 
safety, and delay issues to the traveling public.

PUR mitigation was not used in the unstable section of 
project, and the rock bolting design was modifi ed for the site 
conditions based on the use of real-time radar scanning. The 
radar scanning enabled the design team to reassess the stabi-
lization design and methods at the site. The radar scanning 
technology was of value, and as the technology progresses it 
may become a mainstream assessment tool for future construc-
tion projects of this nature.

Several PUR stabilization projects have now been successfully 
completed in Colorado. They have involved stabilizing failing rock 
masses such as rock slopes, tunnel portals, unique rock promon-
tories and escarpments, and preserving aging and/or deteriorating 
man-made structures such as historic retaining walls and archeo-
logical structures. Based on the experiences from them, applica-
tion guidance is now established for the selection of polyurethane 
resin products and injection methods, and monitoring rock mass 
performance during injection using real-time radar scanning.

Figure 4. Winching of wagon drill for 
placement of rock bolts. The drill operator 

worked from above the upper tension 
cracking for safety purposes.
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T
he ability to analyze and compute factors of safety 
for slopes has increased greatly in the last decade. 
This ability has increased to the point that factors 
of safety can be computed using even complex 

limit equilibrium methods, such as Morgenstern and Price 
(1960), which used to be too computationally intensive 
for microcomputers; the fi nite-difference method, such as 
FLAC/Slope; and the fi nite-element method, such as PLAXIS. 
In addition, these methods can be performed using two-
dimensional and three-dimensional geometries.

Despite these computational resources, these methods 
still need geotechnical insight to ensure the factor of safety is 
computed for all possible failure mechanisms and the relevant 
loading conditions, soil properties, and boundary conditions. 
Unfortunately, even the best limit equilibrium analyses and 
numerical methods do not always accurately predict fi eld 
behavior if a condition or material property was not properly 
modeled or considered. In developing proper models, users 
should have an open mind to all potential failure mecha-
nisms, material properties, and boundary conditions such as 

pore-water pressures, before initiating the analysis so all pos-
sible mechanisms and slope conditions are considered.

A Unique Case History

Hazardous and municipal solid waste (MSW) landfi lls in 
the U.S. must have a low hydraulic conductivity composite 
liner system with an overlying drainage system. The bottom 
liner system for a waste containment facility often consists of a 
low hydraulic conductivity compacted soil liner (CSL) overlain 
by a geomembrane. Figure 1 shows the geomembrane covering 
a portion of the CSL during construction of a slope prior to 
failure. The stability of these liner systems is usually controlled 
by the interface shear resistance between the CSL and overly-
ing geomembrane. As a result, failure surfaces through the CSL 
are rarely analyzed for slope stability purposes because it is 
assumed that a soil/soil interface in the CSL will be stronger 
than the overlying soil/geomembrane interface.

During the fall of 2001, a slope failure occurred at an MSW 
landfi ll near Waverly, OH, causing signifi cant damage to the 
liner system. This failure occurred after landfi ll personnel, 

Avoiding Surprises
in Slope Stability

By Timothy D. Stark, Ph.D., P.E., D.GE, F.ASCE, Brian H. Queen, and Hangseok Choi, Ph.D., P.E.

Figure 1.  Slope overview and placement of geomembrane over completed low 
permeability compacted soil liner. (photo by Craig L. Walkenshaw)
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who were constructing the liner system, decided to save time 
by spreading the granular drainage layer (GDL) from the top 
of the slope to the bottom on the completed geomembrane 
(Figure 2). Landfi ll personnel who were performing the con-
struction decided to spread the GDL from slope top to bottom 
because there was easy access for gravel trucks to unload at the 
top of the slope instead of accessing the bottom of the slope.

The repair of this slope failure delayed the construction 
for over a month and cost the facility hundreds of thousands 
of dollars. The slope was repaired by removing the GDL, 
the geomembrane, and the CSL down to a fi rm base, which 
involved the subgrade in some areas. Afterwards, the sideslope 
liner system was reconstructed, consisting of the CSL and the 
geomembrane, and then placing the GDL from the bottom to 
the top of the slope. A different on-site borrow source with a 
lower plasticity and in situ moisture content was used for the 
CSL. The CSL was placed in loose lifts a maximum 0.2 m thick 
with compaction to 95 percent of maximum Standard Proctor 
dry density. Each lift was kneaded into the underlying lift to 
help ensure integrity between the lifts.

This case history is surprising because slope movement did 
not occur at the CSL/geomembrane interface but along a soil/soil 
interface within the CSL. It is surprising that a soil/soil interface 
would be weaker than a geomembrane/CSL interface, especially 
at the low effective normal stresses present. A low effective normal 
stress is signifi cant because the low applied stress may not be suf-
fi cient to fully engage the texturing of the geomembrane into the 
upper surface of the CSL during placement of the overlying drain-
age material. This condition nearly always results in the weakest 
interface developing at the CSL/geomembrane interface and the 
geomembrane sliding downslope along the surface of the CSL.

Site Description and Construction

The case history site is located in the pre-glacial Teays River 
Valley in Pike County in south-central Ohio. The fl uvial deposits 

at the project site range from zero to 25 m thick and are mostly 
clay with liquid limits ranging from 45 to 56 percent, more than 
95 percent passing the No. 200 sieve, and 55 to 73 percent be-
ing smaller than 0.002 mm. This clay soil was used to construct 
the CSL used in the liner system. During construction, a slope 
failure occurred in a nominal 3H:1V sideslope during placement 
of the granular drainage media. The composite liner system 
consists, from bottom to top, of 1.5 m of CSL, a 1.5-mm-thick 
HDPE geomembrane that is textured on both sides, and 0.3-0.6 
m of protective/granular drainage sand.

The granular drainage layer (GDL) was placed during sides-
lope construction from the top of the slope to the bottom. This 
placement practice is not recommended because the GDL is un-
buttressed and imparts shear stresses in the liner system due to 
the weight of the GDL and equipment operating on the inclined 
slope. Thus the recommended practice is to place the GDL from 
the bottom to the top of a slope so the GDL buttresses itself and 
reduces the shear stresses and shear displacement applied to 
underlying liner system interfaces. Even though placement from 
top to bottom is not recommended, it is used because of easy 
access and ease of pushing material downslope versus upslope.

Figure 3 shows the damaged geomembrane near the toe of 
the slope due to the slope movement. This type of geomembrane 
damage is typical when slope movement occurs because the 
geomembrane and other geosynthetics easily tear under the ap-
plied shear and normal stresses. A view from upslope of the slide 
movement shows the drainage material overlying the torn geo-
membrane and the sliding surface below the torn geomembrane 
(Figure 4). The failure surface is located at a depth of 75–150 mm 
into the CSL and not at the geomembrane/CSL interface.

More importantly, Figure 4 shows that the failure surface 
extends the entire length of the slide because the GDL and 
geomembrane are missing from upslope of the slide mass to 
where the slide block stopped. A close look at the torn geo-
membrane (Figure 5) clearly shows the slide surface occurring 
below the torn geomembrane, from which it may be conclud-
ed that sliding occurred in the compacted CSL fi rst and then 
the geomembrane tore as a result of this movement.

Observations indicate that the sliding surface did not cor-
respond to a specifi c compacted lift interface. This is evident 

Figure 2.  Overview of sideslope and protective sand 
placement on geomembrane from top of slope to bottom.

Figure 3.  Failed slope and damaged geomembrane.
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because the sliding surface was only about 75-150 mm below 
the top of the compacted CSL. Generally, a lift interface is 
deeper than that at the top of the compacted CSL, unless some 
additional material was placed on the top of the last lift so 
the fi nal CSL thickness meets the regulatory requirement of 
about 1.5 m or fi nal grade. Figure 5 shows the failure surface 
is slickensided, having a polished appearance, caused by clay 
particle reorientation into face-to-face/parallel arrangements. 
Slickensides occur when large strains or displacements are 
experienced along a well-defi ned failure surface.

The compaction specifi cation for the CSL to achieve a satu-
rated, vertical hydraulic conductivity of less than 1×10-7 cm/
sec is a relative compaction of 95 percent or greater, based on 
standard Proctor compaction and a moisture content of 
> 1 percent wet of optimum. From laboratory test results, the 

maximum dry unit weight and optimum moisture content for 
the CSL soil are 15.8 kN/m3 and 21.6 percent, respectively. Dai-
ly fi eld compaction reports provide insight to the compaction 
procedure, which included a maximum loose lift thickness of 
about 200 mm, compacting each lift with a minimum of 12 
passes using a sheepsfoot compactor to achieve the minimum 
compaction and to break up soil clods in the compacted fi ll.

Table 1 presents a summary of the fi eld dry unit weights 
and moisture contents for Lifts 3 through 6. Lift 6 corresponds 
to the top of the CSL, and Lifts 5 through 3 are located se-
quentially below the top of the CSL. The fi eld compaction data 
shown in Table 1 were obtained using a nuclear density gauge. 
All of the tests for Lifts 3 and 4 passed the requirements of 
≥ 95 percent Standard Proctor relative compaction and a mois-
ture content of ≥ 1 percent wet of optimum. Not all of the fi eld 
tests for Lifts 5 and 6 passed the moisture content requirement, 
but the average moisture contents (25.4 and 26.0 percent, 
respectively) were well above 1 percent wet of optimum.

These fi eld test results indicate that the CSL was com-
pacted wetter than optimum moisture content for Lifts 5 and 
6, whose highest moisture content was 26.7 percent, than for 
Lifts 3 and 4, whose highest moisture contents were 25.5 and 
26.5 percent, respectively. In addition, the average moisture 
contents for Lifts 5 and 6 (25.4 and 26.0 percent) are slightly 
higher than for Lifts 3 and 4 (25.0 and 24.2 percent). Thus, the 
moisture contents of Lifts 5 and 6 are slightly higher than Lifts 
3 and 4, although some of the fi eld moisture contents for Lifts 
5 and 6 are near optimum moisture content, and thus below 
the required +1 percent wet of optimum.

After the slide, four moisture content specimens were ob-
tained from the exposed slide surface. The measured moisture 
contents are 24.9, 28.6, 26.5, and 26.9 percent, with an average of 
26.7 percent, which is in agreement with the as-compacted aver-
age for Lift 6 of 26.0 percent. The slide surface moisture contents 
correspond to an average moisture content of about 4.1 percent 
above the optimum moisture content. The post-slide moisture 
contents indicate that CSL moisture will likely remain constant or 
increase due to the presence of the overlying geomembrane heat-
ing the surface of the CSL and water vapor condensing under the 
geomembrane. As a result, designers should perform shear testing 
at the as-compacted or higher moisture contents, not lower mois-
ture contents, to estimate fi eld shear strength values.

Figure 4.  Slide surface and torn geomembrane.

Figure 5.  Close-up of torn geomembrane which shows slide 
surface is below geomembrane/CSL interface.

Table 1. Range of fi eld compaction parameters for Lifts 3 through 6 of the CSL

Lift Number
Range of Dry Unit Weight  

(kN/m3)

Standard
Proctor Relative 
Compaction (%)

Range of Compaction
Moisture Content/

Average (%)

Moisture 
Content Above 
Optimum (%)

3 15.0-15.9 95.0-100.0 22.8-26.5/25.0 1.2-4.9

4 15.1-15.3 95.5-97.1 23.2-25.5/24.2 1.6-3.9

5 15.0-15.3 95.3-97.2 22.3-26.7/25.4 0.7-5.1

6 15.0-15.7 95.1-99.8 21.6-26.7/26.0 0-5.1
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Limit Equilibrium Analysis of Slide

Back-analysis of the observed sideslope instability was per-
formed using Janbu, Spencer, and Morgenstern and Price stability 
methods. Using an effective stress friction angle of 19.5 degrees 
based on consolidated-undrained CU) triaxial compression tests 
with pore-pressure measurement on specimens of the CSL, the 
back-calculated effective stress cohesion ranges from 0.70 to 1.25 
kPa for an average of about 1 kPa. 

For comparison purposes, the same effective stress strength 
parameters were used to calculate the factor of safety if the GDL 
was placed from the slope toe and pushed up the slope instead 
of downslope with all of the other variables remaining the same. 
The Morgenstern and Price stability method yielded a factor of 
safety of about 1.3 instead of about unity for top-down place-
ment of the GDL. The factors of safety for the Janbu and Spencer 
stability methods are 1.30 and 1.35, respectively, for soil place-
ment from the bottom to the top of the slope. Therefore, placing 
the cover soil from the bottom to the top of the slope would 
have increased the factor of safety by 30 to 40 percent, meaning 
the slope probably would have been stable if the cover soil had 
been placed from the slope bottom to the top.

Other Stability Situations

The interim or temporary slopes that can develop during 
earthwork construction or waste containment development 
can also provide stability surprises. Most state agencies require 
slope stability analyses only for the final configuration of a 
waste containment facility. As a result, stability analyses are 
usually not performed for slope conditions that develop dur-
ing fill and construction of the various phases or cells of the 
landfill. This is important because these interim or temporary 
slopes frequently involve toe excavation to join the existing 
and new liner systems or for additional waste capacity while 
additional waste placement continues at the top of the slope. 
These two potentially destabilizing activities, cutting the toe 
and loading the top of the slope, can occur simultaneously.

Toe excavations should be carefully modeled in the stability analy-
ses to reflect the exposure of weak materials, the reduction in buttress-
ing stresses, and different boundary conditions such as dissipation or 
build-up of pore-water pressures to prevent a slope stability surprise. 
Other interim conditions that should be modeled include blasting in 
or near the slope to facilitate excavation and seismic activity that may 
occur during the period in which the slope toe is unbuttressed.

Surprising slope stability can also develop when clayey 

embankment slopes, such as levees, undergo weathering. These 
slopes are usually designed with the peak strength in mind and an 
appropriate factor of safety. However, slopes in overconsolidated 
fissured London Clay revealed that the clay around some of these 
slopes can weaken with time, to the point that their strengths are 
nearly as low as the same material when normally consolidated. 
This condition is termed “fully softened shear strength.”

Field observations indicate that high plastic clays in em-
bankments that are subject to cyclic drying and wetting can 
suffer a similar strength loss, especially at shallow depths, 
which helps explain the shallow nature of observed slides 
in clayey embankments. Slope stability analyses should also 
consider rainfall, flood, and drawdown-induced pore-water 
pressure mechanisms, as well as the effect of slope movement 
on the mobilized shear strength to ensure a slope stability 
surprise does not occur.

Next Steps

The ability to compute two- and three-dimensional fac-
tors of safety for slopes has increased significantly in the last 
decade. However, these computational resources and methods 
still need guidance to ensure the factor of safety is computed 
for all possible stability conditions and failure mechanisms, 
not only the likely mechanisms. The analyses should utilize 
relevant loading conditions, soil properties, and boundary 
conditions, but also a range in these parameters to assess 
the sensitivity of the results. This is important because slope 
instability usually results in significant repair costs that are 
frequently amplified by litigation.

This guidance should extend to changes in field conditions 
that differ from the design condition. These conditions could 
include an increase in slope inclination, height, and/or length; 
placement from top of slope to the bottom instead of bottom 
to top because it is quicker and easier; increased unit weight 
due to a material change; and increased rate of loading. Fre-
quently, decisions about such changes have to be made quickly 
to comply with the construction schedule. 

As a result, proper quantitative evaluation is not performed, 
which can result in a slope stability surprise. The increased use 
of design/build contracts can contribute to designers having to 
quickly assess the impacts of field changes because of pressure 
from members of the design/build team. A protocol for assess-
ing the impact of such field changes should be established via 
the contract documents so that sufficient time is allowed to 
evaluate the changes and to avoid slope stability surprises.
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Double Nickel 
Landslide

Stabilization:
Innovative Use

of Micropiles 
by Jamie Martens, P.E., and John Szturo, R.G.

W here’s the landslide? That was the question 
raised by many during the initial visit to the 
Double Nickel landslide located on Route 28 
between Farson and Lander, WY (Figure 1). 

Located at Milepost 55 and skirting the southeast tip of the Wind 
River Mountains (Figure 2), the landslide had been a recurring 
headache for the Wyoming Department of Transportation 
(WYDOT) since 1987. Even though it affected nearly 1,200 lineal 
ft of the highway, the landslide was diffi cult to detect with the 
naked eye. But closer examination revealed the enormity of the 
overall slide, along with the diffi culties associated with designing 
and constructing a cost-effective repair.

A HISTORY OF MOVEMENT

Before 1985, Route 28 followed the curves of the existing 
topography and was positioned further upslope than the cur-
rent alignment. In order to improve geometry, the roadway was 
realigned and “straightened.” As part of the highway improve-
ments, a typical geotechnical investigation was performed 
consisting of numerous shallow borings drilled along the 
proposed alignment in 1981 and 1982. During the investiga-
tion, a signifi cant landslide was documented to the west of the 
Double Nickel site, occurring along a shallow bentonitic clay 
layer. Furthermore, a spring was noted within the project limits 

about 15 ft upslope of the proposed roadway 
centerline. Finally, nearly 40 ft of material was 
required to fi ll the existing valley as the road-
way was moved downslope. Construction of the 
realigned highway, including an underdrain to 
discharge the spring, was substantially com-
pleted in 1985.

New slope movements were fi rst observed 
in the summer of 1987 and were originally 
attributed to excessive settlement of the fi ll. 
Several inclinometers were installed at that time 
to monitor the movement. Further disturbance 
of the roadway and slope was noted the follow-
ing summer and additional inclinometers were 
installed. Continued movement indicated the 
development of a landslide rather than settle-
ment of the fi ll. Additional investigations were 
conducted in 1991 and 1992. Three toe-trench 

Figure 2.  Site vicinity.

Figure 1.  Conditions viewed during initial site visit.  
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drains were installed in 1992 immediately downslope of the 
spring location to dewater the hillslope and provide a buttress 
against continued landslide movement.

However, movement continued and a more extensive repair 
was required. In 1994, a landslide repair design included 
realigning the roadway northward, further upslope towards its 
original position, placing lightweight tire shred fi ll to reduce the 
driving force and installing four additional and larger rock-fi lled 
berms at the toe of the slide (Figure 3). A three-sided box culvert 
was constructed to collect and discharge the spring water. Still, 
movement continued, requiring frequent maintenance. Addi-
tional inclinometers were installed in 1995 and 2000.

In the spring of 2010, heavy snowfall followed by a heavy 
rain and rapid melt activated the slide, with new tension cracks 
forming 250 ft east of the previously defi ned landslide. In 
response, the Department installed additional inclinometers 
in 2010, and a more extensive subsurface investigation was 
conducted in the spring of 2011. An engineering consultant was 
retained in July 2011 to design a landslide remediation on an 
accelerated schedule, as the desire was to have the roadway “fl at 
and black” by 2012. In order to meet a January bid letting, fi nal 
plans and specifi cations were due in early November 2011. Thus, 
any additional investigation, analyses, design, and plan produc-
tion would need to be completed within four months.

SUBSURFACE CONDITIONS

Numerous subsurface investigations had been performed 
at the site. However, many of these investigations were directed 
at installing instrumentation to monitor the site, with very few 
samples collected of the soil and bedrock to characterize the 
materials and provide insight about the failure mechanism of 

the slide. As part of the landslide stabilization design, a subsur-
face exploration program was developed to:

• investigate and characterize the engineering and geologic 
subsurface conditions,

• install multiple-level vibrating wire piezometers to char-
acterize pore-water pressure, and

• identify potential shear planes.

A total of fi ve additional borings were drilled and two 
vibrating wire piezometers were grouted in-place at one of the 
boring locations. Downhole acoustic and optical survey was 
scheduled at the remaining four borings to characterize the 
structural geology of the bedrock (fracture frequency and dip 
direction). One borehole collapsed before the surveys could 
be completed. Finally, laboratory testing was performed on 
numerous soil and bedrock samples.

The general geology for the project site consists of soil over-
burden underlain by the Tertiary-aged White River Formation. An 
erosional unconformity is present between the younger White 
River Formation and the adjacent Pennsylvanian-aged sandstone 
and limestone to the north, east, and west. Overburden materials 
encountered during drilling varied considerably in composition 
and included highly plastic clay, sand, gravel, cobbles, and boul-
ders. Several borings refused on boulders and required relocation. 
At one boring location, penetration of a boulder underlain by 
softer material resulted in shearing off the hollow stem auger.

Underlying the overburden is relatively soft, fi ne-grained 
bedrock consisting of shale, siltstone, and claystone from the 
White River Formation. Harder layers of dolomite, quartzite, 
sandstone, and limestone were also encountered. Observations 
recorded during the various subsurface investigations, such as 
“jump and grind,” “hard drilling,” and “red goo,” provided a 

Figure 3.  Plan view showing roadway alignments and location of previous improvements.
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glimpse into the varied subsurface materials present at the site. 
Groundwater was encountered during the subsurface investi-
gation, and water levels were also measured after completion 
of drilling. Delayed groundwater levels were generally higher 
than the noted level of groundwater entry, indicating an up-
ward hydraulic gradient. Monitoring of the piezometers during 
the condensed design timeframe confi rmed high groundwater 
levels and artesian conditions.

LANDSLIDE FEATURES

The slide is believed to be occurring in the overall weak Ter-
tiary materials aided by bentonitic zones and weathering of the 
shale layers to fat clay. The slide’s axis appears to be positioned 
within a bedrock depression from a past erosional event. The 
mechanism was triggered by the addition of groundwater from 
the Madison Formation fl owing downward from the Conti-

Figure 4.  Section along landslide axis.
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nental Divide, as well as along the contact between the Tertiary 
and Paleozoic formations. Surface water is also contributed 
near the present head scarp of the slide. Based on the landslide 
features, subsurface investigation, laboratory test results, and 
instrumentation readings, the landslide’s actual size and depth 
appear to be a maximum of 1,200 ft wide, 675 ft long from 
head to toe, and a maximum of 80 ft deep (Figure 4).

SLOPE STABILITY EVALUATION

An assessment of the landslide was performed to evaluate 
potential movement under measured or inferred engineering 
parameters, including slide geometry, groundwater levels, and 
material properties. Stability models were developed to evalu-
ate the ratio of resisting forces to driving forces expressed as 
a factor of safety (FS). A calculated FS less than 1.0 would be 
consistent with landslide movement.

Based on direct observation of disturbed materials along 
the inferred slide plane, depths of recorded inclinometer 
movements, and laboratory testing, a “pre-sheared” layer was 
incorporated into the limit equilibrium model. The strength of 
this material was varied until the FS was near 1.0. The bedrock 
was assigned an anisotropic strength function to incorporate 
weakness along the bentonitic bedding planes dipping into the 
hillside. Overburden material above the pre-sheared layer that 
may contain relict structure was also assigned the anisotropic 

strength function. The same geotechnical model used to evalu-
ate a “failed” condition was then used in the forward analyses 
to evaluate the benefit of potential stabilization alternatives.

STABILIZATION ALTERNATIVES

Existing conditions, as well as criteria established by WYDOT, 
heavily influenced the evaluation of potential stabilization 
alternatives:

• construction of the repair within the existing highway 
right-of-way;

• remote location of the project site;
• maintenance of two-way, two-lane traffic at all times dur-

ing construction;
• variable materials and difficult drilling encountered dur-

ing the subsurface investigations;
• a short construction season from approximately June 1 

to September 30; and
• an available budget of $6 million for construction.

Methods usually considered for landslide stabilization in-
clude slope regrading, groundwater control, and structural re-
inforcement such as micropiles, drilled shafts, ground anchors, 
and driven piles. For the Double Nickel site, effective slope 
grading would have required acquiring additional right-of-way. 
Groundwater control through the installation of horizontal 
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drains would also have required additional right-of-way and 
would be diffi cult to install due to the length of the drains and 
the variable subsurface conditions. Active dewatering options, 
such as a pump station, would require utility improvements 
to the site and on-going operation and maintenance at a 
remote location. So to meet the aggressive design criteria and 
schedule, structural reinforcement was selected as the preferred 
stabilization technique.

Based on the existing subsurface conditions and the high 
potential to encounter cobbles and boulders, driven piles and 
drilled shafts were not desirable. Piles would be diffi cult to drive 
and  unpredictable with respect to their constructed condition, 
require a high percentage of pre-drilling to achieve minimum 
tip elevations, and pose a high risk of construction claims. 
Drilled shafts would require drilling in unpredictable ground 
and fabricating long reinforcing steel cages. Use of temporary 
or permanent casing would also be required. Due to the depth 
of the slide plane, site topography, and low bedrock strength, 
ground anchors would be exceptionally long and require con-
struction of structural concrete bearing blocks to distribute the 
load over the ground surface. In addition, rigorous testing would 
be required to verify load-carrying capacity. Drilling angled 
holes for the insertion of the ground anchors would be diffi cult 
due to the presence of cobbles, boulders, and shredded tire fi ll.

The preferred stabilization method was installation of mi-
cropiles consisting of small-diameter fl exible elements drilled 
across the slide plane to provide passive shear capacity, disrupt 
the slide plane, and reinforce the soil mass. Due to the depth 
of the slide plane below the ground surface, and to reduce 
potential drilling diffi culties through the cobbles and boulders, 
the micropiles would be installed vertically. By limiting the 
drill-hole diameter, the holes could be advanced using readily 
available dual rotary drilling techniques which advance the 
casing with the bit. By installing the micropiles down slope of 
the existing roadway, traffi c impacts could be minimized and 
their effectiveness would be improved by placing the micro-
piles in the resistance portion of the slide zone.

MICROPILE DESIGN

The stability model at the design section was used to evalu-
ate the resisting force needed to improve the existing FS from 
1.0 to the minimum required of 1.3. To reduce the resist-
ing force needed per pile, a total of four rows of piles were 
analyzed. Several iterations were conducted to optimize the 
spacing of the rows and to address up- and down-slope stabil-
ity. The fi nal confi guration consisted of one row of piles near 
the crest of the lower toe of slope and three rows on the bench 
below the existing roadway (Figure 4).

The subsurface conditions along the design section were 
used to develop the lateral loading parameters for the mi-
cropiles. The piles were designed to resist the force necessary 
to increase the FS to the required minimum. Based on the 
site-specifi c conditions and assumed loading, the structural 
response of the pile, including shear force, bending moment, 
and defl ection, was evaluated. Reasonable assumptions were 

made with respect to the soil-pile interaction in order to 
minimize the structural element required and provide a cost-
effective repair. Minimum embedment below the slide plane 
for the 11.875-in. outside-diameter micropiles was 20 ft, based 
on structural design considerations. Center-to-center spacing 
of the micropiles within each row was 6 ft, based on structural 
capacity and constructability. Based on the assumptions made 
during the micropile analysis, additional instrumentation in-

Figure 5. Micropile installation.

The preferred 
stabilization method 

was installation of 
micropiles consisting 

of small-diameter 
fl exible elements 
drilled across the

slide plane.
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cluding inclinometers and strain gauges is required within the 
shear pile casing at select locations to monitor the response of 
the micropile system.

CONSTRUCTION

Bids for the Double Nickel Slide were opened on schedule 
in January 2012. A below-average snowpack and a warm winter 
permitted an early start to micropile installation in mid-May. 
Initial production rates were slowed by the variable subsurface 
materials and delivery of materials and equipment to the site. 
Acquisition of different drill bits and modifi cation to the cutting 
teeth on the casing improved production. Daily production rates 
increased in mid-June, and installation of the 526 micropiles, 
over 48,000 linear ft, was complete by the end of August (Figure 
5). Finishing touches of the landslide repair included improv-
ing drainage at the head of the slide and incorporating biaxial 
geogrid into a rehabilitated pavement section.

LOOKING FORWARD

The designed landslide stabilization met the aggressive 
schedule established by WYDOT and necessitated by the typi-
cal weather conditions at the site. The innovative use of verti-
cally installed micropiles to provide passive shear resistance, 
disrupt the slide plane, and reinforce the soil mass permitted 
rapid installation at a remote location in a short construction sea-
son. Instrumentation designed and installed within the produc-
tion micropiles will provide invaluable insight into the response 
of the system. The combination of piezometers and inclinometers 
will monitor the geotechnical parameters and pinpoint the depth 
of slide movement, while the strain meters will monitor the 
structural response of the vertically installed micropiles. The mea-
sured strain of the micropiles can be converted into load to better 
understand the mechanics of load transfer between the moving 
slide mass and the structural elements.
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Association, 1983–1984

How early on did you know that you wanted to 
study civil engineering? What were the key factors 
in your decision to become a civil engineer?

I developed an interest in civil engineering around  7th grade. 
My grandfather was a builder, and although he passed away 
before I was born, I always identified with him as a role model. 
I loved to play with Lincoln Logs and build forts with castaway 
Christmas trees. I liked math, science, and construction.  

Did you have other aspirations of going into another 
discipline or field other than civil engineering?  

At one time I considered architecture. I wrote a letter to the 
Chairman of the Architecture Department at the University of 
Oregon, but before I sent it, I realized that I misspelled “arch-
ture.” I decided that was an omen and didn’t send the letter.

What is your message to professional engineers 
regarding specialty certification?

Engineering has evolved from the master builder concept 
of ancient times to the highly specialized field of today. You 
need to stay on top of the technology in your field, and a B.S. is 
rarely enough. Specialty certification provides the public and 
your employer with some assurance that you have the technical 
background to perform up to the standards of the profession.   

Why are you certified as a D.GE, and what made 
you choose to become a Diplomate in the Academy?

I believe that the D.GE raises the bar by establishing a title 
for those who have worked to maintain high standards in 
their career. The D.GE shows others that your peers have rec-
ognized your efforts on behalf of your profession.  

How do you feel about the state of civil engineering 
and the profession as it is today?  

I remain as excited about the state of civil engineering 
today as I did when I started college. I believe that engineers 
occupy a special position in our civilization, and our value 
increases with the demands society puts on us for more and 
more civil works with higher degrees of public safety. Engineer-
ing is a great career for anyone who enjoys building and fixing.   

What do you personally feel are the biggest challenges 
on the horizon for the profession? 

• Recruiting enough new engineers to replace those who 
will be retiring in the next ten years.

• I am of the opinion that the low bid practice should be 
changed to be more responsive to competence rather than price.

• The technology boom has left a gap between technical 
computer-wise competence and the know-how that comes 
from the hands-on experience of engineering.

• Many engineering curricula need to be augmented by 
the needs of the practice of engineering.      

What are some of your personal hobbies and interests? 

Hobbies and interests make you a more interesting person 
and give you personal enjoyment. I now enjoy shooting sport-
ing clays, fly fishing, and reading books about American his-
tory. I have always enjoyed woodworking, specifically building 
furniture. The greatest and most rewarding challenge has been 
sculpting. I have created about 30 busts of people, some of 
them finished in bronze and others as terra cotta.

LOOK WHO’S A D.GE   Richard D. Short, P.E., G.E., D.GE, M.ASCE

Read the complete article at www.geoprofessionals.org.
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W
hen grouting for critical projects, it’s important 
to understand what pressures are being applied 
to the ground in each stage. Knowing the actual 
stage pressure is important both for evaluating 

the grouting effectiveness and for limiting the potential to 
damage the structure that is being grouted. Currently in gener-
al practice, there is typically only a gauge at the top of the hole 
to measure the line pressure. Thus, to determine the pressure at 
the end of the grout pipe for the stage under consideration, a 
suite of calculations must be performed.

These calculations require estimates of the dynamic losses 
in the line from the gauge to the bottom of the packer, the 
pressure increase from the weight of the grout below the 
gauge, and estimated groundwater pressure at the bottom of 
the packer. The pressure losses in the grout line are a function 
of the pumping rate, pipe length, and grout mix viscosity. The 
pressure from the weight of the grout column is a function 
of the unit weight of the grout mix and the borehole orienta-
tion. The groundwater pressure in the borehole needs to be 
measured or estimated prior to grouting each stage, as it can 
vary signifi cantly within a hole as well as between holes. Obvi-

ously, with so many variables and parameters involved, there is 
a high level of uncertainty in the actual effective grout pressure 
being exerted in the ground.

Measurement of Effective Grout Pressure

Development of computer monitoring of grouting opera-
tions began three decades ago. The U.S. Bureau of Reclamation 
developed and tested a down-hole grout injection pressure 
gauge that utilized a pneumatic piezometer in the 1980s, but 
it wasn’t durable and couldn’t be effi ciently incorporated into 
production grouting. At the same time, the private sector has 
utilized major advances in instrumentation and computing 
power to effectively implement real-time automated data col-
lection and display technology for grouting.

Grouting engineers have always wanted to measure the 
pressure at the injection point in the actual grout stage, but the 
available technology has only recently allowed this to be ac-
complished. Considering the uncertainty in the effective grout 
pressure calculations and its importance in preventing damage 
to embankment dams by hydraulic fracturing, the U.S. Army 

DEVELOPMENT
AND FIELD
TESTING OF A
PRESSURE-SENSING 
GROUT PACKER
By David Paul, P.E., M.ASCE, Jeff Schaefer, Ph.D., P.E., P.G.,
Brook Brosi, P.G., and Patrick Carr, P.E.

Figure 1.  Aerial view of Wolf Creek Dam.     
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Corps of Engineers (USACE) Risk Management Center (RMC) 
recommended that grout pressure measurement at the packer 
location be investigated for possible implementation on future 
grouting operations of existing dams.

Measurement of actual effective pressure during water pres-
sure testing and grouting stages can now be accomplished using a 
down-hole pressure transducer. The performance of the transduc-
er has been demonstrated at one of the most visible and challeng-
ing dam safety projects now under way in the U.S. By providing 
measurements of the actual water pressure before grouting and 
the increase in pressure during the grouting process, the uncer-
tainty in determining the actual effective grout pressures can be 
greatly reduced. As such, use of the transducer allows for greater 
control of the grouting pressure and real-time monitoring, help-
ing to prevent unwanted damage to embankment dams and their 
foundations, and to improve quality control and closure analysis.

A Challenging Application

Wolf Creek Dam (Figure 1), on the Cumberland River near 
Jamestown, KY, was designed and is operated by the USACE 
Nashville District. It provides fl ood control, hydropower, recre-
ation, water supply, and water quality benefi ts for the Cum-
berland River system. Lake Cumberland, impounded by Wolf 
Creek Dam, is the ninth largest reservoir in the U.S. and US-
ACE’s largest reservoir east of the Mississippi River. The 1940s-
era dam consists of a combination of earth fi ll and concrete 
gravity sections with a crest length of 5,736 ft. The homoge-
neous embankment consists of well-compacted, low-plasticity 
clays. The dam has a long history of seepage issues associated 
with the karst geology that comprises the foundation.

Wet areas, muddy fl ows, and sinkholes appeared in 1968, 
about 17 years after the dam was fi rst impounded, suggesting 
seepage problems. Extensive remedial phases of grouting were 
attempted, but this was not a reliable long-term solution. As a 
result, a cutoff wall was constructed from the crest of the dam 
from 1975 through 1979, but it did not extend the full length 
of the embankment dam. In subsequent years, instrumentation 
readings, investigations, and visual observations made it appar-
ent that seepage through the foundation was again increasing. 
To affect permanent repairs, the Nashville District is implement-
ing remedial measures that include several grouting applications 
and a second cutoff wall that extends deeper into the founda-
tion and across the entire length of the embankment section.

In December 2011, the USACE awarded a contract to 
perform an exploratory grouting program adjacent to the 
switchyard. Figure 2 shows the grouting at the toe of the dam 
using three instrumented packers. A grout line in the gallery 
tunnel was drilled to confi rm the quality of the concrete-rock 
interface, check the quality and permeability of the bedrock 
underlying the concrete portion of the dam, and reduce the 
bedrock permeability through grouting. A second grout line 
located along the toe of the earth embankment section was 
drilled adjacent to a cutoff wall, installed in the 1970s, to 
determine the permeability of the rock foundation adjacent to 
this cutoff wall and reduce seepage through grouting.

The Improved Measuring System

With the goal of more accurate and local measurement of 
grout pressures, the USACE charged the grouting contractor to 
measure the actual pressure below the packer. One inherent 
problem with doing this is that the packer must have an addi-
tional hole drilled along the axis through the packer to commu-
nicate the pressure data to the surface. The grouting contractor 
and packer manufacturer collaborated on the development of 
an “instrumented packer,” using a fl uid-fi lled Viton rubber bulb 
sensor placed below the packer. Grout or water pressure would 
squeeze the bulb, which is connected to a fl uid-fi lled witness tube 
through the packer that would pressurize a strain gauge pressure 
transducer located just above the top of the packer (Figure 3). The 
transducer is connected to the surface through a communications 
cable to permit real-time reading of the pressure.

Figure 2.  Grouting with three instrumented packers near 
the toe of Wolf Creek Dam.

Figure 3.  First-generation instrumented packer showing Viton 
bulb and witness tube at the bottom and the witness tube 
connected to a strain-gauge piezometer at the top.



42 Geo-Strata  l   www.asce.org/geo

The fi rst-generation system worked successfully, but several 
potential improvements were identifi ed. The shape of the in-
strumented packer, with the centralizer located below the bulb 
sensor, made it susceptible to becoming stuck in the borehole, 
and the strain-gauge transducer and the electrical connections 
were somewhat fragile when strapped to the top of the packer. 
Further, the fl uid-fi lled witness tube required recurring mainte-
nance and the transducer could not be fi eld-calibrated.

To address these shortcomings, an improved second-gener-
ation system was developed using a hemispherical gauge sensor 
and a pressure transducer, which are both located below the 
packer (Figure 4). The gauge sensor is a “gauge saver” system 
commonly used to measure grouting pressure at the ground 
surface. The second-generation system sends data up the packer 
rather than the fl uid-fi lled witness tube used in the fi rst system. 
The profi le of the cone-shaped sensor allows it to be moved 
within the borehole with much less potential of getting stuck.

Now under consideration is the possibility of installing the sen-
sor just above the packer, eliminating the need for a wire or witness 
tube to pass through the packer itself. The pressure drop and eleva-
tion change would be negligible in the short distance between the 
sensor and the discharge point. A standard packer could be utilized 
with this confi guration, reducing cost and increasing reliability.

Both single- and double-packer assemblies are required to 
meet the project grouting requirements. Water-pressure testing 
is performed with a double-packer assembly to determine the 
permeability along the borehole for a discrete interval, in this 

case a 10-ft length. Pressure grouting is performed with a single 
packer, where grout is injected through the bottom of the 
packer and the packer is used to seal off the borehole above 
the interval being grouted. The pressure is measured below 
the packer of the single-packer assembly and between the two 
packers of the double-packer assembly.

Weekly calibration checks of the instrumented packer 
were performed using an open-ended metal tube to simulate 
a borehole with a calibrated pressure gauge to measure the 
pressure inside the tube. This metal tube sits at the surface and 
allows the packer to infl ate and apply variable pressures within 
the tube. It also has a relief valve to allow pressure reduction. 
A calibration check is done by comparing the calibrated gauge 
to the downhole sensor at several pressures, up to the highest 
predicted for the work. This procedure is quick and easy, and 
it ensures that the downhole gauges are reading correctly. At 
Wolf Creek Dam, the contractor checked pressures from 15 
to 200 psi, measured at 25 psi intervals. During calibration 
checks, pressure differences were always 2 psi or less.

Results

The results of this test program were very positive. The in-
strumented packer sensor was easily added to the existing auto-
mated data collection system. Data were collected and displayed 
in real time and then exported for analysis and graphing. Figure 
5 shows a graph of a single grout stage with both the calculated 
effective pressure from the surface gauge and the measured effec-
tive pressure from the downhole pressure sensor. In general, the 
correlation between the surface gauge and the downhole gauge 
agree well. The difference is thought to be primarily associated 
with the variation of dynamic line losses that the new system in-
herently accounts for, but which must be estimated when using 
the surface gauge. The graph indicates that there are instances of 
time when the downhole sensor shows that the actual pressure 
is higher than the estimated pressure using the surface gauge. 
This is where the downhole sensor is most valuable.

At the Wolf Creek Dam project, one of the issues was de-
termining the uplift, or artesian, pressure in holes drilled from 
within the dam’s gallery tunnel. Underestimating this pressure 
would prohibit the permeability from being estimated properly 
and, as a result, no grout would be pumped into the stage. Over-
estimating the uplift pressure could cause excessive pressure to 
be used, which could potentially lead to damage. By measuring 
the pressure at the packer elevation, the risks of overestimating 
or underestimating uplift pressure are greatly reduced.

Figure 4.  Second-generation instrumented packer.

Grouting engineers have always
wanted to measure the pressure at the 

injection point in the actual grout stage, 
but the available technology has only 

recently allowed this to be accomplished.
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System Durability

The instrumented packer system has proved to be durable. 
Although there was a concern that the instrumentation would 
not survive the harsh conditions encountered within the grout 
stage, over 1,000 stages of water pressure testing and pressure 
grouting were performed with only one broken communica-
tions wire and one broken pressure transducer. Additionally, 
one of the instrumented packers became trapped in an angled 
hole, 15 degrees from vertical, in a solution feature in bedrock 
and could not be recovered, which is always a risk in karst.

Future Improvements

Downhole pressure gauges have not yet been created for 
small-diameter holes. The instrumented packer was used on 
holes advanced by HQ wireline drilling, which creates a core 
hole 3.5 inches in diameter. It will take more innovation for 
these sensors to fi t in either an NQ- or BQ-sized core hole, 
which should only present a minor challenge. Further develop-
ment areas, such as design enhancements to reduce the risk 
of instrument loss, will be identifi ed as use increases, making 

the instrument that much more 
valuable. The accuracy of plac-
ing the “gauge saver” pressure 
gauge immediately above the 
packer should be investigated. 
This would allow the downhole 
measurements to be used with 
off-the-shelf packers. As is, in-
strumented packers have proven 
to be durable, reliable, relatively 
easy to use, and easily calibrated.

It Always Helps to 
Monitor

The development of the 
instrumented packer system 
can be a benefi t for every-
one involved in a project 

that requires grouting. Grouting specifi cation writers should 
consider making pressure measurement at the injection point 
a requirement for water-pressure testing and pressure-grouting 
for critical projects. The benefi ts of knowing the actual pressure 
in the foundation of dams or levees outweigh the costs.

Along with reducing the risk of damage, owners can benefi t 
by knowing what pressures were actually exerted during the 
grouting when evaluating the effectiveness of a grouting pro-
gram. Grouting contractors can gain additional benefi ts from 
this technology. Their liability is reduced because they can 
better document the pressure exerted on the foundation. Work 
can be reduced because measuring line losses and measuring 
the water table elevation are no longer necessary. Furthermore, 
the calculations necessary to determine the foundation pres-
sure are streamlined.

The sensor can be used to measure the initial water pres-
sure in the stage and then the actual total grout pressure. The 
effective grout pressure can be determined by subtracting the 
water pressure from the total grout pressure. The uncertainty in 
the effective grout pressure is reduced because there is no need 
to use estimates for water pressure, dynamic line losses, or 
pressure due to the weight of the grout column for each mix. 
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Figure 5.  Pressure readings for a single grout stage.

Downhole pressure gauges have not yet 
been created for small diameter holes.



ContactUs@reinforcedearth.com

800.446.5700

The Value of Experience

REINFORCED EARTH®
www.reinforcedearth.com

Do you Know?
RECo solutions are ideally suited for 
railway, waterway, mining, energy, 
and airport applications....

•	Mine	dump-pocket	retaining	walls
•	 Tank	liquids	spill	containment
•	 Support	of	Trackbeds
•	 Runway	Support
•	Dams
•	Harbors

ContactUs@reinforcedearth.com

800.446.5700

The Value of Experience

REINFORCED EARTH®
www.reinforcedearth.com

Do you Know?
RECo solutions are ideally suited for 
railway, waterway, mining, energy, 
and airport applications....

•	Mine	dump-pocket	retaining	walls
•	 Tank	liquids	spill	containment
•	 Support	of	Trackbeds
•	 Runway	Support
•	Dams
•	Harbors

ContactUs@reinforcedearth.com

800.446.5700

The Value of Experience

REINFORCED EARTH®
www.reinforcedearth.com

Do you Know?
RECo solutions are ideally suited for 
railway, waterway, mining, energy, 
and airport applications....

•	Mine	dump-pocket	retaining	walls
•	 Tank	liquids	spill	containment
•	 Support	of	Trackbeds
•	 Runway	Support
•	Dams
•	Harbors

ContactUs@reinforcedearth.com

800.446.5700

The Value of Experience

REINFORCED EARTH®
www.reinforcedearth.com

Do you Know?
RECo solutions are ideally suited for 
railway, waterway, mining, energy, 
and airport applications....

•	Mine	dump-pocket	retaining	walls
•	 Tank	liquids	spill	containment
•	 Support	of	Trackbeds
•	 Runway	Support
•	Dams
•	Harbors



46 Geo-Strata  l   www.asce.org/geo

LATERITE – A STABLE OR 
UNSTABLE TROPICALLY 
WEATHERED SOIL?

I
n his Foreword to Laterite Soil Engineering: Pedogenesis and 
Engineering Principles in 1975, F.L.D. Wooltorton stated that 
“...it was not till many years later, after experiences in India, 
Africa, in the USA and Australia that I realized how diverse 

and problematic these laterite soils could be.”  Since then, it has 
become well accepted in the geotechnical engineering commu-
nity that there are limitations in attempting to apply specifi ca-
tions and codes of practice used in developed countries located in 
temperate zones to tropical environments. This is mainly because 
the principles underlying these specifi cations were developed for 
temperate zone soils whose mode of formation is quite different 
from those of many tropically weathered soils. In geotechnical 
literature, the group of tropically weathered soils that do not con-
form to standard specifi cations are often referred to as “unstable” 
or “problematic” soils. One such “unstable” soil is laterite.

What Is Laterite?
Different people and organizations have defi ned laterites in dif-

ferent ways. Some defi ne laterites based on their hardening property, 
others on their chemical composition, and still others on their mode 
of formation and mineralogical composition. The American Geologi-
cal Institute combines many of these features and defi nes laterite as a:

“…highly weathered, red subsoil material rich in 
secondary oxides of iron, aluminium or both, low in bases 
and primary silicates, but may contain large amounts of 
quartz and kaolinite. It develops in a tropical or forested 
warm to temperate climate, and is a residual or end prod-
uct of weathering. Laterite is capable of hardening after a 
treatment of wetting and drying...”

Even though a laterite is usually a reddish soil found in 
tropical climatic zones, not all tropical reddish soils are neces-
sarily laterites. Because of the imprecise defi nition of laterites, 
different terminologies are used in different parts of the world 
to refer to laterites and lateritic soils. For example, in India the 
terms laterite and iron clay may be used, but in the U.S. there is 
the tendency to refer to it as plinthite. In Australia, it is referred 
to as pisolite, but in East Africa it is referred to as murram.

How Is Laterite Formed?

Laterite formation requires certain tropical conditions typi-
fi ed by high temperatures and high rainfall, which increase the 

contribution of chemical weathering processes. When these 
conditions are accompanied by gentle slopes and a generous 
vegetative cover, the chemical weathering processes of the par-
ent rock are accelerated. The weathering processes break down 
the primary minerals, mostly silica (SiO2), alumina (Al2O3), 
and iron oxides (FeO and Fe2O3), as well as bases such as cal-
cium (CaO) and magnesium (MgO) oxides.

The large amounts of water available from the tropical rain-
fall on gentle slopes covered with vegetation dissolve most of 
the silica and bases, and percolates through the formation as it 
drains. This process removes the soluble salts from the point of 
formation and leaves behind the less soluble alumina and iron 
oxides, which are also collectively known as sesquioxides, R2O3 
(Al2O3 + Fe2O3). The alumina and iron oxide-rich material that 
is left behind by this process is referred to as laterite. This mate-
rial can undergo further transformation, which involves partial 
or complete dehydration leading to hardening and the forma-
tion of hardpan, a hard rock-like material of fused laterite.

The laterite formation process explains why laterites are 
found predominantly on the top and middle slopes of hills, a 
key fact for road engineers working in the tropics when pros-
pecting for natural gravel to be used in road pavement construc-
tion. It also explains why laterites found on the tops of slopes, 
which are the best-drained parts of hills, have a higher concen-
tration of alumina and therefore exhibit a red to brownish-red 
color. Laterites found in the midslopes are mostly brown to 
yellowish-brown in color due to the higher iron salts concentra-
tion. At the bottom of slopes, where the bases predominate, the 
material may not be lateritic and tends to have a greyish color.

Laterites occur mainly in the tropics in the west, central 
and southeast portions of Africa, in parts of India, Southeast 
Asia, and Australia, as well as Central and South America 
(Figure 1). The distribution of laterite materials are associated 
with temperature and rainfall conditions that characterize the 
earth’s surface between latitudes 35°N and 35°S. Sometimes 
laterites may be found in areas outside the tropics, but this is 
attributed to the shifts of climatic zone in the geological past.

Engineering Characteristics of Laterites

During laterite formation, the sesquioxides tend to coat 
the clay and silt fractions and also act as cementing salts for 
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Figure 1.  Generalized world map showing the distribution of laterite soils 
(Courtesy of Elsevier Scientifi c Publishing Company).

Figure 2.  Effect of mixing time on particle size distribution 
of Awaso (sensitive) laterite clay (Courtesy of Elsevier 
Scientifi c Publishing Company).

the soil particles, creating an unstable structure. Consequently, 
many laterites are susceptible to breaking down on manipula-
tion. The extent to which breakdown occurs, however, depends 
on the weathering conditions under which the laterites are 
formed, leading to some laterites being described as sensitive 
or unstable while others are described as stable or normal.

While standard test procedures may be used to generate reliable 
index properties for stable laterites, the use of these procedures 
leads to anomalous results for problem laterites. Part of the dif-
fi culty in working with laterites has always been distinguishing 
between the two. Attempts have been made in the past to use the 
Aggregation Index, which is the ratio of the sand equivalent of the 
oven-dried soil to the sand equivalent of the soil in the natural state, 
as a sensitivity test to identify laterites that are sensitive to drying.

For problem unstable laterites, excessive manipulation dur-
ing laboratory testing and fi eld construction leads to crum-
bling of the concretionary soil structure and to disaggregation, 
producing fi nes. In addition, the presence of certain secondary 
minerals, notably hydrated halloysite and allophone, makes 
problem laterites sensitive to drying. In some cases, laterites 
have been known to improve in fi eld performance due to their 
ability to self-stabilize as the sesquioxides dehydrate.

The index parameters of sensitive laterites as determined from 
laboratory tests depend on the type and method of pre-treatment 
prior to the testing and also on the testing procedure itself. For 
example, it has been established that wet sieving increases the 
percentage of silt and clay fraction compared with dry sieving. 
Figure 2 shows that even the duration of agitation during particle 
size distribution analysis can greatly affect the results of the 
analysis, with longer agitation generally leading to higher fi nes 
content. Also, during Atterberg limit testing, excessive manipula-
tion leads to higher liquid limit values, and sometimes the values 
obtained are inconsistent.

While working on a “red clay” from Kenya for the Sasu-
mua Dam, Terzaghi showed that oven-drying prior to testing 

drastically reduced the liquid and plastic 
limits compared with the natural water 
content. Figure 3 shows the effect of pre-
heating laterite prior to moisture-density 
testing to develop compaction criteria. 
The results show that oven-drying prior 
to testing leads to higher dry density and 
lower optimum moisture contents than 
air-drying or testing at its natural moisture 
content. The fi gure illustrates the potential 
diffi culty of achieving the laboratory-
specifi ed maximum dry densities and 
optimum moisture contents in the fi eld if 
the laboratory method of testing involved 
pre-heating. These examples illustrate the 
fact that application of standard laboratory 
test procedures can give anomalous test 
results for sensitive laterites.

Pre-treatment of soil for index property 
tests usually involves either air drying, oven 

drying, using it “as received” (i.e., at the natural water con-
tent), or soaking it in water. In one particular laboratory, the 
general approach is to air-dry soil samples, usually in the sun. 
For grading analysis, this laboratory uses wet sieving, which 
involves soaking the sample in water for 24 hours before wash-
ing through appropriate sieve size. For hydrometer analysis, 
they use sodium hexametaphosphate as a defl occulating agent,  

stir for longer periods, and leave overnight before taking the 
readings. Increasingly, this laboratory tends to prefer the Cone 
Penetrometer method (BS 1377) instead of the Casagrande 
method for the determination of the liquid limit.

Because of the effect of pre-treatment and testing procedures 
on index properties and the fact that these procedures have been 
standardized for laterites, caution has to be exercised when com-
paring value of index properties of laterites from different sources, 
especially when the test conditions are not stated. Laterites are 
known to exhibit high specifi c gravity values, generally between 
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Figure 3.  Effect of preheating on compaction characteristics of laterite 
(Courtesy of Elsevier Scientifi c Publishing Company).

2.6 and 3.4, and values as high as 4.6 have been reported. The 
gravel component has higher specifi c gravity values than the fi ner 
components due to the concentration of iron oxide.

Problem laterites have high natural water contents, high liq-
uid limits (60–120 percent), and low in situ densities (0.32–1.1 
Mg/m3). They have tended to generally perform poorly in the 
fi eld. Stable laterites, on the other hand, have demonstrated 
excellent performance in the fi eld. As encountered in Ghana, 
they have in situ bulk densities between 1.2 and 1.8 Mg/m3. In 
fact, laterites meeting the stringent index properties of base and 
sub-base have been used for road construction in the tropics 
for many years. On a road project in Ghana, the laterite used as 
sub-base and fi ll material gave optimum moisture contents in 
the range of 6 to 14 percent, with maximum dry densities of be-
tween 2.0 and 2.2 Mg/m3 under Modifi ed AASHTO compaction.

It has been suggested that once modifi cations to testing 
procedures have been made and consistent index parameters 
are obtained for problem laterites, the procedures such as the 
conventional Plasticity Chart may be used to predict their engi-
neering behavior. However, the validity of using index property 
test results to predict the fi eld behaviour of laterites has also 
been questioned on the basis that, unlike temperate soils, the 
test procedures that produce consistent results for laterites de-
stroy the in situ structure of the laterite to the extent that their 
relationship with the undisturbed behavior is doubtful.

Laterite Classifi cation
There have been several local and regional attempts to fi nd 

a way of classifying laterites. In most cases, they have proved 
useful for solving specifi c geotechnical problems, even though 
they may not have universal application. The methods include 

classifi cation systems based on rainfall, grad-
ing curves, parent rock, mode of formation, 
engineering geology, engineering profi les, 
chemical characteristics, and clay mineral-
ogy. Many of these systems classify laterites 
according to the degree of laterization that 
the material has been subjected to.

For example, in one chemical method, 
a material is classifi ed as a true laterite if the 
ratio of silica to sesquioxide is less than 1.33. 
If, on the other hand, the ratio exceeds 2.0, 
it is a non-laterite. A material with a ratio of 
silica to sesquioxide between 1.33 and 2.00 is 
described as a lateritic soil. For various reasons, 
this method does not have widespread applica-
tion. Generalized soil classifi cation systems 
that incorporate both laterites and non-later-
ites have also been used. The French pedologi-
cal classifi cation system, which is extensively 

used in Africa, classifi es soils as ferruginous, ferrallitic, or ferrisols, 
but it is not specifi c for laterites nor is it intended for engineering 
purposes. In the NRCS Soil Taxonomy: A Basic System of Soil Classifi ca-
tion for Making and Interpreting Soil Surveys, laterites are referred to 
as “plinthite,” while lateritic soils are “oxisols.” There is no single 
system available yet for engineering classifi cation of laterites.

The Way Forward

In the 1960s and 1970s, intensive research was done on 
laterites and lateritic soils. The resulting studies proposed some 
modifi cations to the standard testing procedure for laterites in 
order to obtain more reproducible and meaningful results. Un-
fortunately, research on laterites appears to have slowed down. 
Even though some current test procedures, such as ASTM 
4318 “Standard Test Methods for Liquid Limit, Plastic Limit, 
and Plasticity Index of Soils,” recommend the wet method of 
sample preparation as the default for Atterberg limit tests (per-
haps in appreciation of the possible effect of pre-drying on the 
results), the extent to which current testing standards incorpo-
rate the recommended modifi cations is not clear.

In 2010, the ISSMGE set up a technical committee, TC-107, 
on laterites and lateritic soils. This committee’s mandate is to 
assemble and put into useable form the existing knowledge and 
best practices in laterites and lateritic soils and to use all avail-
able means to disseminate this knowledge and best practices to 
ISSMGE membership. The committee has focused its work in four 
areas: 1) characterizing lateritic soils, 2) improving the properties 
of lateritic soils, 3) strength and compressibility of lateritic soils, 
and 4) other characteristics of lateritic soils. The constitution of 
the task forces working on these focal areas is still open.
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Multiple Modifiers

My November/December 2012 column focused 
on geoprofessionals’ need to master the art of 
foolproof writing, because the consequences 
of anything less can be so costly. One reader 

(maybe the only one, for all I know) wrote to inquire why I 
seem to use hyphenations so much.

The answer is, “Foolproof writing.” But to 
explain why, I need to review some English 
with you.

Adjectives modify nouns; e.g., 
in the phrase “red sweater,” 
red is an adjective (but not 
a good one, given that 
red embraces a range of 
colors in the “red fam-
ily.” As such, it is one 
of those dangerous 
“subjective modi-
fiers”; i.e., a word 
that means one thing 
to the person who 
uses it but may mean 
something different 
to everyone else who 
reads or hears it).

Adverbs modify verbs, 
other adverbs, and adjec-
tives. As examples:

• “Thoughtfully” is an adverb 
modifying the verb “writes” in the 
sentence, “The GeoCurmudgeon writes 
thoughtfully.”

• “Very” is an adverb modifying the adverb 
“thoughtfully” in the even better sentence, “The GeoCurmud-
geon writes very thoughtfully.” (While the intent behind “very” 
is commendable, it’s another subjective modifier; one person’s 
very is not necessarily another’s, just as one person’s very hot 
may be 70° F while another’s is 90° F.)

• “Red” is an adverb modifying the adjective “hot” in the 
equally impressive sentence, “The GeoCurmudgeon tackles 
some red-hot issues.”

“Multiple modifiers” connotes the use of two or more modi-
fiers – at least two adjectives, two adverbs, or one of each – to 
modify another word, typically a noun or verb. And it’s these 
multiple modifiers that foolproof-writing writers need to address.

Consider the sentence: “My sister has dirty blond hair.” Is 
“dirty” an adjective modifying “hair” (making the sentence a 

statement about my sister’s hygiene), or is it an adverb that 
modifies “blond” (indicating the shade of blond my sister 
decided to use on her assumedly clean hair)?

To be considerate of their readers, writers should make 
their multiple-modifier intent crystal clear. They can do this by 
separating multiple adjectives with commas and joining adverb-

noun pairs (or more than pairs) with hyphens. As 
such, “My sister has dirty, blond hair” is a 

reference to the girl’s shampoo aversion 
while “My sister has dirty-blond 

hair” indicates her hair color 
du jour. The general excep-

tion to this approach is to 
omit a hyphen when the 

adverb involved ends in 
ly, because it’s obviously 
an adverb; e.g., “The 
overly confident writer 
flunked the test.”

Some grammarians 
will no doubt argue 
that the intent of some 
multiple modifiers is 
so obvious, explanatory 

punctuation isn’t needed. 
Of course, grammarians 

don't get sued when it can 
be alleged that their writing 

is ambiguous. And that’s why I 
advocate using multiple-modifier 

punctuation far more rather than less.
Consider some of the word pairs that I 

included in my prior column:

• “Professional-liability insurance”: The hyphen makes it 
clear that we’re talking about insurance for a type of liability as 
opposed to a type of insurance one uses to cover liability issues.

• “English-composition instruction” without the hyphen 
could indicate instructions in English about composing some-
thing, possibly music.

• “Less-experienced personnel,” “project-team pariahs,” 
“construction-industry claims,” and “second-rate writing” with 
the hyphens missing would probably make just as much sense. 
But when one writes quickly – as geoprofessionals do – it’s 
easiest to get into correct habits. And besides, it makes it that 
much simpler for the reader to gather the writer’s intent.

As it so happens, I haven’t yet addressed one particularly 
complex multiple modifier; the one I used is “construction-
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materials engineering and testing (CoM-
ET) representative.” The hyphen between 
“construction” and “materials” makes 
sense because the issue is the engineer-
ing and testing of construction materials, 
as opposed to materials engineering in 
construction and testing of materials 
or, possibly, something else. However, 
because the noun is “representative,” 
one feasibly could hyphenate the whole 
thing, to create the compound modifi er 
“construction-materials-engineering-and-
testing (CoMET) representative.” Why not 
do so? Because it would have the same 
effect as having no hyphens at all. So, in 
order to help achieve foolproof status, I 
hyphenated just “construction-materials.”

How you do it is up to you…as long 
as you make the effort to make your 
writing as foolproof as it can possibly be. 
There are a lot of fools out there.
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OM Activities at the
2013 Geo-Congress
Monday, March 4, 2013
Town and Country Resort
San Diego, CA
Three exclusive events are scheduled for 
invited leaders of Organizational Mem-
ber (OM) fi rms. Take advantage of your 
OM discount for registration to the 2013 
Geo-Congress in San Diego, CA, March 
3-7, 2013. Each OM fi rm is allowed one 
registration at the discounted rate.  Enter 
code OMF13 in the Promotional Code 
box on the ASCE – Order Payment 
Form page. The discount does not apply 
to exhibits, Short Courses, tours, or ad-
ditional event tickets.

Organizational Member Executive 
Leadership Workshop – By invitation only
5:00-6:15 p.m. 

This event will update you about OMC 
activities and provide you the oppor-
tunity to brainstorm with fellow OMC 
members regarding your business-relat-
ed interests as they relate to OM benefi ts.

Organizational Member/Student 
Career Fair Event – By invitation only
7:00-8:00 p.m.

This special reception for Organizational 
Member student stipend winners brings 
together future employers and employ-
ees for the chance to relax and learn 
about the profession and each other.
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Organizational Members, Geo-Institute 

student members, newly inducted D.GEs 
and their families, and current D.GEs.
8:00-9:30 p.m.

Organizational Member executives, 
members of the Organizational 
Member Council, newly inducted and 
current D.GEs, and fellow students join 
together for this special career network-
ing opportunity. Students are encour-
aged to bring resumes.

Free Publicity for Your 
Organization
One of your OM benefi ts is the publiciz-
ing of your company’s non-sales-related 
information in these pages of Geo-Strata. 
Send award news, new staff member 
notices, company project news, upcom-
ing meetings, etc. to lbayer@asce.org. 

Things You Should Know
as an OM
1.  Let the G-I know about your recent 
Facebook and Twitter business posts so 
we can help you publicize your informa-
tion. “Like” us on the G-I Facebook page 
at facebook.com/GeoInstitute and follow 
us on Twitter at twitter.com/GeoInstitute.

2.  Please renew your 2013 G-I Orga-
nizational Membership, which was 
mailed to each fi rm’s G-I Organization-
al Member contact. Contact lbayer@asce.
org if you did not receive the invoice.  

3. OMs receive a 5 percent discount for 
advertising in Geo-Strata magazine. Be 
sure to mention this to your advertis-
ing representative.

4.  Is your logo posted on the G-I 
website at www.asce.org/geo/About-Geo 
Institute/Organizational-Members/Organi-
zational-Members-of-the-Geo-Institute/? If 
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Ardaman & Associates, Inc. 

Atlas EPS

Bechtel

Bentley Systems  

Berkel and Co. Contractors, Inc.

CH2M Hill

ConeTec, Inc.

Dan Brown and Associates, Inc.  

D’Appolonia

DBM Contractors, Inc.

ECS Corporate Services  

Fudo Construction, Inc.   

Fugro Consultants LP    

GRL Engineers, Inc. 

Gannett Fleming, Inc.     

Geocon Incorporated

GeoEngineers, Inc.

Geokon, Inc.    

Geopier Foundation Company  

Geo-Solutions, Inc. 

GeoStructures, Inc. 

Geosyntec Consultants    

Geotechnology, Inc.

Golder Associates Inc.   

GRL Engineers, Inc.  

Haley & Aldrich, Inc. 

Hayward Baker Inc.    

Insulfoam   

Jafec USA, Inc. 

ORGANIZATIONAL  MEMBERS  

"Thank you for supporting students 
and the geo-profession."
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not, send your logo in a png, jpg, of gif 
format to lbayer@asce.org. 

5.  Maximize your professional commit-
ment to the Geo-Institute by displaying 
the G-I logo on your website and on 
printed materials. Request a logo and 
preferred format at lbayer@asce.org.

The G-I Follows Its 
Organizational Members
The G-I not only follows its Organi-
zational Members on Twitter, but we 
retweet news and list it at @GeoInsti-
tute/GIOrgMembers.  We also follow 
OMs who are on Facebook. E-mail us 

at ecuscino@asce.org when you join 
Facebook and Twitter so we can follow 
you and add your name to our list.

Schnabel Engineering 
Promotes Nasim to Senior 
Associate

Schnabel En-
gineering, Inc. 
recently promoted 
Dr. Mohammed 
Nasim, P.E., to 
operations and 
business develop-
ment manager for 
Schnabel’s geo-
structural group in 

its Maryland offi ce, and announced the 
addition of David Ebiner as a senior 
staff geologist.

Nasim has fi eld, project engineer-
ing, and management experience on a 
variety of projects in the U.S, Far East, 
and Southeast Asia. He specializes in nu-
merical modeling of soil behavior, slope 
stability, recycled materials, geosynthetic 
application, ground improvement, geo-
structural analyses and design, shallow 
and deep foundations, and groundwater 
management. He also has performed 
site-specifi c seismic hazard assessments 
for variety of projects, including dams, 
waterfront structures, embankments and 
bridges, commercial buildings/stadiums, 
and U.S. government buildings abroad.

Nasim has worked on several 
research projects with concentration 

on soil behavior and soil-structure 
interactions under static and dynamic 
loading and is engaged in teaching and 
research. He is an active member on 
various professional committees.

Ebinger joined Schnabel Engineer-
ing as a senior staff geologist. He has 
more than fi ve years of experience as a 
hydrogeologist with the South Carolina 
Department of Health & Environmen-
tal Control. During those fi ve years, he 
provided project supervision of correc-
tive action and groundwater monitor-
ing for more than 140 underground 
storage tank release sites; technical re-
view of potential and existing ground-
water impacts in support of NPDES I 
Land Application permitting program; 
evaluation of site hydrogeology and 
application of regulatory requirements 
with regard to risks associated with 
permitted activities; and data mining of 
public drinking water compliance data 
and private well geochemical data for 
spatial representation of groundwater  
contaminant impacts. He also has ap-
proximately 10 years of experience as a 
mineral exploration fi eld technician in 
Maine and New Hampshire, where he 
worked on a contract basis.

Geo-Solutions Inc. Acquires 
Geo-Con

Geo-Solutions, headquartered in 
New Kensington, PA, recently closed a 
deal to combine the operations of the 
company with those of Geo-Con of 
Monroeville, PA. This creates a larger 
specialty geoenvironmental contractor 
that will provide solutions to soil and 
groundwater problems worldwide.

Geo-Con and Geo-Solutions offer 
a wide range of specialized construc-
tion techniques including slurry wall 
construction, soil mixing, jet grouting, 
and general site remediation. Typical 
projects involve levee repairs, dam 
upgrades, soft soil improvement, and 
remediation of soil and groundwater at 
former industrial sites. Major industrial 
fi rms such as oil and chemical com-

Kleinfelder, Inc    

Langan Engineering & Environmental
Services, Inc.

Layne GeoConstruction

Loadtest, Inc.    

Magnus Pacifi c Corporation

Malcolm Drilling Company, Inc. 

McKinney Drilling Company 

Menard, Inc.

Moretrench       

Nicholson Construction Company     

NTH Consultants, Ltd. 

PB Americas, Inc.    

RADISE

The Reinforced Earth Company

Rembco Geotechnical 
Contractors, Inc.

Richard Goettle, Inc.

RocScience

S&ME Inc.   

Sanborn, Head & Associates, Inc. 

Schnabel Engineering     

Schnabel Foundation Company

Soil and Materials Engineers, Inc.

Strata Systems, Inc.  

TenCate Geosynthetics 

Terracon, Inc.    

Terra Insurance Company 

Tolunay-Wong Engineers, Inc.

TTL, Inc.

URS Corporation

ZETAS Zemin Teknolojisi A.S. 
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CATCH UP ON G-I’S NEWEST VIDEOS

Take a few minutes to view an 
Organizational Member’s video, 
or one that’s been thoughtfully 
selected by the Geo-Institute 
at http://www.youtube.com/user/
GeoInstituteofASCE.  

Got a video to share with us that’s 
already posted on YouTube? Send 
us the link so we can add it to our 
YouTube page. Or, send us your 
video for posting. Send to geo-
institute@asce.org.  

Dr. Mohammen 
Nasim 
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panies, as well as various government 
agencies, are clients of both companies. 
Expected combined 2012 revenues are 
more than $85 M.

According to Geo-Solutions Presi-
dent Bob Schindler, “This is sort of a 
coming home for myself and others, 
with many of the senior management at 
Geo-Solutions having spent 10-15 years 
of their early career at Geo-Con. Em-
ployees from both sides of this merger 
are very excited about the future of the 
combined companies. The resources 
and experience now available will help 
us better serve our clients. This will 
make for a very strong combined com-
pany moving forward.”

Geokon Subsidiary Celebrates 
Fifth Anniversary
Geokon’s Canadian subsidiary, GKM 
Consultants, Inc., is celebrating its fi fth 
anniversary. GKM is a geotechnical and 
structural instrumentation fi rm which 
rapidly grew after being founded thanks 
to its fi rst contract abroad— a remote 
monitoring project for the Tsankov Ka-

mak dam in Bulgaria. GKM has success-
fully completed projects in more than 
15 countries and is now recognized 
worldwide for its expertise and know-
how regarding structural behavior and 
the manner in which structures interact 
with the supporting ground.

To mark this milestone, GKM’s 
management held a portfolio event on 
November 8, 2012 where it presented a 
photo exhibition about the company’s 
main achievements. The reception was 
attended by the fi rm’s clients, partners, 
suppliers and employees.

“We are proud of all that we have 
accomplished in the last fi ve years 
and plan to continue to set our sights 
abroad,” said GKM’s President, Sté-
phane-Éric Thivierge.

Tensar International Invests in 
Production Plant to Keep Up 
with Demand
Tensar International, the leader in geo-
synthetic soil reinforcement and stabi-
lization, completed a major investment 
in its Morrow, GA geogrid production 
plant. The facility’s new extruder is now 
operating at full capacity and can run 
multiple resin types and allows the facil-
ity to run longer production campaigns.

“We are very excited about this invest-
ment and that the new extruder is up 
and running,” said Chief Operating Of-
fi cer of Tensar International Bob Vevoda, 

Currently, three plants service Tensar’s 
global needs. The Morrow plant serves the 
Americas, while plants in U.K. and China 
primarily serve the rest of the global de-
mand. Tensar is also investing in a similar 
expansion in the Wuhan plant in China 
to add further capacity in early 2013.

Nicholson and Bermingham 
Win DFI’s Bermingham Award
Nicholson Construction Company and 
Bermingham Foundation Solutions Ltd, 
were presented the The Deep Foundation 
Institute’s inaugural C. William Berm-
ingham Innovation Award at DFI’s 37th 
Annual Conference in Houston, TX. 

The team of Luca Barison, A.M.ASCE, 
Larry Goff, and Laurent Lefebvre, 
Aff.M.ASCE, of Nicholson Construction, 
and Michael Justason, P.E., M.ASCE, 
Stefano Gabaldo, and Steven England of 
Bermingham Foundation Solutions was 
recognized for the development of the 

“One Pass Drilling & Grouting” method 
that accelerated work by as much as a 
factor of three at the challenging Port of 
Miami Tunnel Project in Miami, FL. The 

G-I Organizational 
Member News

L to R: Chuck Chamley, Geokon sales director; Tony Simmonds, Geokon VP Sales & Mktg; Stéphane-Éric Thivierge, GKM president; Brian Brown, 
Geokon Sales & Technical Support; Jean-Marie Bréhé, GKM project director; Martin Dupuis, GKM’s VP Operations.
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winning team will donate the $5,000 
prize money to the DFI Educational Trust.

Named for C. William Berming-
ham, DFI’s president from 1986-87, the 
award criteria were “contributing to the 
advancement of the deep foundations 
industry by introducing a new and 
unique practice including means and 
methods, design procedures, equipment 
and materials by an individual, a team 
or a company. The winner also had to 
exhibit sustainability.

Terracon Expands Resources by 
Acquiring Earthtec, Inc.
Terracon Consultants, Inc. recently 
acquired Earthtec, Inc. that is based in 
Roseville, CA.

Earthtec, founded in 1981, provides 
geotechnical, environmental, special 
inspection and construction materi-
als testing services to clients in central 
and Northern California. Client sectors 
include commercial/retail, industrial, 
healthcare, telecommunications, educa-
tion, government, and architecture/engi-
neering/construction.

“Joining with Earthtec allows Ter-
racon to strengthen our resources and 
capabilities in Northern California to 
better serve clients in this area,” said 
David Gaboury, P.E., M.ASCE, presi-
dent and CEO of Terracon. “Earthtec 
has an excellent, long-standing reputa-
tion, and we are excited to join forces.”

Earthtec’s employees have joined 
Terracon’s Sacramento offi ce. Earthtec is 
now operating as Terracon.

“Together with Terracon, we will bring 
greater resources to meet the diverse 
needs of our clients as well as provide 
enhanced career paths for our employ-
ees,” said Curtis E. (Ed) Hendrick, P.E., 
M.ASCE, president for Earthtec. “Our 
competitive edge is our people and 
experience and this will only improve by 
joining forces with Terracon.”

DBM Receives Safety Awards 
from ADSC 
DBM Contractors, Inc. received two 
safety awards from The International As-
sociation of Foundation Drilling (ADSC). 
DBM was one of only four contractors to 
receive the award in the U.S. for contrac-
tors who perform single projects in excess 
of $750,000 and one of only two contrac-
tors to receive the Rick Marshall Commit-
ment to Excellence in Safety Award. 

The Rick Marshall Commitment to 
Excellence in Safety Award is only given 
when members whose proactive com-
mitment to providing a safe workplace 
is of superior quality, demonstrates a 
comprehensive and consistent safety 
program beginning at the highest level 
and fi ltering down through the entire 
company culture. The award was named 
in recognition of the special contribu-
tion made by ADSC Safety Committee 
Chairman, and in-house volunteer Safety 
Consultant, Rick Marshall. ADSC awards 
are presented to recognize outstanding 
achievement in combined fi eld and shop 
safety efforts of ADSC Contractor and As-
sociate Member companies. 

“At DBM we are more than dedi-
cated to safety, safety is an integral part 
of our company culture,” said Tom 
Armour, DBM president and CEO. The 
company’s EMR rating has dropped 30 
percent since 2009 and is currently .679. 
The company has not had a time-loss 
accident in more than 450,000 man-
hours worked.

NAIOP Names Gockel Research 
Foundation Governor

The NAIOP Com-
mercial Real Estate 
Development 
Association Re-
search Foundation 
appointed Langan 
Engineering & 
Environmental 
Services President/

CEO David T. Gockel, P.E., M.ASCE, 
one of the Foundation’s governors. 
Gockel was recognized with this lifetime 
distinction during Development ’12 – 
NAIOP’s Annual Meeting for Commer-
cial Real Estate in Washington, D.C. 

A former NAIOP Trustee, Gockel 
has been a member of NAIOP since 
1989. He has more than 25 years of 
experience with major U.S. real estate 
developments in the U.S. and abroad, 
and specializes in complex urban and 
brownfi eld redevelopment projects, 
community planning and redevelop-
ment, stadium/arena development, and 
waterfront restoration. 

Under Gockel’s leadership, Langan 

L to R: Patrick Bermingham presents award to Michael Justason and Luca Barison. 

David T. Gockel 



tripled in size from 200 people to 600 
people and dramatically expanded, both 
nationally and internationally. During 
the recession, when most fi rms consoli-
dated, he opened offi ces in Washington, 
D.C., Pittsburgh and Bethlehem, PA. In 
2010, he orchestrated a bold expansion 
into the California market through the 
fi rm’s fi rst acquisition, thereby adding of-
fi ces in San Francisco, Oakland, San Jose 
and Sacramento. In 2012, Crain’s ranked 
Langan as the third largest engineering 
fi rm in the New York Area.

Magnus Paci� c #294 in ENR’s 
Top 600 Specialty Contractors
Magnus Pacifi c was listed in ENR Engi-
neering News-Record Magazine as #294 
on the Top 600 Specialty Contractors 
list.  The fi rm also placed #20 in the 
Excavation and Foundation category.

ACEC NC Honors Award

S&ME brought home a 2013 American 
Council of Engineering Companies 
(ACEC) Excellence Award for the new 
UNC Charlotte 49ers Football Stadium. 
The award submittal focused on the geo-
technical challenges of the site and the 
innovative solutions provided by Duane 
Bents, P.E., A.M.ASCE, and Kristen Hill, 
PE, PG. Due to the complex site issues, 
the university took an unusual step and 
also awarded the materials testing and 
special inspection contracts to the fi rm.

S&ME provided geotechnical engi-
neering design services for the Stadium 

project. Subsurface conditions at the 
site for the proposed stadium were chal-
lenging, from relatively shallow weath-
ered rock along the western concourse, 
to several feet of uncontrolled fi ll in 
the eastern concourse.  Additionally, 
the new practice facilities were con-
structed adjacent to drainage features 
and over existing low-lying areas. Those 
conditions, coupled with challenging 
design elements such as steep fi ll slopes, 
basement walls lacking internal framed 
bracing, and deep excavations for the 
fi eld demanded collaboration between 
S&ME, the rest of the design team, and 
the construction manager.

TenCate Opens Middle East 
Sales O�  ce
TenCate Advanced Armour opened a 
permanent sales offi ce in the Middle 
East. Mr Yohann Barnaud, who has 
been managing TenCate Advanced 
Armour sales in the Gulf Cooperation 
Council region and Eastern Europe, is 
the appointed director. 

Part of the TenCate Advanced 
Armour worldwide growth strategy is 
to expand its local footprint in major 
markets for armour materials to support 
major defense programs and enhance 
business sustainability. 

Steen Tanderup, managing director 
of TenCate Advanced Armour states: 

“We are delighted to open this offi ce. It is 
the next step in our long-term strategy 
for providing the United Arab Emirates 
and the Middle East with state-of-the-art 
armour technologies in a manner which 
not only improves the defence and 
security capability of the country, but 
also creates a capability which will be of 
benefi t to industrial development.” 

The company operates from produc-
tion facilities and sales offi ces in The 
Netherlands, France, Denmark, UK, 
USA, Singapore and India. 

CH2M HILL Enters Mentor-
Protégé Relationship with OTIE

CH2M HILL recently announced the 
U.S. Small Business Administration ap-
proval of its Mentor-Protégé Agreement 
with Oneida Total Integrated Enterpris-
es (OTIE), a Native American, tribally 
owned 8(a)-certifi ed small disadvan-
taged business.

The SBA’s Mentor-Protégé Program 
is a business development initiative that 
helps socially and economically disad-
vantaged fi rms gain access to economic 
opportunity, compete more effectively 
for federal contracts and build technical 
and management skills and experience 
through targeted training and project-
specifi c mentoring.

With 220 staff in 14 offi ces na-
tionwide, OTIE is an excellent fi t as 
a protégé fi rm for CH2M HILL. In 
addition to strong capabilities in 
environmental remediation and civil 
engineering, OTIE’s culture is similar to 
CH2M HILL’s in terms of commitment 
to safety, quality, clients and employee 
satisfaction. As mentor, CH2M HILL 
will provide management, technical, 
and business development assistance to 
OTIE, enhancing their skills so they can 
more effectively compete for signifi cant 
work and partnering with them to de-
liver solutions and value to clients.

“CH2M HILL is dedicated to creating 
a long-term relationship that provides 
material benefi ts and developmen-
tal gains that foster OTIE’s sustained 
growth and development,” said Federal 
Sector Director Dave Blevins. “We look 
forward to developing a long-term rela-
tionship with the OTIE team.”

CH2M HILL has been an offi cial 
mentor to many federal mentor-protégé 
programs for the last 7 years. The fi rm’s 
work with small businesses has earned 
two recent EPA Administrator’s Awards 
for small business subcontracting, two 
Dwight D. Eisenhower Awards for Excel-
lence in the use of small businesses 
and subcontractors, the Francis Perkins 
Vanguard Award for leadership and 
commitment to woman-owned small 
businesses and the prestigious Nunn-
Perry Award for outstanding DOD 
mentor-protégé program performance.

G-I Organizational 
Member News

58 Geo-Strata  l   www.asce.org/geo

New UNC Charlotte 49ers Stadium. 
(Courtesy of UNC Charlotte Athletics) 



We are looking for striking photos of  
bridges that highlight design and engineering  

achievements of civil engineers.

Submit yours by March 31, 2013  
at ascebridgephotos.org.

Thirteen winners and 25 finalists will be  
recognized from a variety of categories.  

Winning photos are eligible for inclusion  
in ASCE’s 2014 Bridges Calendar. 

If you love bridges, we want your photos!

Find out how to win at ascebridgephotos.org.

ASCE Bridges
Photo Contest
Celebrate great bridges!
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CORE BITS
G-I NEWS

2013 Geo-Congress
March 3-6, 2013
Town and Country Resort Hotel
San Diego, CA
www.geocongress.org

Come for the day…or come for the 
entire congress. Enhance your knowledge 
with a half-day or full-day 2013 Short 
Course on March 3, and obtain your 
required PDH’s at the same time.  

Geo-Congress 2013. Hundreds of 
hours of education and socializing in 
one location for under $1,000. That’s 
less than one standard seminar! 
Come hear the best geotechnical 
experts discuss dozens of “hot” topics 
throughout the week. In addition to 
all you’ve come to expect from a G-I 
Congress, there’s a packed Exhibit 
Hall and new sessions that will 
appeal to practitioners, educators, 
students, and just about anyone in 
the geo-profession. 

•  3 Award-Winning Lectures

H. Bolton Seed Lecture - Sunday, March 
3, 2013 - Stephen G. Wright, Ph.D., P.E., 
M.ASCE, Brunswick-Abernathy Regents 
Professor Emeritus in Soil Dynamics and 
Geotechnical Engineering, University of 
Texas at Austin 

Ralph B. Peck Lecture - Monday, March 
4, 2013 - Jonathan D. Bray, Ph.D., P.E., 
F.ASCE, Professor, University of California, 
Berkeley 

Karl Terzaghi Lecture - Tuesday, March 
5, 2013 - Alfred J. "Skip" Hendron, 
Jr., Ph.D., NAE, M.ASCE, Professor 
Emeritus, University of Illinois at Urbana-
Champaign 

•  9  Renowned Keynote Speakers 
including Practitioners and Educators

J. Michael Duncan, Ph.D., P.E., NAE, 
Dist.M.ASCE, Virginia Tech University

Thomas L. Brandon, Ph.D., P.E., 
M.ASCE, Virginia Tech University

Richard E. Goodman, Ph.D., M.ASCE, 
University of California at Berkeley

John T. Christian, Ph.D., P.E., D.GE, 
NAE, Dist.M.ASCE, Consulting Engineer

Francisco Silva-Tulla, Sc.D., P.E., 
M.ASCE., GeoEngineering & 
Environment

Suzanne Lacasse, D.Eng., P.E., F.ASCE, 
Norwegian Geotechnical Institute (NGI)

W. Allen Marr, Ph.D., P.E., NAE, 
F.ASCE, Geocomp Corporation

W. D. Liam Finn, Ph.D., P.Eng., 
M.ASCE, University of British Columbia

Scott A. Anderson, Ph.D., P.E., M.ASCE, 
Federal Highway Administration

•  5  Panel Sessions Covering a Variety 
of Topics

…and so much more!

The Hotel discount room rate cut-off 
was February 15 for the single/double 
room rate of $155, but space may still 
be available. Contact reservations at 
800-772-8527 or follow the link from 
http://content.asce.org/conferences/geo-
congress2013/housing.html.

The winner of the $200 
Starbucks gift card for 
registering for Geo-Congress 
by January 3, 2013 is Kristi 

Kelty Bumpas, P.E., M.ASCE, 
Edmond, OK.

Students Need Your Voluntary
Contribution
ASCE/G-I Members. When renewing 
your 2013 membership, please include 
a voluntary contribution which goes 
directly into a restricted fund for G-I 
2013 student activities.

Last year’s contributions helped to 
partially fund MSE Wall team travel to 
2012 Geo-Congress, Geo-Prediction 
and Poster Competitions, grants to 
Graduate Student Organizations, travel 
grants, and more.

ASCE/G-I Co-Sponsored Online Webinars
This winter, sharpen your skills and add 
to your working knowledge online or in 
person. All times are Eastern Time (ET).

Design of Geomembranes for
Surface Impoundments (Ponds, 
Reservoirs, etc.) – NEW
March 11, 2013 / 11:30 AM-1:00 PM

Water Balance Modeling for 
Alternative Water Balance (ET) Covers
March 14, 2013 / 11:30 AM-1:00 PM

The Measurement of Soil Suction 
in the Field for Geotechnical 
Engineering Applications – NEW
March 21, 2013 / 11:30 AM-1:00 PM

Load and Resistance Factor Design 
(LRFD) for Geotechnical Engineering 

Twitter at http://twitter.com/GeoInstitute 
to check for updates or follow us 
using a Twitter account, or one of 
the many other web applications 
that work with Twitter. Access the G-I 
Facebook page at www.facebook.com/
GeoInstitute. Access the G-I LinkedIn at 
http://www.linkedin.com

Viewers Want to Know…
• Raft foundation on organic peat. 

I am currently looking at designing a 
raft foundation on very soft organic 
peat soil. 

• Graphene Oxide and Radioac-
tive Waste. Graphene oxide has a 
remarkable ability to quickly remove 
radioactive material from contaminat-
ed water, researchers in the U.S. and 
Russia have found.

• Horizontal TAM grouting. We 
are going to do horizontal TAM grout-
ing to hold existing drain for tunnel 
construction.

• Demolish Existing Bore Pile…
Nearly 40 years building, now de-
molishing in progress on the city area.  
Is PIT workable to fi nd the depth?  
Probe drilling?

• Slope Stability. Have you got 
any paper that explains how the fric-
tion angle is changed with height in 
an embankment?
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CORE BITS
Features - Design for Extreme Event 
Loading
March 28, 2013 / 11:30 AM-1:00 PM

For more webinars and information:  
www.asce.org/Continuing-Education/
Webinars/Live-Webinars/

ASCE/G-I Co-Sponsored Seminars
Introduction to Dam and Levee 
Safety: Evaluation and Rehabilitation 
April 11-12, 2013 
Courtyard by Marriott Portland City 
Center 
Portland, OR  

Design and Strengthening of Shallow 
Foundations for Conventional and 
Pre-Engineered Buildings 
April 18-19, 2013 
Embassy Suites Hotel Pittsburgh 
Coraopolis, PA

Dam Breach Analysis Using HEC-RAS 
May 1-May 3, 2013 
Hyatt Regency Cambridge 
Cambridge, MA

Deep Foundations: Design, 
Construction, and Quality Control 
May 2-May 3, 2013 
Sheraton Charleston Airport 
North Charleston, SC

For more seminars and information:  
www.asce.org/Continuing-Education/
Seminars/Face-to-Face-Seminars/

Members: Read Geo-Strata Online
Geo-Strata online offers a page-turning 
format which makes reading current 
and past issues of the magazine 
easier. ASCE/G-I members or G-I 
only members can access Geo-Strata 
magazine online at www.asce.org/
geo/Members-Only/View-Geo-Strata-
Magazine/. Send us your comments to 
geo-strata.org.

Nominate a Colleague for an Award
While the 2012 ASCE/G-I awards cycle 
is over, it’s a great time to consider 
the variety of awards available for 
members and non-members. Get a 

jump on thinking about which of your 
colleagues deserve these renowned 
honors. Note: the Geo-Institute Board 
of Governors are ineligible to receive 
awards (i.e., the Terzaghi Lecture and 
the Cross-USA Lecturer) while serving 
on the Board and for a period of one 
year following their term of service.

View the awards list at: www.asce.org/
geo/Awards/Geo-Institute-Awards/

G-I Monogrammed Golf Shirts, 
Caps and Bags 

Order everything 
G-I from Land’s 
End.  Have the G-I 
logo stitched on 
everything from 

baseball caps and shirts to towels and 
coolers. Shop the Land’s End website 
at www.ces.landsend.com/Geo and ask to 
have the G-I logo added to most items.

G-I Facebook Page Gains New Friends
The G-I is pleased to announce that its 
Facebook page at www.facebook.com/
GeoInstitute is now being followed by 
1,148 persons as of January 10, 2013.  
Check out our Friday funny to put a 
smile on your face for the weekend. 
Log in. Share your news. Like us while 
you’re there.

Use Your Knowledge. Become a Mentor.
Through ASCE’s Mentoring Program, 
members have the opportunity to 
shape the future of younger civil 
engineers while sharing their passion 
for and dedication to the Geo-
Institute. Here’s your chance to use 
your leadership, experience, and 
management skills to help others 
become the best that they can be. 
You will not only make a difference 
in the lives of younger professionals, 
but you gain the mutual benefit of 
forming meaningful relationships 
with other G-I members. To become 
an ASCE mentor, visit www.asce.
org/mentoring where you will find 
available tools and resources to help 
you become a successful mentor. You 
can specify your engineering specialty 
during the registration process so the 
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right audience will easily fi nd you. 
For additional information about 
mentoring, read “Establishing a 
Mentoring Program” in the September/
October 2012 issue.

Get Connected with myASCE.  
ASCE members can 
easily connect with 
other members 

and interact virtually with groups and 
committees with myASCE. It makes 
online communication, collaboration, 

and networking easy by bringing a 
variety of tools and features into a single 
community. Features include a personal 
profi le for all members that includes 
photo and document space. Post 
status updates and blog posts on your 
message board for virtual conversations. 
Watch the brief tutorial at www.asce.org/
Member-Benefi ts/myASCE-Video-Tutorial/.

Access myASCE at www.asce.org/myasce 
or from the “myASCE” link at the top of 
most pages on the website. Once you’ve 
logged in, you can edit your profi le by 

adding a profi le picture or updating 
your status. 

MEMBERS

Peirce and Tuozzolo Collaborate
on Book Chapter

Peirce Engineering 
Inc. co-founder 
John Peirce, P. E., 
D.GE, M.ASCE, 
and Thomas J. 
Tuozzolo, P.E., 
of Moretrench 
American 
Corporation were 
approached to 
revise and update 

Robert T. Ratay’s, Temporary Structures 
in Construction, 3rd Edition Chapter 7, 
Earth-Retaining Structures. Together, 
John and Tom updated the chapter to 
refl ect new developments in tieback 
anchor construction, soil nailing, jet 
grouting, and secant pile walls for use as 
temporary excavation support systems. 
Ratay’s 3rd Edition contains signifi cant 
improvements to an already excellent 
reference book for engineers.

Blackburn Addresses DVGI Dinner
Audience

Tanner 
Blackburn, Ph.D, 
P.E., M.ASCE, 
assistant chief 
engineer, Hayward 
Baker Inc. (HBI) 
and Geo-Strata 
Editorial Board 
member, was the 
guest speaker 
at the Delaware 

Valley Geo-Institute (DVGI) January 
dinner meeting.

His presentation focused on the 
conceptual mechanics, design aspects, 
and fi eld implementation of various 
techniques used to accomplish 
liquefaction mitigation via ground 
improvement. 

Blackburn is assistant chief engineer 
in the central engineering group 
of Hayward Baker, Inc., located in 

John J. Peirce

Tanner Blackburn
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Odenton, MD, where he is responsible 
for technical risk management, 
scope and estimate development, 
and implementation of new and 
complex technologies within HBI. He 
has been the designer of record and 
project manager for several ground 
improvement projects, including 
vibro-replacement, aggregate piers, 
compaction grouting, jet grouting, and 
deep soil mixing projects. 

Blackburn holds a B.A. in physics 
from Middlebury College and M.S. and 
Ph.D. degrees in civil engineering from 
Northwestern University. 

Youngs Awarded with 2012 Jesuit
Seismological Association Award
Robert Youngs, Ph.D., P.E., M.ASCE, 
principal engineer with AMEC 
Environment and Infrastructure, Inc.,
was presented with the 2012 Jesuit 
Seismological Association Award at the 
Eastern Section of the Seismological 
Society of America 84th Annual 
Meeting in October 2012 for his work 
in developing and improving seismic 
hazard assessment methods and 
contributions to the seismology of 
eastern North America.

Bhattarai Joins Lachel & Associates, Inc.
Kumar Bhattarai, 
P.E., M.ASCE, 
recently joined 
Lachel & 
Associates, Inc., 
a subsidiary 
of Schnabel 
Engineering. 
Bhattarai brings 18 
years of experience 
in design, risk 

assessment, project management, and 
procurement management for tunnel 
and large infrastructure projects in 
the U.S., Canada, Russia, and the Far 
East.  His experience includes work on 
numerous phases of transportation, rail, 
and water/wastewater tunnel projects, 
including the Washington Dulles 
International Airport Automated People 
Mover System; the Canada Line Rapid 
Transit Public Private Partnership (P-
3) project; railway and highway tunnel 

projects between Adler and Krasnaya 
(Sochi), Russia for the 2014 Winter 
Olympics; and the Westside CSO tunnel 
project in Portland, OR.

Bhattarai has served as design 
engineer, design manager, resident 
engineer, and technical specialist 
for these complex projects. He 
provided concept and feasibility 
studies, preliminary and fi nal design, 
constructability reviews, cost estimates, 
design reports, qualitative and 
quantitative risk analysis, engineering 
support during construction, 
and construction inspection and 
management. Bhattarai received his 
Masters degree from the University of 
Hong Kong and is currently a licensed 
professional engineer in TX, WA, and 
British Columbia. He is based in Lachel’s 
Dallas, TX offi ce.  

McCartney and Murphy Share Honors
of DFI Paper Competition

Co-authors John McCartney, Ph.D., P.E., 
M.ASCE, and Kyle Murphy, professors 
at the University of Colorado Boulder 
(UCB), shared honors as winners of the 
DFI Young Professor Paper Competition 
award presented at the DFI 37th Annual 
Conference on Deep Foundations 
in October in Houston. The paper, 
“Seasonal Strain Distributions in Full-
Scale Energy Foundations,” focuses on 
the seasonal thermo-mechanical response 
of two energy foundations installed at the 
new Denver Housing Authority Senior 
Living Facility. 

McCartney received his B.S. and M.S. 
degrees from the University of Colorado 
Boulder and a Ph.D. from the University 
of Texas at Austin. He is a recipient of 
the 2011 NSF Faculty Early Development 

Kumar Bhattarai

(l to r) David Coleman, DFI Educational Trust chair, 
presents award to McCartney and Murphy.
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Award. He also received several research 
awards including the ASCE Croes Medal 
in 2012, the ASTM 2011 Richard S. Ladd 
D18 Standards Development Award, 
and the 2008 Young IGS Award from 
the International Geosynthetics Society. 

Murphy is pursuing his M.S. at UCB 
where his research involves thermally-
active deep foundations under the 
supervision of McCartney. Murphy 
is a project engineer with Hayward 
Baker Inc. and received his B.S. from 
the University of Missouri. Murphy is 
a 2011-12 recipient of the Association 
of Drilled Shaft Contractors Industry 
Advancement Fund Scholarship. 

The award is funded by the DFI 
Educational Trust. The Young Professor 
Paper Competition began in 2005. The 
paper will be published in the DFI Journal.

Meehan Awarded ASCE ExCEEd
Teaching Awards

Christopher L. 
Meehan, P.E., 
M.ASCE, associate 
professor of civil 
and environmental 
engineering at 
the University 
of Delaware, 
earned national 
recognition for 
his effective and 
engaging teaching 

style from the ASCE. The annual award 
recognizes outstanding civil engineering 
faculty who have fi ve years or less full-
time teaching experience.

Meehan was awarded the ASCE’s 
ExCEEd New Faculty Excellence in 
Teaching Award at the American Society for 
Engineering Education conference in June. 

“Many of our best students now 
continue on to graduate school in this 
area and I attribute this in many ways 
to the energy and enthusiasm that 
Prof. Meehan brings to the classroom,” 
commented department chair Harry 
(Tripp) Shenton, III.

Meehan also annually advises 
approximately 30 undergraduate 
engineering majors and has supervised 
more than a dozen undergraduate 

research assistants, master’s and 
doctoral students, as well as serving as 
a faculty adviser for an undergraduate 
geotechnical engineering organization. 
In 2012, two undergraduate students 
advised by Meehan brought home the 
Mohr’s Circle award for their work in 
the ASCE GeoPrediction competition – 
a fi rst for the department.

At the same time, Meehan developed 
a nationally-recognized research 
program in geotechnical engineering. In 
2009, he received the National Science 
Foundation’s prestigious Faculty Early 
Career Development Award to study 
the seismic behavior of slickensided 
surfaces. This fall, he will study the use 
of geothermal energy techniques for 
reducing energy consumption in the 
built environment as a 2012 Fulbright 
Scholar at Tampere University of 
Technology in Finland.

ISSMGE NEWS

ISSMGE Launches New Website 

The new website comes from a request 
by President Jean-Louis Briaud, 
Ph.D., P.E., D.GE, F.ASCE, and the 
ISSMGE Board and was formulated 
by the Innovation and Development 
Committee under the leadership of 
Dimitris Zekkos, Ph.D., P.E., M.ASCE. 

The new website offers an improved 
structure and layout and enhanced 
capabilities to host technical content. 
It currently offers more than eight free 
webinars led by worldwide leaders of 
the profession. The site also includes 
an upgraded database of geotechnical 
conference and events. More resources 
(videos, webinars, and an electronic 
lexicon) will soon become available. The 
new ISSMGE.org was developed as part 
of a new long-term partnership between 
ISSMGE and Geoengineer.org, who share 
the mission of serving geoprofessionals  
on a global scale. Geoengineer.org will 
maintain and handle future upgrades of 
the ISSMGE website.

ISSMGE Launched GeoWorld 
ISSMGE, in co-operation with 
Geoengineer.org, also launched the 
online GeoWorld last year. GeoWorld 
is a free online platform that 
supports professional networking 
among geoprofessionals. GeoWorld 
revolutionizes the way information 
is generated and circulated in 
geoengineering and features 
applications specifi cally suited for 
geoprofessionals, such as a geographic 
database of all geoprofessionals, 
professional profi le pages with 
information on work experience and 
academic history, and a publications 
database, as well as databases of  videos, 
photos, and blogs. The Technical 
Committees of the ISSMGE also have 
profi le pages in GeoWorld that will be 
used to announce committee activities. 
Look for new pages in the future. 

Become an ISSMGE Member
The International Society of Soil 
Mechanics and Geotechnical Engineering 
(ISSMGE) has 89 National Member 
Societies worldwide representing over 
18,000 individual members which 
include practicing engineers, teachers, 
researchers, and equipment designers 
and manufacturers. 

Discover what activities are taking place 
worldwide that impact your profession.

To become a member:
ASCE members: Your $15 ISSMGE 

membership is in addition to your ASCE 
and G-I membership.  Log in to your 
member account at or contact ASCE 
Member Services at 1.800.548.2723 to 
renew your ISSMGE membership.

Geo-Institute members, but not 
an ASCE member? Your ISSMGE 
membership is included in your G-I 
membership.  If you haven't renewed 
your G-I membership for 2013, 
contact ASCE Member Services at 
1.800.548.2723.

Not a member of the Geo-Institute?  
ASCE members can add the G-I as a 
primary or secondary Institute of Interest. 
Discover the benefi ts of G-I membership 
on the G-I website at www.asce.org/geo

Christopher L. Meehan, 
P.E., M.ASCE
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STUDENTS

A Message from the G-I
Keep up with G-I news and relevant 
geo information by following the G-I 
on Facebook and Twitter. Also, keep up 
with student info on the Student page 
of the G-I website at www.asce.org/geo/
Audience/Students/.

Bring the Cross USA Lecturer 
to Your School
The Geo-Institute of the ASCE (G-I) 
provides the Cross USA Geo-Institute 
Lecture Tour as a service to local G-I 
groups and members as an ongoing 
program to enhance the prestige of 
the geoprofession. The Cross USA 
G-I Lecturer will be a nominated 
distinguished geoprofessional.

If your Graduate School Organization 
(GSO) is selected as one of the five hosts, 
you will invite area professionals to 
attend and provide local lodging, local 
transportation, and meal expenses.

The host groups will be selected 
based on a range of criteria, including 
past selection as a host group, 
population base, geographic location, 
and application presentation.

The deadline for submission of your 
application package is April 15, 2013.  
See the G-I website for information or 
contact jcanning@asce.org.

New GSO Contact Information
The newest Graduate Student 
Organizations (GSO) – Georgia Tech 
and the University of California, Los 
Angeles (UCLA) – can now be contacted 
at Georgia Tech:  amartinez32@gatech.
ed or http://geosystems.ce.gatech.edu/ and 
UCLA at pavlo.s.chrysovergis@gmail.com.

Get a GSO Together at Your School
Enhance your education as you prepare 
to become a geo-professional, plus have 
a lot of fun by forming a local GSO 
(Graduate Student Organization) at 
your school. You’ll be able to network 
with any of the Geo-Institute’s 18 GSOs 

and engage in activities of your GSO’s 
choice, provided the activities are in 
compliance with the Geo-Institute’s 
Code of Ethics.

All GSO members must be active 
Geo-Institute members. There are no 
dues requirements for the GSO. For 
information and an application:  
www.asce.org/geo/Student-Organizations/
Student-Organizations/

Student Internship Opportunities  
Looking for an internship opportunity 
to help further your career path?  There 
are numerous opportunities listed on the 
ASCE website. Check back often since 
new positions are added all the time. 
Visit:  http://careers.asce.org/jobs#/results/key
words=internship&resultsPerPage=12/1,false 

G-I CHAPTER NEWS

Check the G-I website for upcoming 
chapter meetings and events at www.
asce.org/geo/Conferences/Chapter-Event
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New G-I Chapters
The Geo-Institute welcomes its 31st and 
32nd chapters – the Hawaii Geo-Institute 
Chapter and the Wisconsin Section 
Geo-Institute Chapter.  The chair of the 
Hawaii chapter is Xiaobin (Tim) Lin and 
the Wisconsin Section Chair is Mark S. 
Meyers, P.E., Ph.D., M.ASCE.  

News from the Seattle G-I Chapter 
On March 28, 2013, the University of 
Washington (UW) Graduate Student 
Society and the Seattle Chapter will 
co-host the 2012-2013 Cross USA 
Geo-Institute Lecture. The lecturer, 
John T. Christian, Ph.D., P.E., D.GE, 
NAE, Dist. M.ASCE, will present "The 
Applications of Reliability Methods in 
Geotechnical Engineering."

On April 19 and 20, 2013, the 
Chapter's annual Short Course and 
Spring Seminar will be held at the 
University of Washington campus. The 
focus will be "Groundwater Design 
and Construction Considerations."  
For registration information for either 
event, contact John Bickford, P.E., 
M.ASCE, Seattle Chapter president, at 
JBickford@magnuspacifi c.com.

The Chapter announced that it had 
provided a $3,000 matching grant to 
Engineers Without Borders' student 
chapters at UW and Seattle University 
during their annual fundraiser. Dr. 
Pedro Arduino, (UW Advisor to GIGSS, 
was presented with $5,000 to help 
fi nance updates to the laboratory 
equipment with a data acquisition 
system. And, an additional $30,000 
was presented to the Dr. Bob Holtz 
Fellowship at the UW. The Seattle 
Geotechnical Group/GI Chapter 
continues to provide fi nancial support 
to developing this fellowship at the UW 
to support graduate student studies.

ASCE NY Metropolitan Geo-Institute 
Chapter
The NY Met Geo-Institute Chapter 
will be hosting the following events. 
Visit: www.ascemetsection.org/component/
option,com_events/Itemid,89/  

Thursday, March 14, 2013 – GZA Lecture 

Thursday, April 11, 2013 – William 
Barclay Parsons Lecture 

Thursday, May 16, 2013 – One-day 
seminar: "Foundation Challenges in 
Urban Environments"  

Shake Up Your Local Meeting. Invite a 
Friend or Colleague.
Do you wonder why you always see the 
same people at your local meetings? 

Have you ever invited anyone new 
to attend? How about the new, young 
engineer your company just hired, or 
someone you are mentoring? What 
about inviting a client? Or, maybe 
you have recently changed positions 
and could ask a few of your new co-
workers to attend. Based on survey 
information received from local 
groups during the G-I Geo-Summits, 
it’s clear that the success of many local 
G-I chapters and geotechnical groups 
is a direct result of the marketing 
actions of their members. Help your 
local group succeed. Bring along 
someone new to your next meeting.

Have DVGI Publish Your Article
Do you have an interesting article 
on a project or individual in your 
organization that you would like to 
have published in the Delaware Valley 
Geo-Institute (DVGI) newsletter? Please 
submit your articles for consideration in 
an upcoming edition to Archie Filshill, 
A.M.ASCE at archie@intergeoservices.com

Expand Your Reach. Become a 
Geo-Institute Chapter.
Looking for a more extensive way to get 
your section and/or branch message out 
to prospective and existing members? 
Then become a Geo-Institute Chapter. 
There are no fees or chapter dues 
required by the G-I – just one short 
signed Memorandum of Understanding 
(MOU) is all that's needed. Increase 
your membership recruitment efforts 
and event marketing by converting 
your ASCE Geotechnical Group to 
a G-I Chapter or by forming a new 
G-I Chapter. Discover the benefi ts of 
affi liation. Download the MOU from 
the G-I web site at www.asce.org/geo/
Chapters/How-to-Become-a-G-I Chapter/ 

ALLIED ORGANIZATIONS

Coleman Named 2012 DFI Distinguished 
Service Award Recipient
David B. Coleman, M.ASCE, received 
one of the Deep Foundations Institute’s 
(DFI) highest honors, the Distinguished 
Service Award, in October during 
the DFI’s 37th Annual Conference in 
Houston, TX. He was the 32nd recipient 
of the award, designated for individuals 
or companies chosen by their peers for 
exceptionally valuable contributions to 
the deep foundations industry.

Coleman served as president of DFI 
in 1999-2000 and has been a member 
of the Board of Trustees. He is one 
of the founding members of the DFI 
Educational Trust and currently serves 
as the chairman of the Educational 
Trust. Among his many accomplishments 
so far was the donor drive for the Stanley 
Merjan CCNY (City College of New York) 
Civil Engineering Scholarship Fund. 

Coleman is drilling operations 
manager with Underpinning & 
Foundations, Skanska, NY. He has been 
actively involved in specialty foundation 
construction involving deep foundation 
construction throughout the U.S. for 
more than 30 years, and has worked in 
over 35 states involving deep foundation 
projects for land and marine works. 
He holds a B.S. in urban studies from 
Michigan State University and completed 
his graduate studies at Harvard 
University and the Conway School. 
Coleman has co-authored several deep 
foundation design and construction 
papers and has been a speaker and 
presenter for numerous ADSC and DFI 
conferences and seminars. 

INDUSTRY

Roger Wakimoto Selected as
Assistant Director for NSF’s Directorate 
for Geosciences
Roger Wakimoto was selected to serve as 
the assistant director of the Directorate for 
Geosciences (GEO), a directorate within 
the National Science Foundation (NSF) 
which has a $1 billion annual budget for 
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supporting core research in the atmospheric, 
polar, earth, and ocean sciences.

The facilities and academic research 
fleet managed by GEO include the 
newly launched R/V Sikuliaq and the 
NCAR Wyoming Supercomputing 
Center which were opened in October.

Wakimoto is a geophysicist with 
expertise in severe weather including 
tornadoes and thunderstorms and 
has co-authored more than 100 
peer-reviewed papers. Wakimoto’s 
numerous awards and honors include 
a scientific and technical achievement 
award from the Environmental 
Protection Agency in recognition of 
air pollution observations and the 
American Meteorological Society’s 
Clarence Leroy Meisinger Award for 
his contributions to understanding 
mesoscale weather events. 

Wakimoto currently serves as the 
director for the National Center for 
Atmospheric Research (NCAR). He 
previously served as associate director 
for NCAR’s Earth Observing Laboratory 
and was a professor at the University of 
California - Los Angeles where he chaired 
the Department of Atmospheric Sciences.

Wakimoto began his appointment 
in February 2013.

Explore the Secret World of Soil in Dig It! 
at Minnesota’s Bell Museum

Within one gram of soil are close to one 
billion living bacteria, a fact made all 
the more astounding considering most 
people know relatively little about soil…
but not for long! Dig It! The Secrets of 
Soil, an exhibit opened on Nov. 10, 2012 
and running through July 28, 2013 at the 
University of Minnesota’s Bell Museum 
of Natural History, reveals the complex 
world of soil and how this hidden 
ecosystem supports nearly every form of 

life on Earth, especially humans.
The popular exhibit gives an up-

close look into the fascinating world of 
soil science through hands-on models, 
interactive displays, soil samples, videos 
and activities. Perhaps its most ambitious 
element is a collection of 54 soil monoliths 
representing every U.S. state and territory 
and the District of Columbia. “The 
monoliths are really a star of the exhibit 
showing an amazing variety of colors and 
textures,” shared curator Jennifer Menken.

Though centered on soil science 
curriculum, the exhibit covers a diverse 
array of subjects like nutrition, global food 
production, chemistry, biology, botany, 
physics, geology, climate, history, and art.

TRB News
TRB’s second Strategic Highway 
Research Program (SHRP 2) 
Renewal Project R02 has released a 
prepublication, non-edited draft of a 
report titled "Geotechnical Solutions for 
Soil Improvement, Rapid Embankment 
Construction, and Stabilization of 
the Pavement Working Platform: 
Final Phase 2 Summary Report" 
that addresses issues designed to 
help mitigate obstacles that have the 
potential to prevent the widespread use 
of geoconstruction technologies. 

The main end-user umbrella 
product from the project is a web-
based information and guidance 
system for geotechnical solutions 
for transportation infrastructure. 
For information: www.trb.org/Main/
Blurbs/168148.aspx

Morganza to Gulf Levee Project 
Swells to $12.9B
The U.S. Army Corps of Engineers 
(USACE) released on January 7, 2013 
estimates that building the Morganza 
to the Gulf levee project in Terrebonne 
Parish, LA,  will cost $12.9 billion. That 
is a sizeable increase from the $887 
million estimate when the project was 
authorized by Congress in 2007.

 “We’re pleased we’ve achieved 
another milestone, but the process 
just takes way too long,” said Jerome 
Zeringue, director of the state’s Coastal 

Protection and Restoration Authority. 
The Morganza to the Gulf levee project 
planning started in 1992.

The project's increased costs are the 
result of a number of factors, including the 
more-stringent levee building standards 
USACE adopted after Hurricanes Katrina 
and Rita in 2005. Those increased costs 
meant that even though the project had 
federal authorization, the estimated price 
of the project rose enough that USACE 
was required to do a post-authorization 
change report. In the report, required by 
law, USACE had to take another look 
at the cost and benefits of the project 
to determine if it were still a project 
that could be sent to Congress for 
authorization under a higher cost. The 
recent draft report concluded that the 
cost-benefit ratio is still a positive. The 
45-day public comment period ended 
February 18.

In Memoriam: Professor Nilmar Janbu 
Professor Emeritus 
Nilmar Janbu, the 
acclaimed scholar 
in geotechnical 
engineering at 
the Norwegian 
University of 
Science and 
Technology 
(NTNU), passed 
away at 91 in 

Trondheim on January 4, 2013. 
Janbu was active with geotechnical 

work up until recently and was a 
colleague to many in the geotechnical 
and engineering community in Norway 
and abroad, as well as an educator 
in geotechnical engineering. His 
enthusiasm motivated civil engineering 
students at NTH/NTNU to choose 
geotechnical engineering as their major.

Nilmar received his M.Sc. degree at 
Harvard University in 1949, where he 
worked with Professors Karl Terzaghi 
and Arthur Cassagrande. In 1954, he 
successfully defended his doctoral 
work, also at Harvard. Janbu joined 
NGI in 1952, working closely with 
Laurits Bjerrum and Bjørn Kjærnsli. 
He established and became the leader 

Nilmar Janbu
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of NGI's department and laboratories 
in Trondheim. In 1961, when NTH 
(NTNU's former acronym) opened 
a new Department for Geotechnical 
Engineering in Trondheim, Nilmar was 
appointed as its first professor. 

Nilmar Janbu had a thorough 
understanding of the mechanical 
behavior of soils, and over the years, 
he developed new concepts and made 
valuable contributions to the practical 
solution of geotechnical engineering 
problems, including settlements, 
slope stability and deformations. In 
addition to his teaching, he worked 
also as a consultant and problem-
solver for private organizations and 
government bodies. 

Nilmar was a worldwide lecturer, 
and in 1985, gave the prestigious 
Rankine Lecture at Imperial College 
in London. He wrote more than 130 
scientific publications.

Watch the New East Span of S.F.'s Bay 
Bridge Go Up in 2 Minutes
Watch the San Francisco-Oakland 
Bay Bridge's eastern span rise over the 
past three-and-a-half years. EarthCam 
put together a time lapse video that 
encompasses a period of around-
the-clock activity from April 2009 to 
November 2012.  The monumental 
engineering effort to date has cost more 
than $6 billion. Much of the project's 
expense has come from the way 
engineers are earthquake-proofing the 
span. The need to rebuild the eastern 
section arose after a big chunk of it 
collapsed during the 1989 Loma Prieta 
temblor. Scientists predict a better than 
50 percent chance of a "tectonic time 
bomb" exploding in the next couple 
decades. View the video at: www.
theatlanticcities.com/commute/2013/01/
watch-new-east-span-sfs-bay-bridge-go-2-
minutes/4321/

GEO-INSTITUTE ANNUAL 
CONGRESS CALENDAR

2013 Geo-Congress  
“Stability and Performance of Slopes 
and Embankments” 
March 3-6, 2013 
Town & Country Resort 
San Diego, CA 
www.asce.org/geocongress

2014 Geo-Congress 2014 
February 23-26, 2014 
Westin Peachtree Plaza Hotel 
Atlanta, GA

To submit information for 
Geo-Strata magazine, send 
your brief news about your 
recent honors, awards, special 
appointments, promotions, 
etc. to geo-strata@asce.org. High 
resolution photos must be sent as 
separate files. Refer to production 
guidelines on the Geo-Institute 
website at www.asce.org/geo/. Sales-
oriented copy should be directed 
to Dianne Vance, Director of 
Advertising at dvance@asce.org.
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Geosynthetics

Three Conferences in One

Uniting global geotechnical professions 
across water & energy challenges

explore Trade Show Floor, Southwest Geotechnical 
 Engineers Conference, GRI-25 Conference
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Visit geosynthetics2013.com to register. 
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