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Letters

Thoughts on the President’s 
Letter: A Bridge with Some 
Geo-Education
j j I thought the July/August issue was 
great, and personally on-point. The day 
before I read the [President’s] letter, I 
was working on a new hospital project 
under an IPD contract format, discuss-
ing the risks of a temporary cut slope 
(see picture) that the contractor had 
made with a room full of non-technical 
stakeholders. This situation was seem-
ingly snatched straight out of this issue. 
Jessee Jacobson, PE, M.ASCE
Arden, NC

j j Your [President’s Letter] encourages 
me to keep my own antennae up and 
sensibilities tuned to perceive and enjoy 
work well done. 
Bert Miner, PE, M.ASCE
Manchester, WA

j j Here’s another example of a geotech-
nical engineering “exhibit” of sorts. We 
designed an earth retention system 
for an underground auditorium for a 
private client. The system consisted of a 
60-foot-high soil and rock nail wall with 
passive and post-tensioned anchors, 
with a 20-foot-high cantilever retaining 
wall on top. It was a spectacular project, 
and certainly bittersweet when the 
auditorium structure covered up our 
work. However, after construction was 
complete, we were pleased to see that 
the architect had included a window in 
the pedestrian tunnel through which 
visitors could view the soil nail wall. 
Mary Nodine, PE, M.ASCE
Woburn, MA

j j I believe the bridge is located in 
Nevada and Arizona (just like Hoover 
Dam). I also visited the bridge and 
walked across it and noted the rock 

cores, rock anchors, etc. along the 
pathway – most unusual. While the 
bridge was a rather diffi cult project in a 
tough location, you might want to read 
the proceedings from our Hoover Dam 
75th Anniversary History Symposium, 
published by ASCE in 2010 (I was the 
lead editor). Hoover Dam was a bit 
tougher than the bridge, partly because 
the dam was designed and built about 
70 years before the bridge.
Richard L. (Dick) Wiltshire, PE, F.ASCE
ASCE History and Heritage Committee, 

Colorado Section G-I Chapter Co-chair and 
History and Heritage Committee Chair

j j I appreciate the recognition given to 
the geotechnical engineering consul-
tant, AMEC, on the bridge in Nevada. It 
is also appropriate that others involved 
with the project were appropriately 
recognized. Geotechnical engineering 
consultants on a project are frequently 
not even mentioned. However, they are 
as important as all of the team mem-
bers. The geotechnical and geological 

Above: A temporary 

slope cut such as this 

one carries certain risks.

Left: The architect 

for this underground 

auditorium designed 

this window into the 

pedestrian tunnel so 

visitors could see the soil 

and rock nail wall built 

as an earth retention 

system.
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issues on this project were huge, and 
AMEC performed their services on 
this highly complicated project and 
deserved recognition.
Koi Z. Woodson, PE 
Fort Worth, TX 

j j I also tip my hat to whoever it was 
that designed that walkway, which 
makes a lot of sense given the sort of 
tourist attraction Hoover Dam is. I won-
der if they mentioned anywhere how 
high winds caused the collapse of one 
of the main erection towers during con-
struction, setting back the completion 
by nine months. The tower was a total 
loss, and the debris had to be fished 
out of the channel while a new one was 
fabricated and re-erected on site. 
J. David Rogers, PhD, PE, PG, CEG, C.HG 
Rolla, MO

Geotechnical Engineers 
Critical to Managing Risks for 
Public-Private Ventures
j j I was excited to see an article 
regarding subsurface risk allocation 
on D-B and Public-Private Venture 
(PPV or “P3”) projects (“Design-Build 
and Public-Private Partnerships: Risk 
Allocation of Subsurface Conditions,” 
July-August 2014 issue, page 26). As a 
former project manager on the private 
and federal sides, I feel that David 
Hatem pinpointed some key risk man-
agement issues that have been growing 
and influencing project success for the 
last decade.

I am proud to say that federal 
contracting has at least been consis-
tently equitable enough to include a 
differing site conditions clause in any 
contract I’ve ever managed, and to grant 
equitable adjustments where warranted. 
However, government entities do a poor 
job of financially addressing subsurface 
risk management up front, often caus-
ing much larger challenges later. 

I believe this happens for two 
reasons. First, public sector contract 
managers must operate as stewards of 
taxpayer money. This means limiting 
contingency funds and spending money 

only on the identified scope. Spending 
money on something for which the 
public isn’t receiving a tangible benefit 
in return, i.e., risk controls, is not pal-
atable to most contract managers and 
non-technical stakeholders.

Second and foremost, public sector 
contract managers remain unaware of 
the geotechnical risks inherent in many 
projects and don’t readily grasp the 
insurance value of a fully-funded, pre-
award, subsurface investigation report. 
Therefore, many government contracts 
have funded a geotechnical exploration 
only after an imminent failure has 
been detected and the schedule and 
existing work damages already realized. 
Assuming the contractor receives an 
equitable adjustment, the risk has then 
been transferred back to the taxpayer at 
least ten-fold. 

It’s up to geotechnical engineers 
within the public sector to educate 
contracting professionals on the budget 
and schedule risks of an unanticipated 
geotechnical failure. Then we could see 
more D-B and PPV programs requiring 
a geotechnical report with the RFP. This 
is precisely how public sector owners 
could share subsurface risks more fairly.
Bob Piasecki, PE, PMP, M.ASCE 
Portland, OR

Project Risk Article Puts 
Needed Focus on Risk 
Registries
j j This article (“Communicating Risk 
in Geotechnical Engineering Practice,” 
July-August 2014, page 34) gave an 
excellent introduction into the use 
of risk registries. My practice focuses 
on mine infrastructure, and most of 
the major mining companies have 
embraced this practice. 

Many engineers spend their time on 
deterministic outcomes; for example, 
estimating the factor of safety for a 
slope or the capacity of a pump acting 
against a certain head. But, developing 
a meaningful risk registry requires us to 
step out of the deterministic world and 
into that of qualitative probability. The 
sample registry presented in the article 

is a perfect example, with “Likelihood” 
in the example ranging from “Unlikely 
(0.01)” to “Moderate (0.2)” in the 
example. Such assessments are usually 
based on a guidance document that 
uses language such as “has never 
happened in the industry” and “may 
happen once during the operating life.” 
The forecast “consequences” usually 
include an order-of-magnitude estimate 
of the direct economic impact, but there 
are usually non-economic impacts as 
well, such as environmental, social, 
business reputation, and safety. The 
non-economic impacts are often the 
most important. Articles such as this will 
go a long way in helping correct this. 
Mark E. Smith, PE, GE, D.GE, M.ASCE 
Incline Village, NV

Geotechnical Professionals 
Need to Be Agents of Change
j j I couldn’t hit the “Forward” 
button quickly enough after reading 
Dr. Bonaparte’s article (“What the 
Future Holds for Geoengineering Firms 
and Their People,” July-August 2014, 
page 44). I wanted to make sure my 
colleagues at Kleinfelder were reminded 
of their rich history and our profession’s 
noble purpose. It’s easy to forget the way 
this profession came to be, as well as 
our legacy of making the world a better 
place. I also wanted to highlight the 
need for geotechnical professionals to 
be agents of change so that geotechnical 
professionals now – and those in the 
future – can continue to identify 
opportunities in the marketplace while 
maintaining our relevance to society.
Joel Carson 
Omaha, NE

GEOSTRATA welcomes letters to  
the editor. Please send them to us at  
geo-strata@asce.org. 

Letters
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Greetings, and thank you for allowing me to 

be your Geo-Institute president. This is an 

honor, and I am committed to serving you 

well over the coming year. I, too, echo the 

words of our Past President Billy Camp when 

he said, “Please, let me know throughout the 

year how I am doing; how your society is 

serving you; any concerns you have regarding 

your profession; and don’t forget the accolades to your 

colleagues for all of the wonderful things they do daily.”

I am excited to write my fi rst message for the newly designed GEOSTRATA in an 
issue whose theme considers the challenges of karstic geologies. I have spent much 
of my career exploring, evaluating, designing around, and remediating this very chal-
lenging subsurface condition. My experiences have spanned spelunking adventures 
while at Virginia Tech, to daily challenges when I moved to eastern Pennsylvania, and 
now, to the same challenges I face on a project half way around the world. 

The challenges presented by karst are an example of why our profession and 
several other professions are sometimes more art than science. We often have limited 
information about the subsurface conditions and must draw on experience, regional 
research, anecdotal information, visualization, and just plain creative thinking to 
understand a problem involving Mother Nature’s ways of solutioning the underlying 
strata. Additionally, we geoprofessionals are charged with fi nding solutions that will 
accommodate our understanding and visualization of these conditions, as well as the 
possibility that our view may not be totally correct.

Although karst is an extreme example of the challenges we face in our geo-
profession, this is just a small sample of what geoprofessionals face daily. Our role 
in society and on the design team is to bring our breadth of understanding of the 
underground world – its variability, surprises, and capabilities – to the table to solve 
problems. The team relies on us to visualize the challenges, help them understand 
the risk, and work together to develop the solutions to some of the most challenging 
and misunderstood conditions presented on every project.

We have chosen a wonderful career!  
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From the Editorial Board

In “As I See It: Report from an 
Underground World,” Roger Brucker, 
a long-time cave explorer who helped 
survey over 400 miles of Mammoth Cave, 
suggests that, where possible, karst inves-
tigations should include direct knowledge 
of caves and karst. He also refers to a 
number of cases of sinkhole-related 
damage to engineered structures, some 
recent, such as the February 2014 sinkhole 
collapse beneath the National Corvette 
Museum in Bowling Green, KY. 

Edward Zisman describes the 
legal landscape of sinkholes beneath 

residential homes in Florida in “As I See 
It: The Florida Sinkhole Battle.” Sinkhole 
investigation and remediation is driven 
by litigation, and the homeowners are 
the losers as most insurance companies 
only cover catastrophic failure.

As Walter Kutschke emphasizes in his 
article “Geotechnical Design over Karst,” 
water drives everything in karst. When 
developing over karst, it’s important 
to understand surface and subsurface 
flow and the effect of karst remedies 
on drainage. Kutschke presents several 
examples of karst remedies that were 

Major karst areas in the U.S. are found in 20 

states, and there are numerous smaller areas 

across the nation. Part of my home city, 

Austin, TX, overlies the Edwards Aquifer. This 

major karst aquifer provides drinking water 

for two million people in Central Texas, 

including the city of San Antonio. Nineteen 

of the 47 watersheds in Austin recharge the 

Edwards, and development is controlled 

in the recharge area due to concerns with 

environmental impact. In this issue of GEOSTRATA, we present 

three commentaries and four articles about karst and sinkholes.

BETH GROSS

unsuccessful because drainage was 
neglected or not well understood. He 
also provides recommendations for 
implementing karst remedies, such as 
inverse, aggregate, graded filters, and 
preventing karst-related subsidence.

John Pusey and John Caccese detail a 
geophysical and test boring investigation 
program implemented in a karst area in 
“Sinkhole Investigation and Grouting: 
Novel Recommendation for a Pipeline 
Right-of-Way.” They also describe the 
proposed karst remedy, which includes a 
new hybrid mobility grouting technique, 
using high and low-mobility grout, in 
high-risk areas.

Even with indirect and direct subsur-
face investigation of karst areas, there 
can still be significant uncertainty in sub-
surface conditions and the likelihood of 
foundation problems. In “A Probabilistic 
Approach to Karstic Foundation 
Variability,” Vaughn Griffiths, Donald 
Dotson, and Jinsong Huang describe how 
probabilistic tools were used to assess the 
expected performance of a raft and drilled 
shaft foundation and provide guidance 
to the owner on the risk of excessive raft 
displacement and moments.

Another technique that can be 
used to remedy karstic foundations 
is dynamic compaction. As described 
by Chris Woods in “Karst-Related 
Sinkholes,” the remediation option of 
dynamic compaction has been used 
to collapse sinkholes and identify soft 
areas at shallow depths for low-rise 
commercial and industrial sites.

Karst and sinkholes have made it into 
the headlines a lot lately, so this issue is 
timely and useful. We’re pleased to bring 
it to you. 

This message was prepared by BETH A. 

GROSS, PhD, PE, M.ASCE. She can be 

reached at bgross@geosyntec.com.

River Styx emerges from underground to join the Green River in Mammoth Cave 

National Park in Kentucky. 
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1: Bernard Amadei, PhD, NAE, Dist.M.ASCE,

professor of civil engineering at the 

University of Colorado at Boulder, for 

education

2: Nicholas M. DeNichilo, PE, M.ASCE,

president and CEO of Hatch Mott 

MacDonald, for management

3: Andrew K. Phelps, PE, M.ASCE, 

principal vice president and manager of 

operations for Bechtel Mining & Metals, for 

construction

4: Edward J. Schmeltz, PE, F.ASCE, senior 

vice president and director of Maritime and 

Special Projects at AECOM, for design

5: Thomas D. Rust, PE, M.ASCE, member 

of the Virginia House of Delegates, for 

government

ASCE also announced 

the winner of the 

2015 Henry L. Michel 

Award for Industry 

Advancement of 

Research, Anil K. 

Kar, owner of Project 

Management Engineering Services India, 

one of the PM Group companies.

Litke Named 2014 DFI 
Distinguished Service Award 
Recipient

S. Scot Litke, D.GE 

(Hon.) is the 34th 

recipient of DFI’s highest 

award to an individual, 

the Distinguished Service 

Award. The award honors 

individuals chosen by 

their peers for exceptionally valuable 

contributions to the advancement of the 

deep foundations industry. Litke has been 

the editor of the ADSC’s (International 

Association of Foundation Drilling) 

Foundation Drilling magazine since 1982. 

He also was executive director of the ADSC 

from 1982 to 2009. During this time, Litke 

COREBITS PEOPLE

ASCE Announces 2015  
OPAL Winners

Five exceptional civil engineers were awarded ASCE’s greatest individual honor – the 

Outstanding Projects and Leaders Award (OPAL), for contributions in each of five cate-

gories: education, management, construction, design, and government. The honorees 

will receive their awards at ASCE’s 2015 OPAL Gala next spring.

The Borehole ShearTM test is the definitive test 
for evaluating slope stability, landslide repair 
methods, foundation bearing capacity, and soil 
strength behind existing retaining walls. It is the 
fastest and most effective way to measure soil cohesion 
and friction angle on an effective stress basis, providing 
c’ and Φ’ measurements in minutes instead of hours.

Handy Geotechnical Instruments, Inc. offers  
four models of Borehole Shear test instruments:
1. Air     2. CO2    3. Fully automated CO2    4. Hydraulic (for rocks)

Handy Geotechnical Instruments, Inc.
Madrid, Iowa, U.S.A.
Handygeotech.com

Handygeotech.com

1 2 3 4 5



managed over 25 drilled foundation and 

anchored earth retention research projects 

funded by the ADSC and FHWA. Litke was 

inducted into ADSC’s Hall of Fame in 2012.

Mayers Promoted to Schnabel 
Engineering VP

Chad Mayers, PE, 

M.ASCE, Schnabel 

Engineering, Inc. 

(Schnabel), Glen Allen, VA, 

was recently promoted to 

associate/vice president. 

He has more than 10 

years of experience in geotechnical 

engineering. Mayers joined Schnabel’s 

Baltimore, MD o¯ce in 2004 and trans-

ferred to their Sterling, VA o¯ce in 2010. 

Stantac Welcomes Miller 
and Pease

Nigel Miller, PE, recently 

joined Stantec as a senior 

geotechnical engineer 

and leader of the firm’s 

geotechnical services 

practice in Nashville, TN. 

Miller brings 18 years of 

experience as a civil, environmental, and 

geotechnical engineer, with experience 

in transportation, water infrastructure, 

aviation, and mining projects. His diverse 

experience includes the design of highway 

bridges, roadway pavements, airport 

runways, high-rise buildings, retaining 

structures, earth dams, energy transmission 

lines, and large-diameter water pipelines. 

R. Eric Pease, PhD, PE, 

P.Eng., recently joined 

Stantec’s Lexington, 

KY o¯ce as a senior 

geotechnical engineer 

and project manager. 

Pease had been working 

for Stantec’s Fredericton, New Brunswick, 

Canada, o¯ce and recently transferred to 

Lexington. He brings more than 20 years 

of experience in civil design, specializing 

in geotechnical, soil mechanics, and 

saturated/unsaturated water flow. His 

diverse experience includes overseeing and 

performing dam assessments and inspec-

tions, landfill designs, mining reclamations, 

foundation design, erosion protection, and 

water supplies. 

Bengt Fellenius Presents DFI 
Mitchell Lecturer 

Bengt H. Fellenius, 

PE, P.Eng., M.ASCE, 

former professor of 

civil engineering at the 

University of Ottawa, was 

the Deep Foundation 

Institute’s (DFI) tenth 

John Mitchell Lecturer. He presented 

the lecture at the DFI-EFFC International 

Conference on Deep Foundations & Piling, 

May 21-23, 2014, in Stockholm, Sweden at 

Stockholmsmässan. Fellenius is an inter-

nationally active geotechnical consultant 

and professional engineer specializing 

in foundation studies. The John Mitchell 

Lecture was named in honor of John 

Michael Mitchell, one of the earliest orga-

nizers of the DFI International Conferences 

and a pioneering supporter of DFI’s role as 

a leader in the global industry. 

Harpstead Appointed Kleinfelder 
Chief Technical O�cer 
Daniel L. Harpstead, PE, M.ASCE, was 

appointed the new chief technical o¯cer 

of Kleinfelder and is located in the firm’s 

Exton, PA o¯ce. He is responsible for 

overseeing the firm’s global network 

of technical resources, with a focus on 

developing technical talent, advancing 

industry-transforming innovation, and 

maintaining technical quality across the 

company’s 71 o¯ces in the U.S., Australia, 

and Canada. He brings more than 37 years 

of engineering experience in a diverse set 

of technical and leadership roles relating 

to geotechnical and environmental engi-

neering, construction quality control, and 

risk management. Harpstead is passionate 

about using engineering to make the world 

more habitable, and in 2012-2013 served as 

the president of Engineers Without Borders 

(EWB-USA), an organization in which 

he still remains active. He is also a past 

president of ASFE: The Geoprofessional 

Business Association from 2005-2006.



16 GEOSTRATA NOVEMBER/DECEMBER 2014

Geo-Institute Organizational 
Member/Student Career Fair
Graduate students who are Geo-Institute 

members, graduating in 2015, and are 

registered for IFCEE 2015 are eligible 

to win a $275 travel grant to attend the 

Geo-Institute Organizational Member/

Student Career Fair. For information and 

to complete the online questionnaire, 

visit the G-I website at www.asce.org/geo

by January 30, 2015.

Purdue Students Enjoy Field 
Trip to Panama Canal
The Graduate Student Organization 

(GSO) at Purdue University had an 

extraordinary fi eld trip to the Panama 

Canal. The group toured the o  ̄ ces of 

the Panama Canal Authority and the 

soils laboratory, and enjoyed a series of 

technical presentations given by several 

geotechnical engineers and geologists. 

Topics included the canal expansion 

program, co� erdam design criteria, 

Borinquen dams, Panama Canal geology, 

landslide and erosion control, dam safety, 

water resource management, seismic 

vulnerability, and vibration control.

The Purdue GSO wishes to thank the 

G-I Small Grants Program, the Global 

Engineering Program, the Purdue 

Geotechnical Society, the School of Civil 

Engineering at Purdue, the International 

Program at Purdue, and the G-I Graduate 

Student Leadership council for sponsor-

ing this opportunity. 

Virginia Tech Student 
Recognitions
Virginia Tech PhD students Beena Ajmera 

and Daniel VandenBerge have won the 

Best Student Paper Awards at the Dam 

Safety 2014 National Conference, hosted 

by the Association of State Dam Safety 

COREBITS STUDENTS

Internships Are 
Now Available
Need an internship 

position? You can explore 

the positions listed on the 

ASCE website at careers.

asce.org/jobs/ to help you 

obtain the experience you 

need to further career 

path. New opportunities 

are added all the time.

O  ̄ cials. Laura Ferre, a graduate student 

at the University of Colorado, Denver, 

was also honored.

Students at California State 
University, Fullerton, Win 
Research Fellowships
The following geotechnical students 

at California State University, Fullerton, 

have won the Eisenhower Transportation 

Research Fellowships: Sneha Upadhyaya, 

John Thurlo, Matthew Farrington, and 

Adrian Guzman. Please join the Geo-

Institute in congratulating them!

12th International Symposium 
on Geo-disaster Reduction
The GSO at California State University, 

Fullerton, successfully hosted the 12th 

International Symposium on Geo-disaster 

Reduction in collaboration with the 

California Geotechnical Engineering 

Association at CSUF, the Los Angeles 

Chapter of the Geo-Institute, the CSUF 

College of Engineering and Computer 

Science, and the International Consortium 

on Geo-disaster. The two-day symposium 

was attended by over 120 individuals 

from over six countries and included two 

keynote lectures and six invited lecturers 

from around the world. 
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$5.5 Billion Panama Canal Project Relied 
on Bentley Geotechnical Software

© 2013 Bentley Systems, Incorporated. Bentley, and the “B” Bentley logo are either registered or unregistered trademarks or service marks of Bentley Systems, Incorporated or one of its direct or indirect wholly owned subsidiaries. Other 
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When the cost of dredging 20 million cubic meters is calculated on type and volume of materials – and on 
whether it is above or below sea level – you need accuracy you can rely on. The $5.5 billion Panama Canal 
widening project consists of more than 10 different types of material and methods of removal. Jan De Nul used 
Bentley’s geotechnical software to store and analyze geological data and used our road design software to build 
3D models of the material profiles that were also used for machine control. 

For more than 25 years, global engineering firms, transportation agencies, and municipalities have depended on 
Bentley to design and build the world’s most innovative projects. You can too. 
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I’ve been a cave explorer for more than 60 years.  

I helped explore and survey 404 miles of Mammoth 

Cave, KY, the world’s longest. Sometimes I’ve served 

as an opponent of multi-million dollar projects 

where developers proposed to spend millions of 

dollars on projects sited on karst lands underlain by 

caves. Here’s what I have learned:

Report from an 
Underground World

As I See It

by Roger W. Brucker

The lure of karst lands, characterized by 
sinkholes and interior drainage, is that 
they are often cheap. Like “swampland” 
of old, the opportunity to buy low and sell 
high tempts opportunists. I’ve coined the 
phrase: “Ignore karst. Build now. Pay later.”

Those who neglect proper 
geotechnical investigation — through 
ignorance or economics — often inflict 
costly penalties on subsequent owners. 
A housing developer in Louisville, KY 
saved on site development, causing 
subsequent home owners to later suffer 
from cracked foundations and flood 
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waters bubbling into their basements 
from karst conduits: Caveat emptor.

A house near Tampa, FL is the sinkhole 
disaster de jour. The home’s bedroom 
and its occupant were sucked in, never 
to be seen again. The Corvette Museum 
in Bowling Green, KY had eight vintage 
Corvettes swallowed when the bedrock 
foundation beneath a main hall collapsed 
into a cave. Conveniently, the builder had 
avoided costly storm drainage controls by 
installing a French drain around the foun-
dation. Wolf Creek Dam, holding back Lake 
Cumberland in central KY, leaks through 
caves. Despite hundreds of millions of 
dollars spent to grout the dam foundation, 
the dam still leaks, and the lake is currently 
being maintained at 20 ft below its design 
level. A caver could tell you that in 30 years 
the passages will enlarge.

Cynicism aside, I see stupid projects. 
Developers proposed a regional sewage 
treatment plant atop a karst floodplain in 
Pocahontas County, WV. They pointed out 
that the site was above the U.S. Army Corp 
of Engineers’ designated floodplain, an 
office determination made by tracing an 
arbitrary topographic contour. A simple 
field check would have shown flooding 
every other year. When threatened with 
litigation by citizens, they commissioned 
an investigation involving drilling down 
“to resistance.” What caused the resis-
tance — karst grikes, floaters, bedrock? 
A large cave that runs under the site was 
ignored in the planning. Collapse would 
have upset the batch reactors into the 
Upper Elk River, the best trout stream east 
of the Mississippi River. After several years 
of costly and unnecessary political battles, 

Figure 1. Cavers illuminate the underground junction of Hawkins River (left) with 

Logsdon River (right) in the Mammoth Cave System. Logsdon River continues 

downstream in the center channel.       

Every geologist knows 

of karst disasters, but 

are there prudent 

remedies? Absolutely! 

The least expensive is 

to contact local cavers 

who can reveal the 

caves and maybe  

even provide maps 

of those under a 

questionable site.
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the location was moved off the karst plain 
with safer, less expensive technology 
featured in the design.

Every geologist knows of karst disas-
ters, but are there prudent remedies? 
Absolutely! The least expensive is to 
contact local cavers who can reveal the 
caves (Figure 1) and maybe even provide 
maps of those under a questionable 
site. Cavers knew all about State Trooper 
Cave in Bowling Green, KY and had 
mapped it. A karst expert recommended 
that the developer of Dishman Lane 
curve the road around a major cave 
chamber to an area with more than 50 
ft of rock above the chamber to avoid a 
breakdown in the cave. The developer 
felt that the curve would make awkward 
lots, and thus ignored the expert’s 
advice. Dishman Lane collapsed into 
the main stream passage of the cave and 
required more than $1 million to repair. 
Even then, expert advice was ignored, 
and the reconstructed road is sinking 
again because the 4-ft diameter culverts 
installed beneath the graded rock used 
to fill the sinkhole do not have adequate 
capacity. During high intensity rains, the 
20-ft x 15-ft cave adjacent to the rock 
fill flows pipe-full, as evidenced by the 
sticks and leaves subsequently observed 
on the cave ceiling. The pressure buildup 
behind the culverts may move the fill 
and certainly will find leakage routes 
through the unconsolidated fill.

Microgravity studies, shallow radar, 
and resistivity studies can be used, but 
direct knowledge of caves and karst is 
better. Mammoth Cave is developed 
on five levels, each corresponding to a 
terrace level on Green River, the region’s 
master stream. Some of the cave system 
is protected by a resistant sandstone 
cap rock with an impermeable shale at 
the limestone contact. Where surface 
valleys have eroded the capping rock, 
vertical shafts have developed as tall, 
silo-like conduits that carry water swiftly 
to the lowest levels (Figure 2). The lowest 
levels drain under deep valleys as well 
as uplands, and extend for miles. Dye 
trace maps may have been compiled 
for a few karst regions, but those only 

As I See It

Figure 2. A typical vertical shaft in the Central KY karst showing abandoned drains 

at several levels. Stage rises in the caves may reactivate the drains and conduct 

water to other locations than the active low-water drain. 

show low-water basin boundaries. With 
rainfall, the basins migrate, perhaps 
tens of miles. A complex cave system 
like Mammoth Cave may cover 150 
square miles, putting all development 
above at risk for collapse, flooding, and 
ground-water contamination.

So for all developers of karst sites, 
keep in mind these suggestions:

 o Karst is a dynamic erosional landscape, 
characterized by sinkholes, caves, and 
sinking streams. Direct investigation is 
cheaper and more effective than indirect 
methods, such as electrical resistivity, 
seismic, and microgravity surveys.

 o Local cavers can help keep you out of 
trouble if you don’t discount their expertise.

 o Avoid mitigation measures. Most 
karst mitigation is temporary. Develop 
elsewhere.  

j ROGER W. BRUCKER is a cave explorer 

who is most closely associated with 

Mammoth Cave. He has been exploring 

and writing about this cave since 1952, and 

along with other explorers demonstrated the 

connection of Mammoth Cave with other 

cave systems. Roger is also a co-founder 

of the Cave Research Foundation, an 

organization which inventories and monitors 

certain cave resources in state and federal 

lands under an agreement with the National 

Park Service. He can be contacted at 

roger.brucker@sbcglobal.net.
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The Florida Sinkhole Battle
By Edward Zisman, PE, PG, M.ASCE

As I See It

In the Florida sinkhole battle, 

the lines are drawn between the 

plainti�s (lawyers and experts 

who represent the homeown-

ers) and the defendants (lawyers 

and experts who represent an 

insurance company). The par-

ties are fighting to show whose 

interpretation of the subsurface 

is correct. The winner is the 

one who can convince a jury, 

or threaten to convince a jury, 

that their opinion is correct 

according to the rules of the 

controlling Florida statute. Of 

course, this process has nothing 

to do with rewarding technical 

excellence in engineering or 

geology. Rather, it rewards the 

best salesperson — the pro-

fessional(s) who can convince 

a jury that their interpretation 

is correct. Drama and melo-

dramatics are allowed and 

encouraged.
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Florida Sinkhole Lottery
What we have in Florida is the unofficial Florida Sinkhole 
Lottery. It’s similar to the official Florida Lottery, but the odds 
of winning are much different. The chances of winning the 
Florida Lottery are much less than one percent, whereas the 
chances of a plaintiff winning the Florida Sinkhole Lottery 
are about 20 percent. But before May 2011, when Florida 
Statute §627.706 was changed, the chances of a plaintiff win 
was about 40 to 50 percent, by my estimate.

So in a homeowner’s pursuit of free money, encouraged 
by plaintiff attorneys, a cottage industry has grown that 
places plaintiff attorneys, armed with plaintiff engineers and 
geologists, against the defendant attorneys, armed  
with defendant engineers and geologists. Few engineers 
and geologists have yet mastered the fine art of tightrope 

walking; that is, walking the fine line where they can  
represent a plaintiff in one case and a defendant in  
another case.

Florida’s Sinkhole Statute
So what’s the big deal? A sinkhole is a hole in the ground; case 
closed. No! The old sinkhole definition of simply a hole or 
depression in the ground has gotten very complex. A sinkhole, 
according to the Florida statute, means much more. The 
statute (Table 1) requires that:

 o A conduit exists into the limestone so that soil can move into 
voids in the rock.

 o There be weakening of the overburden supporting the 
structure, resulting from raveling of the soil into subterranean 
voids in the limestone.

Table 1. Florida subsidence statute.
1 This chart is appropriate for most conditions.

ONE 

Is rock a�ected?

Steps SubsurfaceStatute

Considering porosity 
of limestone surface 
and limestone fabric

Overburden

Movement of soil or raveling of  
soil into voids created by e�ects  

of water on limestone

Sinkhole activity

TWO 

Is supporting 
material above rock 

surface a�ected?

THREE 

If answer to  
1 and 2 is yes, 

 “sinkhole activity”  
is occurring.

§627.706 (d) “Sinkhole activity” means settlement of systematic weakening of the earth supporting such property only 
when such settlement or systematic weakening results from movement or raveling of soil, sediments, or rock materials 
into subterranean voids created by the e�ect of water on limestone or similar rock material.

Settlement  
of earth  

supporting 
building

Weakening  
of earth  

supporting 
building
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Voids
Now, here’s where the fun begins and the question of overburden 
weakening becomes vital. Some plaintiff’s engineers and 
geologists think that if, during exploration, they fi nd WH (weight 
of hammer) or WR (weight of rod) conditions, they have found 
a void. And because they cannot rule out the presence of a sink-
hole, they now have a sinkhole-damaged home. Really? WH and 
WR conditions do not, in most cases, mean that a void is present.

Structural Damage
One caveat under the new Florida statute is that the home must 
have suffered “structural damage.” If no structural damage is 
present, a sinkhole investigation is not required. If structural 
damage is present, as defi ned by any of the fi ve conditions shown 
in Table 2, then a sinkhole investigation must be performed.

Neutral Evaluation
In an effort to reduce litigation and provide an expedited 
solution to sinkhole litigation, the Florida statute has adapted 
the use of Neutral Evaluators. A Neutral Evaluator is a licensed 
engineer or geologist selected by the parties. Each party 
can strike up to three people from a list of over 100 neutral 
evaluators. If the parties cannot agree on a choice and use up 
their strikes, a representative with the Department of Financial 
Services selects the Neutral Evaluator. Would you believe there 
are Neutral Evaluators that the plaintiff and defendant attor-
neys each favor? Could it be there is some bias in the Neutral 
Evaluators? Just like with engineers and geologists, some 
Neutral Evaluators can walk a fi ne line so they can be selected 
by either plaintiff or defendant attorneys. Some insurance 
companies, in an effort to avoid costly litigation, fi nd it more 
cost-effective to just do whatever the Neutral Evaluator decides.

Winners and Losers
Who’s winning the Florida Sinkhole Battle? One way to answer 
that question is to consider the reduction in the number of 
sinkhole claims that are being made. One small factor is that 
most insurance companies no longer offer sinkhole insurance, 
or offer coverage at a greatly increased cost. All insurance now 
written in Florida still includes catastrophic collapse of a home 
from sinkhole activity.

Another factor for the reduced number of sinkhole claims 
is that now there are many homes that are not eligible for the 
Florida Sinkhole Lottery because their homes do not contain 
structural damage; therefore a sinkhole investigation is not 
required.

As geoprofessionals, it’s important that we help those who 
have home damage that cannot be explained by any other 
mechanism besides sinkhole activity. Any sinkhole investiga-
tion should clearly and specifi cally state the cause of damage in 
the home. If there’s a question about what causes the damage, 
one must err on the conservative side and fi nd for a sinkhole.  

j EDWARD ZISMAN, PE, PG, M.ASCE, is CMT/Geotechnical Division 

manager for CARDNO ATC in Tampa, FL. He is responsible for the 

investigation of subsurface conditions as they relate to the design 

of industrial, commercial, and residential facilities. His experience 

includes geotechnical design for power projects in the Middle East, 

Philippines, China, Indonesia, Venezuela, and most of the U.S. He can 

be reached at edward.zisman@cardno.com.

Table 2. Criteria for structural damage.

Condition 
No.

Description of Criteria

Qualitative Quantitative Summary

1 Floor displacement or defl ection 1/2” in 10’; ± 3/4” in any room; δ = L/240 Floor Settlement

2
Foundation displacement or defl ection 
that prevents structure from supporting 

design loads 

δ < L/480 (max. allowable footing defl ection); 
€ < 1.33 (member over-stress > 1.3 of nominal 

strength allowed in FBC)

Footing 
Settlement

3
Settlement resulting in lateral damage 

(listing, leaning, buckling)
Middle 1/3 Wall Alignment

4 Condition of imminent collapse Substantial displacement of supporting soils Imminent Collapse

5 Substantial structural damage
20% reduction in lateral and/or vertical load capacity 

of component supporting > 30% of building
Structural Damage

δ = defl ection; L = length between adjacent foundation supports; € = member stress level; FBC = Florida Building Code

As I See It
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Distinguished Professor Emeritus James 
K. Mitchell has been a major contrib-
utor to the geotechnical engineering 
community for more than 50 years. His 
most notable work has been related to 
fundamental aspects of soil behavior 
and ground improvement.

Professor Mitchell graduated with 
a B.S. in civil engineering from the 
Rensselaer Polytechnic Institute (RPI) 
in 1951. Subsequently, he earned his 
master’s and doctoral degrees in civil 
engineering from the Massachusetts 
Institute of Technology in 1953 and 1956, 
respectively. He served on active duty 
with the U.S. Army Corps of Engineers, 
and in1958, took a faculty position at 
the University of California, Berkeley. 
This was followed by a civil engineering 
faculty position at Virginia Polytechnic 
Institute and State University in 1994. 
Though now retired from Virginia Tech, 
Mitchell continues in research and as a 
geotechnical engineering consultant.

One of his most remarkable 
projects included the soil mechanics 
experiments in conjunction with 
the U.S. Apollo moon landing and 
exploration program. More recently, he 
has been involved in research and con-
sulting projects associated with ground 
improvement to mitigate liquefaction 
risk during earthquakes.

Professor Mitchell has received 
numerous honors and awards, including 

the Thomas A. Middlebrooks Award 
(1962, 1970, 1973, 2001), the Karl 
Terzaghi Award (1985), the Norman 
Medal (1972, 1995), the H. Bolton Seed 
Medal (2004), and the 2006 OPAL Award 
in Education, all from the American 
Society of Civil Engineers (ASCE); the 
Distinguished Teaching Award from 
U.C. Berkeley (1963); the Medal for 
Exceptional Scientific Achievement from 
NASA (1973); and the Kevin Nash Gold 
Medal (2001) from the International 
Society of Soil Mechanics and 
Geotechnical Engineering (ISSMGE). He 

was elected a member of the National 
Academy of Engineering in 1976 and the 
National Academy of Sciences in 1998. 
He became a Distinguished Member 
of ASCE in 1993 and an International 
Honorary Member of the Japanese 
Geotechnical Society in 1999.

Q: What excited you about pursuing 

geotechnical engineering? How  

did you first discover your interest  

in this field?

My choice of geotechnical engineering 
(and back then, soil mechanics) from 

James K. Mitchell, ScD, PE, 
NAE, Dist.M.ASCE

Geo-Legends

By Deshinka A. Bostwick, EIT, S.M.ASCE, Leah D. Miramontes, S.M.ASCE, 
Morgan L. Race, EIT, S.M.ASCE, and Sean E. Salazar, EIT, S.M.ASCE

Professor Mitchell on the Sydney Harbour Bridge, Australia, May 2012.
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among the various subdisciplines of 
civil engineering was initially a practical 
choice because I did not have a car. In 
my junior year at RPI, I lived one mile 
off campus at a fraternity house. A good 
friend, who had a car, chose geotech-
nical engineering; so, the logical choice 
was to choose geotechnical engineering 
and get a ride to class.

I had outstanding teachers and 
mentors, including Stanley Best at RPI; 
T. William Lambe; and Donald W. Taylor 
at MIT, where I went for graduate study. 
I had the good fortune to go to Harvard 
and take an engineering geology course 
from Karl Terzaghi and a seepage 
course from Arthur Casagrande. I got 
started as a graduate student working 
on chemical stabilization of soils for Bill 
Lambe. I had a very rewarding summer 
between my MS and my PhD, because 
I participated in an internship at the 
Norwegian Geotechnical Institute, which 
(like me) was very young in those days. 
I was really fortunate to work under 
Laurits Bjerrum. I then attended the 
third International Conference on Soil 
Mechanics and Foundation Engineering 
in Zurich, Switzerland. In those days, not 
many students went to the conferences. 
It’s much better for students now — 
attendance is encouraged and special 
activities are typically included in the 
program to enrich their participation. 
This is the way it should be. 

Q: What unique skills did you learn 

while serving in the U.S. Army Corps 

of Engineers?

I learned about how to interact and 
work with people from very different 
and diverse backgrounds, abilities, 
and interests. I was able to see how the 
military — a large, non-academic orga-
nization — works. In retrospect, those 
years were well spent learning things 
outside of engineering and academia.

Q: What was the most useful  

non-engineering class you took?

Public speaking was the most beneficial 
non-engineering class. I was terrible in 
the beginning, but it definitely paid off!

Q: How did you get involved with 

ground improvement?

The project I was first involved with was 
chemical stabilization of soil back in the 
early 1950s, shortly after World War II. 
There was a lot of interest, particularly 
by the military, for rapid soil stabilization 
of weak and soft soils. At MIT, the project 
I was working on was sponsored by the 

Army. That’s how I got interested and 
started working on it, and as time went 
on, I followed this subject as the interest 
in and need for ground improvement 
rapidly expanded.

Q: Who has played a critical role in 

your career development?

I’ve been fortunate to be at the right 

TOP:  Far right: Professor Mitchell; Dr. I. M. Idriss to his left, with consultants and 

engineers during seismic upgrade of Seymour Falls Dam in British Columbia in 2004. 

BOTTOM: Professor Mitchell with University of Arkansas geotechnical engineering 

students. Seated: Deshinka Bostwick; Professor Mitchell; Back row l to r: Leah Mira-

montes, Cyrus Garner, Sean Salazar, Morgan Race, Elvis Ishimwe, Gibran Santana, Yi 

Zhoa, Nabeel Mahmood.
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place at the right time. The one individ-
ual who had the biggest impact of all was 
the late Harry Bolton Seed. He hired me 
at UC Berkeley in 1958 and then taught 
and helped me more than anybody else. 
He was a very close colleague and friend 
for 30 years. I feel most fortunate to have 
been able to learn from, work with, and 
establish friendships with many of the 
true “giants of geotechnics” of the last 
half of the twentieth century.

Q: What prompted your move from 

the University of California, Berkeley, 

to Virginia Tech?

Once again a practical decision – during 
the early 1990s, California was going 
through a fi nancial crisis. They offered 
early retirement with good incentives 
to senior faculty, so I took it. Shortly 
thereafter, Virginia Tech offered me an 
opportunity to continue teaching and 
researching in an expanding geotechni-
cal program that had already attracted 
my good friends and geotechnical 
colleagues, Mike Duncan and Tom 
Brandon. So I accepted the offer, moved 
back east to Blacksburg, and still live 
there today.

Q: What has been the most rewarding 

experience during your time as 

faculty?

Seeing a student’s face light up when he 
or she grasps and appreciates a diffi cult 
concept. And, seeing a former student 
go out, do well, and contribute to the 
advancement of the profession and the 
well-being of society.

Q: How many graduate students 

(MSCE, PhD) did you mentor over 

your career?

I have been the major adviser for 76 
PhD students and many masters’ degree 
students.

Q: If you had to pick just a couple of 

your published papers, which do you 

consider the most notable?

Here are four that I especially like:
o Bonding, Effective Stresses, and 
Strength of Soils (Journal of Soil 

Mechanics and Foundations Division, 
ASCE, September, 1969)
o Practical Problems from Surprising Soil 
Behavior (1984 Terzaghi Lecture, Journal 
of Geotechnical Engineering, ASCE, 
March, 1986)
o Soil Improvement: State of the Art 
(Proceedings, X ICSMFE, Stockholm, 
1981) – an early comprehensive paper 
covering many soil improvement 
methods
o Performance of Improved Ground 
During Earthquakes –– one of the fi rst 
papers to document how well soil 
improvement works under earthquake 
conditions (ASCE Geotechnical Special 
Publication No. 49, 1995)

Q: What was the most unique/

challenging project you undertook?

The most challenging and exciting 
project I worked on was the Lunar 
Soil Mechanics Experiment during the 
NASA Apollo program during the late 
1960s and early 70s. My involvement 
began a few years before when I 
served on the ASCE Committee on Soil 
Properties. The committee was asked to 

speculate about the composition and 
properties of the soils on the moon. 
One thing led to another, and by the 
fi rst manned lunar landing (Apollo 
11) in 1969, a few of us geotechs were 
added to the lunar geology team. 
Thereafter, we were split from the 
geology team into a soil mechanics 
team. As the principal investigator, 
I was involved with research and 
planning for the later missions. In fact, 
during Apollo missions 15 and 16, the 
astronauts were able to push a cone 
penetrometer into the surface of the 
moon, in addition to photographing, 
describing, sampling, and digging 
around on the surface. Dealing with 
largely unknown conditions in an alien 
environment (no air, no water, extreme 
temperatures, and 1/6 gravity) was 
the most challenging and exciting task 
I undertook.

Q: What do you consider to be your 

greatest career achievements?

A few things I am proud of would 
include bringing mineralogy and 
physical chemistry into geotechnical 

Geo-Legends

Professor Mitchell with his wife, Holly, after a hard day studying sand properties on 

Waikiki Beach in Hawaii in 2009.
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engineering; my book Fundamentals of 
Soil Behavior; the lunar soil work with 
NASA during the Apollo program; being 
one of the first to research and develop 
cone penetration testing; helping shape 
the graduate geotechnical engineering 
program at UC Berkeley; and last but not 
least, advising and mentoring students.

Q: One of the big issues in geotechni-

cal engineering is determining in-situ 

soil properties; can you describe a 

few technologies you think could 

revolutionize this process?

I think remote sensing and geophysics can 
be further developed; new in-situ imaging 
methods are also showing great promise. 
The ability to acquire, process, and display 
massive amounts of data made possible 
by new instrumentation, computational, 
and communication advances, is opening 
the door to new possibilities.

Q: What areas do you think are the 

up-and-coming research areas?

Biotechnology, nanotechnology, 
imaging, remote sensing, geophysics, 
information technology, energy and 
mineral resources, thermal geotechnics, 
infrastructure improvement, and sus-
tainability are all possibilities. Currently, 
I am interested in sustainability con-
siderations (energy consumption and 
greenhouse gas emissions) associated 
with different ground improvement 
techniques.

Q: Do you think today’s engineers 

depend too much on technology, or 

do you think technology is the future 

in geotechnical engineering?

Perhaps some do, but I think the most 
successful and creative engineers 
use technology for what it is: a tool to 
help guide them to solutions. I believe 

technology is not the future, but will be 
instrumental in shaping the future. One 
of the most impressive new technologies 
is imaging technology.

Q: Where do you think ground 

improvement techniques will lead in 

the next 5-10 years?

Soil and rock remain the most abundant 
and cheapest construction materials 
and resources on the planet. Where 
ground improvement is appropriate, it 
can provide a cheaper, better, and more 
sustainable solution for infrastructure 
construction, land reclamation, and 
mitigation of risks from natural disasters.

Q: What do you see for the future of 

geotechnical engineering? And what 

advice would you give to a young 

engineer in this field?

Learn at least one technical area really 
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well. Be able to do something in that 
area, not just talk about it. Improve 
your public speaking and other com-
munication skills – you will use them 
throughout your career, whether you 
go into academia, the private or public 
sector, or even into a field other than 
engineering. Finally, seek good mentors 
throughout your career, get involved in 
the community, seek balance in your 
life outside of technical engineering, 
and seek varied and international 
experiences.

Q: Do you have interests or hobbies 

outside of geotechnical engineering? 

First and foremost is my family, who 
mean the world to me. For avocations, 
music is at the top of my list. I play 
saxophone in a community concert 
band and a “big band.” I will actually be 
missing two rehearsals while at this 2014 

GeoCongress! I enjoy traveling because 
I get to meet new people and go to new 
places. Finally, I enjoy playing golf, 
though I am not very good at it!

Q: What’s your next step?

I’ve failed at retirement so far. 
Interesting assignments keep coming 
up, so I will probably just keep plugging 
along. 
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Figure 1. Example of epikarst.
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KARST
is a type of topography which is formed over solu-
ble rocks, such as limestone, dolomite, or gypsum. 
An irregular bedrock surface is typical of most karst 

areas, along with sinkholes, caves, and underground drainage. These features are the 
familiar aspects of karst which lead to more complex and fascinating features such 
as poljes, swallets, blind valleys, dry valleys, and various other karst phenomena. 
All of these karst features are developed by one fundamental element – water. Karst 
ultimately owes its origins to the natural processes caused by solution and leaching 
of soluble minerals along joints and bedding planes. Water drives everything in karst.

Karst Origins
The term “karst” dates back to the late 19th century from the German form of the 
Slovenian word kras, which means a bleak waterless place. Kras is also the German 
name for a region situated in what is present-day west Slovenia, near the Adriatic Sea. 
This region consists of a limestone plateau that rises about 1,100 feet above sea level 
and abounds with characteristic karst features. For centuries, this area was located at 
the crossroads of the civilized world. Inevitably, the region developed into the focal 
point of the fi rst scientifi c research of karst morphology and hydrogeology. Similar 
terrain encountered around the world has since been labelled as karst.

Karst develops over soluble rock, such as limestone. Limestone is a sedimentary 
rock consisting of at least 50 percent calcium carbonate (CaCO3

). The origin of 
limestone basically begins from the precipitation of bicarbonates in a sea water 
environment, although fresh and brackish water limestone may occur locally. 
Bicarbonate precipitation occurs from direct chemical precipitation, as well as from 
sedimentation of the skeleton remains of marine organisms. Consolidation of the 
carbonate sediments along with other mineral impurities initiates the rock-forming 

GEOTECHNICAL 
DESIGN OVER 
KARST. IT’S ALL 

ABOUT THEABOUT THE

By Walter G. Kutschke, PhD, PE, M.ASCE
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process and results in a reduction of porosity and void ratio. 
Environmental changes may also result in the re-solution and 
re-precipitation of the carbonates that remove most of the 
identity of the original particles. The varied sedimentation and 
post-sedimentation history of limestone make it one of the 
most varied of all sedimentary rocks.

The development of karst is a natural process driven by 
water. Water that percolates downward through the soil and 
unconsolidated sediment overlying limestone tends to become 
more acidic as it absorbs carbon dioxide. As groundwater 
drains downward and pools along the limestone surface, lat-
eral water flow will inevitably reach a fracture, bedding, or joint 
feature. These features allow the continued downward water 
migration to a base level. Preferential pathways are created 
through this self-accelerating process as these features become 
wider and deeper. However, the dissolution process can be 
exacerbated or terminated by seemingly subtle changes in 
temperature, pH, and dissolved ion concentrations. Over time, 
a complex and highly developed network of solution conduits, 
voids, and irregular bedrock surface develops, which is collec-
tively known as “epikarst.” Significant water storage and flow 
can occur here. Figure 1 presents a typical example of epikarst 
where the cover sediments have been partially removed.

Water Drives Everything
Perhaps the most notorious of all karst expressions are 
sinkholes. Sinkholes result from two different processes: either 
the transport of surficial materials downward along solution- 
enlarged channels or the collapse of roofs over cavities. 
Sinkholes that involve collapse of cover sediment are more 
appropriately termed “cover collapse sinkholes.” The sudden 
subsidence of a cover collapse sinkhole tends to create either 
bowl-shaped, funnel-shaped, or cylindrical depressions in the 
ground surface.

Sinkholes do not occur randomly. They occur only where 
geologic conditions have created solution pathways in soluble 
rock. Although the karst hydrogeologic regime is extremely 
complex, sinkhole formation is relatively straightforward and is 
driven by water. Solution conduits provide a channel for water 
to move and erode cover sediment into deeper dissolved voids. 
Large downward water gradients or large fluctuations along 
the soil-rock interface are significant contributors to sinkhole 
development. As the soil cavity forms above the solution pipe 
from subsurface erosion, it may gradually enlarge upward 
as its roof continues to erode. More cohesive strata within 
the overburden may temporally impede the upward erosion, 
causing the cavity to grow laterally with slabbing and raveling 
failures. Cavity shape tends to correlate with soil type and 
often resembles an inverted tear-drop with more cohesive soils 
developing wider cavities. Eventually, the upward erosion of 
the soil void may leave only a thin roof of sediments that are 
not strong enough to support their self-weight. The result is a 
sudden collapse. 

The collapse scenario can be innocuous. If the sediments 
covering the limestone are relatively non-cohesive, the soil 
cavity may erode upward rapidly without growing wider. As 
the roof of the cavity crumbles and sediments are deposited on 
the floor of the cavity, the cavity may simply migrate upward 
without increasing in size, like a bubble rising through liquid. 
When the cavity reaches the surface, a small hole suddenly 
appears. This is also termed a cover collapse sinkhole.

It is important to note that after a sinkhole has collapsed, 
the position of the solution pipe and the processes operating 
in the subsurface have not changed. Limestone within the 
Appalachian region generally dissolves at an approximate rate 
of about 1 to 1.5 inches per 1,000 years. As such and within 
project life cycles, limestone dissolution is generally not the 
concern, but rather the existing epikarst conduits that provide 
pathways for cover sediment to undergo subsurface erosion 
to create a sinkhole. However, the time frame for new sinkhole 
development is variable, sporadic, and unpredictable.

Control the Water
Experience gained from new and forensics karst projects 
that extend from Minnesota to Florida with an aggregate 
construction cost approaching $1 billion all had a common 
theme: understand and control surface and subsurface water. 
Water controls everything in karst. When this basic karst 
principal was neglected or not understood, surface drainage 
or groundwater flows were documented to have a direct and 
significant effect on triggering sinkhole collapse. However, all 
too often, engineers eagerly tackle karst with various forms 
of grout programs and neglect to consider its impact on sub-
surface water. As with any other technology, the use of grout 
has its advantages and disadvantages. Sinkholes are epikarst 
drains, and grout programs are often used to seal these drains. 
However, the effect of sealing a drain may result in pooling, 
saturation of the peripheral area, and back-flooding. The 
epikarst regime is an extremely complex system, and simply 
grouting an area may divert water in an unpredictable and 
potentially catastrophic manner.

Knowledge of subsurface drainage is vitally important, as 
this next example illustrates. A grout program that was part of 
a rail improvement project essentially created a cut-off wall 
perpendicular to the synclinal axis. After grouting was com-
pleted, a monitoring well located immediately up-dip  
recorded a water elevation increase of 40 ft over a 3-month 
period. This was the largest head increase noted during a 
5-year monitoring period. The subsequent, uncontrolled dis-
sipation of water pressure caused massive subsurface erosion, 
resulting in a 110 ft x 50 ft x 35 ft deep sinkhole that threatened 
embankment stability of an interstate highway. The sinkhole 
was backfilled with large stone, and a grouting contractor 
began emergency repairs. During the grouting operation, 
another sinkhole developed directly underneath the grouting 
equipment; fortunately, no one was hurt. Figure 2 shows the 
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drill rig that was nearly engulfed by the sinkhole. What is not 
shown are the toolbox and mini-excavator that were lost in the 
hole. The rig was removed by a crane, and a second contractor 
took over — only to become the second victim of further 
sinkhole collapse.

Proper control of surface drainage is also vitally important. 
Figure 3 indicates another sinkhole with a conspicuous 
perforated drainage pipe traversing the feature. Water drives 
everything in karst. Water that forms the solution conduits 
over geologic time can also erode the subsurface in a rapid 
and devastating manner. New construction that fails to 
understand this basic principal will likely exacerbate sinkhole 
development.

Another aspect of karst that is often overlooked is that sink-
holes are direct input points where surface water and water 
moving along the bedrock interface access the karst aquifer. 
Circulation of groundwater through karst is signifi cantly 
different from water circulation through non-karst settings. 
Recharge of karst aquifers is direct through sinkholes and 
swallets, and by percolation of rainwater through a network of 
joints. Moreover, karst groundwater systems can transport sed-
iment and contaminants virtually unimpeded into an aquifer, 
cave, or spring system due to the rapid recharge rate and lack 
of fi ltering. This can have a negative impact on aquatic species 
within the karst system by decreasing the quantity and/or 
quality of water entering the system. 

Figure 2. Another sinkhole developed while repairing the fi rst sinkhole. Just because a sinkhole 

developed does not mean that the karst process has stopped.

Over time, a complex 
and highly developed 
network of solution 
conduits, voids, and 
irregular bedrock 
surface develops, which 
is collectively known as 
“epikarst.”



36 GEOSTRATA NOVEMBER/DECEMBER 2014

Control and Prevention
Sinkhole remediation is generally undertaken to alleviate 
subsidence hazards. If an area is not undergoing active sinkhole 
development, efforts must be made to maintain the existing 
surface and subsurface groundwater conditions. Altering water 
conditions allows the karst system to develop new preferential 
pathways that can exacerbate subsurface erosion with the result 
of new sinkhole development as the water drains to base level. 
Increasing surface infiltration as well as depressing piezom-
eter levels tends to result in the greatest rate of new sinkhole 
occurrence. Depressing piezometer levels may create large exit 
gradients that can cause devastating subsurface erosion of the 
cover sediment. Similarly, repeated groundwater fluctuations at 
the soil-rock interface are the most unfavorable conditions lead-
ing to aggravating subsurface erosion and cavity development. 
This karst principal has been witnessed time and time again, and 
it is frequently described in the technical literature.

Most cover-collapse sinkholes are associated with epikarst 
drains where water movement has eroded sediments. 
Common methods to remediate open sinkholes involve 

treating the rock throat of the sinkhole with an inverse 
aggregate graded filter or a grout plug. Yes, a grout plug may be 
prudent, but its use requires careful consideration of surface 
water and subsurface water conditions.

The basic design concept of an inverse, aggregate, graded filter 
is to allow subsurface water moving at the soil/rock interface to 
access the epikarst drain and groundwater recharge to occur. A 
sinkhole marks a natural drain, so — while it is critical to allow the 
water to continue to drain — it is also necessary to impede the 
subsurface erosion. Construction consists of excavating the cover 
sediment to expose the sinkhole throat.  However, exploratory 
excavation in karst often reveals unexpected features. Figure 4 dis-
plays a linear karst crevice that was filled with soil and discovered 
after excavating a sinkhole throat.  Basic karst principles apply to 
these features as well: understand and control water.

After the throat is exposed and a solid rock rim established, 
construction then consists of placing rocks wider than about 
half the throat opening width into the solution-enlarged frac-
ture or joint to arch across the opening. Successive layers are 
sized finer than the underlying layer, but are coarse enough not 

Figure 3. Sinkhole likely caused by increased surface water infiltration (note the drain pipe).
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to pass through the interstitial spaces of the bed beneath. The 
fi lter is topped with an appropriate geotextile fabric, and the 
fi nal surface is constructed to preclude surface water runoff 
from entering the area. A few projects have also allowed storm-
water to enter into a peat and sand fi lter system in an effort to 
remove contaminants prior to discharging the stormwater into 
a sinkhole — a risky, yet innovative stormwater management 
approach that is not always appropriate.

Generally, a grout plug is used for treatment at depths 
beyond the reach of available excavation equipment. A grout 
plug is considered the most effective approach to prevent 
further erosion at that location, and in providing structural 
support for the overburden loads. However, the grout plug 
must seal the perimeter of the rock wall, and this method is 
not appropriate if sealing along a soil rim. Also, a grout plug 
has the potential to restrict the under-draining conduit. An 
occluded conduit system could result in the back fl ooding of 
other sinkholes’ draining up-gradient, as well as new sinkhole 
formation at unmarked epikarst drains. As such, it is para-
mount that subsurface water conditions are well understood.

The most signifi cant impact of highway construction on 
karst terrain is the management of stormwater. In addition to 
sinkhole treatments, prevention of karst-related subsidence 
must be centered on controlling surface drainage. Roadway 
design should involve the use of an impervious barrier (e.g., 
geomembrane) along drainage ditches to minimize surface 
water infi ltration. At a minimum, liners should be placed along 
drainage ditches constructed with relatively fl at grades, where 
large quantities of water could pond. When this basic principal 
has been neglected in stormwater design, projects have been 
plagued by new sinkhole development that continued until 
methods were implemented to control surface water drainage.

Figure 4. Exploratory excavation in karst often reveals unex-

pected features, such as this karst crevice.

It’s All about the Water
Karst is a unique and challenging environment that can offer pow-
erful and sudden surface expressions. Every karst site is unique, 
but there is a commonality: water, water, water! Spend your time 
and energy understanding surface and subsurface water. 

All too often we only consider test borings and geophysical 
methods to help characterize a project site. These methods 
provide a valuable snap-shot in time of subsurface conditions, 
which is important, but they provide no insight into ground-
water fl uctuations. Engineering over karst needs to consider 
groundwater monitoring programs to understand both head 
differences as well as temperature differences. Develop an 
understanding of surface drainage and its impact on ground-
water. Consider dye tracings to understand fl ow paths.  

Water is the driving force in karst and sinkhole formation. 
Understand the water, and you will begin to understand the 
geologic wonder of karst. 

j WALTER G. KUTSCHKE, PhD, PE, M.ASCE, is the chief geotechnical 

engineer for URS Corporation in Pittsburgh, PA. He has 20 years of 

karst, geotechnical design, and specialty geotechnical construction 

experience and can be reached at walter.kutschke@urs.com.

Karst is a unique 
and challenging 
environment that 
can o± er powerful 
and sudden surface 
expressions. Every karst 
site is unique, but there 
is a commonality: water, 
water, water!
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Sinkhole 
Investigation 
and Grouting
Novel Recommendations for 
a Pipeline Right-of-Way
By John T. Pusey, Jr., and 
John M. Caccese, PE, M.ASCE 

I
n 2009, numerous sinkholes developed within and adja-
cent to a 400-ft-long section of high-pressure, petroleum 
pipeline right-of-way that crosses under a local creek in 
Plymouth Meeting, PA. A feasibility study was subsequently 
conducted to determine the most cost-effective and 

practical long-term solution for a pipeline at the site. Options 
included: 1) subsurface grouting within the right-of-way; 2) 
structurally supporting the pipeline on a deep foundation 
system; and 3) relocating the pipeline to a less sinkhole-prone 
portion of an adjacent property. Due to the high costs of 
subsurface grouting and deep foundation remedies, the owner 
decided to pursue the option of relocating the pipeline.

Investigating for Sinkholes
A triangular-shaped, undeveloped tract of land for the pipeline 
relocation is situated directly south of the sinkhole area. The 
underlying geology at the site consists of Cambrian Period 
carbonate bedrock of the Ledger Formation. This formation 
is composed of dolomite that contains soft soils, bedrock 
pinnacles, and voids in the bedrock.

A proactive approach to the sinkhole investigation was 
utilized to determine the relocation route that presented the 
lowest risk for future sinkhole development. Geophysical 
investigation techniques consisting of microgravity, 
multi-channel analysis of surface waves (MASW), and 
two-dimensional electrical resistivity imaging (2D ERI) were 
performed, in addition to confi rmatory testing borings, to 
effectively evaluate the subsurface conditions within the 
proposed relocation property. The geophysical survey process 
consisted of performing an initial microgravity survey in a grid 

39www.asce.org/geo

Figure 1. Microgravity results included with MASW & 2D 

ERI locations over the proposed realignment route.
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pattern to spatially iden-
tify subsurface conditions 
and an optimal route for 
the pipeline relocation. 
Based on the results of 
the microgravity survey, 
a pipeline route was pro-
posed, and then MASW 
and 2D ERI surveys were 
conducted along the route 
to develop a linear profile 
of the subsurface below 
the proposed pipeline. 
The combination of the 
geophysical methods 
resulted in a relatively 
accurate depiction of the 
subsurface conditions 
within the area of study.

The microgravity 
investigation provides 
spatial coverage of 
the investigation area. 
Broad areas of higher 
gravity indicate relatively shallow rock (potential pinnacles), 
whereas lower gravity indicates relatively deeper rock and 
possible voids. In microgravity surveying, fractures and 
faults are typically observed as linear, low-gravity anomalies 
because the fractured rock tends to be less dense than the 
bounding non-fractured rock. After the microgravity results 
were evaluated, a proposed pipeline alignment was selected 
in areas identified with shallow rock and minimal anomalies. 
Figure 1 shows the results of the microgravity survey within the 
undeveloped tract to the south of the existing right-of-way and 
the proposed pipeline relocation route.

MASW and 2D ERI surveys were then conducted along 
the new alignment. The MASW profile was derived from the 

interpretation of shear wave velocities. Shear waves were 
generated by striking a plate attached to the ground, and geo-
phones spaced along selected intervals of the array recorded 
shear wave velocities as function of distance from strike point. 
From this data, it was possible to estimate material properties 
and depth to bedrock. The 2D ERI was used in areas of steep 
slopes or undulating ground surface.

After the geophysical surveys were completed and 
interpreted, test borings were drilled at anomaly locations 
identified in the geophysical testing and where dense shallow 
bedrock was interpreted to exist. Figure 2 shows the test 
boring locations. The intent of the test borings was to verify 
the conditions depicted by the geophysical investigations. 

Figure 2. Test boring locations conducted in realignment route.

Based on the results of the microgravity survey, a 
pipeline route was proposed, and then MASW and 
2D ERI surveys were conducted along the route to 
develop a linear profile of the subsurface below the 
proposed pipeline.
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Standard Penetration Tests (SPT) were performed at regular 
intervals throughout the borings until auger refusal was 
achieved. Following refusal on the bedrock surface, rock coring 
was performed to evaluate the type and condition of the 
underlying bedrock.

Subsurface Interpretation
Analysis of microgravity data along the new alignment showed 
that relatively shallow and dense rock was present in most of 
the new alignment. However, analysis of the 2D ERI and MASW 
data in the relocated alignment revealed low density bedrock 
in the initial 70 ft of the proposed new pipeline in the vicinity 
of Boring B-111 (Figure 3). Additionally, isolated anomalies 
were located along the remainder of the proposed relocation 
route. Strong correlation was found between the geophysical 
data and the boring data.

Within the initial 70 ft of the re-alignment, a medium- 
dense, fine-grained, clayey soil was encountered above the 
rock surface. However, soil seams, voids, and generally poor 
quality rock were found in the bedrock. Along the remainder of 
the relocation route, some isolated areas of weak soil, voids in 
the bedrock, and poor quality rock exist. Further complicating 
the new alignment is the poor quality carbonate rock at the 
site, which is more susceptible to dissolution and weathering 
than higher-quality rock.

Recommendations for Hybrid Mobility Grouting
Analysis of the data recorded during the field investigation for 
the new alignment indicated that a ground modification pro-
gram is required. The existing pipeline that had been impacted 
by the sinkhole activity measured approximately 400 ft in 

length, whereas the proposed relocated section of the pipeline 
measures approximately 540 ft in length. The recommended 
remedial program consists of subsurface grouting along 
portions of the proposed relocation route prior to installation 
of the new pipeline.

Grouting in karst has been widely used for reducing sink-
hole potential. Usually, compaction grouting or permeation 
grouting is used. Compaction grouting consists of pumping 
low-slump, low-mobility grout under high pressure into the 
subsurface. Its primary function is to densify weak soils and 
reduce their permeability. Permeation grout uses a high-
slump, high-mobility grout that tends to fill fractures in the 
rock. Each method has advantages and disadvantages over 
the other. The high mobility of permeation grout is effective 
when grouting in bedrock. Due to the fluid-like nature of the 
grout, it is best suited for filling fractures within the underlying 
bedrock, essentially sealing off fractures where sinkholes tend 
to develop. While high-mobility grout is effective for sealing 
fractures, it becomes problematic when the fractures are 
large and inter-connected to underground streams/caverns. 
If this occurs, no reasonable amount of grout can fill the 
fractures, and the cost of the grouting skyrockets. Conversely, 
compaction grouting is typically most effective for densifying 
overburden soils due to the low slump and low mobility of the 
material. However, the low-mobility nature of the grout does 
not allow it to easily flow into open fractures and seal the rock. 
If the voids in the bedrock are not effectively sealed off, the 
potential for sinkholes remains high.

Novel Grouting Approach
Recognizing these challenges, a hybrid mobility grouting 

Recorded 
Backpressure 
(psi)

Volume of Grout to Be  
Injected per  2-ft Stage (yd3)

0-50 1.0 

50-300 0.5 

300-400 0.25 

> 400
At pressure cut-o�, 
raise to next stage

Figure 3. Proposed grouting location plan within 

realignment route.

Table 1. Grout volume cut-o¦ criteria.
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technique was devised in an attempt to cut off fractures/
voids and densify soils, while controlling the amount of grout 
placed. This grouting technique was developed to utilize the 
advantages of both permeation and compaction grouting 
when repairing sinkholes.

The biggest obstacle in trying to simultaneously employ 
both high- and low-mobility grouting on a project is the 
contractor’s ability to switch between the two different 
grouting techniques. The authors are aware of sinkhole 
grouting projects where permeation grouting was specified. If 
the volume of grout exceeded a certain quantity, the contract 
specification directed the contractor to discontinue grouting at 
a given location and return after a period of time to allow the 
grout to set. This approach causes significant delays, primarily 
due to the fact that the grout casing needs to be removed and 
cleaned so the grout doesn’t set up in the casing. Because 
the standard of practice by contractors in the industry is to 
pre-drill and install casing at numerous grout locations and 
then proceed with grout operations, having to remove, clean, 
and reinstall casing requires time-consuming and expensive 
re-drilling and setting of the casing. To compound the issue, 
it might be necessary to repeat this process several times for a 
single grout location. By batching the grout on site and having 
the ability to switch between high- and low-mobility grout 
(hybrid mobility grouting), this issue is addressed, as removal 
of the grout casing is not required.

The hybrid mobility grouting program, with high-mobility 
permeation grouting and low-mobility compaction grouting, 
is required within the initial 70 ft length of the new pipeline, 
as well as in areas where isolated anomalies exist. Because 
sinkholes have a tendency to develop over fractures in the 
bedrock, a grout curtain will be constructed along a portion of 
the right-of-way where a fracture trace exists. This can reduce 
the potential of sinkhole development by cutting off potential 
flow path(s) in the underlying bedrock.

The recommended grouting program was based on the 
level of risk for potential sinkhole formation identified through 
the geophysical investigations and test boring explorations. 

The areas that possessed the greatest risk for sinkhole activity 
were identified through very soft/loose SPT values in the over-
burden and/or poor-quality bedrock, as indicated by the Rock 
Quality Designations (RQD) values determined by the rock 
coring operation. Highly fractured bedrock, as indicated by 
low RQD values, is more prone to sinkholes. Another indicator 
of high-risk areas is where the bedrock is highly pinnacled 
and steeply dipping. These factors were considered when 
determining the optimal location for the new pipeline.

The recommended grouting program (Figure 3) consists 
of targeting high-risk areas for hybrid mobility grouting and 
implementing routine grouting at equally spread locations 
along the pipeline route. The black circles in the figure display 
the grouting locations targeting the areas identified as the 
highest risk for sinkhole activity below the proposed pipeline. 
At these locations, grout casing will be installed into the 
bedrock where voids, soil seams, or poor quality bedrock is 
located. Here the casing will extend from the top of the voids to 
a depth of 2 ft below the proposed bottom of the pipe trench. 
The red triangle locations represent areas where the risk for 
sinkhole activity is lower. Because the risk for sinkhole activity 
will always remain due to the underlying karstic geology at the 
site, these locations were recommended for routine grouting 
to further reduce the risk for sinkhole activity and to provide 
uniform support below the pipeline. At these locations, the 
casing will terminate at the soil/bedrock interface and extend 
upward to 2 ft below the bottom of the pipe trench. Within the 
initial grout zones for each phase, a higher slump material will 
be used to allow the grout to permeate into the voids/fissures 
and fractures within the bedrock. As the grout casing is raised 
into the overburden soils, the slump will be adjusted to create a 
low-mobility grout similar to compaction grout. The pumping 
rate will be maintained at 1-2 ft3/min, since a higher injection 
rate can cause hydraulic fracturing rather than densifying the 
soils. The grout volume injected per 2-ft stage will be selected 
based on the backpressure recorded at the given depths.  
Table 1 provides the recommended pressure versus grout 
volumes per 2-ft stage.

A hybrid mobility grouting technique 
was devised in an attempt to cut off 
fractures/voids and densify soils, while 
controlling the amount of grout placed.
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The typical soil profile over 
fractured carbonate bedrock at 
the site consists of near-surface 
clayey soils that decrease in 
stiffness or density and become 
coarser with depth. When steel 
casing from the grouting pro-
gram is installed to the bedrock 
surface, the grout is expected to 
flow easier into the typical fis-
sures and fractures at the soil/
bedrock surface than into the 
near-surface soils. The intent 
is to seal the open “throat” in 
the rock surface. As the steel 
casing is raised into the lower 
zones of the overburden soils, 
a low-mobility displacement 
grout will be used to densify 
surrounding weak zones of 
soils and fill any remaining 
voids that exist near the soil/
bedrock interface. Within the 
zones of the weak soils, it is 
expected that higher volumes 
of grout will be required. As the 
casing is raised into a denser soil matrix and grouting continues, 
a decreased volume of grout injection is anticipated due to the 
denser soils and higher backpressures. Figure 4 illustrates the 
expected results of the recommended grouting operation.

Looking into the Future of Sinkhole Grouting
Microgravity, MASW, and 2D ERI are useful tools for geo-
physical testing, helping to predict the occurrence of active 
sinkholes in pinnacled carbonate bedrock. If subsurface grout-
ing is being considered as a method for sinkhole stabilization 
or treating a sinkhole-prone site, a comprehensive geophysical 
and geotechnical investigation will significantly aid in devel-
oping an effective scope of work for the project by identifying 
specific areas and depths requiring ground improvement. The 
information gathered is also instrumental in developing a cost 
estimate for the ground improvement work.

Cost control of grouting programs has long been a major 
challenge, because — no matter what level of investigation is 
performed — it’s impossible to identify all of the fractures, voids, 
and channels that are interconnected to underground streams. 
Recognizing these challenges, the hybrid mobility grouting 
technique was devised in an attempt to cut off fractures/voids 
and densify soils, while controlling the amount of grout placed.

One of the obstacles the grouting contractor faces is having 
the ability to adjust the slump of the grout depending on the 
conditions encountered at any given injection location. Having 
to install, remove, clean, and re-install grout casing so that the 

slump can be adjusted is time consuming, expensive, and not 
a practical method of operation. The ability to adjust grout 
slump without removal and re-installation of grout casing is an 
important aspect of the hybrid mobility grouting technique.

The most practical method for the contractor to adjust the 
slump during the grouting operation is by batching the mix 
on site. The advantage of this method is that the contractor 
can keep the casing in the ground while making a transition 
from a high-slump grout to a low-slump grout, or vice-versa. 
Significant costs and delay would be incurred if the contractor 
had to remove the casing to clean it out, wait for the grout to 
set up, and then reinstall the casing to the same depth in order 
to switch the slump of the material. Furthermore, by basing the 
volume injected on the grout backpressure recorded at each 
stage, a more efficient grouting operation can be expected, 
while maintaining an effective program. 

JOHN PUSEY, JR., is assistant director of field operations at Earth 

Engineering, Inc. in East Norriton, PA, where he is responsible for 

assisting in the oversight of the geotechnical testing and inspection 

division. He also specializes in providing geotechnical consulting 

services to a wide array of clients. He can be contacted at johnp@

earthengineering.com.

JOHN CACCESE, PE, M.ASCE, is vice president at Earth Engineering, 

Inc. in East Norriton, PA, where he is responsible for oversight 

of corporate and regional o¯ces from a business and technical 

perspective. He can be contacted at johnc@earthengineering.com.

Figure 4. Conceptual sketch of grouting. (Base sketch from J.P. Wilshusen & W.E. Kochanov, The 

Geology of Pennsylvania, 1999.)
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When a heavily loaded industrial building 
was expanded, a thick raft saved the day.

By D. V. Griffiths, PhD, DSc, PE, CEng, FICE, F.ASCE,
Don Dotson, PhD, PE, D.GE, M.ASCE, and Jinsong Huang, PhD, M.ASCE

A PROBABILISTIC 

TO KARSTIC 
FOUNDATION 
VARIABILITY

K
arst is a landscape formed in soluble rocks caused by 
movement of water that has become slightly acidic. 
Limestone, dolomite, and gypsum are vulnerable to 

these infl uences and may be characterized by sinkholes, caves, 
and underground drainage systems. Such conditions clearly 
present particular challenges and uncertainties for foundation 
engineers. This article describes how probabilistic tools were 
used to assess the infl uence of randomly distributed under-
ground voids and caverns on the performance of drilled shaft 
foundations in karst to support a factory expansion project.

What to Do with the Voids?
A concrete raft on 231 drilled shafts was proposed for 
support of the expansion of a heavily loaded cement 

manufacturing plant located in an alluvial setting on the 
banks of the Ohio River. The plant, which had been in oper-
ation since the 1960s, was constructed on a driven H-pile 
foundation. The underlying bedrock is Mississippian-aged 
limestone, which is a relatively pure, jointed, and fractured 
stratum with an average compressive strength of 26 ksi. 
Overlying the limestone bedrock are poorly consolidated to 
unconsolidated silt, clay, sand, and gravel. The subsurface 
investigation prepared by a local geotechnical consultant for 
the proposed expansion included 52 borings. Upon reaching 
auger refusal in two of the borings, 10 ft of rock coring 
yielded an RQD value of 87 percent in both borings.

Although most of the existing plant was founded 
on driven H-Piles, drilled shafts were proposed for the 
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expansion, with each shaft socketed two feet into what had 
been considered competent and unweathered limestone 
bedrock. However, during installation of the drilled shafts, 
signifi cant slurry and concrete loss suggested the presence 
of numerous voids in the bedrock. As part of a more 
detailed subsurface investigation, a second local fi rm cored 
20 borings in response to the slurry and concrete loss. 
Subsequently, the Owner asked AMEC to provide additional 
engineering consultancy and to take the task to completion. 
Seventy-six additional rock cores were obtained, primarily by 
drilling pilot holes at the proposed shaft locations. Thirty-fi ve 
percent of these exploratory borings encountered randomly 
distributed bedrock voids. Clearly, the performance of any 
shaft intersecting a void would be reduced, especially if the 
location of the void coincided with the shaft tip.

To account for the lack of detailed knowledge about the 
locations of the voids, a probabilistic, Monte-Carlo, 3-D, fi nite 
element simulation was proposed to determine the probability 

of excessive shaft settlements and moments. The results of the 
study would facilitate risk management of the foundation sys-
tem and provide guidance as to whether remedial measures, 
such as grout fi lling, additional structural elements, or raft 
thickening, might be economically justifi ed.

Raft and Shaft Geometry and Properties
The proposed design consisted of an approximately rectangu-
lar, reinforced concrete raft, 9.5-ft thick, with plan dimensions 
as shown in Figure 1. The raft was to be supported by 49, 5-ft 
diameter shafts. To help evaluate the impact of voids on foun-
dation performance, a 3-D fi nite element mesh of the raft was 
developed using 544 elastic, 20-node, hexahedral elements and 
3,277 nodes, ensuring that the nodes coincided with the shaft 
locations. This element choice was made because it performs 
well in bending and is easier to mesh in a problem such as this 
compared to a tetrahedral element. The shafts were modeled 
as 1-D springs and assigned one of two possible stiffness 

Figure 1. Finite element mesh of raft 

schematically showing select loads 

and shaft springs (dimensions in ft).
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values. A shaft founded on competent rock was assigned twice 
the stiffness of a shaft founded in a void. The rationale for this 
2:1 ratio was based on the results from an O-Cell load-test 
performed on a shaft in competent rock that indicated similar 
stiffness contributions from the tip and the sides. Table 1 
provides a summary of the properties of the mesh.

Vertical forces were applied at numerous locations on the 
slab according to the locations of the various structures to be 
supported. In addition, two moments were included to model 
wind action on one of the taller buildings. Some of the loads 
and springs are shown schematically on Figure 1.

Deterministic Analyses
Initially, two deterministic analyses were performed in which 
all shafts were assigned: (a) an intact stiffness of 89,000 k/ft, 
assuming no voids, and (b) a reduced stiffness of 44,500 k/ft, 
assuming all shafts were founded in voids. With all springs set 
to 89,000 k/ft, a maximum vertical displacement of 0.0275 ft 
(0.33 in) was obtained, which is in close agreement with the 
value of 0.32 obtained from an independent analysis using 
the structural engineering software package STAAD. The 
maximum in-plane moments back-figured from the stresses 
across the raft sections were Mx = 575 k-ft/ft and My = 1,301 
k-ft/ft. The corresponding displacement with all springs set to 
a reduced shaft stiffness of 44,500 k/ft was 0.0455 ft (0.55 in) 
with essentially the same maximum moments.

Probabilistic Analyses
In the probabilistic analyses, each of the 49 shafts 
was assigned a random value from a standard normal 

distribution. If this random value lay within bounds that 
were calibrated to have a probability of 35 percent, the shaft 
was assigned a reduced stiffness; otherwise, the shaft was 
assigned its full stiffness. The analysis was repeated 1,600 
times using Monte-Carlo simulations. (A total of 1,600 anal-
yses was determined to be a reasonable number to provide 
reproducible results.) With the assumption of independence 
between shafts (i.e., one shaft encountering a void would not 
change the likelihood of one of its neighbors also encoun-
tering a void), the analysis represents a classical Bernoulli 
process. It has a mean of 49 x 0.35 = 17 (i.e., number of shafts 
x probability that shaft was assigned a reduced stiffness) 
and a standard deviation of 49 0.35 (1 0.35) 3.34� � � =x x x , as shown in 
Figure 2. The point of this histogram is that, in a probabilistic 
analysis, each individual simulation does not necessarily 

Figure 2. Histogram of number of shafts with reduced sti¦ness 
under raft following Monte-Carlo simulations.

Figure 3. Histogram of maximum vertical displacement (in ft) in 
raft following Monte-Carlo simulations.

Young’s modulus of raft 453,600.0 k/ft2 

Poisson’s ratio of raft 0.17

Probability of shaft tip in a void 35%

Shaft sti�ness (tip in competent rock) 89,000 k/ft 

Shaft sti�ness (tip in void) 44,500 k/ft

Total vertical load on raft 47,870 k

Table 1. Data for raft/shaft foundations.
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include 17 shafts with reduced stiffness. 
Although the average number of shafts 
with reduced stiffness over the entire 
1,600 simulations is 17, individual sim-
ulations will typically have a different 
number. For example from Figure 2, 
some simulations generate as few as 8 
or as many as 26 shafts with reduced 
stiffness, albeit with a low probability.

From each simulation, the 
maximum vertical displacement and 
the maximum moments in the slab 
were recorded, and using the 1,600 
Monte-Carlo simulations, histograms 
of these quantities were plotted and 
their means and standard deviations 
computed. Figure 3 shows a histogram 
of the maximum vertical displacement 
which, in the great majority of simula-
tions, occurred in the same place as in 
the deterministic analyses. A summary 
of results for the maximum vertical 
displacement following the 1,600 
Monte-Carlo simulations is shown in 
Table 2. The coefficient of variation 
of the maximum displacement — the 
ratio of the standard deviation of the 
maximum displacement to the mean  
of the maximum displacement —  
is νδ(max) = σδ(max)/μδ(max) = 0.07, or 

Figure 4. Histogram of maximum Mx moment (in k-ft/ft) in raft 
following Monte-Carlo simulations.

Figure 5. Histogram of maximum My moment (in k-ft/ft) in raft 
following Monte-Carlo simulations.
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Table 2. Statistical output for mimimum and maximum vertical displacement in raft.

A probabilistic, Monte-Carlo, 
3-D, finite element simulation 
was proposed to determine the 
probability of excessive shaft 
settlements and moments.

Fr
e

q
u

e
n

c
y

Fr
e

q
u

e
n

c
y

Maximum MyMaximum Mx

00

400 1100600 1200 1250 13501150800 13001000 14001200 1450

100

150

200

250

200

450

400

350

50100

50

150300

250500

Note: We are unable to make changes to the text, so please alter 
the wording as explained in the comment to the right. 
 

Mean (max)δµ 0.0321 ft  (0.385 in)=  
Standard deviation (max)δσ 0.0024 ft  (0.029 in)=  
Minimum (max)δ 0.0273 ft  (0.327 in)=  
Maximum (max)δ 0.0423 ft  (0.507 in)=  

 
Table 2. Statistical output for mimimum and maximum vertical 

displacement in raft. 

Note: We are unable to make changes to the text, so please alter 
the wording as explained in the comment to the right. 
 

Mean (max)δµ 0.0321 ft  (0.385 in)=  
Standard deviation (max)δσ 0.0024 ft  (0.029 in)=  
Minimum (max)δ 0.0273 ft  (0.327 in)=  
Maximum (max)δ 0.0423 ft  (0.507 in)=  

 
Table 2. Statistical output for mimimum and maximum vertical 

displacement in raft. 

Note: We are unable to make changes to the text, so please alter 
the wording as explained in the comment to the right. 
 

Mean (max)δµ 0.0321 ft  (0.385 in)=  
Standard deviation (max)δσ 0.0024 ft  (0.029 in)=  
Minimum (max)δ 0.0273 ft  (0.327 in)=  
Maximum (max)δ 0.0423 ft  (0.507 in)=  

 
Table 2. Statistical output for mimimum and maximum vertical 

displacement in raft. 

Note: We are unable to make changes to the text, so please alter 
the wording as explained in the comment to the right. 
 

Mean (max)δµ 0.0321 ft  (0.385 in)=  
Standard deviation (max)δσ 0.0024 ft  (0.029 in)=  
Minimum (max)δ 0.0273 ft  (0.327 in)=  
Maximum (max)δ 0.0423 ft  (0.507 in)=  

 
Table 2. Statistical output for mimimum and maximum vertical 

displacement in raft. 

(min)



48 GEOSTRATA NOVEMBER/DECEMBER 2014

7 percent. This value is quite low, presumably due to, in part, 
the stiff, 9.5-ft–thick, reinforced-concrete raft.

Figures 4 and 5 show histograms of the maximum moments 
in the raft in the x- and y- directions, and Table 3 summarizes 
the results. Note that the coefficients of variation of the maxi-
mum moments are given as shown in the formula below, or  
12 percent and 4 percent, respectively.

While the variability of Mx(max) is three times higher than 
My(max), it can still be concluded that the level of variability of 
the maximum moment in both directions is quite low, with a 
worst-case coefficient of variation of about 12 percent.

The histogram of My(max) given in Figure 5 displays an 
unusual bi-modal distribution that might warrant further 
investigation. The bi-modal behavior is thought to be due to 
a nearby critical underlying shaft that causes the moment 
to switch between the two values, depending on whether its 
stiffness is high or low.

Risk Assessment in Geotechnical Engineering
The growth of risk assessment methodologies and their use 
in geotechnical engineering is likely to continue. Risk assess-
ments can lead to better, safer, and more efficient designs. For 
this project, despite the high void content in the karstic sub-
surface, the thick raft employed by the designers led to rather 

low coefficients of variation of maximum raft displacements 
and moments of about 7 percent and 12 percent, respectively.

Subsequent analyses could be performed using these 
values to estimate the probability of threshold displacements 
or moments being exceeded. However, the low variations 
observed for these quantities suggest that these additional anal-
yses might be of marginal value because relatively small safety 
margins would lead to extremely low probabilities of unac-
ceptable performance. Ultimately, based on these probabilistic 
analyses, the designers concluded that poor performance of 
the raft foundation was unlikely and that the project could 
continue without extensive mitigation measures. 
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of civil engineering at the Colorado School of Mines in Golden, CO. 
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Table 3. Statistical output for the maximum and minimum Mx and My moments in raft.

From each simulation, the maximum vertical 
displacement and the maximum moments 
in the slab were recorded, and using the 
1,600 Monte-Carlo simulations, histograms 
of these quantities were plotted and their 
means and standard deviations computed.
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T
he paramount issue to address before 
constructing at sites underlain by karst 
topography is identification and remedi-
ation of sinkholes which exist close to the 
surface, and specifically within the stress 
influence zone of the foundation system. 
During the past several decades, there 
have been many advances in evaluating 

and mitigating sinkholes at karst sites. However, as with almost 
every aspect of below-grade construction, there are usually 
multiple methods to solve the problem, with each solution 
varying in risk. Karst sites are no different, except perhaps that 
even conservative approaches, such as deep foundations, can 
have elevated levels of risk, given the inherently variable nature 
of soluble rock formations. As such, there are usually several 
decisions an owner must make with respect to the cost/benefit 
analysis of these options.

Generalized Karst Topography
Karst topography refers to geographic areas predominantly 
underlain by water-soluble carbonate rocks, such as limestone, 
dolomite, or marble. Generally speaking, these areas are most 
prevalent in the United States through parts of the Valley and 
Ridge Province of the Appalachian Mountains. Karst features 
are commonly found in Pennsylvania and New York State in 
the northeast, extending west towards Kentucky, Tennessee, 
and Missouri, and in Georgia, South Carolina, and Florida in 
the southeast. Other karst areas, which stem from different 
rock types like gypsum and volcanic rock, exist throughout 
other parts of the country, such as in Texas, New Mexico, and 
up through parts of Nevada, Utah, and California.

Two things are necessary to create karst-related issues: 
soluble rock and water. In many instances, there could be 
flowing groundwater that has infiltrated the rock over time. 
Alternatively, there could be a storm water collection system 
at the surface or a poorly graded site which has managed to 
concentrate surface water to a certain location, providing an 
infiltration point and pathway to the underlying rock. Either 
way, when a flowing water source can penetrate these soluble 
rock types, raveling of the overburden soils into cavities or 
fissures creates voids or “domes” within the residual soils. A 
generalized cross-section of this condition is shown in Figure 
1. Once in place, it’s simply a matter of time until the overlying 
rock and soil collapse into the void, leading to development of 
sinkholes at the surface.

Typical Karst Remediation Methods
Like many other geotechnical challenges, there are multiple 
options to address at karst sites, all with varying levels of risk 
and cost. The option with the least risk, but the most expense, 
is to install some sort of deep foundation system. This could 

Figure 3. Typical closure 
grouting operation.



52 GEOSTRATA NOVEMBER/DECEMBER 2014

consist of either drilled or driven piles; however, given the 
often pinnacled nature of karst bedrock, drilled piles may be 
a better option because they can be advanced through the 
pinnacles and decomposed portions of the rock, ensuring 
the pile is founded in solid bedrock. Driven piles can also be 
considered, but run the risk of getting hung up on shallow 
pinnacles, which may have soft materials beneath them.

As an alternative to deep foundations, many engineers 
recommend a program of proof drilling and grouting across 
a site. This method involves drilling grout holes, usually on a 
grid pattern, and pumping grout until resistance is developed. 
In doing so, the soft zones and cavities beneath a site are fi lled, 
reducing the risk of future sinkhole development in treated 
areas. One drawback to this method is the high variability of 
grout take at each hole, leading to possible cost overruns when 
compared to initial grout estimates.

A third option is the implementation of a dynamic compac-
tion program. This has been used on an increasing basis at karst 
sites, particularly on low-rise commercial and industrial sites 
where relatively modest column loads are anticipated. Compared 
with the fi rst two methods discussed, dynamic compaction 
presents certain limitations in the sense that the application of 
high-energy drops at the ground surface will generally collapse 
and expose cavities within the upper 15 or 20 ft of soil (which is 
generally the zone of stress infl uence for low-rise commercial 
and industrial developments). Deeper cavities that could 
develop into sinkholes may not be identifi ed and treated during 
this process; however, when compared to deep foundations or 
grouting, dynamic compaction presents a relatively cost-effective 
alternative that can be implemented to reasonably improve a site 
and provide an elevated level of comfort to the owner. As sink-
holes are identifi ed in the craters developed during the dynamic 
compaction process, they can be remediated in an appropriate 
manner, which generally includes grouting or backfi lling with 
geotextiles and granular fi ll.

Dynamic Compaction to Mitigate Karst Risks
Dynamic compaction consists of multiple passes of high-en-
ergy impacts at the ground surface by repeatedly dropping 
steel tampers ranging in weight from 6 to 20 tons from drop 
heights ranging from 40 to 70 ft. On a typical project, the 
high-energy impact creates a shock wave that densifi es 
the upper 20 to 30 ft of soil and reduces the void ratio, thus 
improving the consistency and overall engineering proper-
ties of the soil mass. On karst sites, however, the main goal 
is to use the high-energy drops to either collapse sinkhole 
cavities in the upper 15 to 20 ft or identify soft areas that 
can be further remediated. Figure 2 provides an illustration 
of a sinkhole throat exposed as part of a dynamic compac-
tion program.

Once the soft zones or cavities are exposed, there are several 
options that can be implemented to further remediate them. 
First, the cavities can be chased with an excavator and backfi lled 

with stone, geotextiles, and structural fi ll. Second, the same stone 
or granular fi ll could be backfi lled into the craters, and then 
additional high-energy drops could impact the fi ll to drive this 
“bonier” material into the subgrade, tightening up the areas and/
or choking off the sinkhole throats. Finally, the exposed sinkholes 
could be backfi lled with concrete, also known as closure grout-
ing, as shown in Figure 3. Once grouted, the excavated area above 
the grouted zone can be backfi lled with structural fi ll. Geotextiles 
can be introduced for additional support and load distribution, if 
desired, for an extra layer of stability.

The tamper used in the dynamic compaction process 
can vary in size based on the way it is manufactured and the 
materials used. For karst sites, however, the most important 
aspect of the tamper is the static contact pressure of the 
weight. Specifi cally, smaller-diameter tampers result in a 
higher contact pressure, which is much more desirable for 
punching through the surfi cial soils to expose underlying 
cavities. In general, tampers used for dynamic compaction 
result in craters on the order of 6 ft in diameter and 2 to 6 
ft in depth. Following each pass, the craters are backfi lled. 

VOID

SOIL

CAVE

TRANSPORTED 
SOIL

Figure 1. Generalized cross-section of a karst-related sinkhole.
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If suitable, surrounding material can be pushed into the 
craters, resulting in an overall lowering of the site grade. If 
not, then granular material must be imported to backfill the 
craters in between passes.

Dynamic compaction is typically performed over a 
predetermined grid pattern, with multiple passes being 
implemented on offsetting grids. The grid spacing, number 
of drops per impact point, drop height, and total number 
of passes depend on the site-specific soil conditions, the 
observed ground response, and the dissipation of pore water 
pressure subsequent to pounding. On many jobs, where 
the groundwater table is not close to the surface, the two 
main passes of a program can be conducted simultaneously, 
as build-up of excess pore pressures is not an issue. If 
groundwater is shallow and influenced by the pounding, 
then the passes need to be done separately, generally with 
a few days in between to allow for dissipation of the excess 
pore pressures generated by the first pass. On karst sites, 
the overall approach is no different. Passes can be done 
concurrently, or separately, depending on the groundwater 

conditions. One possible difference on a karst site would be 
that almost routinely, a third pass concentrated specifically 
at the column locations would be performed, as shown in 
Figure 4. By specifically targeting column locations with 
additional high-energy drops, a much higher level of confi-
dence in the overall performance of the building subgrade 
can be developed.

Testing and Evaluating Dynamic 
Compaction on Karst Sites
One of the biggest challenges in geotechnical engineering 
is ensuring that a sufficient amount of data has been 
collected before, during, and after construction, so that all 
parties involved can agree that project objectives have been 
met. Subgrade improvement programs on karst sites are 
no different. Generally speaking, most karst sites will have 
pre-improvement data, obtained during the design phase. 
However, these data are usually limited to discrete boring or 
test pit locations across the site, and represent a significantly 
small portion of the overall site area. During execution of the 

Figure 2. Sinkhole throat exposed during dynamic compaction.

One of the biggest 
challenges in geotechnical 
engineering is ensuring 
that a su�cient amount 
of data has been collected 
before, during, and after 
construction, so that all 
parties involved can agree 
that project objectives 
have been met. Subgrade 
improvement programs on 
karst sites are no di±erent.
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dynamic compaction program, visual 
data are collected in the fi eld, which 
helps assess whether or not soft areas or 
voids were encountered.

The fi nal phase of information 
gathering is always more diffi cult. 
Specifi cally, what if more borings 
are conducted at the site to evaluate 
the post-improvement condition? 
Sure, good data will be available at 
each location tested, but as with the 
pre-improvement testing, what is the 
condition of the subgrade in the areas 
between the borings? Was enough data 
collected during the fi eld operations to 
be reasonably sure that any near-sur-
face sinkholes in the footprint of the 
structure or below column locations 
were identifi ed and remediated 
accordingly?

For most dynamic compaction 
programs, the answer is yes. During 
construction, visual observation of ground response is the 
most certain method of providing a fi rst-pass evaluation of 
the effectiveness of the dynamic compaction program. One 
of the main benefi ts of such a program is that the tamper is 
essentially probing the entire site, at each of the drop points. At 
each location, the response of the ground can be evaluated. For 
example, is the subgrade tightening up with successive drops? 
Or are sinkhole voids being encountered? This information can 
then be combined with further intrusive testing methods such 
as borings or cone penetrometers, to provide a strong overall 
picture of the improved subgrade conditions.

Geophysics is one other consideration on karst sites. More 
and more often, MASW or similar techniques that can map a 
shear wave velocity profi le of the subsurface of a site are being 
implemented to identify anomalies that can be specifi cally tar-
geted with an improvement program. Additional investigation 
(SPT, CPT, etc.) can then be conducted both before and after the 
dynamic compaction program to verify the conditions and that 
any soft areas or potential voids have been properly addressed.

Dynamic Compaction as Part of Your Toolbox
When dealing with karst, there are many ways to address sub-
grade conditions. Some present less risk to the owner, but cost 
more. Some are more economical, but may present a higher, 
albeit still acceptable, level of risk. On sites where sinkholes 
are of concern, and the nature of the proposed construction 
consists of structures with light to relatively moderate column 
loads, implementation of a dynamic compaction program is an 
economic way to improve the subgrade conditions to the point 
where foundation support can be provided with a high level of 
confi dence. As such, it should be an option for consideration 

by the geotechnical engineer on many karst sites.
One of the most favorable aspects of a dynamic compaction 

program, and particularly on a karst site, is the introduction 
of high-energy on a grid spacing. Once multiple passes on a 
given grid spacing are completed, the vast majority of the site 
has been “probed” by the weight, as opposed to, say, proof 
drilling, which consists of holes a few inches in diameter, 
drilled at comparatively far distances in between holes. While 
deeper sinkhole formations may not be uncovered as part 
of this process, the vast majority of shallower sinkholes will 
be uncovered and remediated prior to building construction 
using this process.

When it comes to using dynamic compaction to remediate 
karst sites, one opportunity for continued improvement is the 
more regular use and integration of the geophysical methods. 
Having a solid idea of the locations where sinkhole formations 
may already exist at a site prior to beginning the dynamic com-
paction program will allow for a more effi cient implementation 
of the technology. It will also provide the construction team 
with a baseline upon which the results developed in the fi eld 
can be more effectively verifi ed and assessed. 

j CHRIS WOODS, PE, D.GE, LEEDAP BD+C, M.ASCE, is a vice president 

with the international dynamic compaction contractor Densifi cation, 

Inc., based in Paeonian Springs, VA. He is currently serving on the 

Ground Improvement Committee of the Deep Foundations Institute 

(DFI). He can be reached at chris@densifi cation.com.

Figure 4. Dynamic compaction grid layout at column locations.
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Lessons from a Parallel 
Universe of Limited Data
By Burt Look, PhD, FIEAust, M.ASCE

Geotechnical engineering relies on data to reduce risk. 
We infer, interpolate, and extrapolate based on often 
limited data with time and cost constraints also at work. 
Similarly, solving a Sudoku puzzle relies on seeing data 
relationships, but without time and cost constraints.

The Quality – Cost – Time Relationship
First of all, let’s discuss the basic Quality – Cost – Time 
relationship of any engineering project. This relationship 
says that if we change one of the three, the other two 
must be affected as well. A client expects high quality at 
the least cost. Figure 1a shows the ideal relationship – 
perfectly balanced. This is in contrast to Figure 1b, which 
shows what many clients think they should receive – high 
quality at low cost. But quality and cost depend on time. 
If this is the pivot point with a shift in time, then either 
reduced quality or higher cost is the outcome (Figures 1c 
to 1e). With no change in time, any reduction in cost must 
be offset by a reduction in quality (Figure 1f).

How Does Sudoku Fit In?
A Sudoku puzzle is a logic numbers game, which consists 
of a 9 x 9 square grid, further sub-divided into another 
nine 3 x 3 sub-grids. Some of the squares already contain 
numbers, so the objective is to fi ll in the remaining squares 
so that every row and every column contains each of the 
numbers 1 to 9 only once. Like engineering problems, 
there are different levels of diffi culties. Techniques used to 
solve them include trial and error, or logic, but often both 
are needed. So what has Sudoku got to do with risk in geo-
technical engineering? This is a metaphor journey we must 
take to reveal the underlying relationship and lessons.

Given enough time, most people can solve an easy 
Sudoku puzzle. Quality in this metaphor is accuracy 
in solving the puzzle. But what happens when a more 
diffi cult puzzle occurs (like when costs change in a 
project) and/or if the objective is to solve the puzzle in as 
little time as possible? If one tries to beat the clock, the 
error rate goes up (quality is reduced). This is analagous to 
meeting a daily schedule.

The lessons learnt from solving puzzles with different 
degrees of diffi culty can be used to illustrate how we can 
compromise quality and introduce errors in our day-to-
day work. Geotechnical engineering is data-based, and 
we often solve problems using incomplete and confl icting 

data. This translates into one of the many risks in the 
process of engineering a geotechnical solution.

Easy-to-Di�  cult Issues
The time required for design and the quality assurance (QA) 
checks is very different from GE1 (low geotechnical engineer-
ing risk category) to GE3 (high-level geotechnical engineering 
risk category). When projects become more diffi cult with 
less data, our time estimates become more variable and 
uncertain. To understand that variability between easy and 
diffi cult, Sudoku learnings are applied from the time required 
to complete easy and diffi cult puzzles.

Some Basic Observations
Figure 2 is a chart I put together after I solved 67 easy 
Sudoku puzzles from the Daily Mail, Volume 4, a 2011 
Sudoku compilation book. My best to worst solution 
time varied from 3 to 10 minutes, respectively, with an 
average of 5.6 minutes per puzzle. Thus, the probability 
distribution functions (PDF) shown are:

 o Gamma (one of many PDFs less known to engineers – 
best-fi t PDF to this data) 

 o Lognormal (easily understood by engineers – 2nd-best 
PDF fi t to this data) 

 o Normal (most commonly used by engineers – 9th-best 
PDF fi t to this data ) 

A PDF is a statistical model for prediction. If an 
incorrrect PDF is applied, then an incorrect prediction 
occurs. Similarly, we apply geological or geotechnical 
models to predict the ground behaviour. The best-fi t PDF 
is here ranked from 37 distribution functions by applying 
a goodness-of-fi t test. The test shows how well the PDF fi ts 
the set of observations.

For my solutions of 67 easy Sudoku puzzles, the 
gamma distribution is the best-fi t distribution when 
analysed for goodness-of-fi t. The lognormal compares 
favourably with the gamma PDF, while the normal 
distribution is not as accurate. Figure 2 compares the 
statistical descriptions with the vertical lines at 3.28 and 
7.87 minutes, representing the calculated lower and upper 
5 percentile values, respectively, for the normal PDF. This 
compares with the lower 1.1 percent and upper 6.4 per-
cent confi dence for the best-fi t Gamma PDF. The normal 
PDF predicts a 5 percent probability of solving the puzzle 
in 3.28 minutes, yet my best time was 4.0 minutes.

The Coeffi cient of Variation (COV) is the ratio of the 
standard deviation to the mean value. The COV is 25 
percent in Figure 2. Table 1 shows the COV comparison for 
data reliability levels as discussed by Phoon and Kulhawy 
in “Reliability-Based Design in Geotechnical Engineering: 
Computations and Applications” (2008). Would it not be 
reasonable to expect a similar risk level in our processes 
for solving geotechnical problems?
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Some observations from easy Sudoku puzzles that can be 
translated to the project delivery process are:
o With no time constraint, my accuracy is nearly 100 percent. 
Inaccuracies were due to either boredom or disturbance (e.g., my 
wife interupted me to say it was time to do the grocery shopping).
o There’s a 1-in-11 chance of inaccuracy when time is critical.
o The more quickly one tries to do the puzzle, the more likely 
there will be an error.
o It’s more likely to get a puzzle wrong after scoring a best time.
o For an easy puzzle, there’s an over-confi dence bias due to less 
self-checking.

As a frequent Sudoku player, a 9 percent inaccuracy disturbs 
me because the puzzles were easy. This suggests that in my 
day-to-day geotechnical engineering, 100 percent accuracy 
may not be achieved, because time constraints do occur. This 
“inaccuracy” could range from a typographical mistake to a 
critical calculating error.

Degree of Di�  culty
One must not expect the same error rate for all types of prob-
lems, so it’s important to classify 
degree of diffi culty. Am I dealing 
with a GE1 (low risk) project or 
a GE3 (high risk) project? GE3 
projects would have high costs 
and require a higher level of 
geotechnical rigour to complete 
successfully compared to GE1 
projects.

Figure 3 shows the statistics 
for the hard puzzles I solved. My 
best to worst time varied from 15 
to 88 minutes, respectively, with 
an average of 42 minutes for 66 
hard puzzles from the Daily Mail. 
This outcome provides many 
more insights compared to the 
easy Sudoku puzzles. As illustrated 
in Figure 3, the best-fi t PDF is a 
lognormal distribution compared 
to a gamma distribution for the 
easy puzzles. But for engineering 
purposes, they were approximately 
similar as seen in Figure 2. The 
normal PDF was the 9th-ranked 
best fi t in the gooodness-of-fi t test.

The normal distribution is 
typically used by many engineers, 
and if used here would indicate:
o 10 percent chance of complet-
ing a puzzle in 13.2 minutes (my 
best time out of 66 attempts was 
15 minutes)

o 5 percent probability of achieving a time of 5 minutes 
(vertical line in Figure 3)
o 1 percent probability chance of achieving a time of -10.3 
minutes (The negative is not a misprint.) 

This clearly shows the normal distribution is not a good 
predictor for hard Sudoku puzzles. As the normal PDF is 
symmetrical, then the longer times taken to complete the 
puzzle provides data to compute corresponding worse times 
(incorrectly) to balance the “normality” assumption and 
maintain symmetry. The best-fi t lognormal PDF shows zero 
percent chance of a 5-minute solution time, as compared with 
the normal distribution prediction. At the 25 percent level, the 
PDFs provide an aproximately similar predicted time.

The inaccuracy results for the easy, medium, and hard 
puzzles were 9 percent (1/11), 18 percent (1/5), and 45 percent, 
respectively. The COV for easy, medium, and hard were 25 
percent, 32 percent, and 54 percent, respectively. Comparing 
these values with Table 1 shows similarities where less data 
produces greater variability. More challenging puzzles, like 
more diffi cult projects, have a larger time variance, and thus 

Figure 1. Quality–Cost–Time relationship of an engineering project.
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Figure 2. Fit comparison statistics for easy Sudoku puzzles.

91% accuracy only tabulated

55% accuracy only tabulated

Figure 3. Fit comparison statistics for hard Sudoku puzzles.

Time (minutes) rounded to the nearest minute

Time (minutes) rounded to the nearest minute
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are more likely to be inaccurate and 
take longer time to complete.

Estimates of times can be skewed. 
Below-average time events may 
take nominally less time, while time 
estimates that are above the average, 
would not be “normally” distributed 
(nominally longer), but will have a 
significant error. Hence, when we get 
it wrong, it will be wrong in a big way.

There is a common assumption 
that a normal distribution applies to 
all geotechnical data. For example, 
in the Proceedings, 18th ICSMGE, 
Look and Lacey (2013) illustrate 
the erroneous characteristic design 
strength that may be produced with 
a normal PDF for high COVs. This 
Sudoku distribution also shows how 
assuming a normal distribution 
should only be applied if the COV is below 25 percent. As the 
COV increases, so does the need to apply a best-fit distribution 
function rather than assuming a normal distribution applies.

Incomplete Data and Time Constraints
The difference between a hard vs. easy Sudoku puzzle is less 
data to start the evaluation process. The game is based on the 
concept of limited factual data and subsequently rationalising 
to form the complete picture — similar to ground-related data.

Inaccurate puzzles were often the outcome of taking the 
“best guess” in an effort to beat the clock, rather than evalu-
ating all scenarios. For the hard puzzles, which require more 
than an hour in some cases, I often operated on a start-stop 
basis; i.e., do part now, stop the clock, have dinner, and then 
restart later in the evening or the next day. Such an approach to 
puzzle-solving increased the overall time.

But isn’t this is how we work — by attending to multiple activ-
ities simultaneously on a start-stop basis throughout the day? 
Writing a minor report may take a continuous 5 hours, but we are 
disturbed by “urgent” phone calls, e-mails, the need to support 
other staff, management queries, etc., so the report actually takes 
8 hours. Interestingly, the start-stop approach for hard puzzles 
decreased the error rate from over 45 percent to 30 percent.

Sudoku’s Lessons
Conflicts between quality, cost, and time often lead to com-
promises, and hence increased project risk. If time becomes a 
constraint in solving a Sudoku puzzle, then some findings from 
solving these puzzles can offer insights about how we deliver 
projects. They include:

 o When time is a constraint, even easy puzzles can have  
errors of 1 in 11. Be wary of overconfidence bias for easy 
problems or projects.

o For difficult puzzles, the errors can increase to over 
40 percent. This outcome is metaphorically a GE3 engineering 
problem, and this high error is unacceptable. Using a similar 
“quality” person to review the work, then the error could be 
reduced to 40 percent x 40 percent = 16 percent. As this error 
is still unacceptably high, it becomes apparent that such 
problems require another independent check.

 o Incomplete data is the key factor in increasing the chance 
of error. If we have more data, the accuracy increases. The 
never-ending appeal by geotechnical engineers for more 
testing and data is demonstrated here with an error rate drop 
from over 40 percent to 11 percent with more data.

 o Do not assume a normal distribution applies to all data. 
Estimates of time are not normally distributed, and the error is 
high once the COV exceeds 25 percent. This error also occurs if 
normal distributions are applied to geotechnical data.

Thus, if we deliver projects below time and cost, the 
outcome will be nominally less, but when we do not meet the 
project schedule, the overrun can be significant.

Sudoku may be entertaining, but the game can also teach 
us many lessons. For example, incomplete data increases the 
likely error. The same is true in geotechnical engineering. 
In Sudoku there is a unique solution, while geotechnical 
engineering is far more complicated, with several plausible 
solutions. And Sudoku’s most important final lesson is — take 
a break! Constantly pushing to get a solution faster increases 
both stress and errors. 

j BURT LOOK, PhD, FIEAUST, M.ASCE, is a principal geotechnical 

engineer at the Foundation Specialist Group in Australia. He can be 

reached at blook@foundationspecialistsgroup.com.au.

Geotechnical  
Parameter

Property 
Variability COV (%) Comment

Undrained Shear 
Strength

Low

Medium

High

10–30

30–50

50–70

Good quality direct lab or 
field measurement.

Indirect correlations w/ 
good data except for SPT.

Indirect/empirical 
correlations w/ SPT data.

Quality of Concrete Excellent

Good

Satisfactory

Bad

≤ 10

10-15

15-20

≥ 20

Concrete is a “uniform” 
material.

Table 1. Ranges of soil property variation (Phoon and Kulhawy, 2008).
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Learn to Confront Risk – It’s 
the Professional Thing to Do

The GeoCurmudgeon

By John P. Bachner 

After my previous column 

appeared (“Practice Management: 

Don’t Learn the Hard Way,” 

September/October 2014), 

geoprofessionals from several 

firms expressed concern that 

professional-liability insurance 

(PLI) seemed to be the only 

risk-management tool their firms 

used. “We don’t seem to be doing 

anything to prevent claims,” they 

said. “Where does that leave us?” 

Good question.

To my mind, risk management is far 
different from risk confrontation, the 
latter being what the Geoprofessional 
Business Association (GBA) preaches. PLI 
is a risk-management/risk-transfer tool: If 
a claim comes in, call the insurance agent. 
That’s not confronting risk; i.e., identifying 
any given project’s risks and taking appro-
priate steps to dominate them. 

I’ve written before about the inherent 
weaknesses of PLI, including the fact that 
probably half or more of the claims that 
come in are below the deductible. When 
they do, the policy’s owner could be on 
the hook for the whole tab; i.e., all the 
out-of-pocket expenses plus the other 
expenses PLI doesn’t cover in the best of 
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circumstances; e.g., the value of lost 
productivity, lost projects, diminished 
reputation, and – commonly – a lost 
client (and potential client for life), 
because it’s usually the client that sues. 
Making matters worse, geoprofessionals 
are personally liable for what they do, 
no matter what happens to their firms. 
Does that mean if a claim is big enough 
– something that exceeds the PLI policy’s 
limits and the firm’s ability to raise 
sufficient cash – geoprofessionals could 
wind up losing their homes, their invest-
ments, and a portion of their salaries for 
ten years or more? Not to be too scary, 
but the answer to that question is, “Yes. 
That’s exactly what it means.” Does that 
kind of outcome occur often? No. Has 
it ever occurred? Yes, and it could again. 
Which means that, unless you exit denial 
and stop believing PLI is all you need, 
you (and your staff, of course) likely will 
be in for a particularly rude awakening.

You need knowledge to confront risk. 
You need to know how to assess project 
risks and what your firm needs to do 
to dominate them. You can gain this 
knowledge through reading, listening, 
discussion, and observation. Experience 
is a good teacher, too, but preferably, 
it’s the experience of others, rendered 
through instruments like GBA’s highly 
praised case histories.

Are you one of those who believes 
you have little to worry about because 
you only accept small, relatively simple 
projects? Bad news: As GBA case histo-
ries show unequivocally, the smaller and 
simpler the project, the greater the risk. 
Make that a residential-ownership proj-
ect and the risk increases exponentially: 
Homeowners expect perfection from the 
home (detached or otherwise) in which 
they have invested their future, making 
them quick to sue when they receive 
something less than perfection. They 
also make for sympathetic plaintiffs in 
the eyes of judges and jurors, most of 
whom are homeowners themselves. 
“But I get around all of that,” some geo-
professionals have told me confidently, 
citing two principal reasons. Reason 
one: “We don’t work for homeowners. 

We only work for well-heeled developers 
we’ve worked for before.” Unfortunately, 
misinformation like that only serves to 
make the risk more powerful.

No matter whom they contract with, 
professionals – licensed or not – owe 
a duty of care to every party that could 
foreseeably be injured or damaged 
by their negligent acts, a requirement 
that all too often leads to a search for 
anything that could be used to support 
an allegation of professional negligence. 
And that search can become a scramble 
when project professionals are the only 
parties available to sue, after other 
project participants (e.g., constructors 
and developers) have evaded liability 
through corporate (usually LLC) dissolu-
tion or sovereign immunity. Remember: 
Project professionals remain personally 
liable no matter what happens to their 
firms.

Reason two: “When I work with 
homeowners, I require them to sign 
a contract through which they waive 
my liability.” Again, risk-empowering 
misinformation.

Professionals cannot have their 
liability waived; it’s against public policy. 
As such, if another party has agreed to 
waive your liability, your liability has 

actually become unlimited. And as for 
a limitation-of-liability (LOL) provision, 
courts are loath to enforce them against 
homeowners, arguing that professionals 
use disparate bargaining power to coerce 
homeowners into giving up their rights.

Another concern about small 
projects – residential or otherwise – is 
competence. When the budget is 
borderline, the owner commonly 
focuses on keeping first costs as low as 
possible. This almost always results in 
skimpy scopes of service and reliance 
on second-tier professionals to develop 
them. High quality? Fuhgeddaboudit! 
The likelihood of that kind of project 
having problems? High, because the 
various quality-related issues go ignored; 
e.g., project kick-off meeting, start-to-
finish geoprofessional involvement on 
the design team, and comprehensive 
construction observation. When claims 
erupt, they quickly expand to entrap all 
members of the project team. Which 
brings me to yet another teaching point: 
Project-team balance.

If your firm is large and other proj-
ect-team firms are small – a somewhat 
frequent situation – your firm has the 
deep pockets and most significant risk. 
Consider GBA Case History 100, which 

Are you one of those who 

believes you have little to worry 

about because you only accept 

small, relatively simple projects? 

Bad news: As GBA case histories 

show unequivocally, the smaller 

and simpler the project, the 

greater the risk.
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chronicles what happened when a 
somewhat large firm took on a $100, 
pile-driving criteria-development 
project for a sole-practitioner civil 
engineer engaged in the design of a 
riverfront hotel. Problems emerged. 
The pile-driving contractor – a small 
firm with limited resources – settled 
quickly. The civil engineer didn’t have 
to; he had no PLI, nor did the architect. 
Which party had the most money? The 
geoprofessional firm, by far, creating 
a severe project-team imbalance that 
cost the firm more than $1 million. How 
would you confront the imbalance risk 
on that project? You’d run, not walk, to 
the nearest exist.

Bottom line: To confront risk, realize 
that PLI is a last resort, a device that 
transfers problems to a third party. The 
first resort? Risk confrontation: You and 
your ability to identify project risks and 

know what to do about them. If you lack 
that ability right now, if it is not as well 
developed as you’d like, do the profes-
sional thing: Learn! Your future and the 
future of your firm may depend on it. 

j JOHN P. BACHNER is the executive vice 

president of the Geoprofessional Business 

Association (GBA), a not-for-profit association 

of firms that provide geotechnical, geologic, 

environmental, construction-materials 

engineering and testing (CoMET), and related 

professional services (en.wikipedia.org/wiki/

Geoprofessions). GBA develops programs, 

services, and materials to help its members 

and their clients confront risk and optimize 

performance. Contact John at john@

geoprofessional.org.

The GeoCurmudgeon
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John Peirce, PE, D.GE,  
L.S, M.ASCE

Look Who’s a D.GE

Before and after receiving his bachelor’s 
and master of science degrees in 
geotechnical engineering from Drexel 
University in 1973 and 1978, John 
worked 15 years in heavy/highway con-
struction for The Conduit & Foundation 
Corporation. He also spent 11 years at a 
design/build geotechnical specialty con-
tractor, Schnabel Foundation Company, 
including eight years as branch manager 
of Schnabel’s Philadelphia office. 

In 1992, he co-founded Peirce 
Engineering, Inc. of Phoenixville, PA to 
specialize in civil-construction engi-
neering design services to contractors, 
engineers, and owners for projects 
predominately throughout the Mid-
Atlantic states of DE, MD, NJ, NY, and 
PA. As vice president, his responsibilities 
include engineering design, proposal 
preparation, quality control, and person-
nel training.

During his 44-year career, he has 
designed/built or designed hundreds 
of temporary and permanent earth 
retaining walls, sheet pile walls, 
waterfront bulkheads and cofferdams, 
underpinning systems, ground anchors, 
micropiles, soil nail walls, static pile 
loads tests, and bridges. He is a regis-
tered professional engineer in five states 
and a retired professional land surveyor 
in PA. He is a past-president of the 
Delaware Valley Section of the American 
Society of Highway Engineers, and a 

member of the American Society of Civil 
Engineers, the Delaware Valley Geo-
Institute, the Pile Driving Contractors 
Association, the Deep Foundations 
Institute, and The Moles. 

When did you know that you wanted 

to study civil engineering? What were 

the key factors in your decision to be 

a civil engineer? 

From about the age of 12, I knew that 
I wanted to work in the construction 
field and work outside building things 
— no office for me! I did well in high 
school, and when it came time to think 
about college and a major, I knew my 
best entry into construction would be 
as a civil engineer. When I got to Drexel, 
professors like Dr. Koerner kept my  
fire burning.

What is your message to professional 

engineers regarding specialty 

certification? 

It has been said many times that “cream 
rises to the top.” Obtaining a specialty 
certification moves an engineer closer to 
the top of his or her field. Certification 
tells others that I’ve “been there and done 
that.” Obtaining a professional engineer-
ing license is extremely important, but it 
is not the end of the road. Working toward 
and obtaining a specialty certification, like 
the D.GE, moves an engineer closer to the 
top of our profession.

JOHN PEIRCE



Working towards 

and obtaining 

a specialty 

certification, like 

the D.GE, moves 

an engineer 

closer to the top 

of our profession.

Why are you certified as a D.GE, and 

what made you choose to become a 

Diplomate in the Academy?

We design mostly for contractors, and 
all of our designs must be reviewed by 
the project structural or geotechnical 
engineers. Because we are part of the 
contractor’s team, we frequently sense 
that consultant reviewers, who do not 
consult for contractors, often look upon 
us with an air of distrust and question 
our qualifications. Therefore, I wanted to 
have another recognized credential that 
other engineers may not have, some-
thing to say that “this guy just might 
know something.” There is nothing to 
lose and a lot to gain from being a D.GE.

How do you feel about the state of 

civil engineering and the profession 

as it is today? 

Civil engineers do not receive the 
recognition or respect they deserve; and 
it’s their own fault. Most engineers have 
never learned to promote themselves 
and their accomplishments the way that 
architects, lawyers, and doctors do. The 
public really doesn’t know what civil 
engineers do and how important their 
work is. Look around: almost everything 
you see required the services of a civil 
engineer. But who gets the recognition? 
The architect, the lawyers, the politi-
cians. We civil engineers need to pat 
ourselves on the back once in a while. 
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Northwestern University is an Equal Opportunity, Affirmative Action Employer of 
all protected classes including veterans and individuals with disabilities. Hiring is 

contingent upon eligibility to work in the United States. 
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Look Who’s a D.GE

Write an article. Send out a press release. 
Make a presentation.

The most serious problem that I feel 
needs to be addressed in the field of civil 
engineering is that experienced engi-
neers are retiring and new or younger 
engineers are not being properly 
trained or mentored to become more 

competent and to assume positions of 
responsibility. Engineers need to know 
more than how to run a computer 
program. It is extremely important for an 
engineer to learn how to build structures 
before being allowed to design them. I 
believe that professional engineering 
boards place more emphasis on a P.E. 

candidate’s design experience than 
construction experience. Designing 
uneconomical or unbuildable structures 
is not engineering. 
What do you feel are the biggest 

challenges that are on the horizon for 

the profession? 

Replacing the retiring baby boomer 
engineers with younger, competent 
engineers is a challenge that must 
be met quickly. ASCE must take a 
leadership role in trying to nationally 
standardize professional engineering 
registration and continuing education 
requirements. There are just too  
many states and too many different 
requirements.   
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Replacing the retiring baby 

boomer engineers with  

younger, competent engineers  

is a challenge that must be  

met quickly.
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for more information!

➤	 Over 2,700 Attendees
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➤	  Face-to-Face with Key Decision 
Makers
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G-I ORGANIZATIONAL MEMBER NEWS

Welcome to FECON
The OMC welcomes the Geo-Institute’s 

newest Organizational Member, 

Foundation Engineering and 

Underground Construction JSC 

(FECON). Established in 2004 in Hanoi, 

FECON has become one of the leading 

companies of foundation engineering and 

underground construction in Vietnam.

FECON commits to providing solu-

tions, products, and services to meet the 

maximum requirements of its customers 

and investors from the fi rst stages of 

geotechnical consulting, soil investigation, 

foundation testing, designing, supplying 

and construction, to the last service of 

monitoring. 

The fi rm has positioned its safety, 

quality, e  ̄ ciency, punctuality, and 

eco-friendliness brand and reputation 

among domestic and international 

contractors that has resulted in numerous 

awards from reputable organizations and 

government.

Nicholson Awarded Soil Nail 
Wall Contract
Nicholson Construction was recently 

awarded a contract for the soil nail wall 

contract for the Stage 2 Slope Construction 

at McCook Reservoir in Willow Springs, IL. 

The U.S. Army Corps of Engineers is the 

project owner. Nicholson plans to install 

approximately 35,000 square ft and 31,000 

linear ft of soil nails by summer of 2015. It is 

the fi rm’s fourth major contract at McCook 

Reservoir. 

Menard Relocates 
Headquarters to Accommodate 
Continued Growth
Menard announced the relocation of its 

Pittsburgh-based corporate headquarters 

to 150 Main Street, Carnegie, PA 15106. The 

decision was prompted by the company’s 

Hayward Baker, Inc. (HB) received 

the 2014 Rick Marshall Commitment 

to Excellence in Safety Award from the 

International Association of Foundation 

Drilling (ADSC). The award honors 

ADSC’s Safety Committee Chairman Rick 

Marshall, who proposed the award and has 

dedicated his career to improving safety in 

the industry.

This is the second consecutive year 

that HB received the award. Being 

chosen for the award aligns well with 

the fi rm’s safety motto, ThinkSafe, which 

is grounded on the principle that the 

e� ective management of health and safety 

is essential to long-term success, profi t-

ability, and sustainability. HB’s Experience 

Modifi cation Rate (EMR) is currently well 

below the industry standard of 1.00.

In addition to the Safety award, 

McKinney Drilling, Seaboard Foundations, 

Case Atlantic and Keller Canada – all 

part of the Keller Group of companies 

– each received an Outstanding Safety 

Achievement award.

Hayward Baker’s (HB) Rick Walsh and Steve Scherer accept ADSC Safety Award. L to r: 

Mike Moore, CEO, ADSC; Rick Marshall, ADSC Safety Committee chair, Richard Goet-

tle, Inc.; Steven Scherer, senior vice president, HB; Rick Walsh, business development 

manager, HB; and Al Rasband, ADSC president, Malcolm Drilling Co.

Hayward Baker, Inc. Receives 
ADSC 2014 Safety Award
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ongoing growth. “Our revenues have dou-

bled since the recession ended in 2009, 

and our sta�  has grown to more than 100 

fulltime employees,” said Seth L. Pearlman, 

PE, D.GE, M.ASCE, president and CEO of 

Menard USA.  

The headquarters building, built by 

the Masons in 1901, sat empty for several 

years following the devastating fl oods 

in Carnegie. “As a ground improvement 

company that advocates sustainability, we 

decided that the building—an architectural 

gem—was worth preserving. As a team 

of creative, hard workers, we also like 

the idea of being part of a community 

that is making a strong comeback,” said 

Pearlman.

Schnabel Engineering Ranked 
19th on Zweig White List
Schnabel Engineering, Inc., Glen Allen, 

VA, announced that the fi rm ranked 19th 

on the “Best Civil Engineering Firms to 

Work For” list by Zweig White. The criteria 

used to make the selection included cul-

ture, benefi ts, compensation, performance/

recognition, recruiting and employee 

retention, and professional development, 

as well as an employee satisfaction survey.

Schnabel’s CEO, Gordon M. Matheson, 

PhD, PE, PG, M.ASCE, stated, “We are 

proud to have been included on the 

‘Best Firms’ list since 2007 and continue 

our commitment to creating an inviting 

workplace to attract and retain quality 

employees. We invest heavily in our 

“We’re Looking Out for You!”
The Geo-Institute Organizational Member Council (OMC) invites your 

organization to join us. Enjoy the numerous benefi ts that G-I organizational 

membership  o± ers, including the following:

• Up to a 50 percent discount on the G-I annual Geo-Congress for one person.

• A 5 percent discount for advertising in GEOSTRATA magazine.

•  Forty percent ($400) of your annual G-I OM dues goes directly to fund G-I 

student activities. A portion of that money fi nances student travel to the annual 

Geo-Congress and the OM/Student Career Fair.

•  Each year during the annual Geo-Congress, the OMC hosts an OM Career Fair/

Reception. Two OM members from each OM fi rm are invited to participate, along 

with 45-50 students carefully chosen by the OMC. 

•  Opportunity to publish news about your company, including awards, new sta�  

and promotions, company projects, awards, etc.

•  Your company logo posted on the G-I website at http://tinyurl.com/

geoinstituteorgmembers.

•  Your company name listed in Organizational Member News in each issue of 

GEOSTRATA magazine.

•  Opportunity to display the G-I logo on your website and on printed materials.

•  Opportunity to display a G-I Organizational Member placard at your exhibit booth.

•  For more information, visit the G-I website at http://tinyurl.com/

geoinstituteorgmembers where you can download the Organizational 

Membership application.

1 Jay Beech 

2 Michelle Bolding 

3 John Bischo¦ 

4 James D. Hussin 

5 Scott Mackiewicz 

6 Stanley Boyle 

7 Kord Wissmann

employees through training, continuing 

education, and above-industry-standard 

benefi ts.”

TenCate Consortium 
Receives Funding for Factory 
of the Future 
The Province of Overijssel in the 

Netherlands granted a €1.5 million 

($1,937,850) development subsidy to a 

consortium headed by TenCate for the 

innovation center, The Factory of the 

Future. The approximately €6 million 

($7,751,400) project’s goal is to make the 

production of advanced TenCate materials 

more e  ̄ cient, sustainable, and smart, 

in what is known as “smart production.” 

The use of new technologies, such as 

digital inkjet technology, will also make 

it possible in the near future to produce 

1

2 3 4

5 6 7

Schnabel Engineering Ranked 

July 17, 2014 Additional Information: 
Jennifer Wolfson 

 Communications and Development Manager 
jwolfson@schnabel-eng.com 

301-417-2400 

Schnabel Engineering, Inc. (Schnabel), Glen Allen, Virginia, is pleased to 

announce that we have been ranked 19th on the “Best Civil Engineering Firms to 

Work For” list by Zweig White.  The criteria used to make the selection included 

culture, benefits, compensation, performance/recognition, recruiting and 

employee retention, and professional development, as well as an employee 

satisfaction survey. 

Schnabel’s CEO, Gordon M. Matheson, PhD, PE, PG, stated, “We are 

proud to have been included on the ‘Best Firms’ list since 2007 and 

continue our commitment to creating an inviting workplace to attract and 

retain quality employees. We invest heavily in our employees through 

training, continuing education, and above-industry-standard benefits.” 

—— 

Schnabel, an employee-owned company, is an ENR Top 250 engineering firm, employing over 300 

professionals in 19 nationwide offices.  Schnabel specializes in geotechnical, geostructural, dam, and 

tunnel engineering, as well as environmental, geosciences, construction monitoring, and resident 

engineering services.  For more information, please visit us at schnabel-eng.com.

FOR IMMEDIATE RELEASE

Gordon M. Matheson, PhD, PE, PG
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new innovative materials, known as “smart 

materials.” The introduction of digital inkjet 

technology has the added advantage of 

being able to respond to individual cus-

tomer requirements (“mass customization” 

and “on demand delivery”) and of enabling 

processes to be read in digitally by linking 

the production process to a range of 

customer networks through the Internet.

Thermal Integrity Profi ling 
Wins ASCE Pankow Award
The Thermal Integrity Profi ler (TIP), created 

by Pile Dynamics, Inc., is the winner of 

the 2015 ASCE Charles Pankow Award 

for Innovation. The award celebrates 

collaboration in innovative design, materials, 

or construction-related research and 

development transferred into practice in a 

sustainable manner, as well as innovative 

approaches that help achieve at least one of 

the national construction technology goals. 

The innovative TIP, which uses the 

heat generated during cement curing to 

assess the shape and integrity of concrete 

foundations, was recognized in part by 

ASCE due to the collaborative e� orts that 

were vital to its development. When asked 

about TIP’s innovation, Pile Dynamics’ 

Garland Likins, PE, M.ASCE, focused on 

the goal of reducing project delivery time. 

He explained that current test methods 

of evaluating the quality of cast-in-place 

foundation elements are performed after 

the concrete of the foundation has cured, 

which takes several days. An evaluation 

performed with TIP may yield evaluation 

results as early as 12-24 hours after 

concrete casting, depending on shaft 

diameter. 

For more information, see pages 

59-60 of the November/December 2013 

GEOSTRATA, or www.pile.com/tip.

Gorazd Strnisa from SLP conducting Thermal Integrity Profi ling in Slovenia
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Quay Quarter Sydney 
Architecture Competition 
Winner Announced
AMP Capital has named Danish architects 

3XN as the winner of its design competition 

for the landmark Quay Quarter Sydney 

development in Circular Quay, a harbor 

in Sydney, New South Wales, Australia. 

The new Quay Quarter Tower sits amidst 

a broader precinct that will revitalize a 

significant portion of Sydney’s waterfront.

Arup has been working with AMP 

since the project’s inception, providing a 

full multidisciplinary engineering service 

for the 110,000m² precinct development. 

The firm will continue to provide all 

engineering consulting services, including 

an environmentally-sustainable design of 

the development, through to completion,  

The winning design reimagines the 

existing AMP Capital 50 Bridge Street 

tower as a series of stacked, juxtaposed 

forms – or ‘vertical villages’ – which rotate 

to maximize views of the surrounding 

area, including the iconic Sydney Harbor. 

“Quay Quarter is a precinct worthy of a 

place alongside the world’s most famous 

harbor. To work with AMP Capital in such 

a fully integrated way and consult on the 

project from start to finish 

is a unique opportunity,” 

said Robert Saidman, 

principal and leader of 

Arup’s Sydney Building 

Services.

The reimagined 

winning design of the 

existing AMP Capital 50 

Bridge Street. 
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COREBITS EVERYTHING G-I

Call for Abstracts Deadline: 
April 7, 2015
Geotechnical & Structural Engineering 

Congress 2016

February 14-17, 2016

Sheraton Phoenix Downtown Hotel

Phoenix, AZ

The Geo-Institute (G-I) and Structural 

Engineering Institute (SEI) of ASCE are 

coming together in 2016 to host a first-of-

its-kind, unique, combined congress. And, 

you can be a part of this innovative program! 

Abstracts are needed for dynamic 

sessions and presentations about 

geotechnical and structural engineering 

issues such as professional practice, soil 

structure interaction, geotechnical and 

structural elements of foundation and 

retaining wall design, soil behavior and 

performance, and numerous other areas.

Several types of submittals are 

encouraged: a single abstract, short 

courses, a full 90-minute session proposal 

(traditional or panel), and a NEW interac-

tive poster abstract.

Final papers are optional; submitted 

papers will not be peer-reviewed, but will 

be included in the conference proceedings. 

For information: www.geo-structures.org. 

IFCEE 2015 - Registration is 
Open! March 17-21, 2015
JW Marriott Hill Country Resort & Spa

San Antonio, TX 

www.ifcee2015.com

More than 2,700 attendees are expected at 

IFCEE 2015. Imagine the connections you 

can make. IFCEE, a partnership between 

the G-I, ADSC, DFI, and PDCA, o�ers you 

more than 35 hours of education o�ered 

through industry leaders, educational short 

courses, technical committee meetings, an 

indoor and outdoor exhibition, networking 

time galore, and so much more. You should 

attend this event if you are involved in the 

Send Us Your Thoughts about 
the New GEOSTRATA
Now it’s your turn. Let us know what you 

like best about the new GEOSTRATA. Send 

your comments to geo-strata@asce.org. 

Meet the G-I’s New 
2014 - 2015 O�cers 

PRESIDENT

Allen Cadden, PE, D.GE, 

M.ASCE

Schnabel Engineering, 

Principal, Director of 

Strategic Development 

West Chester, PA

PAST PRESIDENT

William M. Camp, III, PE, 

D.GE, M.ASCE

S&ME, Inc. Technical 

Principal/Vice President

Mt. Pleasant, SC  

VICE PRESIDENT

Kord Wissmann, PhD, PE, 

D.GE, M.ASCE

Geopier Foundation Co., 

President

Davidson, NC

TREASURER

Garry H. Gregory, PhD, PE, 

D.GE, M.ASCE

Gregory Geotechnical, 

Principal Consultant 

Oklahoma State University, 

Adjunct Professor

Stillwater, OK

Data Interchange for 
Geotechnical and 
Geoenvironmental Specialists 
(DIGGS) Website
The new DIGGS website is now online at 

www.diggsml.org.

The DIGGS project involves develop-

ment of a GML (XML-based) geospatial 

standard schema for the transfer of 

geotechnical and geoenvironmental data 

within an organization or between mul-

tiple organizations. DIGGS can work with 

existing software, hardware, databases, 

and data storage facilities to easily transfer 

and share your data.

The new site provides access to 

publications, partner information, a blog, 

DIGGS Schema Version 1.0a and 2.0a, 

DIGGS Tools, a Local Implementation 

Group, and a link to get involved to help 

revolutionize the way data is shared and 

transferred for geotechnical engineering.

Once implemented by an organization, 

the DIGGS data transfer standard will 

help meet a company’s needs for 

information and data asset management. 

It is anticipated that DIGGS will save state 

and federal agencies, and other public and 

private organizations, millions of dollars. 

Savings will be realized through a combi-

nation of avoided drilling and laboratory 

testing costs, and e¯ciencies a�orded by 

the availability of geotechnical data for 

multiple projects in a standard format.
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geoprofessional and foundations industries. 

4 leading organizations. 4 dynamic days. 4 

times the industry influence!  

Outdoor exhibit space and sponsor-

ships are still available, but the indoor 

exhibit space is sold out. See the current 

list of more than 100 exhibitors on the 

conference’s website.

For exhibit and sponsorships, contact 

Jan Hall at jhall@adsc-iafd.com or (469) 

359-6000.

Graduate students who are Geo-

Institute members, graduating in 2015, 

and registered for IFCEE 2015, are eligible 

to win a $275 travel grant to attend the 

Geo-Institute Organizational Member/

Student Career Fair. For information and 

to complete the online questionnaire, visit 

the G-I website at www.asce.org/geo by 

January 30, 2015.  

A New Geo-Institute Website is 
Underway
The Geo-Institute is building a new website 

that will communicate the news of the 

geoprofession as well as serve as a career 

and technical resource for geoprofession-

als. The site will be stand-alone, with links 

to the main ASCE website for purchasing 

of continuing education, ASCE library 

items, books, conference registrations, and 

memberships. The site is being built using 

an easy-to-use, responsive design that will 

adapt to smartphones and tablets and will 

integrate G-I’s social media channels. It will 

o�er navigation and search capabilities that 

make the most popular and newest con-

tent easy to find in an appealing manner. 

Microsites for GEOSTRATA, committees, 

chapters, and students are planned. 

ASCE/G-I Co-sponsored 
Online Webinars
Note:  All posted webinars o�er 1.5 

professional development hours (PDHs).

j Avoiding Failures of Retaining Walls 

November 24, 2014

11:30 AM - 1:00 PM (ET)

j LRFD for Geotechnical Engineering 

Features: Earth Retaining Structures: 

Cut Walls

December 2, 2014

11:30 AM - 1:00 PM (ET)

j Design of Geomembranes for Surface 

Impoundments (Ponds, Reservoirs, Etc.) 

December 9, 2014

11:30 AM - 1:00 PM (ET)

j LRFD for Geotechnical Engineering 

Features: Drilled Shaft Foundations

December 15, 2014

11:30 AM - 1:00 PM (ET)

j LRFD for Geotechnical Engineering 

Features: Micropile Foundations 

January 5, 2015

11:30 AM - 1:00 PM (ET)

j Foundations for Metal Building Systems 

January 6, 2015

11:30 AM - 1:30 PM (ET)

j Underpinning and Strengthening of 

Foundations 

January 8, 2015

11:30 AM - 1:00 PM (ET)

j Geotextile Filter Failures 

January 16, 2015

11:30 AM - 1:00 PM (ET)

For webinar information: www.asce.

org/Continuing-Education/Webinars/

Live-Webinars/

ASCE/G-I Seminars
Note:  All posted seminars o�er continu-

ing education units (CEUs).

j Instrumentation and Monitoring 

Boot Camp: Planning, Execution, 

and Measurement Uncertainty 

for Structural and Geotechnical 

Construction Projects

November 20-21, 2014

Atlanta, GA

j Soil and Rock Slope Stability 

December 4-5, 2014

Phoenix, AZ

j Earthquake-Induced Ground Motions 

December 11-12, 2014

Secaucus, NJ

j Performance-Based Seismic Design of 

Liquid-Storage Tanks 

January 16-17, 2015

San Diego, CA

For seminar information: www.asce.org/

Continuing-Education/Seminars/Face-to-

Face-Seminars/

On-Demand Webinar Packages
Recorded from ASCE’s most popular live 

webinars, these On-Demand Webinar 

Packages are presented by the best 

instructors in engineering. Choose from 

a variety of topics and improve your 

essential skills today. Earn up to 1.8 CEUs. 

Order today. Save up to 50%.

www.asce.org/On-Demand-Webinars/

COREBITS CAREER

Internships Now Available
Does an internship position interest you? Explore the positions listed 

on the ASCE website to help you obtain the experience you need to 

further your career path. New opportunities are added all the time, so 

start your search today!  careers.asce.org/jobs/ 

International Foundations Congress and Equipment Expo
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Update on Bertha
Last fall, the cover of the September/ 

October 2013 issue of GEOSTRATA

featured a photo of in-place construction 

of the largest tunnel boring machine (TBM) 

ever built. The TBM, nicknamed “Bertha,” 

had begun the dig for the SR 99 Project 

in Seattle, WA in summer 2013. Work was 

halted in December when crews found 

damage to the machine’s seal system and 

contamination within the main bearing.

Repairing Bertha would require dig-

ging a 120-ft access pit – a major project 

of its own. Over the 

course of 2014, Seattle 

Tunneling Partners has 

developed and imple-

mented a plan that 

has included rerouting 

of utilities, 84 under-

ground piles, grouting, 

and dewatering. Bertha 

is expected to be able 

to resume tunneling in 

March 2015.

For more infor-

mation on the SR 99 

Project and the TBM 

repair, including anima-

tions, visit http://www.

wsdot.wa.gov/Projects/

Viaduct/.

Napa Earthquake 
Report Available
On August 24, 2014, a 

M6.0 earthquake struck 

the West Napa Fault 

Zone — the largest 

earthquake to strike the 

San Francisco Bay area 

since the October 1989 

Loma Prieta quake. 

The Geotechnical 

Extreme Events 

Reconnaissance Association (GEER) has 

completed a report on the South Napa 

quake, in collaboration with the California 

Geological Survey, the Pacific Earthquake 

Engineering Research Center, and the 

U.S. Geological Survey. The report 

examines the seismology and ground 

motion of the event and the performance 

of utilities, dams, and other infrastructure. 

The complete report is available at 

http://www.geerassociation.org/

GEER_Post%20EQ%20Reports/

SouthNapa_2014/index.html.

Construction on one of 84 interlocking piles forming 

the walls of the repair access pit for the SR 99 tunneling 

machine in Seattle, Washington.

GBA Unveils New Logo
The Geoprofessional Business Association 

(GBA) has unveiled a new logo to go with 

its new name. The GBA was previously 

known as ASFE/ The Geoprofessional 

Business Association. The organization 

announced earlier this year that it had 

renamed itself to better reflect its mission 

as a resource for geoprofessionals. For 

more information on the GBA and its 

products, materials, and services, visit 

www.geoprofessional.org.

Han and Ling Receive IGS Awards
Dr. Jie Han, a professor in the Department 

of Civil, Environmental, and Architectural 

Engineering at University of Kansas, and Dr. 

Hoe I. Ling, a professor at the Department 

of Civil Engineering & Engineering 

Mechanics at Columbia University, 

received two separate International 

Geosynthetics Society (IGS) awards at 

the 10th International Conference on 

Geosynthetics, held in Berlin, Germany 

from September 21-25, 2014. Dr. Han was 

cited for his contributions to the research 

on Geosynthetic-Reinforced Unpaved and 

Jie Han, PhD, PE, F.ASCE, and Hoe I. Ling, 

PhD, M.ASCE
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COREBITS  
CHAPTERS

Become a G-I Chapter
It’s simple and beneficial to become a Geo-

Institute Chapter. You have the opportunity 

to expand your reach to potential new 

members, and there are no fees or chapter 

dues! Simply complete and return the 

Memorandum of Understanding found at 

http://www.asce.org/geo/Chapters/How-

to-Become-a-GI-Chapter/ to jcanning@

asce.org and discover the benefits of 

a¯liation today!

Geo-Institute Welcomes New 
California Chapter
The Geo-Institute is proud to announce 

the formation of its 39th Chapter— the 

Inland Northwest Geo-Institute Chapter. 

The Chapter was approved by the Geo-

Institute on October 7, 2014. The new 

Chapter eagerly accepts its charge to 

advance the geo-professional community 

in a manner consistent with the purpose 

of ASCE and the Geo-Institute. For Inland 

Northwest Chapter information, contact 

James Harakas at (509) 993-3870 or 

jharakas@geoengineers.com.

Arthur Casagrande Memorial 
Lecture
The Boston Society of Civil Engineers is 

pleased to present the Arthur Casagrande 

Memorial Lecture on December 16, 2014, 

at the Hyatt Regency in Boston, MA. Visit 

the Boston Society website for more 

details: http://www.bsces.org. 

Paved Roads. Dr. Ling was cited for his 

contributions to the research on Seismic 

Behavior of Geosynthetic-Reinforced 

Soil Retaining Walls. This award, granted 

every four years, is considered the most 

prestigious award bestowed by the IGS. 

Dr. Ling is a member of the Geo-Institute 

and of ASCE; Dr. Han is a member of the 

Geo-Institute and is a Fellow of ASCE.

P3 Aims to Replace 
Pennsylvania Bridges 
in Under Four Years
In late 2013, an Associated Press review 

of national bridge records found that 

of Pennsylvania’s 25,000 state-owned 

bridges, more than 550 were found to be in 

need of both significant repair (“structurally 

deficient”) and backup protection against 

collapse in the case of failure of a single, 

vital component (“fracture critical”). 

Plans are now underway to replace 99 

percent of these bridges by August 31, 2018, 

using an innovative public-private partner-

ship (P3) approach to tackle transportation 

projects. A P3 team of engineers, contrac-

tors, and financiers will be selected by the 

Pennsylvania Department of Transportation 

(PennDOT), which will design, replace, and 

maintain the bridges for 25 years. 

Using this method of bridge replace-

ments, PennDOT will be able to deliver in 

less than four years what would have taken 

8 to 12 years using the department’s tra-

ditional bid, design, and building process. 

The oldest of the bridges to be replaced 

was built in 1880 and the newest in 1987.

The program is structured so that the 

successful P3 team has an incentive to 

be innovative and creative in designing 

a bridge with an anticipated 100-year 

lifespan. The project should carry a 

first-quarter life maintenance cost that is 

so low it will ensure a sustainable profit 

margin. After that, the state will take over 

the maintenance.

The P3 method is expected to save the 

annual cost of the bridge replacements by 

$60 to $70 million. The state will maintain 

ownership of the bridges throughout the 

contract’s term. More information on the 

Rapid Bridge Replacement Project, includ-

ing maps of the bridges to be replaced or 

repaired, can be found at http://www.dot.

state.pa.us.

Scholars’ Mine Features 
Conference Proceedings
Conference proceedings for the 

International Conference on Case Histories 

in Geotechnical Engineering and the 

International Conference on Recent 

Advances in Geotechnical Earthquake 

Engineering and Soil Dynamics are now 

hosted in Scholars’ Mine, the institutional 

repository for the Missouri University of 

Science and Technology. The repository 

showcases the scholarly output of the uni-

versity community at scholarsmine.mst.edu.

For proceedings of the International 

Conference on Case Histories in 

Geotechnical Engineering, visit 

ICCHG1984-2013.mst.edu.

For proceedings of the International 

Conference on Recent Advances in 

Geotechnical Earthquake Engineering and 

Soil Dynamics, visit ICRAGEESD1981-2010.

mst.edu.



The Official YouTube Channel of the Geo-Institute
www.YouTube.com/user/GeoInstituteASCE
The Official YouTube Channel of the Geo-Institute
www.YouTube.com/user/GeoInstituteASCE

WATCH AWARD-WINNING LECTURES ON THE GEO-CHANNEL

SUBSCRIBE NOW to be notified when new material is posted. 
Click the “Subscribe” button on the www.YouTube/user/GeoInstituteASCE.com
and turn on “get notifications.”

Here are just some of the videos that are now available:

FULL-LENGTH LECTURES
- 2012, 2013, 2014 Peck Lectures
- 2012 & 2013 Seed Lectures
- 2012, 2013, 2014 Terzaghi Lectures
- 2012 Monismith Lecture

WORKSHOPS & SPECIAL PRESENTATIONS
- Ethics Workshop
- Student Professional Development
- Diversity and Inclusion Workshops
- Geotechnical Hero Award & Interview

GEO-CONGRESS HIGHLIGHTS
- 2014 Geo-Congress Highlights
- 2013 Geo-Congress Highlights
- Remember when? Highlights from past Congresses.

The Geo-Channel “Knowledge in Motion”
Become a subscriber today. 

Visit the GeoChannel to learn more:YouTube/user/GeoInstituteASCE
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Attention Geo-Professional,
ADSC: The International Association of Foundation Drilling, the Deep Foundations Institute, the Geo-Institute of ASCE, and the 
Pile Driving Contractors Association will be conducting an international foundation engineering and construction conference that 
includes the largest foundation equipment and services exhibition in the world. Known as the International Foundation Congress 
and Equipment Expo, or IFCEE, this mega-event will be held in San Antonio, Texas, March 17-21, 2015, at the JW Marriott San 
Antonio Hill Country Resort & Spa.

IFCEE 2015 has a great deal to o�er you, including technical short courses, educational sessions, networking opportunities, and 
a massive indoor and outdoor exhibition.  Everything related to the Geo-Industry can be found in one location - IFCEE 2015!  
Join other Geoprofessionals from around the globe for this every-three-year event.  IFCEE 2015 will be bigger and better than 
any congress of its kind. The technical portion of this event will feature over �fty 90-minute technical sessions, six Short Courses, 
prestigious lectures including the Terzaghi, Osterberg, O’Neill, Gerwick, Seed, and Peck, over 125,000 sq. ft. of the latest equipment 
and supplies, and much, much more.   

Geoprofessionals mark you calendar NOW to attend IFCEE 2015, and make the most of your visit by reviewing the information 
contained in this conference brochure.  Go to www.ifcee2015.com to register!  

Collectively, 

 Michael D. Moore Theresa Rappaport Rob Schweinfurth Steve Hall Billy Camp
 ADSC  DFI G-I PDCA IFCEE
 The International Deep Foundations Geo-Institute of  Pile Driving Chairman
 Association of  Institute ASCE Contractors Association S&ME, Inc.
 Foundation Drilling

CONGRESS COMMITTEE
Conference Chairman

William M. Camp, III, P.E., D.GE, S&ME, Inc.

Technical Program Chairmen
William M. Camp, III, P.E., D.GE, S&ME, Inc.

J. Brian Anderson, Ph.D., P.E., Auburn University

Technical Program Committee
 Mary Ellen Bruce, P.E., D.GE, DFI Peggy Hagerty Duffy, P.E., ADSC Technical Advisor

 Jesús E. Gómez, Ph.D., P.E., D.GE, GEI Consultants, Inc. Mohamed Hussein, P.E., GRL Engineers

Michael D. Justason, P.Eng., Bermingham Foundations

Proceedings Editors
 J. Brian Anderson, Ph.D., P.E., Auburn University Magued Iskander Ph.D., P.E., NYU-Poly

 Debra F. Laefer, Ph.D., Chief Editor, University College Dublin               Muhannad T. Suleiman, Ph.D., Lehigh University

Introduction
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Terzaghi Lecture
Tuesday, March 17  -  5:00pm-6:30pm
For more than 50 years, the Karl Terzaghi Lecture has been given by 
an individual honored for their exemplary contributions to the field of 
geotechnical engineering.

Presented by Donald A. Bruce, Ph.D., D.GE, C.Eng., L.G., L.E.G., 
M.ASCE, President, Geosystems, L.P.

Keynote Address: The Joy of Conceiving, Funding, 
Planning, Designing, and Building 
Infrastructure
Wednesday, March 18 - 8:45am-10:00am

Osterberg Lecture
Thursday, March 19  -  7:30am-8:30am
The annual DFI Osterberg Memorial Lecture was established in honor 
of Dr. Jorj O. Osterberg, one of the true pioneers of geotechnical 
engineering, to recognize innovations in deep foundations 
construction related to engineering design, testing or education - all 
aspects of Jorj Osterberg’s lifelong contributions. 

Presented by this year’s recipient, Frank Rausche, P.E., Senior 
Consultant, GRL Engineers Inc.

Michael W. O’Neill Lecture
Thursday, March 19  -  5:00pm-6:30pm
The ADSC Michael W. O’Neill Lecture Award is presented triennially 
at each IFCEE for outstanding contributions to the advancement 
of state-of-the-practice in the design and construction of deep 
foundations through practical, applied research and/or through 
recommended improvements to design and/or construction 
methodologies.

Presented by Jerry A. DiMaggio, P.E., D.GE, M.ASCE, Principal 
Engineer, Applied Research Associates, Inc.

Gerwick Award
Friday, March 20  -  7:30am-8:30am

This award is presented annually by DFI to an individual, team or 
company. It pays tribute to Ben Gerwick, recognizing his innovative 
spirit and his many contributions to the design and construction of 
marine foundations. Gerwick had a 62-year professional career as a 
contractor, educator and construction engineer.

Awarded to Proserve Ltd., Accepted by Martin Hawkswood B.Sc. 
C.Eng. M.I.C.E. M.I.Struct.E. A.M.ASCE.

Seed Lecture
Friday, March 20  -  3:00pm-4:30pm

Presented annually by the recipient of the H. Bolton Seed Medal 
for outstanding contributions to teaching, research, or practice in 
geotechnical engineering.

Presented by Peter K. Robertson, Ph.D., P.Eng, M.ASCE., Professor, 
University of Alberta, Canada.  

Peck Lecture
Saturday, March 21  -  8:30am-10:00am

Presented annually by a geotechnical engineer selected for 
outstanding contributions to the profession through the analysis and 
publication of case histories. This Peck Lecture is titled "Pre-Design 
Geotechnical Evaluation of the OII Superfund Site".

Presented by Donald H. Gray, M.ASCE., Professor Emeritus, 
University of Michigan.  

 Al Rasband John Wolosick 
 ADSC President DFI President

 Allen Cadden Mike Justason
 G-I President PDCA President

Al Rasband John Wolosick John Wolosick 

Allen Cadden Mike JustasonMike Justason

Wayne Clough
Secretary of the Smithsonian Institution

Technical Program Highlights

PARTNER ORGANIZATION PRESIDENTS

Cooperating Organizations
Academy of Geoprofessionals

Association of Environmental & Engineering Geologists

American Rock Mechanics Association

Canadian Geotechnical Society

DFI of India Chapter

DFI Middle East Chapter

DFI-Europe Chapter 

Federal Highway Administration

geo-engineering.com 

Geoprofessional Business Association

Structural Engineering Institute of ASCE

Texas Department of Transportation

US Universities Council on Geotechnical 
Education and Research

Special Contributors
Lester Communications Inc., Piling Canada Magazine 

National Driller Magazine

Pilebuck Magazine

Worldwide Drilling Resource, Inc.
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International Foundations Congress and Equipment Expo
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Monday, March 16 
8:00am-5:00pm G-I Board of Governors

8:00am-5:00pm AGP Board of Governors - Part 1

8:00am-5:00pm AGP Committee - Part 1

12:00pm-1:00pm G-I & AGP Board of Governors   
 Luncheon

12:00pm-5:00pm Registration Open

1:00pm-4:00pm ADSC Executive Committee

4:00pm-6:00pm PDCA Executive Committee

5:00pm-6:00pm Exhibitors Meeting

Tuesday, March 17
7:00am-8:00am Short Course Attendee Continental   
 Breakfast

7:00am-6:30pm Registration Open

8:00am-1:00pm G-I Technical Coordination Council   
 (TCC)

8:00am-12:00pm AGP Board of Governors - Part II

8:00am-5:00pm AGP Committee Meeting - Part II

8:00am-5:00pm SC 1 In Situ Testing and Deep   
 Foundation Design

8:00am-5:00pm SC 2 Cost-Effective Driven-Pile   
 Design

8:00am-5:00pm SC 3 Managing Safety from Design to  
 Construction

8:00am-5:00pm SC 4 Deep Foundations QA/QC for   
 Engineers, Contractors, and Inspectors

8:00am-5:00pm SC 5 Using the Compaction Grouting  
 Consensus Guide (ASCE/G-I 53-10)

8:00am-12:00pm SC 6 LRFD Design and Construction   
 of Deep Foundations Made Easy 

9:00am-10:00am ADSC Associates Committee

10:00am-10:30am Short Course Attendee Break

10:00am-12:00pm DFI Deep Foundations for Landslides/ 
 Slope Stabilization Committees

10:30am-12:00pm G-I Awards Committee

10:30am-12:00pm PDCA Safety/Environment Committee

12:00pm-1:00pm Lunch on Own

12:00pm-1:00pm Short Course Attendee Lunch

12:30pm-1:30pm G-I GeoWall Captains Meeting

1:00pm-1:30pm G-I Student Orientation 

1:00pm-2:00pm USUCGER Board Meeting

1:00pm-2:30pm DFI Helical Piles & Tiebacks   
 Committee

1:00pm-3:00pm PDCA Board of Directors

1:00pm-4:00pm G-I Ethics Workshop

1:00pm-4:00pm G-I Technical Committee Chairs   
 Workshop

1:00pm-4:00pm G-I Organizational Member Council   
 Part I

1:30pm-3:30pm G-I Student Professional Development  
 Workshop

2:00pm-3:30pm USUCGER Annual Meeting

2:00pm-4:00pm ADSC/DFI Micropile Committee

2:30pm-3:00pm Short Course Attendee Break

3:00pm-4:30pm DFI Subsurface Characterization   
 Committee

3:30pm-5:00pm PDCA Communications Committee

3:30pm-5:00pm ADSC Soil Mixing Committee

4:00pm-5:00pm AGP Ceremony

5:00pm-6:30pm G-I Terzaghi Lecture

6:30pm-8:00pm Welcome Reception

7:15pm-10:00pm G-I Terzaghi Dinner (Invitation Only)

7:30pm-11:30pm G-I Deep Foundations Committee

8:00pm-9:30pm G-I Journal of Geotechnical/   
 Geoenvironmental Committee

8:00pm-10:00pm G-I Student Participation Committee

8:00pm-11:00pm G-I Rock Mechanics Committee

8:00pm -12:00am G-I Sustainability in Geotechnical   
 Engineering Committee

8:00pm-12:00am G-I Engineering Geology & Site   
 Characterization Committee

8:00pm-12:00am G-I Risk Assessment & Management   
 Committee

9:30pm-11:00pm G-I Technical Publications Committee

10:00pm-12:00am G-I Graduate Student Leadership   
 Council

Wednesday, March 18 
7:00am-6:30pm Registration Open

7:15am-8:00am 5k Fun Run/Walk

7:30am-8:30am Conference Breakfast - Full    
 Registration Attendees Only

IFCEE 2015 Week-At-A-Glance (Tentative)

IFCEE_Preview_Geostrata.indd   4 10/22/14   11:40 AM
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Wednesday, March 18 (Cont.) 

7:30am-8:30am G-I Diversity & Inclusion Breakfast

8:00am-12:00pm G-I Geo Challenge Set up

8:45am-10:00am Welcome & Keynote Presentation

10:00am-10:30am Networking Break 

10:00am-6:00pm Exhibits Open 

10:00am-11:30am DFI Testing & Evaluation Committee

10:00am-12:00pm G-I Continuing Education Committee

10:30am-12:00pm Concurrent Technical Sessions

11:30am-1:00pm Lunch 

12:00pm-4:00pm GeoChallenge - GeoPoster and   
 GeoPrediction

12:00pm-4:00pm G-I Geo Challenge (GeoWall)

12:30pm-3:30pm G-I Local Involvement Committee

1:00pm-3:00pm ADSC Drilled Shaft Committee

1:00pm-3:30pm G-I GEOSTRATA Editorial Board

1:00pm-4:00pm G-I Geoenvironmental Engineering   
 Committee

1:00pm-4:00pm G-I Soil Improvement/DFI Ground   
 Improvement Committee

2:00pm-3:30pm PDCA/USUCGER Joint Council

2:30pm-3:00pm Networking Break

3:00pm-4:30pm ADSC Chapter Presidents Council

3:30pm-5:00pm DFI Tiebacks & Soil Nailing    
 Committee

3:30pm-5:00pm PDCA Membership Committee

4:00pm-6:00pm G-I Annual Business Meeting &   
 Awards

6:00pm-8:00pm Reception

7:30pm-9:30pm G-I Chapter Leader Forum

8:00pm-12:00am G-I Embankments, Dams & Slopes   
 Committee

8:00pm-12:00am G-I Geotechnics of Soil Erosion   
 Committee

8:00pm-12:00am G-I Soil Properties & Modeling   
 Committee

8:00pm-12:00am G-I Underground Construction   
 Committee 

8:00pm-12:00am G-I Earthquake Engineering & Soil   
 Dynamics Committee

8:00pm-12:00am G-I Pavements Committee

Thursday, March 19 
7:00am-6:00pm Registration Open

7:30am-8:30am DFI Osterberg Lecture

8:00am-10:00am ADSC Safety Committee 

8:30am-10:00am Concurrent Technical Sessions

9:00am-11:00am ADSC Women’s Association Executive  
 Committee

9:30am-11:30am DFI Driven Pile Committee

10:00am-6:00pm Exhibits Open

10:00am-10:30am Networking Break

10:30am-12:00pm Concurrent Technical Sessions

10:30am-11:30am ADSC Education Committee

11:30am-1:00pm Lunch

12:00pm-4:00pm G-I DIGGS Advisory Board

1:00pm-3:00pm ADSC Anchored Earth Retention   
 Committee

1:00pm-3:00pm PDCA Education Committee

1:00pm-3:00pm ADSC Women’s Association General   
 Meeting

1:00pm-3:00pm DFI Seismic & Lateral Loads    
 Committee

1:30pm-2:30pm G-I Diversity & Inclusion Committee

3:00pm-3:30pm Networking Break

IFCEE 2015 Week-At-A-Glance (Tentative)

“It is truly exciting when IFCEE 
comes around. Being the largest 
pure foundation drilling equipment 
show in the world makes it the one to 
see. Then you add the collaboration 
with DFI, PDCA and the G-I for 
an excellent show and education 
experience. No one should miss this 
experience and I certainly won’t. 
The best example of what is a great 
exhibition, IFCEE 2015.”

Al Rasband, ADSC President
Vice President/NW District Manager 
Malcolm Drilling Co., Inc.
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Thursday, March 19 (Cont.) 

3:30pm-5:00pm PDCA Market Development    
 Committee

3:30pm-4:30pm ADSC Membership Council

3:45pm-5:45pm DFI Slurry Wall Committee

5:00pm-6:30pm ADSC Michael W. O’Neill Lecture

6:30pm-7:00pm ADSC Michael W. O’Neill Reception

7:00pm-8:30pm PDCA PDPI Reunion Reception

7:30pm-8:30pm G-I: Student Travel Grant Winners &   
 Organizational Member Career Fair   
 (Invitation Only)

7:30pm-9:30pm G-I Geosynthetics Committee

7:30pm-10:00pm G-I International Activities Council

8:00pm-12:00am G-I Computational Geotechnics   
 Committee

8:00pm-12:00am G-I Shallow Foundations Committee

8:00pm-12:00am G-I Earth Retaining Structures   
 Committee

8:00pm-12:00am G-I Unsaturated Soils Committee

8:00pm-12:00am G-I Geophysical Engineering   
 Committee

8:30pm-9:30pm G-I: Organizational Member &   
 Student Reception (Invitation Only)

Friday, March 20 
7:00am-5:00pm Registration Open

7:30am-8:30am DFI Gerwick Award Presentation

7:30am-9:30am PDCA General Business Breakfast   
 Meeting

8:00am-9:00am ADSC Industry Advancement Steering  
 Committee

8:00am-10:00am DFI Sustainability Committee

8:30am-10:00am Concurrent Technical Sessions

9:00am-10:30am ADSC IAF Trustees

9:00am-10:30am G-I Organizational Member Council   
 Part II

10:00am-6:00pm Exhibits Open

10:00am-10:30am Networking Break

10:30am-11:30am ADSC Governance Committee

10:30am-12:00pm Concurrent Technical Sessions

10:30am-12:00pm DFI Electric Power System    
 Foundations Working Group

11:30am-1:00pm Lunch

1:00pm-2:30pm "Meet the Authors" - Interactive Poster  
 Sessions

1:00pm-3:00pm G-I Grouting Committee

1:00pm-3:00pm G-I Geotechnical Frontiers 2017   
 Program Committee

1:00pm-2:30pm DFI Seepage Control Working Group  
 Meeting

2:30pm-3:00pm Networking Break

3:00pm-4:30pm G-I Seed Lecture   

6:15pm-7:00pm Final Night Reception
 Attire: Black Tie Optional

7:15pm-10:00pm Final Night Dinner & Dance
 Attire: Black Tie Optional

Saturday, March 21 
7:30am-11:30am Registration Open

8:30am-10:00am G-I Peck Lecture

9:00am-12:00pm Exhibits Open

10:00am-10:30am Networking Break 

10:30am-12:00pm Concurrent Technical Sessions

12:00pm-4:00pm G-I Geo-Congress Organizing   
 Committee

IFCEE 2015 Week-At-A-Glance (Tentative)

“It is certainly a pleasure for the 
Deep Foundations Institute (DFI) to 
collaborate with the ADSC, PDCA 
and ASCE Geo-Institute for the 2015 
International Foundation Congress 
and Equipment Expo. I have attended 
several IFCEE conferences and 
have been amazed at the number 
of attendees present. In addition, 
through the years I have made several 
lasting friends at the conference. Join 
us in San Antonio for a unforgettable 
Foundation Engineering experience!"

John R. Wolosick, PE, D.GE, 
DFI President
Director, Hayward Baker Inc.
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SC 1  
In Situ Testing and Deep Foundation Design
Course Synopsis: This session will cover deep foundation 
design subjected to static loading on the basis of in situ 
testing, specifically SPT, CPT, and PMT. It will include single 
piles and pile groups under vertical and horizontal loads, 
but will not include non-destructive testing of bored piles 
and pile driving. Many examples with solutions will be 
presented.

Instructor: Jean-Louis Briaud Ph.D., PE, D.GE, Dist.M.ASCE, 
Professor and Holder of the Buchanan Chair, Zachry 
Department of Civil Engineering, Texas A&M University.

A copy of Professor Briaud’s 2013 book: “Geotechnical 
Engineering: Unsaturated and Saturated Soils” is included in 
the cost of the Short Course.

SC 2 
Cost-Effective Driven-Pile Design
Course Synopsis: This course will present innovative, 
practical, and pragmatic approaches to cost-effective driven-
pile design, testing, and installation. Cost-effectiveness is 
an important component of good driven-pile design, an 
attribute all the more important to recognize and incorporate 
considering the significant construction dollars involved. 
The session will cover the concept of foundation support 
cost as a tool to compare the cost-effectiveness of viable 
design and testing alternatives. A rigorous approach to 
selecting appropriate allowable pile loads based on structure 
support requirements (load matching) will be presented. The 
economic contribution of soil/pile set-up will be addressed, 
as well as effective ways to characterize and incorporate 
set-up into design and installation (depth-variable driving 
criteria). Various construction-control/field testing methods 
will be discussed, along with their potential costs and 
value-added benefits to both the geotechnical and structural 
aspects of driven-pile design. All topics will be illustrated 
with real-world case histories and cost evaluations. 

Instructor(s): Van E. Komurka, P.E., D.GE, F.ASCE, President, 
Wagner Komurka Geotechnical Group, Inc.; Garland E. 
Likins, M.S., P.E., President, Pile Dynamics, Inc.

SC 3  
Managing Safety from Design to Construction
Course Synopsis: This safety course will provide a basic 
overview of how safety is integrated into the various 
stages of a deep foundation construction project from the 
design stage to the actual installation of the foundation or 
earth retention elements from a specialty subcontractor’s 
perspective. Areas that will be addressed will be: Design for 
Safety for Deep Foundations and Earth Retention; Insurance 
and Risk Management Basics; Overview of Existing Safety 
Standards that Govern Our Industry; and Basic Safety for 
Large Diameter Holes and Pile Driving Equipment. This 
training program, taught by experienced Safety Managers 
and Insurance Risk Control Specialists working in the Deep 
Foundation Industry is aimed at those individuals who will 
play a part in the successful completion of a project, be it 
from a design or installation process.

Instructor(s): Colin Perkins, Corporate Safety Director, 
Condon-Johnson & Associates, Inc.; Michael Blanchard, CSP, 
ARM, ALCM, Regional Safety Manager, Hayward-Baker, Inc.; 
Gregory L. Lewis, Corporate Safety Director, Moretrench and 
Richard Marshall, CHST, Safety Director, Richard Goettle, 
Inc.

Education Working For You!

Short Courses (PDHs available)

Tuesday, March 17   8:00am-5:00pm 

Short Courses provide an excellent opportunity to brush up on familiar subjects or to gain knowledge about new concepts 
from instructors who are recognized as leading experts in their fields. Short Courses are sold individually. Be sure to register 
early, as each course has limited seating.
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Registration Options
FULL CONFERENCE REGISTRATION includes: Tuesday & 
Wednesday receptions, entrance to exhibit areas, Wednesday 
breakfast, Wednesday, Thursday and Friday box lunch, technical 
sessions, co�ee breaks, �nal night reception, dinner and dance, 
and one copy of proceedings.

SPOUSE/COMPANION & CHILD REGISTRATION includes: Tuesday 
& Wednesday receptions, entrance to exhibit areas, Wednesday 
breakfast, Wednesday, Thursday and Friday box lunch, co�ee 
breaks, �nal night reception, dinner and dance.

TECHNICAL SESSION DAY PASS includes: entrance to selected 
day’s technical sessions, exhibits, lunch and co�ee breaks. (All 
prices are per day.)

EXHIBITS ONLY DAY PASS includes: entrance to exhibit areas and 
co�ee breaks for selected day. (All prices are per day.)

SHORT COURSE REGISTRATION includes: entrance to selected 
short course session, continental breakfast, co�ee breaks, box 
lunch, course materials, and Tuesday reception.
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Education Working For You!

SC 4 

Deep Foundations QA/QC for Engineers, 
Contractors, and Inspectors
Course Synopsis: Quality Assurance and Quality Control 
are important and integral parts of the success of deep 
foundation projects. Design, construction, testing, and 
inspection constitute the four main components and 
interactively contribute to the process. This includes 
presentations on the various QA/QC methods for driven 
piles, drilled shafts and auger-cast piles. Also presented 
will be discussions on deep foundations design principles, 
installation methods and equipment, important inspection 
aspects, and different testing methods’ applications, 
advantages and disadvantages.

Instructor(s): Michael Justason, P.Eng., McMaster University/
Bermingham Foundation Solutions; Mohamad Hussein, P.E., 
GRL Engineers, Inc., Past-Chairman ASCE Geo-Institute’s 
Deep Foundations Committee and PDCA Education 
Committee

SC 5 

Using the Compaction Grouting Consensus Guide 
(ASCE/G-I 53-10)
Course Synopsis: This is a practical course focused on 
concepts essential to effective compaction grouting. 
The basics of compaction grouting, including materials, 
equipment, design, and application will be addressed 

and demonstrated with case histories. The theoretical 
basis for compaction grouting will be covered together 
with applications using the guidance outlined in the 
Compaction Grouting Consensus Guide. The content of 
the Guide will be reviewed with an eye towards practical 
application. Additional discussions of other applications of 
the technology of Limited Mobility Grouting will also be 
presented.

Instructor(s): Joe Harris, Hayward Baker, Inc.; Michael Byle, 
P.E., Compaction Grouting Services, Michael Miluski, P.E., 
D.GE., F. ASCE, Tetra Tech, Inc.

SC 6 

LRFD Design and Construction of Deep 
Foundations Made Easy 
Course Synopsis: This interactive course addresses the 
practical application of Load Resistance Factor Design 
principles for driven and drilled deep foundations based on 
the American Association of State Highway & Transportation 
Officials (AASHTO) Bridge Design and Construction 
Specifications. The material presented represents good 
practice for all types of deep foundation projects, both 
public and private, for all infrastructure projects and 
industries. This is a half day session.

Instructor: Jerry A. DiMaggio PE, D.GE, F.ASCE, Principal at 
Applied Research Associates, Alexandria, VA

Tuesday, March 17 
1:00pm-1:30pm G-I Student Orientation

1:30pm-3:30pm G-I Student Professional   
 Development Workshop

6:30pm-8:00pm Welcome Reception

Wednesday, March 18 
7:15am-8:00am 5k Fun Run/Walk

8:45am-10:00am Welcome & Keynote Presentation

12:00pm-4:00pm GeoChallenge - GeoPoster and  
 GeoPrediction

12:00pm-4:00pm G-I Geo Challenge (GeoWall)

6:00pm-8:00pm Reception 

Thursday, March 19 
7:30pm-8:30pm G-I: Student Travel Grant Winners &  
 Organizational Member Career Fair  
 (Invitation Only)

8:30pm-9:30pm G-I: Organizational Member &  
 Student Reception (Invitation Only)

Friday, March 20 
6:15pm-10:00pm Final Night Reception & Dinner
 Attire: Black Tie Optional

Student Activities

IFCEE_Preview_Geostrata.indd   8 10/22/14   11:40 AM
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Wednesday, March 18 
10:30am-12:00pm 

• Deep Foundations for a Multi-Billion Dollar Public 
Infrastructure Project

• Augercast/CFA Piles

• Deep Foundations

• Design and Performance of Excavation Support Systems

• Engineering for Extreme Events, Part I

• Soil Mixing

• Sustainability in Geotechnology, Part I

• Recycled Materials for Sustainable Pavements

Thursday, March 19
8:30am-10:00am 

• Drilled Shaft Best Practices 

• Case Histories - Ground Improvement

• Modeling and Simulation of Fill Walls

• Engineering for Extreme Events, Part II

• Ground Improvement and Grouting - Part I

• Geotechnical Education for the 21st Century Engineer

• Numerical Methods Applied to Soils and Foundations

10:30am-12:00pm 

• Pile Driving - Best Practices

• Case Histories - Foundations

• Deep Foundations including Micropiles, Helical Piles, 
and Anchors

• Drilled Shafts/Bored Piles

• Panel Discussion on Changing Demographics and 
Geotechnical Engineering

• Ground Improvement and Grouting - Part II

• Sustainability in Geotechnology - Part II

• Deep Foundation Design and Analysis

Friday, March 20
8:30am-10:00am 

• Liquefaction: Recent Developments

• Case Histories - Problematic Soils

• Driven Piles, Part I

• Working in Dense Urban Environments

• New Instrumentation Techniques, Case Studies, Lessons 
Learned, Part I

• Geothermal Energy Foundations, Part I

• Geoenvironmental

• Advanced Modeling of Geotechnical Systems

10:30am-12:00pm 

• Engineering Education 

• Panel Discussion on Deep Foundations/Ground 
Improvement

• Driven Piles, Part II

• Excavation Support and Lateral Earth Pressures

• New Instrumentation Techniques, Case Studies, Lessons 
Learned, Part II

• Geothermal Energy Foundations, Part II

• Engineering Geology and Site Characterization

• Methods for Characterization and Testing of 
Geostructures - Part I

1:00pm-2:30pm 

"Meet the Authors" – Interactive Poster Sessions

Saturday, March 21
10:30am-12:00pm 

• New Normal for Natural Disasters

• Advanced Analysis of Shallow Foundations & Soil 
Structure Interaction for Shallow Foundations and 
Geosynthetics

• Driven Piles, Part III

• Numerical Methods with Performance Observations for 
Deep Foundations

• Design and Assessment of Geostructures

• Wind Energy Foundations

• Unsaturated Soils

• Methods for Characterization and Testing of 
Geostructures, Part II

Concurrent Technical Sessions (Tentative)
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3M Corrosion Protection Products

AGL Manufacturing

Applied Foundation Testing, Inc.

Bauer Foundation Corp.

Berkel & Co. Contractors, Inc.

Bermingham Foundation Solutions Limited    

Bit Brokers International Ltd.

CETCO

ConeTec, Inc.

ConstructionImages.com

Cox Industries

Crux Subsurface Inc

Cyntech Canada

Datgel

DBM Contractors, Inc.  

Decagon Devices, Inc.

Deep Excavation LLC

Densification Inc

Drill Pipe Inc

DrillingWorld

Edgen Murray

Expanded Shale, Clay & Slate Inst. 
(ESCSO)

Favor Steel & Fabricating

Foundation Technologies, Inc.

foundationdrilling.com

Fudo Construction Inc.

Gannett Fleming, Inc.

Geo-Instruments, Inc.

Geokon, Inc.

Geopier Foundation Company

GeoRocFor inc. 

Givens International Drilling Supplies, Inc.

GRL Engineers, Inc.

Hayward Baker Inc. 

Hong Xiang Technologies

Humboldt Mfg Co

Independence Tube

Itasca

Jeanlutz North America

Jennmar Corporation

KB International

Kemaico USA Corporation

Kennametal, Inc.

Kiewit Foundations Group

LB Foster Company

LOADTEST USA  

Lodge Lumber Company, Inc.

Magnum Piering

Malcolm Drilling Company Inc.

Matrix Construction Products

Mayland Metallic Materials Ltd.

Mitsubishi Materials U.S.A. Corporation

Moretrench American Corp

PB&A, Inc.

Pieresearch

Pile Dynamics, Inc.

Pile Protection Tops

Plaxis Americas Corp

R.W. Conklin Steel Supply Inc

Radarview/Universal Construction Testing

Robit Inc

Roll Form Group

RST Instruments Ltd

Schnabel Foundation Company

Scott Powerline & Utility Equipment

Service Steel Warehouse

Skyline Steel

SoilVision Systems Ltd.

Specrete-IP Incorporated

Star Iron Works, Inc.

Steel Pipe Fabricators, Inc.

Sterling Lumber Company

Stressteel Inc.

Stucci USA

Terracon Consultants

Texas Shafts Inc.

TracMec srl

Trautwein GeoTAC

Trinity Products, Inc.

Unisoft Geotechnical Solutions Ltd.

Williams Form Engineering Corp.

Ziking Steel Pipe Inc.

Indoor Exhibitors
(This list was compiled at time of publication 9/26/14)

“IFCEE is a true cooperative 
effort between many geo-related 
organizations. The equipment 
exposition provides such a visual 
compliment to the technical 
program that this conference should 
not be missed by anyone in the 
geoprofession. We all come away 
with greater technical understanding 
and greater friendships across our 
profession.”

Allen W Cadden, PE, D.GE, M.ASCE 
G-I President
Principal
Schnabel Engineering, Inc.
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American Equipment & Fabricating

American Piledriving Equipment

Atlas Copco - Mining, Rock Excavation & 
Construction LLC

BAUER Maschinen GmbH  

BAUER-Pileco, Inc.  

Bay Shore Systems, Inc. 

Beretta Alfredo S.r.l.  

Blaze Equipment

Casagrande USA

Center Rock Inc.

Champion Equipment Co.  

Champion Equipment Sales 

ChemGrout Inc

Con-Tech Systems, Ltd.

CZM Foundation Equipment

Davey Drill

DRILLTOOLS

DYWIDAG-Systems International,   
USA, Inc.

Equipment Corporation of America

FES (China) Limited

Foremost Industries

Giken America Corporation

Gilbert

Hammer & Steel, Inc.

Hans LEFFER GmbH

Hennessy International, Inc.

Hercules Machinery Corp.

International Construction Equipment

International Drilling Equipment

Jeffrey Machine Inc.

Jinnings Equipment LLC

Juttan Oy 

Kelly Tractor Company

KLEMM Bohrtechnik GmbH  

Liebherr Nenzing Crane Co.

Link-Belt Construction

MAIT USA Corporation 

Michels Corporation

Mincon

NUMA

OBERMANN GmbH

OCI Div - Global Drilling Supplies, Inc.     

PDSCo, Inc. 

Pengo

PennDrill Manufacturing

Pile Hammer Equipment

Pinnacle Drilling Products

PJ's Rebar

Pro-Dig LLC

PVE - Holland

PVE Piling & Drilling Rigs

ROC Equipment

RTG Rammtechnik GmbH

Soilmec North America, Inc.

TEI Rock Drills

Terex  

TWG Canada

Watson Drill Rigs

WORD International, Inc.

Outdoor Exhibitors
(This list was compiled at time of publication 9/26/14)

EXHIBIT HOURS

Tuesday, March 17
6:30pm-8:00pm - Welcome Reception - Indoor Exhibits

Wednesday, March 18 
10:00am-6:00pm - Exhibits Open

6:00pm-8:00pm - Reception - Outdoor Exhibits

Thursday, March 19
10:00am-6:00pm - Exhibits Open

Friday, March 20
10:00am-6:00pm - Exhibits Open

Saturday, March 21
9:00am-12:00pm - Exhibits Open

"I’ve spent over 25 years in this industry 
as a consultant, contractor, equipment 
manufacturer, and most recently, as an 
educator. In these various capacities, I have 
attended conferences and trade shows all 
over the world. Without a doubt, IFCEE 2015 
will be the most useful, most comprehensive, 
and largest conference and equipment expo 
the foundation industry has ever seen. I hope 
you will take advantage of the educational 
opportunities and I know you will enjoy the 
vast array of indoor and outdoor exhibits. The 
collaboration of four of the industry’s most 
influential organizations will guarantee the 
overwhelming success of this event. Enjoy."

Mike Justason, PDCA President 
Bermingham Foundation Solution
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INDUSTRY CALENDAR

7th International Congress on 
Environmental Geotechnics
November 10-14, 2014
Melbourne, Victoria, Australia
7iceg2014.com

XXVII National Meeting of 
Geotechnical Engineering
November 19-21, 2014
Puerto Vallarta, Jalisco, Mexico
smig.org.mx/rnig-en

IFAI Geosynthetics Conference
February 15-18, 2015
Portland, OR
Geosyntheticsconference.com

IFCEE 2015
March 17-21, 2015
JW Marriott
San Antonio, TX
ifcee2015.com

Geo-Virginia
April 27-29, 2015
Williamsburg Lodge
Williamsburg, VA
virginiageoinstitute.org

13th International ISRM 
Congress 2015
May 10-13, 2015
Palais de Congrès
Montréal, Québec, Canada
isrm2015.com

9th International Symposium 
on Field Measurements in 
Geomechanics
September 8-15, 2015
Sydney, New South Wales, 
Australia
fmgm2015.com

14th Multidisciplinary 
Conference on Sinkholes 
and the Engineering and 
Environmental Impacts of 
Karst
October 5-9, 2015
Rochester, Minnesota
sinkholeconference.com

28th Central Pennsylvania 
Geotechnical Conference
November 4-6, 2015
Hershey, PA

Geotechnical & Structural 
Engineering Congress 2016
February 14-17, 2016
Phoenix, AZ

Geo-Chicago 2016
August 14-18, 2016
Chicago, IL

COMING IN JANUARY/FEBRUARY 2015

CONNECT WITH US

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

Foundation

A Foundation Engineering 
Trip Down the Mississippi
By Dan Brown, Paul Axtell, 

and Steve Dapp

Bill Shannon and Stan Wilson 
– Geotechnical Pioneers 
with a 60+ Year Legacy
By Hollie Ellis

Spread Footings Revisited
By Derrick Dasenbrock

Screw-Piles and Helical 
Anchors
By Alan Lutenegger and Sam Clemence

Evaluating Bridges with 
Unknown Foundations 
to Vulnerability to Scour
By Mohammed Mulla

Foundation Engineering… 
102
By Kord Wissmann

Lessons Learned from 
Geo-Legends: Professor 
Carlos Santamarina
By Thomas Lin

GEOSTRATA is seeking eye-catching cover photographs to illustrate the following upcoming issue themes: 

Geosynthetics, Ports, Harbors & Sh orelines, Geotechnics of Geo-disasters, Big Ideas for Small Projects, and 

What’s the Future Hold? At a minimum, photos must be portrait orientation and 5 MB or larger in size. Send your 

photos and accompanying photo captions to geostrata@asce.org.

For more seminar information: 
www.asce.org/Continuing-Education/Seminars/Face-to-Face-Seminars/
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Sheet 
Pile 

Wall

MARY C. NODINE, PE, is a 

geotechnical poet and a project 

manager with GEI Consultants, Inc. in 

Woburn, MA. She can be reached at 

mnodine@geiconsultants.com.

Rusty row of sheets,
Perhaps you stood up straight and tall —
Once a fi ne display of steel
That formed a cantilever wall.

But now you’re barely holding back
The earth that you retain.
An awkward tilt — you’re far from plumb.
Your interlocks look strained.

I cannot help but wonder
What was fl awed in your design.
Did you shift early in your life
Or creep slowly, over time?

Was your cantilever calculation
Overly ambitious
By an engineer who wished
That active pressures were fi ctitious?

Or did the pile driver want
To keep material costs low, 
So he made a slight reduction
To embedment of your toe?

Although I quite admire
Your o� -kilter corrugations,
The way that your alignment
Curves and waves between its stations,

You’ll be my inspiration,
As I start my own design,
To write proper specifi cations
And always take the time

To analyze completely
Both the drained and undrained case.
For I’d prefer that sheets in my new wall
Stay fi rmly in their place.

GeoPoem
 By Mary C. Nodine, PE



The Solution to 
Shallow Slope Failure
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Keep Soil in Its Place

With the Fortrac® 3D-A System, shallow-plane 
slope failures are a thing of the past. Providing a 
cost-effective remedy, Fortrac® 3D turf-reinforce-
ment mat offers high strength at low elongation, 
keeping soil in its place.

• The open structure promotes rapid vegetation. 

• Percussion-driven earth anchors stabilize 
   the slope, preventing future failures.

Call today to find out more about our Fortrac® 
3D-A Anchored Reinforced Geogrid System. 
Save time. Save money. Get the job done right.
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