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Come See Seattle in the Summertime

Rock Scour at Hydraulic Structures: A Practical 
Engineering Approach

By E.F.R. Bollaert, C.E., Ph.D., M. ASCE

Rock scour occurs when the erosive capacity of 
water fl owing over it exceeds the ability of the rock to 
resist. Typical environments where rock scour may be a 
concern include overtopping dams and spillways, plunge 
pools and stilling basins, bridge piers and abutments, 
coastal protection structures, and unlined rock tunnels, 
among others. Assessment of rock scour requires a 
sound comprehension of the erosion characteristics of 
turbulent fl ows leading to scour. Similarly, it is necessary to 
understand the failure mechanisms of rock. Fluvial erosion 
of rock as it appears in the vicinity of engineering structures 
mainly occurs due to a number of physical-mechanical 
processes:

• rock block removal (pressures in joints or shear 
fl ow), 

• rock mass fracturing (suddenly or progressively),

• rock block peeling off, and 

• rock block abrasion (long term). 

Each of these processes has its own time-scale of 
occurrence, ranging from instantaneous to long-term. While 
certain short-term actions have been rather well described 

in the literature, sound assessment of medium- and long-
term fl uvial actions on fractured rock is still in its initial 
phases of development. Their relevance to scour depends 
on the characteristics of the turbulent fl ow and on the 
shape and the protrusion of the rock blocks. For small-sized 
rocky material, shear fl ow is generally predominant, just 
like for a granular riverbed. For large-sized irregular rock 
blocks, however, the shape, dimensions, and protrusion of 
the blocks signifi cantly impact the failure process owing 
to dynamic water pressures that build up at the water-rock 
interface. The assessment of the fl uctuating part of these 
pressures inside joints between blocks is a key factor for 
appropriate modeling of rock scour.

Rock Block Removal

Rock may fail by removal of distinct blocks. This may 
happen by uplift (quasi-vertical ejection), by horizontal 
displacement, or by a combination of both movements. 
Flow turbulence is thereby of utmost importance, because 
shear-stress-based concepts often cannot explain how large 
blocks can be removed or how turbulent fl ow can break up 
blocks into smaller pieces. Which of the movements will 
be most plausible depends on the size, dimension, and 
protrusion of the blocks compared to the surrounding rock 
mass. These parameters directly defi ne the relevance of the 
pressure forces that may lift the block:

• static uplift forces = f (buoyancy)

• quasi-steady uplift forces = f (block protrusion, 
local fl ow velocity)

• turbulent uplift forces = f (turbulent pressure 

Thoughts from the President
Ed Kavazanjian, Ph.D., P.E., D.GE

8  Geo-Strata  l   geoinst i tute.org

    100 m3/s      400 m3/s             1,000 m3/s             1,280 m3/s

  January 1934    March 1934              March 1935             March 1936

FIGURE 1

Rock scour in granite at Ricobayo Dam, Spain.
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The Importance of Filters in Bridge Scour
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ON THE COVER: This stretch of road at Queensland Beach, Nova Scotia, is 
gradually being reclaimed by the Atlantic. Beach rocks can be seen littering the 
road surface.
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Geo-Poem: 
Lament of an 
Ancient 
Embankment 
Dam
By Mary C. Nodine, P.E.

For over a century I’ve stood,
High in the mountains, 
surrounded by woods,
Overlooking this city whose 
water supply
I protect, keeping all 
downstream neighborhoods 
dry.

But you’re not impressed that 
I’ve lasted so long;
Survived eighty-two 
drawdowns and still stand so 
strong. 
All you can see is the puddles of 
seepage
Downstream of my toe, indicating some leakage
Through soil compacted with wheels pulled by horses!
A hundred long years of constant seepage forces
Caused piping – it’s minor – what do you expect?
I was built with no core and no grain size spec.

Safe in your offi ce, with a bit of refl ection, 
You’ll boil me down to a fl at 2-D section
With colors horrendous – red, yellow and purple - 
Then presume I would fail in a perfect circle!

That shadow of a dam on your computer screen
May look pretty, but it’s much too clean. 
Your complex analysis outputs so much data
But can’t capture the intricacies of my strata.
You’ll lose subtle lenses of varied grain sizes,
The gentle undulations as my downstream slope rises.
You ignore my concrete face ‘cause it has a few cracks;
But I’m steadfast, still holding this reservoir back.

So, make me compliant – design what you will.
Bring in your fanciest well-graded fi ll.
But as you plan for my future, all that I ask
Is a little respect for the success of my past. 

Mary C. Nodine, P.E., is a geotechnical poet and a project engineer with GEI 
Consultants, Inc. in Denver, CO. She can be reached at mnodine@geiconsultants.com.

Part of the Northern sluices in the old Marib 
dam. (photo courtesy of www.traveladventures.
org).
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Sustainability (and its deriva-
tives) is the word du jour in 
many circles these days, includ-
ing our parent society – not that 
there is anything wrong with 
that. My home department at 
Arizona State University recently 

became the School of Sustainable Engineering for the Built 
Environment.  Sustainable development and sustainable 
(or sustainability) engineering have become embedded in 
our lexicon, even though there may be no consensus on 
what these terms mean, or on exactly what true sustainabil-
ity is.

By some defi nitions, true sustainability and sustainable 
development may simply not be achievable – at least, not 
in the foreseeable future. Not being one to tilt at windmills, 
I prefer the potentially achievable defi nition of sustainable 
development embraced by ASCE in Policy 418 which states 
that “sustainable development is the challenge of meeting 
human needs for natural resources, industrial products, en-
ergy, food, transportation, shelter and effective waste man-
agement while conserving and protecting environmental 
quality and the natural resource base essential for future 
development.”

A recent task force proposed that ASCE adopt a new defi -
nition of sustainability, suggesting among other things, that 
sustainability requires us to maintain and improve the 
quality of life “without degrading the quantity, quality, or 
the availability of natural resources and ecosystems.” As I 
am reluctant to give up the computer I am using to com-
pose this column as well as my television, my home appli-
ances, my car, and other industrial products that are built 
with metals or rare earths, I, for one, am glad the ASCE 
Board of Direction rejected this new defi nition and stayed 
with Policy 418!

It may be diffi cult to reach consensus about the defi ni-
tion of sustainability, and true sustainability may prove to 
be elusive even if we do succeed in reaching consensus 
about its defi nition. However, it is an easier (and do-able) 
task to defi ne measures and actions that make a system, 
product, or process more sustainable, i.e. that enhance sus-
tainability. This is, to my thinking, where Sustainable (or 
Sustainability) Engineering comes in. Reducing and ulti-
mately minimizing and mitigating the adverse impacts of 
our engineered systems – thereby enhancing sustainability 
on a lifecycle basis – is a worthwhile and achievable objec-
tive. These impacts include ecological impacts, sociological 
impacts, natural resource impacts, and economic impacts.

At present, the sustainability discourse has, to a large 
extent, focused on broad aspects of ecological impacts (e.g., 
your carbon footprint) and resource consumption (e.g., no 
degradation to the quantity of natural resources). The con-
tribution to sustainability of traditional engineering objec-
tives such as design optimization and extended service life 
have, to some extent, taken a back seat to big picture issues 
such as alternative energy systems. Reducing the amount of 
steel or concrete that goes into a foundation system, reduc-
ing the thickness of a pavement section, or extending the 
service life of the pavement section without sacrifi cing safe-
ty or reliability can make just as great a contribution to sus-
tainability, or perhaps even a greater contribution in the 
short term, then a search for alternative bio-based building 
materials.

Enough asphalt pavement is placed in the United States 
every day to pave a 4.5-in.-thick highway lane from Los An-
geles to New York. Reducing the asphalt thickness from 4.5 
inch to 4 inch or extending the service life of the pavement 
by 10 years without sacrifi cing performance would make a 
tremendous immediate contribution to sustainability. And, 
in light of recent events in New Orleans (Hurricane Katrina) 
and Haiti (the recent earthquake), the contributions we can 
make to sustainability by enhancing the resilience of our 
civil infrastructure is distressingly obvious.

Sustainable considerations of design optimization, ex-
tended service life, and enhanced resilience are nothing new 
to professional engineers. This begs the question of whether 
there is really any difference between Sustainable Engineer-
ing and plain old, vanilla, high-quality civil (or geotechni-
cal) engineering. My answer to this question is that what 
has changed is the paradigm for what constitutes good civil 
engineering. In the late 19th century and the fi rst half of the 
20th century, good civil engineering was focused on the 
construction of heroic structures, from the Transcontinental 
railway to the Golden Gate Bridge. In the 1950’s and 60’s, 
minimizing lifecycle capital costs was an overriding con-
cern. In the 1970’s and 80’s, environmental impacts became 
important design considerations. Today, our focus in design 
has evolved to consideration of the broad spectrum of life-
cycle costs, benefi ts, and environmental impacts that consti-
tute Sustainable Development and Sustainability. And so, 
(with apologies to Stephen Colbert), that’s today’s word: 
Sustainability!

Ed Kavazanjian, Ph.D., P.E., D.GE, F.ASCE
President, Geo-Institute of ASCE

Thoughts from the President:
The Word Du Jour
Ed Kavazanjian, Ph.D., P.E., D.GE
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From the Editorial Board

Working with article authors is one of the special 
benefi ts I’ve enjoyed as an editor of Geo-Strata. Now, after 
10 years, that’s more than 250 authors who’ve written an 
article or commentary. Along the way I’ve learned a lot 
from my front-row seat on a wide range of geo-topics such 
as ancient geo, bio-geo, geo-forensics, geo-history, geo-
innovation, and micro-geotechnics,  and geotechnics of 
famous structures. And like most issues, the theme for this 
issue, “Geotechnics of Scour and Erosion,” is no exception. 
We hope you agree.

What’s Inside?

In his 2007 Peck Award Lecture, former G-I president 
Jean-Louis Briaud listed bridge scour, cliff erosion, levee 
erosion, meander migration, piping in dams, construction 
site erosion, beach erosion, and erosion of spillway 
landings as examples of a large fi eld of civil engineering. 
But despite the number and variety of scour and erosion 
topics he lists, we lament the noticeable lack of geo’s who 
research and study these topics in his commentary “What’s 
Wrong With This Scour Picture?”

In his lecture, 
Professor Briaud notes 
that erosion is a three-
fold problem: the soil or 
rock, the water, and the 
geometry of the obstacle 
water encounters. The soil 
or rock is characterized 
mostly by its erodability, 
the water by its velocity, 
and the obstacle by its 
geometry. These aspects 
of erosion and scour are 
discussed in four articles.

The success of rock riprap, articulating concrete block 
systems, gabion mattresses, and grout-fi lled mattresses as 
bridge scour countermeasures is due largely to the fi lter 
criteria used for design. In “The Importance of Filters in 
Bridge Scour Countermeasure Design,” Larry Arneson, Peter 
Lagasse, and Paul Clopper introduce an improved design 
method widely used in Europe, and now recommended 
by FHWA, which considers the effects of fl uctuating water 
levels prevalent in stream channels.

Historically, conventional engineering practice viewed 
rock formations as non-erodible. To the contrary, we have 
two articles on rock scour. In “Rock Scour at Hydraulic 
Structures: A Practical Engineering Approach,” Erik 
Bollaert presents a rock scour model which evaluates the 
ultimate depth and time evolution of scour in jointed 
rock developed from series of prototype-scaled turbulent 
pressure measurements in artifi cially created rock joints and 
numerical modelling of the measured pressures. In “Rock 
Scour – Fact or Fable?,” George Annandale describes the 
Erodibility Index Method, which is based on an erosion 
threshold relating the erosive capacity of fl owing water 
(stream power) and the relative ability of rock to resist 
scour, and which has been successfully applied to a variety 
of rock scour problems.

Over the last 20 years, geosynthetic rolled erosion 
control products (RECPs) have been increasingly used by 
engineers to minimize soil erosion from bare soil slopes 
and channels. Jennifer Smith and Shobha Bhatia provide 
an overview of the types, design, selection, properties, 
and performance of RECPs in their article “Minimizing 
Soil Erosion with Geosynthetic Rolled Erosion Control 
Products.”

Geo-Strata  l   geoinst i tute.org

Continued on page 14





14  Geo-Strata  l   geoinst i tute.org

by the Foundation Testing Experts

Pile Capacity  
and More! 
n Pile Driving Analyzer® 

sent to job
n Construction crew  

sets up, connects
 to Internet
n GRL monitors test
 from office

Eliminates Travel

www.pile.com/grl                    info@pile.com

Affordable and easy, it’s the solution for our times

PDA Testing

Main Office ... 216.831.6131
Louisiana .......... 985.640.7961
North Carolina .. 704.593.0992
Ohio .................. 216.292.3076
Pennsylvania .... 610.459.0278

California .......... 323.441.0965
Colorado .......... 303.666.6127
Florida .............. 407.826.9539
Illinois ............... 847.221.2750

Eliminates Travel

Pile Driving Analyzer®

GRL monitors test

1.800.331.0175  | shaftdrillers.com/dfi3

For readers not so interested in the 
issue theme, we have two non-scour 
articles. With the ever-improving 
numerical tools available to us, 
an essential component to their 
success is the selection of a suitable 
constitutive model. In “Constitutive 
Models: Tools for Advanced Analysis 
of Geotechnical Problems,” Poul Lade 
recommends users trust but verify 
to ensure their model is appropriate 
for the problem being analyzed. In 
practice, meeting the project schedule 
and not exceeding the budget are 
important, but quality is essential. 
Probably the most effective measure 
of service quality is embraced within 
the ISO certifi cation program. Art 
Hoffmann, a former G-I president, 
describes ISO implementation in his 
fi rm in “ISO 9001 Certifi cation – A 
Case Study.”

This message was prepared by Jim 
Withiam, Editor-in-Chief

Do you have an 
idea for a book?

ASCE Press is looking for practical, 
application-oriented books for work-
ing engineers. If you have an idea for a 
book, we invite you to submit a proposal 
describing what your book is about and 
why it is important. The proposal should 
include a short summary of the book’s 
scope and content; a projected table of 
contents; a description of the intended 
audience; an analysis of related published 
works; and a brief resume for each author. 

ASCE Press pays competitive royalties 
and applies rigorous standards to the 
expertise, scholarship, readability, and 
attractiveness of its books. For complete 
guidelines, contact the ASCE Press 
acquisitions editor, Betsy Kulamer, by 
phone at (703) 295-6275 or by e-mail at 
ascepress@asce.org.  

AMERICAN SOCIETY OF CIVIL ENGINEERS

Continued from page 12
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Commentary:  What’s Wrong With This Scour Picture?

By Jean-Louis Briaud, Ph.D., P.E., D.GE, F.ASCE

In engineering design, we distinguish 
between the load and the resistance and, 
in most cases, the design is done by the 
engineer who best understands the resis-
tance side of the problem. 

For example, if there is wind load on a 
structure, the design is not done by the 
wind engineer, but by the structural engi-
neer. If the structure has to be designed 
for an earthquake, the design is not done 
by the seismologist, but by the structural 
engineer. If the foundation is loaded by 
the structure, the foundation design is 
not done by the structural engineer, but 
by the geotechnical engineer. In the case 
of bridge scour, the water represents the 
loading and the resistance is provided by 
the soil, yet the hydraulic engineer is the 
one who does the design calculations, 
not the geotechnical engineer. What’s 
wrong with this picture?

Did you know that 60 percent of 
bridge failures are caused by erosion 
and scour? With that in mind, I 
offer a challenge to the readers of 
Geo-Strata: “How will you help to 
improve the field of scour and erosion 
by bringing the geotechnical engineers       
to the table?

If you look at the equations to calculate the scour depth 
around bridge supports in the “bible” of bridge scour     
(FHWA’s HEC-18), you will have to look very hard before 
you fi nd any kind of soil property. With some luck you will 
fi nd a D

50 fl oating around from time to time, but that’s it. 
What’s wrong with this picture?

Ninety percent of the presentations I listen to at confer-
ences on bridge scour are given by talented hydraulic engi-
neers from whom I have learned a lot. They stand up and 
profess to have solved this or that problem related to scour 

and that their solutions incorporate appropriate soil resis-
tance properties (most often, solely through the use of D

50). 
They give the false impression that their solution is for all 
soils and forget to mention that their solution does not ap-
ply to fi ne-grained soils and slow erosion rates, for example. 
What’s wrong with this picture?

There are 50 Departments of Transportation in the coun-
try. Only one DOT in the nation has bridge scour housed in 
the geotechnical engineering section: the Texas Department 
of Transportation. In the other 49 DOTs, the bridge scour 
problem is housed in the hydraulic section. What’s wrong 
with this picture?

There has been about 20 million dollars’ worth of re-
search conducted on bridge scour in the last 15 years. Very 
few of those projects have been conducted by geotechnical 
engineers. As a result of this serious fl aw in the research 
process and of this total imbalance, very little progress has 
been made when it comes to the resistance side of the 
threshold equations, let alone the scour rate issues. What’s 
wrong with this picture?

What’s wrong with this picture is that the geotechnical 
engineer is not in the picture. We need the geotechnical en-
gineering professors to get involved in bridge scour research 
and geotechnical engineers more directly involved in bridge 
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scour projects. I’ve battled for 15 
years to try to get geotechnical engi-
neers involved in bridge scour, but I 
must tell you that I have failed mis-
erably!

It’s easy to recommend that geo-
technical practitioners and profes-
sors get actively involved in the ero-
sion and scour problem. The recom-
mendation appears obvious, as 
there is money to be made on the 
business side and research to be 
done on the academic side, but it 
seems very difficult to achieve. Over 
the past many years, I have tried 
many ways to involve the geotechni-
cal engineers.  I have suggested that 
erosion and scour be at least men-
tioned in undergraduate and gradu-
ate geotechnical courses, organized 
workshops introducing university 
faculty and geotechnical practitio-
ners to the topic, suggested geotech-
nical research topics to younger col-
leagues, organized conference sec-
tions with hydraulic colleagues, and 
strongly recommended that scour 
manuals include sections on soil 
properties. But alas, little has 
changed and the erosion and scour 
problem is still largely a “Hydraulic 
Engineering Problem” in the prac-
tice and research world.

Did you know that 60 percent of 
bridge failures are caused by erosion 
and scour? With that in mind, I of-
fer a challenge to the readers of Geo-
Strata:  “How will you help to im-
prove the field of scour and erosion 
by bringing the geotechnical engi-
neers to the table?

Jean-Louis Briaud, Ph.D., P.E., D.GE, 
F.ASCE, is professor and the holder of 
the Buchanan Chair in the Zachary 
Department of Civil Engineering 
at Texas A&M University in College 
Station, TX, and president of the 
International Society of Soil Mechanics 
and Geotechnical Engineering. He is 
also the immediate past president of the            
Geo-Institute of ASCE. His research 

and consulting experience includes 
bridge scour, slope stability, highway 
embankments, oil tank foundations, 
deep and shallow foundations, docking 
facilities, tunnels, and pressuremeter 
testing. He can be reached at: briaud@
tamu.edu.                                                          

Geo-Strata is interested in hearing 
from you. Please send your 
comments on this commentary to            
geo-strata@asce.org.  
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Lessons Learned 
from Geo-Legends: 
John H. Schmertmann, 
Ph.D., P.E., F.ASCE

John Schmertmann has contributed much to the 
geotechnical engineering profession through his research, 
extensive laboratory and in-situ testing, and consulting 
work. His design methods are widely used to calculate 
strain infl uence factors for settlement, piping through 
embankment sands and seepage/stability effects of rainfall 
infi ltration into slopes. He was also instrumental in 
introducing and developing the standards for the Dutch 
cone penetration and Marchetti dilatometer tests in the 
U.S.. Dr. Schmertmann also has over 40 years of consulting 
experience. He also co-founded Loadtest, Inc. which 
pioneered the use of the Osterberg cell for very high 
capacity pile load tests.

Dr. Schmertmann began his career in geotechnical 
engineering as an undergraduate student at MIT. During 
this time, he worked with Professor William Lambe on his 
Bachelor’s thesis involving differential thermal analysis to 

determine clay mineralogy. He also ran the small laboratory 
where he did his tests for this research. Dr. Schmertmann 
continued his geotechnical engineering studies as a 
graduate student at Northwestern University. Working with 
Professor Jorj Osterberg, his doctorate thesis studied the 
development of cohesion and friction with axial strain in 
cohesive soils. After obtaining his Ph.D., Dr. Schmertmann 
received a post-doctoral fellowship at the Norwegian 
Geotechnical Institute and had a one-year sabbatical as a 
visiting scientist with the Canadian National Research 
Council.

Dr. Schmertmann briefl y left research when he worked 
for Mueser-Rutledge from 1951–1953, but continued it 
during his  military service with the U.S. Army Corps of 
Engineers from 1954–56. He returned to university research 
as a faculty member at the University of Florida in 1956, 
and by 1965, he was in charge of the geotechnical section 
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in civil engineering. Dr. Schmertmann had planned to take 
another sabbatical and work with Louis Menard of 
pressuremeter and dynamic compaction fame, but 
unfortunately Menard died before this could happen.        
This, along with pressure from juggling teaching, research 
and consulting, led Dr. Schmertmann to rethink his 
involvement in academia. He retired from the faculty in 
1978 to focus on consulting.

Partnering with his former Ph.D. student Dr. David 
Crapps, Dr. Schmertmann founded Schmertmann and 
Crapps, Inc. Following his retirement from that company in 
1997, Dr. Schmertmann founded John H. Schmertmann, 
Inc. Before this, he co-founded Loadtest, Inc. in 1991 with 
others, including Dr. Osterberg, whom he knew from his 
time at Northwestern University. Since then, Loadtest has 
become a successful company that is internationally 
known.

For his extensive work, Dr. Schmertmann was elected as 
a member of the National Academy of Engineering in 1984. 
He has received numerous honors from ASCE including the 
Collingwood Prize in 1956, the 25th Terzaghi Lecture in 
1989, and Geotechnical Special Publication 180 in his 
honor in 2008. Today, he remains active in research, 
consulting, and the Geo-Institute. His accomplishments 
and continued work showcase what makes Dr. 
Schmertmann a geo-legend. I recently spoke with Dr. 
Schmertmann to learn more about his life and the lessons 
he’s learned.

Q: How did you first become interested in 
geotechnical engineering?

When I started as a freshman at MIT in 1946, I had a 
special interest in aeronautical engineering, specifically the 
design of Zeppelins. My advisor suggested I study structural 
engineering instead because of a then-crowded aeronautical 
engineering field. Also, because the future of the Zeppelin 
was uncertain, I got shunted into civil/structural 
engineering. When I took a required sophomore 
engineering geology course, taught very well by a geology 
graduate student, I found out about soil mechanics within 
civil engineering. So in effect, I became a soil mechanics 
major in my sophomore year!

Q: Do you think it’s important for geotechnical 
engineers to attend graduate school?

Today, you must attend graduate school. A Bachelor’s 
program cannot cover the learning required. Graduate 
school also provides a great place to gain lifelong colleagues 
and friends.

Q: You’ve been a researcher, a professor, and a 
consultant; what advice can you offer to a graduate 
student deciding among these options?

Do some lab/field thesis research as a grad student. After 
that, get a few years field and office experience with an 
engineering firm or a government agency with a good 
training program. If you eventually become interested in 
teaching or owning your own engineering business, get an 
appropriate Ph.D. and/or MBA degree. Either way, get active 
in at least one professional society, such as the ASCE and 
the Geo-Institute.

Q: What important lessons have you learned 
throughout your career?

• Maintain your curiosity and willingness  
 to learn.

• Criticize your own ideas, publish the  
 results of your work, and maintain some  
 skepticism about what you read in   
 papers, including your own.

• Don’t forget to test the soils adequately  
 in some relevant manner.

• Make your boss look good, and take care  
 to share credit with and motivate others.

• Understand the key assumptions (and  
 limitations) buried in the software you  
 use.

• Develop your writing and speaking  
 skills, and try to keep things as simple as  
 possible.

• Beware of non-redundant situations.  
 Osterberg emphasized the importance of  
 redundancy in geotechnical engineering  
 in his 1985 Terzaghi Lecture. My   
 experience confirms this advice.

Q: What words of wisdom can you impart to young 
geotechnical engineers who also want to become geo-
legends?

While I consider myself a generalist in geotechnical 
engineering, the ever-extending body of knowledge now 
forces specialization. Instead, get a Ph.D. and aim to 
become the world’s best in some aspect of your field. If you 
attract mentors, honor them. My mentors have included 
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Drs. Bjerrum, Lambe, Osterberg, 
Richart Jr., and Rutledge.

Q: What do you see as the 
future of geotechnical engineering?

Everything needs a foundation, 
and Mother Nature has an infi nite 
suite of geotechnical surprises to 
guard against. Therefore, 
geotechnical will continue as a 
major specialty area within civil 
engineering. More specifi cally, I 
expect computer models will 
become more sophisticated, along 
with our understanding of the 
material properties needed to make 
them realistic. The use of probability 
concepts and risk analysis should 
increase, as should the ability to 
make better site investigations and 
to modify and improve poor 
geotechnical conditions with various 
types of reinforcement.

Q: If you had to do it all over 
again, what would you change (or 
keep the same)?

Fortunately, I have made mostly 
good decisions in my professional 
and personal life. I can’t think of any 
major changes. Of course, I’ve had 
surprises in research and unexpected 
developments in practice, but 
they’ve served as useful learning 
experiences.

Dr. John Schmertmann can be 
contacted at schmert@ufl .edu. 

Jennifer Nicks graduated from Texas 
A&M University with her Ph.D., in 
December 2009. She is currently a 
member of the G-I’s Younger Student 
Member Participation Committee. In 
addition, she serves as co-chair for the 
Student Presidential Group formed by 
G-I Past President Jean-Louis Briaud. 
Jennifer can be reached at: 
JenniferNicks@gmail.com
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The Importance of Filters in Bridge 
Scour Countermeasure Design

By Larry A. Arneson, Ph.D., P.E., D.WRE, Peter F. Lagasse, Ph.D., P.E., D.WRE, F.ASCE, 
and Paul E. Clopper, P.E.

Filter design criteria is the most overlooked aspect 
of the design process for bridge scour countermeasures. 
Correct filter design reduces the effects of piping 
by limiting the loss of fines while simultaneously 
maintaining a permeable, free-flowing interface, and 
more emphasis must be given to compatibility criteria 
between the filter (granular or geotextile) and the 
soil. Historically in the U.S., the Terzaghi criteria have 
been used for the design of granular filters for scour 
countermeasures. That approach was developed for 
subsoils consisting of well-graded sands, and may not be 
applicable to other soil types. 

The particle size distribution of the 
base soil underlying an armor layer 
must be determined to properly design 
a filter for particle retention.

The Federal Highway Administration (FHWA) 
now recommends that the more robust Cistin-Ziems 
methodology, which is widely used in Europe, be 
considered as a practical alternative for granular filter design 
for bridge scour countermeasures using rock riprap or other 
common armoring materials such as articulating concrete 
block (ACB) systems, gabion mattresses, or grout-filled 
mattresses. The Cistin-Ziems methodology is a nomograph-
based procedure that relies on the comparison of key 
parameters from the base soil to the filter layer to assure 
they are within recommended ranges.

Filter Functions

Seepage flow and turbulence at the water-filter interface 
induces the migration of soil particles. The particle size 
distribution of the base soil underlying an armor layer 
must be determined to properly design a filter for particle 
retention. For example, when a filter with relatively large 
pores overlies a uniform fine-grained soil, piping of the 
fine particles may continue unabated because there are no 
particles of large and intermediate sizes to prevent their 

migration. The presence of large- and intermediate-sized 
particles in the soil matrix prevents clogging from occurring 
at the soil-filter interface when filters with relatively small 
pores are used.

In addition to particle retention, filters must have 
sufficient hydraulic conductivity, sometimes referred to as 
“permeability,” to allow unimpeded flow of water from 
the base soil through the filter material. This is necessary 
to regulate the particle migration process at the soil-filter 
interface, and to minimize hydrostatic pressure buildup 
from seepage out of the channel bed and banks which can 
be caused by seasonal groundwater fluctuations or flood 
events. The hydraulic conductivity of the filter should 
never be less than the material below it, whether this latter 
material is base soil or another filter layer. 
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Figure 1 illustrates the typical process that occurs during 
and after a flood event. Seepage forces can result in piping 
of the base soil through the armor layer. If a filter is less 
permeable than the base soil, an increase of hydrostatic 
pressure can build beneath the armor layer and cause 
instability through tension or pop-out failures. A permeable 
filter material, properly designed, will alleviate problems 
associated with fluctuating water levels.

Granular Filter Design

Numerous texts and handbooks provide details on 
well-known traditional approaches for designing granular 
filters. In addition, filters for scour protection measures 
are loaded by unsteady, turbulent, pulsating, and reversing 
flow. Most of the design rules for geotextile and granular 
filters, including Terzaghi’s, are developed for unidirectional 
laminar flow. An alternative approach for granular filter 
design that is considered more robust is the Cistin–Ziems 
method. This design approach has been widely tested 
and was adopted as a standard in Germany. The Cistin–
Ziems method was adapted to U.S. practice and is now 
recommended by FHWA.

Cistin–Ziems is a nomograph-based approach that 
considers the gradation of both the native soil material 
to be protected and the filter material. The nomograph 
enables granular filters to be designed for a very wide 
spectrum of grain size distributions of filter and base soil. 
When using this approach, the mean diameter of the filter 
material must not exceed the mean diameter of the base 
soil multiplied by a factor (A

50). The factor A50 depends on 
the coefficient of uniformity of both the soil and the filter. 
The nomograph incorporates a factor of safety of 1.5. Figure 
2 shows a typical granular filter detail for use under a riprap 
armor layer.

Filter Recommendations for Bridge Pier 
Scour Countermeasures

A nine-year National Cooperative Highway Research 
Program (NCHRP)-sponsored laboratory study of a variety 
of pier scour countermeasures resulted in specific design 
guidance for armoring countermeasures such as standard 
riprap, partially grouted riprap, articulating concrete 
block (ACB) systems, gabion mattresses, and grout-filled 
mattresses. Within the group of pier scour armoring systems 
tested in the laboratory, riprap and partially grouted riprap 
provide protection by the bulk or mass of the armor layer, 
through the redundancy of multiple particles in a flexible, 
self-healing matrix underlain by an appropriate filter. From 
a hydraulic stability perspective, the other armoring systems 
- articulating concrete block, and gabion and grout-filled 
mattresses - provide protection through an armor layer 
essentially one particle, or one unit, thick. This relatively 
thin veneer of armor often provides economy in both 
materials and installation, but if not provided with an 
appropriate filter and adequate transition or termination 
details could be subject to rapid, potentially catastrophic, 
failure.

Most of the design rules for geotextile 
and granular filters, including 
Terzaghi’s, are developed for 
unidirectional laminar flow

A review of the conclusions and recommendations for 
each countermeasure type from the NCHRP and FHWA 
reveals a range of commonalities and contrasts for these 
systems. For example, in most cases, a filter layer is essential 
for successful performance of all pier scour protection. 
However, for the countermeasures that incorporate rock 
particles, including gabions, the filter should extend only 
two-thirds of the distance from the pier to the perimeter of 
the armor. In contrast, articulating concrete block mats and 
grout-filled mattresses should have a filter underlying the 
full extent of the armor layer. In all cases, a granular filter 
should not be used when dune-type bed forms are expected 
in sand channels, i.e., under live-bed conditions. Figures 
3a and 3b, on page 25, show test results from laboratory 
studies that were specifically designed to examine filter 
performance in a pier scour application.

During testing, geotextile filters generally performed 
well for all countermeasure types when all components 
of the countermeasure system were properly designed and 
installed. For example, the gabion mattress countermeasure, 
as tested, performed much better when the individual 
mattresses were physically connected to one another, 
compared to their performance as individual armor 

Geo-Strata  l   geoinst i tute.org

Figure 2. Typical filter detail beneath streambank armor.

  23



The product or service you need is out there—somewhere.  
ASCE will help you find it with our new Online Buyers’ Guide.

 The ASCE Buyers’ Guide is an online directory designed  
just for civil engineers. More targeted than a simple Web search,  
the Buyers’ Guide allows you to quickly access what you need.  

Using the Internet’s most advanced classification system,  
the ASCE Buyers’ Guide lets you search by product and service categories,  

state/region, or company name. The results will be pulled from  
a database of quality vendors to whom you can directly  

contact or send Requests for Quotes.

Start searching today on  
WWW.ASCEBUYERSGUIDE.COM. 

Your search engine for all things civil engineering.

ADVERTISERS
For information on putting your company 

information in front of ASCE members, contact 
Dianne Vance, CAE at 703.295.6234, or 

dvance@asce.org.

Seek and you shall find.



elements. However, laboratory testing 
could not provide guidance for the 
strength, composition, or longevity 
of the “tie.” For the ACB system, 
granular fi lters are not recommended 
under most conditions.

Looking Ahead

Scour and stream instability 
problems have always threatened 
the safety of our nation’s 
highway bridges. While a variety 
of countermeasures have been 
incorporated into highway-stream 
crossing systems to control or 
minimize bridge scour, rock riprap or 
other common armoring materials 
remain preferred measures by 
designers and transportation agencies. 
The success of these controls relies 
on the fi ltering characteristics of the 
countermeasure with the underlying 
soil, but traditional fi lter criteria have 
proven inadequate to characterize 
the effects of fl uctuating water levels 
prevalent stream channels.

The Cistin-Ziems methodology, 
adapted from European practice and 
now recommended by FHWA, has 
proven to be a more robust design 
method for the fi ltering design of 
bridge scour countermeasures. But 
the success of a well-performing 
countermeasure is only partly 
due to fi ltering, so interested 
readers should refer to NCHRP 
593 Countermeasures to Protect 
Bridge Piers from Scour (http://
onlinepubs.trb.org/onlinepubs/
nchrp/nchrp_rpt_593.pdf) and 
FHWA Hydraulic Engineering 
Circular No. 23, Bridge Scour and 

Stream Instability Countermeasures: 
Experience, Selection, and Design 
Guidance – Third Edition (http://www.
fhwa.dot.gov/engineering/hydraulics/
pubs/09111/091216.cfm) for greater 
details regarding the design of scour 
and erosion countermeasures. As 
these new tools fi nd their way into 
practice, the prevalence of scour as 
the main cause of bridge failure in 
the U.S. is anticipated to signifi cantly 
diminish.

Larry A. Arneson, Ph.D., P.E., 
D.WRE, is a principal hydraulics 
engineer at the Federal Highway 
Administration Resource Center in 
Lakewood, CO. Larry specializes in 
hydraulics, hydraulic modeling, scour 
technology, teaching, and research. He 
can be reached at larry.arneson@dot.
gov.

Peter F. Lagasse, Ph.D., P.E., 
D.WRE, F.ASCE, is a senior vice 
president at Ayres Associates in Fort 
Collins, CO. Peter specializes in 
hydraulics, scour technology, teaching, 
research, and consulting. He can be 
reached at lagassep@ayresassociates.
com.

Paul E. Clopper, P.E., is a senior 
water resources engineer at Ayres 
Associates in Fort Collins, CO. Paul 
specializes in hydraulics, erosion control, 
and scour countermeasures. He can be 
reached at clopperp@ayresassociates.
com.

Figure 3a. Testing of filters in a pier 
scour application:  riprap with ⅔ extent 
geotextile filter (before experiment).

Figure 3b. Testing of filters in a pier 
scour application:  riprap with full extent 
granular filter (after experiment). Note 
displacement of riprap.
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Rock Scour at Hydraulic Structures: 
A Practical Engineering Approach

By E.F.R. Bollaert, C.E., Ph.D., M. ASCE

Rock scour occurs when the erosive capacity of 
water flowing over it exceeds the ability of the rock to 
resist. Typical environments where rock scour may be a 
concern include overtopping dams and spillways, plunge 
pools and stilling basins, bridge piers and abutments, 
coastal protection structures, and unlined rock tunnels, 
among others. Assessment of rock scour requires a 
sound comprehension of the erosion characteristics of 
turbulent flows leading to scour. Similarly, it is necessary to 
understand the failure mechanisms of rock. Fluvial erosion 
of rock as it appears in the vicinity of engineering structures 
mainly occurs due to a number of physical-mechanical 
processes:

• rock block removal (pressures in joints or  
 shear flow), 

• rock mass fracturing (suddenly or   
 progressively),

• rock block peeling off, and 

• rock block abrasion (long term). 

Each of these processes has its own time-scale of 
occurrence, ranging from instantaneous to long-term. While 
certain short-term actions have been rather well described 
in the literature, sound assessment of medium- and long-
term fluvial actions on fractured rock is still in its initial 
phases of development. Their relevance to scour depends 
on the characteristics of the turbulent flow and on the 
shape and the protrusion of the rock blocks. For small-sized 
rocky material, shear flow is generally predominant, just 
like for a granular riverbed. For large-sized irregular rock 
blocks, however, the shape, dimensions, and protrusion of 
the blocks significantly impact the failure process owing 
to dynamic water pressures that build up at the water-rock 
interface. The assessment of the fluctuating part of these 
pressures inside joints between blocks is a key factor for 
appropriate modeling of rock scour.

Rock Block Removal

Rock may fail by removal of distinct blocks. This may 
happen by uplift (quasi-vertical ejection), by horizontal 
displacement, or by a combination of both movements. 
Flow turbulence is thereby of utmost importance, because 
shear-stress-based concepts often cannot explain how large 
blocks can be removed or how turbulent flow can break up 
blocks into smaller pieces. Which of the movements will 
be most plausible depends on the size, dimension, and 
protrusion of the blocks compared to the surrounding rock 
mass. These parameters directly define the relevance of the 
pressure forces that may lift the block:

• static uplift forces = f (buoyancy)

• quasi-steady uplift forces = f (block   
 protrusion, local flow velocity)
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Figure 1. Pressure fluctuations over and under a rock block at a 
bridge pier foundation (NCHRP Project 24-29, National Acad-
emy of Sciences).
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• turbulent uplift forces = f (turbulent   
 pressure fluctuations)

Uplift of a rock block may be estimated in a 
simple manner by defining at each instant the 
uplift pressure forces on the block, together with 
the resistant forces defined by the mass of the 
block and by eventual shear and interlocking forces 
between the block and the surrounding mass. 
During time periods when the net force balance on 
the block remains positive (lift), the block will start 
to move. This uplift impulsion is transformed into 
an uplift velocity on the block. Finally, the uplift 
velocity is transformed into an uplift height. The 
net uplift force can be assumed to be independent 
of the movement of the block, movement that 
progressively increases the volume of the joint 
between the block and the surrounding mass.

Sound assessment of medium- and 
long-term fluvial actions on fractured 
rock is still in its initial phases of 
development.

In reality, block movement and uplift forces are highly 
correlated. Experimental research is ongoing at the Swiss 
Federal Institute of Technology in Lausanne, Switzerland, to 
solve this complex correlation. An artificial rock block has 
been instrumented with pressure and acceleration sensors 
to detect the direct relation between the pressures over and 
under the block and its detailed movements. The block is 
being impacted by a high-velocity air-water jet. Figure 1 
illustrates the pressure fluctuations over and under a block 
at a bridge pier founded on rock. The pressures in the rock 
joints are thereby computed by a two-phase transient wave 
propagation model, based on the pressure fluctuations at 
the joint entrances between the blocks (NCHRP Project 24-
29, Scour at Bridge Foundations on Rock; http://144.171.11.40/
cmsfeed/TRBNetProjectDisplay.asp?ProjectID=728). 

Rock Mass Fracturing

Rock may also fail by sudden or progressive hydraulic 
fracturing, which is mathematically described by the theory 
of linear elastic fracture mechanics. Brittle fracture occurs 
when the stress intensity (in the rock mass) at the edges 
of closed-end fractures is greater than the in-situ fracture 
toughness of the rock. The stresses induced by water 
pressures at fracture tips are governed by the geometry of 
the fracture and the stabilizing support of the surrounding 

rock. The in-situ fracture toughness of the rock depends on 
the mineralogical composition of the rock, the in-situ stress 
field and the unconfined compressive strength (UCS) or 
tensile strength of the rock mass. 

Because they are generally independent of fracture 
patterns, soft sedimentary rocks are more vulnerable to 
fracture propagation than granitic or basaltic rocks, for 
example. Figure 2 presents the laboratory-measured fracture 
toughness, K

I ins, for different rock types. These values 
are adapted to in-situ conditions by accounting for the 
confining pressure, σc, and the unconfined compressive 
strength of the rock, UCS. A proposed general expression 
which is independent of the rock type is:

KI ins = (0.008 to 0.010) x UCS + (0.054 x σc) + 0.42

Brittle fracturing breaks up the rock mass into distinct 
blocks, or the already existing blocks into smaller pieces. 
During actual flood events, brittle fracturing may occur 
during peak pressure pulses entering the rock fractures at 
the bottom of the plunge pool or rocky riverbed.

Shear-stress-based concepts often 
cannot explain how large blocks can 
be removed or how turbulent flow can 
break up blocks into smaller pieces.

Progressive fracturing of rock occurs when the stress 
intensities do not exceed the fracture toughness. Prototype-
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Figure 2. Fracture toughness Kic of different types of rock 
(Bollaert, 2002).
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FIGURE 3

PMF scour formation 
downstream of U.S. 
dam by progressive 

fracturing.

3D view of dam and 
basin geometry

3D view of PMF scour in basin

Plan view of dam and
basin geometry

scaled laboratory tests have shown the presence of severe 
air-water transient pressure waves inside rock joints. These 
transient pressure waves will, with time, propagate an 
existing fracture by fatigue, depending on the number and 
the intensity of pressure pulses inside. This failure type is 
thus time-dependent and ends when fracture formation is 
completed. An example of scour by progressive fracturing 
is shown following the Probable Maximum Flood (PMF) 
event at a high-head U.S. dam in Figure 3.

The destabilizing forces are not due 
to flow turbulence alone, but are 
principally generated by a local flow 
deviation due to a protrusion of the 
block along the bottom.

Rock Block Peeling Off

Peeling off of blocks is a specific combination of 
both quasi-steady forces and brittle or fatigue fracturing. 
The phenomenon typically occurs in case of thin near-
horizontal rock layers and may be relevant in case of 
regressive erosion of a plunge pool towards the dam 
foundations, for example due to strong flow return 
currents. The destabilizing forces are not due to flow 
turbulence alone, but are principally generated by a local 
flow deviation due to a protrusion of the block along the 
bottom. This flow deviation generates drag and lift forces 
on the exposed faces of the block, which are governed by 
the relative importance of the protrusion of the block and 
by the local quasi-steady flow velocity in its immediate 
proximity. Also, the corresponding pressures may develop 
brittle or fatigue fracturing of the joint between the block 
and the underlying rock. In case the exposed block is 
detached or almost detached, no further fracturing is 
needed to uplift the block by pressure fluctuations entering 
laterally into the joint.

Rock Mass/Block Abrasion

Finally, rock may also scour by abrasion. Scour by 
abrasion can occur if the fluid interacting with the rock is 
abrasive enough relative to the resistance offered by the 
rock to cause it to scour in a layer-by-layer fashion. The 
process is enhanced by surface weathering of the exposed 
rock and, because of its lengthy time scale, often neglected 
compared to the other failure mechanisms.

Rock Scour Prediction Model

To evaluate the ultimate depth and time evolution of 
scour in jointed rock, the Comprehensive Scour Model 
(CSM) was developed. The CSM is based on an extensive 
series of prototype-scaled turbulent pressure measurements 
in artificially created rock joints and numerical modelling 
of the measured pressures. The model is physics-based and 
considers three failure modes:

• Module 1: Dynamic Impulsion (DI): net  
 uplift and impulsion on single rock   
  blocks as a function of density,   
 dimensions, shape, and time evolution  
 of instantaneous forces on the block.

• Module 2: Comprehensive Fracture   
 Mechanics (CFM): brittle or progressive  
 fracture propagation as a function of  
 pressure fluctuations, fracture geometry,  
 and geomechanical characteristics of  
 rock.

• Module 3: Quasi-Steady Impulsion (QSI):  
 peeling off of blocks along thin layers as  
 a function of layer thickness, protrusion,  
 block dimensions and shape, and of   
 local flow velocities near the interface.
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Module 1 is not time dependent, even if some time is 
necessary in reality for these processes to occur. Module 
2 is time dependent. Module 3 is either instantaneous or 
time dependent. The scour computations are performed 
on a layer-by-layer (block-by-block) basis in each module, 
and turbulent pressure fluctuations are used as boundary 
conditions. After break-up and uplift of a layer of blocks, 
turbulent pressures are automatically adapted and updated 
for the next layer. The model is applicable in principle to 
any kind of fractured rock and flow environment, provided 
that flow turbulence can be readily defined at the interface. 
Current developments and applications exist for plunge 
pools, chutes, stilling basins, and bridge pier foundations. 

The Promise of Improved Predictions

The principle failure mechanisms of fractured rock 
impacted by turbulent flows are significantly different from 
the traditional shear-stress based erosion principles applied 
in hydraulics. Based on an extensive series of experimental 
tests at near-prototype scale and complementary numerical 
modelling of turbulent pressure fluctuations generated 
at the water-rock interface, a comprehensive scour model 

has been developed incorporating the main mechanisms 
of scour of fractured rock in a physics-based manner. The 
model computes rock scour with time of flooding and 
determines the ultimate scour depth for each of the failure 
mechanisms and for any kind of fractured rock. When 
calibrated based on past flood events and related scour 
formation, the model is particularly suited to predict future 
scour evolution as a function of future flood events, for any 
kind of turbulent flow environment. 

The principle failure mechanisms of 
fractured rock impacted by turbulent 
flows are significantly different from 
the traditional shear-stress based              
erosion principles applied in hydraulics.

The model is promising and powerful because it allows, 
starting from sound two-phase physics of pertinent failure 
mechanisms, the prediction of rock break-up with time 
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under nearly any kind of fl uvial action and any 
kind of fractured rock. At present, it has been 
developed and successfully applied to cases of 
jet impacts, hydraulic jumps, and bridge pier 
fl ows. Further applications might be imagined in 
the fi elds of weir fl ows, abutment scour, general 
infrastructure scour, wave impact at coastal 
structures, or even river incision and fl uvial 
erosion processes on a larger scale. 

Erik F.R. Bollaert, C.E., Ph.D., M. ASCE, is 
president of AquaVision Engineering, an engineering 
company based in Lausanne, Switzerland, and 
specializes in scour and erosion of rocks and soils in 
fl uvial environments. He can be reached at admin@
aquavision-eng.ch

30  Geo-Strata  l   geoinst i tute.org

Figure 4. Principle failure mechanisms of fractured rock at hydraulic structures.
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ISO 9001 Certification – 
A Case Study

By Arthur G. Hoffmann, P.E., D.GE, M.ASCE

Gannett Fleming, Inc., a 95-year-old fi rm with 2,100 
employees in more than 60 offi ces throughout the U.S., 
Canada, Mexico, and the Middle East, provides consulting 
engineering, planning, and construction management 
services to a wide variety of public and private clients. In 
January 2008, after an 18-month implementation effort, 
Gannett Fleming became ISO 9001:2008 certifi ed. It wasn’t 
easy, but any organization with a cultural commitment to 
quality can do it. Here’s why and how we did it, and what 
we gained along the way.

Most of us take products and services 
for granted, never recognizing the 
value that compliance with ISO 
standards can provide.

What is “ISO”?

The International Organization for Standardization, 
or ISO, is the world’s leading developer of international 
standards. (Note: Because “International Organization 
for Standardization” would have different acronyms in 
different languages, its founders decided to call it “ISO,” 
from the Greek word isos, meaning “equal.”) Ideally, 
products and services developed in accordance with these 
standards will have desirable characteristics, such as quality, 
cost effectiveness, and convenience. We’re all familiar with 
products and services that meet international standards. 
Bank ATM card transactions and international shipping 
containers meet ISO standard requirements. Most of us take 
products and services for granted, never recognizing the 
value that compliance with ISO standards can provide.

What is “ISO 9001”?

The ISO 9001 standard contains a series of requirements 
for quality management systems. It applies equally well to 
organizations large or small, public or private, and it also 
applies to the quality of both products and services. The 
most up-to-date version of the standard was implemented 

in 2008. Although it is proper to refer to the standard as 
ISO 9001:2008, I’ll just refer to ISO 9001.

How Does ISO 9001 Relate to Engineering 
Organizations?

A key characteristic of ISO 9001 is that it applies a 
“process” approach to quality. Anyone familiar with the 
Project Management Institute’s Project Management 
Body of Knowledge (PMBOK) will recognize the project 
execution process. The PMBOK includes project initiation, 
planning, execution, control, and closure processes. 
Gannett Fleming’s project execution process follows the 
PMBOK and our quality management system (QMS) is an 
integral part of our project execution process. Our process-
oriented QMS aligned well with ISO 9001.

The ISO 9001 standard requires, in part, that the QMS 
address and include:
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• control of quality-related documents and records,

• focus on client (“customer”) requirements,

• management’s commitment to quality,

• a quality policy and quality objectives,

• planning of the production of products and   
 services, and

• verifi cation that products and services meet client  
 requirements.

The standard also requires processes for monitoring, 
measuring, and analyzing work processes and products, 
for controlling non-compliant work products, and for 
continuous improvement of processes and products. Most 
engineering-related organizations already recognize the 
value of the standard’s requirements and implement many 
of these activities and processes. The ISO 9001 standard 
recognizes that engineering design organizations and 
widget manufacturers produce very different outcomes, but 
that their quality processes are very similar.

How Does ISO 9001 Add Value?

An organization’s QMS is more effective and valuable 
if it complies with the ISO 9001 standard. The process 
approach drives consistent application of quality processes 
across the organization. Also, the demonstration of 
management’s commitment to quality is visible to motivate 
and inspire their staff members. Constant monitoring, 
measuring, and analyzing of the effectiveness of work 
processes provides feedback for participants. They can 
see when they are succeeding and when improvement is 
needed. They feel good when they verify that they’ve met 
their client’s requirements and especially when they see 
their client’s evaluation of and appreciation for the quality 
of their work.

What Did We Hope to Achieve with       
ISO 9001?

Quality is part of our culture, and meeting our 
customer’s requirements is the measure of quality 
throughout the fi rm. We instituted a Total Quality 
Management (TQM) approach to quality in 1993.            
The fundamental tenants of our TQM program are:

• quality means meeting the client’s   
 requirements,

• each person is responsible for quality,  
 and

• we continuously look for opportunities  
 to improve the quality of our work   
 processes, products, and services.

In our 13th year of TQM (2006), we started our ISO 
9001 initiative. Because we had a complete, robust, and 
adaptable QMS already in place, and our staff was familiar 
with our process approach to quality, we were well 
positioned to adopt the ISO 9001 requirements. But we had 
work to do.

We viewed ISO 9001 implementation as an upgrade to 
our QMS and as an opportunity to improve our processes. 
We also viewed ISO 9001 as a tool to help us meet our 
corporate strategic objectives. Our primary objective was 
to establish a consistency of approach to quality across our 
U.S. and Canadian offi ces. From this, we counted on the 
ability to improve the effi ciency and effectiveness of work-
sharing throughout the organization. More importantly, we 
saw potential for improvements in:

• client satisfaction,

• employee satisfaction,

• effi ciency of project execution,

• fi nancial performance, and

• facilitation of growth.

Ultimately, we looked for improvements in the quality 
and effectiveness of our products and services for the 
benefi t of our customers, our employees, and our fi rm.

How Did We Approach the Certification 
Process?

Certifi cation of a QMS to the ISO 9001 standard involves 
a few basic steps. First, the fi rm needs to satisfy itself that 
its QMS program meets the requirements of the ISO 9001 
standard. This can be accomplished by performing an 
internal audit of the QMS program. Second, the fi rm must 
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conduct internal quality process 
audits at all locations to verify 
compliance with the requirements 
of the QMS. Finally, the firm must 
engage a certified ISO 9001 registrar 
to evaluate the QMS against the 
requirements of the ISO 9001 
standard and to audit the firm’s actual 
work processes against their QMS 

requirements. Once these steps are 
successfully completed, the registrar 
can issue the ISO 9001 certification.

Our QMS was well documented 
and understood by our staff prior 
to implementing the ISO 9001 
certification initiative. We knew 
that it already included many of 

the requirements of ISO 9001, but 
we weren’t sure about what it was 
missing. You might expect that we 
followed a process approach to 
implementation, and we did. The key 
steps included:

• Resources - We had to 
have properly qualified and 
experienced people involved in the 
implementation. As a vice president, 
shareholder, and regional office 
manager who is completely familiar 
with our firm and our project 
execution process, I was placed in 
charge of corporate quality and the 
ISO certification initiative. We found 
that one of our employees who 
came to the firm through a recent 
acquisition had experience as an ISO 
9001 auditor and was familiar with 
the requirements of the standard, so 
we were the full-time implementation 
team. Additionally, we relied on 
input from many project managers, 
administrative personnel, and 
technical subject-matter experts on an 
advisory basis.

• Research – We purchased the 
ISO 9001 standard and read it; again 
and again. We used other reference 
material to learn about implementing 
the standard.

• Evaluation – We compared 
our QMS against the standard and 
identified “gaps” in our QMS. The 
primary gaps were that our QMS (1) 
didn’t include a process for internal 
or external quality audits; (2) didn’t 
have a corporate-wide project file 
system requirement; and (3) didn’t 
have detailed, written descriptions of 
what it means to properly verify the 
quality of different work products.

• Gap Closure – For each gap, 
we developed a closure. Some 
closures were simple changes to our 
existing quality processes or wording 
in our quality documents. Others 
required creating new procedures 
and requirements. For example, we 
created firm-wide policy to structure 
our project filing system, we created 
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an internal audit process, and we 
created work instructions for verifying 
our work products.

The ISO 9001 standard 
recognizes that engineer-
ing design organizations 
and widget manufactur-
ers produce very different 
outcomes, but that their 
quality processes are very 
similar.

• Outside Opinion – We retained 
an ISO 9001 consultant. Based 
on review and discussions, the 
consultant offered objective opinions 
on the compliance of our QMS with 
the ISO 9001 standard. Fortunately, 
the required changes were minor.

• Training – With our new and 
improved QMS in place, we trained 
all employees of the groups chosen 
to be certified to remind them of 
the original QMS requirements and 
make them aware of changes and 
improvements to it. Internal groups 
which produce products or provide 
services that can directly affect our 
customers, such as highway design 
and structural engineering groups, are 
certified. Support groups that do not 
affect customer satisfaction, such as 
motor pool and janitorial groups, are 
not certified.

• Internal Audits – After training 
and implementation was complete, 
we conducted a series of internal 
process audits. Staff members 
analyzed the audit findings and took 
corrective and preventive actions to 
address any deficiencies. We audited 
every office that we would eventually 
certify.

• Certification – Our registrar, 
QMI, Inc., conducted a series of 
external, or certification, audits in the 
fall of 2007. The audits verified that 
our QMS met the requirements of the 

standard and that we were following 
the requirements of the QMS. We 
received our certificate of registration 
to ISO 9001:2000 in January, 2008.

What Were the Major 
Challenges?

By our own estimates, our 

existing QMS in 2006 was 85 
percent compliant with the ISO 9001 
standard thanks to the excellent 
leadership, competence, and hard 
work of the firm’s corporate quality 
managers. Creating Work Instructions, 
Standard Operating Procedures, and 
content like our audit procedures 
from scratch took lots of time and 
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effort. The commitment of our staff 
to attend QMS education sessions 
and to then implement what they 
learned was inspiring. Planning 
and performing internal audits at 
each regional offi ce was both time-
consuming and costly.

What Did We Learn?

1. When left to their own devices, 

some engineers (bless them) tend 
to turn the simple and easy into the 
complex and diffi cult. Don’t let them 
do this. (Note:  I am a reforming 
engineer.)

2. ISO 9001 is certifi cation of 
the organization’s QMS, not their 
technical processes.

3. Say what you do (in writing), 

do what you say (every time), and be 
able to prove it (with records).

Did We Achieve Our Goals?

We certainly did. Our 2007-2009 
client satisfaction scores showed 
admirable improvement. Our 2009 
employee opinion survey quality 
and client service related scores 
signifi cantly exceeded our goals to 
the extent that Gannett Fleming won 
a national Workplace of Distinction 
award based on our employee 
opinion survey results. We have 
enjoyed excellent and improved 
fi nancial performance and we have 
grown from 1,700 employees in 2006 
to approximately 2,100 employees 
today.

Although we didn’t include 
it in our initial objectives, ISO 
certifi cation has lead directly to 
additional commissions for the fi rm. 
Certifi cation has lead to revenue 
generation.

What’s Next?

In the near future, we will be 
adding our offi ces in Mexico and 
the Middle East to our certifi cate. 
We’ll use what we’re learning to 
continue improving and making 
our internal audit process more 
valuable. We also will strengthen our 
project lessons learned process. Our 
project management processes are 
continually improving and we will 
focus additional efforts in that area 
as well. We can quite confi dently 
state that ISO 9001 certifi cation has 
benefi tted our clients, our employees, 
and our fi rm.

Arthur G. Hoffmann, P.E., D.GE, 
M.ASCE, lead the implementation 
of ISO 9001 as corporate quality 
offi cer with Gannett Fleming, Inc. 
in Pittsburgh, PA. He has 26 years 
of experience directing geotechnical 
engineering for civil infrastructure 
projects, and was G-I president in 2008. 
Art can be reached at ahoffmann@
gfnet.com
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  cour of rock formations entails significant erosion 
of the rock by flowing water. Historically, conventional 
engineering practice viewed rock formations as non-
erodible, a view which resulted in the potential impact 
of rock scour on the safety of water infrastructure such as 
dams, bridges, and water-conveying tunnels not being taken 
into account. This practice continued for many years despite 
the fact that it was known that rock formations subject to 
flowing water may scour.

The failure modes that come into 
play when rock scours include brittle 
fracture, fatigue failure, block removal, 
and abrasion.

The occurrence of significant rock scour has been known 
since 1934 when the spillway at Ricobayo Dam in Spain 
experienced close to 100 m of scour in granite (Figure 1) 
within a year of its commissioning. In the U.S., Bartlett 
Dam in Arizona suffered spillway scour in granite to depths 
of 30 m. Possibly more remarkable, the 130-m high Kariba 
Dam in Africa experienced 80-m-deep scour in gneiss, over 
60 percent of its height (Figure 2). And not just dams are 
susceptible to rock scour. For example, the Confederation 
Bridge in Canada experiences rock scour around its 
foundations. 

Current practice now requires rock scour consideration 
to be included during design and safety assessment. In fact, 
agencies such as the Federal Energy Regulatory Commission 
(FERC), the Federal Highway Administration (FHWA), 
and state Departments of Transportation formally require 
just such an assessment. Field-validated technology is 
now available to analyze rock scour potential and prepare 
mitigation designs.

Failure Mechanisms Leading to Rock Scour

Rock scour occurs when the erosive capacity of water 
flowing over the rock exceeds the ability of the rock to 
resist its removal by the water. The failure modes that come 
into play when rock scours include brittle fracture, fatigue 
failure, block removal, and abrasion. Brittle fracture occurs 
when fluctuating pressures induced by the water flowing 
over the rock enters close-ended rock fissures and subject 
the rock mass to fluctuating forces. If the stress intensities 
introduced by the fluctuating pressure exceed the fracture 
toughness of the rock, it can fail in brittle fracture in a 
sudden, explosive manner. 

When the stress intensities caused by these fluctuating 
pressures do not exceed the fracture toughness of the 
rock, the rock may fail in fatigue. This is a time-dependent 
process similar to bending a paper clip back and forth until 
it breaks. Block removal is likely one of the most common 
rock scour mechanisms. This occurs when the fluctuating 
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The past 20 years has seen focused 
rock scour research which has led to 
the development of techniques that can 
be used to determine the potential for 
and extent of rock scour, and to test 
the suitability of mitigation designs to 
prevent rock scour.

pressure introduced by the water flowing over the rock 
exceeds the submerged weight of the rock block resulting in 
removal from the rock formation matrix. Abrasion occurs 
when water carrying sediment and larger particles like 
gravel or cobbles flows over a rock surface. It is also a time-
dependent process and requires that the hardness of the 
sediment flowing over the rock is greater than that of the 
rock. Generally, this scour mechanism is not considered a 
major contributor to rock scour.

Analyzing Rock Scour

The past 20 years has seen focused rock scour research 
in the U.S., Switzerland, and, lately, China, which has 
led to the development of techniques that can be used to 
determine the potential for and extent of rock scour, and 
to test the suitability of mitigation designs to prevent rock 
scour. The method developed in the U.S. is known as the 
Erodibility Index Method, presented in Scour Technology 
(Annandale, 2006), and is based on a semi-empirical 
approach relating the relative ability of rock to resist scour 
to the erosive capacity of flowing water. The Erodibility 
Index consists of the product of four parameters to account 
for rock resistance to brittle fracture and fatigue failure, 
and for the resistance to block removal offered by block 

size, discontinuity shear resistance, and the dip and dip-
direction of the rock formation.

No “standard” solutions to rock scour 
problems exist.

The Erodibility Index Method, which has been accepted 
nationally and internationally, is based on an erosion 
threshold (Figure 3) relating the erosive capacity of flowing 
water (stream power) and the relative ability of rock to 
resist scour (represented by the Erodibility Index). The 
graph was developed using about 150 field observations. 
That data set includes both instances of scour and lack of 
scour. The boundary at the separation between scour and 
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non-scour events represents the scour threshold 
shown by the dashed line. This graph is used as 
the basis for calculating rock scour potential and 
extent, and is also used to evaluate mitigation 
designs.

The approach followed in Switzerland focuses 
on the essential physics of rock scour, while 
current research in China follows the a similar 
physics-based approach. Experience has shown 
that the best understanding of rock scour potential 
is obtained when concurrently using the semi-
empirical Erodibility Index Method and the 
physics-based approach developed in Switzerland. 
Chinese research has not yet reached a state of 
general application. 

How to Solve These Problems 

Successful rock scour assessment and 
preparation of mitigation designs require in-depth 
understanding of the problem under consideration and 
in-depth analysis of mitigation design performance. No 
“standard” solutions to rock scour problems exist. A typical 
analysis includes collection of field data to understand 
rock properties, data analysis to quantify the ability of the 
rock to resist the erosive capacity of flowing water, and 
hydraulic analysis of flow to quantify the relative magnitude 
of the erosive capacity of the flowing water. Recognizing 
the interactive role between hydraulic forces and the rock 
material response to resist such forces is very important. 
Analysis of rock scour therefore requires evaluation of 
both hydraulics and the geo-mechanical response of rock 
formations. It is an interdisciplinary approach to design, 
combining hydraulic and geotechnical engineering, and 
engineering geology.

Depending on the complexity of the problem, 
the hydraulic analysis can consist of calculations and 
computer simulation only, or it might include physical 
hydraulic model studies. Experience has shown that even 
sophisticated computational fluid dynamics software 
cannot replicate the information obtained from physical 
hydraulic model studies. Therefore, it is very important to 
realize the importance of physical hydraulic model studies 
in preparing mitigation designs for complex problems.

A Case History

An example is the experience gained during preparation 
of the mitigation designs for Ricobayo Dam in Spain. The 
first mitigation design was to place a 2-m-thick concrete 
slab at the base of the plunge pool that developed due 
to rock scour. At that time, not enough information was 

available to analyze the anticipated performance of the slab. 
After its installation, a flood in 1965 completely obliterated 
the concrete slab.

The preferred solution was not to 
protect the rock against scour, but to 
reduce the erosive capacity of the jet.

The scour problem at Ricobayo Dam was only 
satisfactorily solved after a physical hydraulic model was 
executed to study the interaction of the plunging jet and the 
rock formation in the plunge pool. These studies showed 
that the best solution entailed installation of splitters at the 
end of the spillway to ensure that the jet was broken up. By 
breaking up the jet it was possible to substantially reduce 
the magnitude of the erosive capacity of the jet, causing 
rock scour. Therefore, from a cause-and-effect point of view, 
the preferred solution was not to protect the rock against 
scour, but to reduce the erosive capacity of the jet to such 
an extent that it would no longer scour the rock at the base 
of the plunge pool.

A recent case study performed on Ricobayo Dam 
using the Erodibility Index Method and the physics-
based approach developed in Switzerland found that the 
performance of the plunge pool and the rock scour within 
it can now be predicted. Using information obtained from 
the physical hydraulic model study and from field data, the 
case study demonstrated that current analysis techniques 
could have been used to predict that the 2-m-thick concrete 
lining would have failed. The case study analyses also 
demonstrated that the break-up of the jets by incorporating 
the splitters protects against future scour of rock.
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The Next Steps

Technology for analyzing rock scour and preparing 
mitigation designs has advanced significantly in the last 
20 years. Successful implementation of these technologies 
requires interdisciplinary cooperation between hydraulic 
and geotechnical engineers, and engineering geologists, 
with an emphasis on field work and practical analysis 
approaches. Although engineering software has its place 
in analysis, it has been found that an overemphasis 
on such commercial software may be dangerous. The 
natural environment is simply too complex to rely on the 
oversimplified numerical models.

Although significant advances have been made in rock 
scour technology, it is not complete. One of the major 
issues requiring further investigation is the scour processes 

occurring on dam abutments. An approach that will be 
investigated in the near future relates to the implementation 
of block theory for predicting scour on dam abutments. 
Other problems relate to the stability of plunge pools, and 
how instability might result in uncontrolled releases from 
underneath a dam, which is particularly relevant in the case 
of arch dams.

George Annandale, Ph.D., P.E., M.ASCE, is a principal at 
Golder Associates, Inc. He has more than 35 years of engineering 
experience and is known as the developer of the Erodibility Index 
Method. He has authored and co-authored numerous books, 
including Scour Technology (2006). He consults nationally 
and internationally in the fields of scour, sedimentation, and 
river engineering and can be reached at george_annandale@
golder.com
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Constitutive Models: 
Tools for Advanced Analysis of 

Geotechnical Problems
by Poul V. Lade, Ph.D., M.ASCE

  he behavior of complex soil structures and soil-
structure interaction problems are now frequently analyzed 
and predicted using numerical methods such as finite 
element and finite difference methods. At the heart of such 
analyses is a constitutive model which consists of a set 
of mathematical expressions that represent the relations 
between stresses and strains in a soil element (Figure 1). 

Because soils are often the weakest materials involved 
in common geotechnical problems, they control the 
deformations and the possibility of failure of the structure. 
Other construction materials, such as concrete and steel, 
are stiff in comparison with the soils such that it may be 
sufficient to characterize these materials as elastic or as 
elastic-perfectly plastic. Thus, the purpose of a constitutive 
model is to simulate the soil behavior with sufficient 
accuracy under all loading conditions in the numerical 
computations. But how well do users understand their 
value and limitations?

Significant developments and improvements of 
constitutive models have occurred over the past four 
decades since numerical methods were introduced. The 
initial models were relatively simple. The models have since 
progressed in complexity and their improved capabilities 
now better capture the behavior of soil structures under 
complex loading conditions. Both simple and advanced 
models have been formulated using basic principles of 
mechanics. Some are more rigorous than others, some 
are based on experimental evidence, and others are 
based on theoretical principles. Indeed, characterization 
of soil behavior can become quite involved because the 
stress-strain relations are typically nonlinear, soils are 
fundamentally frictional materials and their behavior 
therefore varies with confining pressure, and significant 
volume changes occur during drained shearing.

The principles, characteristic features, and components 
in most existing, widely available constitutive models 
are represented by elasticity and hardening plasticity 
theories. Hooke’s law used to characterize elastic behavior 
is schematically illustrated in the upper left bubble in 
Figure 1. Hardening plasticity theory is used to model 
irrecoverable strains and consists of four components: 
a failure criterion, a plastic potential function, a yield 
function and a hardening function (see remaining four 
bubbles in Figure 1). The various models differ mainly in 
the selection of the mathematical functions to characterize 
these components. In selecting a particular model, 
important aspects to consider are the requirement for 
experimental data for calibration and the ease with which 
material parameters are determined.

Issues in Model Development

Soils are complex materials consisting of a solid skeleton 
of grains in contact with each other and voids filled with 
gas (air) and/or water or other fluids. The soil skeleton 
transmits normal and shear forces at the grain contacts. 
The skeleton of grains behaves in a very complex manner 
that depends on a large number of factors of which the 
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Figure 1.  Soil structure divided into a finite number of elements, 
each of which is represented by a constitutive model based on 
elasticity and plasticity theories.

T



most important are void ratio and confining pressure. 
Fortunately, the overall behavior of the soil skeleton 
may be captured using the principles of continuum 
or solid mechanics. Interspersed in the voids is water 
(incompressible fluid) and gas (compressible fluid), each 
of which obeys its own physical laws. The mixture of grains, 
water, and air produces a material that, in comparison with 
other engineering materials, is one of the most difficult to 
characterize.

In selecting a particular model, impor-
tant aspects to consider are the require-
ment for experimental data for calibra-
tion and the ease with which material 
parameters are determined.

Because soils deform in response to changes in effective 
stresses, theoretically sound constitutive models are best 
expressed in terms of effective stresses. Nevertheless, 
models have also been expressed in terms of total stresses, 
but they suffer from the same shortcomings as any total 
stress analysis of a soil structure: they are only valid for the 

particular conditions for which they have been calibrated. 
Variations in pore water pressure or drainage conditions, 
different from those developed in the experiment from 
which parameter values are determined, cannot be 
modeled, so their usefulness is limited.

Many questions must be considered and appropriately 
answered in developing and selecting appropriate 
constitutive models: What are the capabilities of the 
models? What are the shortcomings of elasticity theory? 
Why use hardening plasticity theory? Should associated 
or non-associated plastic flow be employed? How are 
pore water pressures predicted? What are the testing 
requirements and the procedures needed to develop 
model parameters? What is the physical significance of the 
model parameters? How applicable are the models to my 
problem?

Simple v. Advanced Analysis –              
What’s Gained?

Figure 2 shows a simplified diagram of the analysis 
procedures generally used in geotechnical engineering. 
For the simple procedures (Figure 2, left), simple and 
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easily recognizable soil parameters (e.g., c′,ϕ′, Ε, ν) are 
derived from laboratory and/or in-situ tests and utilized in 
closed-form solutions for the geotechnical problem being 
analyzed. Usually, considerations of failure or stability 
are initially made using formulas from which the factor 
of safety may be calculated. In these analyses, strains or 
deformations are not considered. Once stability is ensured, 
the deformations or settlements may be evaluated using 
closed-form solutions using elasticity theory.

The simple procedures predict simplified responses 
such as linear elastic settlements and failure, but prediction 
of the entire load-deformation relation for a prototype 
structure is often inaccurate if not impossible to perform, 
especially in the load range where failure is a distinct 
possibility. An example of a problem having more 
complexity is the load-deformation-failure behavior of a 
footing (Figure 3). As loading progresses, stresses in soil 
elements located along the potential failure surface in the 
ground (Figure 3, top) advance along the stress-strain curve 
(Figure 3, bottom). The initial state of stress in the ground 
may be characterized by a K

0-condition, and as loading 
progresses, the stresses increase up to peak failure and 
beyond into the softening region of the stress-strain curve. 
Thus, a highly nonlinear relation between stresses and 
strains are encountered in the real behavior of the footing.
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Figure 2. Simple and advanced procedures for predicting the 
behavior of prototype structures.
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For an advanced procedure (right-hand side of Figure 
2), a constitutive model is used to capture the entire 
stress-strain relation obtained from laboratory and/or 
in-situ tests. By incorporating the constitutive model in 
numerical methods, the behavior of model or full-scale 
tests may be predicted and serve to verify the capability of 
the constitutive model and the numerical method. And by 
calibrating the model, the behavior of the prototype may be 
calculated with better overall accuracy.

Using finite element or finite difference methods, a 
geotechnical structure of any 2-D (e.g., axisymmetric or 
plane strain), or 3-D shape may be divided into a finite 
number of elements. A constitutive model for each element 
then simulates the soil behavior in each element, and the 
numerical method ensures equilibrium and compatibility 
between the soil elements. Thus, much more complex earth 
structures and soil-structure interaction problems can be 
analyzed, and their behavior in the form of deformations 
and stress conditions everywhere in the structure may be 
obtained for the entire loading history. Such results could 
not be obtained with closed-form solutions, which are 
typically only developed for rather simple boundary value 
problems.
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Figure 3. Real behavior of a footing 
involving highly nonlinear soil 
stress-strain behavior.
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General Constitutive Model 
Features and Applications

More than 30 constitutive models 
are widely available, but they vary 
considerably in features and in 
general application. The most 
complete models are theoretically 
sound, consider the effects of 
confining pressure, can accommodate 
3-D conditions, include parameters 
which have physical meaning and 
can be developed using conventional 
experiments, and exhibit an overall 
high quality of fit with observed 
behavior. 

As illustrated in “Overview of 
Constitutive Models for Soils” (GSP 
No. 128, 2005), some of the most 
advanced and capable models require 
difficult, non-standard experiments 
to develop the large number of 
parameters needed to calibrate them 
for a particular problem, so they 
are infrequently, if ever, used in 
practice. So the challenge to users is 
to select a constitutive model which 
provides an acceptable balance 
between completeness and the ease 
with which model parameters can 
be developed for the problem being 
analyzed.

An old political adage from the 
1980s is equally valid in selecting and 
implementing a constitutive model, 
“Trust but verify.” While Ronald 
Reagan wasn’t a modeler, his words 
have wisdom beyond their original 
intent. The choice is in your hands.

Poul V. Lade, Ph.D., M.ASCE, is 
professor in the Department of Civil 
Engineering at the Catholic University 
of America in Washington, D.C. Prior 
to that, he was a professor at UCLA, 
at Johns Hopkins University, and at 
Aalborg University in Denmark. His 
research interests span the broad area 
of geomechanics, including three-
dimensional experimental methods, 
determination of soil stress-strain 
behavior, and characterization of soil 
behavior using elasto-plastic hardening 
constitutive models. Poul can be reached 
at LADE@cua.edu
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Minimizing Soil Erosion with  
Geosynthetic Rolled Erosion    

Control Products
By Jennifer L. Smith, Ph.D., P.E., M.ASCE and Shobha K. Bhatia, Ph.D., M.ASCE

Over the last 20 years, geosynthetic rolled erosion 
control products (RECPs) have been increasingly used by 
engineers to minimize soil erosion from bare soil slopes 
and channels. Because they are manufactured into rolls, 
RECPs can be easily installed and anchored along a slope 
or drainage channel (Figure 1). They provide immediate 
ground cover to protect against raindrop impact and 
stabilize seed and soil within their structures, allowing 
seeds to germinate quickly and vegetation to grow. The 
use of RECPs has grown signifi cantly as new products 
continually enter the market, bringing with them challenges 
in their design and selection of products.

RECPs

The more than 100 different RECPs can be grouped 
in two main types: (1) temporary, degradable; and (2) 
long-term, non-degradable. Temporary, degradable RECPs 

provide temporary protection against raindrop impact 
and protect newly-seeded areas. Once the RECPs degrade, 
the vegetation provides the long-term erosion protection. 
They are made from natural fi bers such as coconut, jute, 
straw, and wood excelsior. Recently, the potential use of 
other natural fi bers such as hemp, fl ax, sugarcane, peanut 
shells, palm leaves, and cotton have been explored. Natural 
fi bers are biodegradable, can absorb water, and can easily 
conform to underlying soil surfaces. Temporary RECPs 
consist of open-weave textiles (OWTs) and erosion control 
blankets (ECBs) (Figure 2a).

Long-term, non-degradable RECPs are used to provide 
permanent erosion protection and long-term reinforcement 
of vegetation. They are typically used in applications where 
vegetation alone will not be suffi cient to provide long-
term erosion protection. They are made from synthetic 
fi bers, such as polypropylene (PP) and polyvinyl chloride 
(PVC), and are manufactured into three-dimensional turf 
reinforcement mats (TRMs) (Figure 2b).

Design and Selection

The design and selection of RECPs is often a subjective 
process because of the large number of products available 
with very different properties and performance. For 
example, conventional design is based on a comparison 
of site conditions to maximum allowable slopes and 
shear stresses provided by the RECP manufacturers. This 
evaluation may lead to a determination that more than 
20 or 30 products, each with different properties and 
performance characteristics, meet the design requirements. 
For example, many different kinds of RECPs ranging from 
wood excelsior, jute, coconut, and straw/coconut ECBs 
to a variety of different TRMs with different nettings and 
matrices would meet the requirements for a one horizontal 
to one vertical (1H:1V) slope.

RECPs are also often selected based on their cover/
management (C-factor), which is the ratio of soil loss 
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Figure 1. Installation of a RECP along a drainage channel in 
Homer, NY.
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from land cropped under specifi ed conditions to that from 
clean-tilled, continuous fallow. C-factors are used in the 
calculation of average soil losses in the Revised Universal 
Soil Loss Equation (RUSLE), and to compare the effects of 
different RECPs on soil loss rates. For example, a C-factor of 
0.10 means that soil loss rates will be reduced to 10 percent 
of the total amount that would have occurred on bare soil 
conditions. C-factors for RECPs typically range from 0.10 to 
0.30.

Although the C-factor approach is commonly used, 
C-factors are not provided by all manufacturers, and the 
values they do provide are for particular soils and rainfall 
and runoff erosivities. Further, as with the allowable slope 
and shear stress approach, C-factors do not distinguish 
between RECPs of different fi ber or structure type. For 
example, coconut OWTs were found to have similar 
C-factors to both coconut and wood ECBs, although the 
mechanisms in which they work to minimize soil erosion 
are different because of their different fi ber and structure 
types.

The C-factor is the ratio of soil loss 
from land cropped under specified 
conditions to that from clean-tilled, 
continuous fallow.

A more specifi c design evaluation that focuses on fi ber 
type is the longevity of fi bers. Once a group of products is 
selected that meets the allowable slope and shear stresses or 
C-factors, fi ber type could be selected based on the length 
of time the temporary RECP would need to be in service to 
allow for the growth of a permanent stand of vegetation. 
Longevities of typical fi bers used for temporary RECPs 
range from 2 months (straw) to 36 months (coconut).

Properties and Performance

Although RECPs have been successfully used in a 
variety of applications, they can vary signifi cantly in basic 
index properties, laboratory performance, and overall fi eld 
performance. Many researchers have conducted fi eld studies 
to compare the effectiveness of different types of RECPs in 
minimizing soil erosion and establishing vegetation in the 
fi eld. Although many case histories have been published 
which provide some qualitative information to designers, it 
is diffi cult to apply the results of fi eld studies to other sites 
because of the signifi cant variability in site conditions, such 
as climate, soil, topography, and vegetation type.

Recently, the Erosion Control 
Technology Council (ECTC), in con-
junction with TRI, developed several 
index and bench-scale tests in an effort 
to standardize and compare different 
RECPs in the laboratory.

To minimize the variability in fi eld studies, several 
large-scale testing facilities have been developed, such 
as the large-scale slope and channel facilities at the TRI/
Environmental, Inc. (TRI) Denver Downs Research Facility 
in South Carolina, the Texas Department of Transportation 
– Texas Transportation Institute (TxDOT/TTI) in College 
Station, TX, Colorado State University, and Utah State 
University. Although these facilities have developed 
considerable and valuable information, the test programs 
are both time-consuming and expensive, and generally only 
one or two tests are conducted for limited conditions, such 
as only one or two different soil types, slopes, and rainfall 
intensities.
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Figure 2. Typical (a) natural-fiber and (b) synthetic-fiber RECPs.
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Although RECPs have been successfully 
used in a variety of applications, they 
can vary significantly in basic index 
properties, laboratory performance, and 
overall field performance.

Recently, the Erosion Control Technology Council 
(ECTC), in conjunction with TRI, developed several index 
and bench-scale tests in an effort to standardize and 
compare different RECPs in the laboratory. The index tests 
include tests such as: (1) light penetration, which provides 
information on the amount of ground cover an RECP can 
provide to the underlying ground surface; and (2) water 
absorption, which provides information on the ability of 
RECPs to absorb water, improving the adhesion between 
the RECP and the soil and providing moisture for vegetative 
growth. Both properties have been identifi ed by researchers 
as being important to the fi eld performance of RECPs. 
The bench-scale tests include such tests as the rainsplash 
erosion test to evaluate the ability of RECPs to minimize 
rainsplash erosion.

In the light penetration test, light is projected and 
dissipated through frosted glass, then through a RECP 
specimen in a closed container. The amount of light that 

passes through the RECP is measured using a light meter. 
The percentage of light penetration is calculated as the ratio 
of the amount of light that passes through a specimen to 
the amount of light that passes without a RECP specimen. 
Light penetration is inversely related to ground cover 
provided by the RECP.

In the water absorption test, RECP specimens are placed 
on a screen and submerged in water for 24 hours. The 
RECP specimens are then removed, allowed to drain for 
10 minutes, and weighed. The water absorptive capacity 
is calculated as the ratio of the water held by a RECP 
specimen to the original dry weight of the specimen

Rainsplash erosion tests are performed using a 
rainsplash simulator (Figure 3). The simulator consists of 
an adjustable slope table, set at 3H:1V, that is divided into 
three fl ow channels. Recessed soil containers are placed at 
the base of the channels which are then covered with RECP 
specimens. Raindrops are produced using perforated pipes 
that rotate 2 m above the lowest point of the slope table. 
The simulator is calibrated to produce raindrops with a 
medium diameter of 1.8 mm and maximum intensities 
of 153 mm/hr. In each test, rainfall is applied for 30 
minutes, with soil losses being collected and recorded every 
5 minutes. Average soil losses are measured for each test 
and C-factors, based on comparisons to average bare soil 
conditions, are calculated.

RECP Study at Syracuse University

A study was undertaken at Syracuse University to 
evaluate the importance of RECP index properties, in 
particular light penetration and water absorption, on 
laboratory and fi eld rainsplash erosion performance. The 
goals of this research were to evaluate if index properties 
could be used to assist with the design and selection of 
RECPs. Overall, the fi eld and laboratory study found 
that ground cover percentage and water absorption 
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Figure 3. Photograph of the rainsplash simulator con-
structed at Syracuse University.

Figure 4. Comparison of soil losses and C-factors for six differ-
ent RECPs versus bare soil conditions in laboratory rainsplash 
erosion tests.



  53

play a direct role in initial soil 
erosion protection and long-
term vegetation establishment. 
A comparison of soil losses and 
C-factors for six different RECPs in 
comparison to bare soil conditions 
is shown on Figure 4.

The Case for a Common 
Design Approach

Geosynthetic RECPs provide 
engineers with low-cost, effective 
solutions for minimizing soil 
erosion on slopes and in channels. 
Although design criteria exist 
(allowable slope and shear stresses 
and C-factors), this information 
is not provided for all RECPs. In 
addition, the design criteria do 
not go far enough to aid in the 
selection of RECPs of different 
fiber and structure types. Improved 
design criteria are needed because 
RECPs can vary significantly in 
basic index properties, laboratory 
performance, and overall field 
performance. The use of index 
properties, in particular light 
penetration and water absorption 
capacity, are possible ways for 
evaluating the performance of 
different products using common 
and systematic methodologies. This 
is especially important given the 
variety of properties of fibers, yarns, 
and structure types available and 
which continue to be developed 
as new and improved products are 
continually being introduced into 
the market.

Jennifer L. Smith, Ph.D., P.E., 
M.ASCE, is an assistant professor 
in the Department of Sustainable 
Construction Management and 
Engineering at the State University of 
New York College of Environmental 
Science and Forestry, Syracuse, NY. Her 
research interests include the technical 
and social aspects of natural fiber use in 
geotechnical engineering, erosion control, 
and composite building materials.  She 
can be reached at jsmith@esf.edu

Shobha K. Bhatia, Ph.D., 
M.ASCE, is a Meredith professor in the 
Department of Civil and Environmental 
Engineering at Syracuse University, 
Syracuse, NY. Her research interests 
include the application of geosynthetics 
and natural materials in geotechnical 
engineering.  Her current projects include 
the use of natural and polymeric textiles 

in sediment dewatering, soil erosion, 
and insulation. She can be reached at 
skbhatia@syr.edu
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geo-strata@asce.org.  
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GeoCurmudgeon: A New Purpose…for All of Us
By John P. Bachner

Geo-professionals have become 
commoditized and marginalized. Their 
guidance is all too often not heeded 
and, sometimes, not even sought. That’s 
discouraging for geo-professionals, 
because they know their guidance is 
important, and insurance industry 
experience reinforces that outlook. 
In fact, geo-professional issues are 
associated with more construction 
industry claims than any others. 

Because claims can quickly expand to involve 
all major project participants, all owners, developers, 
and other members of the design and construction team, 
they should all want to work only with well-respected, 
appropriately experienced geo-professionals. By taking 
that approach, they will lower their own exposure to risk 
and save time and money, too. But that’s not happening, 
which is why ASFE has adopted a new purpose: to 
“maximize the geo-professions’ importance and value to 
the marketplace.” Practitioners have welcomed the change, 
and we’re particularly pleased that allied organizations – 
like G-I – have said they will work with ASFE to get the job 
done. We’re going to do it by “helping geo-professional 
fi rms achieve recognized excellence in business and 
professional practice, and through advocacy, education, 
and collaboration.” And “helping” means encouraging 
geo-professionals to abandon the practices that have 
contributed to today’s sad status quo.

One of these practices is geo-professionals’ willingness 
to adjust the quality of their service to the budget 
available, without advising why a better service would 
create signifi cant value. Another is geo-professionals’ 
focus on papers prepared for professional journals to the 
near-exclusion of image-enhancing articles – based on 
well-documented case histories – prepared for the trade 
periodicals read by owners, developers, other design 
professionals, construction managers, and contractors. 
(Give these people a demonstrated bottom-line reason to 
do something and they’ll do it.) 

It’s also possible that owners and others don’t “get” 
geo-professionals’ potential value because all too many geo-
professionals use ill-advised, counterproductive methods 
to manage their risk; e.g., wishy-washy recommendations 
that frustrate client representatives and can create more 
risk than they eliminate. Another such measure is seen as 
unwillingness to accept responsibility. That’s appropriate 
when geo-professionals cannot control the circumstances 

involved, but the fact remains that some geo-professionals 
try to evade responsibility for things they can control, again, 
under the mistaken belief that doing so lowers their risk; it 
doesn’t.

The geo-professional image is also cheapened by “time-
honored” practices whose time has passed: e.g., proposals, 
reports, and other submissions from various fi rms that all 
look and read the same, while incorporating a sedating 
passive-voice writing style; use of undefi ned jargon and 
unnecessarily complex terms; and report organization 
designed more for geo-professionals than for their clients’ 
representatives. 

In short, geo-professionals have become commoditized 
and marginalized for a reason well-expressed by cartoonist 
Walt Kelly’s Pogo: “We have met the enemy and he is us.” 
As such, there’s no point to at this time mounting a massive 
PR campaign to explain how owners and developers would 
benefi t by treating geo-professionals and geo-professional 
issues with more respect. Stated bluntly, if geo-professionals 
want an image for adding value to a project, they have 
to earn it by becoming better, more valuable – and more 
valued – consultants.

Fortunately, geo-professionals have a wealth of resources 
available to effect this outcome. ASFE has developed 
much of it, and more is available from other sources. We 
can assume that ASFE-Member Firms that are not already 
making improvements soon will, and that others – to keep 
up with the Joneses – will have no choice but to improve, 
because of new market paradigms.

Unquestionably, the journey from here to there will 
be arduous, but worthwhile, because, as geo-professionals 
enhance their value, they will gain:

• more respect from other major project   
 participants,

• earlier and more signifi cant involvement in   
 projects,

• more challenging assignments,

• improved scopes of service,

• less risk of claims,

• lower insurance premiums,

• more profi tability of fi rms,

• enhanced prestige (of being a geo-professional),
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• higher geo-professional   
 salaries,

• more top-level students   
 entering the geo-   
 professions,

• enhanced self-esteem and   
 self-respect, and

• more professional   
 satisfaction.

How long the journey takes 
depends on you. Are you enthused 
enough to encourage your peers to 
strive for the “excellence in business 
and professional practice” that 
ASFE and other organizations will 
be promoting? Are you enthused 
enough to explain and demonstrate 
to civil engineers, structural 
engineers, architects, contractors, 
and construction managers why 
they should retain – and encourage 
their clients to retain – top-flight 
geo-professionals and then listen to 
what they have to say, just as so many 
in mining, oil-sands development, 
rail transportation, tunneling, dam 
and bridge design, brownfields 
redevelopment, and construction 
already do?

Maximizing the geo-professions’ 
importance and value to the 
marketplace is probably the most 
significant and ambitious geo-
professional initiative of the last 80 
years. We can do it…as long as “we” 
includes you. 

John P. Bachner is the executive vice 
president of ASFE/The Geo-professional 
Business Association, a not-for-profit 
association of geo-professional firms; i.e., 
firms that provide geotechnical, geologic, 
environmental, construction materials 
engineering and testing (CoMET), 
and related professional services. 
ASFE develops programs, services, and 
materials that its members apply to 
achieve excellence in their business and 
professional practices. Contact  
john@asfe.org or www.asfe.org.
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Fifth International Conference on Scour and 
Erosion (ICSE)
November 7-10, 2010
Holiday Inn Gateway
San Francisco, CA
www.icse-5.org

The International Conference on Scour and Erosion is a 
respected event in the technical conference calendar for 
engineers, scientists, decision makers and administrators 
who provide services in scour and erosion. Its importance 
and reputation was established by the technical successes of 
the first four conferences:

College Station, Texas, USA (2002)  
Singapore (2004)  
Amsterdam, The Netherlands (2006)  
Tokyo, Japan (2008) 

Here’s your chance to probe the multi-disciplinary nature 
of scour and erosion problems and solutions which 
require approaches that merge expertise in a wide variety 
of fields. Planned discussion topics include emerging 
theoretical developments, field and laboratory studies, field 
applications of technology, and case histories. ICSE will 
feature top keynote speakers during the plenary sessions 
followed by an interesting variety of concurrent sessions. 
You can also take part in a welcome and networking 
reception while exploring posters in the Exhibition Hall. 
Finally, you can increase your ICSE experience with a short 
course before the conference and a technical tour after the 
conference. 

Looking for New Business?  Potential Exhibitors and 
Sponsors: Contact Sean 
Scully at sscully@asce.org or 
703.295.6154.

Holiday Inn Golden 
Gateway Hotel              
San Francisco, CA   
www.goldengatewayhotel.com 
415.441.4000 

Reservation Deadline: 
October 19, 2010 to receive 
the $129/night + tax group 
rate.

Professional Development Corner

For webinar information:  https://secure.asce.org/ASCEWebsite/
Webinar/ListWebinar.aspx

NEW!  Applications of Unsaturated Soils to Pavement 
Design
August 10, 2010 
12 pm-1:30pm ET
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=16486

NEW!  LRFD for Geotechnical Engineering Features - 
Earth Retaining Structures - Fill Walls 
August 20, 2010
11:30 am -1 pm ET
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=16495

NEW!  Load and Resistance Factor Design (LRFD) 
for Geotechnical Engineering Features: Micro Pile 
Foundations 
September 10, 2010
12 pm -1:30 pm ET
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=16508

For seminar information: 
https://secure.asce.org/ASCEWebSite/WEBINAR/ListSeminar.
aspx?CatCode=CED-GEOT&catName=Geotechnical 

Instrumentation and Monitoring Bootcamp: Planning, 
Execution and Measurement Uncertainty for Structural 
and Geotechnical Construction Projects
July 22-23, 2010 
Holiday Inn Denver Central 
Denver, CO 

The use of field instrumentation to monitor the on-
site behavior of structures is becoming part of many 
construction projects. Regardless, few American 
universities offer a course on instrumentation as part of 
their civil engineering curriculum. So, many engineers 
learn instrumentation through the school of hard 
knocks. This seminar will fill a void in the education of 
many civil engineers. Held in conjunction with ASCE 
Geo-Institute. Instructor: Magued Iskander, Ph.D., 
P.E., F.ASCE. For information: https://secure.asce.org/
ASCEWebSite/WEBINAR/ListSeminar.aspx?CatCode=CED-
GEOT&catName=Geotechnical#926.
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Start twittering at http://twitter.
com/GeoInstitute where you can 
check for updates or follow 
us using a Twitter account, an 
RSS reader, or one of the many 
other web applications that 
work with Twitter. Access the 
G-I Facebook’s page at www.
facebook.com/pages/Geo-Institute-
of-ASCE/129517101742



Do You Deserve an Award?

The Geo-Institute Awards Program recognizes individuals 
of the geo-professions for their professional achievements. 
Colleagues who have contributed to civil engineering 
through their outstanding leadership, research, or 
substantial career accomplishments merit the accolades of 
their peers. 

G-I Awards:  Nominations for the following G-I 
Achievement Awards are due August 15, 2010.  

• Honorary Member 

• OPAL 

• Arthur Casagrande Professional Development 
Award 

• Martin S. Kapp Foundation Engineering Award 

• Ralph B. Peck Award 

• H. Bolton Seed Medal (presented in even-
numbered years) 

• Karl Terzaghi Award (nominations accepted 
anytime, but presented in odd-numbered years) 

• Wallace Hayward Baker Award 

• Harry Schnabel, Jr. Award for Career Excellence in 
Earth Retaining Structures 

• Geo-Institute Hero Recognition 

For information:  http://content.geoinstitute.org/awards/index.
html

G-I Upcoming 
Conferences
Visit www.geoinstitute.org/events.html for other upcoming 
events.
 
Geo-Frontiers 2011
March 13-16, 2011
Sheraton Dallas
Dallas, TX 
www.geofrontiers11.com/

Members in the News

ISSMGE President    
Briaud Reports

The International Society 
for Soil Mechanics and 
Geotechnical Engineers 
(ISSMGE) President  and 
G-I Past President Jean-
Louis Briaud, Ph.D., P.E., 
F.ASCE, D.GE, recently 
traveled to Seoul, Korea to 
deliver the keynote lecture 
on Bridge Scour at the 2010 
Korean Geotechnical Society 
(KGS) National Conference. 
The presentation is available 

by contacting him at briaud@tamu.edu. He also attended the 
KGS Board meeting where he learned that the KGS Board 
would make a nice contribution to the ISSMGE Foundation 
started by Professor Briaud six months ago. The foundation 
is dedicated to helping geotechnical engineers throughout 
the world. 

Additionally, Dr. Briaud traveled to the Dominican Republic 
to contribute to an international seminar organized by Luis 
Carpio, president of the Dominican Republic National 
Society of ISSMGE, with the help of Pedro Pinto, past 
president of ISSMGE. A number of very prominent experts 
from around the world donated their time and presented 
lectures regarding best practices for earthquake foundation 
and structural engineering.  Following a visit to Port au 
Prince, Haiti, Briaud stated that “The devastation was gut 
wrenching and underlines the fact that as engineers we 
must recognize that we do not build structures which have 
zero risk of collapse while continuing to work on decreasing 
such a risk.” 

Dr. Briaud’s traveled to Dubai, United Arab Emirates, to 
deliver a keynote lecture on “Downdrag on Uncoated 
and Bitumen Coated Piles” at the Deep Foundation 
Institute (DFI) Conference. The presentation is available 
by contacting him at briaud@tamu.edu.  While there, he 
discussed the start of a UAE National Society of ISSMGE, 
and visited with geotechnical engineers in the region 
including Mamdouh Nasr, Alaa Ashmawy, Karim Khalaf, 
Marwan Al Zaylaie, and many others. Read the complete 
details at http://content.geoinstitute.org/static/issmge.html
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Hussein Receives 
GMEC Award  

Mohamad Hussein, 
P.E., received the Florida 
Engineering Society’s 2010 
GMEC Award in recognition 
of outstanding service to the 
geotechnical and materials 
engineering profession. 
He is a vice president at 
GRL Engineers, Inc. and 
manages its Florida office, 
and is also a partner in 
Pile Dynamics, Inc. He is 

a registered professional engineer in FL, AL, LA, MS, and 
OH and holds the internationally-recognized Foundation 
QA’s Certification of Expert Level in dynamic pile testing. 
Hussein is a member of GMEC, ASCE (chaired the Geo-
Institute’s Deep Foundations Committee 2002 – 2009), 
PDCA (chairman of the Education Committee), DFI, ADSC, 
and ASTM.

 He has published more than 80 technical papers, co-edited 
7 books and co-authored the Geotechnical Engineering 
chapter of the widely used McGraw-Hill Handbook for Civil 
Engineers. Hussein shares his professional expertise by 
travelling the country as an instructor of multiple courses, 
workshops, and seminars about deep foundations. 

Pezza Retires From 
USACE

David A Pezza, P.E., 
F.ASCE, G.DE, retired from 
the U. S. Army Corps of 
Engineering headquarters as 
Deputy Chief of Engineering 
and Construction. Dave 
will enroll in the Doctorate 
of Engineering program at 
Old Dominion University, 
Norfolk, VA in August 
2010. Among his many 
professional contributions, 
Dave was a member of 
the Geo-Strata Editorial 
Board from 2003 to 2007 

during which time he served as a subject matter expert on 
numerous topics while authoring and editing magazine 
content.

Thomson:                      
GT Engineer of Year

The Philadelphia Section of 
the ASCE cited Theodore 
A. Thomson, Jr., Ph.D., 
P.E., D.GE, as its 2010 
Geotechnical Engineer of 
the Year. The award was 
presented at the Section’s 
May 14 annual Spring 
Social and Dinner Dance.

Thomson is a senior 
projects manager at Duffield 

Associates in the firm’s Wilmington, DE office. He manages 
geotechnical design and construction reviews, and has been 
a key part of efforts in these areas, as well as wetlands and 
streambank stabilization, construction plan preparation 
and review, construction cost estimating, and geotechnical 
project management.

He received his Bachelor’s degree in Civil Engineering from 
the University of Delaware in 1993 and his Master’s degree 
in 1994. He obtained his Doctorate with a geotechnical 
concentration from the University of Massachusetts in 
1998. He is a past chair of the ASCE Philadelphia Section’s 
Delaware Valley Geo-Institute and is an incoming director 
of the Section.

Zornberg Elected 
President of the IGS

Jorge Zornberg, Ph.D., 
P.E., was elected president 
of the International 
Geosynthetics Society (IGS, 
www.geosyntheticssociety.
org) by direct vote of the 
combined individual and 
corporate membership. His 
presidency began during the 
9th International Conference 
on Geosynthetics (ICG) in 
Guarujá, Brazil and will end 
at the 10th ICG planned for 
Berlin, Germany in 2014. 

The IGS currently consists of 31 national chapters. 

As a practicing design engineer, university professor, and 
researcher, Zornberg has worked towards the advancement 
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of geosynthetics. His geosynthetics contributions have 
been recognized with a number of accolades, including 
two of the most distinguished IGS awards and the ASCE 
Collingwood Prize. During his presidency, Zornberg plans 
to implement concerted communications and education 
efforts regarding the good use of geosynthetics worldwide. 

G-I Chapter News

Meet Your G-I Chapter Leaders
Have a question?  Want to find out what’s happening 
in your area? Want to become a member of your                  
local Chapter?

Alabama Geo-Institute Chapter
James C. Pegues, P.E., President
(205) 321-1320
jcpegues@southernco.com

Boston Geo-Institute Chapter
Nabil Hourani, P.E., Chair 
(617) 973-8832 
Nabil.Hourani@mhd.state.ma.us

Delaware Valley Geo-Institute Chapter
Ara G. Mouradian, P.E., Chair 
(610) 650-8101 ext. 7138
amouradian@gfnet.com 

East Central Florida Geo-Institute Chapter
Craig G. Ballock, E.I. 
(407) 898-1818 ext.129
cgballock@g-e-c.com

Florida West Coast Geo-Institute Chapter of the Florida 
Section 
Gary Wantland, P.E., Chair 
(813) 221-1981
gary.wantland@mwhglobal.com 

Granite State Geo-Institute Chapter
Kenneth W. Milender, Chair
(603) 668-6016
kmilender@millerengandtesting.com

Los Angeles Geo-Institute Chapter
Keyvan Fotoohi 
(323) 889-5398
kfotoohi@mactec.com

Maryland Geo-Institute Chapter 
Gregg Simmons, P.E. 
(410) 551-1980
gesimmons@haywardbaker.com

Pittsburgh Geo-Institute Chapter
Suresh Gutta, Ph.D., P.E. 
(724) 916-0300
SGutta@agesinc.com

Oklahoma Geo-Institute Chapter
Garry H. Gregory, Ph.D, P.E., D.GE, President 
(405) 747.8200
ggregory@gregeo.com

Sacramento Geo-Institute Chapter
Kristy O’Hara, Chair
(916) 375-8706
kristyo@blackburnconsulting.com 

San Antonio Geo-Institute Chapter
Joseph A. Waxse, P.E., Chair
(210) 641-2112
jawaxse@terracon.com

San Francisco Geo-Institute Chapter 
Jim French, P.E., G.E., Chair 
(510) 663-4238
jim.french@amec.com

St. Louis Geo-Institute Chapter
Jeffrey R. Hill, P.E., Chair
(314) 802-2923
JRHill@haywardbaker.com

Texas Section Geo-Institute Chapter 
Robert F. Pierry, Jr., P.E., Chair
(214) 725-8932
bob@pierryconsulting.com

Virginia Geo-Institute Chapter 
Roger A. Failmezger, P.E, Chair
(703) 627-0451
roger@insitusoil.com 

New, Easy G-I Chapter Formation 

A simple Memorandum of Understanding (MOU) is now 
all that is required to become a G-I Chapter. Bylaws are 
optional. Increase your membership recruitment efforts by 
converting your ASCE Geotechnical Group to a G-I Chapter 
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or by forming a G-I Chapter. ASCE encourages this effort. 
There are no fees or chapter dues required by the G-I.

Download the MOU from the G-I Web site at http://content.
geoinstitute.org/groups/index.html. Benefi ts of affi liation are 
also posted, as is a PowerPoint presentation.

Allied Organizations

Ohio River Valley Soils Seminar XLI 
Dams and Levees
October 20, 2010
Galt House Hotel
Louisville, KY

Issues relating to geotechnical engineering, risk 
management, design optimization, and construction of 
dams and levees will be presented by:

• Dr. Steve Poulos, P.E, GEI Consultants

• Eric Halpin, P.E., Special Assistant for Dam Safety,  
 Headquarters, USACE

• Barry Thacker, P.E., GeoEnvironmental Services Inc.

• Keith Ferguson, P.E., HDR Consultants

• Mike Marasa, P.E., Hayward Baker

• Nate Snorteland, P.E., Director, Risk Management  
 Center, USACE

• Gregg Scott, P.E., U.S. Bureau of Reclamation

• Mike Zoccola, P.E., Nashville District, USACE

For information: www.kgeg.org. 
Exhibitor information: contact Malcolm Barrett at       
malcolm.barrett@atcassociates.com.

6ICEG - 2010
Sixth International Congress on                      
Environmental Geotechnics
November 8-12, 2010
New Delhi, India
www.6iceg.org

More than 340 abstracts were accepted for this conference 
which will be hosted by The Indian Geotechnical Society 
(IGS) on behalf of the International Society for Soil 
Mechanics and Geotechnical Engineering (ISSMGE). The 
Organizing Committee is guided by a Conference Advisory 

Committee, as well as the TC5 (Technical Committee on 
Environmental Geotechnics) of ISSMGE, and a National 
Advisory Committee of IGS. The theme of the Congress is 
Environmental Geotechnics for Sustainable Development. 
More than 400 delegates, including 250 from abroad, will 
gather to discuss latest developments. 

Industry News

2010 Edition of ASTM Standards in Building 
Codes 
 
The 47th Edition of ASTM Standards in Building 
Codes is now available in print, DVD, and online. The 
ASTM Building Codes contain more than 1,300 ASTM 
construction specifi cations, practices, and test methods 
compiled from the Annual Book of ASTM Standards. These 
standards satisfy the international code requirements 
established by the International Code Council.

ASTM Standards in Building Codes provides easy access to 
the latest versions of ASTM standards referenced by:

• The International Codes published by ICC®, 

• National Building Code of Canada—National  
 Research Council Canada,

• Uniform Plumbing Code and Uniform   
 Mechanical Code—International Association of  
 Plumbing and Mechanical Offi cials, 

• MASTERSPEC®, 

• BSD SpecLink®, 

• NFPA5000™ – Building Construction and Safety  
 Code™, and 

• SPECTEXT® Master Guide Specifi cations.

To purchase ASTM publications, search by stock number 
on the ASTM Web site at www.astm.org, or contact ASTM 
Customer Relations: 610-832-9585; service@astm.org.

To submit information for Geo-Strata magazine, or 

possible posting on the Geo-Institute web site at www.

geoinstitute.org, send us brief news about your recent 

honors, awards, special appointments, promotions, 

etc. High-resolution photos must be sent as separate 

fi les. Send to geo-strata@asce.org. Sales-oriented content 

should be directed to Dianne Vance, Director of 

Advertising at (703) 295-6234.                                                                              
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Ultrafine Cement in Pressure 
Grouting

Ultrafine Cement in Pressure Grouting presents the technical and practical 
information required by engineers to plan and implement grouting programs that 
are cost effective and technically sound. As a key component of modern grouting 
programs, ultrafine cement is an ideal solution for geotechnical engineers and con-
struction contractors who are grappling with the challenges of managing costs while 
developing sites that may be less than ideal. Increasingly, the virtues of ultrafine ce-
ment lead engineers and contractors to use it rather than the less-expensive portland 
cements. 

The authors concisely define ultrafine cement, describe its engineering properties, 
and explain its manufacture, packaging, and storage. Mixing and pumping procedures and quality control issues are 
covered, as well as recommendations for specifying ultrafine cement in contracts. An appendix offers 16 brief project 
descriptions. Ultrafine Cement in Pressure Grouting is a fundamental reference that will be consulted frequently by 
geotechnical engineers who specify grouting materials for construction projects.

Raymond W. Henn, Ph.D., P.G.,  is a principal of Lyman Henn, Inc., where he is responsible for tunnel and under-
ground engineering and for construction management services. He is the author of Practical Guide to Grouting of 
Underground Structures (ASCE Press, 1996) and the editor of AUA Guidelines for Backfilling and Contact Grouting of 
Tunnels and Shafts (ASCE Press, 2003). Nathan C. Soule, P.E., P.G., is a project engineer at Lyman Henn, Inc., work-
ing on geotechnical and geological projects.

2010, ASCE Press  |  Soft Cover, 82 pp.  |  ISBN 978-0-7844-1027-1  |  Stock # 41027  |  List $65, ASCE Member $48.75

Compaction Grouting 
Consensus Guide 
Standards ASCE/G-I 53-10 
Compaction Grouting Consensus Guide focuses on the practical and engineering 
aspects of compaction grouting as a technique of ground improvement. Compac-
tion grouting increases the density, strength, and stiffness of the ground through 
slow, controlled injections of low-mobility grout that compacts the soil as the grout 
mass expands. The technology can be applied to a wide range of soils, in most 
cases being used to improve the engineering properties of poorly compacted fills 
and loose native soils. Compaction grouting can be applied equally well above or 
below the water table. 

This standard promotes good practice in compaction grouting and is essential reading for anyone involved in specifying, 
designing, or undertaking compaction grouting.

How to Order   Phone: 1-800-548-2723 (U.S.) / 1-703-295-6300 (Int’l)  |  Fax: 1-703-295-6211
Web: www.asce.org/pubs  |  E-Mail: pubsful@asce.org

20102010New From

Raymond W. Henn and Nathan C. Soule

2010, ASCE  |  Soft Cover, 96 pp.  |  ISBN 978-0-7844-1094-3  |  Stock # 41094  |  List $75, ASCE Member $56.25
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The OMC welcomes new Organizational Members

The G-I Organizational Member Council (OMC) welcomes 
Sanborn, Head & Associates, Inc. (SHA) and AMEC 
Geomatrix to the Geo-Institute’s prestigious Organizational 
Membership group. We salute you for your dedication and 
support of the G-I and the geo-profession.

SHA is a privately held, multi-disciplinary fi rm of consulting 
engineers and scientists providing geoenvironmental 
and geotechnical services to clients across the U.S. and 
internationally. The fi rm, headed by co-founder and 
President since 2005 Charlie R. Head, P.E., P.G., has offi ces in 
New England, the Midwest, and the United Kingdom.

AMEC Geomatrix, headquartered in Oakland, CA, is a 
diversifi ed technical consulting and engineering fi rm with 
offi ces throughout North America, and affi liates throughout 
the world. President and Principal Hydrogeologist Anthony 
D. Daus, P.G., joined Geomatrix in 1988 and became 
president in 1996. 

The OMC considers new annual conference content

As the OMC continues its efforts to expand OM benefi ts, its 
members are looking towards developing and incorporating 
additional business-oriented topics with a wide-base appeal 
for OM fi rms into the G-I annual congresses. The topics 
could then be expanded into other presentation settings such 
as webinars, workshops, etc. Send your ideas to any of the 
OMC members.

Additionally

The OMC already is brainstorming ideas for its 
Organizational Member/Student Activity during next 
year’s G-I annual congress – Geo-Frontiers 2011, in Dallas, 
TX during the week of March 13-16, 2011. Share any 
thoughts or ideas with your OMC Members.

G-I Organizational
Member News

Geo-Solutions Signs 5-Year China Contract

Geo-Solutions, Inc., a western PA specialty construction 
fi rm, signed a fi ve-year agreement to provide 
environmental remediation services to help clean up 
China’s industrial sites with BCEG Environmental 
Remediation Co., Ltd., a subsidiary of Chinese 
construction giant Beijing Construction Engineering 
Group, and BRISEA Engineering Services of Parsippany, 
NJ. The contract is expected to lead to immediate 
involvement in major new projects, according to Geo-
Solutions President Chris Ryan.

     G-I Organizational 
Member Council

Looking Out for You
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Geo-Institute Establishes 
Organizational Member Council

 he Geo-Institute Board of Governors created the 
Organizational Member Council (OMC) as an outgrowth of 
the numerous recommendations made by the Organizational 
Member Task Force in August 2008. 

The OMC’s mission is to represent Geo-Institute 
Organizational Members’ interests and to provide OMs with 
greater and more relevant value. The OMC currently consists 
of five members, chaired by Kord Wissmann, plus a G-I 
governor liaison, and a G-I staff liaison.

Scott Mackiewicz, P.E., M.ASCE, received his Ph.D. from 
Iowa State University and is currently working as senior 
principal geotechnical engineer at Kleinfelder in Kansas 
City, KS. Scott previously worked as senior geotechnical 
engineer and construction services manager for S&ME, Inc 
in Charleston, SC. His specialties are deep foundations, 
piles, drilled shafts, ground improvement, and wind farm 
foundations. Contact Scott at smackiewicz@kleinfelder.com.

Randy Neuhaus, P.E., is the president of S&ME, Inc.in 
Raleigh, NC and vice chair of ASFE’s Emerging Issues and 
Trends Committee. He has been very active in professional 
organizations, serving in responsible positions in state and 
national engineering associations. He earned his degree in 
civil engineering from the University of Oklahoma. Contact 
Randy at RNeuhaus@smeinc.com.

 
Swaminathan Srinivasan, P.E., known to most as Vasan, 

is a highly-regarded associate member with HC Nutting/
Terracon in Cincinnati, OH. Heading the geotechnical 
engineering group in the firm’s service area, he is considered 
a hands-on engineer and the facilitator to see for a safe 
project. Contact Vasan at ssrinivasan@terracon.com.

O. Chris Webster, P.E., F.ASCE, senior associate and 
branch leader is the Office Manager for Schnabel Engineering 
in Charlottesville, VA. Chris is also involved with Engineers 
without Borders and was past president of the Blue Ridge 
Chapter of ASCE’s Virginia Section. He received his M.S. 
Civil Engineering from Virginia Tech and his B.S. in Civil 
Engineering from the University of Virginia.  Contact Chris 
at owebster@schnabel-eng.com.

Kord Wissmann, Ph.D., P.E., M.ASCE, is president 
and chief engineer of the Geopier Foundation Company 
in Mooresville, NC. He is actively involved with the Geo-
Institute and is chair of the OMC and past chair of the 
Organizational Member Task Force. He has undergraduate 
and graduate degrees in civil engineering, including a B.S. 
from Virginia Tech, an M.S. from University of California-
Berkeley and a Ph.D. from Virginia Tech. Contact Kord at 
kwissmann@geopier.com

Linda Bayer, IOM, is the manager of the Geo-Institute 
in Reston, VA and the facilitator of the OMC. Linda serves 
as the Geo-Institute liaison to the OMC. Reach Linda at                        
lbayer@asce.org.

Billy Camp, P.E., works for S&ME in Charleston, SC and 
is a Geo-Institute governor. Billy is the OMC liason to the 
G-I Board of Governors. Contact Billy at bcamp@smeinc.com.

The first task assigned to the OMC is fostering increased 
interaction between G-I Organizational Members, professors, 
and students. To meet that goal, the Geo-Institute will be 
hosting an Organizational Member/Student social event as 
part of the GeoFlorida conference on Sunday, February 21, 
2010 from 5:00 pm to 6:00 pm. The Geo-Institute, following 

Scott Mackiewicz Randy Neuhaus Swaminathan Srinivasan Chris Webster Kord Wissmann
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Geo-Solutions already has undertaken test projects using 
its equipment and technology in China. The company 
plans to undertake several major soil and groundwater 
remediation projects at former industrial plants in China in 
an effort to provide brownfield development opportunities 
for commercial and residential projects. 

“China is waking up to the issues of contaminated soil 
and groundwater that are present at former industrial 
sites –  the same issues that the U.S. has been confronting 
and dealing with for the last four decades” said Ryan. “I 
believe that we are going to help them shorten their 
learning curve about issues from regulations to design 
methodologies to remediation technologies. They have 
shown a great interest in the U.S. reaction to these 
sites at all levels, and they should greatly gain from our 
experience.”

Hotel Draws Strength from GeoStructures 
Support System

A ground improvement system of 253 RAP elements, 
constructed of a sand aggregate backfill, now supports the 
spread foundations of a new Holiday Inn Express hotel in 
Havelock, NC. Designed and installed by GeoStructures, 

Inc., the sand RAP system 
reinforces the soft site soils 
underneath the four-story 
hotel due to open this year at 
103 Branchside Drive.  

The patented RAP system 
eliminates the costly 
options of deep foundations 
or over excavation and 
replacement of weak soil 
with engineered fill. The 
RAP construction technique 
required drilling 24-in.-
diameter shafts to depths of 
approximately 9–10 ft, and 
then backfilling with sand fill 
material placed in nominal 
12–18-in. compacted lifts. A 
beveled tamper attached to 
a hydraulic hammer then 
delivered a downward high-
energy, high frequency impact 
to each lift. 

“Our design allowed for use 
of the sand backfill material 
and to achieve the capacity 
required for supporting the 
spread foundations, which 
are designed for a bearing 

pressure of 4,000 psf,” said Kevin Nadeau, P.E., project 
engineer for GeoStructures.  

Nyle Hothem, P.E., GeoStructures’ regional manager, 
adds “In some locales, the cost of sand fill material can 
be roughly 15 to 25 percent less than the cost of the 
more traditional aggregate base course backfill material. 
Customers like East Coast Hospitality, the owner of 
the Holiday Inn Express project, appreciate that we are 
constantly looking at ways for them to trim project costs.”

Geotechnology CEO Elected ACEC/MO Chair

Edmond D. “Ed” Alizadeh, P.E., Esq., president and CEO of 
St. Louis-based Geotechnology, Inc., was elected chairman-
elect of the Board of Directors of the American Council 
of Engineering Companies of Missouri (ACEC/MO) for 
2010–2011.  He has served as vice chairman of the Board 
since 2008.
 
Alizadeh is a 1984 petroleum-engineering graduate 
of the University of Tulsa, and in 1989 joined 
Geotechnology, Inc., a firm founded by his father, the 
late Mike Alizadeh. He became the firm’s environmental 
department manager in 1994 and maintained that role 
while attending the Saint Louis University School of 
Law. He earned his Juris Doctorate in 1996, and was 
soon named Geotechnology’s president. In April of 2010 
he was elected a Fellow of ASFE after having served as 
president.

Terracon and ESA Join to Expand Facilities 
Engineering Division

Terracon recently acquired ESA Energy Systems Associates, 
Inc. (ESA), a consulting engineering firm specializing in 
energy management services and mechanical, electrical, 
and plumbing (MEP) design. ESA is headquartered in 
Round Rock, TX and has a Houston, TX office. They will 
continue operating under the same ESA name. 

“Joining with ESA allows Terracon to expand our Facilities 
Engineering Division and services to local and national 
clients,” said David Gaboury, P.E., president and CEO of 
Terracon. “ESA has an excellent reputation, and we are 
excited to join forces.”

Established in 1982, ESA has provided professional 
mechanical and electrical engineering services and 
designs for more than 500 facilities around the country. 
Most of the firm’s design projects have been the 
direct result of Investment Grade Energy Audits, and 
ESA is also heavily involved in energy management 
consulting and commissioning. They have provided 
energy analysis for schools, hospitals, commercial and 
industrial clients.

Moretrench       

NTH Consultants, Ltd. 

Nicholson Construction 
Company     

Nilex Construction 

PB Americas, Inc.    

RADISE International, 
L.C. 

Rembco Geotechnical 
Contractors, Inc.

S&ME Inc.   

Sanborn, Head & 
Associates, Inc. 

Schnabel Engineering     

Schnabel Foundation 
Company

Strata Systems, Inc.    

Terracon, Inc.   

Terra Insurance Company 

URS Corporation
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