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I hope you have a chance to read this 

before you attend the 2015 GeoCongress, 

the International Foundation Congress 

and Equipment Exposition (IFCEE). I am 

preparing this column to give you some 

background information that you can use 

while you are in San Antonio to discuss the 

activities of our Society and its future direc-

tions. Please, have these discussions with your colleagues and 

with the Board of Governors, chairpersons of committees, and 

the G-I sta� . We are all working to provide you with a society 

that is meeting your needs. As you have read in this space many 

times, we need your input to keep us on track and to learn how 

we can do that better tomorrow.

So, with that introduction, I wanted 
to present the four strategic goals that 
are directing our actions. These goals 
were developed more than a year ago 
and have been the yard (meter) stick 
that we have used when evaluating 
every action the Board has taken since 
that time.

First, the G-I will be a more member-
centric association. It’s paramount 
that we connect decision-making to the 
needs and wants of the membership 
so that the G-I is more responsive to 
the changing needs of the profession. 
To do this, we’re making every effort to 
work closely with our committees to 
ask, “What do you need?,” and “What 
do you feel is the big picture?” We want 
to bring you better products where you 
are most likely to use them and bring 
you greater value from the events you 
attend. All of our leaders and staff have 

been encouraged to be visible, engage 
with you, and be timely as we respond 
to the feedback we receive.

Our second strategy is that the G-I 
will be the primary source of career 
development support for geoprofes-
sionals. This does not mean we intend 
to be the jack-of-all-trades and thus the 
Master of None. Our goal to bring you 
the best tools that you need to advance 
your careers. Many of these, the G-I and 
ASCE develop and provide internally. 
However, some are already offered by 
other organizations and may be better 
than what we provide internally, so our 
goal is to fi nd ways to make that content 
easy for you to obtain. Time is valuable, 
and if we can bring needed content to 
you more effi ciently, no matter what the 
purveyor of the materials, that’s more 
valuable to you and is more member- 
centric. This includes technical and 

President’s Letter

ALLEN CADDEN

E D I T O R I A L  B O A R D

j   James L. Withiam, PhD, PE, D.GE, M.ASCE, D’Appolonia
jlwithiam@dappolonia.com

j   J. Tanner Blackburn, PhD, PE, M.ASCE, Hayward Baker
jtblackburn@haywardbaker.com

j   Je�  Dunn, PhD, PE, D.GE, GE, M.ASCE, Arup
je� .dunn@arup.com

j   Morgan Eddy, PE, M.ASCE, Steele Foundation, LLC
morgan@steelefoundationllc.com

j   Ken Fishman, PhD, PE, M.ASCE, McMahon & Mann 
Consulting Engineers
kfi shman@mmce.net

j   Beth Gross, PhD, PE, M.ASCE, Geosyntec Consultants
bgross@geosyntec.com

j   Brian Hubel, PE, GE, M.ASCE, Black & Veatch 
Corporation
hubelb@bv.com

j   Peter G. Nicholson, PhD, PE, D.GE, F.ASCE, University of 
Hawaii at Manoa
peter.hawaii@gmail.com

j   William K. Petersen, PE, M.ASCE, Schnabel Engineering
wpetersen@schnabel-eng.com 

j    Veronica L. Streich, PE, M.ASCE, HNTB Corporation
vstreich@hntb.com

2 0 1 4 - 1 5  G - I  B O A R D  O F 
G O V E R N O R S

j   Allen Cadden, PE, D.GE, M.ASCE – President

j   Kord Wissmann, PhD, PE, D.GE, M.ASCE – 
Vice President

j   Garry H. Gregory, PhD, PE, D.GE, M.ASCE – Treasurer

j   William M. Camp, III, PE, D.GE, M.ASCE – Past President

j   Patrick J. Fox, PhD, PE, M.ASCE

j   Beth A. Gross, PhD, PE, M.ASCE

j   Kancheepuram N. Gunalan “Guna”, PhD, PE, D.GE, 
F.ASCE

j   Youssef M. A. Hashash, PhD, PE, F.ASCE

j   Robert Schweinfurth, A� .M.ASCE – Secretary
non-voting Board member

G E O S T R ATA  S TA F F

j   Stefan Jaeger – Publisher

j   Dianne Vance, CAE – Director of Advertising
dvance@asce.org

j   Robert Schweinfurth, A� .M.ASCE – G-I Director
rschweinfurth@asce.org

j   Jennifer M. Canning – Content Editor

j   Elizabeth Cuscino – Content Editor

j   Kristie C. Kehoe – Content Coordinator

j   Helen Cook – Content Editor

j   Sean Richardson – Production Manager

A D V E R T I S I N G  S A L E S  M A N A G E R S

j   Amy Hakim, Kelli Nilsson, Brooke King 

G E O S T R ATA  D E S I G N

j   THOR Design Studio, www.thordesignstudio.com

GEOSTRATA is a forum for the free expression and interchange of 
ideas. The opinions and positions stated within are those of the 
authors, and not necessarily those of GEOSTRATA, the Geo-
Institute, or the American Society of Civil Engineers (ASCE). 
GEOSTRATA—ISSN 1529-2975—is published bi-monthly by ASCE, 
1801 Alexander Bell Drive, Reston, VA 20191-4400 and is a free 
ASCE/Geo-Institute membership benefit, not available by 
subscription. ADDRESS CHANGES: ASCE/G-I members should 
e-mail memrec@asce.org, or click on “My Profile” at asce.org. 
Copyright © 2015 by the American Society of Civil Engineers. All 
rights reserved. Materials may not be reproduced or translated 
without written permission from ASCE. Periodicals postage paid at 
Herndon, VA, and at additional mailing offices. POSTMASTER: Send 
address changes to GEOSTRATA, 1801 Alexander Bell Drive, Reston, 
VA  20191-4400.

I S S U E  N O .  2    •    V O L U M E  1 9



7www.asce.org/geo

Loyola University Tennis Courts
D. W. Kozera, Inc. - Baltimore, MD

 
Portico Apartments

Ardaman Associates - Sunrise, FL

Tempe Marketplace
Hoque & Associates - Tempe, AZ

Beech Ridge Energy Storage
Terracon - Greenbrier County, WV

Danforth Green
Haley & Aldrich - Framingham, MA

Vielbig Track Relocation
John P. Stopen Engineering - Syracuse, NY

RECENT PROJECTS

business training, yet we also recognize 
that networking is a huge factor in the 
success of your career.

Third, the G-I will build collab-
oration among groups serving our 
profession. The G-I is one organization 
supporting the needs of our members 
and the profession. As you are aware, 
there are many organizations out there 
providing different items of value to us, 
and we typically participate in several 
groups. G-I will never be able to provide 
everything to everybody. We can, 
however, work together with other orga-
nizations to be less redundant and to use 
their and your fi nancial and personal 
time contributions more effi ciently

Our fourth and last focus (four 
is plenty) is to develop a stronger 
business model. This is a less urgent 
need; however, the Board recognizes 
that the world is changing. Our budget 

is based on income from conferences, 
publications, continuing education, and 
individual membership dues funding 
the varied efforts of the organization. 
Focusing on the three strategies will 
likely create new member needs and, as 
such, new demands on our resources. 
Our creative solutions to these needs 
may also bring new sources of revenue. 
We are taking the approach that nothing 
is off limits, and we need to keep an open 
mind about how your Society will meet 
your needs in the future. Yes, societies are 
businesses, and we have to continually 
reassess our business model to ensure 
that it is as effective as it can be.

So I welcome you to IFCEE. I 
hope you see this event as bringing 
us closer to these strategic goals. We 
have four cooperating organizations: 
G-I, ADSC, DFI, and PDCA. I thank the 
organizing committee drawn from these 

organizations for the huge effort needed 
to pull this all together. Take advantage 
of this huge networking opportunity 
of geoprofessionals. By cooperating, 
this event brings the best foundation 
equipment show in North America to 
our GeoCongress.

Remember, while you are making 
new friends, fi nd some time to share 
your thoughts with your Board of 
Governors, committee chairs, and our 
wonderful G-I staff.   

Allen Cadden, PE, D.GE, M.ASCE
Geo-Institute President
acadden@schnabel-eng.com 
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From the Editorial Board

Because of their cost savings, reduced environmental 
impact, and relatively high efficiency, geotextile tubes 
are being increasingly utilized over in-situ methods to 
dewater contaminated materials. In “Geotextile Tube 
Dewatering,” Ming Zhu and Jay Beech describe the geo-
technical engineering aspects of using stacked geotextile 
tubes to dewater slurried materials. They also present a 
case history with four stacks of geotextile tubes used to 
dewater biosolids sludge that had been introduced into 
the tubes at seven percent solids concentration.

In “National Usage of Geosynthetic-Reinforced Soil 
to Support Bridges,” Daniel Alzamora and Jennifer Nicks 
describe FHWA’s recent promotion of their Geosynthetic-
Reinforced Soil Integrated Bridge System (GRS IBS). The 
program reduces the “bump at the end of the bridge” by 
supporting bridges and roadways at their transition. By 
September 2014, there were nearly 200 GRS IBS structures 
in 44 states. Examples of GRS IBS projects for local roads, 
interstate highways, seismically-active areas, and water 
and railway crossings are provided.

Bryan Gee discusses the cost and construction benefits 
of using geosynthetics to reinforce aggregate bases for 
gravel-surfaced roads and optimize flexible pavement 

For more than 50 years, geosynthetics have 

been used in geotechnical engineering 

applications, including as hydraulic barriers 

and filters in dams and reinforcement in soil 

walls and slopes. Nonetheless, as pointed 

out by Barry Christopher, Ryan Berg, and 

Bob Holtz in “Why Not Use Geosynthetics?” 

geotechnical engineers are continually 

reluctant to use geosynthetics, in part due to 

past experience with improperly designed or 

specified products, or because of incorrect 

perceptions about benefit/cost ratios. This 

issue of GEOSTRATA focuses on geosynthet-

ics and includes examples of the successful 

use of geosynthetics to dewater slurries and 

support bridge abutments and roadways.

BETH A. GROSS

designs in “Geosynthetic Materials Help 
Build Optimized Infrastructure.” Like 
Christopher et al., he notes the reluctance 
of engineers to use geosynthetics. He 
outlines his belief that many geoprofes-
sionals, especially in the public sector, are 
resistant to changing accepted practice, 
procurement rules, and perceived risk.

When a geosynthetic-stabilized earth 
berm is used as an integral component 
of a structure with a post-operational life 
that extends for a very long time or even 
in perpetuity, it’s important that funds 
be available to maintain the structural 
integrity and safety of the berm. In 
“Very Long-Term Care of Mechanically 
Stabilized Earth Berms,” David Espinoza 
and Jeremy Morris conclude that the 
primary risk to long-term berm perfor-
mance is the failure to conduct necessary 
operations and maintenance due to 
insufficient funding. They propose a new 
approach to estimate long-term funding 
that decouples risk from the time value 
of money and allows technical risk and 
market risk to be considered separately.

This issue also includes one article 
not related to geosynthetics: “Long-Term 
Performance Monitoring of a Hillside 
Retaining Wall.” Here, Tom Gurtowski 
and Rob Clark describe the performance 
of an instrumented soldier pile, 
tieback-anchored retaining wall con-
structed about 25 years ago. This is a rare 
case history reporting about long-term 
soil anchor performance.

So, I ask you — given the high benefit/
cost ratios, enhanced sustainability, and 
material performance in comparison to 
soil and rock materials, combined with 
demonstrated long-term performance, 
why not use geosynthetics?  

This message was prepared by BETH 

A. GROSS, PhD, PE, M.ASCE. She can be 
reached at bgross@geosyntec.com.
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Geotechnical Testing II. He also received a 

Service Award from the ASTM Committee 

on Technical Committee Operations, 

for which he served a two-year term. 

Ebelhar has served on the ASTM Board of 

Directors since 2010. 

Saxena Joins BillerReinhart
D.S. “Sax” Saxena,

P.Eng, PE, D.FE, 

D.GE, F.ASCE, has 

joined BillerReinhart 

Engineering Group, 

Inc. as director of 

forensic and geo- 

forensic engineering. 

Saxena is a board- 

certified diplomate in forensic and 

geotechnical engineering whose career 

spans almost five decades. He has 

authored, co-authored, published, and 

presented more than 75 technical papers 

in conferences around the world. He is a 

certified Neutral Evaluator for all 67 

counties in Florida for the Alternative 

Dispute Resolution (ADR) process for 

sinkhole claims. Saxena will be based in 

Lakeland, FL, from which he will serve the 

entire state.

Harl P. Aldrich, Jr., Sc.D, PE, 
NAE, Dist.M.ASCE, Haley & 
Aldrich Co-founder, Dies at 91
Haley & Aldrich founder and chairman 

emeritus Harl P. Aldrich, Jr. died 

November 24, 2014, in Concord, MA at 

the age of 91. Dr. Aldrich was a leader in 

geotechnical and civil engineering.

Dr. Aldrich left his position as assistant 

professor of soil mechanics at the 

Massachusetts Institute of Technology to 

co-found Haley & Aldrich, Inc. in 1957. 

The firm was the first in New England 

devoted to the field of geotechnical 

engineering. At the conclusion of his 

COREBITS PEOPLE

Coe Wins DFI Paper Competition
Joseph Thomas Coe, Jr., PhD, 

EIT, A.M.ASCE, is the winner of this 

year’s DFI Educational Trust Young 

Professors Paper Competition for 

his paper, “Comparison of Borehole 

Ultrasound and Borehole Radar 

in Evaluating the Length of Two 

Unknown Bridge Foundations.” 

Dr. Coe conducted a study at two 

bridge sites in Philadelphia that 

evaluated the length of the bridge 

foundations using ultrasound 

acoustic waves.  A Borehole 

Ultrasound (BHU) system was lowered into a borehole alongside each foundation as 

100 kHz P-waves were generated to develop a reflection image of the pile-soil interface. 

Foundation length was evaluated based on discontinuity of the reflected signals with 

depth. This system was developed to address inadequacies with borehole radar testing in 

similar applications related to unknown foundations.

Dr. Coe is an assistant professor in the Department of Civil and Environmental 

Engineering at Temple University in Philadelphia, PA.

The award was presented at the DFI 39th Annual Conference on Deep Foundations in 

October 2014 in Atlanta, GA, where Dr. Coe presented his paper to conference attendees. 

The paper will be published in a future issue of the DFI Journal.

Coe wins DFI Paper Competition. (Photo courtesy 

of DFI and Robb Cohen Photography)

Ebelhar Named 2015 Chairman 
of ASTM Board of Directors

Ronald J. Ebelhar,

PE, D.GE, F.ASCE, 

senior principal with 

Terracon in 

Cincinnati, OH, has 

been named chair-

man of the 2015 

ASTM International 

Board of Directors.

As a project manager for geotechnical 

and environmental engineering projects 

worldwide, Ebelhar has provided design, 

consulting, and forensic engineering 

services for commercial, industrial, 

transportation, waste disposal and public 

utility projects; geotechnical engineering 

design and construction, including site 

soil response under seismic, cyclic and 

dynamic loading; and marine geosciences 

and engineering field explorations. He is a 

registered professional engineer in eight 

states.

Ebelhar joined ASTM in 1980 and is 

a past chairman of ASTM Committee 

D18 on Soil and Rock and several D18 

subcommittees. An ASTM fellow and 2003 

Award of Merit recipient, Ebelhar has 

received several awards from D18, includ-

ing the R.S. Ladd Standards Development 

Award; the Woodland G. Shockley 

Award; the A. Ivan Johnson Outstanding 

Achievement Award; two Special Service 

awards; and the Committee D18 Technical 

Editor’s Award for STP 1213, Dynamic 
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January-February Article 
“Right on the Mark”

career, Dr. Aldrich had contributed his 

expertise to the fi eld for more than 

35 years. He grew the fi rm around the 

principles of innovation, putting clients 

fi rst, and investing in sta�  professional 

development, all of which serve as the 

fi rm’s foundation today. Before retiring 

from the fi rm in 1992, Dr. Aldrich served 

in the roles of president, chief executive 

o  ̄ cer, and chairman.

“Harl cared deeply about people and 

his profession, and his impact on all those 

who knew him was profound,” said Larry 

Smith, CEO of Haley & Aldrich. “His per-

sonal integrity, purpose, and values live on 

as his legacy in our company, embodied 

in our core values and core purpose, our 

focus on client service, and on profes-

sional excellence. We have the culture we 

have because of the way Harl led our fi rm, 

and the example he set. Harl was a role 

model for everyone who knew him, and 

especially those who had the honor to 

work with him. He will be missed.”

Among his many notable contribu-

tions beyond founding the engineering 

and environmental consulting fi rm, Dr. 

Aldrich was a key leader and fundraiser 

in the development of The Engineering 

Center in Boston, which provides meet-

ing facilities and learning resources for 

several engineering and environmental 

societies. He also served as president of 

the Boston and Massachusetts chapters 

of the American Society of Civil Engineers 

(ASCE). He was an active participant 

in the founding and activities of the 

Association of Soil and Foundation 

Engineers (ASFE). A true leader of the 

profession, both technically and in ethical 

consulting business practices, Dr. Aldrich 

received the 2004 Outstanding Projects 

and Leaders (OPAL) award for his lifetime 

contributions in management, presented 

by the ASCE. 

Letters
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Are We Getting Better? 
Sometimes, but Not Always…

As I See It

By Alan Macnab, P.Eng., D.GE

The foundation drilling business has changed 

dramatically during my career. Equipment 

advances and revolutionary design thinking 

brought about many of these changes. 

However, we continue to forget successes 

of the past, or discount them, when we can’t 

clearly understand the mechanisms of the 

observed behavior. Terzaghi taught us the 

observational method six decades ago, and 

although we all know about it, and agree that 

it makes sense, precious few of us really use it. 

In fact, with the increasing use of codes, and 

the tyranny of permitting agencies, I fear that 

the observational method is dying. So with this 

perspective, please tolerate an old retired guy, 

as he reminisces about things he has seen.
In 1973, we placed casing by dropping it in pre-excavated holes, or on rare 

occasions driving it with a drop weight called a tappette. Pulling casing was 

performed by dead pull using cranes, or sometimes three tripods with multiple 

reeved blocks. Buckling of crane booms was not unusual — which, of course, was 

very dangerous. Although vibro hammers were first introduced to North America 

in 1957, when I started we were just learning where and when to use them.

In 2014, we are finding more and more casing installed by vibro hammer 

or with the utilization of oscillators and rotators. The use of casing has been 

reduced by the introduction of polymer slurries in the 1980s. Vibro extraction 

Karl Terzaghi
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The research of Dr. Lymon Reese and 

others led us to understand that shafts 

function largely in side wall friction, 

rather than end bearing. Bells began 

disappearing except for some specific 

applications in places like Chicago and 

areas of expansive soils.

or removal of casing by oscillator is very 

common, and fortunately we have less 

crane boom failure.

In 1973, we entered almost all dry 

or cased shafts. This entry was for hand 

cleaning and subsequent inspection by 

engineering personnel. Belled shafts 

were common, which required a great 

deal of hand cleaning. The largest bell I 

ever saw was 36 ft in diameter!

The research of Dr. Lymon Reese and 

others led us to understand that shafts 

function largely in side wall friction, 

rather than end bearing. Bells began 

disappearing except for some specific 

applications in places like Chicago and 

areas of expansive soils. Rock socket 

design, rather than a wire brushed end 

bearing in rock, as was previously the 

status quo, became more the norm. By 

2014, except in places like the Piedmont 

regions of the Southeast and Chicago, 

shaft entry has virtually disappeared 

with the hearty approval of OSHA.

Speaking of end bearing, early in 

my career I spent hours under a heavy 

girder, anchored with piles which 

acted as a load test frame, reading dial 

gauges as we performed plate bearing 

tests on rock. Full-scale load tests on 

piles or shafts, using either anchorage 

or dead weight for reaction, were very 

difficult, so we scaled up plate load tests. 

Full-scale load tests to loads which we 

couldn’t have even imagined then are 

now possible with O-cells, Statnamic, 

and drop weight mechanisms.

In 1973, tiebacks were used in only a 

few areas in North America, and in those 

areas the work was usually performed 

with continuous flight augers. The rest of 

us were using raker- and cross-lot braced 

excavations. Grouting of tiebacks was by 

gravity tremie methods, or even free fall. 

Today, we employ duplex drilling meth-

ods and first pressure grouting and now 

secondary grouting. Pressure grouting 

gives us much higher capacities, and 

secondary grouting frees up the drill to 

maintain production.

The introduction of small diameter, 

cased rotary drilling and duplex, cased 

drilling for tiebacks has also assisted 
www.GRLengineers.com/pit                    info@GRLengineers.com
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of concrete 
foundations 
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The article in the January/February 

2015 issue, (“As I See It: Are We 

Getting Better? Sometimes, but 

Not Always,” page 16) by Alan 

Macnab, P.Eng., D.GE, is an excellent 

commentary on the current state of 

geo-structural design.

Mr. Macnab’s observations, 

especially on topics such as earth 

pressure distribution, lagging board 

size, and soldier beam moments, 

are right on the mark. Assisted by 

the ever-increasing amount of new 

geo-structural design manuals and 

handbooks, many of the design 

methods and construction tech-

niques that have been successfully 

used since at least the middle of the 

20th century are now being forgot-

ten, ignored, or are not even known 

by too many engineers.

Newer publications often fail to 

include the more detailed discussions 

on these design methods and 

techniques that are presented in the 

older publications. While I recognize 

the great importance of newer 

manuals and design guides, I strongly 

believe that the older publications 

are still very valuable and should not 

be forgotten. They are important 

references and should always be the 

basis for the newer publications.

After 40 years doing design-build 

geo-structural engineering, I am still 

discussing, defending, and arguing 

design methods with reviewers who 

too often have little or no experience 

designing or building geo-structures. 

Project specifi cations usually contain 

detailed experience requirements 

for the designers and builders of 

geo-structures. Submission reviewers 

should also have experience require-

ments. It’s a matter of ethics!

John J. Peirce, PE, D.GE, M.ASCE

Peirce Engineering, Inc.

Phoenixville, PA

GEOSTRATA welcomes letters 

to the editor. Some letters may 

be edited to suit style and space 

guidelines. Please send them to 

us at geostrata@asce.org.
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Why Not Use Geosynthetics?

As I See It

By Barry R. Christopher, PhD, PE, M.ASCE, Ryan R. Berg, PE, D.GE, F.ASCE, 
and Robert G. Holtz, PhD, PE, D.GE, Dist.M.ASCE

Over the last three decades, we have taught 

courses on design and construction with 

geosynthetics to several thousand engineers. 

Although geosynthetics have become a 

well-accepted material used in a wide variety 

of applications, we are often frustrated by the 

reluctance of engineers in geotechnical prac-

tice, (much less in the general civil practice) to 

use geosynthetics.

Some of this reluctance is due to past use on projects with poor specifi -
cations and/or lack of project-specifi c analysis and design. A good example 
of this is the routine use of geotextile fi lters in critical situations, such as in 
retaining wall drains or on green roofs. Even today, it’s amazing how often geo-
textiles are specifi ed as “Brand X or equivalent,” with no soil samples or grain 
size distributions obtained and without a formal fi lter design that considers 
the hydraulic conditions, possible external loads, or construction issues. Not 
surprisingly, some failures do occur, and we often hear from engineers that 
they do not use geotextile fi lters because they “always clog” or “they don’t 
work in our soils.” Graded, granular fi lters also have issues due to installation 
variability (e.g., poor compaction, material segregation, and standard designs), 
and they are often much less reliable than geotextile fi lters. Our real frustration 
is that the good performance (as well as poor performance) of both types of 
fi lters is predictable through well-established design procedures.

An example of underutilization with signifi cant potential for cost benefi t is 
in pavements (in the U.S. only about 20 percent of the potential utilization has 
been achieved).  Pavement designers often say they do not include geotextile 
separators below granular base or subbase layers on silt and clay subgrades 
because of the cost. But, in reality, the geotextile only adds about 1 to 5 percent 
to the initial pavement section cost; in fact, using a separation geotextile to 

Salmon/Lost Trail Roadway Widening 

Project in Idaho — Constructed in 

1993, this permanent, geosynthetic-

reinforced slope is 172-m-long, 

15.3-m-high, and 1H:1V.



With local insights and a commitment  
to the people and places we serve, 
Stantec connects to projects on a 
personal level.

Design with community in mind stantec.com
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What’s the solution to the “bump 

at the end of the bridge”? Support 

the bridge on a GRS wall structure 

so that the bridge abutment and 

embankment can settle together.

prevent long-term contamination of 
the structural layers can easily extend 
the life of a pavement by more than 5 
percent (i.e., one more year for a 20-year 
design life). Perhaps of greater value, 
a geosynthetic at the subgrade-base 
interface increases the serviceability 
of the base and subgrade, allowing 
rehabilitation of the asphalt surface 
and extending pavement life before 
complete reconstruction is required.

There are those who question, “Why 
use geosynthetics to reinforce slopes 
when a flatter slope will stand just fine 
on its own with an equal factor of safety?” 
As far as cost is concerned, price it out. If 
the backfill material for a 3 Horizontal:1 
Vertical (3H:1V) unreinforced slope costs 
$5/m3, a 1H:1V geosynthetic-reinforced 
soil (GRS) slope can be constructed for 
about the same cost as the flatter slope, 
and save the costly waste of land for the 
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flatter slope option. A GRS slope has also 
been found to be significantly more reli-
able, essentially reducing the probability 
of failure by up to a factor of 10.

The common use of deep foundations 
for bridge support often leads to differ-
ential settlement between the bridge and 
the approach embankment, creating a 
“bump at the end of the bridge.” Because 
about 25 percent of all bridges have 
such a bump, we wonder if structural 
engineers actually like it because it lets 
everyone know that one of their bridges 
is coming up. Regrettably, we are spend-
ing millions of dollars in maintenance 
cost, plus millions on research to solve 
this problem, when all we would really 
have to do is support the bridge on a 
GRS wall structure so that the bridge 
abutment and embankment can settle 
together. There seems to be an awareness 
of the viability of this approach, espe-
cially for counties and municipalities 
that have limited maintenance funds to 
replace older bridges. The U.S. Federal 
Highway Administration (FHWA), 
through its Every Day Counts initiative, 
has identified GRS bridge abutments 
as a key application, and it has recently 
promoted the GRS technology through 
training, research, and implementation 
assistance, including monitoring.  For 
more information, check out www.
fhwa.dot.gov/everydaycounts/technology/
grs_ibs.

Saving energy has always been a 
good thing, even before the politically 
sensitive “sustainability” term was 
coined. Geosynthetics often replace 
larger volumes of materials, such as 
select soil and reinforced concrete, 
which saves energy required for 
material production and transport. 
Geosynthetics often allow the use of 
lower-quality soils, reducing the cost 
and transport energy required for 
disposal of waste materials and impor-
tation of high-quality fills.

Although geosynthetics and their 
applications are well proven, these 
materials continue to be underuti-
lized by engineers in geotechnical 
practice and in general civil practice. 
Considering the economic and ecologic 
benefits of geosynthetics versus 
alternate geotechnical solutions, the 
real question is, “Why not use geosyn-
thetics?” Where it is well known that the 
alternative is not as reliable or risk free, 
maybe engineers should be required to 
justify why they did not need to use a 
geosynthetic. We encourage engineers 
who are unfamiliar with the design 
of these materials to attend a class or 
webinar (see Koerner’s commentary in 
the July/August 2013 of Geo-Strata). You 
can find and register for future FHWA/
NHI geosynthetics engineering courses 
at www.fhwa.dot.gov/engineering/
geotech/training.cfm. 

j BARRY R. CHRISTOPHER, PhD, PE, 

M.ASCE, is an independent geotechnical 

engineering consultant in Roswell, GA. 

He can be reached at barryc325@aol.com.

j RYAN R. BERG, PE, D.GE, F.ASCE, is 

president of Ryan R. Berg & Associates 

in Woodbury, MN. He can be reached at 

ryanberg@att.net.

j ROBERT G. HOLTZ, PhD, PE, D.GE, 

DIST.M.ASCE, is professor emeritus of civil 

engineering at the University of Washington 

in Seattle, WA. He can be reached at 

holtz@u.washington.edu.

All the authors are FHWA National Highway 

Institute instructors, and they have co-

authored the last three editions of the FHWA 

Geosynthetics Design and Construction 

Guidelines, a textbook on geosynthetic 

engineering, and numerous other technical 

papers on geosynthetics.

U.S. 89 south of White Sulphur Springs, MT, looking due north. Photos taken in Jan. 24, 1942, (left) and 1997 (right), of 

“Experimental Cotton Fabric Section A,” constructed in 1932 or 1933. It is likely that with a modern, geosynthetic separator, the 

road would have performed even better than it did for more than 60 years.  (Photos courtesy of B. Collins)
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GeoNet Wireless network is self 
healing and will reconfi gure itself 
to tolerate disturbances to the 
physical environment. 

This topology is more fl exible 
than star networks because it 
allows data communication to be 
established over longer distances 
and around obstructions.

GeoNet is a battery powered wireless data acquisition network compatible with all of Geokon’s vibrating wire sensors. It uses 
a cluster tree topology to aggregate data from the entire network to a single device - the network supervisor. GeoNet is especially 
benefi cial for projects where a wired infrastructure would be prohibitively expensive and diffi cult to employ.

The network consists of a Supervisor Node and up to 100 Sensor Nodes. Data collected at each node is transmitted to the supervisor. 
Once there, it can be accessed locally via PC or connected to network devices such as cellular modems for remote connectivity from 
practically any location.

NEW
Model 8800-2

Network Supervisor
Model 8800-1
Sensor Node

Long battery life. Most applications 
measured in years.

Nodes separated from network will continue to collect and store data
autonomously.

Features & Advantages…

When network connectivity 
is re-established the data 
collected while offl ine 
will be transmitted to 
the supervisor.

GeoNet Nodes are comparable in price to a single channel datalogger.

Uses worldwide 2.4 GHz ISM band.

Self confi guring, easy installation.

GeoNet will automatically route data around obstructions.

All data collected and 
sent to the supervisor 
is also stored on each 
respective node.
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Dr. Kenneth H. Stokoe, II, holds 
the Jennie C. and Milton T. Graves 
Chair in Engineering in the Civil, 
Architectural, and Environmental 
Engineering Department at the 
University of Texas at Austin (UT). He 
has been working in the areas of field 
seismic measurements, dynamic lab-
oratory measurements, and dynamic 
soil-structure interaction for more than 
40 years. In the late 1960s, he and Dr. 
Richard D. Woods were instrumental 
in developing the crosshole seismic 
method for in-situ shear wave velocity 
measurement to the method that is 
used today.

In the late 1970s, Dr. Stokoe and his 
graduate students at UT developed a 
combined, torsional, shear/resonant 
column system that is used by many 
universities and private firms around 
the world. They also developed two 
other types of free-free resonant 
column systems that allow torsional 
movement at both ends of the test 
specimen and which are used to eval-
uate dynamic, large-grained soil and 
intact rock properties in the laboratory. 
In the 1980s, Drs. Stokoe and Roesset, 
along with their graduate students, 
developed the Spectral-Analysis-of-
Surface-Waves (SASW) method for 
testing geotechnical and pavement 
systems and structural components. 
Dr. Stokoe has conducted major 

Kenneth H. Stokoe, PhD, PE, 
D.GE, NAE, M.ASCE

Lessons Learned from GeoLegends

By Aaron Leopold, EIT, A.M.ASCE, Rodrigo Betanzo, S.M.ASCE,  
Alfonso Cerna, M.Sc., S.M.ASCE, and Maria Ines Romero, M.Sc., S.M.ASCE

Professor Stokoe explaining liquefaction to elementary school children.
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studies using the SASW method to 
evaluate geotechnical systems, debris 
slides, post-earthquake areas, and 
geotechnical materials around critical 
structures. Over the past 20 years, 
Dr. Stokoe has been involved in the 
development of the Rolling Dynamic 
Deflectometer (RDD), which performs 
continuous profiles of pavement 
stiffness “on-the-fly.”

Over the last 14 years, Dr. Stokoe 
has led, with his UT colleagues Drs. 
Ellen Rathje and Clark Wilson, the 
development of large-scale, mobile 
field equipment for dynamic loading of 
geotechnical systems, foundations, and 
structures. This effort has been funded 
by the National Science Foundation 
in the NEES (Network for Earthquake 
Engineering Simulation) program. 
The equipment has already led to the 
development of new testing methods to 
evaluate soil nonlinearity and liquefac-
tion directly in the field.

Dr. Stokoe has received several hon-
ors and awards, including election to 
the National Academy of Engineering, 
the Harold Mooney Award from the 
Society of Exploration Geophysicists, 
and the C.A. Hogentogler Award from 
ASTM. He also received the H. Bolton 
Seed Medal and was named a Karl 
Terzaghi Distinguished Lecturer by  
the ASCE.

Q: How and when did you first 

discover your interest in geotech-

nical and seismic geotechnical 

engineering?

Like most students, as a junior I took 
my first geotechnical engineering class. 
I thought, “Wow! This interests me!” 
Once I graduated with my bachelor’s 
degree and married, I went to see 
Professor F.E. Richart, Jr., chairman of 
the Civil Engineering Department at 
the University of Michigan (UM). He 
asked me if I worked with my hands. I 
said that I did and that I also loved to 
work outdoors. I did not have to say 
much more and was hired.

I was very fortunate in the early 
part of my graduate program to work 

for two excellent PhD students, Vince 
Drnevich and Dick Woods. Vince had 
me work in the laboratory performing 
resonant column tests. When I started 
there, I was given a book, How to Run 
a Lathe. I began using a lathe and mill 
to build equipment parts for Vince’s 
resonant column system. Then I was 
assigned to Dick Woods, who was 
building a big tank filled with sand that 
was designed to behave like an elastic 
half space. Dick was working on the 
screening of surface waves, and it was a 
wonderful education for me.

When I became a PhD student, 
Professor Richart asked me what 
aspects of soil dynamics I would 
like to pursue. In 1968, geotechnical 
earthquake engineering was in its 
infancy. Soil dynamics did exist, and 
Professors Richart and Robert Whitman 
were working together on the dynamic 
response of foundations for large radar 
installations with the goal of reducing 

foundation motions. I said I’d really 
like to perform experimental studies 
to determine how well the theory for 
dynamic response of foundations 
predicts actual behavior. Prof. Richart 
agreed.

I undertook this study and located 
a couple of large vibrating machines 
around the UM campus. I began 
making  dynamic foundation measure-
ments. Upon comparing predicted and 
measured motions, I soon found that I 
could calculate almost any value for the 
dynamic motions because I didn’t know 
the shear modulus of the soil. It didn’t 
take long before I thought, “This is 
going no place because I have no idea 
of the soil stiffness!” I knew I needed 
to measure the shear modulus of the 
material beneath the foundations. I 
developed a crude system that allowed 
auguring, push-sampling, and cross-
hole testing in stages through holes in 
the concrete floor at either end of the 

I like to work closely with 

my graduate students. I now 

have about 140 academic 

“children,” and a few who 

claim me as an academic 

grandfather.



18 GEOSTRATA MARCH/APRIL 2015

Lessons Learned from GeoLegends

machine foundation. With help from 
fellow graduate students, we hand- 
augured, sampled, and performed 
seismic testing in short-depth intervals 
to about 1.5B beneath the foundations. 
A pipe with a Shelby tube was driven in 
the bottom of one augured hole, and a 
3-D receiver was placed on the bottom 
of the other augured hole. I tapped 
on the top of the pipe with the Shelby 
tube and recorded an interesting wave 
signature with the 3-D receiver. I wasn’t 
sure that I would be successful with 
shear wave measurements and was 
prepared to work with compression 
waves in this unsaturated material. But 
luckily, a strong shear wave appeared. 
Dick Woods helped me, and that was 
the start of crosshole testing as done 
today. It started because I had to solve 
a problem. At the time, few engineers 
would have correctly predicted what 
occurred. Something that might start 
out small may turn into your sunken 
treasure; it’s like discovering gold!

Q: As a student, what motivated  

you to pursue lab and field testing 

within academia?

I became involved in field testing while 
pursuing my doctorate. I worked in 
the laboratory performing resonant 
column tests for Vince Drnevich. In my 
doctorate research, I tested intact sam-
ples from the soils around the machine 
foundations and also field wave 
velocities. These values fit together! 
I happened to be one of the early 
researchers to try to put field and labo-
ratory seismic measurements together. 
The thing that has always attracted 
me so much to seismic testing is that 
you can measure the same stiffness 
parameter in the lab and in the field. 
It is the only mechanical soil property 
that we can do that with. In the end, I 
was in the right place at the right time, 
that’s all. I had the right skills and the 
right interests, and off I went.

Q: What do you enjoy most  

about being a professor in  

geotechnical engineering?

My wife would tell you both she and 
I don’t know how I got into this, but 
it’s the best job I could have ever 
found — even though I originally 
wanted to be a U.S. Air Force pilot. It’s 
wonderful because you are surrounded 
by interested, inquisitive, optimistic 
young people who typically want to be 
there. They are beginning their career 
and are full of life. It’s fun to introduce 
them to new topics.

Students also ask excellent 
questions that make me think. It’s 
great to have questions in a friendly 
environment where you are trying to 
work together on the path forward. I 
like to work closely with my graduate 
students. It makes the workplace fun 
when you are with people who want 
to be there, and that’s a great benefit 
to being a professor. I now have about 
140 academic “children,” and a few who 

University of Illinois students (l to r) Maria Ines Romero, Alfonso Cerna, Rodrigo Betanzo, and Aaron Leopold with Professor Stokoe 

at the 18th Great Lakes Geotechnical and Geoenvironmental Conference on Geotechnical Earthquake Engineering.
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claim me as an academic grandfather. I 
also spent a semester at the University 
of Illinois, so I have two academic fami-
lies. I took classes with Professors Peck, 
Olson, Cording, and Deere, all of whom 
were very nice to me. I think this type 
of traveling scholar program should be 
encouraged across the nation for the 
benefi t of students.

Q: From your experience, what skills 

can students pursue outside the 

classroom and laboratory?

I tell undergraduate and graduate 
students alike to learn the basics and 
develop specialized skills. If you don’t, 
you’re going to be at a disadvantage. 
Students should also join technical 
committees. I have made lifelong 
friends this way. You get to know them 
on a technical level and a social level. 
I was pleased to see the graduate 
students from many universities 
interacting with each other at the 
2014 GeoCongress in Atlanta. Go to 
meetings, start seeing people, and 
make friendships that may last over 
your career.

Q: Do you have any advice about the 

di©  culties in pursuing academia?

I presented a paper with one of 
my graduate students at the Olson 

Symposium at the GeoCongress 2014. 
I’m proud of the paper and mentioned 
to the audience that one reviewer 
said it offered nothing new and wasn’t 
worthy of being published, even in an 
unrefereed proceeding. I made this 
statement to the audience because I 
wanted young people to see that even 
“older folks” get hammered, too. There 
are so many agendas. Good ideas of 
researchers can easily be turned down 
for the wrong reasons. When your 
article or proposal is rejected, instead 
of becoming upset, you need to think, 
“What did I do wrong?” If you believe in 
your ideas, determine the next step in 
the path forward.

Q: What are your thoughts on 

international practice in seismic 

geotechnical engineering?

I’ve had opportunities to work in other 
countries where that country’s poten-
tial revolved around infrastructure, and 
the civil engineer was a vital contrib-
utor. Working on a dam overseas, the 
chief engineer and I were the fi rst two 
people allowed on the plane before 
any other passengers. You don’t realize 
how important we are in developing 
countries and how easily we are taken 
for granted in developed countries.

If you do not daydream about your 

research as a graduate student, or 

daydream about your work when 

you are in practice, you’re in the 

wrong profession.

There’s a great deal of innovation 
in seismic geotechnical engineering 
all over the world. We need to interact 
more at meetings with people from 
different areas. As geotechnical 
engineers, we try to exchange ideas 
with geo-environmentalists, geo-fabric 
manufacturers, and various other 
groups. This effort also needs to be 
done internationally. I’ve travelled a lot 
and enjoyed it. I’ve not only benefi ted 
from involvement in international 
practice, but also from interacting with 
international experts in the U.S. José 
Roesset from Madrid moved to the U.S., 
and we worked well together. I’ve also 
benefi ted from being associated with 
Dr. Mike Jamiolkowski, whose offi ce 
is in Milan, Italy. Finally, Professor 
Ricardo Dobry from Santiago, Chile, 
and I have combined efforts because 
of our shared belief that strain and 
small-strain seismic measurements 
in the fi eld play a key role in many 
geotechnical engineering problems.

Q: What do you see in the future of 

seismic geotechnical engineering 

and SASW?

 We’re only at the tip of the iceberg. 
Let me offer some ideas for many 
wonderful developments, and 
many of them will be strain based. 
Deformation-based analyses, such as 
what we are beginning to develop for 
footing settlements, are theoretically 
correct. Liquefaction triggering is a 
strained-based phenomenon, and soil 
stiffness can be applied to analyze all 
types of granular soils. I predict future 
3-D profi ling of geotechnical systems 
with a combination of seismic meth-
ods. I think we will be able to move 
along hundreds of miles of levees and 
fi nd the weak/critical areas in real time. 
Researchers in Turin, Italy, are already 
beginning to evaluate void ratios of 
sands from P- and S-wave velocities. 
The change in stiffness with frequency 
at small strains is different for sand 
and clay, and this characteristic may 
lead us to a new way of identifying 
soil type in the future. After one of my 
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lectures, a researcher in the audience 
told me that he was analyzing surface 
waves on skin to evaluate cancerous 
zones because cancer makes skin much 
stiffer. There are so many qualitative 
and quantitative parameters that can 
be evaluated using seismic testing. This 
type of testing is in its infancy.

Q: Who are some people who  

greatly influenced your career  

and experience?

My father was very special to me. He 
got me outside and working with my 
hands. We fixed stuff together, but that 
was another time, when you did not go 
buy a new refrigerator… you fixed it. 
Professor Richart was a very important 
person, and without him I would likely 
not be a professor. Professor Roy Olson 

has been very influential; without him, 
I might not have my position at UT. 
Professor José Roesset has been great, 
and without him, the excellent analysis 
procedure in the SASW method would 
not exist. Mike Jamiolkowski, Harry 
Seed, Ricardo Dobry, Les Youd, Izzat 
Idriss, and Bill Marcuson, III, have all 
helped me. Many outstanding people 
can have an impact on your career, and 
that is especially true for me.

Q: What three words best describe 

geotechnical engineering?

Exploration, puzzle-solving, and 
discovery. Lab and field — both are 
like you’re on an Easter egg hunt. 
We’re still discovering new things, 
trying to put the pieces together, and 
many times, we have only a few of the 

answers. Geotechnical engineering is 
tougher than many parts of the medical 
profession. When you go to the doctor 
they often put you in a machine and 
measure all around you in an attempt 
to figure out what is wrong inside you. 
When we do seismic testing, we are 
generally able to test only on one side 
of our “patient” and only stress a tiny 
fraction of the material. We generally 
have a much more difficult imaging 
process than the medical profession, 
and only receive a small fraction of 
their research support.

One more piece of advice. If you do 
not daydream about your research as a 
graduate student, or daydream about 
your work when you are in practice, 
you’re in the wrong profession. I 
daydream all the time about what I do. 

Professor Stokoe demonstrates T-Rex to visitors in geotechnical engineering during Explore UT.
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Lessons Learned from GeoLegends
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In the middle of the night, I pop up 
and write ideas down. Much of the fun 
in our profession is about discovery 
and/or creative solutions. You must 
develop a basic understanding of the 
key principles affecting the problem. 
But most of all, make sure to love what 
you are doing. If you don’t, you won’t 
reach your full potential. Everyone 
spends such a large portion of their 
time working — it’s important to enjoy 
it. Also, don’t worry about the best path 
forward, because you’ll never know 
which path is the best. There are so 
many paths and so many right answers. 
It all depends on you, and it can 
change as you grow. Just be sure you’re 
enjoying what you are doing. 
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Geotextile Tube 
Dewatering

Figure 1. Geotextile tubes used to dewater biosolids at the Savanna Street Wastewater Treatment Plant (photo by Troy Sigue). 
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By Ming Zhu, PhD, PE, M.ASCE, and Jay Beech, PhD, PE, M.ASCE
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It’s more than hydraulics: 
it’s geotechnics, too.

Geotextile tubes are made of high-strength, perme-
able geotextile that, when fi lled with a slurry, allow 
water to drain from the tubes while retaining the 
solids. They can be prefabricated to customized 
sizes and easily deployed to project sites to 
provide a quick and potentially cost-effective 
dewatering solution. The use of geotextile tubes 

has less impact on the environment than open impoundment of materi-
als and can be more effi cient than mechanical dewatering technologies. 
The consistency of the materials inside the geotextile tubes changes 
from a liquid/semi-liquid state to a semi-solid/solid state through the 
dewatering process, which results in signifi cant volume reduction. Once 
dewatered, the geotextile tubes can be capped in place if fi lled on a 
liner system, or cut open and the dewatered solids easily handled and 
transported for off-site disposal or benefi cial reuse.

Due to these advantages, it’s becoming more and more common to 
utilize geotextile tubes for dewatering and containing contaminated 
materials, such as dredged contaminated sediments, municipal and 
agricultural waste, and coal mine slurries. Table 1 lists examples of 
dewatering projects that are currently in operation or were recently 
completed. Figure 1 is an aerial photo showing the geotextile tubes 
constructed at the Savanna Street Wastewater Treatment Plant in 
Jackson, MS.

Geotextile Tube Dewatering
The dewatering process using geotextile tubes typically consists of 
three stages: hydraulic fi lling, free-water draining, and consolidation/
desiccation. In the fi rst stage, a slurry is pumped into the geotextile 
tube. Geotextile tubes used in coastal engineering applications are 
usually fi lled with sand, which is free draining. Waste materials and 
other fi ne-grained materials such as dredged sediments may require 
the addition of chemical coagulants (e.g., polymers) to the slurry to 
aid in the separation of free water from the solids. In the second stage, 
free water drains from the tube through openings in the geotextile. 
The openings are large enough to allow water to fl ow while effectively 
retaining the solids. The last stage involves drainage of pore water 
under self compression of the solids by consolidation, and further 
drying of the solids by desiccation.

Because the behavior of materials to be dewatered varies from site 
to site, laboratory bench-scale tests and on-site performance tests 
(e.g., hanging bag tests, pillow tests, or pilot-scale tests) are conducted 
to select the optimum geotextile and chemical coagulant products. 
Dewatering effi ciency is evaluated based on measurements of the dewa-
tering rate, volume reduction, solids concentration, and effl uent water 
quality obtained from the site-specifi c tests. For a project that involves a 
large quantity of materials, a full-scale prototype trial may be carried out 
to assess the performance of the dewatering system before the full site 
operations start.
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Geotextile Tube Stacking
Geotextile tubes are stacked in multiple layers to obtain addi-
tional storage capacity when a single layer is insufficient due to 
a limited site footprint. Figure 2 shows a dewatering site where 
the geotextile tubes were stacked in three layers. The high-
strength geotextile encapsulating the slurry acts as an external 
reinforcement, thereby providing stability to the stacked 
tubes. However, as the stack gets higher, more resistance is 
required due to increased loading from the additional tubes. 
At that point, the geotextile reinforcement may be insufficient, 
causing the stack of geotextile tubes to become unstable.

Operational measures have been established to prevent 
failure of stacked geotextile tubes. Stabilizing options include: 
(1) placing the geotextile tubes on relatively flat surfaces so they 
do not roll during initial filling; (2) taking care that tubes are 
not over-pressurized, which can lead to bursting; (3) offsetting 
tubes in each upper layer to create a stepwise configuration; 
and (4) placing upper layers of tubes only after the materials in 
lower layers have achieved a minimum percentage of solids, 
which corresponds to an adequate strength. These measures 

have proven successful in maintaining the stability of stacked 
geotextile tubes. However, the geotechnical stability of stacked 
geotextile tubes should still be fully evaluated during design to 
optimize the stacking configuration and provide guidance on 
safe and cost-effective operational measures.

These measures also can be applied to a single layer of 
geotextile tubes placed on slopes for erosion protection. In this 
application, it’s important that initial tubes are placed at the toe 
of a slope to create a buttress before placing subsequent tubes on 
the slope. Again, geotechnical stability needs to be considered.

Geotechnical Design Considerations

Geotechnical Failure Modes
Potential geotechnical failure modes of stacked geotextile 
tubes include (Figure 3): (1) sliding of geotextile tubes along 
their interfaces or foundation due to insufficient interface 
friction; (2) movement of tubes due to insufficient geotextile 
reinforcement or foundation support; (3) failure of the 
foundation due to insufficient soil-bearing capacity; and 

Figure 2. Stacked geotextile tubes for dewatering (photo courtesy of TenCate Geosynthetics). 

Table 1. Examples of dewatering projects using geotextile tubes.

PROJECT NAME AND 
LOCATION

TYPE OF 
DEWATERED 
MATERIAL 

QUANTITY OF 
DEWATERED 
MATERIAL

PROJECT 
COMPLETION 
YEAR

QUANTITY OF GEOTEXTILE TUBES

Onondaga Lake Cleanup, 
Syracuse, NY

Contaminated 
sediments

1.7 million m3 Ongoing Ten-meter high stacked geotextile tubes on a 
200,000 m2 dewatering pad 

Savanna Street Wastewater 
Treatment Plant, Jackson, MS

Biosolids 92,000 dry tons 2014 Three to four layers and 228 geotextile tubes with a 
total length of about 7.6 km

Tianjin Eco-City, Tianjin, China Contaminated 
sediments

5 million m3 2010 Four layers of geotextile tubes with a total length of 
18.7 km

Ashtabula River Remediation, 
Ashtabula, OH

Contaminated 
sediments

490,000 m3 2008 Ten layers of geotextile tubes with a total length of 
about 28 km

North River Mine, AL Coal mine waste 150,000 m3 2008 Four layers and 240 geotextile tubes with a total 
length of about 13 km
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(4) settlement of compressible foundation materials. When 
used to dewater materials, the most prevalent modes of geo-
technical failure are generally sliding of geotextile tubes and 
insuffi cient geotextile reinforcement or foundation support 
(i.e., the fi rst two failure modes).

Geotechnical Site Investigation
A geotechnical site investigation program should be 
developed and implemented to characterize the site where 
geotextile tubes will be stacked and to obtain geotechnical 
properties of the foundation soils and materials to be 
dewatered. The scale of the geotechnical investigation varies 
depending on the size and importance of the project. The 
investigation program should include fi eld investigation and 
laboratory testing. Soil borings are typically advanced to col-
lect soil samples. A site subsurface stratigraphy is developed 
according to information provided by the soil borings. Bulk 
samples of the material to be dewatered are typically col-
lected in buckets. The collected samples are transported to a 
geotechnical laboratory for testing, including index property 
tests (e.g., water content, Atterberg limits, unit weight, grain 
size distribution, organic content), shear strength tests, and 
compressibility tests.

The bulk material samples collected from the site are 
reconstituted in the laboratory at various water contents, 
and then tested for shear strength. Based on the test results, 
a relationship between the shear strength and the water 
content of the materials can be developed. This relationship 
is used in the geotechnical engineering analysis to evaluate 
slope stability. It can also help determine when the upper 
layers of geotextile tubes can be safely placed after the 
materials in the bottom layers achieve a minimum percent-
age of solids.

Geotechnical Engineering Analysis
The potential geotechnical failure modes of stacked geotextile 
tubes are evaluated as part of the engineering design. 
Geotechnical stability related to sliding of tubes through 
interfaces and slope movement of tubes and foundation soils 
can be evaluated by performing slope stability analyses. The 
challenge in modeling the stacked geotextile tubes in a slope 
stability analysis is that the model must take into account 
the tensile strength of geotextile, the shear strength of slurry 
materials at various stages of dewatering, and the interface 
friction of the geotextile tubes and the foundation. A model 
considering these factors has been developed (Zhu et al., GSP 
No. 199, 2010). The model can be used to calculate the factor of 
safety (FS) of stacked geotextile tubes for different slip surfaces, 
including a block-type sliding through interfaces, a circular slip 
surface through tubes and/or foundation soils, and a compos-
ite block and circular slip surface. Examples of the output from 
the slope stability analysis are presented in Figure 4.

Settlement can be calculated using the conventional one-
dimensional consolidation theory. When the materials to be 
dewatered are wastes, the purpose of settlement analysis is to 
evaluate the integrity and drainage of the bottom liner system 
below the geotextile tubes, as well as the fi nal cover system 
when the stacked geotextile tubes are left in place in a land 
disposal unit and covered for permanent disposal. The bottom 
liner and fi nal cover systems typically consist of a geomem-
brane that serves as a barrier to prevent the drained water (or 
leachate) from entering the groundwater, or the precipitation 
from entering the tubes and becoming leachate. The geomem-
brane can stretch and may break if the stacked geotextile tubes 
cause large differential settlement. In addition, large differential 
settlement can potentially cause grade reversal (i.e., change 
in slope direction) of the liner or fi nal cover. In most cases, 

Figure 3. Potential geotechnical failure modes of stacked geotextile tubes. 
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permanent disposal of waste materials using geotextile tubes 
is regulated according to landfi ll regulations, which prescribe 
a maximum allowable leachate head on the liner and positive 
drainage slope on the fi nal cover. Settlement calculations are 
required to demonstrate that these requirements are met.

Depending on the slope stability analysis and settlement 
calculations results, the confi guration of the geotextile 
tube stacks, including the offset between each layer and 
the maximum number of layers, is optimized to meet the 
design requirements. The results are then integrated into the 
civil design of the project (e.g., site layout, grading, leachate 
collection system, and fi nal cover system) and the construction 
specifi cations to provide guidance on fi eld operations. In 
general, bearing capacity of the geotextile tubes is not an issue 
when the slope stability and settlement are checked and meet 
the requirements. Whether a bearing capacity analysis needs 
to be performed separately should be determined by the 
engineer-of-record of the project.

Geotechnical Performance Monitoring
The purpose of geotechnical monitoring is to evaluate the real-
world performance of an earthen structure and provide early 
warning if the structure experiences unexpected movement 
that may result in a failure. For small or temporary dewatering 
projects with only a few layers of stacked geotextile tubes and 
a relatively small footprint, geotechnical monitoring may not 
be considered necessary, while it is more important for large 
and permanent projects involving several layers or more and 
a big footprint. For high-profi le environmental remediation 
projects, geotechnical monitoring may be required by regula-
tors. Poor foundation soils may dictate a monitoring program 
regardless of the number of layers or the size of footprint.

A geotechnical monitoring system may include inclinom-
eters, piezometers, settlement plates on the geotextile tubes, 

Figure 4. Examples of output from slope stability analysis of stacked geotextile tubes.

A geotechnical site 

investigation program 

should be developed and 

implemented to characterize 

the site where geotextile tubes 

will be stacked and to obtain 

geotechnical properties of the 

foundation soils and materials 

to be dewatered.

and settlement cells under the liner system if one is present. 
These instruments are used to monitor the ground displace-
ment, ground water levels, and settlement in and around the 
dewatering and containment area. The monitoring results are 
used to demonstrate that positive drainage of the liner system 
has generally been maintained during operations and that the 
stacked tubes and foundation soils are stable. Measured settle-
ment data can be used to recalibrate the settlement calculation 
model used in the original design. The calibrated model can 
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then be used to more accurately predict the settlement under 
the remaining geotextile tube layers and the final cover.

A Case History 
Geotextile tubes were used at the Savanna Street Wastewater 
Treatment Plant in Jackson, MS to process 92,000 dry tons 
of biosolids sludge. The biosolids were generated from the 
equalization and treatment of raw wastewater and stored 
in three interconnected stormwater lagoons. Four rows of 
3-stack or 4-stack geotextile tubes were constructed with a 
total number of 228 tubes. The geotextile tubes were placed on 
two lined, dewatering cells adjacent to the lagoons. Each of the 
cells has a footprint of approximately 2 hectares. The geotextile 
tubes were 27 m in circumference and ranged from 21 m 
to 46 m in length. The total tube length was approximately 
7,600 m. The biosolids were hydraulically dredged from the 
lagoons and pumped into geotextile tubes at an average solids 
concentration of approximately 7 percent. Each geotextile tube 
was connected to a 20-cm-diameter discharge line and was 
individually valved to control influent into the tube, as seen on 
the front cover of this issue.

Geotechnical slope stability analysis was performed to 
optimize the geotextile tube stacking configuration. A key 
parameter for the slope stability analysis was the shear 
strength of the sludge contained in tubes. Three samples 
were collected from one of the lagoons and sent to a 
geotechnical testing laboratory for water content, Atterberg 
limits, total unit weight, and consolidated-undrained triaxial 
compression tests. Based on the laboratory test results, an 
undrained shear strength ratio of 0.30 and a total unit weight 
of 11.8 kN/m3 were selected for a solids concentration of 25 
percent or greater. From the slope stability analysis results, 
the offset between stacks was selected to be 1.5 m, 3 m, and 
6 m, respectively, from bottom to top. In addition, the upper 
layers of geotextile tubes could not be filled until the sludge 
in lower layers had achieved a solids concentration of 25 
percent or greater.

Operations of the project started in November 2012 and 
were completed in April 2014. The average solids concentra-
tion of the biosolids in the geotextile tubes was greater than 
30 percent following a minimum 30-day dewatering period. 
Cost savings have been estimated to be as much as $3 million 
in terms of hauling and disposal costs as a result of the high 
dewatering efficiency of the geotextile tubes. In addition, using 
geotextile tubes allowed the owner to comply with regulatory 
requirements to minimize the environmental impact of the 
sludge handling process.

The Future Is Bright
Geotextile dewatering technology has received more and 
more attention because of its high dewatering efficiency, 
potential cost savings, and minimal environmental impact. 
There are many successful case histories where geotextile 
tubes have been used in environmental applications 
to dewater and contain contaminated materials. As the 
geotextile tube industry is growing fast, there will be more 
environmental dewatering projects in the future, some of 
which may involve a very large amount of materials to be 
dewatered and contained in a number of stacked geotextile 
tubes on a big footprint. Geotechnical engineers can play 
an important role in the design and construction of such 
projects to ensure that regulatory requirements are met, 
engineering solutions are cost-effective, and operations are 
safe and sustainable.  
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For small or temporary dewatering projects with only a few 

layers of stacked geotextile tubes and a relatively small footprint, 

geotechnical monitoring may not be considered necessary, while 

it is more important for large and permanent projects involving 

several layers or more and a big footprint.
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NATIONAL USAGE OF 
GEOSYNTHETIC-REINFORCED 
SOIL TO SUPPORT BRIDGES

Figure 2. I-84 GRS IBS.
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By Daniel Alzamora, PE, M.ASCE, 
and Jennifer E. Nicks, PhD, PE, M.ASCE

GRS IBS helps cure the “bump at the end of the bridge.”
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T
he Geosynthetic-Reinforced Soil Integrated Bridge 
System (GRS IBS) was developed by the Federal 
Highway Administration (FHWA) almost 20 
years ago to help meet the demand for the next 
generation of single-span bridges in the U.S. As an 
alternative to conventional bridge foundations, 
GRS IBS is an economical solution that accelerates 

bridge construction while resulting in a safe, effi cient 
design with excellent performance. By using closely-spaced, 
alternating layers of compacted granular fi ll and geosynthetic 
reinforcement for the foundation and abutment support, along 
with an integrated approach, superstructures can bear directly 
on the GRS IBS substructure to create a seamless and smooth 
transition between the bridge and roadway without using 
joints, deep foundations, approach slabs, or cast-in-place 
concrete (Figure 1).

Until recently, implementation of the GRS IBS was localized 
primarily in two counties within Ohio and New York; however, 
the benefi ts realized on those projects garnered national 
attention. As a result, the FHWA selected GRS IBS technology 
in October 2010 for its Every Day Counts (EDC) initiative to 
actively promote the innovation throughout state and local 
transportation agencies. Implementation efforts have included 
the development of training materials and opportunities, such 
as design and construction guidance, web-based presentations, 
workshops, peer exchanges, and showcases. These activities are 
targeted to include participation from state and local agencies as 

well as from contractors and consultants that have a signifi cant 
role in project development around the country.

As a result of these initiatives, in September 2014, there 
were nearly 200 GRS IBS structures across the country in 44 
states, and the number is growing. Not only are these bridges 
geographically dispersed, but there is signifi cant diversity in the 
range of superstructure types, bridge geometries, loading con-
ditions, and materials in terms of backfi lls, geosynthetics, and 
facing elements. Several selected case histories are presented 
here to illustrate the diversity of GRS IBS projects; hopefully, 
they can help others implement this type of substructure on 
future projects.

Use on the National Highway System
Initially, GRS IBS structures had been constructed on local 
county roads with very low average daily traffi c (ADT) count, 
typically 400 vehicles per day. Since 2010, however, 14 bridges 
have been constructed on the national highway system (NHS), 
where ADT counts can be in the thousands. This is a statement 
of confi dence by state DOTs, and specifi cally bridge engineers, 
in the proven capabilities and performance of this substructure 
type. The GRS IBS substructure is a type of shallow foundation 
technology, which has been demonstrated to improve the 
effect often referred to as the “bump at the end of the bridge.” 
Results from instrumentation and observation have proven 
that the performance of the structure is as expected in the 
design, regardless of ADT.

Figure 1. Typical cross-section of the GRS IBS.
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One of the first GRS IBS’s constructed on the NHS was a 
replacement of a 45-year-old twin bridge structure on I-84 
near the town of Echo, UT (Figure 2). The average daily traffic 
in 2012 was 8,100 vehicles per day, of which 40 percent was 
a combination of trucks and trailers. Due to the heavy traffic 
volumes, the DOT decided to use several accelerated bridge 
construction (ABC) techniques, including the GRS IBS sub-
structure, prefabricated bridge elements, and slide-in bridge 
construction. This allowed the contractor to stage construction 
to maintain four lanes of traffic throughout the process, with 
only one day of closure to conduct the bridge slide. The results 
of using these ABC techniques reduced the project cost by 7 
percent and the construction schedule by 70 days.

Another interstate project, known as PR-2, near the town 
of Yauco, Puerto Rico, replaced a 45-year-old twin structure 
on a highway carrying over 40,000 vehicles per day. Due to site 
constraints, a bridge slide was not considered at this location. 
Despite the high ADT, both this project and the I-84 project in 
Utah were constructed without approach slabs to transition 
on or off the bridge. Instead, the GRS-integrated approach was 
built behind the backwall, with the pavement placed continu-
ously from the bridge onto the approach embankments. This 
detail eliminated the need for an expansion joint and provided 
for a smooth transition, without the bump that typically 
develops when using deep foundations.

Both of these projects were instrumented and are currently 
being monitored to observe their performance over time, 
especially considering the influence of the high ADT and 
significant truck traffic. So far, the data have confirmed that the 

performance of the structures is as anticipated. This data and 
observed performance will help continue to build confidence 
for future NHS projects around the country.

Use in Seismically Active Regions
The bridges in Puerto Rico and Utah were both designed for 
seismic loads, using peak ground acceleration (PGA) values 
of 0.30g and 0.25g, respectively. However, there are a number 
of GRS IBS structures that have been designed for higher 
PGA values in more active seismic regions. From historical 
observations, laboratory testing, and modeling, reinforced 
soil performs very well under seismic conditions; the NCHRP 
12-59(1) project (Seismic Design of GRS Bridge Abutments with 
Flexible Facing) reported that GRS abutments with flexible 
facing also perform very well.

A GRS IBS project on Saddle Road on the Big Island of 
Hawaii was designed for a PGA of 0.58g. The seismic load was 
accounted for by evaluating the external stability of the GRS 
abutment, which is the same approach that would be used 
for any other type of gravity structure. Another project — the 
Kauaula Stream Bridge in Maui, HI — was built after a value- 
engineering change proposal replaced the original design with 
a GRS IBS. There have been several additional bridges that 
have been constructed and are being designed in high seismic 
areas such as AK, CA, NV, UT, Puerto Rico, and others through-
out the U.S. Based on shake table tests, numerical modeling, 
and post-event observations, the behavior of the GRS structure 
is well documented and understood.

For single-span bridges, the loads from the superstructure 
due to seismic shaking need to be 
addressed in the design to make sure 
the bridge does not slide off of the 
bearing areas. With the GRS IBS, the 
bridge is restrained longitudinally 
and laterally by the passive resistance 
from the GRS-integrated approach. 
In the design of a single-span bridge, 
the main concern is ensuring that the 
bridge will not shake off of its support. 
This is achieved either by anchoring, 
developing a sufficient bearing area 
to accommodate the anticipated 
displacement, or a combination of 
the two.

The static design of the GRS IBS 
requires sizing the bearing area to 
develop maximum target stress 
on the reinforced fill. Based on 
minimum design requirements, the 
bridge would have to shear the soil 
and displace a large volume of fill to 
reach the edge of the embankment. 
Therefore, by analyzing the loads and 

Figure 3. Ti¥n River GRS IBS.
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resistance, as well as the potential movement, the designer can 
evaluate if the static minimum bearing area width is sufficient 
to restrain the bridge during the design seismic event.

Use for Water Crossings
In addition to road crossings, GRS IBS has also been success-
fully used on projects involving bridges crossing waterways. 
In fact, the majority of GRS IBS structures around the country 
are crossing waterways. Critical design considerations in these 
cases are to conduct a site-specific hydraulic evaluation, per-
form a scour analysis based on the hydraulic evaluation, and 
design countermeasures for the bridge for the design event. 
FHWA hydraulic engineering circulars (HECs) are available 
for estimating scour, stream instability, and countermeasure 
design (HEC-18, HEC-20, and HEC-23, respectively). More 
advanced hydraulic analysis may be needed in cases of where 
spans are highly skewed, overtopping may occur, flow veloci-
ties are high, or where narrow stream channels exist. The GRS 
IBS Interim Implementation Guide (FHWA HRT-11-026) covers 
specific hydraulic design guidance.

In any water crossing, the GRS IBS must be designed to 
accommodate the estimated scour depth. FHWA guidance 

for the design and construction of GRS IBS requires the base 
of the abutment to be founded at the calculated scour depth, 
with designed countermeasures placed around the abutment 
and in the channel. If the required embedment depth of the 
abutment is too large to effectively construct the GRS IBS, 
then deep foundations may be more feasible from a cost and 
constructability perspective.

There are numerous water crossings for which the GRS 
IBS would be a suitable design alternative. Many GRS IBS’s 
have been sequentially flooded, with no adverse effects on 
the performance of the bridge. An example is the Tiffin River 
Bridge, located in Defiance County, OH, which is the longest 
span bridge utilizing the GRS IBS substructure constructed to 
date — at almost 140 ft (Figure 3). The bridge, which was built 
in 2009, resulted in an estimated 22 percent cost savings and 25 
percent time savings compared to conventional construction 
in the county.

In 2011, a “100-year storm” hit the area, which exceeded 
the design event and caused flooding conditions at the bridge. 
Fortunately, the only maintenance required was debris 
removal. The bridge was heavily instrumented, and no impacts 
to performance were observed from this event.

Figure 4. Knox County Beach GRS IBS.
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Initially, GRS IBS structures had been 

constructed on local county roads with 

very low average daily tra¯c (ADT) 

count, typically less than 400 vehicles 

per day. Since 2010, however, 14 bridges 

have been constructed on the national 

highway system (NHS), where ADT 

counts can be in the thousands.

Similar results have been observed on other bridges that 
have been submerged, including the multi-span Knox County 
Beach Bridge in North Haven, ME, which was built in a tidal 
area (Figure 4). While scour potential there is low, with flow 
velocities less than 1 ft/sec for the 100-yr event, the GRS 
abutment is submerged daily. Large, wet-cast blocks have 
been used for the facing due to the marine environment and 
concern about facing durability with respect to the salt. The 
bridge is performing well.

Even with good performance of GRS IBS structures 
over waterways, it is very important to stress the need for 
a site-specific hydraulic analysis to ensure the stability of 
these structures in extreme events. The use of open-graded 
aggregates is recommended in the abutments due to their 
excellent drainage properties. Many agencies have also 
placed colored, solid block extending up to the elevation 
of the scour countermeasure (commonly riprap) as a scour 
indicator. After an event or during routine inspections, if this 
colored line is visible, then the agency can more immediately 
take action. These types of precautions, along with a good 
hydraulic analysis, goes far toward ensuring bridge safety 
under scour conditions.

Use for Railway Crossings
Grade crossings, such as road crossings, pedestrian and 
bicycle trails, wildlife passages, and rail line, are other great 
opportunities for the use of GRS IBS, whether located on the 
NHS or not. One of the first GRS IBS’s to cross a railway was for 
a project in Rock County, MN, on County Road (CR) 55 over the 
Minnesota Southern Railway (Figure 5). It has a span length of 
77.5 ft, with a maximum abutment height of 22.7 ft and an ADT 
of 135. The bridge has approximately a 6 percent longitudinal 
grade, which is the largest to date.  FHWA, in cooperation with 
MnDOT, instrumented the bridge system to determine if there 
would be any impact resulting from the 6 percent grade. The 
bridge is performing as expected so far.

Another recent project is in Massachusetts for State Road 7A 
over the Housatonic Railway. The bridge is a replacement struc-
ture with a 105-ft span, 25-ft-high abutments, and a 30-degree 
skew.  This bridge was selected for evaluation and monitoring 
by FHWA, in cooperation with MassDOT, to study the impact 
of the large skew angle. Projects such as this and the CR-55 
bridge demonstrate the applicability of constructing the GRS 
IBS under live train traffic. There are other, similar crossings 
currently in design which will be under construction by 2016.
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Future of GRS Abutments
The use of GRS IBS is continuing to gain momentum around 
the country. The design and construction of this technology 
is becoming more common, and therefore bridges are 
being constructed without the direct engagement of FHWA. 
Case histories and papers are being presented by many 
practitioners and researchers at engineering conferences and 
through trade magazines.

To break past the tipping point in which the GRS IBS is 
routinely considered on bridge projects, the FHWA continued the 
GRS IBS for the third round of EDC, from 2014-2016. Although 
similar efforts will be employed as in EDC-1 and EDC-2, the 
focus is shifting toward helping states and local agencies develop 
standard plans, details, and specifi cations. By using other ABC 
techniques in combination with the GRS IBS, project delivery can 
be expedited, saving the travelling public both time and money.

Resources
The FHWA has several free resources available to help users 
implement the GRS IBS in their area. Design and construction 
guidance is provided through FHWA’s Interim Implementation 
Guide (Publication No. FHWA-HRT-11-026). A construction 
training video and sample guide specifi cations are also avail-
able. Check out the EDC website for more information: 
www.fhwa.dot.gov/everydaycounts. 

j DANIEL ALZAMORA, PE, M.ASCE, is a senior geotechnical 

engineer at the FHWA Resource Center. He provides technical 

assistance, training, and technology deployment for state and local 

transportation agencies. Daniel leads the implementation of GRS IBS 

for the Every Day Counts initiative nationally. He can be reached at 

daniel.alzamora@dot.gov.

j JENNIFER E. NICKS, PhD, PE, M.ASCE, is a research geotechnical 

engineer at the FHWA Turner-Fairbank Highway Research Center. 

She is an expert on the GRS IBS and also manages and conducts 

research related to aggregate characterization, shallow and deep 

foundations, and retaining walls. She can be reached at jennifer.

nicks@dot.gov.

Figure 5. Rock County, MN GRS IBS.
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Figure 1. MSE berm as an integral asset in transportation infrastructure (photo courtesy of TenCate Geosynthetics).

VERY LONG-TERM CARE OF 
MECHANICALLY  STABILIZED 
EARTH BERMS
  LIMITING THE LIABILITY OF 
FUTURE STAKEHOLDERS



S ince their development over 50 years ago, civil engineering applications of mechan-

ically stabilized earth (MSE) berms have signifi cantly increased. When used as a 

component of an asset with limited service life, such as a commercial development, 

bridge abutment, or highway embankment (Figure 1), the design life of an MSE berm 

typically matches that of the primary asset (e.g., 30-50 years). As the infrastructure 

supported by such structures is designed to be in service continuously, care of the berm is included 

as part of the project’s overall operation and maintenance (O&M) program. Providing for the 

long-term integrity of berms in these applications is not addressed in this article. But when an MSE 

berm is used as an integral component of a structure with a post-operational life that may extend 

for centuries or even in perpetuity, it is appropriate to ask what provisions have been made for 

maintaining the long-term structural integrity and safety of the berm. This is particularly import-

ant where the successful performance of the facility depends on the stability of the MSE berm itself, 

for example at containment facilities for mining spoils, combustion byproducts, or municipal/

industrial solid wastes (See Figure 2 on next page).
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This article addresses the post-operational performance 
and care of MSE berms used in construction of waste 
containment facilities, using as an example a municipal solid 
waste (MSW) landfill. In the U.S., a 30-year, post-closure care 
(PCC) period is typically assumed for budgeting purposes at 
MSW landfills, although it is generally mandated that PCC be 
continued until it can be demonstrated that care is no longer 
needed to protect human health and the environment. At 
landfill facilities where an MSE berm has been constructed 
and must continue to function for waste to be contained, O&M 
for the berm must continue for as long as waste containment 
is needed. This could far exceed the assumed 30-year period 
for PCC. Financial challenges are likely where care needs to be 
funded beyond an originally budgeted timeframe. Therefore, 
to accurately accrue funds during the revenue-generating life 
of the facility for provision of very long-term (VLT) care after 
closure, the potential costs for berm O&M over the VLT need to 
be clearly understood.

Technical Considerations
The long-term integrity of an MSE berm is predicated on main-
taining geotechnical stability, which depends on the berm’s 
ability to withstand the effects of:

 o    long-term degradation of structural components
 o    routine natural hazards (e.g., erosion, animal burrowing, or 

vegetation overgrowth)
 o    non-routine natural hazards (e.g., earthquakes, large storms, 

fires, or droughts)

Materials used in construction of MSE berms are primarily 
natural soils and geosynthetic reinforcement comprised of 
high-strength geogrids and geotextiles (Figure 3). Soils that are 
typically specified for berm construction are chemically and 
biologically inert, with negligible risk of long-term degradation. 
Indeed, there is ample archaeological evidence to show the 
very long-term integrity of manmade earthen structures under 
a wide range of climatic conditions, such as Native American 

burial mounds or the prehistoric earth enclosures (henges) of 
the British Isles.

When selected appropriately, the risk of chemical or bio-
logical degradation of the geosynthetic reinforcement buried 
within the anoxic (oxygen-free) environment inside a massive 
earthen structure is also very low. In addition, risks associated 
with the loss of reinforcement tensile strength over time due 
to creep can be mitigated through the use of appropriate 
design methodologies and strength reduction factors. As such, 
the primary threat to long-term berm integrity is not in-situ 
degradation of the construction materials, but unrepaired 
physical damage and exposure of reinforcement as a result of 
routine and non-routine natural hazards. In other words, as 
long as appropriate O&M is provided, the berm should fulfill its 
design function.

Risks Associated with Berm Maintenance
The O&M procedures necessary to protect MSE berms from 
damage caused by routine natural hazards are widely known 
and routinely applied with great success. In this regard, the 
risks associated with berm performance are not related to 
these O&M procedures in themselves, but rather in the failure 
to apply them sufficiently due to a lack of funding. This could 
result from:

 o    deviations from estimated annual O&M costs
 o    duration of care significantly in excess of original estimates 
 o    inadequate return on investment (ROI) earned on unused 

funds in a given year 

The authors consider the latter two risks to be more 
significant than the first. Figure 4 illustrates that O&M could be 
underfunded by almost 40 percent if the ROI were to change 
from an average 8 to 4 percent annually over an assumed 
30-year care period. Unfortunately, this is not unusual; higher 
returns may be attained during the active life of a disposal 
facility, when accruals can be invested in the business of waste 
disposal at the facility or other higher-return investments. 

Figure 2. MSE berm as a structural component of a waste containment facility.
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Figure 3. Reinforced berm construction showing soil and geosynthetic components (photo courtesy of TenCate Geosynthetics).

However, when the facility closes, a less risky investment 
strategy with correspondingly lower ROI is often mandated 
or voluntarily adopted. Similarly, funds could be exhausted 
prematurely if the care period increases beyond the originally 
assumed time frame. In this case, minor issues that were 
proactively addressed during routine O&M may be neglected, 
which could lead to erosion and other problems that threaten 
the integrity of the berm.

The costs associated with non-routine natural hazards are 
contingent upon such events taking place. Site-specific vulner-
ability curves (i.e., expected repair costs for a given event) must 
be developed for the berm design to establish the financial 
risk associated with potential hazard events. Analysis of these 
events shows that they are rare; therefore, the probability of 
their taking place in any year is rather small. This means that, 
although an event could be quite costly to repair, its associated 
risk (i.e., the expected repair cost averaged over the care period) 
is small because of its low probability of occurrence. As a result, 
setting aside funds for responding to rare non-routine hazards 
at an individual site is impractical.

As an example, consider a potential $1 million repair cost 
for a 500-year storm event: holding such a large sum in the 
small chance it is needed would be inefficient, yet setting a 
low accrual rate to reflect the low probability of occurrence 
would yield insufficient funds if the event occurs too soon. 
Alternative options for managing these types of risks are to 
obtain insurance, as described in Monique Tsang’s article, 
“Landscapes of Risk: Landfill Liabilities and Environmental 
Insurance” (Waste Management World, March/April 2007), or 
to pool funds among several similar facilities. An example of 
the latter approach for waste disposal facilities is Minnesota’s 
Closed Landfill Program, in which statewide funds are pooled 
to manage a portfolio of sites.

Estimating Long-Term Funding: 
Potential Shortcomings
The main financial considerations for VLT care of MSE berms 
are to:

 o    provide sufficient income for provision of annual O&M to 
address routine natural hazards

 o    have sufficient coverage to respond to potential non-routine 
natural hazards

Current industry practice, however, in accordance with 
Generally Accepted Accounting Procedures (GAAP), tends to 

Figure 4. Variability of VLT care funding liabilities.
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include only “probable and estimable” costs when account-
ing for future liabilities. At landfills, this covers routine 
events over a fixed term (typically 30 years), but does not 
account for deviations from initial estimates or potentially 
significant non-routine events. To properly address this, 
initial accruals must assume a VLT time frame, and funds 
must be appropriately managed to assure sufficient income 
expenses and coverage.

As an example, assume the annual O&M expenses for 
an MSE berm are $25,000 per year. The cost of providing 30 
years of care would be $750,000 in today’s dollars. If O&M 
expenses are expected to increase 3 percent annually on 
average due to inflation and a 5 percent discount rate is 
assumed, then the amount required today to extend care in 
perpetuity would be $1.31 million based on net present value 
(NPV) analysis. The basic premise behind this calculation 
is that all funds that are not used to cover O&M expenses 
in any given year are invested to attain a nominal ROI 
of 5 percent (i.e., 3 percent inflation, plus 2 percent real 
ROI). This neglects that, in any given year, either the O&M 
expenses could be higher than estimated (technical risk) or 
the nominal ROI could be lower than 5 percent (market risk). 
In this regard, it is the authors’ experience that valuing VLT 
liabilities using standard NPV analysis is challenging, in part 
because the method is not equipped to directly incorporate 
technical risk into a financial assessment.

Consider that higher discount rates are customarily used 
to account for risk, which is not appropriate for valuing future 
liabilities. In this simple example, increasing the discount 
rate to, say, 10 percent would reduce rather than increase the 
funding estimate in NPV terms. Further, if, in an attempt to 
avoid market risk, the $1.31 million accrued is conservatively 
invested in a savings account with returns approximately equal 
to the rate of inflation, the funding package would be exhausted 
after about 50 years. To stay ahead of inflation and generate 
enough income for annual O&M expenses over the VLT, funds 
cannot be invested solely in low-yield debt securities (e.g., 
government bonds), but will have to include investments in 
higher-yield equity securities (e.g., stocks or corporate debt) 
or revenue-generating capital projects. Income derived from 
beneficial reuse of the property (e.g., hosting solar renewable 
energy projects or recreational facilities) should also be sought 
as appropriate to site conditions.

Estimating Long-Term Funding: 
An Engineering Approach
The challenges of estimating future cash flows using NPV 
analysis are primarily associated with the integration of the time 
value of money and risk in a single parameter: the discount 
rate. Traditionally, decision makers have tried to overcome this 
shortcoming through thoughtful and reasoned selection of the 
discount rate. Over the past several years, the authors have devel-
oped a less heuristic method for valuing long-term infrastructure 
investments, termed “decoupled net present value” (DNPV). 
DNPV analysis separates risk from the time value of money, 
facilitating evaluation of the effect of each source of technical risk 
(e.g., storm, earthquake) and market risk at different times. Using 
DNPV analysis, each identified risk is considered as a separate 

Figure 5. Illustrative framework for risk modeling with DNPV.
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cost to the project that is conceptually equivalent 
to the price of a self-insurance policy against that 
risk. In valuing VLT care liabilities for MSE berms, 
this approach can thus inherently compensate for 
market risk (i.e., investment revenues lower than 
expected) as well as technical risk (i.e., routine/
non-routine care costs higher than expected). 
Depending on the source of each risk and the 
availability of data to evaluate it, these costs could 
be estimated using:

 o    probabilistic/stochastic methods based on 
probability density functions (PDFs) con-
structed from available empirical data;

 o    subjective, industry-specific information 
obtained from technical experts; and/or

 o    option pricing techniques developed in the 
financial industry to estimate the risk of  
traded commodities.

The cost of risk can then be integrated under 
the DNPV framework (Figure 5). By identifying 
individual components of risk, data can be 
compiled in a repository database in a manner 
more conducive to analysis (e.g., repair costs per linear foot 
of MSE berm for a given factor of safety). This can later serve 
to improve estimates of the cost of similar risks. This ability to 
iteratively “learn” from past applications is a key strength of the 
DNPV method.

DNPV analysis can help to properly allocate risk in a 
contractual setting and can be fully integrated with the concept 
of a Risk Register. Because each risk has been accounted for as 
a cost to the project, future cash flows can be discounted at the 
risk-free rate, thus eliminating the need to arbitrarily select a 
discount rate, as is the case with NPV analysis. Returning to the 
previous simple example, the funds needed for VLT care should 
be sufficient for both the annual $25,000 cost of providing 
routine O&M for the berm in perpetuity and the cost of market 
and technical risk. Assuming there is a 50 percent chance to 
exceed the O&M budget by 30 percent in any given year, then 
the annual cost of risk associated with O&M can be estimated as 
$3,750 (i.e., 0.3 x 0.5 x $25,000). If there is also a small probability 
that a non-routine event could occur (again, assume this is 
a 500-year storm causing $1 million in damage, with annual 
probability of occurrence of 0.2 percent), then the cost of this 
risk would be $2,000. This should be thought of as the expected 
annual contribution to a pooled fund or insurance premium to 
cover such repairs. Finally, assuming that unused funds will be 
invested in a portfolio targeting a nominal ROI of 8 percent for 
which the cost of risk is represented by 28 percent of the target 
revenue1, then the total annual revenue required would be 

$42,708 (i.e., [$25,000 + $3,750 + $2,000] / [1 - 0.28]), as illustrated 
in Figure 6. In this case, the total funds required to provide 
routine and non-routine care in perpetuity are $922,500.

The Path Forward
VLT care for MSE berms used at disposal facilities is not 
a technical problem, but rather a financial one. To better 
quantify technical and financial risks in allocating costs for 
VLT care, DNPV analysis provides a more robust alternative 
to the traditional approach of NPV analysis. The main advan-
tage of the DNPV method is that individual risks can be 
identified and effectively communicated to stakeholders (i.e., 
the ultimate owners of the MSE berm, whether private or 
public). Thereafter, financial and management mechanisms 
can be developed that discreetly incorporate both technical 
and market risks. 

j DAVID ESPINOZA, PhD, PE, M.ASCE, is a principal geotechnical 

engineer with Geosyntec Consultants in Columbia MD, and the primary 

developer of the DNPV technique. He can be contacted at despinoza@

geosyntec.com.

j JEREMY MORRIS, PhD, PE, is a senior engineer, also with 

Geosyntec’s Columbia, MD o¯ce. His career focus is on long-term 

management of waste disposal facilities. He can be contacted at 

jmorris@geosyntec.com.

Figure 6. Conceptual representation of the cost of risk.

1 An ROI of 8 percent is roughly equivalent to that obtained by the S&P500 stock index over the last several decades. Calculating the cost of risk for traded 
securities such as the S&P500, as introduced by the authors elsewhere, is relatively complex and beyond the scope of this article. However, the selected 
value of 28 percent is a realistic representation, similar to the average annual cost of purchasing monthly put options to protect a portfolio of S&P500 stocks. 
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promise for infrastructure improvement is the expanded use of 
geosynthetics in road construction. While the fi rst modern geo-
synthetic materials were introduced about 50 years ago, more 
recent advances in materials, design, and performance testing 
offer tremendous potential benefi ts as we work to improve and 
expand our transportation systems.

A History of Success
Since their introduction in the 1960s, geosynthetics have 
proven to be versatile and cost-effective construction materials. 
Their use has expanded rapidly into nearly all areas of infra-
structure development.

There are several different categories of geosynthetics, 
including geogrids, geotextiles, geomembranes, and geocom-
posites. The geosynthetic materials most often used in road 
construction are geotextiles and geogrids.

Geotextiles
Geotextiles can consist of either woven or non-woven materials. 
Geotextiles prevent the loss of aggregate into the soil below, 
and, depending on the soil type, can also prevent soil particles 
from pumping up into the overlying stone. Thus, less stone is 
required than would be needed without the fabric, because 
the stone remains uncontaminated and therefore retains its 
strength over the life of the road.

In order for a geotextile to provide additional support to 
a pavement structure, it is necessary to place it into tension, 
like the surface of a trampoline. This is typically accom-
plished by placing the fi rst lift of stone and then “rutting the 
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I
n recent years, the world has 
begun to realize the negative 
impacts that limited infrastructure 
can have on economic growth 
and the well-being of humankind. 

Our infrastructure challenges include 
limited construction funding, increased 
usage, and deferred maintenance, 
all contributing to lost productivity, 
reduced economic growth, and adverse 
health and safety impacts. Meeting and 
overcoming these obstacles should be 
one of society’s highest priorities.

As the engineering and construction 
community seeks to address these 
challenges, new technologies are critical. 

Today, there are numerous technological 
advances in areas supporting infrastruc-
ture renewal:
o   Design
o   Materials
o   Construction techniques
o   Construction equipment
o   Testing and monitoring equipment
o   Maintenance solutions

One technology that incorporates 
several of these areas and shows great 

Figure 1. Example of TriAx® Geogrid® used to distribute heavy loads over soft soils, 

just like a snowshoe supports the weight of a man over soft snow.

Geogrids assist with 
construction over soft 
soils and improved 
pavement designs.
By Bryan C. Gee, PE
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In order for a geotextile to 

provide additional support 

to a pavement structure, it 

is necessary to place it into 

tension, like the surface of 

a trampoline.

fabric in” – running trucks or other equipment over it until 
ruts appear. The ruts are then filled in with the subsequent 

lifts of stone, and the layer is trafficked between each lift to 

further tension the fabric, until no new ruts appear.

This solution often saves some money compared to conven-

tional methods, but it can still require a lot of stone. It can also 

be difficult to implement on sites with tough soil conditions, 

because geotextiles can’t provide support to bridge over soft, 

wet soils, unless they can be placed into tension.

Geogrids
Geogrids work differently than geotextiles: most geogrids are 

much stiffer, and they have larger openings (apertures) that inter-

lock with the fill placed on them to create a stabilized, composite 

layer. Geogrids can be divided into two general categories:

o Uniaxial geogrids, which are designed to carry high, constant 

loadings in the plane of the material. These products are 

used in mechanically stabilized earth designs for retaining 

walls and reinforced slopes.

o Stabilization geogrids, which are either biaxial or multi-

axial. These are used in applications where the loading is 

intermittent and perpendicular to the plane of the material. 

Stabilization geogrids are stiff materials with apertures that 

interlock with the fill material placed on them to create a 

stronger, more stable layer for a roadbed or other working 

surface. Figure 1 shows this type of geogrid, and Figure 2 

shows how aggregate fills in to interlock. 

Geogrids have a long and successful track record of 

stabilizing soft subgrades. On sites that can barely be walked 

on, workers can quickly roll out geogrid over the poor soil 

and push a layer of aggregate out onto the grid. The result is 

a firm, free-draining platform or a reliable access road. With 

geogrids, the challenges of bad sites and poor weather are 

greatly reduced.

On sites where poor subgrade conditions are expected, the 

design engineer can use geogrids to allow the specification of 

thinner fill layers than would be required using conventional 

approaches. Alternatively, in cases where geogrid is not 

included in the design, contractors can often increase the 

profitability of their projects by using geogrids to construct 

thinner fill layers than those originally designed using conven-

tional approaches. 

In subgrade stabilization applications, the use of geogrid 

can save up to 60 percent of the aggregate thickness and 50 

percent of the project cost. Finding the best solution requires 

a thorough understanding of each available technology, as 

well as the costs of all materials that may be used. A common 

mistake is looking only at the unit cost of one component, 

such as geogrid, instead of looking at the total cost of each 

potential solution.

For example, if the installed cost for aggregate is $20.00/ton, 

then reducing the thickness of an aggregate layer by one inch 

provides a savings of $1.00/yd2 of area covered. So the use of a 

geogrid that costs $3.00/yd2, but reduces aggregate thickness by 

eight inches, would actually reduce the cost of the solution by 

$5.00/yd2.

On the other hand, if the installed cost of aggregate for the 

project is only $10.00/ton, the same solution would provide 

only $1.00/yd2 in cost savings. It is critical that designers 

understand how each material functions, and be aware that 

they have access to design and estimating tools to allow 

them to accurately determine the total cost. These tools 

include design curves, cost estimating charts, and software, 

and should be based on accepted design methodologies 

and full-scale, in-ground performance testing. For example, 

Giroud and Han (JGGE, V. 130, No. 8, 2004) provide a design 

method to determine thickness of unstabilized and geosyn-

thetic-stabilized aggregate bases for gravel-surfaced roads 

over soft subgrades. Figure 3 shows a successful application 

on a road.

In addition to the stabilization of soft subgrades, geogrids 

can be used to optimize flexible pavement designs. With the 

proper methodology, mechanical (geogrid) stabilization of the 

aggregate base layer of the pavement can be incorporated into 

the design to produce a more economical and longer-lasting 

pavement. This can also offer a value-engineering opportunity 

on projects that include asphalt pavement using a conven-

tional design.

The benefit provided by geogrid in a flexible pavement 

optimization design is highly variable, and depends on the 

strength of the subgrade soil, the thickness of the aggregate 

base course, and the thickness of the asphalt surfacing. 
Quantifying this benefit requires extensive, full-scale 
Accelerated Pavement Testing (APT), conducted under 
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precisely controlled and monitored conditions. The APT 
program can be further enhanced by constructing and mon-
itoring test sections in the field, and by long-term pavement 
condition surveys to quantify pavement performance.

Flexible pavement optimization using geogrids typically 
offers a 10-15 percent reduction in construction cost for 
equivalent performance. Alternatively, the life span of a 
pavement structure can be extended by as much as 600 
percent when optimized using geogrid without a reduction 
in section thickness. 

Pavement optimization using geogrid can also make it easier 
to deal with some common challenges in road construction, 
such as fixed-top grades, existing curbs, and shallow utilities. 
In each case, the use of geogrid in the pavement can allow for a 
thinner pavement section that meets the design traffic require-
ments, minimizing the need for excavation or the relocation of 
existing utilities.

Barriers to Innovation
The potential benefits from using geogrid for the optimization 
of flexible pavement design are large, and could offer significant 
help in meeting the world’s infrastructure needs. However, 
widespread acceptance, especially in the public sector, remains 
elusive, for several reasons:

 o    Inertia – resistance to changing accepted practice, lack of 
incentives for improved performance

 o    Conventional design approaches – the use of standard 
pavement sections and conventional materials

 o    Existing specifications – tailored to existing products and 
materials, often excluding new products and approaches 
that are sometimes based on irrelevant (non-performance 
related) criteria

 o    Procurement rules – constraints on innovative approaches 
and proprietary products

o Perceived risk – who pays the price if there is a failure?
While each of these reasons is understandable and has some 

legitimacy, we must find ways to overcome them to unleash the 
tremendous benefits that can be provided by new technology. 
This responsibility falls squarely on both the developers of new 
products and technologies and the engineering design commu-
nity, because we are the stakeholders who have the expertise 
and the incentives to implement new approaches.

At the same time, we must insist that those who advance 
new technologies provide extensive, unbiased proof of perfor-
mance. The consequences of failure will be further resistance 
to new approaches, and quite understandably so. Therefore, 
it is imperative that engineers resist the temptation to accept 
performance claims that are based on limited research, or 
assertions of product equivalency based on properties that are 
not related to design.

Assured Long-Term Success
The use of geogrids in construction has increased dramatically 
since their introduction. The technology of both the materials 
and their application continues to improve, with new and more 
refined uses introduced on a regular basis. Such technology can 
save significant time and money on many types of construction 
projects when properly designed. The combination of the 
right materials, expert knowledge, sound design practices, and 
economic analysis of the total solution can deliver maximum 
value on your next project.  

j BRYAN C. GEE, PE, is the product manager – Western Hemisphere 

at Tensar International Corporation, Alpharetta, GA, where he is 

responsible for product development and marketing for Tensar’s 

portfolio of products and systems. His current technical area of focus 

is the optimization of flexible pavement structures using geosynthetics. 

He can be contacted at bgee@tensarcorp.com. 

Figure 2. An example of TriAx® Geogrid® on the ground 

with aggregate filling. 

Figure 3. An image of successful installation and implementation 

of a Tensar geogrid product on a road. 
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T
o accommodate expansion of the West Point Treatment Plant in Seattle, WA, 
a 3,000-ft-long soldier pile, tieback-anchored retaining wall was constructed 
from May 1991 to May 1992. An oblique aerial view (Figure 1) illustrates the 
location and relative scale of the wall during construction. The plant site, 
which is owned by King County’s Water and Wastewater Treatment Division, 

is bordered by Puget Sound and the City of Seattle Discovery Park’s North Bluff. The 
space available for plant construction was constrained, so the expansion extended 
to the Park boundary located just above the toe of an unstable hillside.

The hillside to the northeast of the plant seawall is an active landslide. Soil bor-
ings, test pits, and geologic mapping of the hillside confi rmed the depth and extent 
of unstable slope soils. Consequently, the wall was designed and constructed to 
restrain 2,100 lineal ft of landslide deposits to depths of up to 35 ft, with overall wall 
heights of up to 75 ft. Near-surface groundwater on the hillside required drainage 
control to improve slope stability. Seismic loads on the wall were also a critical 
design issue.

Figure 1. Aerial oblique 

photograph of the West 

Point Treatment Plant 

(looking east).
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Instrumentation along and behind the retaining wall has 
been monitored for 25 years to evaluate the wall’s long-term 
performance. Instrumentation includes inclinometers to 
monitor slope and anchored wall pile movements, load cells 
to measure anchor loads, and observation wells to monitor 
changes in groundwater level. Measurements over this period 
are presented herein and compared to published long-term 
anchor creep and anchor movement criteria.

Site Geology
The plant site and adjoining hillside are underlain by late 
Pleistocene sediments that were deposited during the Olympia 
Interglaciation and the Vashon Glaciation. These deposits 
consist primarily of overconsolidated and interbedded silts, 
clays, and fine sands. At the plant site, these sediments are 
mantled by beach deposits and fill, whereas on the hillside 
they are covered by a complex sequence of landslide deposits 

(disturbed clay and silt slide debris with scattered fracture 
zones and slickensides) that have accumulated during a long 
history of slope instability. Table 1 lists the stratigraphic units 
identified at the site.

The characteristics of these units played a major role in 
selecting the groundwater, stability, and geotechnical parameters 
used for wall design. A typical subsurface profile through the 
retaining wall and hillside at Station 96+60 of the wall alignment 
is presented in Figure 2. Detailed soil descriptions are included in 
this profile, and the location of the profile is shown on Figure 1.

Wall Design
Geologic reconnaissance, subsurface explorations, laboratory 
testing, inclinometer readings, and extensive slope stability 
analyses completed in 1989 confirmed that a permanent 
tieback-anchored retaining wall could be constructed to 
retain the unstable hillside. The wall’s stability depends on the 

Figure 2. Subsurface profile Sta. 96+60.

Table 1. Stratigraphic soil units at site.

PERIOD STRATIGRAPHIC UNIT UNIT LABEL

Post-Vashon

Fill Hf

Landslide Deposits Qls

Beach Deposits Qb

Vashon Drift (Glacial)
Vashon Till Qv

Lawton Clay Ql

Olympia (Interglacial) Olympia Interglacial Sediments Qo
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long-term performance of the permanent ground anchors.
Shear strength parameters for the hillside deposits were 

partially based on back calculation from stability analyses using 
UTEXAS2 and Spencer’s method for non-uniform failure surfaces. 
Various slope blocks and wedges behind and above the wall were 
evaluated. There was also a risk of mid-slope soils overtopping 
the wall. Because of soil conditions and project configurations, 
both anchored wall and deep-seated slope stability were evalu-
ated. Anchored wall stability included an evaluation of potential 
slide planes behind and through anchors and beneath soldier 
piles. Deep-seated stability surfaces passed through Ql soil 
deposits using intact and residual strengths ( ’=15°). Sensitivity 
analysis of the Qls formation for a static factor of safety (FS) of 1.0 
resulted in effective shear strength parameters of c’=100 psf and  

’=25°, which were similar to laboratory test results and published 
material property correlations. These parameters were used to 

determine interslice resisting forces to maintain the slope in a 
stable condition with a minimum static FS of 1.3. In deep Qls 
soils, short-term loading consisted of an apparent earth pressure 
of 84H psf (uniform distribution) and long-term consisted of 
168H (fluid distribution), where H = wall height in ft. Short-term 
loading accounted for over-excavation of Qls material in front of 
the wall. A 5- to 10-ft cantilever catchment wall was tied into the 
cap beam from Stations 94+00 to 109+80 to capture slide debris 
and reduce the risk of over-topping. Transient loading of 90H psf 
(fluid distribution) was used for catchment wall design.

Near-surface groundwater levels on the upper mid-slope had 
to be lowered at least 12 ft to meet these design considerations, 
and deep trench and horizontal drains were installed upslope of 
the wall alignment to maintain this groundwater condition. Wall 
drainage design consisted of a continuous column of concrete 
sand between each pile behind reinforced shotcrete lagging.

Figure 3. Inclinometer SP 140 Sta. 96+60 long-term deflections.
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Dynamic lateral earth pressures were analyzed using 
three methods: 1) Mononobe-Okabe (M-O), 2) seismic slope 
stability, and 3) dynamic model. The M-O approach assumed a 
peak ground acceleration (PGA) = 0.32g and horizontal seismic 
coefficient (kh

)=0.1g, with a back slope of approximately 20°. 
Design soil properties used for Qls formation were c’=0 psf and  

’=25°, and c’=0 psf and ’=30° for the Ql formation. Seismic 
slope stability involved estimating interslice resisting forces 
based on pseudo-static analysis for FS = 1.1 using k

h
=0.1g 

and 20 percent reduction in peak shear strengths used for 
M-O. The dynamic model used Spencer’s method to estimate 
static interslice resisting force for tieback lock-off load. Yield 
acceleration was determined using Newmark’s method to 
compute sliding block displacement, which was converted 
into strand extension and resulting increased tieback force. 
Analyses were repeated until there was compatibility between 
block displacement and tieback forces. This dynamic model is 
referenced in Whitman (GSP No. 25, 1990) and NCHRP Report 
611, 2008. Computed model dynamic displacements were 
less than 1 in. with a PGA = 0.32g. Using anchors with fewer 
than the eight strands would result in increased dynamic wall 

displacements and lower dynamic lateral earth pressures. All 
three methods produced comparable design dynamic lateral 
earth pressure of 30 percent static distributed uniformly in the 
Qls formation.

Approximately 1,560 lineal ft of wall is permanent, and the 
remaining 1,400 lineal ft served a temporary function during 
construction until facilities were constructed against the wall. The 
wall is divided into four segments, starting at Station 86+00 at the 
north end and terminating at Station 115+60 at the south end. 
From Stations 86+00 to 94+00, the tieback wall was temporary, 
varied in height from 35 to 55 ft, and was designed to retain 10 
to 30 ft of Qls. Temporary anchors were connected directly to 
soldier piles through slots in flanges. Aeration basins for the plant 
extension were constructed in this section.

Between Stations 94+00 to 101+00, a permanent “Top 
Tieback Wall” was constructed, in which the top rows of anchors 
were installed within the upper 10 to 20 ft of each soldier pile. 
Permanent anchors were connected to walers that spanned 
between soldier piles. The top of each pile was connected with 
a continuous cap beam. Two lower rows of temporary tiebacks 
were installed prior to over-excavating the Qls formation soils 

Figure 4. Anchor load cell measurements SP 140 Sta. 96+60.
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and replacement with granular fill. The anchors were de-stressed 
to construct the gallery for the secondary sedimentation basins, 
located 6 ft from the wall. This segment was 20 to 40 ft high and 
restrained 10 to 30 ft of Qls formation soils. 

From Station 101+00 to 107+00, the structure was designed as 
a temporary tieback wall, 30 to 40 ft high and restraining 15 to 35 
ft of the Qls deposits. Qls soils were removed in front of the wall 
and replaced with compacted granular fill, after which the entire 
wall was backfilled for construction of pipelines and facilities.

The remaining wall length, from Station 107+00 to the south-
ern terminus at Station 115+60, was designed as a permanent 
structure with heights of up to 55 ft. The retained slope in this 
area consists of 20 ft of Qls from Station 107+00 to 108+00, transi-
tioning to10 ft of fill over glacially-consolidated outwash deposits 
(Qo) towards the south end of the wall. Various plant structures 
were constructed along, and in front of, this wall segment. 
Between Stations 107+00 and 108+60, an additional 28-ft deep 
excavation (60 ft total) was needed to permit construction of 
the effluent pump station. This deeper excavation required two 
additional rows of temporary tieback anchors on the retaining 
wall. The two rows of permanent anchors above the temporary 
tiebacks were re-stressable in case wall loads in excess of those 
estimated during design were inferred from inclinometer and 
load cell measurements.

The design anchor friction in the interbedded, dense, sandy 
silt and hard, clayey silt of the Qo deposit soils was 1,200 psf, 
based on the load testing program (Stoupa et al. DFI 15th Annual 
Members Meeting, 1990). A unique aspect of the permanent 
double-corrosion protected (DCP) anchors was the extension of 
greased sheaths halfway into the bond zone, resulting in a bond 
length that is partially loaded in compression.

Construction
There were 337 soldier piles at 8-ft centers along the wall, ranging 
in total length from 60 to 95 ft. Beams were placed into 30- or 
36-in.-diameter boreholes using the open hole (dry) method, 
except when caving soils or groundwater were encountered, 
which then required installation of a casing. A surface casing was 
used to prevent caving in upper loose soils for all installations. 
For an open hole, the beam was set and concrete placed from 
the surface through a short funnel. The casing method involved 
drilling and casing the borehole, cleaning out the base, placing 
5 to 6 ft of concrete, slipping casing to top of hole or top of 
concrete, placing more concrete (if needed), pulling casing, 
setting the beam, and filling with concrete. Permanent piles were 
W24 and W36 steel sections, with some piles designed to support 
vertical loads between Stations 112+00 and 114+00. Temporary 
piles were W18 steel sections.

The wall required a total of 1,397 tiebacks; 823 for the 
temporary wall sections and 574 for the permanent wall sections 
(of which 216 were re-stressable). Permanent anchor design 
loads were typically 188 kips. Total anchor lengths ranged from 
85 to 105 ft, with bond lengths varying from 40 to 50 ft. All 

tiebacks were installed through a 16-in.-diameter, hollow-stem 
auger and grouted into Qo deposits. Each DCP anchor had 
eight, 0.6-in.-diameter wire strands designed to 40 percent of 
the guaranteed ultimate tensile strength (GUTS). All permanent 
anchors were proof-tested to 150 percent of the design load, or 
282 kips. This load was selected to confirm adequate capacity for 
the tieback seismic overload based on dynamic model results. 
As indicated earlier, the intent of the design was to limit tieback 
wall displacement from seismic overload to 1 in. In addition, the 
capacity afforded by the eight strands allowed any tieback to be 
performance tested to 200 percent of GUTS. Of all the anchors 
tested, only 19 failed to meet proof-test stressing criteria.

Re-stressable tiebacks were used in the “Top Tieback Wall” 
area to restrain the thick Qls deposits, and at the deep effluent 
pump station to support the excavation. The intent of the 
re-stressable tiebacks was to accommodate a change in load by 
pulling the entire anchor head and adjusting tendon elongation 
from initial lock-off position by approximately 1 in. In this case, 
an elongation of 1 in. corresponds to approximately 56 kips, or 
a 30 percent overload from static. Anchor heads were threaded 
and could be adjusted with shims using a specially designed 
chair to accommodate a female-threaded coupling and a rod 
extension through the hydraulic jack. No anchors have required 
re-stressing since the time of their installation.

Monitoring Results 
Instrumentation installed along the wall included a series of 
inclinometers and load cells attached to specific, anchored 
soldier piles. Instrument measurements have been made since 
wall construction began in May 1991. A typical wall section at 
Station 96+60 for instrumented pile No. 140 is presented on 
Figure 2. As indicated in the profile, the “Top Tieback Wall” was 
pulled back into the hillside when the anchors were stressed. 
Figure 3 shows measured, long-term deflections at various 
depths along instrumented piles based on inclinometer 
readings. The top of the wall deflected 1.5 in. after stressing the 
upper two rows of permanent anchors and lower two rows of 
temporary anchors. Figure 4 shows the load cell measurements 
since tieback installation for the same location. A slight 
increase in anchor loads and pile deflection into the excavation 
was observed after the two lower, temporary tieback rows were 
de-stressed in February, 1993.

Table 2 on the next page lists the percentage of load losses 
for both the last 20 and 10 years. Recorded losses are likely 
the result of tendon creep under relatively constant load. For 
example, at Station 96+60, the upper portion of the inclinometer 
casing moved on average less than 0.10 in. over 20 years. Most 
movement into the slope occurred in the first 10 years, resulting 
in a load change of less than 10 kips.

The remaining load loss of 2.5 kips at Station 96+60 is a result 
of tendon creep. It appears that the wall reached stable equilib-
rium during the first 10 years of service. Observed load losses 
in the tieback anchors (Table 2) are most likely due to tendon 
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creep, and the readings listed for the last 10 years are lower 
than extrapolated values as outlined by Weatherby (Tiebacks, 
Report FHWA-RD-82-047, 1982). Weatherby states load loss of 
low relaxation, seven-wire, 0.6-in.-diameter strands would be 
approximately 4 percent for an extrapolated 40-year time period. 
The Post-Tensioning Institute (Recommendations for Prestressed 
Rock and Soil Anchor, 5th edition, 2014) states acceptable anchor 
creep movement should be less than 0.080 in./log cycle for bare, 
strand-grouted anchors. Measured deflections from 2 to 20 years 
are generally within this limit, averaging around 0.0625 in.

Nisqually Earthquake 
The Nisqually Earthquake struck Seattle on February 28, 2001, 
with a 6.8 magnitude that resulted in a PGA of approximately 
0.10g at the project site. An inspection of the hillside for ground 

movement and wall displacements, 
including exposed walers and perma-
nent tieback anchorages, revealed no 
observable damage. Instrumentation 
readings made shortly afterward 
showed no increased anchor loading 
or wall deflection.

Performed as Expected
Reported case histories of long-term, 
grouted, soil anchor performance are 
limited. Instrumentation readings 
of the West Point Treatment Plant 
Hillside Retaining Wall confirm 
the design has met expected wall 
deflections of 1 in. or less, anchor 
capacity, and anchor tendon load 
loss with time. Percentage load loss 
from stress relaxation is well within 
the range presented in available 
literature. Permanent anchor and 
subsequent wall deflections likewise 
are within the limits of anticipated 
movements as suggested by Clough 
and O’Rourke (GSP No. 25, June 
1990). Extending free length of the 
pre-stressing strands halfway (20 
ft) into the bond zone may have led 
to the efficient, long-term anchor 
performance observed.

The dynamic model used 25 years 
ago to evaluate loads on the perma-
nent anchored Hillside Retaining 
Wall and to limit tieback and wall 
deflections during a seismic event was, 
and remains, an effective analytical 
method for designing anchored walls 
retaining Qls soils in a seismic-prone 

area. Long-term monitoring of the facility has been possible 
throughout the years due in part to the quality of instruments 
used (vibrating wire load cells and standard inclinometer casing), 
and the efforts by King County plant personnel for maintaining 
and performing the long-term periodic measurements. 

j THOMAS M. GURTOWSKI, PE, D.GE, M.ASCE, is a vice president 

at Shannon & Wilson, Inc. in Seattle, WA. He is responsible for 

managing private and public vertical construction projects in the 

Puget Sound region. He can be contacted at tmg@shanwil.com.

j ROB CLARK, PE, M.ASCE, is an associate at Shannon & Wilson, Inc. 

in Seattle, WA. He is responsible for geotechnical instrumentation 

services for the Seattle and branch o¯ces. He can be contacted at 

rc@shanwil.com.

Table 2. Summary of measured anchor loads with respect to time 

for all instrumented SPs.
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The Truth about PLI
By John P. Bachner

The GeoCurmudgeon

I’m amazed by how much geoprofessionals 

do not know about the professional-liability 

insurance (PLI) they pay so dearly for. I’ve 

prepared this article to help fi ll in some blanks.

1. You Need PLI
The nature of what you do makes you particularly liable to 
negligence-liability claims. Unlike other members of the 
design team, you deal with natural conditions that are hidden 
by earth, rock, water, and time. It’s your job to assess these 
conditions based on relatively few samples that may or may 
not be representative of what lies below, and then develop 
“confi rmation-dependent” recommendations. “Confi rmation-
dependent” is the term to use, I believe, because it highlights 
a key aspect of the “observational method” developed by 
Terzaghi and Peck; i.e., you cannot assess your recommen-
dations’ appropriateness until you are on-site to confi rm 
that the subsurface conditions revealed by earthwork are the 
same conditions you inferred to exist from your samples, 
experience, and judgment. If actual conditions differ from 
those on which you based your confi rmation-dependent 
recommendations – i.e., if actual conditions failed to confi rm 
the presence of the conditions you inferred – you’d modify the 
confi rmation-dependent recommendations to develop your 
fi nal recommendations.

All too often, in an unwise effort to save a few dollars, 
clients retain a replacement geoprofessional to perform on-site 
observation, signifi cantly aggravating the risk of something going 
wrong. When it does, the geoprofessionals are vulnerable to 
claims. Given that failing to respond to claims is an admission of 
fault, geoprofessionals need to defend every claim against them, 
and that can be costly. Without insurance, geoprofessionals 
would have to pay the costs on their own, usually via the 
geoprofessional fi rms for which they act as agents. In some cases, 
however, geoprofessionals might have to pay personally, because 
geoprofessionals – as most other professionals – are personally 
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liable for what they do. Unless you’re 
willing to gamble with your life savings, 
PLI is a necessity. It’s necessary, too, for 
marketing purposes, given most clients’ 
insistence on adequate coverage. Do 
note, however, that having PLI does not 
eliminate the possibility of having to pay 
personally, when the amount of the award 
exceeds a PLI policy’s limit. 

2. You Owe a Duty of Care to 
Any Party That Could Foreseeably 
Be Damaged or Injured by Your 
Negligence
As a geoprofessional, you owe a duty 
of care to every party that could fore-
seeably be injured or damaged by your 
negligence. If you perform services for 
single-family housing or condominium 
developers, foreseeability applies to 
everyone who buys a home and, in 
some cases, to the second and third 
owners, too. Many homeowners expect 
perfection and are quick to sue, fre-
quently as part of a development-based 
class action. Often their lawsuits are 
successful because courts commonly 
side with homeowners and look for 
almost any theory of law to do so. 
Recognizing this, many geoprofession-
als seek a quick settlement, because the 
cost of settling is less than the cost of 
proving they shouldn’t have been sued 
to begin with. All of which explains 
why geoprofessionals who serve 
single-family housing or condominium 
developers tend to pay more for their 
PLI than others do.

3.PLI Has Holes
PLI has holes because it’s a safety net 
and not a trampoline. It covers only 
those exposures that result from negli-
gence or allegations of it; i.e., allegations 
that you failed to meet the standard of 
care and, as a consequence, you injured 
or damaged someone. 

 o    PLI does not cover claims that 
fall within a policy’s deductible or 
amounts that exceed its limit. (I know 
of one firm whose principals are 
personally on the hook for another 
five years because of a jury award that 
was about $2 million more than their 
policy’s limits.)

 o    PLI does not cover claims arising 
from services you provided before a 
stipulated date. 

 o    PLI does not cover the contractual 
liabilities you create should you: 
•  inadvertently certify (i.e., guaran-

tee) that a certain condition existed 
at a given time, 

•  assume others’ liabilities via an 
indemnity, 

• agree to “defend” a client, or 
• take on a project-safety liability 

because you told a construction worker 
to watch out for a hazard without 
immediately thereafter clarifying 
in writing that your humanitarian 
concern should not be construed 
as a contractual modification. 
(Contracts typically make the con-
structor-in-charge responsible for 
“the means, methods, sequences, and 

operations of construction, and safety 
programs attendant thereto.”)  

4. PLI Is Not a Commodity
People who say “All PLI is the same” 
don’t know what they’re talking about. 
Some PLI providers care far more about 
their insureds than others. Some give far 
better service than others. Some charge 
more than others and, most assuredly, 
some charge less. And those that take 
the latter course are seldom altruistic. 
Because there usually is a three-year or 
longer gap between an insured’s date of 
payment and that time when the insurer 
will have to pay out on that insured’s 
behalf, the insurer has time to use the 
premium money. In fact, some insurers 
regard offering insurance as a means to 
gather “other people’s money” or “OPM” 
for their own investments, some of 
which turn out to be huge, costly duds. 
Although some 50 or more PLI providers 
are in the market today, you can 
probably count the long-term providers 
on the fingers of one hand. Remember: 
The agent or broker you deal with is not 
the insurer. 

5. Understand What “Claims-Made” 
Means and What You Need  
To Consider
All PLI is issued on a “claims-made” 
basis. This means that the PLI policy 
in force when the claim is made is 
the policy that covers that claim, 
providing that the claim is based on 
an alleged negligent act that occurred 

Forecasted financial strength is called creditworthiness; 

i.e., an insurer’s likely ability to meet its financial 

obligations – including claims – three, four, or more 

years from now, when today’s mistake (real or otherwise) 

matures into a claim the PLI provider has to defend. 
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within the policy’s coverage period; e.g., 
2005 through now. Assuming you’ll be 
sticking with the same PLI provider, as 
most geoprofessionals do, you’d be wise to 
consider the insurer’s economic strength 
going forward. In fact, how strong is the 
insurer likely to be three or more years 
from now, when something you allegedly 
do wrong today matures into a claim? 
Many individuals – including public- and 
private-sector risk managers – are deeply 
concerned about that issue, and therefore 
require that the insurer meet certain 
criteria established by A.M. Best Company, 
the internationally recognized and 
relied-upon insurance-company-rating 
organization. Best has developed three 
important criteria by which to evaluate an 
insurance company. Two of these criteria 
are used on a routine basis. One of the two 
is the “financial-strength rating,” or “FSR,” 
which Best calls “a convenient indicator 
of the size of a company in terms of its 
most recent cross-checked submission of 
year-end, first-, second- or third-quarter 
regulatory surplus and related accounts.” 

The most important safety factor 

you want to consider is not a 

company’s size or strength today, 

when you buy your PLI, but rather 

the company’s forecasted strength 

when a future payout is required.
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There’s no such thing as restricted access anymore. 
Get a Big Beaver and get to work. 

There’s no such thing as restricted access anymore.
 and get to work. 

When you’re drilling for soil samples, environmental 

testing or foundation repair, get where you need to go, 

when you need to get there, with a Big Beaver. Compact 

enough to fit through access points as narrow as 27 

inches, the Big Beaver, combined with our soil sampling 

kit or hollow stem augers, is a powerful, one-man portable 

solution for soil sampling and standard penetration tests. 

• 690 foot-pounds of torque 

• Soil sampling kit with 140-pound hammer   

• 100-foot depths  

• Hollow stem augers

Get in. Get out. Move on.

800-227-7515  
sales@littlebeaver.com || www.littlebeaver.com 

Best considers “secure” those PLI 
providers it rates as A++ or A+ (supe-
rior), A or A- (excellent), or B++ or B+ 
(good). Best considers “vulnerable” any 
company rated B or less. 

The second criterion is “fi nan-
cial-size category” or “FSC,” which 
Best bases on “reported policyholders’ 
surplus plus conditional or technical 
reserve funds, such as the asset 
valuation reserve, other investment 
and operating contingency funds and 
miscellaneous voluntary reserves 
reported as liabilities.” Best indicates 
fi nancial-size category by Roman 
numerals ranging from Class I (small-
est) to Class XV (largest). As such, it’s 
common to consider a company rated 
A++/XV “rock solid,” but doing so is a 
mistake: The size of an insurer’s bal-
ance sheet is more or less meaningless. 
Consider, for example, the failures of 
Reliance Insurance Company and the 
DPIC Companies, both of which had 
surpluses of $2 billion at various points 
in their histories, as part of larger insur-
ers. As the Reliance and DPIC failures 
demonstrated, “The bigger they are, the 
harder they fall.”

The most important safety factor 
you want to consider is not a compa-
ny’s size or strength today, when you 
buy your PLI, but rather the company’s 
forecasted strength when a future 
payout is required. Forecasted fi nancial 
strength is called creditworthiness; 
i.e., an insurer’s likely ability to meet 
its fi nancial obligations – including 
claims – three, four, or more years from 
now, when today’s mistake (real or 
otherwise) matures into a claim the PLI 
provider has to defend. The only Best 
rating that reveals an insurer’s credit-
worthiness is “Best’s Capital Adequacy 
Ratio,” or “BCAR,” which Best develops 
based on more than 100 tests. It’s not 
shown as a range-indicating Roman 
numeral or letter. Instead, just as your 
own personal creditworthiness, BCAR 
is shown as a number. The average 
2013-14 BCAR score for the insurance 
industry as a whole was 255. How does 
your PLI carrier rate?  

j JOHN P. BACHNER is the executive 

vice president of the Geoprofessional 

Business Association (GBA), a not-for-

profi t association of fi rms that provide 

geotechnical, geologic, environmental, 

construction-materials engineering and 

testing (CoMET), and related professional 

services (en.wikipedia.org/wiki/

Geoprofessions). GBA develops programs, 

services, and materials to help its members 

and their clients confront risk and optimize 

performance. Contact John at 

john@geoprofessional.org.
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Dan A. Brown, PhD, PE, 
D.GE, M.ASCE

Look Who’s a D.GE

Dr. Dan Brown is recognized as one of America’s leading authorities on the 
construction and design of deep foundations for transportation structures. After 
22 years on the faculty at Auburn University, Dr. Brown remains active in deep 
foundation practice through his consulting firm, Dan Brown and Associates. He 
has been recognized with the ASCE Martin Kapp Foundation Engineering Award, 
the Deep Foundations Institute Distinguished Service Award, and the ADSC 
Outstanding Service Award. Dr. Brown has authored numerous technical papers 
and was lead author of the 2010 FHWA manual on design and construction of 
drilled shafts. His consulting work includes the foundation design of numerous 
large bridge projects, including the Audubon Bridge in LA, the Stan Musial 
Veterans Memorial and Bond Memorial bridges in MO, the St. Croix Bridge in MN, 
the Sellwood Bridge in OR, and numerous others. He is a member of The Moles, a 
Trustee of the DFI, past chair of the Geo-Institute Deep Foundations Committee, 
and a current member of Transportation Research Board Committee AFS30. 
He and his wife Barbara entertain their grandchildren and occasional wayward 
motorcyclists at their home in the Tennessee mountains near Chattanooga.

DAN A. BROWN

Most enjoyable class while in school:

PT-Gymnastics

Most enjoyable project you worked on: 

After finishing college in Louisiana, I 
worked on a series of ground-supported 
tanks on soft soil, where we did 
controlled loading and monitored time 
rate of settlement; the computed bearing 
capacity based on undrained shear 
strength was less than one.

An item you always wanted:

Can’t think of any specific thing… I 
always enjoyed experiences more than 
ownership of things.

Favorite song and artist: 

“Precious Time” by Van Morrison

Favorite movie or television show: 

On Any Sunday (1971) by Bruce Brown

Please share with us on where most of 

your childhood was spent? What was 

it like for you growing up there?

I grew up in Georgia in the country near 
Augusta. My Dad was career Army, and 
we moved around a bit, but most of my 
childhood was there.
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It seems to me that 

we are now better 

able to overwhelm 

ourselves with 

a glut of data, 

analytical results, 

and design 

considerations 

so that it has 

become more 

of a challenge 

to step back and 

understand the 

problem. 

How early on did you know that you 

wanted to study civil engineering? 

What were the key factors in your 

decision to be a civil engineer?

I knew when I was in junior high school. 
It just always seemed like the obvious 
choice to me, and Georgia Tech was the 
only school I even considered.

How do you feel about the state of 

civil engineering and the profession 

as it is today?

Firstly, I am disappointed that our 
nation has lost the vision to invest 
in our infrastructure, and that our 
profession does not appear to be able 
to affect that issue in the way that we 
should. But I am optimistic that our 
profession will rise to the occasion and 
that we have a lot of talented young 
people to lead the charge.

What do you feel are the biggest 

challenges on the horizon for the 

profession?

I would say that the management of 
information is a big challenge. It seems 
to me that we are now better able to 
overwhelm ourselves with a glut of data, 
analytical results, and design consider-
ations so that it has become more of a 
challenge to step back and understand 
the problem. We have the risk of ana-
lyzing a myriad of things and missing 
the most important thing, which may 
often be related to construction or 
constructability.

What message would you like to 

convey to professional engineers 

regarding specialty certification?

I think that it is a good thing to recognize 
a special skill in our profession, and 
that those so recognized should feel a 
responsibility to be leaders in our pro-
fession and share their knowledge and 
experiences with our younger members.

Why are you certified as a D.GE, and 

what made you choose to become a 

Diplomate in the Academy?

I guess I was one of the first groups to 
become certified; Scot Litke, who was 
at the time the executive director of 
ADSC (and not even an engineer!), was 
on the board when the concept was 
started and explained the idea to me.  
I immediately agreed.

Most of your firm’s engineers seem to 

be D.GE’s. Can you tell us why?

Our firm aspires to be a leader in our 
field, and we believe strongly that this 
recognition of our engineers supports 
that strategy. I should also acknowledge 
that we are a relatively small firm with a 
lot of “gray hairs” (or no hairs!).

How was the application process? If 

you took the exam, please tell us your 

experience with it.

It was painless for me because I didn’t 
take the exam.

What are some of your personal 

hobbies and interests? 

I am a lifelong motorcyclist, both 
off-road and on, and have had a lot of 
motorcycle touring adventures over 
the years. I still compete occasionally 
in “mototrials,” a test of off-road riding 
skill, although I have slowed down a bit 
in the last few years. My wife and I own 
the Trials Training Center in Tennessee, 
where we host off-road motorcycle 
competitions, including the Trials World 
Championships and the annual “Kenda 
AMA Tennessee Knock Out” (TKO), the 
toughest off-road race in North America. 
We have a winter home in Florida 
now, where I play “geezer softball” and 
occasionally golf.  
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Shannon & Wilson Announces 
Promotions
Shannon & Wilson is pleased to 

announce the promotions of several 

senior sta�  members across the 

company: to vice president, Kyle Brennan 

(Anchorage), Dave Cline (Seattle), Ted 

Hopkins (Sacramento), Neal McCulloch 

(Seattle), and Bob Mitchell (Seattle); to 

senior associate, Chris Darrah (Fairbanks) 

and Mike Lambert (St. Louis); and to 

associate, Mike Harney (Seattle).

Shannon & Wilson is an employee-

owned consulting fi rm recognized by 

the industry and its clients to be among 

the geotechnical and environmental 

consulting leaders nationwide. In-house 

capabilities include environmental 

science, engineering, and geohydrology; 

geotechnical engineering and instru-

mentation; geology and geophysics; 

rock mechanics and underground 

engineering; and earthquake engineering. 

Shannon & Wilson was founded in 1954 

and is headquartered in Seattle, WA.

Moretrench Vice President 
Paul C. Schmall Receives 2015 
Wallace Hayward Baker Award

Specialty geotechnical 

contractor 

Moretrench is 

pleased to announce 

that Vice President 

and Chief Engineer

Paul C. Schmall, PhD, 

PE, D.GE, F.ASCE, has 

been selected as the 

2015 recipient of the Wallace Hayward 

Baker Award.

The American Society of Civil Engineers (ASCE) is a nonprofi t professional membership association dedicated to the 

advancement of civil engineering in order to serve the public good.  For consideration, submissions of interest must 

contain a resume and cover letter with salary history and requirements.  

To apply, go to:  asce.applicantpro.com/jobs/191762.html

Senior Technical Manager (Civil Engineer)
One of the nation’s largest and most dynamic nonprofi t organizations is currently searching for a civil engineer 

to provide technical and product support within our Geo-Institute.  Do you like working with others who are 

passionate about their work?  We are looking for the right person to join our team of professionals providing 

geotechnical engineers with the resources they need to advance their careers.

EMPLOYMENT

RESPONSIBILITIES INCLUDE: 

•  Serving as liaison to technical, board, and editorial board committees

•  Working with regional and allied groups on collaborative technical activities

•  Facilitating the development of manuals of practice, technical briefs, short 
courses, workshops, webinars and seminars

•  Managing, developing, and enhancing geotechnical guidance documents 
and standards

•  Managing the production, and developing sections of our bi-monthly 
GEOSTRATA magazine

THE IDEAL CANDIDATE WILL HAVE: 

•  A BS in Civil Engineering (Master’s 
preferred)

•  Five to eight years’ experience 
(association experience a plus)

•  PE license preferred (or ability to obtain 
within 1 year)

•  Experience (or an interest) in 
geotechnical engineering

EOE M/F/D/V
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WHERE THEORY  
MEETS PRACTICE.

Earn a masters degree in Applied Geosciences  
without interrupting your career. Full-time and  
part-time tracks are available. Students can  
complete this 12-course geology masters  
program in just two to four years. 

At Penn’s Master of Science in Applied Geosciences (MSAG) program, we don’t 
prepare students to make a difference once they graduate. They start right away.  
 
Through internships, field work, and projects tailored to their individual career goals, 
students gain real experience in their field of choice and get a year’s head start on  
licensure as a Professional Geologist. 
 
To learn more about the program and read about the difference you can make as  
a Penn MSAG student, visit 

WWW.UPENN.EDU/MSAG.

This prestigious award was established in 

2000 by the Geo-Institute of the American 

Society for Civil Engineers in recognition of 

the creative and innovative contributions 

of the late Dr. Wallace Hayward Baker to 

the field of ground modification. It is given 

annually in recognition of “ingenious inno-

vation in the field of ground modification... 

resourceful development of a new technol-

ogy, or the creative application of existing 

technology to achieve field performance 

not previously demonstrated.”

Dr. Schmall graduated from Bucknell 

University in 1988 and joined Moretrench 

shortly thereafter. He earned his doctorate 

in civil engineering from the University 

of Nottingham, UK, in 2013. He has 

dedicated his career with Moretrench to 

the advancement of the geotechnical 

industry, particularly in the field of grouting 

and groundwater control for underground 

structures, and is proactive in sharing his 

experience and advancing the state of the 

practice through frequent seminar and 

conference technical publications and 

presentations, and by serving on industry 

committees. Dr. Schmall is a co-author of 

Construction Dewatering and Groundwater 

Control (2007).

S&ME to Acquire Littlejohn
S&ME, Inc., a Raleigh-based engineering, 

environmental, and construction services 

company, announced its intent to purchase 

Littlejohn, a Nashville-based planning, 

engineering, and environmental design firm.

The two privately owned firms have 

complementary services, geographic mar-

kets, and work cultures. By joining forces, 

they will create a leading engineering firm 

with over 1,100 employees in more than 

30 locations across the U.S. It will easily 

rank, by revenue, within Engineering News 

Record’s top 100 design firms. Littlejohn 

will become a wholly owned subsidiary 

of S&ME and maintain its name, services, 

talented professionals, and a presence in 

each of its current markets.

“Joining these two companies works 

on many di�erent levels and creates a 

firm with a broad footprint that can be a 

single resource to clients facing complex 

building and development challenges,” 

said Randy Neuhaus, S&ME president and 

CEO. “Today’s architecture, engineering, 

and construction industry demands that 

engineering and design firms provide 

a complete spectrum of professional, 

sophisticated, and cutting-edge services. 

By acquiring Littlejohn, S&ME is creating 

that firm.”

“This acquisition is a great fit for 

Littlejohn, our employees, and our 

clients from business, geographic, and 

cultural perspectives,” said Jim Littlejohn, 

president of Littlejohn. “Our firms share 
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“We’re Looking Out for You!”
The Geo-Institute Organizational Member Council (OMC) invites your 

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

membership o°ers, including the following:

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

• A 5 percent discount for advertising in GEOSTRATA magazine.

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

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

Geo-Congress and the OM/Student Career Fair.

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

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

with 45-50 students carefully chosen by the OMC. 

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

and promotions, company projects, awards, etc.

• Your company logo posted on the G-I website at www.asce.org/

geotechnical-engineering/organizational-members.

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

GEOSTRATA magazine.

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

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

exhibit booth.

• For more information, visit the G-I website at www.asce.org/geotechnical-

engineering/organizational-members where you can download the 

Organizational Membership application.

1 Jay Beech  

2 Michelle Bolding  

3 John Bischo¬ 

4 James D. Hussin  

5 Scott Mackiewicz  

6 Stanley Boyle  

7 Kord Wissmann

1

2 3

5 6 7

a commitment to creating positive work 

environments that value collaboration, cre-

ativity, and innovation, and we invest in our 

employees. We also share a commitment 

to providing top quality and responsive 

services to our clients. By merging our 

cultures and adopting lessons from one 

another, we can create an even stronger 

combined company.”

Geopier Foundation Company 
Promotes Brian Metcalfe

Geopier Foundation 

Company is pleased 

to announce the pro-

motion of Brian 

Metcalfe to director 

of engineering. 

Geopier, a lead pro-

vider of ground 

improvement solu-

tions, is based in Davidson, NC. Metcalfe 

holds M.S. and B.S. degrees in civil engi-

neering from Virginia Tech, and brings 

nearly 15 years of experience in the geo-

technical engineering industry. Prior to 

joining Geopier in 2005, Metcalfe worked 

as a geotechnical consultant for several 

years. An active member of ASCE, Metcalfe 

has co-authored several papers related to 

ground improvement technology.

GeoStabilization Installs First 
MMFX Corrosion-Resistant 
Anchors
GeoStabilization International® has 

teamed with G-I Organizational Member 

Golder Associates, Inc. to design and 

install the world’s first post-tensioned 

rock bolts fabricated from MMFX®

corrosion-resistant steel. The project was 

located at a di¯cult-access rock slope 

stabilization above the Campbell River 

in British Columbia in October 2014. 

The following month, GeoStabilization 

designed and installed the first MMFX soil 

nails in a shotcrete-faced cut wall outside 

of Telluride, CO. Williams Form Engineering 

supplied both products.

MMFX steel is specially formulated from 

low carbon, chromium alloy steel that lacks 

the typical grain boundaries of carbides 

and ferrites found in conventional carbon 

G-I ORGANIZATIONAL  MEMBER NEWS

steel. The unique microstructure forms a 

matrix with substantially no carbides, which 

practically eliminates the galvanic rusting 

processes. The resulting steel bar is strong 

(over 150 ksi) yet ductile, and provides 

over four times more corrosion resistance 

than conventional, plain, carbon steel. The 

corrosion resistance enables MMFX All-

Thread Bar to provide corrosion protection 

without the use of outer coatings or 

Multiple Corrosion Protected (MCP) with 

pre-grout encapsulation.

GeoStabilization chose MMFX over 

MCP bolts at the Campbell River site to 



WHY SHOULD YOU 
CONSIDER DEVELOPING A 
GEOTECHNICAL WEBINAR?

For information go to: www.asce.org/become_an_instructor
Direct Questions to:  ProgramProposals@asce.org

Webinars Provide You With a Means to:
Educate & 
network 

with many
geoprofessionals

Develop 
a gateway to short 
courses/workshops, 

conferences, and 
articles

Give back 
to the profession

Build
recognition, 

prestige, 
and clients
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G-I ORGANIZATIONAL  MEMBER NEWS

GEO-INSTITUTE ORGANIZATIONAL MEMBERS
Visit us at www.asce.org/geotechnical-engineering/organizational-members 

j   AECOM

j  Agru America, Inc.  

j  AMEC 

j  Ardaman & Associates, Inc.

j  Arup

j  Atlas EPS 

j  Bechtel

j  Bentley Systems   

j   Berkel and Company

Contractors, Inc.

j  Braun Intertec Corporation

j  CH2M Hill

j  ConeTec, Inc.

j  DBM Contractors, Inc.   

j  Dan Brown and Associates, Inc.

j  D’Appolonia

j  Datgel

j  Densifi cation, Inc.

j  ECS Corporate Services

j  FECON JSC

j  Fudo Construction, Inc.   

j  Fugro Consultants LP

j  GRL Engineers, Inc.    

j  GZA GeoEnvironmental, Inc.

j  Gannett Fleming, Inc.     

j  GeoEngineers, Inc.

j  Geokon, Inc.

j  Geopier Foundation Company  

j  Geo-Solutions, Inc. 

j  GeoStabilization International 

j  Geosyntec Consultants    

j  Geotechnology, Inc.

j  Golder Associates, Inc.     

j  Haley & Aldrich, Inc. 

j  Hayward Baker, Inc.    

j  Insulfoam  

j  Jafec USA, Inc. 

j  Kelchner

j  Kleinfelder, Inc   

j   Langan Engineering &

Environmental Services, Inc.

j  Layne GeoConstruction

j  Loadtest, Inc.    

j  Magnus Pacifi c Corporation

j   Malcolm Drilling Company, 

Inc. 

j  McKinney Drilling Company

j  Menard, Inc.

j  Moretrench       

j  NTH Consultants, Ltd. 

j   Nicholson Construction

Company

j  PB Americas, Inc.    

j   The Reinforced Earth 

Company

j   Rembco Geotechnical

Contractors, Inc.

j  Richard Goettle, Inc.

j  RocScience

j  S&ME, Inc.   

j   Sanborn, Head & Associates, 

Inc.

j  Schnabel Engineering     

j  Schnabel Foundation Company

j  Sentez Insaat Ltd. Sti.

j  Shannon & Wilson

j   Soil and Materials Engineers, Inc.

j  Stantec

j  Strata Systems, Inc.

j  TenCate Geosynthetics

j  Tensar International

j  Terracon, Inc.   

j  Terra Insurance Company 

j  Tolunay-Wong Engineers, Inc.

j  URS Corporation

j  ZETAS Zemin Teknolojisi A.S. 

Watch the G-I’s Award-Winning Lecture Videos
You and your employees can watch Geo-Institute’s award-winning lectures (Peck, 

Seed, and Terzaghi) that are now available for FREE on the new G-I YouTube site at: 

www.youtube.com/user/GeoInstituteofASCE.

The videos include the 2014 Terzaghi and Peck Lectures and other keynote presenta-

tions and highlights from the 2014 Geo-Congress in Atlanta. Be sure to click the “Subscribe” 

button and turn on “Updates” to be among the fi rst notifi ed about new videos. 

minimize drill-hole size and bolt weight, 

thereby limiting environmental disturbance. 

Limited-access wagon drills and materials 

were mobilized using heavy lift

helicopters, and all

drilling and rock-scaling operations were 

completed above suspended temporary 

catchment debris barriers to protect the 

salmon-laden river below. By using innova-

tive tools and materials, GeoStabilization’s 

Rockfall remediation technicians completed 

the installation ahead of the planned com-

pletion date, on budget, and with positive 

reviews from government regulators and 

local environmental groups.

Organizational Members: 
Let Us Follow You
The G-I not only follows its Organizational 

Members on Twitter, but retweets news and 

lists it at @GeoInstitute/GIOrgMembers. 

We also follow OMs who are on Facebook. 

E-mail us at ecuscino@asce.org when you 

join Facebook and Twitter. We will then 

follow you and add your name to our list.



June 22-26, 2015
at the 

Colorado School 
of Mines

This course covers injection grouting as a method to 
improve geotechnical characteristics of soils and rock 
masses. Mechanisms, theories, and practical applica-
tions of grouting to ground densification and strength-
ening, permeability reduction/groundwater cuto�s, and 
excavation support are covered. The course includes a 
1/2-day  field demonstration of compaction and perme-
ation grouting (using cementitious and chemical solu-
tion grouts), penetration of ultrafine cements, hydraulic 
fracturing, computer monitoring, grout mixing, uses of 
cellular concrete, overburden drilling methods, grouting 
of rock anchors, and use of borehole instrumentation 
and packers. The course is intended for Owners, Con-
sultants and Contractors having interest in grouting 
applications to a broad array of geo-structural con-
struction and remediation techniques.

www.csmspace.com

Geotechnical Group
Graz

Graz Univ. of Technology

Grouting Fundamentals 
and Current Practice

3 6 T H  A N N U A L  S H O R T  C O U R S E

Grouting 2015 Geostrata.indd   1 12/11/14   11:33 AM

800-562-8460 WWW.DBMCONTRACTORS.COM
Donald B. Murphy Contractors, Inc.

14dB102DbmGeoStrataBwAd.indd 
Ad size: 4.5682" x 4.875" tall 

2014

Design/Build   

Earth Retention

Foundation Support

Slope Stabilization

Ground Improvement

Dewatering
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COREBITS STUDENTS

Bring the 
Cross-USA 
Lecturer to 
Your Chapter 
or School
The Geo-Institute of the ASCE 

provides the Cross-USA Lecture 

Tour as a service to G-I Chapters 

and Graduate Student Organizations 

as part of the ongoing initiative 

to enhance the prestige of the 

geoprofession. 

Host groups must be either a 

Graduate Student Organization or 

a G-I Chapter and will be chosen 

based on a range of criteria, includ-

ing past selection as a host group, 

population base, geographic loca-

tion, and application presentation.

If your Graduate Student 

Organization is interested in hosting 

the 2015-2016 Cross-USA Lecturer, 

contact Jennifer Canning at 

jcanning@asce.org for more infor-

mation about how to submit your 

application package. The deadline for 

submission is April 15, 2015.

IFCEE 2015 – Professional 
Development Workshop
The G-I Student Leadership Council 

(SLC) has been hard at work this past 

year planning another engaging and 

interactive workshop for the students 

attending IFCEE in March.  Preceded 

by a special presentation by the SLC, 

the workshop will provide students 

the opportunity to network with 

prominent GeoLegends in a relaxed 

and personal atmosphere. Visit 

the IFCEE 2015 website at www.

ifcee2015.com and begin maximizing 

your experience today!



74 GEOSTRATA MARCH/APRIL 2015

New YouTube Lecture
A new video is now available on YouTube. 

William A. Wallace, president of Wallace 

Futures Group, LLC, presents his keynote 

lecture from the 2014 Geo-Congress in 

Atlanta. The lecture, titled “Working to 

Engineer Infrastructure Resiliency in a 

Changing Operating Environment,” can be 

viewed at http://youtu.be/7i3aPuomdnI. 

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

Congress 2016

February 14-17, 2016

Sheraton Phoenix Downtown Hotel

Phoenix, AZ

The Geo-Institute (G-I) and Structural 

Engineering Institute (SEI) of ASCE are 

coming together in 2016 to host their first 

joint congress. Now is your chance to be 

part of this unique program! 

Abstracts are sought for dynamic 

sessions and presentations about 

geotechnical and structural engineering 

issues such as professional practice, soil 

structure interaction, geotechnical and 

structural elements of foundation and 

retaining wall design, soil behavior and 

performance, and numerous other areas.

Several types of submittals are 

encouraged: single abstracts, short 

courses, full 90-minute session proposals 

(traditional or panel), or a NEW interactive 

poster abstract.

Final papers are optional; submitted 

papers will not be peer-reviewed, but will 

be included in the conference proceedings. 

For more information about the event: 

www.geo-structures.org.

Voluntary Contributions
Have you renewed your G-I/ASCE mem-

bership yet? As you do, please consider 

making a voluntary contribution. One 

hundred percent of all contributions goes 

directly to a restricted fund for student 

activities. These funds are used to sup-

port programs for students and younger 

members, such as the GeoChallenge 

events, the Graduate Student Leadership 

Council, and many more. We thank you 

for your generous donation! 

COREBITS EVERYTHING G-I

IFCEE 2015 
March 17-21, 2015
JW Marriott Hill Country Resort & Spa
San Antonio, TX 

www.ifcee2015.com

Make sure YOU are one of the more than 2,500 expected attendees at this premier event. 

There is still time to register and earn more than 35 hours of education provided by industry 

leaders through educational short courses. You will also enjoy technical committee meet-

ings, indoor and outdoor exhibitions, copious networking time, and much more. Browse 

the current list of more than 100 exhibitors on the conference’s website or in January/

February 2015 issue of GEOSTRATA and begin planning your conference schedule today!



SAVE THE DATE

The Geo-Institute and Structural Engineering Institute of ASCE are 
coming together to create this first-of-its-kind event combining the best 
of both Institutes’ annual congresses.

Top 5 Reasons to attend this unique conference for the 
geotechnical and structural engineering professions:

1.  Build connections with leaders in both the geotechnical and 
structural professions.

2.  Earn Professional Development Hours (PDHs) from technical 
sessions, seminars, and short courses. 

3.  Interface with students and young professionals. 
4.  Learn about new products and services for the industry in one 

central exhibit hall.
5.  Collaborate for better solutions.

Be part of the technical program: submit an abstract or 
session proposal before April 7, 2015.
The program committee is seeking dynamic, relevant sessions and 
abstracts addressing both geotechnical and structural engineering 
issues; below are some of the topics envisioned:

• Soil Structure Interaction
• Geotechnical and Structural Elements of Foundation and       

Retaining Wall Design
• Soil Behavior and Performance
• Professional Practice
• Traditional Geotechnical and Structural Topics

KEY DATES
No extensions will 
be available

Abstracts and Session 
Proposals due 
April 7, 2015

Notification of acceptance 
to authors 
July 23, 2015

Final Papers* due 
October 12, 2015 

* Final papers are 
optional and won’t be 
peer reviewed, but will be 
included in the conference 
proceedings.

www.geo-structures.org
Questions? Please contact Debbie Smith at dsmith@asce.org or (703) 295-6095

GEOTECHNICAL & STRUCTURAL 
ENGINEERING CONGRESS
Phoenix, Arizona  I  February 14-17, 2016

CONNECT l      COLLABORATE l    BUILD
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BSCES G-I (Boston) Chapter 
The BSCES G-I held its 15th Arthur 

Casagrande Memorial Lecture on Tuesday, 

December 16, 2014, at the Hyatt Regency 

Hotel in Cambridge, MA. The guest speaker 

was Professor Robert Mair, the Sir Kirby Laing 

Professor of Civil Engineering and head of 

Civil Engineering at Cambridge University.  

Prof. Mair spoke about “The Influence of 

Tunneling on Piled Foundations.” The event 

was well attended and focused on the 

research and case studies of the e�ects of 

tunneling in dense urban areas adjacent to 

pile-supported structures. 

Virginia G-I Chapter
GeoVirginia is hosting its third conference 

from April 27-29, 2015, at the Williamsburg 

Lodge in Williamsburg, VA. The conference 

will focus on lessons learned in geo-

technical engineering and will include 14 

renowned speakers. More information can 

be found at www.virginiageoinstitute.org.

Host Sites Sought for 2015-
2016 Cross-USA Lecture Tour
The Geo-Institute of the ASCE provides the 

Cross-USA Lecture Tour as a service to G-I 

Chapters and Graduate Student Organizations 

as part of the ongoing initiative to enhance 

the prestige of the geoprofession. 

If your Chapter is interested in hosting 

the 2015-2016 Cross-USA Lecturer, con-

tact Jennifer Canning at jcanning@asce.

org for more information. The deadline for 

submission is April 15, 2015.  

Seattle Geo-Institute Chapter 
The ASCE Seattle Section Geotechnical 

Group (Geo-Institute Seattle Section) will 

be having its Annual Spring Seminar on May 

2, 2015, at the University of Washington. 

The topic will be Geotechnical Earthquake 

Engineering, and details can be found at 

www.seattlegeotech.org.

COREBITS CHAPTERS

Region 9 Update
Geo-Institute branches in California have had a strong year in 2014 and are poised 

to deliver lots of important information in 2015. The six chapters within the State 

of California are in San Diego, Orange County, Inland Empire, Los Angeles, San 

Francisco (Bay Area), and Sacramento. Contact information for each of them can 

be found on the ASCE website.

In 2014, CA chapters hosted many individual dinner and lunch meetings, joint 

dinners, and four large annual seminars. The San Francisco Chapter co-hosted 

the UC Berkeley workshop, the UC Berkeley Lecture Series, joint meetings with 

AEG, and five additional dinner meetings. Dinner talks ranged from BART tunnel 

updates to the Ethical Dilemma of Low Price Bidding. The Los Angeles chapter 

hosted the 37th Annual Queen Mary Seminar, featuring Dr. Thomas Brandon,

Dr. Craig Benson, and Dr. Robert Holtz. The International Conference on Geo-

Disaster Reduction was also co-hosted by the Los Angeles chapter at Cal State 

Fullerton.

San Diego, Orange County, Inland Empire, and Sacramento chapters have 

organized talks that included the East Garden Grove-Wintersburg Channel 

Project, 2014 South Napa Earthquake Update, and a Technical Tour of Mill Creek.

Events coming up in 2015 include the annual UC Berkeley Workshop, UC 

Berkeley Lecture Series, Annual Queen Mary Seminar, and many more local 

gatherings.

These diverse events provided an opportunity for all geo-professionals to 

learn, network, and develop lasting professional bonds. Take advantage of your 

local chapter this year. Please feel free to contact us if you have any questions 

about chapters near you. Contact information: Kartik.Atyam@urs.com.

Los Angeles Section Board and Queen Mary Seminar speakers.
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Learning from 
Landslides
The Kentucky Geological Survey is com-

piling a landslide inventory database to 

document the distribution and geological 

characteristics of landslides across the 

state and to provide easy access to this 

information. The database, similar to 

those compiled by other states, is being 

used to create a customizable online 

landslide information map, which can be 

accessed at tinyurl.com/KYLandslideMap. 

Read more about the Kentucky project 

at kgs.uky.edu/kgsweb/olops/pub/kgs/

IC31_12.pdf. The USGS has information 

about all the states participating in the 

Landslide Inventory Pilot Project at 

landslides.usgs.gov/research/inventory.

COREBITS INDUSTRY

Los Angeles Breaks Ground 
on Subway Extension 
Leaders of the L.A. County Metropolitan 

Transportation Authority (Metro) joined 

federal, state, and local o  ̄ cials in 

November 2014 to break ground on the 

Metro Purple Line Extension Project. 

The project will extend the rail network 

by almost nine miles, adding seven new 

stations to the line and connecting West 

Los Angeles to the region’s rail network. 

Construction will take place in three 

phases and is scheduled to be completed 

in 2035.  

Landslide along old KY 10.

New from ASCE Press

Engineering for Sustainable  
Human Development
A Guide to Successful Small-Scale Community Projects
Bernard Amadei, Ph.D., Dist.M.ASCE, NAE

2014 | 432 pp. | List $80 / ASCE Member $60
Soft Cover: Stock # 41353 | ISBN 978-0-7844-1353-1
E-book: Stock # 47840 | ISBN 978-0-7844-7840-0

Introducing a 
multidisciplinary approach 
to sustainable engineering

Addressing the role of 
engineering in poverty 
reduction & human 
development

Providing practical 
guidelines for conducting 
engineering projects in 
developing communities



Internships Now Available Does an internship position interest you? Explore the positions listed on the ASCE website to help you obtain the 

experience you need to further your career path. New opportunities are added all the time, so start your search today!  careers.asce.org/jobs 
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COREBITS CAREER

For more information about webinars, seminars, and on-demand learning, visit the ASCE Continuing Education website:  

www.asce.org/continuing_education. 

ASCE/G-I Co-sponsored Online Webinars
Note:  All posted webinars o�er 1.5 professional development hours (PDHs).

j Geosynthetic-Reinforced Mechanically Stabilized Earth Walls 
March 16, 2015, 11:30 AM – 1:00 PM (ET)

j   Earthwork 101 
March 24, 2015, 12:00 PM- 1:00 PM (ET)

j   Dynamically Loaded Machine and Equipment Foundations –  
A Design Primer  
March 30, 2015, 12:00 PM- 1:00 PM (ET)

j   LRFD for Geotechnical Engineering Features: Earth Retaining 
Structures: MSE Walls 
March 30, 2015, 11:30 AM – 1:00 PM (ET)

j   Geotextile Tubes for Erosion Control, Dewatering and 
Decontamination 
April 7, 2015, 11:30 AM - 1:00 PM (ET)

j   Recycled Base Aggregates in Pavement Applications  
April 15, 2015, 12:00 PM - 1:00 PM (ET)

j   Load and Resistance Factor Design (LRFD) for Geotechnical 
Engineering Features: Best Practices in Subsurface Investigations 
and Soil and Rock Testing 
April 20, 2015, 11:30 AM - 1:00 PM (ET)

j   Introduction to Geotechnical Grouting 
April 28, 2015, 11:30 AM - 1:00 PM (ET)

ASCE/G-I Seminars
Note: All posted seminars o�er continuing education units (CEUs).

j Construction Dewatering and Groundwater Control – 
Design and Application      
March 16-17, 2015, Orlando, FL

j   Designs of Foundations for Dynamic Loads  
March 18-20, 2015, Long Beach, CA

j   Soil and Rock Stability 
March 19-20, 2015, Orlando, FL

j   Dam Breach Analysis Using HEC-RAS  
March 25-27, 2015, Saint Louis, MO

j   Earthquake-Induced Ground Motions  
March 26-27, 2015, Reno, NV

j   Finite Elements in Geotechnical Engineering 
April 16-17, 2015, Las Vegas, NV

j   Micropile Design and Construction 
April 16-17, 2015, New Orleans, LA

j   Geotechnical Aspects of Pavements 
April 22-24, 2015, Denver, CO

j   Deep Foundations: Design, Construction, and  
Quality Control 
April 30-May 1, 2015, Cleveland, OH

Senior Technical Manager (Civil Engineer)

One of the nation’s largest and most dynamic nonprofit 

organizations is currently searching for a civil engineer 

to provide technical and product support within our 

Geo-Institute. Do you like working with others who are 

passionate about their work?  We are looking for the 

right person to join our team of professionals providing 

geotechnical engineers with the resources they need to 

advance their careers.

The American Society of Civil Engineers (ASCE) is a non-

profit professional membership association dedicated 

to the advancement of civil engineering in order to 

serve the public good.  For consideration, submissions 

of interest must contain a resume and cover letter with 

salary history and requirements. 

To apply, go to:   

asce.applicantpro.com/jobs/191762.html. 

Responsibilities include: 

j   Serving as liaison to technical, board, and editorial board 
committees

j   Working with regional and allied groups on collaborative technical 
activities

j   Facilitating the development of manuals of practice, technical briefs, 
short courses, workshops, webinars and seminars

j   Managing, developing, and enhancing geotechnical guidance 
documents and standards

j   Managing the production, and developing sections of our 
bi-monthly GEOSTRATA magazine

The ideal candidate will have: 

j   A BS in Civil Engineering (Master’s preferred)

j   Five to eight years’ experience (association experience a plus)

j   PE license preferred (or ability to obtain within 1 year)

j   Experience (or an interest) in geotechnical engineering

EMPLOYMENT EOE M/F/D/V
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INDUSTRY CALENDAR
COMING IN MAY/JUNE 2015

CONNECT WITH US

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

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

themes: Ports, Harbors & Shorelines, Geotechnics of Geo-disasters, and What’s the Future Hold? Ideally, 

photos should be portrait orientation and 5 MB or larger in size. If we use your photo, appropriate credit will 

be noted. Send your photos and accompanying photo captions to geostrata@asce.org.

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

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

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

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

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

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

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

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

Geotechnical Frontiers 
March 12-15, 2017 
Orlando, FL

Ports, Harbors & 
Shorelines

The New Bedford Marine 
Commerce Terminal –  
The First of Its Kind 
By Kevin Dawson

Innovative Use of Groin 
Structure 
By Ram M. Kasturi and Vincent A. Siefert

Filling the Bay 
By Nicholas E. Malasavage  

and David V. Doak

What’s New in Geo? 
By James K. Mitchell

Lessons Learned  
from GeoLegends:  
George J. Tamaro 
By Hai (Thomas) Lin, Suguang (Sean) Xiao, 

and Hanna Moussa Jabbour



Soil of My 
Dreams

MARY C. NODINE, PE, M.ASCE, is a geotechnical poet and a project 

engineer with GEI Consultants, Inc. in Woburn, MA. She can be reached at 

mnodine@geiconsultants.com.

The organic soil I study by day
Has come to torment me by night.

Knee-deep in muck,
I stand by a rig.
Push the tube ever so slowly,
Wait patiently, then
Twist, lift, wax, cap,
Triumphant with my prize.

The sun beats down.
A duck looks on, wary.

Loose silt?
Soft clay?
Testing will reveal the truth.

Back at the lab, I extrude
With great care,
Only to watch my sample crumble to 
the fl oor,
Hopelessly disturbed.

Resigned to index tests,
I guess at compressibility, 
Analyze statistics of moisture contents
Wildly deviating:
Twenty to two-hundred percent.

Each jar I open is
Di� erent.  It pours like 
Applesauce, sticks like
Peanut butter - plastic!
Yet grains scatter from the bench 
Like microscopic marbles,
As I attempt to roll a tiny snake
For proof.

Desperate, I pack damp,
Gray, shell-studded scraps into
The direct shear device, then
Watch in dismay, as the stu� 
Gives way, like water,
No resistance to the stress applied.

But if a duck – I saw it, a duck!
Can walk its surface,
This can’t be true.

I wake in a sweat. Contemplate
The weight of that duck,
The width of its foot,
The pressure this soil can surely 
withstand.

Cursing whoever needed 
A road on this once-peaceful marsh:
The duck and me, both.  

GeoPoem

By Mary C. Nodine, PE, M.ASCE
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Photo courtesy of Anna K.M. Best.
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