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We build the foundation for security.

1-800-388-2340
nicholsonconstruction.com

DEEP FOUNDATIONS         EARTH RETENTION         GROUND TREATMENT         GROUND IMPROVEMENT

Anchor Installation
World Trade Center Vehicle Security Center
New York, NY

The support you need for your most critical structures.

Nicholson has been heavily involved in the remarkable redevelopment of the 
World Trade Center site.  We are a part of a team constructing the foundations for 
the new underground World Trade Center Vehicle Security Center, the checkpoint 
through which vehicles destined for the trade center’s underground roadways 
will pass. At Nicholson Construction Company, we specialize in deep foundations, 
earth retention, ground treatment and ground improvement techniques that help 
you achieve your project goals.  Nicholson...the support you need.



Not Just Software. . . RockWare.
For Over 27 Years.

3D Data Management, 
Analysis and Visualization

•  Powerful measured-section/
borehole database for 
managing:

  - Lithology   - Geophysics
  - Stratigraphy   - Fractures
  - Hydrology   - and more
  -  Hydrochemistry 

  (e.g. Contaminants)

•  Create striplogs, cross-
sections, fence diagrams, 
and block models

•  Contour data in 2D and 3D 
(isosurfaces)

•  Extensive on-line help and 
sample data sets

• Includes RockWorks Utilities

Free trial available at 
www.rockware.com

$3,000

RockWorks®

LIDAR Extension for ArcGIS

•  Requires only a standard 
ArcView™ license

•  Creates a LIDAR data layer 
in ArcMap™

•  Blends imagery or other data 
layers with LIDAR

•   Blazing fast on-the-fl y 
contouring and tinning

•  Optimized cross-section/
profi le data viewer

• 3D data viewer
•  Exports customizable con-
tours

•  Offers advanced breakline 
integration options

Free trial available at 
www.rockware.com

$2,990

LP360™

Powerful, Flexible, Easy-to-Use 
Borehole Log Software

•  Dozens of templates 
available or design your 
own in the drawing-style log 
designer window

• Tabbed data sheets
•  Import/Export data from 
LAS, Excel, RockWorks

•  Paginated and continuous 
logs at any vertical scale

• Export to a variety of formats
•  Free viewer can be distributed 
to clients

Free trial available at 
www.rockware.com

$699

LogPlot®

Fast, Powerful, Surface Modeling 
System for AutoCAD

•  Runs inside of AutoCAD 
2000-2011

•  Converts surface mapping 
data such as point or break 
line data into contours, grids, 
triangulated irregular networks 
(TIN), and 
triangulated grids

•  Dozens of imports and 
exports

•  Topography, slope analysis, 
thickness maps, volumes, 
visibility analysis, road design

•  Profi les and sections along 
polyline paths

Free trial available at 
www.rockware.com

$1,195

QuickSurf™

303.278.3534 • 800.775.6745
RockWare.com

MapInfo
Professional®

Follow us on:
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Rainfall Infiltration-Induced Landslides
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ON THE COVER:  In this photo released by the Chilean government, miner 
Carlos Barrios waves to the crowd while emerging from the capsule that brought 
him to the surface from the collapsed San Jose gold and copper mine near 
Copiapo, Chile, on Wednesday, October 13, 2010.

19

24

31

36

44

50

46

36

48

14

January/February • 2011FEATURES



Not Just Software. . . RockWare.
For Over 27 Years.

   

303.278.3534 • 800.775.6745
RockWare.com

MapInfo
Professional®

Follow us on:

3D Groundwater Flow, Heat 
and Contaminant Transport 
Modeling

•  Interfaces to MODFLOW (2000 
and 2005), MODPATH, MT3D 
(MS and 99), RT3D, PHT3D 
and SEAWAT

•  Automatic calibration and 
sensitivity analysis using 
WinPEST

•  Superior 3D graphics using 
the 3D-Explorer

•  Zone Budget, Multi-Node Well, 
Stream Routing, LAK3 
and ETS1 Packages

•  Pumping optimization using 
MGO Standard, Pro and 
Premium versions available 

Free trial available at 
www.rockware.com

Call for pricing

Visual
MODFLOW™

$1,490

AquaChem™

The World’s Most Popular 
Desktop Mapping and 
GIS Software
•  Author maps using easy-
to-use wizards and an exten-
sive suite of map elements

•  Integrate all types of data 
for visualization, mapping, 
query, and analysis

•  Provides a rich environment 
for data capture and editing

•  Includes a set of map 
analysis tools and procedures 
that help you analyze 
geographic information

•  Easily personalize the 
user interface

Free trial available at 
www.rockware.com

Call for pricing

ArcView™

Well Log Data Management
•  PC-based composite log pack-
age, combining comprehensive 
graphic editing and data 
processing tools

• Formula parser for log analysis
• Fracture and breakout analysis
•  Optional modules for core 
logging, image analysis, 
LIS/DLIS import, sonic 
processing, deviation 
calculations, ODBC connectivity, 
automation and cross-section 
generation

•  Integrates all data acquired in 
a well into a single document

•  Combines excellent display, 
editing and analysis 
capabilities for well data

Free trial available at 
www.rockware.com

$3,120

WellCAD™

The Most Complete System 
for Water Quality Data Analysis, 
Plotting, Reporting and Modeling

•  Data Management – Customizable 
MS Access database

•  Data Analysis – Numerous 
calculations, compare/mix 
samples, correlation matrix, 
data reliability check and more!

•  Statistical Calculations – 
Trend analysis, outlier tests, 
test for normality

•  Water Quality Modeling – 
PHREEQC

•  Plotting, Mapping & Reporting 
– 23 industry-standard plots 
including: Piper, Schoeller, 
Scatter, Box & Wisker, time 
series, histogram, Stiff, Radial 
and Pie chart.

Free trial available at 
www.rockware.com
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T R A N S F O R M  Y O U R  D A T A  I N T O  K N O W L E D G E

D A T A . O N  P U R P O S E .

6825 Jimmy Carter Blvd / Suite 1210 / Norcross, Georgia 30071 / Telephone: 678-406-0106

PLog Enterprise - v6
YOUR  GEOTECHNICAL KNOWLEDGEBASE™

The PLog Enterprise KnowledgeBase™ transforms your data into an 

invaluable asset for your organization by combining all of your individual 

gINT projects into a single database. By archiving your geotechnical 

data in the PLog Enterprise KnowledgeBase™, it becomes more than just 

data; it becomes information and a  resource for your organization that 

will continue to grow in value over time.  Whether you have hundreds or 

thousands of projects you can turn your geotechnical information into 

knowledge that bene�ts your organization.

www.dataforensics.net/enterprise.php

PLog Environmental
YOUR ENVIRONMENTAL DATA  MANAGEMENT SYSTEM

PLog Environmental is the result of a collaborative e�ort between Dataforensics 

and EarthScience Information Systems, developers of ESdat. PLog Environmental 

allows users to digitally record environmental sample information for boreholes, 

water wells, gas wells, surface water features such as ponds and rivers, as well as QA 

samples. PLog Environmental is seamlessly integrated with ESdat creating a com-

plete environmental data management system.

ESdat
ESdat is used by environmental professionals for a variety of applications 

including contaminated/industrial sites, groundwater investigations, gen-

eral site environmental management and land�lls. ESdat is unmatched in 

it’s ease of use and ability to customize outputs. Its design enables you to 

easily perform many tasks which you previously performed manually. ESdat 

capabilities include:

	 •	Creating sampling plans to assist with �eld data collection

	 •	Importing �eld data from PLog, historical data and lab data

 •	Performing chemical QA on lab and �eld data

 •	Create fully customizable tabular and graphical reports including  

    trend analysis

 •	Integrates with ProUCL, ArcMap, MapInfo, Surfer, Google Earth,   

    gINT, WinLog, Excel, PLog Environmental and more...

www.dataforensics.net/plog_env.php

www.dataforensics.net/esdat.php

New

www.dataforensics.net/esdat.php
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Letters

GEO-POEMS

I appreciate the geo-poems. They inspire us to learn 
from geological outcrops and structural geology 

and tell us that their longevity depends on the binding 
minerals and crystals and geometry (which is shaped by 
geomorphology) of each structure. Civil Engineers have 
to learn a lot from structural geology and geomorphology 
while designing the foundations and 
subsequent structure as each brick or RCC 
beam and pillar remind us of folds, anticlines 
and synclines, etc.

V. Chaudhry
Retired Scientist/Author
Delhi
India

COMMENTARY

Regarding Jeff Keaton’s commentary,“Is Uniformitarianism 
Sustainable in an Age of Environmental Change?” 

I answer, doubtful, even without environmental change. 
Also, sustainable to loss or damage of what resource?  My 
understanding is that actualism (geology) is more than 

merely an extension of uniformitarianism, but inclusive of 
catastrophism, albeit to a less degree. The waxing and waning 
of the ice ages, driven by wobbles in the Earth’s orbit, caused 
sea levels to vary by hundreds of feet and shorelines to move 
many miles. This suggests repeatability but not sustainability 
from natural events.

 
Before shooting Hollywood science in the foot too 
quickly, I draw your attention to a fascinating article 
“Geoengineering grows up” in the November 6, 2010 
issue of The Economist (pp 99-102). It seems that 
some foreigners to soil/rock mechanics have usurped 
the term geoengineering and broadened its scope to 
include the atmosphere, particularly the stratosphere. 
Schemes mentioned in the article range from 
stratospheric hazing and cloud whitening to growth 
of photosynthetic plankton, direct air capture, lime 

dumping into the sea, and locking ice caps in place. These 
schemes are not totally crazy but a means of smoothing the 
transition to a low carbon world.
 
R. Sullivan
Florence, OR

Before shooting Hollywood science in the foot too 
quickly, I draw your attention to a fascinating article 
“Geoengineering grows up” in the November 6, 2010 
issue of The Economist (pp 99-102). It seems that 
some foreigners to soil/rock mechanics have usurped 
the term geoengineering and broadened its scope to 
include the atmosphere, particularly the stratosphere. 

G-I Organizational Member  

Please send your news items to geostrata@asce.org. 

G-I Organizational Member  

Please send your news items to geostrata@asce.org. 

GEOTECHNICS 
OF ENVIRONMENTAL CHANGE

Geo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataGeo-StrataSEPTEMBER  OCTOBER  2010
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Coming in March/April 2011: Environmental 
Geotechnics

• What is Geoenvironmental Engineering?
• Growing Options for Geosynthetic Cover Systems
• Recycling on the Waterfront
• Green Roofs: A Solution for Urban Stormwater Management
• Using the ZVI-Clay Technology for Source Zone Remediation
• Design of High Soil Berms Over Soft Soil: An Update

For a change of pace from my traditional 
poetry, I present to you the “Unsaturated Soils 
Crossword.”  I wrote my first crossword puzzle 
back in my days as a young(er) engineer. My 

coworker Rebecca and I were sharing a field book while 
working alternate shifts inspecting footing subgrades. 
We took to creating crossword puzzles for the other to 
complete, with clues about the project’s quirks and the 
contractors’ habits. Needless to say, our project manager 
was none too happy with the resulting “creative” field 

notes. Six years later, however, he related the story to 
Geo-Strata editor Jim Withiam at the recent ER 2010 
conference…and a crossword became my next assignment. 
Geo-Strata is probably a more appropriate forum than a 
fieldbook, anyway.

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

Geo-Poem: A Change of Pace by Mary C. Nodine

Unsaturated Soils Crossword

1 2 3 4 5

6

7 8 9 10

11 12

13 14 15 16

17 18 19 20

21 22

23 24 25

26 27 28

29 30 31 32

33 34 35 36 37

38 39

40 41 42 43 44 45

46 47 48

49 50 51

52 53 54

55

56

Unsaturated Soils Crossword Key on page 28
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Unsaturated Soils Crossword Clues

Across Down

1. “K” in ksi 1. Relates suction to hydraulic conductivity

6. The more nebulous strength parameter 2. The vertical axis on a classic consolidation plot

7. _____ test (nontechnical for U-U) 3. With 4 down,one of two types of suction (caused by charged particles) 

10. Drained tests are run at a slow _____ of    
strain

4. With 3 down, one of the two types of suction (caused by 14-across 
stresses)

12. Story from the days of slide rules 5. Greater than 98 to sufficiently saturate

13. A space among grains 8. Barrier between landfill waste and a grassy park

14. Action in the zone just above the water table 9. Where all the triaxial action takes place

15. Compact with an excavator bucket 11. Probably done to soil, but not rock, during a compression test

18. Directly above the focus of an earthquake 12. Used to measure suction

21. The mark of a calc-checker 16. How many California ___ does it take to perform a cyclic triaxial test?

22. Turn sand grains into silt 17. Behave like 37-across sand

23. A constant in area calculations 19. Makes weight-volume calcs foolproof

25. Liquid or plastic 20. “c-over-p ______”

26. Pore pressures leave this strength type 
open to interpretation

23. Lab test that sets the stage for compaction control

28. When the drilling gets tough, resort to this 
style

24. Fraction of the sample height used to calculate time factor, assuming 
double drainage

29. Minimum number of Mohrs circles to 
define a strength envelope with cohesion

27. Layman’s term for sand, silt or clay

31. Didn’t you get the ____? Nobody does 
sand cone tests anymore!

29. Stressed, maybe (human not soil)

33. The best civil engineer in the animal 
kingdom

30. What a crafty engineer might do during down time on site

35. A caffeinated beverage free in most non-
government offices

32. Old-school geology term for marine clay with shells

37. Description of a granular soil withstanding 
more than 30 blows per foot

33. Sand from underground post-earthquake, or what you do to saturate 
platens

38. Percent fines crossing into “with clay” ter-
ritory

34. The best 6-legged civil engineer in the animal kingdom

39. Zero a scale 36. High plasticity (takes too long to say)

40. It might be elastic 40. Number of scales on an engineer’s scale

43. A water content to strive for 41. Sands that contract under stress

45. One location for a dam drain 42. True shape of an undrained failure envelope

46. Storage for grains (not the sand kind) 44. What you’ll build if you do enough 23-down tests

47. “No officer, I’m not transporting uranium 
waste, there’s just a _____ density gauge in my 
truck.”

48. The upstream side of a dam on a proper cross section

49. Enough will keep a swelling clay under 
control

50. Find the plastic limit, again

52. Stress that really matters to soil 51. Glacial deposits

53. Swedish word behind the USCS represen-
tation of silt

54. Strawberry, raspberry, or (with “a”), what you’re in if you have too 
many deadlines and too little time

55. Graphical tool for analyzing saturated flow

56. Like weight without the gravity



Geo-Frontiers 2011 is co-organized by
Under the 
auspices of

Includes GRI -24
Annual Conference

Short Courses include:
Advanced Principles of Slope Stability Analysis 

Augured Cast-In-Place (ACIP) Piles: Design, Construction, 
Load Test, and Case Studies

Design and Construction of Bottom Liner and  
Cover Systems 

Geosynthetic Reinforced Soil 

Instrumentation, Monitoring, and Condition Assessment 
of Foundations & Geo-Structures 

Application of Geophysics to Geotechnical Problems 

Recent Trends in Ground Improvement 

Geosynthetic Test Procedures and Material 
Specifications

Technical Tracks include: 
Geotechnical Testing and Site Characterization

Soil/Rock Mechanics and Modeling 

Foundations and Ground Improvement 

Slopes, Embankments, and Earth Retaining Structures 

Geosynthetics 

Geoenvironmental Engineering 

Geo-Hazards (Earthquakes, Landslides, Erosions, Others) 

Transportation Materials and Pavements 

Other Geotechnical-Related Issues 

Panel Discussions

REGISTRATION IS NOW OPEN!

For further information about the event, to register online, and to reserve hotel rooms visit:

www.geofrontiers11.org

Early bird and hotel rates apply until  
21 February, 2011
The event includes 8 Short Courses, 90 sessions 
within 10 technical tracks, geotechnical products 
and services exhibits, student programs, networking 
events, award programs, the GRI-24 annual 
conference and will feature 4 highly regarded 
plenary sessions.
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The annual Geo-Frontiers 2011 conference in 
Dallas, March 13 - 16, 2011 is the venue for our 
geo-professional family to gather to focus on 
new developments in geotechnical engineer-

ing technologies with an emphasis on geosynthetics.  The 
Geo-Institute (G-I) is cooperating with the Industrial Fabrics 
Association International (IFAI); NAGS, the North American 
chapter of the International Geosynthetics Society (IGS), 
and the Geosynthetics Materials Association (GMA) to make 
your conference attendance more cost efficient and your 
learning more diverse. Previous conferences with co-spon-
sors, such as these, have drawn as many as 1,800 attendees. 

     Geo-Frontiers 2011 will offer a venue of short courses 
prior to the conference, the prestigious Terzaghi (Dr. Ken-
neth Stokoe) and Peck (Dr. Antonio Bobet) Lectures, a trade 
show of geotechnical products and services, a variety of 
student competitions and Organizational Member activities. 
For the third straight year, an induction ceremony is also 
planned for new Diplomates into the Academy of 
Geo-Professionals.

      However, this year’s conference will offer additional 
new features, namely:

•  The G-I will be hosting the annual GSI conference 
(GRI-24) during Geo-Frontiers 2011 with an emphasis 
on enhancing sustainability using geosynthetics.  Two 
sessions will be offered with transportation/geotechni-
cal related topics and environmental/hydraulic related 
topics. A number of recognized experts will provide 
their perspective on a number of technical issues that 
are sure to interest you.

• The G-I has added another distinguished lecture to the 
annual conference, the Seed Lecture. The H. Bolton 
Seed Medal is given in memory of Professor Seed 
in recognition of his outstanding contributions to 
teaching, research, and/or the practice of geotechnical 
engineering.  The San Francisco Section of ASCE has 
previously hosted this lecture and they have graciously 
allowed the G-I to incorporate it into our annual con-
ference. This lecture will further enhance our annual 
conference and compliment the Terzaghi and Peck 
Lectures. I’m looking forward to attending Dr. Norbert 
Morgenstern’s presentation. 

     You should also make it a point to take in student activi-
ties during the conference, namely:

1. The Student GeoChallenge 2011 again promises to be 
a particular treat.  It will pit 16 teams of students in 
a competition to design and build a scale model of 
a  mechanically stabilized earth (MSE) wall inside a 
plywood form, using sand with paper reinforcement 
affixed to a poster board wall facing.  The event is 
judged on the wall’s capacity to support a design load, 
the amount of reinforcement used, and the quality of 
a design report.  The winning team receives the presti-
gious Atterberg Cup.

2. The GeoPrediction Contest requires students to 
develop an accurate prediction of geotechnical be-
havior given detailed information regarding subsur-
face, boundary, and initial conditions, as well as the 
geotechnical/ structural/hydraulic loading.  The 2010 
GeoPrediction involved developing a finite difference 
(FD) computer code to predict seepage conditions 
around a cofferdam, as well as the water pressures on 
the cofferdam walls.  Watch for details about the 2011 
competition.  The winning team of 2010’s competi-
tion received the new Mohr’s Circle award and up to 
two complimentary student registrations or up to two 
$250 discounts on a full registration to a future G-I 
Congress or Specialty Conference in 2010 or 2011.

3. The Student Poster Competition, which was added 
to the annual conference last year, gives students the 
opportunity to present a poster about a geotechnical 
engineering related topic or project of their choice.  Stu-
dents can participate individually or as teams of two.  
The competition consists of the presented poster and 
a 3-minute presentation followed by questions from a 
team of geo-professional judges.  Judging is based on 
technical content, ability of the poster to convey techni-

cal information, pro-
fessionalism, aesthetic ap-
peal, presentation quality, 
ability of the presenter(s) 
to answer questions, and 
quality of the poster and 
presentation as whole.  
Posterboards and oral 
presentations were made 
on a broad range of geo-
technical topics by more 
than 20 students last year.  
It was an overwhelming 
success!  

Thoughts from the President by Larry P. Jedele

Come on Down (To Dallas)!

The energy, 
enthusiasm and 
excitement (E3) 
of the students 
during these 
competitions 
are invigorating 
and a spectacle 
to behold.
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Cross Hole Sonic Logging
by the Foundation Testing Experts

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

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

Louisiana .......... 985.640.7961
North Carolina .. 704.593.0992
Ohio .................. 216.831.6131
Pennsylvania .... 610.459.0278

Central Office ......216.831.6131

Quick response...results you can trust!

GRL Engineers, Inc.
NC 16 over 6 Mile Creek

  1 / 2

GRL Engineers 
employ the best  
CSL technology to 
assess the integrity  
of drilled shafts.

Single Hole  
Sonic Logging (SSL) 
also available.

1124 Olympic Drive, Corona, CA  92881  (951) 549-1234 fax (951) 549-1236�
www.geovision.com

For over 14 years GEOVision has specialized in non-
invasive methods of investigation for engineering,  
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The energy, enthusiasm and 
excitement (E3) of the students 
during these competitions are 
invigorating and a spectacle to 
behold.  Remember the formula:  E3 
+ Students = Great Geo-Professional 
Entertainment!

I invite you to come on down to 
Dallas to attend Geo-Frontiers 2011.

Larry P. Jedele, P.E., D.GE, M.ASCE
President, Geo-Institute of ASCE
jedele@sme-usa.com

The National Academy of 
Engineering’s Committee on 
Implementing Engineering 
Messages, which is cochaired 
by Ellen Kullman and Charles 
M. Vest, announces the launch 
of the Changing the Conversa-
tion Web site (www.engineer-
ingmessages.org). The site is 
intended to help improve the 
effectiveness and impact of 
the engineering community’s 
efforts to communicate to the 
public about engineering. The 
site is part of a project funded 
by the National Science Foun-
dation that will also result, later 
this year, in the publication of 
an action plan.
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Common sense tells us that the soils and rocks 
we deal with, particularly at shallow depth, are 
obviously unsaturated. For those of us who 
practice in arid regions, the typical depth of 

unsaturated materials can be much greater. However, for the 
most part, we do our geotechnical engineering assuming 
saturated conditions, probably because unsaturated soil 
mechanics is more complex, many of us have only limited 
exposure to understanding unsaturated soil behavior, and 
it’s a common perception that saturated soils represent the 
worst case. Add in the complexity and difficulty of testing 
unsaturated materials, and 
the limited availability of 
laboratories to do the tests, 
and avoiding unsaturated 
analyses seems, if nothing 
else, a much simpler way to 
practice.

     The reality is that dealing 
with unsaturated materials 
is actually a more integral 
part of our practice than we 
perceive. For example, with 
expansive soils unsaturated 
principles are integral to the 
techniques that are commonly 
used to predict soil heave 
or expansion pressures. In 
landfill engineering, design of 
evapotranspirative final cover 
systems that depend upon 
unsaturated soil characteristics 
have become fairly common 
at many facilities, and 
modeling of performance of these covers using unsaturated 
soil models is relatively routine. With the computing power 
available to us as practicing geo-specialists, maybe the time 
is here to adopt unsaturated techniques to more accurately 
model the real world. The articles in this issue cover a 
variety of topics to show how this 
can and is being done. There’s also 
a special article on advancing a drill 
hole to rescue the now famous 33 
Chilean miners.

What’s Inside?

     In the Commentary, Sandra 
Houston reflects on why 
unsaturated soil principles have 

been limited in their adoption with resulting conservatism 
in many designs. She touches on the lack of courses 
on unsaturated soils principles and covers some of the 
history and limits on adaption of techniques, discussing 
the difference between a micro scale that governs our 
understanding of unsaturated soil behavior, versus the 
macro scale where we analyze soils as a continuum.

     Unsaturated landfill covers are more and more common, 
and can be used to cover mining wastes. Delwyn Fredlund, 
Jason Stianson, and Tracy McArthur discuss the difficulties 

of analyzing and designing these 
covers in cold regions in “Design 
and Functionality of Soil Covers 
in Cold Regions.” They discuss the 
design dependency on predicting 
moisture fluxes in and out of both 
the ground surface and the cover 
system soils. They describe how 
properly designed covers can buffer 
seasonal variations of extreme 
climate, as well as the importance 
of seasonal changes and how the 
soil responds during different 
seasons. The importance of climatic 
variations is also discussed, as is 
the difficulty in modeling the water 
balance that governs performance 
of these types of covers.

     The challenges and special 
techniques needed to measure 
unsaturated soil properties, 
or strength and deformation 
properties under unsaturated 

conditions are the subject of “Laboratory Testing for 
Unsaturated Soils: A Primer” by John McCartney and Craig 
Benson. They discuss how the soil water retention curve 
can be measured and also how hydraulic conductivity 
can be measured over a range of degrees of saturation 

and how important it is to make the 
measurements. They also describe 
how conventional test methods and 
apparatus for measuring deformation 
properties and shear strength can be 
adapted to work with unsaturated 
materials.

     In a very practical article, 
John Siekmeier describes, in 
“Implementation of Unsaturated 

From the Editorial Board by Jeff Dunn

With the computing power 
available to us as practicing 
geo-specialists, maybe the 

time is here to adopt unsat-
urated techniques to more 

accurately model 
the real world.
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Soil Mechanics During Pavement 
Construction QA,” how the 
Minnesota DOT has implemented 
unsaturated soil mechanics 
to the construction testing of 
pavements using performance-
related techniques. First, target 
values of defl ection are set, which 
in cohesive materials can be based 
upon the Plastic Limit and fi eld 
moisture content. Then a lightweight 
defl ectometer is used for testing 
of pavement foundation during 
construction and measurements 
compared to target values of 
defl ection.

     Virtually all geotechnical 
practitioners know the fundamental 
adverse impact that water has on 
the stability of slopes, but how 
many of us routinely evaluate 
slopes with considerations of 
infi ltration from rainfall and the 
typically shallow landslides that 
it can induce? Brian Collins and 
Dobroslav Znidarcic, in “Rainfall 
Infi ltration Landslides,” describe 
the mechanisms, as well as some 
of the limitations of measuring 
properties, that govern infi ltration, 
particularly soil suction and 
unsaturated hydraulic conductivity.

     John Dunnicliff recently wrote 
to us “Chile - wow! This reader 
of Geo-Strata would VERY much 
welcome one or two in-depth (no 
pun intended!) articles.” We’re very 
pleased to accommodate John’s 
request and hopefully yours in 
“Drilling For a Miracle” by David 
Singleton, which presents the story 
behind drilling the rescue hole.

     Rounding out the issue in 
GeoCurmudgeon: “July Is Ice Cream 
Month,” John Bachner urges us to step 
up and generate more publicity for 
our profession. Other professions do 
that regularly and we miss out by not 
pushing ourselves as we should. Finally, 
our Geo-Poet, Mary Nodine, provides 
“A Change of Pace” with a crossword 
puzzle about unsaturated soils. 
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The importance of the appropriate application of 
unsaturated soil principles to the reliable 
performance of infrastructure systems and to 
rational and cost-effective design is obvious. 

Nonetheless, geotechnical engineering strategies for the 
unsaturated soil zone typically incorporate high degrees of 
conservatism resulting from designs completed using an 
assumption of saturated soil properties. Much less 
common, though present, is the application of inadequately 
conservative assumptions about the degree of wetting or the 
extent of wetting. Combined, these assumptions of 
extremes of wetted state (saturated properties or dry 
properties) have negative implications for the design, 
construction, cost, functionality, safety, and structural 
integrity of geotechnical features.

Historical developments in geotechnical engineering, 
along with the perceived additional complexity of 
unsaturated soil testing and analysis, have challenged 
turning unsaturated soil mechanics advancements into 
general practice. Consequently, shortcuts are often taken, 
and efforts in the U.S. have commonly led to empirical 
relationships that are only applicable regionally. Analyses 
based on fundamental principles are rare, and critical 
aspects of unsaturated soil behavior are often not included 
in what analyses do exist. Compounding the problem, 
introductory geotechnical engineering courses contain no 
significant coverage of fundamental, science-based 
principles of unsaturated soils. Unsaturated soils is taught 
primarily in graduate-level courses, and only at some 
universities.

Because the vast majority of our infrastructure is founded 
on unsaturated soils, techniques for dealing with them in 
geotechnical engineering and construction have long been 
available. The total stress approach has been in use more or 
less since the inception of soil mechanics. However, its 
limitations are very well known – in particular the challenge 
of matching laboratory conditions to field conditions for 
property determination. Classical soil mechanics emerged 
largely as engineering mechanics for saturated soils because 
of the introduction of the effective stress.

Efforts to develop “effective stress” functions for 
unsaturated soils began five decades ago. Probably the best-
known attempt to introduce an effective stress equation for 
unsaturated soils is Bishop’s “χ equation.” Although the 
arguments against the use of such an effective stress 
constitutive equation for shear strength and volume change 
applications are not always straight forward, attempts to 
introduce one have detracted from the implementation of 

unsaturated soils mechanics into practice because these 
attempts have confused practitioners.

Clearly, no simple, single effective stress model is 
generally applicable to unsaturated soils. However, it’s 
widely accepted that two stress state variables, most 
commonly net normal stress, σn–ua, and matric soil suction, 
ua–uw, are generally adequate for describing volume change 
and shear strength of unsaturated soils. For application to 
geotechnical practice, stress state variables must be both 
measurable and controllable to be useful. Both net normal 
stress (total stress when pore air pressure, ua, is 
atmospheric) and matric suction (negative pore water 
pressure when ua is atmospheric) fit this requirement.

Pore water pressure may be ill-defined at high values of 
suction, but the concept of matric suction has served the 
unsaturated soils discipline well in solving real-world 
problems. Further, though some debate has arisen over the 
true definition of matric suction—particularly at low 
degrees of saturation—the fact that changes in matric 
suction affect unsaturated soil response is not disputed.

Volume change response of unsaturated soils is 
commonly used to illustrate that net normal stress and 
matric suction cannot, in general, be combined into a 
single “effective stress.” For example, whether an 
unsaturated soil expands or compresses in response to a 
given decrease in matric suction depends highly on the net 
normal stress conditions (e.g., overburden stress). If the net 
normal stress is sufficiently high, any soil, even a clay, will 
compress upon wetting.

However, under very low overburden stress, clay soils are likely 
to expand upon wetting. Thus, the “operator” (e.g., the  
parameter) that must be applied to the matric suction component 
depends on the magnitude of the net normal stress, and cannot 

Commentary by Sandra L. Houston

Advancing the Practice of Unsaturated Soil Mechanics



be a single simple function, such as 
degree of saturation. Further, considering 
the full range of net normal stress and 
matric suction values of engineering 
interest, a given change in net normal 
stress will not always result in the same 
volume change (compressibility or 
expansion) as the same magnitude 
change in matric suction.

Another issue that has arisen in the 
research community from time to time 
is the adoption of a “macro-” versus 
“micro-” approach to solving 
unsaturated soils problems. 
Considering engineering applications 
in general, much progress has been 
made in solving complex problems by 
adopting a macro-mechanical, 
continuum mechanics-based approach. 
Continuum mechanics provides a 
consistent phenomenological 
framework for studying the behavior of 
all materials including solids, liquids, 
and gases. As such, this context is 
essential for advancement of 
unsaturated soil mechanics. Historically 
in geotechnical engineering, 
micromechanical approaches have 
provided considerable insight into soil 
behavior. Yet, when it’s time to solve 
practical problems, the community has 
generally adopted a “lumped 
parameter” type of approach, treating 
the material as a continuum and 
utilizing stress state variables that can 
be estimated or measured in-situ.

The ability to estimate stress state 
variables is critical to answering 
important “what if” questions; the fact 
that the elements of effective stress 
(total stress and pore water pressure) 
are measurable has been the strength 
of the effective stress approach in 
saturated soil mechanics. An approach 
consistent with the continuum 
mechanics principles—based on the 
measurable two stress state variables of 
net normal stress and matric suction 
—was adopted throughout the 1993 
book, Soil Mechanics for Unsaturated 
Soils by Fredlund and Rahardjo. They 
showed that this approach is 
applicable to analyze virtually any 
geotechnical engineering problem.

Building on this past work, if a 
macro-mechanical, continuum 
approach—based on the two stress 
state variables of net normal stress 
and matric suction—were widely 
adopted in practice, geotechnical 
engineers would possess the same 
power to analyze unsaturated soils as 
they now have for saturated soils. 
Emphasis on rational and cost-
effective unsaturated geotechnical 
design requires such an approach. Of 
course it’s difficult to quantify the 
value of past and on-going 
expenditures for unsaturated soils 
because the degree of conservatism in 
the assumed soil properties is 
unknown, and to date not subject to 
calculation. There is evidence, though, 
that the design changes and 
concurrent cost savings between 
doing typical investigations and 
doing extensive geotechnical testing 
and analysis on unsaturated soils can 
be extremely significant.

The implications of the additional 
capital expenditures on foundations 
on and in unsaturated soil are clear. As 
a community of researchers, educators, 
and practitioners, we have an 
opportunity, through cooperative 
implementation and advancement of 
demonstrated and fundamental 
unsaturated soils principles, to make 
substantive positive progress towards 
the goal of sustainable maintenance 
and development of our public 
infrastructure. We just need to.

Sandra L. Houston, Ph.D., P.E., D.
GE, M.ASCE, is professor of Civil, 
Environmental & Sustainable Engineering 
at Arizona State University in Tempe, AZ. 
Sandra is the 2004 recipient of the 
William H. Wisely Award, Chair of G-I’s 
Unsaturated Soils Committee, and a past 
president of the G-I. She can be reached at 
Sandra.houston@asu.edu.
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Laboratory Testing for 
Unsaturated Soils: A Primer

By John S. McCartney, Ph.D., P.E., M.ASCE, and Craig H. Benson, Ph.D., P.E., D.GE, F.ASCE

     ost geotechnical and geoenvironmental systems near 
the ground surface involve unsaturated soils. Examples 
include retaining walls, shallow foundations, slopes, 
embankments, pavements, storm water retention and 
recharge systems, and waste containment covers. While 
the design of geoenvironmental systems routinely involves 
unsaturated soil mechanics, design of geotechnical systems 
typically assumes water-saturated or as-constructed 
conditions. Although assuming saturated conditions usually 
provides a worst-case performance scenario for geotechnical 
structures, it can be overly conservative, especially in semi-
arid and arid regions.

Several commercial software programs are available to 
analyze water fl ow through unsaturated soils in response 
to atmospheric boundary conditions (e.g., SVFLUX, 
UNSAT-H, VADOSE/W, HYDRUS2D). The spatial and 
temporal variations in pore water pressure and seepage 
rates predicted by these programs can be combined with 
advanced stress state models of unsaturated soils to 
predict the shear strength and deformation response of 
unsaturated soils. Site-specifi c properties of unsaturated 
soils are important inputs for these analyses. Laboratory 
tests are available, or can be easily implemented, in 
many commercial laboratories to measure the hydraulic, 
deformation, and shear strength properties of unsaturated 
soils.

Hydraulic Properties
The soil-water retention curve (SWRC) and the hydraulic 

conductivity function (HCF) are hydraulic properties that 
are the cornerstones of water fl ow analyses in unsaturated 
soil. Pore water pressures determined from these 
relationships are needed to predict fl ow and contaminant 
transport for geoenvironmental systems and to predict 
the strength and deformation of unsaturated soils. The 
SWRC and HCF describe water storage and impedance 
to water fl ow in unsaturated soils, respectively. Tests used 
to measure the hydraulic properties of unsaturated soils 
are becoming standardized. ASTM D 6836 is commonly 
used for measuring SWRCs and a new standard for HCFs 

is being balloted by ASTM. In response to standardization, 
geotechnical laboratories are becoming equipped to 
perform these tests. Measurement of deformation response 
and shear strength of unsaturated soils can be performed 
by adapting standard equipment with suction control 
techniques to measure the SWRC and HCF.

Soil Water Retention Curve. The SWRC describes the 
relationship between the volumetric moisture content (θ) 
or degree of saturation (S

r), and soil suction (ψ). Suction 
equals the difference between the pore air pressure (ua) 
and pore water pressure (uw) in the soil (ψ = ua – uw). 
Thus, drying an initially saturated soil leads to an increase 
in suction and wetting a drier soil leads to a decrease in 
suction. When a suction less than a threshold value (i.e., the 
“air-entry suction”) is applied to soil, negative pore water 
pressures balance the applied suction to prevent water from 
fl owing out of the pores. If the suction is greater than the 
air-entry suction, air enters the pores while water drains out 
of the pores until a new equilibrium state is reached. The 
combinations of θ and ψ equilibrium states form the SWRC.

 
A SWRC of a low plasticity clay is shown in Figure 1. A 

smooth function is typically fi tted to the experimentally-
derived data to provide a continuous relationship between 
water content and suction. While other models are available, 
the van Genuchten model is the most common function 
because it is highly fl exible and is continuous even in the 
vicinity of the air entry suction. The van Genuchten model is:

where θs is the porosity and θr, α and n are fi tting 
parameters.

The SWRC data shown in Figure 1 were obtained using 
three of the four test methods described in ASTM D6836. 
These are the hanging column test, the pressure chamber 
test with volumetric outfl ow measurements, and the chilled 
mirror hygrometer test. The equipment and procedures for 
conducting these tests are presented in ASTM D6836. The 
hanging column test is typically used for suction values less 

M
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than 30 kPa and imposes suction directly on the specimen 
through a fluid-filled manometer tube. 

The pressure chamber test controls suction through 
the axis-translation technique in which the air pressure is 
increased while the water pressure is maintained constant. 
The critical component of this test is a ceramic disk with 
an air-entry suction to ensure that water can only flow 
out of the specimen during application of elevated air 
pressures. The pressure chamber method is typically used 
to apply matric suctions between 1,000 kPa and 100 MPa. 
In this range, total and matric suctions are comparable and 
therefore data from the chilled mirror hygrometer can be 
combined with data from other devices based on matric 
suction to create a SWRC without appreciable error.

Tests used to measure the hydrau-
lic properties of unsaturated soils 
are becoming standardized and, in 
response, geotechnical laboratories are 
becoming equipped to perform these 
tests.

Hydraulic Conductivity. The hydraulic conductivity 
of unsaturated soil at a given void ratio decreases with 
decreasing Sr because water must flow through fewer, 
smaller, and more tortuous pathways when air enters the 
pore space. The hydraulic conductivity calculated using 
Darcy’s law is paired with independent measurements of 
ψ or θ of the soil specimen to form the HCF. To define an 
HCF point, a hydraulic gradient is applied across a soil 
specimen and the corresponding water flow is measured, or 
water flow is induced in the soil specimen and the hydraulic 
gradient is measured. 

The hanging column and pressure chamber tests can 
simultaneously be used to define the SWRC and the HCF, 
provided the temporal record of outflow from the soil 
specimen is measured during the SWRC test. The other 
main test used to develop the HCF is the column flow 

test in which water flow in a soil layer is controlled using 
surface infiltration, evaporation, base drainage, or base 
imbibition. Hydraulic conductivity is calculated either 
during transient flow or after steady-state flow conditions 
are established. Although the hydraulic conductivity during 
steady-state flow usually has less scatter, considerable time 
may be needed to establish steady flow. For this reason, 
centrifuge permeameters can be employed when using 
steady-state flow to measure the HCF. 

The HCF can also be predicted using constitutive models 
by approximating the pore space as a bundle of capillary 
tubes having properties described by the shape of the 
SWRC. A typical constitutive equation for the HCF is the 
van Genuchten-Mualem model:

where Ks is the saturated hydraulic conductivity of the 
soil, α and n are parameters for the van Genuchten SWRC 
model, and p is the pore interaction term. Recent research 
indicates that a p value of 0.5 is valid for clean coarse-
grained soils, while p ranging between -1 and -3 is more 
appropriate for fine-grained soils.

An experimentally-derived HCF for a low plasticity silt 
is shown in Figure 2. The HCF predicted using parameters 
obtained from independently fitting the van Genuchten 
SWRC model with conventional HCF model assumptions 
(p = 0.5) differs by up to two orders of magnitude from the 
experimental data. Closer agreement is obtained using a 
HCF with p = -2, but there is no method to determine the 
appropriate value of p. Thus, measuring the HCF directly is 
important. Although the predicted HCF has no lower limit, 
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Figure 1. SWRC of a low plasticity clay.

Figure 2. Experimental and predicted HCF of a low plasticity silt.



Figure 2. Experimental and predicted HCF of a low plasticity silt.
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the lowest hydraulic conductivity that can be measured 
practically in most laboratories is on the order of 10-14 m/s. 
Below this hydraulic conductivity, water flow is negligible 
and water vapor transport by diffusion dominates.

Deformation Measurement
The pressure chamber method with axis translation 

can be used to measure one-dimensional volume change 
of unsaturated soils in an oedometer. Different from a 
traditional oedometer, a hydraulic seal is needed around 
the perimeter of the high-air entry porous disc at the 
bottom of the pressure cell, which can be provided by 
using a square “O”-ring. Another difference is that the 
chamber is filled with pressurized air to desaturate the 
specimen. The piston used to apply loads to the specimen 
and measure deformations tends to lift out of the cell 
when pressurized air is introduced to the cell. The load 
applied to the piston must compensate for the cell air 
pressure. These features are schematically shown in Figure 
3. The pressure chamber method can be used to measure 
deformations of soils during wetting and drying, which 
is important for compacted fills, collapsible soils, and 
expansive soils.

Shear Strength Measurement
A conventional flexible-wall triaxial test can be used to 

measure the shear strength of unsaturated soils by including 
a high-air entry porous stone on the bottom boundary 
for suction control using the axis-translation technique 
(Figure 4a). The major challenge of this type of test is that 

it must be performed for drained conditions for both the 
pore air and water pressures if the suction is to remain 
constant during the test. Thus, the rate of loading must be 
smaller than tests for saturated soils because the hydraulic 
conductivity of unsaturated soil can be much lower.

These tests may also be performed for undrained 
conditions, but a differential pressure transducer must be 
used to measure excess pore water pressures arising due 
to shearing (corresponding to a change in suction). An 
increase in suction leads to an increase in shear strength. 
Failure envelopes may be plotted by considering the effects 
of suction and net normal stress (the difference between 
total stress and air pressure) separately (Figure 4b), or by 
combining the suction and net normal stress into a single 
effective stress variable (Figure 4c). Both approaches have 
been used to represent the shear strength of unsaturated 
soils. Definition of the single effective stress variable 
typically incorporates the SWRC parameters, which means 
that the SWRC is needed for both strength and hydraulic 
analyses.

The Next Challenge
Experimental measurement of the hydraulic and 

mechanical properties of unsaturated soils is critical 
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Figure 3. Oedometer for unsaturated soils.

Figure 4. (a) Triaxial test with axis translation; (b) Drained fail-
ure envelopes for different suction failures; (c) Drained failure 
envelope with single-value effective stress.
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because these properties are sensitive to variables such 
as pore size distribution, soil structure, mineralogy, 
compaction conditions, inclusion of admixtures, volume 
changes, and stress state. The geotechnical community has 
well-established and standardized methods to measure 
the hydraulic properties of unsaturated soils, as well as 
validated models which use these hydraulic properties to 
predict pore water pressure distributions and water flow 
rates. One of the challenges which must be overcome 
to bring the measurement of hydraulic properties 
of unsaturated soils into geotechnical practice is the 
management of the testing time required to measure these 
properties.

Test methods are also available to measure the strength 
and compressibility of soils under unsaturated conditions, 
but they are not yet standardized. These tests do not 
require advanced instrumentation or components beyond 
those used in saturated soil tests, except 
for a high air-entry ceramic disk. A major 
challenge to bring these mechanical tests 
into mainstream geotechnical practice is 
resolving competing theories on how to 

define the stress state in unsaturated soils. An appropriate 
unifying theory must be clarified through comparison with 
field and laboratory observations so that geoprofessionals 
can apply the measured mechanical properties of 
unsaturated soils to predict field behavior.

  John S. McCartney, Ph.D., P.E., M.ASCE, is an assistant 
professor and Barry Faculty Fellow at the University of Colorado 
at Boulder. His research experience includes measurement of the 
hydraulic and mechanical properties of unsaturated soils and 
geosynthetics, soil-structure interaction in energy foundations, 
and centrifuge modeling. He can be reached at john.
mccartney@colorado.edu.

Craig H. Benson, Ph.D., P.E., D.GE, F.ASCE, is the 
Wisconsin Distinguished Professor at the University of 
Wisconsin-Madison. His research experience includes 

measurement of the hydraulic properties of 
saturated and unsaturated soils and the design and 
construction of cover and liner systems for waste 
containment. He can be reached at chbenson    
@wisc.edu.
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Rainfall Infiltration-Induced 
Landslides

By Brian D. Collins, Ph.D., P.E., M.ASCE and Dobroslav Znidarcic, Ph.D., M.ASCE

    nfavorable groundwater conditions are often the 
determining factor in triggering landslides. Whereas 
regional hydrogeology typically determines overall 
groundwater conditions, surficial rainfall infiltration into 
slopes also drives potential instability. Instabilities may 
take the form of slides, where a relatively coherent mass 
slides over a well-defined failure zone, or of flows, where 
the soil mass mobilizes as a viscous slurry of rock, soil, and 
debris. In either case, the ability to analyze soil movement 
and predict triggering conditions depends on the level of 
certainty with which the subsurface hydrologic regime, 
including the distribution of pore water pressure just before 
slides or flows are triggered, can be described.

An initially saturated slope will generally not be affected 
by surficial rainfall infiltration because precipitation 
will run off the slope in the form of surface flow. As an 
exception, artesian pressures may develop at depth if the 
site-specific hydrogeology is conducive to creating such 
flow conditions. In an initially unsaturated slope, however, 
precipitation will infiltrate the slope, reduce initial suction 
present in the slope material, and possibly create positive 
pore water pressures within the slope mass. Seepage theory 
for flow in variably saturated soils can be used to predict 
the developing negative (suction) or positive pore water 
pressure changes in a slope, The consequent changes in 
stability of the slope can then be evaluated using either 
conventional limit equilibrium or numerical methods.

Infiltration Analyses
Predicting suction and positive pore water pressure 

profiles generally requires the use of numerical models to 
solve the governing equation for variably saturated flow 
and the appropriate constitutive relations in the form of the 
soil water retention relationship and relative permeability 
function. These functions are typically nonlinear and 
hysteretic, and they should reflect the wetting cycle of 
flow in unsaturated soil.  Further, they should be obtained 
from tests on representative samples to mimic field 
conditions as closely as possible. In addition to the material 
characteristics and the numerical model, proper initial and 
boundary conditions should be imposed to obtain realistic 
analysis results relevant to the field conditions.

While the determination of water table depth and the 
initial suction profile present significant challenges, the 
analysis of water infiltration at the slope surface is an equal 
challenge. Rainfall intensity and slope surface vegetative 
cover both affect surface infiltration rates and consequently, 
the analytical results. To circumvent these issues, a worst-
case scenario can be analyzed by imposing a constant 
zero pressure head on the slope surface.  This approach 
reflects a case where water ponding is not possible on the 
slope surface and assumes that rain intensity is sufficient 
to maintain a zero suction condition at the boundary.  
Whereas this may not always be a likely situation, it 
effectively demonstrates infiltration concepts under one 
possible scenario.

Figures 1 and 2 give examples of pressure head profiles 
for a case where the initial groundwater table is at a depth 
of 4 m below the slope surface and an initial hydrostatic 
suction profile has been assumed. The top boundary 
condition has been assigned the constant zero pressure 
head condition whereas the bottom boundary condition 
is pervious, although an impervious boundary could also 
be assigned. The two separate one-dimensional infiltration 
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Figure 1. Infiltration analysis results for a fine-grained soil.
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analyses predict different suction/pressure profi les with 
time even though the initial and boundary conditions are 
identical. In Figure 1, the results were obtained with the 
material characteristics representative of a fi ne-grained 
soil, such as silt, whereas in Figure 2 the characteristics of a 
coarse-grained soil, such as sand, were used.

Though rainwater will infi ltrate faster into the coarse-
grained soil, it may also generate positive pore water 
pressures and create a perched water table, while the initial 
water table will remain unchanged until the perched water 
table almost reaches the same depth. In the case of fi ne-
grained soils, no positive pore water pressure is developed 
and no perched groundwater table is simulated. Suction 
is gradually reduced to zero and the original groundwater 
table could start to rise, depending on the general 
hydrogeology of the region, for example, at a less permeable 
bedrock interface. 

These analyses were obtained from a simple one-
dimensional infi ltration model, but they are a good 
fi rst-order approximation for infi ltration into a slope 
surface if the slope is long compared to the depth of the 
potential slip surface and the groundwater table. In such 
cases, the adjacent soil will be similarly affected so that 
a simple infi nite slope analysis might be suffi cient to 
capture the essential physical elements of the problem.  If 
a one-dimensional analysis represents the fi eld conditions 
adequately, a stability envelope can be superimposed on 
the infi ltration analysis and the time of landslide triggering 
can be obtained as the intersection of the suction/positive 
pore water pressure profi les with the envelope (Collins 
and Znidarcic, 2004). Thus, if the state of stress can be 

computed in the unsaturated zone, stability analyses 
can predict not only the timing of failure, but also trace 
the reduction in the factor of safety with time during 
infi ltration.

The two infi ltration profi les highlight the complexity 
of nonlinear seepage problems in unsaturated soils and 
exemplify the need for an accurate determination of the 
material characteristics in the form of water retention and 
hydraulic conductivity functions. The variation of hydraulic 
conductivity with the degree of saturation, or soil suction, 
is particularly critical as it controls the nature of water fl ow 
in unsaturated soils. For coarse-grained soils, the hydraulic 
conductivity decreases dramatically with increased suction 
and often becomes much smaller, at the same suction level, 
than the hydraulic conductivity for fi ne-grained soils with 
much lower saturated hydraulic conductivity. This sharp 
decrease in hydraulic conductivity with suction can cause 
the creation of perched water tables in coarse-grained soils 
subject to extreme rainfall rates. Conversely, the more 
gradual decrease in hydraulic conductivity in fi ne-grained 
soils enables more even infi ltration with depth and a more 
uniform decrease in suction before any positive pore water 
pressure is developed at depth.

Failure Modes
The two infi ltration profi les also infl uence the type of 

slope movement that might be triggered by infi ltrating 
rainfall. In cases with fi ne-grained soils, where sliding will 
be triggered by a decrease in suction and no positive pore 
pressure development is expected, one would expect the 
sliding mass to still maintain some strength and to move 
more or less as a rigid body. For coarse-grained materials 
where positive pore pressure might develop during 
infi ltration, once the soil mass starts to move, liquefaction 
is possible and a debris or mud fl ow type of failure may 
result. However, this will also depend on the initial density 
of the material and shearing rate, among other things.  In 
either case, if the rainfall infi ltration is prolonged, positive 
pore pressures may develop at the bottom of the soil profi le 
under an impervious bottom boundary condition, which 
is representative of more typical and conventional analysis 
situations.  When infi ltration suction/positive pore water 
pressure profi les are combined with relevant slope stability 
analyses, the depth and volume of the sliding mass could 
be predicted and proper defensive measures engineered and 
implemented.

Development Needs
The key to conducting rational analyses of infi ltration-

induced landslides is the ability to predict realistic 
suction/positive pore water pressure profi les. The theory 
of water fl ow in unsaturated soils is well developed and 
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Figure 2. Infiltration analysis results for a coarse-grained soil.
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numerical models implementing the theory are available, 
but the testing methods for obtaining relevant material 
characteristics to feed the models are not yet a part of 
routinely available standard testing procedures. Water 
retention functions can be obtained in some specialized 
labs, but the testing methods to obtain hydraulic 
conductivity functions present more challenges and it is 
fair to say that most practitioners can, at best, count on 
getting only rough estimates of these relationships for 
their projects. Continued development of routine testing 
methods is needed, together with ongoing field studies 
and suction profile monitoring, before the rainfall-induced 
landslide hazard at any particular field location can be 
rationally assessed.

Professional Application
While surficial rainfall infiltration analysis is 

important, most slope stability analyses also require 
the prediction of seepage patterns that regularly involve 
flow in unsaturated regions above the groundwater table. 
Often in such analyses, an assumption is made on the 
position of the groundwater table, and only saturated 
seepage is considered. The groundwater table location is 
sometimes determined in an iterative scheme where the 
saturated flow domain is changed until proper boundary 
conditions at the phreatic line are satisfied. When 
numerical models describing flow in variably saturated 
soils are used, there is no need to a priori or iteratively 
determine the position of the phreatic line - its position 
is obtained as a part of the solution by connecting points 
of zero pore water pressure. In a sense such analysis is 
simpler because the seepage domain does not need to be 
determined a priori.

The success of such analysis, as for any geotechnical 
engineering problem, greatly depends on the awareness of 

subsurface conditions. Does infiltrating water flow through 
the soil matrix or are preferential paths developed? What 
are the hydraulic characteristics for both saturated and 
unsaturated states and for each of the subsurface layers? 
What is the proper domain for the analysis and what are the 
proper initial and boundary conditions to be used? Before 
embarking on the detailed analysis of a seepage pattern, a 
geotechnical engineer needs to answer all these questions 
and be convinced that a physically meaningful model can 
be constructed for the field conditions.

The resulting analysis will provide quantitative 
results obtained by a rational approach, and these can 
greatly help the geotechnical engineer to understand the 
physical processes affecting stability of a slope. However, 
they can never replace or substitute for engineering 
judgment regarding what is appropriate for a given case. 
Rational analyses and sound engineering judgment 
must therefore be used in mutually supportive roles to 
tackle these types of difficult geotechnical engineering 
problems.

Brian D. Collins, Ph.D., P.E., M.ASCE, is a research civil 
engineer for the USGS in Menlo Park, CA.  His professional 
interests include landslide mechanics, rock fall initiation, 
unsaturated soil mechanics, and lidar imaging and modeling. He 
can be reached at bcollins@usgs.gov.

Dobroslav Znidarcic, Ph.D., M.ASCE, is professor of Civil, 
Environmental and Architectural Engineering at the University 
of Colorado in Boulder, CO. His professional interests include 
flow and contaminant processes in soils, unsaturated soil 
mechanics, and numerical and centrifuge modeling. He can be 
reached at znidarci@colorado.edu.  
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Design and Functionality of 
Soil Covers in Cold Regions

By Delwyn G. Fredlund, Ph.D., Jason R. Stianson, Ph.D., and Tracy McArthur

    he design of a soil cover system subjected to northern 
climatic conditions constitutes one of the most challenging 
soil mechanics analyses encountered by geotechnical 
engineers. Soil cover systems have increasingly been 
viewed as a potential mitigating solution against negative 
environmental impacts. The popularity of soil covers 
systems grew around the 1980s, being used particularly 
for waste containment facilities and remediation of 
contaminated sites.

Essentially all mining operations have two streams 
of waste material that need to be handled in an 
environmentally friendly manner, waste rock and mine 
tailings. The design of cover systems are quite readily 
understood from a conceptual standpoint while the 
engineering details have proven to be challenging.

The use of soil cover systems was first popularized in 
climatic regions where the average annual temperatures 
were relatively high and the winter season involved little 
or no frost action, considerably different from the climate 
in northern Canada. Consequently, the assumptions 
associated with the design procedure need to be re-visited, 
considering the impact of adverse northern Canada climatic 
conditions.

Concept of a Soil Cover System
A soil cover system can be viewed as a thin interface or 

buffer placed between the atmosphere and the underlying 
materials (Figure 1). The design of cover systems depends 
upon the ability to predict moisture fluxes in and out of the 
ground surface as well as moisture fluxes through the soils 
comprising the cover system. The ground surface either has 
moisture moving downward in the form of precipitation 
or moving upward in the form of evapotranspiration. 
Quantifying moisture flux boundary conditions constitutes 
the primary challenge in the design of soil cover systems. In 
particular, it is the calculation of “actual evaporation” from 
the soil surface that has proven to be the most challenging.

The earliest cover systems were generally comprised of 
compacted clays. The intent was to construct a relatively 
impervious cover overtop of waste materials. Over time, 

however, desiccation and freeze-thaw cycles led to the 
formation of a secondary macrostructure which was quite 
permeable to the influx of water. The newer generation of 
cover systems, called alternatives or store-and-release covers, 
takes advantage of the dry portion of a year and the wet 
portion of a year. The intent is that the cover will buffer the 
extreme climate forcing factors by storing water during wet 
periods and releasing it back to the atmosphere during dry 
periods.

A wide variety of materials can be used for the cover 
system and the cover may consist of one or more layers 
sandwiched together to optimize the cover performance. 
Examples of soil cover systems constructed in northern 
Canada are shown in Figure 2. The functionality of the 
proposed cover design is generally “tested” by subjecting 
it to 10 or more years of past climatic record data. All 
elements of the cover system are highly variable and 
their material response behaviour can be viewed as being 
highly nonlinear, hysteretic, and random. The computer 

Geo-Strata  l   geoinst i tute.org

Figure 1. Cover system viewed as the interface between a waste 
material and the climatic environment.
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simulations may be reduced to time steps in the order of 
minutes making the analysis computationally intensive.

Climate Classification

The climate at a particular site should be characterized 
prior to proceeding with the cover design. The variations 
from one year to the next should be quantified, as well as 
the “average” climatic conditions. Climate is quantified 
based on the annual precipitation and the annual 
potential evaporation. The climate classification provides 
information regarding the suitability of a particular type of 
cover system.

Special Challenges in Northern Climates
The northern Canadian climate can be extremely diverse 

and harsh, with each year having several distinct climatic 
periods (Figure 3). The winter, or inactive, period, extending 
from Point 1 to Point 2, starts at the end of autumn. An 
active season, Point 2, begins with the spring thaw period 
(Point 3), and also includes the growing season (Point 4) 
as well as a period following the growing season. Northern 
Canada is unique in that it includes sites where the inactive 
period is longer than the active period. Typical sites have an 
active period (~ 200 days) that is longer than the inactive 
period (~165 days).

The Inactive/Winter Period. The Inactive Period starts 
in the fall as the air temperature falls below 0o C. It is 
quite easy to determine the time of freeze-up based on air 
temperature records (e.g., November 1). The soil usually 
continues to freeze downward for a distance of 2 m or more 
and remains frozen for 6-7 months. This is a relatively 
inactive period in the sense that the soil remains largely 
dormant while snow accumulates on the ground surface. 
The snow accumulation commonly amounts to about 30 to 
50 percent of total precipitation and must be applied to the 
soil cover in the spring season.

The Spring Thaw Period. The Spring Thaw Period is 
the time over which the water from snow melt enters 
the soil cover. Usually a 10:1 ratio is used to convert the 
winter snow pack into an equivalent amount of water. 
A number of assumptions must be made regarding the 
processes through which water either enters the soil or 
runs off. The assumptions made regarding spring melt and 
its assimilation at the soil surface significantly affect the 
annual water balance calculations at ground surface. The 
snowmelt period is often two weeks or more; however, 
the assumptions made in this regard need to be better 
quantified for engineering design purposes.

The Active/Summer Period. The Active Period is the 
primary period over which the numerical modeling is 
performed for the design of a cover system, as infiltration 
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Figure 3. The climatic 
periods of the year in 
northern climates.



and evaporation can most accurately be simulated during 
this time. The summer season is the most active portion 
of the year from a moisture flux standpoint but the 
assumptions regarding other periods of the year can have a 
significant effect on the final design.

Relative Significance of Each Period
Analysis of 38 years of climatic records for a particular 

site in northern Canada showed that, on average, 38.4 
percent of the total precipitation came during the 
Inactive Period, while 61.6 percent of the precipitation 
occurred during the Active Period. The results show 
that the assumptions related to the Inactive Period can 
significantly influence the outcome of numerical model 
results. Potential evaporation calculations showed that, on 
average, 16.1 percent of the potential evaporation occurred 
during the Inactive Season, while 83.9 percent occurred 
during the Active Period. The analysis also showed that the 
climate at this site is not constant (Figure 4). On average, 
the Thornthwaite Moisture Index which measures the 
soil moisture balance between evapotranspiration and 
precipitation, is about 23, producing a climate classification 
in the humid range. However, the standard deviation of 
the climatic moisture index is about 20, showing that the 
climate can vary substantially from year to year.

Water Balance at Ground Surface
The computation of net moisture flux at ground surface 

was not part of historical soil mechanics. However, these 
calculations play an important part in unsaturated soil 
mechanics and the requirements for soil cover design. The 
components of moisture flux at the ground surface can be 
written in an equation as follows:
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Figure 4. Annual classification of climate over a period of 35 
years at a site in northern Canada.
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If = P – AE – T – R

where: If = net infi ltration, P = precipitation, AE = 
actual evaporation, T = transpiration, and R = runoff. 
Transpiration and runoff are diffi cult to determine 
and often involve a number of assumptions and 
approximations. The calculations associated with 
determining actual evaporation are challenging and 
require the effect of suction in the soil be taken into 
account. Each of the components of net infi ltration must 
be quantifi ed to determine the net moisture entering at 
ground surface.

Calculating Actual Evaporation During Active 
Period

Numerous studies have resulted in equations for the 
estimation of potential evaporation from a water surface. 
However, the actual evaporation and transpiration are 
of primary interest for most geotechnical engineering 
applications. Weather stations commonly record the 
variables required for a detailed analysis of potential 
evaporation at ground surface. The Penman equation, for 
example, calculates potential evaporation based on air 
temperature, net radiation, relative humidity, and wind 
speed. However, in a soil cover system, the soil may be 
retaining the water while the sun and wind are attempting 
to pull the water upward. The “competition” between the 
sun and the soil gives rise to the actual evaporation, which 
is likely to occur at the ground surface. A modifi ed form of 
the Penman equation takes into consideration the reduced 
relative humidity in the soil at ground surface, and thereby 
allows the calculation of actual evaporation.

Each component of net moisture fl ux at the ground 
surface needs to be quantifi ed. The net moisture fl ux at 
the ground surface is then used for the calculation of 
water infi ltration into the soil. The actual evaporation 
is dependent upon knowing the total suction of the soil 
at ground surface. The calculation of actual evaporation 
requires combining the moisture infi ltration model with a 
heat fl ow model. The combined model takes on the form 
of nonlinear partial differential equations which are often 
referred to as the soil-atmospheric model.

The soil-atmospheric model needs to be solved on 
elapsed time increments that can be in the order of a 
few minutes. Each day is modeled and the time scale 
is continued throughout each year. It may be necessary 
to perform these calculations for as much as 10 years 

or more. Not only is 
the design of the cover 
system computationally 
demanding, the high 
nonlinearity of the partial 

differential moisture fl ow equation makes consistent 
convergence of the solution a challenge.

The Challenge to Geotechnical Engineers

The design of soil cover systems in northern Canada and 
other high latitude regions requires an evaluation of each 
season of each year. It is best accomplished by dividing 
each year into an inactive period and an active period, with 
the active period divided into a snowmelt period and a 
growing period. There needs to be further study related to 
the assumptions and procedural steps associated with the 
engineering design protocol for soil covers, particularly in 
cold climates. Engineering design procedures have emerged 
for the active period of each year; however, there also needs 
to be further attention given to the numerical simulation of 
the winter and spring periods.
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Implementation of Unsaturated 
Soil Mechanics During Pavement 

Construction QA
By John Siekmeier, P.E., M.ASCE

   avement foundations are constructed using compacted 
materials that have unique soil structures and are initially in 
an unsaturated condition. Because the strength and stiffness 
of unsaturated materials are greatly influenced by suction, 
several design and construction measures are implemented 
with the intent of maintaining unsaturated conditions 
throughout the lifetime of the pavement foundation. 
Saturated conditions are a potential worst-case situation 
which must be considered during pavement design in order 
to prevent failure, but long term estimates of pavement 
performance are driven by unsaturated conditions. 

Therefore, the in situ unsaturated mechanistic properties 
of compacted pavement foundation materials must be 
quantified. While historically elusive, this quantification is 
now practical using newly developed performance-related 
test equipment and procedures. This puts geoprofessionals 
in a position to actually implement what leaders like 
Hveem, Proctor, and Seed suggested during the 1950s – 
perform tests which will truthfully measure the quantity 
that determines performance, and consider the cohesion, or 
tensile strength, furnished by films of moisture.

Minnesota DOT’s Approach
Many state DOTs have begun implementing new, 

mechanistic-empirical pavement design programs (e.g., 
see May/June 2009 Geo-Strata), which rely on accurately 

quantifying the stiffness and thickness of the foundation 
layers. Minnesota DOT’s new flexible pavement design 
method (MnPAVE) is a mechanistic-empirical method that 
uses powerful mechanistic calculations to optimize flexible 
pavement design. Material properties have previously 
been largely based on empirical tests and experience 
because Minnesota’s traditional pavement design method 
preceded the development of modern soil mechanics 
and unsaturated soil science. Recent studies on a range of 
unsaturated soil specimens have shown that the soil water 
characteristic curve (SWCC), shear strength, and stiffness 
vary greatly between soil types. Therefore, pavement 
design and construction quality assurance (QA) testing are 
changing in Minnesota, and unsaturated soil mechanics 
is being implemented using new performance-related 
construction testing and specifications.

Both contractors, as part of their quality control 
(QC) process, and MnDOT and other transportation 
agencies, during their QA process, are modifying testing 
techniques and coverage to better assess construction 
uniformity. Because staffing resources have been reduced, 
the traditional testing methods must be replaced with 
performance-related tests which are also more time efficient 
than those traditionally used. This challenge has been aided 
somewhat by the concurrent implementation of intelligent 
compaction and continuous compaction control as part 
of the contractor’s QC on some projects. The full-coverage 
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Figure 1.  (a) Light-
weight deflectometer 
(LWD) hardwired to a 
portable printer.  (b) 
LWD transmitting 
results wirelessly to a 
PDA.
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mapping of compaction roller data by the contractor, 
which is provided to the agency, allows agency personnel 
to optimize their QA point testing while simultaneously 
assuring greater construction uniformity.

Moduli and deflection target values (TVs) for the 
unbound pavement foundation materials have been 
proposed for use during pavement design. These TVs are 
estimated using the plastic limit (PL) for cohesive soils 
because the PL has been found to be a reasonably accurate 
predictor of the SWCC. Therefore, a family of SWCCs has 
been defined based on the PL. TVs are then verified during 
construction of the unbound pavement foundation using 
the lightweight deflectometer (LWD) (Figure 1). Although 
the deflection values from LWD testing can be suitable 
to assess the performance of compacted soils, MnDOT 
has coupled the LWD response with laboratory resilient 
modulus testing and soil suction measurement to improve 
interpretation of the results.

The Methodology
There are many recent ASCE and Transportation 

Research Board publications by various authors that have 
contributed to advancing unsaturated soil mechanics to 
the verge of more widespread implementation. The most 
relevant equations related to the methodology used by 
MnDOT are:

The peak deflection at the pavement surface measured by 
a LWD test is:
                                           
                                                                 Equation 1

where: 

lwd =  peak deflection at the surface measured by an LWD  
 (mm)

υ =  Poisson’s ratio

F =  peak force at the surface of elastic half space (kN)

fr =  plate rigidity factor (π/4 for rigid and 1 for flexible)

flwd = LWD factor (depends on LWD type defined by ASTM       
 E2583)

Ehs =  modulus of elastic half space (MPa)

r =  plate radius (m)

Equation 2 is used to estimate the value of Mr, which 
is equal to EHS, for the stress condition beneath the LWD 
where the average vertical stress is assumed to be 100 kPa 
and the horizontal stress is assumed to be 40 kPa.

 
                                                                              Equation 2

where:

p
a =  atmospheric pressure = 100 kPa

σeb =  external bulk stress = σ1 + σ2 + σ3 (kPa)
toct =  octahedral shear stress                                       (kPa)
qw =  volumetric moisture content (vol/vol)
qsat =  volumetric moisture content at saturation (vol/vol)
y =  matric suction estimated using Eq. 3 (kPa > 0)

k1 = 

k2 =  log10ψ - 1

k3 =  -8θsat

fs =  soil suction resistance factor = 

The volumetric moisture content (θw) may be estimated 
using the relationship:

                                                        

Equation 3 
 

where:

ψr = rq500
 
(kPa)

θr = 1.6θsat
2 (vol/vol)

θsat = – 0.000431PL2 + 0.0336PL – 0.162 (vol/vol) 

PL = plastic limit (%)
Note: Three significant figures are used so that saturation 
equals 100% at zero suction for the very limited data 
contained in the MnDOT reports.

Equations 1-3 were implemented within a variety of 
spreadsheets to produce the design charts shown in Figures 
2 and 3. These figures are intended to demonstrate the 
results of this approach, rather than justify the derivation of 
the underlying empirical factors. 

Figure 2 shows the deflection target values estimated for 
the more than 30 LWDs currently being used on Minnesota 
highway projects. Because the stress condition has such an 
important influence but is not well known, it is necessary 
to be consistent and apply a common assumption. In 
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Minnesota, it is currently assumed that the Zorn LWD 
equipped with a 20-cm-diameter rigid plate delivers a  
6.3 kN force to the surface. It is also assumed that this 
surface force results in a stress condition in the soil volume 
beneath the plate that can be approximated by an average 
vertical stress of 100 kPa and horizontal stress of 40 kPa.

The empirical factors in Equations 1-3 map the 
mechanistic equations to the measured field deflection 
using this stress condition assumption. Other reasonable 
assumptions can be used and the empirical factors 
modified accordingly. For example, these stress boundary 
conditions are affected by the stress dependency of the 
material being tested and therefore a future enhancement of 
this procedure could be to better estimate the in situ vertical 
and horizontal stresses as functions of the soil type. Also, 
because the horizontal stress is dependent on confinement, 
an important detail during field testing is the depth of the 
LWD plate relative to the surface. Recommended standard 
practice is that the plate be set 10 cm below the surface.

Unsaturated soil mechanics is being 
implemented using new performance-
related construction testing and 
specifications. 

Figure 3 shows the family of SWCCs estimated for 
a range of typical Minnesota soils. These SWCCs are 
estimated with Equation 3, using the plastic limit and a 
density that would be consistent with the compaction 
energy delivered during the standard Proctor test. The 
suction measurements used to create these estimated 
SWCCs are found in published MnDOT reports. From these 
curves, the in situ suction is estimated from the measured 

in situ moisture at the time of LWD testing. Certainly there 
are other index tests that could be used to estimate an 
alternative family of curves, such as those proposed by Dr. 
Zapata at Arizona State University. The empirical factors 
in Equations 1-3 map the mechanistic equations to the 
measured field deflection using the SWCCs shown. An 
alternative family of SWCCs can be used if desired and the 
empirical factors can be modified accordingly.

Figure 4 provides one example of how measured LWD 
deflections compare with the proposed LWD target value 
curve. The use of the PL to estimate the volumetric moisture 
content at saturation is demonstrated in Equation 3, but 
this is only one possible option. An alternative test could 
be used to estimate the optimum moisture content for 
compaction and that test could then be used to define 
the index parameter used to classify the soil. Alternative 
methods are relatively easy to implement into the proposed 
methodology if testing can be used to develop a reasonable 
estimate of the volumetric moisture content at saturation 
for the specimens tested. This testing would need to be for 
the range of soil types of interest compacted at the moisture 
condition recommended for construction compaction. For 
example, the equation that describes θsat = f(PL) could be 
replaced by an alternative relationship. Currently, there are 
research efforts underway at many organizations which are 
producing different approaches that will provide alternative 
ways to implement performance-based construction QA.

The products from this research implementation project 
include a method to estimate moduli and LWD deflection 
target values for the soils used to construct pavement 
foundations. In particular, for compacted fine grained soil, 
the PL and field moisture content are used to estimate 
LWD target values. The PL is used to classify the soil and 
also used to estimate the optimum moisture content for 
compaction.
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Figure 2.  LWD deflection target value curves for soils with 
plastic limits between 15 and 30 percent.

Figure 3.  Soil water characteristic curves estimated for 
soils with plastic limits between 15 and 30 percent.
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What’s Next?
The LWD is a practical tool that 

should be considered for the evalua-
tion of compacted soils in pavement 
applications. This should be done 
using standardized testing procedures 
and estimated target values as rea-
sonable starting points from which 
project-specific verification would 
occur. Performance-based construc-
tion QA testing not only results in a 
better product, it also provides the 
quantitative measures critical to bet-
ter understanding the connection 
between pavement design and long 
term pavement performance. As the 
benefits of performance-based QA 
testing become increasingly apparent, 
more public agencies and private con-
sultants are expected to acquire these 
tools and implement standardized 
procedures during their use.

To help move performance-
based QA forward, the National 
Cooperative Highway Research 
Program has initi-
ated research project 
D10-84 “Modulus-
Based Construction 
Specification for 

Compaction of Earthwork and 
Unbound Aggregate.” This project is 
expected to produce draft construc-
tion specifications that are practical 
for implementation by state DOTs, 
local highway departments, and the 
private sector. The tools and methods 
that will be recommended by D10-84 
are not known at this time. Use of the 
LWD as outlined here is only one of 
several possibilities that will be evalu-
ated during the completion of D10-84. 
In addition, ASTM has published E 
2583-07 “Standard Test Method for 
Measuring Deflections with a Light 
Weight Deflectometer” for LWDs that 
measure load. A second ASTM test 
standard is currently being finalized 
for other types of LWDs.

   
John Siekmeier, P.E., M.ASCE, is senior 
research engineer with the Minnesota 
Department of Transportation in 
Maplewood, MN. His work includes the 
mechanistic design of flexible pavements, 

nondestructive in situ 
testing, and pavement 
response modeling. He 
can be contacted at John.
Siekmeier@state.mn.us   
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Figure 4.  Measured LWD quality assurance data compared to target value curve for a 
soil with an optimum moisture of 14 percent (PL=19%).
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Drilling For a Miracle
“    lan B” worked! At 8 a.m. on Saturday, October 9, 

2010, drillers from Kansas City-based Layne Christensen 
Company broke through into a remote gold and silver mine 
in northern Chile with a 26-in.-diameter hole, winning the 
three-way race to reach the 33 miners trapped 2,300 ft 
below ground since August 5. That breakthrough signaled 
the end of an intense 33-day process to drill a rescue shaft 
that would be used to free the miners who had survived 69 
days below ground.

Initially, all the miners in the San Jose mine were 
thought to have perished. Even if they had all survived the 
initial collapse, the food, water, and oxygen supplies were so 
meager that the chance of survival for more than a handful 
of miners was remote. To determine if anyone was left alive, 
nine drilling rigs were mobilized to drill probe holes into 
the mine. Layne’s joint-venture partner, Geotec Boyles 
Brothers, mobilized a Schramm T685 drill rig to drill probe 
holes. The Schramm T685WS is a heavy-duty, heavy-hoist, 
truck-mounted drill rig used for water well, shallow oil and 
gas, environmental, and mineral exploration, using down-
the-hole hammer, air rotary, mud rotary, and dual tube 
drilling techniques.

A Shot in the Dark
Geotec successfully drilled Hole 6C, a 5½-in.-diameter 

hole into a workshop in the mine, using the dual wall 
reverse circulation method of drilling. The successful probe 
hole was drilled starting at an angle of 11 degrees from 
vertical. The hole was then gradually curved so that it ended 
2½ degrees from vertical above the top of the mine. The key 
was to drill the hole without intersecting other parts of the 
mine shaft before reaching the “safe room” where it was 
hoped the miners were trapped. Without outside 
communication from the mine for the first 17 days, it was 
impossible to be certain. The initial probe hole, named “The 
Hand of God,” was drilled blind with no directional 
equipment being used, a “shot in the dark” that succeeded.

Plan B — The Selected Option
Three rescue plans, Plan “A,” Plan “B,” and Plan “C,” 

were developed and initial estimates for reaching the miners 
was about four months. Plan “B,” which required reaming 
the probe hole from a diameter of 5½ in. to 28 in. to 
accommodate a rescue capsule, was selected. The plan 
was to ream the hole in two passes, first to 12 in., then to 

28. The hole was drilled through hard rock (metamorphic 
rock with diorite intrusions, highly sheared with zones of 
unstable mylonite and mineralization) from the surface. In 
many drilling situations, roller cone bits are used to grind 
up the formation. For the roller cone bits to be successful, 
weight is added to the borehole assembly to improve the 
penetration rate. In this instance, the hole would start with 
no weight added because the bit would begin work in rock 
at the surface. The lack of weight on the bit was one of the 
issues leading to the rejection of Plan “C.”

Hammer bits were selected to ream the hole due to their 
ability to work without additional weight. The hammer bits 
are driven by air and literally smash the rock much like a 
pneumatic jack hammer. The plan was to follow the 5½-in.-
diameter pilot hole with a 12-in.-diameter reamer hammer 
bit first. The 12-in.-diameter bit was flat-faced but had a 
5-in.-diameter pilot nose to help follow the pilot hole. Once 
the 12-in.-diameter hole was drilled, a 28-in.-diameter 
cluster hammer bit with an 11¾-in.-diameter pilot nose 
would be used to ream the hole. The cluster hammers use 
four or five, 5-in.-diameter pneumatic hammers inset on the 
circumference of the bit face. Each one of the 5-in.-diameter 
hammers then operates in a sequence to break up the rock 
at approximately 20 strokes per second.

Geotec mobilized a Schramm T130XD top-head drill rig 
to perform the reaming operations. Layne Christensen sent 
drillers Jeff Hart and Mathew Staffel, who had been drilling 
water wells in Afghanistan to support U.S. troops stationed 
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Figure 1.  Driller Jeff Hart and drilling helper Doug Reeves.
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The Drilling Teams 
Hard at Work



  47Geo-Strata  l   geoinst i tute.org



there. Assisting the drillers were two Spanish-speaking 
drilling helpers, Doug Reeves and Jorge Herrera, who would 
operate the drill rig. Layne routinely performs large 
diameter drilling in hard rock for water wells and other 
construction-related projects, operating both fl at-faced and 
cluster hammers as well as several T130XD drilling rigs.

The T130XD drill rig was equipped with an onboard 
1250-cfm, 350-psi air compressor. Additionally, two 
auxiliary air compressors were used in the drilling 
operation. The rig was operated using a 7-in.-diameter 
smooth fl ow drill pipe. The total borehole assembly 
weighed more than 100,000 pounds at the fi nal depth of 
2,040 ft, maximizing the T130XD rig’s capacity and 
requiring extreme care and skill by the drillers.

No Room for Missed Opportunities.

The most diffi cult part of the job was ensuring that the 
reaming passes followed the pilot hole exactly or the target 
would be missed. Other primary diffi culties were the hard 
rock, the angled hole, and the intense pressure of drilling for 
trapped people. Additionally, the Layne drillers brought a 
very intense work ethic to the project which was initially at 
odds with a more laid-back approach on the site. Finally, the 
hundreds of people on the site with different ideas led to a 
long decision-making process. The Layne drillers began 
working 12-hour shifts upon arrival at the site, with Jeff Hart 
and Doug Reeves working days and Mathew Staffel and Jorge 
Herrera working nights, until the hole was opened into the 
mine on October 9 – 31 days after they began.

A Five-Day Setback
When the Layne crew arrived on the site in early 

September, the 5½-in.-diameter hole had been reamed to a 
depth of 860 ft with the 12-in.-diameter hammer bit. 
Unfortunately, shortly before their arrival, the 5-in.-
diameter pilot nose on the hammer bit had broken off in 
the hole when the bit encountered a roof bolt at 860 ft. The 
broken pieces had to be fi shed from the hole before drilling 
could continue. Fishing tools at the site were extremely 
limited, so a magnet was used to attempt the fi shing. 
Because the bit parts were wedged in the hole, the magnet 
was ineffective at removing the parts.

Finally, a “junk” basket was built to pick the bit parts out 
of the hole. A “junk” basket is similar to a core catcher and 
is used to overshoot the “junk” in the hole. Once the “junk” 
basket has overshot the material in the hole, it collapses 
around the “junk” as it is retrieved from the hole. The 
fi shing operation was ultimately successful, but took fi ve 
valuable days.

The Reaming is Completed
The 12-in.-diameter reaming was completed using the 

direct air down-the-hole hammer method. The miners had 
plugged the bottom of the 5½-in.-diameter pilot hole so 
cuttings were returned to the surface via the annular space 
between the borehole and drill pipe during the 12-in.-
diameter reaming. On September 17, the 12-in.-diameter 
reaming was completed into the top of the mine. A 36-in.-
diameter roller reamer bit was then used to open the top    
6 ft. of the hole to accommodate a 30-in.-diameter piece of 
steel casing which was installed to stabilize the hole during 
the fi nal reaming pass. Then the cluster hammers were 
readied for the 28-in.-diameter reaming pass.

The 12-in.-diameter hole was left open into the mine so 
that all cuttings could fall down into the mine. The miners 
were then kept busy clearing the cuttings which allowed the 
hole to be drilled with less air, fewer problems associated 
with returning cuttings to the surface, and, most 
importantly, more quickly. A communication line between 
the drill rig and the miners was established, allowing the 
miners to communicate what they were seeing (cutting size 
and shape, etc.), which helped the drillers understand what 
changes, such as adjustments to rotational speed or weight 
on the bit, were required. Additionally, when frequent bit 
problems occurred, the miners would see pieces fall to the 
bottom of the hole and could immediately communicate 
with the drillers on the rig.

The cluster hammers had multiple problems due to 
the nature of the rock and the angled hole. Considerable 
time was spent tripping (or exchanging) bits in and out 
of the hole to correct bit problems and check the stability 
of the hole. A total of 32 “cluster” insert hammer bits 
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Figure 2.  Broken 12-in.-diameter bit alongside a ready to use 
12-in.-diameter bit with pilot nose. 
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were used on the project, in addition to four cluster 
hammer bodies.

The Successful Drilling Operations End
The Layne crews exercised tremendous skill and 

experience to keep the reaming passes on target and to 
recognize when things down the hole were not correct. This 
lead them to trip the tools from the hole and perform an 
inspection. Due to the curvature of the hole the 28-in.-
diameter reaming bit was switched to a 26-in.-diameter 
reaming bit. The hole was drilled using the 28-in.-diameter 
bits to a depth of 1570 ft and with 26-in.-diameter bits 
from there to the final depth of 2040 ft.

The 26-in.-diameter reaming bit penetrated the top of 
the mine at 8 a.m. on Saturday, October 9 – 33 days after 
the reaming work began. The drillers then installed 24-in.-
diameter steel casing with a ⅜ in. thick wall to a depth of 
187 ft. This casing was not grouted in place, but was used to 
provide stability to the upper portion of the hole. The 
remainder of the hole was left uncased because the hole 
was extremely stable. The final step for the Layne crews was 
to perform a test run of the “Phoenix” rescue capsule to 

ensure it would travel freely into the mine and back to 
surface.

The operation was successful due to the initial Geotec 
pilot hole hitting the mine and then the tremendous skill 
and patience of the Layne crews executing the reaming 
operations. This combination allowed the miners to be 
rescued several months ahead of the original estimated 
rescue dates. Had Layne and Geotec not been there, it 
probably would have taken until Christmas for Plan “A” or 
Plan “C” to break through. But in the end, the original 
estimate was shortened by more than two months to the 
relief of the Chilean miners, their families, their nation, and 
a world that watched with fascination.

David Singleton, P.E., is president of the Water Resources 
Division of Layne Christensen Company located in Mission 
Woods, KS, where he is responsible for Layne’s nationwide group 
of offices that contract for hydrologic services, water well drilling/
rehabilitation, water treatment, pump installation/repair and 
specialized drilling services. He can be reached at ddsingleton 
@laynechristensen.com

Special Report by David Singleton, P.E.
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I’m writing this on the cusp of National Ice Cream 
Month – July – a 31-day event celebrated by my local 
newspaper, The Washington Post, which today ran a 
second, glowing article about the frozen treat.

In February 2010, the nation celebrated National 
Engineers Week, a seven-day event that, to the best of my 
knowledge, the Post ignored in toto, to some extent linking 
to a headline on page one of the aforementioned sundae 
edition: “A newly unhindered China invests billions for a 
scientific edge.”

The article describes how China is encouraging 
refinement of existing concepts and development of new 
ones, in genetic engineering, medical engineering, energy 
engineering, and so on. You name 
it, and they’re either in first place or 
gaining ground fast. So is India.

Coincidently, the July 5, 2010 
issue of Time magazine focused on 
Thomas Alva Edison. The cover story 
—by Bryan Walsh—was titled “The 
Electrifying Edison.” The subtitle is 
more to the point:

Thomas Edison helped create the American way of 
innovation – but today the U.S. is in danger of losing its 
pre-eminence in science and technology.

And Walsh backs up the subtitle with facts, none of 
which is reassuring; e.g.:

China’s investments in R&D grew more than 20 percent 
a year between 1996 and 2007, compared with less than 
6 percent annual growth in the U.S. At the same time, 
American students seem to be losing interest in science. 
Only about one-third of U.S. bachelor’s degrees are in 
science or engineering now, compared with 63 percent 
in Japan and 53 percent in China….And while the U.S. 
awarded 22,500 doctorates in science and engineering in 
2007, more than half of those went to foreign nationals….

who apparently now take their education home, where they 
eat our lunch, no doubt with ice cream for dessert.

Part of the problem, from my viewpoint, is 
geoprofessionals’—all engineering’s, actually—gross 
inability to generate favorable press. Consider this from the 
National Academy of Engineering (NAE) website:

The National Academy of Engineering salutes leaders in 
engineering for their lifetime dedication to their field and 
their commitment to advancing the human condition 
through great engineering achievement and/or through 
innovation in engineering and technology education. The 
NAE dedicates more than $1 million annually to recognize 
these leaders and to bring better understanding of the 
importance of engineering and engineering education to 
society.

Sounds good, but here’s a fact: I have operated an 
association/foundation management firm since 1971. 
Most of the organizations we’ve managed are involved in 
engineering. Some of them have been national, like ASFE/
The Geoprofessional Business Association and the National 

Council of Structural Engineers 
Associations. Others have been state or 
regional chapters of national groups 
like the American Society of Heating, 
Refrigerating, and Air-conditioning 
Engineers and the American Council 
of Engineering Companies. 

Yet in all these years, and for all 
the 20-plus organizations, we have 
not received even one news release 

announcing the winner of the $500,000 Charles Stark 
Draper Prize that is annually awarded by the NAE. Have 
you? Have you ever seen the winner interviewed by anyone 
prominent? And don’t tell me it’s because engineering isn’t 
interesting; that’s a cop-out. It’s only because engineering 
—and that includes all of the geoprofessions—makes no 
real effort to give itself the glamour which is its due. It’s 
like getting dressed up in a tuxedo and then spending the 
evening in the hall closet.

Engineers made this nation, starting with George 
Washington who put his civilian engineering and 
management skills to work in support of commerce via the 
Patowmack Canal Company, the nation’s very first public-
private partnership (P3). What a story to tell! But only for a 
week in February?

Wake up, geoprofessionals! Characterize what you get 
realizing that maple walnut gets a whole month!

“But what can we do?” way too many geoprofessionals 
ask in mewling bewilderment. The answer is simple: Get 
good professional PR help, because, obviously, whomever 
you’ve been relying on for the past 40 years has been 

The GeoCurmudgeon by John P. Bachner

July Is Ice Cream Month
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unable to achieve an objective that is 
eminently achievable.

Think about this: If you have 
humanity-shaking accomplishments 
to talk about, how difficult can it be 
to create compelling packages that 
get the word out? Do you want the 
world to know that Timothy Berners-
Lee won the Draper Prize for his 
invention of the Internet? Then hire 
people who at least know how to 
put together comprehensive media 
lists and write compelling news 
releases. Hire people who have the 
connections to get the person at least 
a few national TV interviews. You 
want a network series that glamorizes 
engineering? Hire people to do 
it. If they can make heroes out of 
coroners, surely they can do likewise 
for engineers.

Face it: Just as geoprofessionals 
create America’s infrastructure, 
geoprofessionals create the 
geoprofessions’ infrastructure. And 
just like America itself, we have been 
freeloading way too long on the 
contributions of our forefathers. If 
we don’t start making some of our 
own, the U.S. geoprofessionals’ – U.S. 
engineering’s – best days will already 
be behind us. The nation’s may be, too.

Of course, we’ll still have ice cream.

John P. Bachner is the executive vice 
president of ASFE/The Geoprofessional 
Business Association, a not-for-profit 
association of geoprofessional firms; i.e., 
firms that provide geotechnical, geologic, 
environmental, construction materials 
engineering and testing (CoMET), 
and related professional services. 
ASFE develops programs, services, and 
materials that its members apply to 
achieve excellence in their business and 
professional practices. He may be reached 
at john@asfe.org.  
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The OMC Welcomes Its Newest Organizational 
Member

The G-I Org anizational Member Council (OMC) welcomes 
McPhail Associates, Inc. to its group of 55 prestigious 
Organizational Members.

McPhail Associates, Inc. is a consulting fi rm established in 
1976 by the late Robert E. McPhail, P.E., that specializes in the 
areas of geotechnical and geoenvironmental engineering. The 
fi rm, based in Cambridge, MA, serves developers, institutions, 
architects, engineers, and contractors. Additionally, McPhail 
provides comprehensive consultation services spanning a broad 
spectrum of underground geotechnical and geoenvironmental 
conditions. For information: www.http://mcphailgeo.com/.

News You Need to Know

The 2nd annual G-I OM/Student Reception at Geo-Frontiers 
in Dallas, TX, is Sunday, March 13, 2011 at 7:15–8:45 p.m. 
Two employees of each OM fi rm are invited to participate in 
this exclusive event. Meet potential employees and catch up 
on what is happening across college campuses in the geo-
profession. Each OM fi rm will receive a PDF of all registered 
students’ information sheets.  

What We are Working On

This separate section of Geo-Strata magazine is focused on OM 
fi rm needs and issues. These pages are used to promote OM 
fi rms, OM fi rm news, and as a forum for discussions that are 
important to OM fi rm members. Send your information to 
lbayer@asce.org. As an Organizational Member, your fi rm gets 
the advantage of being listed in each Geo-Strata magazine.  

We are honing the process for OM’s business-related articles/
case histories to be selected for publication in the magazine.  
Watch for news in upcoming issues.

We are pleased to bring you a “new” and “enhanced” OM/
Student Reception this year as we add hors deoeuvres to the 
venue and an “end of the day” time slot to allow you a more 
relaxed atmosphere in which to meet the students.

We continue to provide recommendations to the G-I Board for 
improving the value of the G-I annual conference to OM fi rms. 
We are working on tracks for our 2012 annual congress that 
are devoted towards the demonstration of the value of 
geo-engineering services to our clients. 

Increasing the number of OM fi rms to provide a larger 
funding source for student support at the G-I annual 
conference. Recruit a member to strengthen our OM family 
and secure continuation of our geo-profession.
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Geo-Institute Establishes 
Organizational Member Council

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

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

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

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

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

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

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

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

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

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

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

AMEC won an Engineering Excellence Grand Award 
from the Arizona Chapter of the American Council of 
Engineering Companies (ACEC) for its development of a 
technology capable of identifying and predicting earth-
movement threats.

The technology involves the in-house processing and 
interpretation of satellite-produced interferometric 
synthetic aperture radar (InSAR) data to measure ground 
deformation and produce digital elevation models 
(DEMs).  Such data can reveal engineering threats related 
to land subsidence, earth fi ssuring, sinkhole development, 
and slope movement.

According to ACEC, “This improved InSAR technology can 
detect very small elevation variations for areas as large as 
100  square kilometers.”  The technology was developed by 
AMEC’s Tempe, AZ offi ce with assistance from its Denver 
and Boulder, CO offi ces. 

Bentley Provides Competitive Edge to Australian 
Students

Bentley Systems, Inc. recently announced that every 
student and professor at the University of South 
Australia (UniSA) now has unlimited access to Bentley’s 
commercial-grade software for designing, building, 

and operating infrastructure, 
as well as unlimited training 
in its application. This access 
is available through Bentley’s 
Be Careers Network Academic 
SELECT subscription program, 
which UniSA joined. The program 
empowers students enrolled 
in UniSA’s architectural and 
engineering curricula to acquire 
an in-depth understanding of 
advanced information modeling 
software, as well as to hone their 
skills in applying it following 
industry best practices. As a 
result, upon graduation, students 
will be job ready, giving them a 
decided competitive edge in the 
infrastructure job market. 

Gannett Fleming Designs 
First Transit Bridge above 
Active Airport Taxiway

Gannett Fleming announced the construction of the fi rst 
transit bridge in the world to be built above an active airport 
taxiway. The fi rm designed the bridge as part of the PHX 
Sky Train™ project at the Phoenix Sky Harbor International 
Airport in Phoenix, AZ.

On Oct. 10, 2010, the airport marked a major milestone in 
the construction of the PHX Sky Train™ when it reopened 
the taxiway for use and allowed the fi rst planes to taxi under 
the bridge. The bridge rises approximately 100 ft above the 
taxiway with a clear span of 340 ft, an opening large enough 
to accommodate all aircraft that currently operate on the 
taxiway.

The bridge is part of the fi rst stage of construction which is 
expected to reduce vehicular traffi c by 20 percent. Stage One 
is expected to be operational by early 2013 and Stage Two by 
2020. The train will transport passengers between the local 
METRO light rail, airport terminal and parking facilities, and 
the rental car center. Gannett Fleming is providing design 
services for all facilities, including stations and guideways.

GeoStructures Uses Ground Improvement System 
at Fort Lee, VA.

U.S. Army soldiers and their families at Fort Lee, VA 
now have access to new temporary living quarters 
as construction began on The Lodge at Fort Lee, a 
LEED-Silver, 1000-room facility, that used the ground 
improvement design-build services of GeoStructures.  

The owner’s design-build team faced some of the same 
challenges on the Lodge site as with other projects on 
the base; an area comprised of soft, compressible coastal 
plain soils that are susceptible to substantial settlement 
from the load applied by new structures. To address 
the settlement concerns and expedite construction, The 
Korte Company contracted GeoStructures to design the 
ground improvement system. The plan called for Geopier 
technology to reinforce the in-situ soils with the Impact 
Rammed Aggregate Pier (RAP) system. The roughly 
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2,500 RAP elements were used in both traditional and 
innovative ways.

“We designed the RAP system to achieve two goals; provide 
the necessary soil reinforcement to support the new 
structure plus the weight of the new fi ll mass and to allow 
the building construction to proceed without delay,” says 
Nyle Hothem, P.E., regional manager for GeoStructures. 

“Situations like this, where site development challenges 
lead to innovation, while still adhering to cost and 
schedule requirements, are why our design-build approach 
works so well.”  

Geotechnology, Inc.  Acquires Hall, Blake & 
Associates

Geotechnology, Inc. purchased substantially all of the 
assets of Hall, Blake & Associates (HBA), a geotechnical 
engineering, construction materials testing, and drilling 
fi rm based in Memphis, TN. Geotechnology expects to 
expand services in the Memphis area through the three 
service lines both companies already share, as well as the 
environmental, geophysical, and non-destructive testing 
capabilities Geotechnology can add.

“I’m excited to welcome the Hall, Blake & Associates team 
to the Geotechnology, Inc. family,” said Ed Alizadeh, P.E., 
president and CEO, Geotechnology, Inc.“ It’s an ideal fi t 
as Geotechnology offers many new resources and benefi ts 
to HBA, and in turn, the HBA team brings incredible 
technical expertise, a great reputation, and immense 
growth opportunity to the company.”

Geotechnology operates from offi ces in Missouri, Illinois, 
and Kansas, which will allow the fi rm to better support 
HBA physically and administratively. HBA has an excellent 
reputation in the Western Tennessee, Northeastern 
Arkansas and Northern Mississippi regions, and brings 
a strong backlog of work to the new fi rm, including 
a substantial number of Tennessee Department of 
Transportation geotechnical and materials testing projects.

Haley & Aldrich Announces New Client Leader 

Dean Iwasa, P.E., G.E., M.ASCE, joined Haley & Aldrich 
as a geotechnical engineer and client leader serving the 
fi rm’s Energy & Infrastructure and Real Estate practices. 
Iwasa has more than 20 years of experience in geotechnical 
investigation, design, consultation, and construction 
observation services for a variety of projects. He has 
participated in the geotechnical investigations for high-
rise buildings, schools, roadways, and landfi lls, and in the 
evaluation and seismic strengthening of numerous historic 
facilities, including Ghirardelli Square and the U.S. Custom 
House in San Francisco. Iwasa has performed investigations 
in areas with complex subsurface conditions, such as soft Bay 

deposits, potentially liquefi able soils, and unstable slopes.  
He is a licensed professional engineer in California and Texas, 
and a licensed geotechnical engineer in California. 

Moretrench Promotes LaRue to NE Regional 
Manager

Moretrench announced that Keith LaRue, 
P.E., was promoted to Northeast Regional 
Manager for Moretrench’s geotechnical 
operations. A 1994 graduate of Worcester 
Polytechnic Institute with a B.S. in 
Civil Engineering, LaRue, who joined 
Moretrench in 2007, has more than 16 
years of experience focused on the design 

and management of geotechnical construction projects 
involving a range of specialty techniques. In his new 
position, LaRue assumes day-to-day responsibility for all 
facets of geotechnical work undertaken in the Northeast. 

Nicholson Acquires Advanced Foundation 
Systems

Nicholson Construction Company has acquired 
Advanced Foundation Systems, Inc., a geotechnical 
contractor located in Denver, CO. The acquisition 
strengthens Nicholson’s position in the western U.S., 
where Advanced Foundation Systems has completed 
numerous of earth retention, piling, and ground 
improvement projects.

“This acquisition of a sister company from within 
the Soletanche Freyssinet Group carrying out similar 
techniques to Nicholson better aligns our resources and 
continues our geographical expansion across the country,” 
said Nicholson president Andrew Walker.

Throughout the Rocky Mountains, Advanced Foundation 
Systems has established a reputation for developing 
innovative geotechnical solutions related to earth 
retention, piling, and ground improvement. “Operating 
as Nicholson’s new Denver offi ce will allow us to broaden 
our technical capabilities, and offer our existing and 
new clients a full range of geotechnical construction 
techniques,” says Pat West, president of Advanced 
Foundation Systems.

Menard and Nicholson Announce Ground 
Improvement Partnership

Menard and Nicholson Construction Company recently 
formed a new strategic partnership under which Menard 
will perform the group’s ground improvement work in 
the U.S., including controlled modulus columnsTM, vibro 
stone columns, vibro-compaction, vibro concrete columns, 
dynamic compactionTM, rapid impact compaction, 
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Menard vacuumTM consolidation, and wick drains. 
Nicholson will continue to perform its comprehensive 
techniques for deep foundations, earth retention, 
and ground treatment. The two sister companies are 
headquartered in Pittsburgh, PA and have already worked 
together on several signifi cant projects.

 “The partnership is a great opportunity for Nicholson 
to offer Menard ground improvement services to 
its customers,” adds Seth Pearlman, president of 
Menard. “The relationship expands our national reach 
to Nicholson’s regional offi ces, provides Nicholson with 
a highly-specialized ground improvement partner, and 
most important, delivers innovative ground improvement 
solutions to a wider customer base.”

Nicholson and Menard are both members of the 
Soletanche Freyssinet Group.

Nilex Construction Becomes HB Wick Drains

Hayward Baker Inc. announced that it acquired the wick 
drain and earthquake drain assets of Nilex Construction 
Group. The business, located in Centennial, CO, was 
renamed HB Wick Drains and now operates as a product-
specifi c division of Hayward Baker providing wick and 
earthquake drains to public and private clients across the U.S. 

HB Wick Drains is led by James Cramer, (303-627-1100 
or JMC@haywardbaker.com), the long-term leader of the 
Nilex wick drain business. Cramer is supported by the 
Nilex staff of offi ce and fi eld-based professionals. 

Commenting on the acquisition of Nilex Construction, 
George Grisham, president of Hayward Baker said, “Over 
the past 20 years, Nilex Construction has provided 
wick drain installation on numerous large Hayward 
Baker ground modifi cation projects. This past successful 
relationship has made Nilex a natural fi t within the 
Keller Group, and further strengthens and enhances our 
ability to provide a full range of ground modifi cation 
techniques to clients throughout the U.S., Canada, and 
Latin America.”

The Reinforced Earth Company Celebrates 40th 
Anniversary

The Reinforced Earth Company (RECo) celebrated its 
40th anniversary in the U.S in January 2011.  “As we reach 
this milestone, we want to remember our founder Henri 
Vidal whose MSE invention was recognized as one of the 
top Civil Engineering achievements of the 20th century,” 
says Roger Bloomfi eld, CEO of RECo.  

The fi rm has successfully completed more than 40,000 
Reinforced Earth® structures in the U.S, beginning with 

its fi rst wall, constructed in 1971 in Angeles National 
Forest, and including the tallest structure constructed at 
SEA-TAC Airport with a height of 150 ft. With the U.S. 
transportation market trending toward larger design-build 
projects, RECo provides the extensive support needed to 
complete MSE projects in excess of 1 million square ft, 
including “T-REX” in Denver, Interstate 15 CORE in Utah, 
Interstate 595 in Florida, and the Springfi eld Interchange 
near Washington, D.C. 

Terracon Announces New National Director of 
Federal Services 

Frederick “Fritz” Heneman has joined Terracon as the 
national director of federal services. He is responsible 
for the overall development and strategic growth of 
Terracon’s federal services and will work out of Terracon’s 
Denver office.

Throughout his 30 years of professional experience, 
Heneman’s background includes working within the 
Department of Defense and multiple engineering 
consultant fi rms. His primary focus has been in federal 
program services, including architectural/engineering; 
environmental; chemical, biological, radiological, nuclear 
and explosive (CBRNE) research, development and 
acquisition (RD&A); and chemical detection, monitoring 
and demilitarization.

He holds a master’s degree in chemistry from the 
Colorado School of Mines and an MBA in procurement/
contract management from the Florida Institute of 
Technology. 

Drew Floyd Appointed Vice President

Moretrench announced that Drew Floyd, 
P.E., was recently appointed vice president. 
Floyd is a graduate of Michigan State 
University, where he earned a master of 
science in civil engineering. He has more 
than 24 years of specialty geotechnical 
construction experience and joined 
Moretrench in 2004 as regional manager 

for the New England area. In addition, he oversees the 
work performed through the company’s Pittsburgh, PA 
offi ce. He will continue in both of these capacities while 
also assuming his corporate duties as vice president.

“Drew’s leadership and experience have been instrumental 
in the successful growth of our operations in New 
England. This appointment underscores our commitment 
to continue to provide our clients with the highest level of 
service,” says Arthur B. Corwin, P.E., Moretrench president 
and CEO.
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G-I News

Registration is Open

Geo-Frontiers 2011
March 13-16, 2011
Sheraton Dallas Hotel
Dallas, TX
www.geofrontiers11.org

A great program awaits you. Plus, you save time and money. 
Attend Geo-Frontiers 2011 and experience three conferences 
in one location!  The Geo-Institute (G-I), the Geosynthetics 
Materials Association (GMA), a division of the Industrial 
Fabrics Association International (IFAI), and the North 
American Geosynthetics Society (NAGS) are hosting their 
meetings during the week. Choose among 9 tracks, 8 Short 
Courses prior to the conference on Sunday, plus all the 
events you’ve come to expect from a G-I annual conference.  
And, so much more.  
 
Hotel rooms may still be availabile:

Sheraton Dallas Hotel
www.sheratondallashotel.com/
1.214.922.8000 or 1.888.627.8191 
Reservation Deadline: February 21, 2011 to receive the $139/
night + tax group rate.

Potential Exhibitors and Sponsors: Contact 800.225.4324, 
1.651.225.6987, or searman@ifai.com

Have You Renewed Your 2011 Membership?

ASCE/Geo-Institute 
Members:  You should 
have received your 2011 
Membership Renewal. If 
not, contact ASCE Customer 
Service at  800.548.ASCE 
(2723) or 703.295.6300 
(9:00 am - 6:00 pm ET) or 
email member@asce.org.

Organizational Member 
dues were also due on 
January 1, 2011.  Contact 
lbayer@asce.org if you did 
not receive your renewal 
notice.

Professional Development Corner

WEBINARS

LRFD Micro Pile Foundations 
Thursday, March 3, 2011 / 11:30 am -1 pm
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17545

An Overview of Geosynthetics and Their Major 
Applications
Monday, March 7, 2011 / 11:30 am -1 pm
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17549

LRFD Earth Retaining Structures - Fill Walls
Friday, March 11, 2011 / 12-1:30 pm
https://secure.asce.org/ASCEWebSite/Webinar/ListWebinarDetail.
aspx?ProdId=17554

SEMINARS

Deep Foundations: Design, Construction and           
Quality Control    
March 17-18, 2011
Somerville, MA
https://secure.asce.org/ASCEWebSite/Webinar/ListSeminar.
aspx?CatCode=CED-GEOT#54

Earth   Retaining Structures: Selection, Design, 
Construction and Inspection - Now in an LRFD Design 
Platform - Newly Updated! 

March 10-11, 2011
Cincinnati, OH
https://secure.asce.org/ASCEWebSite/Webinar/ListSeminar.
aspx?CatCode=CED-GEOT#247

Broad en Your International Knowledge

Former G-I President Jean-Louis Briaud, now president of 
ISSMGE, encourages you to become an ISSMGE member. 
A $15 membership will help you learn about international 
geo-professional news and information. 

The International Society of Soil Mechanics and 
Geotechnical Engineering (ISSMGE) promotes the 
advancement and dissemination of knowledge in the fi eld 
of geotechnics and its engineering and environmental 
applications, through conferences, technical committees, 
and member societies. The Geo-Institute is the U.S. Member 
Society of ISSMGE
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Start twittering at http://twitter.
com/GeoInstitute where you can 
check for updates or follow 
us using a Twitter account, an 
RSS reader, or one of the many 
other web applications that 
work with Twitter. Access the 
G-I Facebook’s page at www.
facebook.com/pages/Geo-Institute-
of-ASCE/129517101742



“Essential for geotechnical professionals”

Join us in Dallas at Geo-Frontiers 2011

Plaxis bv   |   P.O. Box 572, 2600 AN Delft, The Netherlands   |   Tel: +31 (0)15 2517 720, Fax: +31 (0)15 2573 107, E-mail: info@plaxis.nl

Plaxis is a range of geotechnical software tools, 
courses, seminars, and expert services for 2D and 3D 
analysis of deformation, stability and groundwaterflow 
in geotechnical engineering.

• PLAXIS 2D The most used tool for geo-engineering
• Dynamics Module For vibrations and earthquake simulation

• PlaxFlow Analysis of complex groundwater flow problems

• PLAXIS 3D Three-dimensional reliability
• 3D Tunnel The complexity of underground construction

• 3D Foundation State of the art solutions for Foundation Design

• PLAXIS VIP Valuable enrichment for your license

• PLAXIS Expert Services Modelling partnership that works!

• PLAXIS Courses What professionals need to know

For more information see our website: 

www.plaxis.nl



ASCE members: Join by enrolling on your annual ASCE 
renewal form; logging in to your member account at www.
asce.org; or calling 800.548.2723. An ISSMGE membership 
is already included in a Geo-Institute-only membership.
Take a look at ISSMGE:  www.issmge.org/

New !  GeoTrends: GPP No.6

The Progress of Geological and 
Geotechnical Engineering in 
Colorado at the Cusp of a New 
Decade

Proceedings of the 2010 Biennial 
Geotechnical Seminar, held in 
Denver, CO on November 5, 
2010 and sponsored by the Geo-
Institute of ASCE, the Colorado 

Chapter of the Geo-Institute, Rocky Mountain Section 
of the Association of Environmental and Engineering 
Geologists; Colorado Association of Geotechnical 
Engineers. This collection contains 11 papers that examine 
past, present, and future geotechnical challenges for 
Colorado in the areas of earth retention, foundations, dams, 
pavements, and sustainability. Free Domestic Shipping! 
$50List / $37.50ASCE Member. Soft Cover.138 pp.
 www.asce.org/Product.aspx?id=12884902520

Call For Papers for Kulhawy GSP

Sponsored by the Geo-Institute, the ASCE will be publishing 
a Geotechnical Special Publication (GSP) volume titled 
“Foundation Engineering in the Face of Uncertainty”, (subtitled 
“Site Heterogeneity, Property Variability, Risk, and Reliability-
Based Design”), honoring Professor Fred H. Kulhawy, Ph.D., 
P.E., G.E., D.GE, Dist.M.ASCE.  Mohamad Hussein, Kok-
Kwang Phoon, and James Withiam will serve as editors. 
Abstracts for proposed papers dealing with topics related 
to the main theme are being sought for consideration.  
Possible topics are:

• Geologic modeling for ground characterization

• Spatial variability (natural ground, modified 
ground)

• Test measurement errors (laboratory/field)

• Transformation uncertainties pertaining to design 
properties

• Soil/rock property statistics (distributions, 
correlations)

• Model/bias factors in design equations

• Probabilistic/reliability methods

• Random finite element methods

• Limit state design (ultimate, serviceability, 
economic, etc.)

• Reliability-based design (RBD)

• Simplified RBD (partial factor design, LRFD, MRFD, 
etc.)

• Bayesian updating (from quality control, load tests, 
monitoring, etc.)

• Risk assessment and management

• User-friendly design/analysis tools

• Role of field measurements and testing in 
improving reliability

• Case histories

Deadline for a maximum 300-word abstract is June 30, 
2011. Finished manuscripts are expected in July 2012. The 
GSP will be released at a specialty symposium during the 
G-I’s 2013 annual meeting. All papers will be subjected 
to the standard ASCE technical papers review process.     
E-mail your abstract to Mohamad H. Hussein at: 
MHussein@pile.com.

G-I Upcoming 
Conferences

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

Geo-Risk 
June 26-28, 2011 
Intercontinental Buckhead 
Atlanta, GA
www.georisk2011.org

State-of-the-Art and Practice in Geo-Engineering
March 25-29, 2012
Oakland Marriott City Center
Oakland, CA
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Students

Geo-Frontiers 2011 Exclusive Student/OM 
Reception

The exclusive second annual Reception on Sunday, March 
13, brings together future employers and employees. Here’s 
your chance to meet potential employers and discuss 
what’s happening in the geo-professional marketplace. 
This event, organized by the G-I Organizational Member 
Council is free for students, and two representatives of each 
G-I Organizational Member firm. Though the deadline 
for a stipend has already passed, you should complete 
the Student Information Form to have your information 
printed in the booklet given to all the G-I’s Organizational 
Members.

Register at:  www.geofrontiers11.com/registration.cfm

Student Information Form:  http://content.geoinstitute.org/
student-questionaire.html 

Members in the News

Gray Receives 
Achievement 
Award

Richard E. Gray, 
Dist.M.ASCE, and 
Hon.D.GE, received 
a 2010 Carnegie 
Mellon University, 
Alumni Achievement 
Award for his 
accomplishments 
and devotion to 
the practice of 

geotechnics, geotechnical engineering, and engineering 
geology. His exceptional work has made him one of the 
world’s foremost experts in land subsidence caused by 
mining operations, disposal of expansive shale and slag, 
and mine reclamation. 

A registered geologist in 14 states, he has worked extensively 
throughout the country, in addition to consulting on 
mine subsidence in Alberta, Vancouver Island, and in                   

New Zealand, on steel-mill foundations in Iran, and on 
mine fires in India. 

Over the years, Gray has held a chairmanship or presidency 
in all three of the U.S. engineering geology organizations, 
and has selflessly given his time to the benefit of local, 
state, and national levels of such organizations as the Geo-
Institute and ASCE.

For his longstanding service, Gray received the Award of 
Merit from the American Society for Testing and Materials, 
among a host of other high honors. He co-founded DiGioia 
Gray & Associates in 2005 and continues to contribute to 
the field, and helps to educate the next generation of engi-
neering geologists.

Call For Abstracts For Robert Holtz GSP

This Geotechnical 
Special Publication 
(GSP) – Sound 
Geotechnical Research 
to Practice will be a 
collection of papers 
honoring Professor 
Robert Holtz’s 
contribution to 
geotechnical research 
and practice. The GSP 
will be edited by Armin 
W. Stuedlein and Barry 
R. Christopher in 
cooperation with the 

ASCE Seattle Section Geotechnical Group.

For more than 45 years, Professor Bob Holtz, P.E., D.GE, 
Dist.M.ASCE, has made distinguished contributions to 
the assessment of fundamental soil behavior, soft ground 
construction and improvement, geosynthetic and steel 
reinforced soils, and geotechnical engineering education. 
Through his tenure at Purdue University and the University 
of Washington, he has made a national and international 
impact through service in professional organizations such 
as ASCE, G-I, ASFE, ASTM, TRB, ISSMGE, and others.  Bob 
also was one of the founders of NAGS and a past president 
and served as a council member on the IGS.  He also has 
made a significant impact to the professional community 
in the Puget Sound region, helping build the connection 
between industry and the University of Washington. 
Selected papers will be presented with release of the 
Proceedings at GeoCongress 2013. Abstracts are due May 8, 
2011. For information: http://web.engr.oregonstate.edu/~armin/
index_files/HoltzGSP

 Richard E. Gray

Robert Holtz
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Dunnicliff,  Poulos, and 
Sture Become ASCE 
Distinguished Members

John Dunnicliff, P.E., Dist.M.ASCE 
(United Kingdom), Harry G. 
Poulos, Ph.D, P.E., Dist.M.ASCE 
(Australia), and Stein Sture, Ph.D., 
were formally inducted as ASCE 
Distinguished Members at the 
Celebration of Leaders Luncheon on 

John Dunnicliff

Harry Poulos

Stein Sture
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Envirocon is a recognized leader in applying 
specialty geotechnical solutions to a variety of 
civil and environmental applications. These 
applications include the installation of several 
of the longest and deepest slurry and reactive 
barrier walls in the United States to control and 
treat groundwater. 

Slurry Wall Seepage Barriers

Bio-Polymer Collection Trenches

Permeable Reactive Barriers

In-Situ Stabilization

Soil Mixing Foundation Systems

Soil-Mixed Containment Walls

Jet Grouting & Other Grouting 

Techniques

www.envirocon.com

Leadership. Experience. Strength.

10dB102DbmGeoStrataBwAd.indd 
Ad size: 4.5682" x 4.875" tall 

December 2010

800-562-8460 www.dbmcontractors.com

Design/Build
Earth Retention
Foundation Support
Slope Stabilization
Ground Improvement
Dewatering

Serving the Western U.S.A.

DBM Contractors, Inc.
Donald B. Murphy Contractors, Inc.  

Geotechnical Design & Construction 



Dunnicliff,  Poulos, and 
Sture Become ASCE 
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John Dunnicliff, P.E., Dist.M.ASCE 
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Poulos, Ph.D, P.E., Dist.M.ASCE 
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Congratulations to all of the Diplomates of the Academy of Geo-Professionals (AGP) for earning your Diplomate, 
Geotechnical Engineering (D.GE) credential. The Academy is proud to identify and recognize each one of you for 
your expertise, leadership and contributions to the geotechnical engineering profession.

John Anderson PhD, PE, D.GE, M.ASCE · Robert Holtz PhD, PE, D.GE, Dist.M.ASCE · Larry Jedele PE, D.GE, M.ASCE · T. Michael McMillen PE, D.GE, F.ASCE · 
Arlan  H. Rippe PE, D.GE, F.ASCE · Robert Thompson PE, D.GE, F.ASCE · Steven D. Thorne PE, D.GE, M.ASCE

G. Wayne Clough PhD, PE, NAE, Hon.D.GE, Dist.M.ASCE  · Richard Gray PG, Hon.D.GE, Dist.M.ASCE & SME, Hon.M.AEG · John Focht PE, Hon.D.GE, F.ASCE · 
Delon Hampton PhD, PE, Hon.D.GE, Hon. M.ASCE · Priscilla P. Nelson PhD, Hon.D.GE, Dist.M.ASCE · Thomas O’Rourke PhD, Hon.D.GE, M.ASCE · 
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Derek Cornforth PhD, PE, D.GE, F.ASCE 
David Cotton PE, D.GE, M.ASCE 
Richard Curtis PE, D.GE, F.ASCE 
Richard D. D’Ambrosia PE, SECB, D.GE, M.ASCE 
Norman Dennis, Jr. PhD, PE, D.GE, F.ASCE 
Craig Denny PhD, PE, D.GE, F.ASCE 
Jerry DiMaggio PE, D.GE, M.ASCE 
Don Dotson PE, D.GE, M.ASCE 
Charles Dowding PhD, PE, D.GE, M.ASCE 
Vincent Drnevich PhD, PE, D.GE, Dist.M.ASCE 
Je�rey   Dunn PhD, PE, D.GE, M.ASCE 
Ronald J. Ebelhar PE, D.GE, F.ASCE H.C. 
Tuncer Edil PhD, PE, D.GE, F.ASCE 
Melvin Esrig PhD, PE, D.GE, M.ASCE 
Alan Esser PE, D.GE, M.ASCE 
Kristof  Fabian PhD, PE, D.GE, M.ASCE 
Conrad  Felice PhD, PE, P.Eng, D.GE, M.ASCE 
Richard Finno PhD, PE,D.GE,  M.ASCE 
Delwyn Fredlund O.C., PhD, F.E.I.C., P.Eng, D.GE, M.ASCE 
Rudolph Frizzi PE, GE, D.GE, M.ASCE 
Robert B. Gilbert PhD, PE, D.GE, M.ASCE 

Safdar  Gill PhD, PE, D.GE, F.ASCE
George Goble PhD, PE, D.GE, M.ASCE 
Jesus Gomez PhD, PE, D.GE, M.ASCE 
Deborah Goodings PEng, D.GE, F.ASCE 
Moustafa Gouda PE, D.GE, F.ASCE 
Garry Gregory PhD, PE, D.GE, M.ASCE 
Joe Hagerty PhD, PE, D.GE, F.ASCE 
Douglas Hermann PE, D.GE, M.ASCE 
Arthur Ho�mann PE, D.GE, M.ASCE 
Darrel V. Holmquist PE, D.GE, F.ACEC, M.ASCE 
Richard Hoppenjans PE, D.GE, F.ASCE 
Enamul Hoque PE, D.GE, F.ASCE 
Michael F. Houlihan PE, D.GE, F.ASCE 
Sandra Houston PE, D.GE, M.ASCE 
Scott R. Huntsman PhD, PE, D.GE, F.ASCE 
Mary Ellen Hynes PE, D.GE, M.ASCE 
Izzat Idriss PhD, PE, NAE, D.GE, Dist.M.ASCE 
Siamak Jafroudi PhD, PE, D.GE, F.ASCE 
Walter Jaworski PE, D.GE, M.ASCE 
Edward Kavazanjian, Jr. PhD, PE, GE, D.GE, F.ASCE 
Je�rey R. Keaton PhD, PE, PG, D.GE, F.ASCE 
Richard Kessler PE, D.GE, M.ASCE
Philip King PE, D.GE, F.ASCE 
Thomas Kinney PhD, PE, D.GE, M.ASCE 
Eric  Klein PE, D.GE, M.ASCE 
Robert Koerner PhD, PE, D.GE, Dist.M.ASCE 
Mohammed A. Kothawala PE, D.GE, F.ASCE 
John Kovacs PE, PMP, D.GE, F.ASCE 
William Kovacs PhD, PE, D.GE, F.ASCE 
Steven R. Kraemer PE, D.GE, M.ASCE  
Raymond Krizek PhD, PE, D.GE, Hon. M.ASCE 
Thomas Krzewinski PE, D.GE, F.ASCE 
Hugh Lacy PE, D.GE, F.ASCE 
Charles Ladd PE, D.GE, Dist.M.ASCE
Henry Landau PhD, PE, D.GE, F.ASCE 
John E. Lens PE, D.GE, M.ASCE
Blaine Leonard PE, D.GE, F.ASCE 
John Lommler PhD, PE, D.GE, M.ASCE 
David Lourie PE, D.GE, M.ASCE
Robert Lukas PE, D.GE, M.ASCE 
Barbara Luke PhD, PE, D.GE, M.ASCE 
Robert Lytton PhD, PE, D.GE, F.ASCE 
Scott Mackiewicz PhD, PE, D.GE, M.ASCE 
Larry Madrid PE, D.GE, M.ASCE 
Faiz I. Makdisi PhD, PE, D.GE, M.ASCE 
Dwarika Mallick PE, D.GE, M.ASCE
William Marcuson, III PhD, PE, D.GE, NAE, Hon.M.ASCE 
W. Allen Marr PhD, PE, NAE, D.GE, F.ASCE 
James R. McDonagh PE, F.NAFE, D.GE, F.ASCE 
R. Gordon McKeen PE, D.GE, M.ASCE 
James A. McKelvey, III PE, D.GE, M.ASCE 
Mark F. McNeilly PE, D.GE, M.ASCE 
Ronald McOmber PE, D.GE
Edmund W. Medley PhD, PE, CEC, D.GE, F.ASCE 
Stanley Merjan PE, D.GE, M.ASCE 
Kirby  Meyer PE, D.GE, F.ASCE 
Nabil Mikhail PE, D.GE, M.ASCE 
Joel Moskowitz PE, D.GE, M.ASCE 
Sohiel Nazarian PhD, PE, D.GE, F.ASCE 

Kwok Hei Ng PhD, PE, D.GE 
Peter G. Nicholson PhD, PE, D.GE, F.ASCE 
Victor Omelchenko PE, D.GE, M.ASCE 
Harvey  Parker PhD, PE, GE, D.GE, M.ASCE 
Robert Patton PE, D.GE, F.ASCE 
Seth Pearlman PE, D.GE, M.ASCE 
John Peirce PE, LS, D.GE, M.ASCE 
Thomas Petry PhD, PE, D.GE, F.ASCE  
David Pezza PE, D.GE, F.ASCE
Patrick Pilling PhD, PE, GE, D.GE, M.ASCE 
Frank Pita PE, LHG, D.GE, F.ASCE 
Mihail Popescu PhD, PE, D.GE, M.ASCE 
Maurice  Power PE, D.GE, F.ASCE 
Daniel E. Pradel Dr. Eng., PE, D.GE, F.ASCE 
Anand Puppala PhD, PE, D.GE, M.ASCE 
Soheila Rahbari PE, PG, LEED AP, D.GE, M.ASCE 
Arturo L. Ressi di Cervia PhD, D.GE, M.ASCE 
Richard Reynolds PE, D.GE, M.ASCE 
Gary W. Rhodes PE, D.GE, M.ASCE 
Thomas Richards, Jr. PE, D.GE, M.ASCE 
Edward Rinne PE, GE, D.GE, F.ASCE 
James Roberts PhD, PE, D.GE, M.ASCE 
John  Roma PE, D.GE, F.ASCE
Lawrence Roth PE, GE, F.ASCE 
Christopher Ryan PE, D.GE, M.ASCE 
Roberto  Sanchez PE, PG, D.GE, M.ASCE 
C.K. Satyapriya PE, D.GE, F.ASCE 
Paul Schmall PE, D.GE, F.ASCE 
John H. Schmertmann PhD, PE, D.GE, NAE, F.ASCE 
James  Schmidt PE, P.Eng., D.GE, M.ASCE 
Richard Short PE, GE, MSCE, D.GE, M.ASCE 
Timothy Siegel PE, D.GE, M.ASCE 
Richard M. Simon PhD, PE, D.GE, M.ASCE 
Siva K. Sivathasan PhD, PE, GE, D.GE, M.ASCE 
Ronald E. Smith PhD, PE, D.GE, M.ASCE  
Timothy D. Stark PhD, PE, D.GE, F.ASCE 
J. Andrew Steele PE, D.GE, M.ASCE 
Gregory P. Stieben PE, D.GE, M.ASCE 
Kenneth Stokoe, II PhD, PE, D.GE, M.ASCE 
John R. Sutton PE, GE, D.GE, M.ASCE 
Bryan Sweeney PhD, PE, D.GE, M.ASCE 
George Tamaro PE, D.GE, Hon.M.ASCE
Rupert G. Tart, Jr. PE, GE, D.GE, M.ASCE 
W. Robert Thompson, III PE, D.GE, M.ASCE 
Theodore Thomson, Jr. PhD, PE, D.GE, LEED AP, M.ASCE 
Mehmet T. Tumay PhD, PE, D.GE, F.ASCE 
Edward J. Ulrich, Jr. PE, D.GE, M.ASCE
Satya N. Varadhi PhD, PE, D.GE, M.ASCE
Theodore von Rosenvinge, IV PE, D.GE, F.ASCE 
John F. Wallace PE, D.GE, M.ASCE 
Kord Wissmann PhD, PE, D.GE, M.ASCE 
Thomas Witherspoon PhD, PE, D.GE, M.ASCE
James Withiam PhD, PE, D.GE, M.ASCE 
John Wolosick PE, D.GE, M.ASCE 
Richard Woods PhD, PE, NAE, D.GE, Dist.M.ASCE
Warren Kent Wray PhD., PE, D.GE, F.ASCE 
R. Eric Zimmerman PhD, PE, D.GE, F.ASCE 
Thomas F. Zimmie PhD, PE, D.GE, F.ASCE
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October 21, 2010 as part of the ASCE 
Annual Conference in Las Vegas.  

Dunnicliff was elected for his pre-
eminent leadership in the fi eld of 
geotechnical instrumentation and 
monitoring and for his long and 
distinguished career as a specialty 
consultant dedicated to the 
improvement of geotechnical practice.   

Poulos was elected for his 
contributions to research and 
practice in foundation engineering, 
and especially for his work on pile 
foundation analysis and design which 
has been applied to some of the 
world’s tallest structures. 

Sture was elected for his 
acknowledged eminence in the fi elds 
of fracture mechanics, constitutive 
modeling of cementitious composites 
and geo-mechanics, and non-
linear analysis and computational 
techniques related to granular 
materials and soil-structure 
interaction, and for an exemplary 
career as an educator.

Stanphill Promoted to      
President

Dean Stanphill, P.E., G.E., was 
promoted to President/CEO of GCE 
Environmental.  With offi ces in 
Portland OR, Reno NV, and Anaheim 
CA, GCE is a leader in the biogas 

Dean Stanphill
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conversion to energy industry and 
has worked on projects worldwide. 
His role with the fi rm will continue 
to include promoting GCE’s 
renewable energy division, as well as 
its environmental and geotechnical 
departments. Stanphill also is a 
member of the Nevada Renewable 
Energy Coalition and president of 
the Great Basin Chapter of the Solid 
Waste Association of North America. 
Richard Prosser, founder of GCE, will 
serve as Chairman of the Board of 
Directors.

Lee Abramson and Jon       
Stewart Elected ASCE            
Fellows

Lee W. Abramson, P.E., D.GE, 
F.ASCE, and Jonathan P. Stewart, 
Ph.D., P.E., F.ASCE, were recently 
elected ASCE Fellows – the Society’s 
second-highest membership grade, 
exceeded only by distinguished 
members.

Abramson, currently pursuing a 
doctorate in civil engineering at the 
Colorado School of Mines, is an 
executive vice president for Hatch 
Mott MacDonald. He has held 
numerous positions in the public 
works consulting and architectural 
and engineering fi elds throughout the 
past 30 years and has had numerous 
supervisory responsibilities for 
more than 150 engineers, designers, 
and technicians. The author of 
numerous articles and books, he 
also has assisted in the preparation 
of tunneling, slope stability, ground 
improvement, microtunneling, and 
tunnel rehabilitation manuals and 
seminars.

Stewart is a professor of civil 
engineering and vice-chairman 
for graduate studies in the civil 
and environmental engineering 
department at the University of 
California at Los Angeles.  His 
research interests are in geotechnical 
earthquake engineering, with 
emphasis on seismic soil-structure 
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interaction, the engineering 
characterization of earthquake ground 
motions, seismic compression of 
unsaturated soils, and ground failure 
in saturated soils with marginal 
plasticity. The results of the work 
done by his research group are 
widely used in engineering practice.  
Stewart has been the editor in chief 
of ASCE’s Journal of Geotechnical and 
Geoenvironmental Engineering since 
2007, and has won numerous awards 
including ASCE’s Arthur Casagrande 
Award and Walter L. Huber Civil 
Engineering Research Prize.

G-I Chapter 
News

DVGI Announces Its 2011 
Meeting Schedule

The Delaware Valley Geo-Institute is 
pleased to announce its 2011 dinner 
meeting schedule. Check the Geo-
Institute web site at: http://content.
geoinstitute.org/groups/index.html for 
topic and meeting times as they 
become available.

February 22, 2011: Student Night 
March 15, 2011 
April 19, 2011 
May 17, 2011

One PDH will be awarded for most 
dinner meetings attended.

Non-Financial G-I Chapter 
Formation 

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

G-I. Download the MOU from the G-I 
web site at http://content.geoinstitute.
org/groups/index.html. Benefits of 
affiliation are also posted, as is a 
PowerPoint presentation.

 

Allied        
Organizations

25th Central Pennsylvania 
Geotechnical Conference 
March 30 - April 1, 2011

Hershey Lodge 
Hershey, PA

www.central-pa-asce-geo-
tech.org/

An exciting program is planned for 
this conference, which is sponsored 
by the ASCE Central Pennsylvania 
Section. At publication, the program 
includes 15 top industry speakers 
covering the following topics:
 
• Effect of Sample Disturbance on 

the Over-Consolidation Ratio of 
Fine-Grained Soils 

• Remediation of Deep Seated 
Abutment Movement at Nesbitt 
Dam 

• Risk Considerations for 
Geotechnical Construction 

• Reinforced Soil Slope Facings: 
Current Design Practice & 
Innovations 

• Column Supported 
Embankments 

• History of a Landslide in Heavily 
Overconsolidated Clay Over an 
Artesian Aquifer 

• Creep Impact on Load Transfer 
Mechanics of Micropiles and 
Auger Cast Piles 

• Reinforced Soil Technology from 
Experimental to the Familiar, 
2010 Terzaghi Lecture 

• Geotextile Filter Failures: 
Examples and Lessons Learned 

• Applying the Pareto (80/20) 



Principle to Geotechnical Analyses and Reviews 
• Risk Assessment Model for Municipal, Transportation, 

and Energy Infrastructure in Karst Areas 
• Northshore Connector Project in Pittsburgh, PA 
• MSE Wall Engineering – A New Look at Contracting, 

Design, and Construction 
• LiDAR and 3D Photogrammetry for Evaluating 

Geologic Structure in Rock Slope Stability Analyses 
• Evaluation of Bridge Abutment Settlements 

As always, there is an interesting array of exhibitors to visit 
with to learn about new technologies, trends, products, and 
services.

ADSC/DFI Micropile Seminar w/Exhibits 
May 2-4, 2011
Peabody Hotel
Little Rock, AR 
www.adsc-iafd.com/i4a/pages/index.
cfm?pageid=1

Contact Kathleen Jones for details at kjones@adsc-iafd.com

SAGEEP 2011
April 10-13, 2011
Charleston, SC
www.EEGS.org/SAGEEP 

This conference is being held on the sesquicentennial of the 
first shots of the United States Civil War at nearby Fort 
Sumter. It will feature a keynote address by Dr. John M. 
Reynolds, author of the popular text “An Introduction to 
Applied and Environmental Geophysics.” More than 250 
abstracts were received for a technical program that will be 
comprised of four concurrent sessions. Three special 
sessions are being held, along with several others that were 
developed in conjunction with the Society of Economic 
Geologists (SEG) and American Geophysical Union (AGU). 
The University of Texas’  T-Rex vibroseis truck will be on site 
for a liquefaction simulation demonstration. Several 
educational short courses and workshops will be offered, 
along with numerous vendor presentations and a 
commercial exhibition. Conference registration is opening 
soon.

Industry News

ASDSO Awards Dam Safety Scholarships

The Association of State Dam Safety Officials (ASDSO) 

announced the winners of its 2010-2011 Senior 
Undergraduate Scholarship and the Northeast Regional 
Council for Safe Dams (CSD) Scholarship. This is the 
nineteenth year of the ASDSO Scholarship Program and the 
second year that the CSD has awarded a scholarship.

ASDSO awarded a $7,500 Senior Undergraduate 
Scholarship to Brian Bellmore, a 5th-year undergraduate 
pursuing bachelor’s degrees in civil engineering and 
surveying engineering at Michigan Technological University. 
Brian’s extra-curricular activities include intramural sports, 
the Lambda Sigma Honor Society, and student membership 
in the American Congress of Surveying and Mapping and 
ASCE. He has completed six summer internships with 
engineering firms in four states. Following his graduation in 
May 2011, he plans to embark on a career as a civil engineer 
specializing in water resources.

CSD awarded a $2,500 scholarship to Erin Dovel, a senior 
at the College of New Jersey.  Erin is majoring in civil 
engineering and focusing on hydrology.  Her activities 
include The College of New Jersey’s Engineering Honor 
Society, Phi Kappa Phi Honor Society, the Society of 
Women Engineers, and ASCE.  She is interning with the 
New Jersey Department of Environmental Protection 
Dam Safety Section and after graduation in May 2011, she 
plans to pursue a master’s degree in water resources or 
environmental engineering.

ASDSO President and Scholarship Committee Chairman 
John Moyle notes, “ASDSO is proud to play a role in the 
development of our nation’s future leaders.  We hope these 
scholarships will help direct these two outstanding students 
to careers in dam safety.”

Applications for ASDSO’s 2010-2011 Dam Safety 
Scholarships are now available at www.damsafety.org.         
The deadline for applying is April 1, 2011.

Jane Vincent Sworn in as HUD Regional 
Administrator

Jane C. W. Vincent was sworn in on December 13 as HUD 
Regional Administrator for Region III, the Mid-Atlantic 
region that includes PA, VA, W.VA, MD, DE and D.C.  
Vincent will serve as HUD’s liaison to mayors, city 
managers, elected representatives, state and local officials, 
congressional delegations, stakeholders, and customers. She 
is responsible for overseeing the delivery of HUD programs 
and services to communities, as well as evaluating their 
efficiency and effectiveness. 
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“Jane has extensive public service and private sector 
housing and development experience that will make her an 
invaluable asset to HUD and the communities we support 
along the eastern seaboard,” said Donovan. “Her expertise 
includes the analysis of issues related to supply and 
demand of affordable housing, residential development 
potential in urban downtown districts, and transit-oriented 
development projects, all of which are priorities in HUD’s 
efforts to revitalize communities.”

TDA in use for Interstate at Dixon Landing.

TDA and Its Lightweight Characteristics

Tire-Derived Aggregate (TDA) provides a cost-effective 
alternative to conventional aggregate for use in lightweight 
backfill projects. It is also good for the environment because 
it reduces the need for mined aggregates such as gravel, and 
keeps thousands of tires out of landfills and stockpiles with 
every application.

TDA is an excellent lightweight fill alternative when 
constructing highway embankments on weak soils because 
it weighs 50 percent less than conventional soil fills. As a 
result, these embankments have greater stability with less 
settlement.

TDA has been used to construct large embankments in two 
major projects in California. The first was in 2000 at the 
Interstate 880 interchange at Dixon Landing in Milpitas. 
The project used 660,000 waste tires and saved California 
taxpayers nearly $240,000. The second project, completed 
in 2009, was at Confusion Hill along U.S. 101 near 
Garberville where 270,000 waste tires were used and saved 
the state an estimated $320,000. 

For more information:  www.PavingGreenRoads.com 

Restoration Experts Put Finishing Touches on 
Leaning Tower of Pisa 

The Tower of Pisa was declared a World Heritage Site by the 
United Nation’s cultural organization UNESCO in 1987, 
but was closed to public in 1990 as experts feared it would 
topple over. 
 
“The tower was on the 
verge of collapse, but 
we managed to stop the 
tilt and secure it,” said 
Giuseppe Bentivoglio 
of the Opera Primaziale 
organization that 
preserves the structure. 
The tower, which weighs 
some 14,500 metric 
tons and is over 183 ft. 
on its highest side, was 
reopened in 2001 after 
undergoing an 11-year 
restoration from 1990 
to 2001. The restoration 
stabilized the building’s 
lean, reducing it from 5.5 
degrees to 3.99 degrees. 
Experts are not sure of 
the reason behind Pisa’s 
famous lean, but is said 
to have been caused due to a flawed design which had set a 
three-meter foundation in weak, unstable subsoil.  

The tower is also being cleaned of sea salt, pigeon 
droppings, and tourist graffiti, giving it a shiny glamour. 
Restorers used lasers, chisels, and syringes to clean the 
tower’s 24,424 blocks of stone before the scaffolding comes 
down early this year. 
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To submit information for Geo-Strata magazine, or 
possible posting on the Geo-Institute web site at www.
geoinstitute.org, send us brief news about your recent 
honors, awards, special appointments, promotions, etc. 
High-resolution photos must be sent as separate files. 
Send to geo-strata@asce.org. Sales-oriented content should 
be directed to Dianne Vance, Director of Advertising at 
(703) 295-6234.
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1 in 8 Americans is struggling with hunger. 
Including people like your office secretary on her 
way to work, the cashier at the grocery store,  
or your old friend from high school. Who’s the  
1 in 8 in your life that needs help?

Go to feedingamerica.org to see how your 
support can help those in need.
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friendly Geosynthetics are known for strength and 

long-lasting durability.  That’s important to you and the 

planet because today’s designs call for reinforcement 

products that ensure your project will endure well 

into the future.  It’s good to know when you’re trying 

to keep costs from raining down on your project. 

Applications for Embankments • Walls • Slopes • Airport Runways  

Canal Liners • Landfill Capping Systems • Encased Columns  

Mining • Roadways • Railroads • Levees

Geogrids Geotextiles Geocomposites
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