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GARRY H. GREGORY

From the President

I
t’s the fall of 2017; the Geo-Institute is 21 years old! We are two 
decades plus one year down the road from our founding in 
October 1996.

As I prepare my final From the President message for GEOSTRATA, I want to first thank 
you, the membership, for the honor and privilege of serving as your G-I President this past 
year. Looking back, I believe that together we’ve accomplished much. However, there’s much 
work still to be done for the G-I to reach maturity and completely fulfill our organization’s 
originally-intended purpose. In August 1997, Scott Litke titled his “Editor’s Note” in 
Foundation Drilling Magazine “Will/Can the Geo-Institute Live Up to Its Promise?” It’s useful 
to review some of Scott’s thoughts and comments from that column.

Litke stated, “An essential platform of the G-I's stated mission is to reach out to all of 
those involved in the geotechnical industry, be they academician, design practitioner, 
constructor, or product and service provider, and to offer them a format for engagement.” 
He cautioned:

If the G-I is to fulfill its mission, it will have to not do business as usual. A cumbersome 
committee mentality must be replaced by action-oriented task forces. G-I conferences 
will have to include ample opportunities for non-traditional (meaning non-academic) 
dialog. This can be accomplished by including case history presentations, and 
non-publication-oriented technical papers. Panel formats in which presenters can 
draw on their own experiences rather than prepare lengthy, juried papers would be 
desirable. This is not to say that academic and research-oriented presentations should 
be eliminated, but rather that the overall program structure be "inclusive" rather than 
"exclusive." There is room at the table for all engaged in the geotechnical enterprise.

We’ve achieved some of these goals, especially related to overall membership distribu-
tion, as illustrated on the “Today’s G-I” graphic included with this article. But we still struggle 
with providing adequate engagement opportunities for practitioners, including members of 
private-practice firms, contractors, supplier/equipment firms, and government entities.

Our annual Geo-Congress participation is still largely dominated by academics. The annual 
conference serves the academic community quite well, and we don’t want to diminish that 
opportunity, but we also must focus on the largest sector of our membership, practitioners. 

Down the Road Two 
Decades Plus One
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Realistically, attendance at the annual Geo-Congress by 
significantly larger numbers of practitioners is not very likely. 
Private practice firms cannot justify multiple staff being diverted 
from billable time and project progress for four or five days to 
attend the annual conference and incur substantial travel and 
registration costs as well. On the other hand, it’s much more 
practical and cost-effective for larger numbers of practitioners 
to attend one- or two-day regional or local conferences. In the 
past several years, the G-I Board of Governors (BOG) has had 
an initiative in place to provide mechanisms to “push out” the 
great technical content for emerging-state-of-the-practice from 
the Geo-Congress and from the technical committees to practi-
tioners at the local and regional level. A “Regional Conferences” 
board-level committee has been established to promote and 
coordinate this activity. Our technical committee annual budgets 
have been increased and refocused on special projects oriented 
toward practical applications useful to practitioners. Much work 
is left to be done in efficiently delivering technical content to 
the large practitioner segment of our membership, but we have 
started on this path.

To better serve the entire membership, the BOG has 
launched an initiative to develop a “Digital G-I” to facilitate 
and improve member services related to interaction among 
common-interest groups and to make it easier for members 
to access publications, information, paper management, and 
services quickly and at reduced costs. There is also much work 
left to be done in this category.

One of the greatest challenges facing the BOG is being able 
to efficiently move forward in an entrepreneurial manner 
while dealing in many instances with the bureaucracy and 
inefficiency of the ASCE departments and staff. ASCE is a great 
professional society that has generally served the civil engi-
neering profession well for many decades, but oftentimes there 
has not been sufficient recognition of and cooperation with the 
many volunteer members who produce the vast majority of 
the ASCE revenue at considerable time and direct cost incurred 
by the volunteers. The BOG is working diligently with ASCE 
staff to improve efficiency and develop a smoother working 
relationship, which will benefit both the G-I and ASCE.

Despite the challenges, the G-I has grown to more than 
13,000 members and has consistently been “in the black” with 
respect to annual operating budgets in recent years. I’m con-
fident that the great volunteer membership, working together 
with future G-I officers, Governors, and ASCE, can propel the 
Geo-Institute to achieve full maturity and fulfill the intended 
purpose of being the home for the geo-profession.   

Garry H. Gregory, PhD, PE, D.GE, M.ASCE
Geo-Institute President
ggregory@gregeo.com

The G-I’s membership profile as of 2017.

Today's G-I
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From the Editorial Board

Rock engineering is a relatively modern 

engineering discipline. Even though 

rock was studied in an academic 

laboratory as far back as the late 1700s, 

early engineers and constructors of 

that and later periods lacked under-

standing of material stiffness and 

strength properties, not to mention 

stratigraphic and structural domains 

that often govern deformations. 

However, over the past 250 years, 

our profession’s understanding of the 

mechanical properties of rock has 

advanced considerably. Even more 

importantly, our understanding of 

engineering geologic considerations 

has strongly influenced the success 

of engineered projects involving 

rock excavation and rock-structure 

interaction. The greatest risk on any 

civil project typically stems from the 

uncertainty associated with subsurface 

conditions. Detailed and accurate 

investigations are required to collect 

appropriate data and perform sufficient 

analyses under the supervision of 

experienced professionals. Each of 

the articles in this issue of GEOSTRATA 

includes some element of risk-based 

design, leans on the principles of engi-

neering geology, and/or includes the 

application of technological improve-

ments based on the lessons of the past.

MARK K. SEEL 

What’s Inside?
The articles in this issue cover rockfall 
assessment and prevention, as well 
as rock mass characterization and 
stabilization. “Risky Business,” by Scott 
Anderson, Marilyn Dodson, and Ty 
Ortiz, outlines the challenges and risks 
associated with applying rockfall hazard 
rating systems (RHRS) as developed to 
manage risk along highway corridors. 
The authors found that often the RHRS 
provided scores that did not represent 
the risk.

“Stabilizing the Cliffs of Alcatraz 
Island,” which is my own contribu-
tion to this issue, discusses some 
considerations for preserving cultural 
and natural resources at the famous 
landmark in San Francisco Bay. In 
particular, the article reviews the design 
process that attempts to balance the 
paradigms of science and engineering 
to help ensure maintaining place-based 
authenticity of each visitor’s experience.

“Rock Glue Gets the Job Done,” by 
Brian Banks, Mounir Abouzakhm, and 
Mohammed Elias, examines the applica-
tion of an alternative slope stabilization 
method used along a scenic roadway. 
Polyurethane resin (PUR) has been 
used to control seepage and to stabilize 
underground opening roof stratum for 
over 50 years, but the substance has seen 
limited utilization in stabilizing rock 
slopes, mostly due to cost and quality 
control pitfalls associated with non- 
uniform distribution of the highly 
viscous substance into fractured media.

“Photogrammetry for Rock 
Engineering,” by Fulvio Tonon, offers a 
comparison of above- and below-ground 
applications of photogrammetry, 
including a discussion of advancements 
in various technology platforms.

“Borehole Geophysics,” by Xiong 
(Bill) Yu, discusses the application of 
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geophysical testing deep within the rock 
mass to provide supplemental data for 
designers. The article covers several 
methods that can provide geotechnical 
engineers with the data needed to better 
understand rock-structure interaction.

In this issue’s GeoCurmudgeon, John 
Bachner writes an amusing satire about 
technological evolution and its potential 
impact on the geoprofessional. John 
concludes that our salvation rests in our 
engineering judgment.

Professor David Rogers covers 
the broad and storied history of rock 
excavation and some relatively recent 

advancements in engineering design 
practice in his “As I See It” commentary, 
entitled “2,700 Years of Rock Excavation. 
So Why Only 50 Years of Rock Eng-
ineering?” As excavation equipment  
and methods have become more 
sophisticated over the past 50 years, 
the amount of subsurface information 
required for design and available from 
owners has increased – a trend that is 
expected to continue.

This issue’s GeoLegend is Robin Fell. 
In his interview with Bryant Robbins 
and Bobby Rinehart, Professor Fell 
provides insight to the many lessons he 

has learned in his 50 years of profes-
sional experience. Perhaps none more 
important than the essential need to 
include solid engineering geology inputs 
into geotechnical models.

Finally, this issue also features Mary 
Nodine’s poetic treatment of “Erosion”; a 
must-read for the geologist in all of us!  

This message was prepared by MARK K. 

SEEL, PE, PG, M.ASCE. He can be reached 
at mseel@langan.com.
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Board of Governors Update

G-I Board of Governors
Garry H. Gregory  
PhD, PE, D.GE, M.ASCE 
President 
ggregory@gregeo.com 
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Youssef M.A. Hashash,  
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Vice-President 
hashash@illinois.edu
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Other Activities: ASCE Publication Access, SEI 
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Beth A. Gross  
PhD, PE, D.GE, F.ASCE 
Treasurer  
bgross@geosyntec.com

 
Committees: Awards, GEOSTRATA, ISSMGE 
Fund, Technical Coordination

Other Activities: ASTM Collaboration, Specialty 
Conferences

Kord Wissmann  
PhD, PE, D.GE, M.ASCE 
Past President 
kwissmann@geopier.com

 
Committees: Organizational Member, Past 
Presidents, Regional Conferences

Other Activities: Committee Summit Meeting, 
GBA Collaboration

James G. Collin 
PhD, PE, D.GE, F.ASCE 
jim@thecollingroup.com 
 

Committees: Local Involvement

Other Activities: DFI and FHWA Collaboration

Patrick J. Fox  
PhD, PE, D.GE, F.ASCE  
pjfox@engr.psu.edu 
 

Committees: Continuing Education, Outreach 
& Engagement, Student Participation, Technical 
Publications

Other Activities: Member Survey, USUCGER 
Collaboration

Robert B. Gilbert 
PhD, PE, D.GE, M.ASCE   
bob_gilbert@mail.utexas.edu 
 

Committees: Regional Conferences

Other Activities: Geo-Institute Risk Design 
Standards (GI-RDS)

Kancheepuram N. Gunalan 
(a.k.a. “Guna”) 
PhD, PE, D.GE, F.ASCE 
k.n.gunalan@aecom.com  
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Brad Keelor 
Secretary and G-I Director 
bkeelor@asce.org 
 

Manages the day-to-day activities of the G-I

2018 Annual Operating Plan
In July, the Board of Governors held a two-day summer meeting 

that focused on developing a 2018 annual operating plan. Of the 

seven initiatives identified, we will focus on:

 o Re-imagining our conferences

 o Initiating our Digital G-I

 o  Advancing ASCE’s Grand Challenge to reduce infrastructure life 

cycle costs through innovation

 o Replenishing our Student Participation Fund

When you renew your ASCE membership for 2018, please 

consider making a voluntary contribution to the G-I. Although 

not stated on either the online or paper renewal forms, all 

voluntary donations to the G-I are used solely for the Student 

Participation Fund.

Cross-USA Lectures
Our 2017-2018 Cross-USA Lecturer is Andrew J. Whittle, 

PhD, M.ASCE, the Edmund K. Turner Professor of Civil and 

Environmental Engineering at MIT. His lecture topics are:

 o Advances in the prediction and control of ground deformations

 o  Integrated numerical modeling and measurements of excavation 

support systems 

 o Prediction of ground movements associated with tunneling

 o  Pitfalls and challenges for reliable analyses of staged construc-

tion on soft ground

Nineteen G-I Chapters and Graduate Student Organizations 

(GSOs) have applied to host the Cross-USA Lecture. The 

lecture schedule is being developed and will be posted 

at: chapters.geoinstitute.org/cross-usa-lecture-tour/

cross-usa-lecture-tour-2017-2018.
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Zornberg

The Geosynthetics Committee, chaired by 
Jorge Zornberg, PhD, PE, F.ASCE, met at 
Geotechnical Frontiers 2017 this past March 
to collect technical information about 
design frameworks for geosynthetic-
reinforced walls. The results will be provided 
to the American Association of State 

Highway and Transportation Officials and the Federal Highway 
Administration, who will rely on the Committee’s input as they 
revise their key technical guidelines on the use of geosynthetics 
in geotechnical infrastructure. Such initiatives may have 
long-lasting impact on the philosophy that will be adopted for 
the design of key geotechnical systems. This working compo-
nent meeting and associated planning meeting involved 46 
technical committee members and associated experts.

Gazzarrini

The Grouting Committee, chaired by Paolo 
Gazzarrini, PEng, M.ASCE, has been 
extremely busy this year in organizing 
Grouting 2017, a specialty conference in 
Waikiki, HI, held in July 2017. This 5th 
International Grouting Conference wel-
comed approximately 340 attendees.  

More details about this event will appear in the next 
GEOSTRATA issue.

Meanwhile, the Committee has developed an outreach 
presentation on the subject of grouting. Participants will make 
presentations to different G-I chapters beginning this fall and 
winter. The Outreach Subcommittee met in Orlando during the 
Geotechnical Frontiers conference in March 2017, and finalized 
the presentation. The Committee is discussing the possibility of 

developing additional, readily available, 
specialized lectures that can be made 
available to ASCE-G-I chapters.

The Committee also has been in con-
tact with the ASTM D18 Committee. As a 
result, the ASTM D18-16 Subcommittee 
on Grouting has been reinstated, which 
will further increase the collaboration 
and interaction between ASCE and 
ASTM toward developing more 
coherence between ASCE guidelines 
and ASTM standards. The effort should 
mutually benefit both organizations as 
well as the grouting industry. For more 
information, contact Paolo Gazzarrini at 
paolo@paologaz.com. 

Technical Activities Update
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Technical Committees
COMMITTEE COMMITTEE CHAIR EMAIL ADDRESS

Computational Geotechnics José E. Andrade, PhD, M.ASCE jandrade@caltech.edu 

Deep Foundations Luis O. Garcia, A.M.ASCE logarcia@geocim.com

Earth Retaining Structures Anne Lemnitzer, PE, M.ASCE alemnitz@uci.edu

Earthquake Engineering and Soil Dynamics Adrian Rodriguez-Marek, PhD, M.ASCE adrianrm@vt.edu

Embankments, Dams, and Slopes J. Erik Loehr, PhD, PE, M.ASCE eloehr@missouri.edu 

Engineering Geology and Site Characterization Xiong “Bill” Yu, PhD, PE, M.ASCE xxy21@case.edu

Geoenvironmental Engineering Dimitrios Zekkos, PhD, PE, M.ASCE zekkos@umich.edu

Geophysical Engineering Brent L. Rosenblad, A.M.ASCE rosenbladb@missouri.edu

Geosynthetics Jorge G. Zornberg, PhD, PE, M.ASCE zornberg@mail.utexas.edu

Geotechnics of Soil Erosion Ming Xiao, PhD, PE, M.ASCE mxiao@engr.psu.edu
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Pavements Charles W. Schwartz, PhD, M.ASCE schwartz@umd.edu
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Rock Mechanics M. Ronald Yeung, PhD, PE, M.ASCE mryeung@cpp.edu

Shallow Foundations Derrick D. Dasenbrock, PE, F.ASCE derrick.dasenbrock@state.mn.us

Soil Improvement Kord J. Wissmann, PhD, PE, D.GE, M.ASCE kwissmann@geopier.com
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Editor’s Note: Bob Bachus introduced us 
to DIGGS, its history, current status, and 
future in his article “The Wait Is Over...
DIGGS Is Here!” in the January/February 
2017 issue of GEOSTRATA. This article 
provides an update on the implementation 
process ongoing with state agencies, ven-
dors, and sponsors all coming on board to 
move DIGGS forward.

DIGGS (Data Interchange for Geotechnical 

and Geoenvironmental Specialists) is a new 

standard format for transferring geotechnical 

and related data in our industry. Developed 

by a state-pool funded study, this protocol 

will allow true data to be captured and trans-

ferred readily between recording devices, 

databases, and production software tools, 

thereby improving efficiency and reducing 

errors across our industry.

A common data format like DIGGS 

always goes through a dormant period 

before adoption. That’s because, although 

the format has been defined, no applications 

can read or write it. It’s a classic version of the 

chicken and the egg scenario; software pro-

viders are not able to write software until the 

application’s format is ready, and it’s difficult 

to test the format until software is ready.

This problem is aggravated further 

by another chicken and egg standoff. 

Software companies won't develop 

software until there’s a demand for the 

format, and clients won't specify it and 

thereby create the demand until software 

can use the application to manipulate 

the files. So, a chicken and egg standoff 

is the first major test for any new transfer 

format. And without support of leading 

software companies and clients, it can 

be difficult to push through this period 

of dormancy. Fortunately, DIGGS is 

now starting to emerge from this tricky 

period, thanks to early adopter software 

companies creating tools and services, 

and clients starting to specify future 

requirements for the format.

Late last year, Keynetix, the software 

company behind HoleBASE SI and 

KeyLAB, created a DIGGS Feedback 

Tool that enables beta testers to create 

DIGGS files using boring log and field 

and laboratory test data entered from an 

Excel spreadsheet. The tool also includes 

routines to pull data from gINT or convert 

HoleBASE SI export formats. This tool is 

free to use, and Keynetix provides online 

training to help testers get started as part 

of its support for DIGGS. To complement 

this tool, Dataforensics, the company 

behind pLog and RAPID CPT, has created 

a web service that allows users to upload 

a DIGGS file and export formats that 

can be loaded into gINT or HoleBASE SI. 

Currently, this web service is limited to 

CPT data in a DIGGS format.

These two tools were used in the 

demonstration of data transfer from 

gINT to HoleBASE SI and back again at 

the DIGGS meeting, held in conjunction 

with the Transportation Research Board’s 

annual meeting in January of 2017. This 

important event represents a big step 

forward in demonstrating the power of a 

standardized data transfer format for the 

U.S. geotechnical industry. The commit-

ment of software companies to support 

the format is vital, but so is the adoption 

of specifications to use DIGGS in agency 

and owner contract documents.

The specification of DIGGS is 

also moving forward with the Ohio 

Department of Transportation (ODOT). 

ODOT’s assistant administrator, Stephen 

Taliaferro, presented ODOT’s vision for 

DIGGS at the organization’s Geotechnical 

Consultant Workshop on June 7, 2017. 

ODOT is adopting a two-stage approach 

that requires submitted data to be con-

verted into DIGGS format by an internal 

team at ODOT beginning January 2018, 

followed by migrating the conversion 

process to its consultants by July 2018.

With other DOTs now looking closely 

at how ODOT is progressing, it may be a 

No More 
Chickens 
or Eggs  
for  
DIGGS!

By Allen Cadden, PE, D.GE, F.ASCE
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good time to learn more about the DIGGS 

format and understand what the benefits 

and impact will be for your organization. 

The free DIGGS Feedback Tool and train-

ing supplied by Keynetix is a great place to 

start this investigation.

The DIGGS Feedback Tool employs 

a simple method of building DIGGS XML 

files using snippets of data. This makes it 

easier for engineers to understand how a 

DIGGS file is constructed and what data 

can be included in a file. There are many 

example snippets available to get started 

with the DIGGS feedback tool, and more 

are being added monthly.

“Having supported the DIGGS project 

and attended all committee meetings since 

2005, it’s great to see DIGGS finally making 

the final push to adoption," said Dr. Roger 

Chandler, managing director of Keynetix. “We 

have seen common data formats change the 

way and efficiency with which geotechnical 

industries work around the world, and we are 

dedicated to helping make DIGGS the next 

generation of data formats.”

Some users and students are now 

creating their own snippets to export 

their data in DIGGS format. They are also 

writing web-based routines to process, 

analyze, and present the contents of these 

files. ConeTec, an international site inves-

tigation company, has also committed to 

start implementing DIGGS within its CPT 

software applications. Others have joined 

as supporters of DIGGS, and will likely 

begin their own developments shortly.

DIGGS is the HTML for the geotech-

nical community. The HTML format has 

evolved only a small amount in the last 10 

years, but the applications that use it have 

significantly increased in sophistication. 

We may be on the verge of a similar trans-

formation in the way our geotechnical 

teams communicate. You should get 

prepared for the future!

More information on the tools available 

can be found at diggsml.org/tools.

j ALLEN CADDEN, PE. D.GE, F.ASCE,  

is the chair of the Geo-Institute’s (G-I)  

DIGGS Committee and a former president  

of the G-I. He can be reached at  

acadden@schnabel-eng.com.

GeoCartoon

Editor's Note:  

For a short time many years ago, a 

G-I member volunteered to create 

geo-focused cartoons for GEOSTRATA. 

Since then we have reprinted just a few 

cartoons from copyrighted sources. We'd 

love to restart this fun feature with car-

toons like this one. If you see a cartoon 

with a geotechnical focus — or if you 

know a budding cartoonist who would 

like to help us out — please contact Jim 

Withiam at jlwithiam@dappolonia.com.
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2,700 Years of Rock Excavation. 
So Why Only 50 Years of  
Rock Engineering?
By J. David Rogers, PhD, PE, PG, F.ASCE

Engineered excavation of rock dates back at least 2,718 years, to the comple-

tion of Hezekiah’s Tunnel in Jerusalem in 701 BC. That tunnel was advanced 

from opposing portals simultaneously. The much longer Tunnel of Eupalinos 

on Samos, a Greek island, was also excavated from both portals, and com-

pleted in 520 BC. Despite these early accomplishments, rock engineering has 

only emerged as a specific discipline during the past 50 years, coinciding with 

the 1st International Congress on Rock Mechanics in 1966 and the 1st North 

American Rapid Excavation and Tunneling Conference in 1972.

The Oroville Dam spillways in California. (Photo courtesy of the California Department of Water Resources.)

As I See It
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shaft to facilitate four simultaneous 
headings, and the first American project 
to use nitroglycerin. In 1868, the Union 
Pacific Railroad was the first to employ 
steam shovels to excavate rock cuts 
in Wyoming and Utah, 30 years after 
William Otis patented the steam shovel.

The largest public works project in 
America before 1900 was the 28-mile-
long Chicago Sanitary & Ship Canal, 
which required excavation of more than 
42 million yds3, a substantial portion 
of which was limestone that required 
blasting and mechanical excavation. 
The project ran from 1892 to 1900, 
cost $70 million, and influenced many 
aspects of subsequent rock excavations, 
including the Panama Canal.

During construction of the Panama 
Canal (1904-1915), nearly half of the 
project’s 24,000 workers were involved 
with drilling and blasting. A total of 377 
drill rigs advanced up to 475,000 lineal 
ft of boreholes per month, while con-
suming 800,000 sticks of dynamite every 
30 days. As the blasting crews gained 

more experience, they were able to 
decrease the amount of dynamite from 
0.73 lbs/yd3 of excavation in mid-1908, 
to just 0.36 lbs/yd3 by the late summer 
of 1910 (61 million lbs of dynamite were 
expended on the project). Sixty-eight 
steam shovels were used to load 160 
muck trains per day, and crews com-
peted with one another for bonuses and 
status, with a record monthly excavation 
of 2,054,088 yds3 in March 1909.

In the 1920s, rock excavation tech-
niques were gradually honed for railroad 
and highway tunnels, and on dams of 
increasing stature. The most famous of 
these was the Boulder Canyon Project 
along the Lower Colorado River near 
Las Vegas. Its price tag of $165 million 
was the largest federal appropriation in 
American history when work began in 
1931. The construction of Hoover Dam 
was the largest element, requiring $53 
million. The project was so large that it 
required a joint venture of eight firms, 
called “Six Companies,” which over the 
course of 4½ years employed 21,000 

The sheer volume of 

geoinformation contained in 

today’s contract documents 

is more than 1,000 times the 

information that contractors had 

to work with just 50 years ago.

Some Historical 
Accomplishments
North American projects have figured 
prominently in the development of rock 
engineering. The first major challenge 
was the 3,118-ft-long Paw Paw Tunnel 
on the Chesapeake & Ohio Canal in 
Maryland. Excavated between 1836 and 
1850, the construction lasted more than 
10 years past its scheduled completion. 
While it progressed at a snail’s pace, the 
Baltimore & Ohio Railroad supplanted 
the canal as the primary means of 
commercial transit across the Allegheny 
Mountains and into the Ohio Valley.

The 4.57-mile-long Hoosac (railroad) 
Tunnel in western Massachusetts began 
in 1851 with a budget of $2 million, but 
was not completed until 1875, after 
expending a whopping $21 million. The 
Central Pacific Railroad encountered 
similar problems when it excavated 
the 1,659-ft-long Summit Tunnel over 
California’s Donner Pass between 1866 
and 1869. It was one of the first rail 
tunnels to employ an auxiliary access 
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men, with a workforce averaging about 
3,500 at any given time.

Hoover Dam set numerous records 
and standards, including:

 o  The largest diameter hard rock tunnels 
(four 56-ft diameter bores with an 
average length of 4,000 ft)

 o  The first use of drilling jumbos 
(supporting 24 to 30 jack-legs)

 o  The largest traveling slip forms to 
place the 3-ft-thick tunnel lining, 
excavation of more than 6 million yds3 
of rock, and channel fill

 o  The largest cofferdams constructed up 
to that time (1,173,000 yds3)

 o  The largest mass concrete dam in the 
world (3.4 million yds3)

 o The highest dam in the world (726 ft)

Six Companies realized a record 25 
percent gross profit because they com-
pleted excavation of the four diversion 
tunnels 14 months ahead of schedule, 
and they employed an unbalanced bid, 
charging $8.50/yd3 for rock excavation 
($3.50/yd3 being the assumed unit cost) 
and just $2.70/yd3 for mass concrete 
in-place (the Bureau of Reclamation’s 
assumed cost was $3.25/yd3). The 
rock excavation was scheduled for the 
first 2½ years of the project and the 
placement of mass concrete in the 
third through fifth years. This disparity 
changed the manner by which unit 
prices were negotiated on government 
contracts thereafter.

Some Rock Engineering 
Advancements
The past seven decades have witnessed 
an accelerated development of spe-
cialized techniques and equipment for 
dealing with the intrinsic eccentricities 
of rock excavation. Some of the most 
important have been:
1.  Road-header mechanical excavators 

were initially developed for the 

American coal mining industry in 
1949. They are now being developed 
to operate remotely, without an 
operator touching the machine. The 
mechanization of rock excavation will 
continue to evolve.

2.  Rock bolts were developed around 
1956 for the underground power 
plants of Australia’s Snowy Mountains. 
These were quickly adopted on 
American projects in the early 1960s, 
including Hoover, Glen Canyon, and 
Reudi dams, as well as most hard rock 
mines by the 1970s. Rock tendons 
were used for the first time at Morrow 
Point Powerhouse in Colorado in 
1967, and have become the prime 
elements of rock reinforcement where 
large tensile capacities are required.

3.  Tunnel-boring machines (TBMs) were 
first employed in 1952 at Oahe Dam 
diversion tunnel, but little thereafter 
until the mid-1960s on the Bay Area 
Rapid Transit District tunnels in San 
Francisco, CA. In the early days, TBMs 
experienced challenges with mixed 
face conditions, faults, and brecciated 
shear zones, but these problems have 
now been solved. Today, micro TBMs 
and directional drilling/trenchless 
technology are sweeping across North 
America and the rest of the world.

4.  The introduction of finite element 
modeling of rock masses by Dick 
Goodman at Cal Berkeley in 1963 has 
led to an array of software programs 
and modeling techniques that have 
revolutionized rock engineering. 
These tools now include finite differ-
ence and discrete element methods, 
keyblock theory, discontinuous 
deformation analysis, etc., using 
commercial programs such as FLAC, 
UDEC, and KUBRIX/BlockRanger.

5.  Non-destructive assessments using 
geophysics continue to evolve, 
and will undoubtedly supplant 
conventional drilling as the primary 

screening method for site character-
ization. Geophysical methods have 
the advantage of evaluating variances 
in weathering that critically impact 
material properties and excavatability. 
The recent problems with spectacular 
erosion of ophiolite saprolite at the 
Oroville Dam spillways in California 
highlight the troublesome aspects of 
uneven rock weathering and aging 
infrastructure that will challenge 
future generations. As time goes on, it 
will become necessary to focus more 
on the operations and maintenance 
aspects of existing structures and 
facilities than on design and construc-
tion of new structures.

Tunnel projects are expanding across 
densely populated urban centers in 
the U.S., thanks to better methods of 
handling construction claims, through 
the use of geotechnical baseline reports 
and binding arbitration to settle owner-
contractor-engineer disputes. The sheer 
volume of geoinformation contained 
in today’s contract documents is more 
than 1,000 times the information that 
contractors had to work with just 50 
years ago. This trend will likely continue, 
mainly because of increasingly 
sophisticated exploration tools and 
techniques, combined with machinery 
equipped with performance feedback 
that allows more real-time management 
of the excavation, mucking, and support 
installation. One thing is for certain: 
50 years from now, the world of rock 
engineering is going to advance itself far 
beyond where it presently resides.  

j J. DAVID ROGERS, PhD, PE, PG, F.ASCE, 

is a professor and the K.F. Hasselmann Chair 

in Geological Engineering at the Missouri 

University of Science & Technology, and 

a member of ASCE’s History & Heritage 

Committee. He can be reached at rogersda@

mst.edu.

As I See It
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Professor Robin Fell has had a significant influence 
on the geotechnical profession in the areas of risk 
management for dams and landslides. For 50 years, he 

has applied his knowledge of dam engineering, geomechanics, 
landslides, and slope stability to a wide range of projects in 
Australia, New Zealand, the Pacific, North America, Central 
America, and Asia. Professor Fell has worked on more than 100 
dams worldwide, and has been involved in all aspects of plan-
ning, site investigation, design, and construction. Currently 
a professor emeritus at the University of New South Wales 

(UNSW) in Sydney, Australia, he has served as an independent 
consultant for many major projects, including the Panama 
Canal and Gatun Second Spillway in Panama, Hinze Dam in 
Australia, and Mica Dam in Canada.

Fell received his bachelor’s degree in civil engineering in 
1965 and his master of engineering science degree in 1966, 
both from the University of Queensland in Brisbane, Australia. 
Following graduation from the university, he worked as a 
civil and geotechnical engineer on hydropower projects 
and embankment dams for the Australian government. He 
subsequently worked as a geotechnical engineer for Coffey 
and Partners from 1970-1971 and 1977-1985. While with 
Coffey, Fell worked on numerous dams, tailings dams, and 
landslide-related projects, eventually becoming a principal 
engineer and director.

In 1985, Fell left consulting to become a professor of civil 
engineering at UNSW. He also served as head of the School 
of Civil Engineering. It was while holding these positions that 
Professor Fell made his greatest impact on the geotechnical 
profession by authoring more than 100 publications relating to 
internal erosion and piping of dams, as well as the mechanics 
and risk management of landslides. He wrote two well-known 
books: Geotechnical Engineering of Embankment Dams and 
Geotechnical Engineering of Dams. Fell also served as a primary 
author of guidance documents on internal erosion and piping 
of dams and their foundations, published by the International 
Committee on Large Dams (ICOLD), and the USBR/USACE/
URS/UNSW guidance document on risk analysis of internal 
erosion and piping of dams. These publications have played 
significant roles in shaping the risk assessment procedures that 
we use today for assessing internal erosion failure modes of 
dams and their foundations.

Professor Fell also made substantial contributions to 
current guidelines for managing risks due to landslides. 
From 2002-2005, he served as the chair of JTC 1, the 

Robin Fell,  
PE, Fellow Eng. Aust.

Lessons Learned from GeoLegends

By Bryant Robbins, PE, M.ASCE, and Bobby Rinehart, PhD, PE

Professor Robin Fell
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ISSMGE-IAEG-ISRM Joint Technical 
Committee on Landslides and 
Engineered Slopes. He is a Fellow of 
the Engineers Australia, an honorary 
lifetime member of the Australian 
National Committee on Large Dams, a 
member of the Australian Geomechanics 
Society, a member of ISSMGE, and a 
member of the International Association 
of Engineering Geology. He has been 
awarded the E.H. Davis and Jaeger 
lectures by the Australian Geomechanics 
Society, and the Glossop Lecture by the 
Geological Society of London.

Q: How did you become involved 

with geotechnical engineering and, in 

particular, embankment dams?

At the University of Queensland, students 
had to participate in internships during 
their vacation at the end of each year of 
school. As a cadet for a Commonwealth 
government organization, the agency 
selected the jobs that I would work on 
during my 10-week internship. At the end 
of the second year, I was assigned to the 
construction of Sirinumu Dam in Papua 
New Guinea. It’s a steel-faced rockfill 
dam with seven earthfill saddle dams, 
which are auxiliary dams constructed in 
a low spot, or “saddle,” through which 
the reservoir could escape. I spent quite 
a lot of time observing the construction 
of these saddle dams. Considering there 
are only half a dozen or so steel-faced 
rockfill dams in the world, this was quite 
a unique first experience!

I also quite enjoyed geotechnical 
engineering at the university. I majored 
in geotechnical engineering for my 
bachelor’s and master’s degrees. It so 
happened that the first job I obtained 
upon graduation was working on the 
same dam I had worked upon during my 
internship because the reservoir’s water 
levels were going to be raised. So, as a 
22-year-old recent graduate, I was given 
the job of designing these 20-m-high 
saddle dams. This was a challenging 
assignment because the saddle dams 
would be sited on a ridge with very deep, 
weathered rock and lateritic features. 
From then on, I was hooked!

The 1997 Thredbo Landslide in New South Wales, Australia, destroyed two ski lodges 

and caused 18 fatalities.

Q: What prompted you to leave 

consulting after 19 years to become 

a professor?

The main reason was the lack of further 
challenges. I tended to work mainly on 
larger projects, primarily large tailings 
dams and landslide jobs. These projects 
had been very interesting and to a degree 
challenging, but I just couldn’t see myself 
doing this for another 20-30 years until 
retirement. I had also always had an 
interest in becoming an academic. So, 
when the opportunity arose, I pursued it.

Q: Why did you decide to write two 

textbooks?

The origin of the first book, Geotechnical 

Engineering of Embankment Dams, 
was course notes that I had prepared 
for my M.Eng.Sc. students, and notes 
from one-week short courses I had 
taught for practicing engineers from 
around Australia. I had developed lots 
of notes that covered many topics, and 
I realized there was a need for a good, 
practical book with greater emphasis 
on engineering geology. So, with the 
help of two of my engineering geologist 
colleagues, Patrick MacGregor and 
David Stapledon, I wrote the first book, 
which was published in 1992.

By 2002, I realized the first book was 
quite out-of-date, so I started on the first 
edition of the second book, Geotechnical 



Engineering of Dams, which was printed 
in 2005. I put 6-9 months of actual time 
into the book to update it. The 2015 edi-
tion was also a major update, particularly 
in the areas of internal erosion and seis-
mic design. The most important lesson 
from these books is that people don’t ever 
stop learning. I’m 72 years old, and you 
can see how much I’ve learned between 
the various book editions, as the content 
is completely different in some areas. It’s 
important that we all continue to learn!

Q: How important is graduate school 

for students desiring to become 

geotechnical engineers?

It’s essential. Bachelor degree programs 
simply do not have sufficient time to 
allow proper coverage of geotechnical 

engineering, engineering geology, and 
soil and rock mechanics with all of the 
other coursework that’s required. A 
minimum of another year of coursework 
is necessary to obtain the depth of 
coverage of the topic that’s needed. From 
my perspective, any student who wants 
to pursue geotechnical engineering must 
continue on to graduate school.

Q: Are there any topics of study 

that you believe are not adequately 

emphasized in today’s civil engineer-

ing programs for future geotechnical 

engineers? If so, how should students 

obtain the necessary training/

knowledge?

These are difficult questions for me to 
answer because I’m not familiar with 

what’s covered in civil engineering 
programs in the U.S. To answer, I’ll 
assume they are similar to Australian 
programs, which are four years long. 
The content covered includes basic 
science, math, mechanics, structures, 
hydraulics, hydrology, geotechnical 
engineering, construction manage-
ment, and goodness knows what else. 
As a result, there simply isn’t time 
to cover topics such as engineering 
geology and rock mechanics. These 
topics are essential to understanding 
geotechnical engineering. Even at the 
undergraduate level, I would try and 
put some of this content into courses 
for students majoring in geotechnical 
engineering. Other topics, such as 
embankment dam engineering and 
risk analysis, are far too specialized for 
most undergraduate programs.

Graduate school is the obvious 
way to obtain the necessary training. 
I don’t think there’s any way around it. 
If you look at our latest book, it’s 1,500 
pages long — and it doesn’t cover the 
mechanics of certain topics, such as 
liquefaction, in great detail. There isn’t 
enough time in undergraduate studies 
to cover all of the material necessary. 
Alternatively, if the profession required 
a five-year degree program, we would 
be fine. Until then, however, a graduate 
education is necessary.

Q: What are your greatest career 

achievements?

When I graduated with my bachelor’s 
degree, I obtained a University Medal, 
which meant I was the top student in 
my class. There were approximately 
2,000 graduates for the whole university, 
and only about 15 medals awarded. I’m 
certain this is, in part, why I obtained 
the professor position later in life. 
People recognize academic achieve-
ment even later in your career, which 
emphasizes the importance of working 
hard at university.

Becoming a professor was also a great 
achievement and privilege. By becoming 
an academic, one is allowed the time to 
carry out research, attend conferences, 
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Lessons Learned from GeoLegends

From l to r: The authors, Bryant Robbins and Bobby Rinehart.

Fell served on the Peer Review Panel during Stage 3 construction to raise Hinze Dam 
in Queensland, Australia, to its maximum height of 108 m. (Photo courtesy of Hinze 
Dam Alliance.)
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and get to know and work with excellent 
engineers and engineering geologists 
from all around the world.

Being appointed the first chairman 
of JTC 1, the Joint Technical Committee 
on Landslides, was also a great 
accomplishment. I served in this role for 
three or four years. During this time, the 
committee accomplished a lot in terms 
of promoting landslide risk management 
principles and developing guidelines 
for zoning for landslide susceptibility, 
hazard, and risk. These guidelines 
were compiled into the most widely 
cited, refereed publication I’ve ever 
written. The draft of the guidelines was 
developed by me and five others from 
different countries. In the end, we were 
able to get a group of about 40 landslide 
experts from across the globe to agree on 
the content of the guidelines. This was 
quite an accomplishment!

Lessons Learned from GeoLegends
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Fell serves on BC Hydro’s Expert Engineering Panel, which reviews the design, con-

struction, and performance of Mica Dam, a hydroelectric dam on the Columbia River 

in British Columbia, Canada, and one of the largest earthfill dams in the world. (Photo 

courtesy of BC Hydro.)
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Q: You’ve made substantial contribu-

tions to the field of risk analysis for 

embankment dams and landslides. 

What are the greatest benefits of a 

risk-based approach for these areas 

of geotechnical engineering?

For dams, there’s not much doubt that 
the most valuable contribution, if done 
properly, is requiring all of the data for a 
dam to be gathered. Second, analyzing 
potential failure modes forces one to 
consider how a dam could actually fail, 
thinking through the process from the 
loading to the failure mechanism. This 
should cause engineers to better under-
stand their dam, and more importantly, 
what you may still not know about it. 
The other benefit of risk analysis for 
dams is that the process allows all of the 
potential failure modes to be integrated, 
or combined. This allows the relative 
contributions of each failure mode to 

the total probability of failure to be 
considered. Finally, risk assessment 
for dams requires that consequences 
be quantified in a systematic way. The 
combination of failure probability and 
consequences provides a common mea-
sure of risk that can be used effectively 
for prioritizing upgrade works.

For landslides, it’s a bit different. 
The use of quantitative risk assessment 
in landslides is actually more wide-
spread internationally than for dams, 
particularly for rock falls and shallow 
landslides on natural slopes. In a broad 
sense, the really important aspect of 
using risk assessment for landslides is 
that the focus is on what will happen if 
the slope fails. Questions that should 
be asked include: (1) How fast will the 
slope fail? (2) How far will the slide 
travel? and (3) What are the conse-
quences of failure? This is much more 

important than considering a simple 
factor of safety and whether it’s a bit 
low. There are cases where, because of 
the consequences, remedial measures 
may be taken even if the factor of safety 
seems sufficient. For items such as 
rock falls and shallow slides on natural 
slopes, you cannot calculate a factor 
of safety, so risk assessment is the only 
way to assess these hazards.

Q: What words of caution can 

you offer about risk analysis for 

embankment dams?

First, it’s typically difficult to obtain 
annual probabilities of failure (pf

) in 
absolute terms. Instead, it’s far easier 
to estimate p

f
 in relative terms. Second, 

the use of expert elicitation without 
sufficient support by calculations 
and understanding of the controlling 
mechanics, can give widely varying 

Materials Testing Equipment You Can Depend On!

Order Today!  800.444.1508 • www.globalgilson.com

Master Control PanelPro-Loader II 
Load Frame

Triaxial Test ChambersDirect/Residual Shear Machine

HM-380R HM-398
HMA-517 
HMA-518 
HMA-519

HM-350M

Quality. Performance. Reliability.



30 GEOSTRATA SEPTEMBER/OCTOBER 2017

answers. Lastly, there’s too much reliance 
on “case studies” rather than considering 
the detailed mechanics of the processes.

Q: Because construction of new 

embankment dams is growing 

increasingly rare, what advice would 

you give to young engineers inter-

ested in gaining pertinent experience 

with dams?

Work on dam safety reviews; you can learn 
a lot from reviewing existing projects and 
analysis. Work on project upgrades and 
getting out on site during construction. 
Try to work on as many different types of 
dams as possible so you are exposed to a 
wide range of dam types and foundation 
conditions. Lastly, try to work on all aspects 
of dam engineering, not just geotechnical 
engineering, so that you understand all of 
the issues and their interactions.

Q: What are the biggest shortcomings 

or greatest current needs in geotech-

nical practice?

I have a definite answer to this question. 
The lack of good geotechnical models 
with solid engineering geology inputs is 
a real problem today. Far too many peo-
ple put cone penetration test data and 
borings into a computer and draw up a 
diagram without involving engineering 
geologists. This practice results in poor 
geologic models due to the lack of 

understanding of depositional environ-
ments, valley stress relief processes, and 
their relation to soil properties. Another 
problem is when people use numerical 
models but do not understand the soil 
properties needed for, and the constitu-
tive models used in, them. This leads to 
the age-old lament, “garbage in equals 
garbage out.” This is an ever-growing 
problem today with the ready availability 
of computing resources and software.

Another concern is that there are far 
fewer laboratories around today doing 
soils testing. This means it’s far less likely 
that an engineer or engineering geologist 
can actually see and touch the samples 
being tested. And equally concerning 
is the increasing lack of people who 
understand testing and its limitations.

The competitive bidding process 
for engineering services further exac-
erbates these two problems. Cutting 
back as much as possible to save costs 
often results in less testing, lack of 
geological engineering input, and an 
over-reliance on numerical modeling 
using inappropriate material properties 
and geologic models.

Q: What are some upcoming research 

areas for geotechnical engineering 

of dams?

Significant advances are still to be made 
in understanding the mechanics of 

backward (upstream) erosion piping, 
global backward erosion, suffusion, the 
mechanics of detachment of particles in 
plastic soils in concentrated leak erosion, 
numerical modelling of deformations, 
and cracking of embankment dams.

Q: What’s the most important lesson 

you’ve learned during your career?

Take the time to really study and 
understand the project you’re working 
on, whether it’s a research topic or the 
review of a dam. Always seek the original 
data — for example, lab test work sheets, 
foundation mapping and grouting 
records, photographs taken during 
construction, and monitoring data — 
rather than relying on someone else’s 
interpretation. There are almost always 
important facts about the dam that 
others have not found or recognized.

Q: Having worked on dams in a num-

ber of countries, what’s to be gained 

from international experience?

It has been an honor to work with the 
top dam engineers from Australia, 
New Zealand, Canada, the U.S., and 
Panama. That interaction broadens your 
perspective and knowledge. Working 
in Papua New Guinea, Thailand, the 
Solomon Islands, and Fiji early in my 
career allowed me to work in challenging 
geological environments and have a lot 
of responsibility.  
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Lessons Learned from GeoLegends

Fell is currently a member of the Expert Review Panel for Hume Dam in New South 

Wales, Australia, a gated, concrete gravity dam with four earthen embankments used 

for flood control, hydropower, irrigation, water supply, and conservation. (Photo 

courtesy of Water NSW.)
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You’d Better 
Be Planning 
for This
By John P. Bachner

The year is 2027. My car drops me off at 

my office. “Get your oil changed,” I tell 

Snoopy (that’s what I call my car).

“I know to have my oil changed, Geo,” Snoopy says in “his” 
usual, dispassionate, monotone way. “What time shall I pick 
you up?”

“How about 1630 hours,” I respond.
“I will be here.” And I have no doubt it will be. Snoopy’s 

linked to Simon, the vast, Watson-like computer system ded-
icated just to autonomous vehicles. Simon is an engineering 
marvel. By interconnecting with connected vehicles — and 
that’s just about all vehicles, now — each with its own decen-
tralized accident-avoidance systems, traffic density is five 

The GeoCurmudgeon
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times what it used to be, and accidents 
are almost things of the past. New 
roads? Nope. Who needs them? Thanks 
to effective repair and maintenance, 
the roads we had in 2017 are still easily 
sufficient, and might even be sufficient 
through 2037! And good old Simon: It 
will tell Snoopy exactly when to disen-
gage from “his” charging station to be 
outside and waiting for me at 1630.

On the way in, I glance over at the 
American Association of Auto Insurers 
building. “ONE MILLION SQUARE 
FEET AVAILABLE FOR LEASE,” the sign 
proclaims. (It hasn’t been a good year 
for auto insurers: That’s why (despite 
their manufactured concern about 
“Jobs! Jobs! Jobs!”) they tried to have 
Uncle Sam ban autonomous vehicles, 
and more than 100 members of the 
House of Representatives agreed. One 
year later, 57 of those representatives 
didn’t get re-elected, thanks to a shock-
ing display of Americans wising up.

“Good morning, Mr. Curmudgeon,” 
the front-desk greeter says as I enter the 
Engineering Association building. “Good 
morning, Chris,” I say. “And how are you 
today?”

“I am fine, Mr. Curmudgeon. Thank 
you for asking,” Chris responds. Chris 
is a robot, of course, of indeterminate 
gender, but pleasant-enough looking… 
except for the fact that it’s a three-legged 
stool from its “feet” to its “waist.”

“And how are you?” I ask, knowing 
what the answer will be.

“The usual,” Chris says. “And how’s 
Snoopy?”

“Snoopy’s fine,” I say, adding (with 
a force-of-habit male pronoun), “He’s 
having his oil changed today.”

“You’re terrible,” Chris says,  
almost coyly.

“No. He really is having his oil 
changed,” I say.

“Oh,” Chris says. “Sometimes I get 
so confused when it comes to human 
communication.”

“That’s why you fit in so well in the 
engineering building,” I say, heading to 
the elevators, chuckling curmudgeonly 
to myself.

The engineering building isn’t 
nearly as much fun as it used to be, 
because so many of the discipline-
focused groups it used to house are 
too inconsequential to afford the 
rent any more. About 90 percent of 
all structural, mechanical, electrical, 
and plumbing engineering is done 
by computer. Almost half of all civil 
engineering is done the same way, and 
that’s only because they still haven’t 
perfected repair design. And do we 
have repair design! Ever since the 
George Washington Bridge collapse, 
“infrastructure” is just about all the 
politicians can talk about. To my 
mind, though, the collapse — sensor-
predicted; no injuries — was more 
good than bad. The rebuilding will 
employ about 300 people — mostly 
engineers, too — telling the robots 
what to do, especially the 3D-printer 
operators. And it’s so neat to see the 
robots work on site. No hard hats. 
No goggles. No steel-toed shoes. It’s 
amazing how much we save by not 
having to worry about robot “health” 
and safety. Still, I miss the old days 
when human workers would sit on 
a beam and talk to passers-by. I tell 
my nephew Eddie — he’s a fifth-level 
Certified Robot Programmer (CRP) — 
that he needs to program his charges 
to talk with a Brooklyn accent, because 
it’s so movie-classic for construction 
workers to “Hey. Hey. Hey.” followed 
by a stream of Brooklynese. “No way, 
Uncle Geo,” is his usual response. The 
kid lacks a sense of humor.

“Good morning, Geo,” I hear as I 
near my firm’s office. It’s Jamie, the 
office-manager robot.

“Is it another lonely day for you?”  
I ask.

“I miss all my friends,” Jamie 
responds. “But I’m still a bit excited: 
You and I will be dealing with some big 
changes soon.”

“How so?” I ask.
“I’m being programmed to do 

finite-element analysis,” Jamie answers. 
“And when they’re done with me, we’re 
both out of here.”

“I’m not,” I say. “As a geo I still have 
to exercise judgment and provide 
creative solutions to puzzles Mother 
Nature throws our way. I’ll be needed for 
another 10 years.”

“Three,” Jamie says, adding, “If you’re 
lucky.” And I know Jamie’s right. Maybe 
optimistic. Bummer.

I head into my office, festooned with 
a variety of this and that — souvenirs, 
mementos, kids’ camp-pottery projects 
— and take a seat. I thank my lucky stars 
that I chose a geotechnical-engineering 
career. It’s still about the only form of 
engineering that robots and computers 
can’t do. Those suckers can even do 
robotic programming, which I find 
just so ironically amusing! (I bet Eddie 
doesn’t!) But it’s not all that amusing. 
My son and daughter-in-law have 
decided to forgo parenting. “This is no 
world to bring kids into,” my son told 
me. “I have a PhD,” he laments, “and 
I’m lucky to have a job as a plumber, for 
the time being at least.” So there goes 
grandfatherhood.

I don’t know about these modern 
times, frankly. I can expect to live to 120 
(longevity’s a blessing, but old age is a 
curse), and my only ace in the hole is 
creativity.

At least for the time being. 
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Identifying an Acceptable Rockfall Standard
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Figure 1. The risks from rockfall are evident on these 

Colorado highways. (Photos courtesy of the Colorado 

Department of Transportation.)

Features of Rockfall Hazard Rating Systems 
The first RHRS, and the basis of the name itself, was 
developed by the Oregon Department of Transportation 
(ODOT). This was done in the late 1980s, with support 
from other states and the Federal Highway Administration 
(FHWA). FHWA promoted it through publication of a 
reference document and corresponding training materials 
in the early 1990s. The premise for their development 

and implementation was that states would be the most 
responsive governmental unit to this type of geohazard if 
they directed their limited resources to address the “worst 
first.” This means addressing the highest-risk slopes first, 
while postponing work on slopes of lesser rockfall risk. 
States and others were encouraged to revise the initial 
system to meet their local geologic conditions. Many states, 
federal land management agencies, railway, and even some 

For many parts of the U.S. highway system, cut slopes in rock are as 

common as bridges and embankments. These cut slopes, as well 

as some natural ones, produce rockfalls that pose risks to highway 

conditions and our ability to move people and goods efficiently and 

safely. Highway departments have long recognized that completely 

eliminating this risk was impossible, so they have focused on 

minimizing it. Over the years, many risk management approaches 

have been implemented, and by the early 1990s, rockfall hazard rating 

systems (RHRS) were being used to manage the risk from existing 

slopes like those shown in Figure 1.
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municipalities, now have such systems in place.
The RHRS and related training sought to effectively teach 

people to assess existing rock slopes according to certain 
attributes (10 in the original system). Some attributes dealt 
with the rockfall likelihood, such as geologic character, and 
others focused on the consequence of falling rock, such as 
ditch effectiveness. Risk is the combined effects from hazard 
(likelihood) and the subsequent consequences from the hazard. 
Thus, the scores developed from combining likelihood and 
consequences are more of a characterization of risk rather than 
hazard. As such, “Rockfall Risk Rating System” would have been 
a better name! Nevertheless, the basic approach is to determine 
a score for each attribute, low being favorable (low likelihood or 
little consequence) and high being unfavorable with respect to 
rockfall risk. An exponential scoring system was established — 
3, 9, 27, and 81 — to help distinguish the very bad from the very 
good, and the 10 scores were then added to calculate an overall 
score indicative of the risk.

Adding the scores together prevented any one attribute from 
dominating, which was probably a good thing for such a new 
approach. However, the process also meant that the system 
could not correctly quantify a risk, so it was only sufficient as a 
proxy. The product of likelihood and consequence is needed to 
actually calculate risk. The product rule wasn’t included in the 
original system. Some revisions to the system have improved in 
this regard, but the scores from the RHRS and the derivatives of 
it used across the nation are relative to the specific system used, 
and therefore are meaningless outside of it. For example, scores 

from one system cannot be compared to another; nor can risks 
from different sources be compared.

Colorado DOTs Process
The Colorado Department of Transportation (CDOT) was 
an early adopter. It quickly identified and rated over 750 
slopes. Many other slopes were categorized as lower risk 
during initial screening and not advanced for further rating. 
CDOT modified the system slightly over time, but the general 
approach remains the same today. The latest revision of the 
Colorado Rockfall Hazard Rating System (CRHRS) was in 2008. 
In general, CDOT had an annual rockfall program budget of a 
few million dollars as a supplement to the rating effort so that 
each year the highest-risk slopes were mitigated. Mitigation 
measures included scaling, flattening, improving ditches, 
and adding rockfall fences, flexible wire mesh systems, and 
barriers. Approximately 5-10 slopes were mitigated each year. 
After the risk was mitigated, the slope was essentially removed 
from the inventory.

Because the scores cannot be associated with a category of 
risk, CDOT did not establish a threshold score. Nevertheless, by 
using a “funding-limited” approach to removing highly rated 
slopes from the inventory, CDOT reduced risk in a prioritized 
way. In addition, it essentially accepted that the average ratings 
of rock slopes remaining in the inventory would decrease 
slowly, and that these slopes would remain on the public road 
inventory for a relatively long time. Thus, the statistics repre-
senting the inventory describe an aggregated risk that is higher 

Figure 2. Scour from flooding along U.S. 34 reveals a location where a new rock slope, farther from the river, may be required for a 

more resilient highway. (Photo courtesy of the Federal Highway Administration.)
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than acceptable, but not dramatically so. If state-wide risk 
was deemed unacceptable, a different approach would have 
been taken (for example, more funds allocated). Now, ratings 
have been assigned to multiple slopes along highway corridors 
around the state, and all but the highest rated of these (highest 
risk) are tolerated. CDOT’s approach is actually quite common 
among users of RHRS.

Over the years, a generation of geologists and engineers 
learned to assess rock slopes using the attributes of the rating 
system, and they gained an understanding of what constitutes 
a very high or low score. This, and the recognition of accept-
able RHRS scores, are incidental outcomes of the use of RHRS. 
Both can be used to define a marginally acceptable score, and 
this was verified in Colorado after flooding in September 2013.

Recognizing an Accepted Standard
Flooding in Colorado’s northern Front Range in September 
2013 caused severe damage to many canyon roads that provide 
access from the Front Range urban corridor to the mountain 
communities. This event resulted in more people being res-
cued than during Hurricane Katrina. In some places, the entire 
roadway prism was scoured away, leaving only old rock slopes 
and the river channel (Figure 2). Associated flood damage 
occurred on the plains once the sediment-laden flood waters 
were unconstrained by the canyons. The damage was so severe 
that almost half a billion dollars of federal emergency relief 
funding was made available to the state for restoration. The use 
of a standard was essential for determining what the federal 

government’s participation was in restoration, and what addi-
tional work the state might decide to fund on its own. This was 
easy enough for bridges and roadway geometry, but there were 
no standards when it came to decisions on how much rockfall 
risk should be mitigated as slopes were reconstructed.

It was impossible to move reconstruction projects forward 
without a consensus on what is appropriate with respect to 
design of rock slopes and a standard defining an acceptable 
level of risk. Multiple local agencies and contracted geoprofes-
sionals affiliated with CDOT were concurrently working under 
emergency conditions to reopen roads. Leaders of each project 
were attempting to uniquely define what was necessary at each 
location. Obviously, this resulted in a “shotgun” approach. A 
consistent approach to each corridor was needed, especially 
from the funding disbursement perspective. Without coordi-
nation, a potentially illogical distribution of risk would result 
from parallel design and construction efforts. FHWA needed a 
definable basis to distribute its Emergency Relief Funds.

This challenge presented an opportunity to address three 
questions:

1.  Does past CRHRS practice identify an accepted  
standard rating?

2. If yes, can designs be developed to meet it?
3.  If yes, what does the rating really mean, and how can  

it be used?

The answer to the first question appeared to be yes. The 
CRHRS now has 21 attributes that are each assigned points 

Figure 3. Symbols represent individual assessments of the maximum tolerable rating of hypothetical slopes, and they generally  

confirm the band identified by field verification.



38 GEOSTRATA SEPTEMBER/OCTOBER 2017

ranging between 3 and 81, resulting in hypothetical scores 
that range from 63 to 1,701. However, results from several 
independent analyses demonstrated that a relatively narrow 
band of 550 to 650 represented the highest acceptable score. 
Slopes with higher scores generally warrant some type of risk 
mitigation, whereas slopes with these scores or lower do not. 
These independent analyses were done through an assembled 
team of about 10 experienced engineers and geologists 
working with FHWA and CDOT.

The Team first studied the distribution of ratings in the 
inventory, which are represented as a bar graph in Figure 3. 
Almost all ratings fall within a band of about 400 to 1,000. 
Second, a survey of the judgment of individual Team members 
revealed that a standard should lie somewhere between 
400 and 750, and that identifying a band would be more 
practical than an individual number. The limits of this band 
are identified as the preliminary bounds in Figure 3. A field 
trial incorporating 48 slopes and an office exercise with hypo-
thetical slope conditions were the third and fourth attempts 
to recognize a standard, and both served to narrow the band 
width. Of course, there are exceptions, and these are discussed 
along with the answers to the second and third questions, but 

a CRHRS score of 550-650 represents the maximum tolerable 
risk for most slopes. Thus, essentially, this is a risk-based 
design standard.

Now, does the recognized standard constitute a meaningful 
and achievable criterion for design of new slopes? RHRS has 
always been used for existing slopes, so one challenge will be 
predicting what the attribute scores will be before the slope is 
created. While there is some difficulty in doing so, this type of 
prediction is common within geotechnical engineering: using 
limited observations to predict conditions of constructed 
works, and then observing and adjusting as needed. A harder 
challenge, without much precedent, was assigning an appro-
priate change in score to one or more of the attributes when 
a design change is made. What is the value of pattern bolting 
over spot bolting, for example, or a smooth, pre-split face over 
an irregular “natural”-looking one? Do these changes impact 
rated attributes of rockfall frequency, block size, or both? Is the 
affect the same for all geologic settings? The Team convened by 
CDOT and FHWA established a template for assigning values 
and made a first attempt.

The Team recognized that some attributes could be 
addressed more globally, independent of site, rock, and 

climate, and were therefore easier to 
consider. A straighter road, with wide 
lanes and shoulders, and an effective 
collection ditch should lower the score 
without any consideration of geologic 
setting. The Team also recognized some 
limitations in the summation-based 
system; for example, adding an effective 
ditch where there once was none would 
only lower a score by 78 points (81-3). 
To address this limitation, modifications 
were built into the approach that ele-
vated the influence of some attributes. 
Certainly, there is room for refining 
these modifications and establishing 
the correct rating adjustment value 
for design alternatives. There are other 
limitations as well, but it appears that an 
RHRS-based standard is achievable and 
would be meaningful.

Risky Business
All Team members identified some 
slopes, or could at least conceive of 
some, where the calculated CRHRS score 
was not judged to be representative of 
the risk. Slopes where even if a CRHRS 
score was brought to within or below the 
standard band, the rockfall risk would 
not be judged to be tolerable. Of course, 
there are exceptions – where relying only 
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on the CRHRS to describe a tolerable risk would be misleading. 
Another important consideration is that this approach is only 
for rockfall, and not for rock slope stability. Generally, the risk 
from slope-scale failure of a wedge or block is not the purpose 
of the CRHRS, nor the standard.

It’s a bit of a risky business to define a standard that has 
exceptions to its application, but identifying a band of tolerable 
scores helped the FHWA and CDOT fund and reconstruct rock 
slopes after the historic flooding of 2013. It has provided some 
consistency and guidance for the geoprofessionals doing the 
work and for the agency leadership. Hopefully, continued 
attention to this type of rating-based standard will make it even 
more meaningful and effective in the future.

Only an event as serious as Colorado’s northern Front Range 
flooding could simultaneously bring together a large group 
of the people with the necessary skills and experience, the 
need, and the urgency to recognize and test a rockfall design 
standard. But has the full potential benefit yet been realized?

A refined approach of this type could be used in project 
design to show stakeholders the value of certain design 
decisions and the cost of others, in terms of risk. It could be 
used, for example, to show the risk reduction that comes from 

more effective ditches, alignment straightening, or bolting and 
flexible wire netting. Designers can then essentially pick from 
a menu to achieve a desired result. Furthermore, consultants, 
who now do much of the work for FHWA, CDOT, and other 
highway departments, would have a rational basis for the level 
of mitigation they have a responsibility to include in a design. 
And that could make rockfall a less risky business. 
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Stabilizing 
the Cliffs of 
Alcatraz Island
By Mark K. Seel, PE, PG, M.ASCE

It May Be “The Rock,” but it Still Needs Attention!
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Alcatraz Island showing stabilized southern cliffs beneath 

the former Warden’s House ruins.

California’s Alcatraz Island was described by some early explorers as 

an unusually lush rock sticking out of the sea. The rock on the island 

consists of shale and sandstone members of the late Mesozoic-aged 

Franciscan Complex. In 1853, the owner (the U.S. government), began 

constructing a lighthouse; it then fortified the island with the intent 

of protecting the port of San Francisco. The fortified island housed a 

garrison of soldiers and also functioned as a military prison until the 

early 1900s. As we well know, the island became home to a federal 

penitentiary in 1934. The prison operated until 1963 and housed some of 

America’s most notorious inmates, including gangster Al Capone.
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During the 1860s, parade grounds were constructed at the 
southeastern tip of the island by cutting a level terrace into 
the moderately weathered greywacke sandstone bedrock. 
The grading created an unsupported rock slope ranging in 
steepness from about 70 to 75 degrees around three sides of 
the peninsula making up the southeastern tip of the island, 
with localized, near-vertical cliffs exceeding 60 ft in height.

Today, the island is occupied by buildings associated with 
the notorious former federal prison, and is home to a very 
popular park operated by the U.S. National Park Service (NPS). 
Situated at the top of the southern cliff is the building where 
former prison wardens lived (appropriately called the Warden’s 
House), a lighthouse, and a perimeter wall and road – all of 
which overlook the parade grounds. In 1970, a fire consumed 
the Warden’s House, leaving behind only the concrete founda-
tions and walls, which have since been internally braced.

The Slow Decay of Time
Over time, various-sized blocks of rock have weathered, 
loosened, and dropped to the base of the cliff at the parade 
grounds. The continual erosion resulted in partial undermin-
ing of the Warden’s House foundation and garden walls. In 
addition, the perpetual grind of time resulted in the accumu-
lation of sand and gravel talus at the base of the cliff. Park staff 
realized that continued retreat of the cliff face would eventually 
undermine those structures, and potentially destabilize 
the perimeter wall and roadway in front of the lighthouse. 
Therefore, in 2004, NPS initiated a process intended to stabilize 
portions of the cliff, first beneath the Warden’s House ruins, 
and later beneath the wall and roadway in front of the light-
house. Part of the design process involved characterization of 
the rock mass structure and its stability, which was the primary 
concern (albeit some 150 years after the cliffs were cut).

Alcatraz and the NPS Mission
Alcatraz Island is a unit of the Golden Gate National 
Recreation area (GOGA), which is part of the Central 
California Coast Biosphere Reserve. Biosphere reserves are 
designated by the United Nations Educational, Scientific, 
and Cultural Organization (UNESCO) to promote education 
and preserve diverse and sensitive habitats of international 
significance. Each year an estimated 16 million people visit 
GOGA, about 1.3 million of whom take the ferry ride to visit 
Alcatraz Island.

Generally, the mission of the NPS is to preserve, unim-
paired, the natural and cultural resources and values of the 
National Park System for the enjoyment, education, and 
inspiration of current and future generations. It works with 
local partners to extend the benefits of natural and cultural 
resource conservation and outdoor recreation throughout 
this country and the world.

Today, the cliffs of Alcatraz Island and the Warden’s House 
ruins have become iconic symbols of the once notorious 
federal prison. Those features have made appearances on 
the big screen in films such as “The Rock,” for which the 

island is aptly named. Considering the NPS mission and the 
sheer volume of annual visitors from around the world, Park 
managers were faced with the daunting task of protecting an 
American icon.

Park Asset Management
The Park managers understood that the assets at Alcatraz Island 
include the rock formations that support bird roosting on the 
island and the constructed features that embody the character 
of the Park. Both are synonymous with the Park’s history. The 
NPS organization is generally tolerant of gradual changes to 
park assets because the changes mimic nature. Only when the 
changes threaten the character of the Park’s natural or cultural 
resources are managers compelled to intervene. One of the 
tenets of asset management is to establish an inventory of the 
assets to be maintained. By 2004, the cultural assets at issue 
were well documented and understood. Therefore, all that 
remained was to characterize the eroding cliff. These conditions 
notwithstanding, NPS policy required a formal process through 
which the strategy of intervention would be vetted.

Park managers and their consultants, architects, engineers, 
and contractors had to balance the paradigms of science and 
engineering with the Park’s mission and available funding. The 
architectural and engineering design process evolved from the 
NPS mission. This guided the development of an acceptable list 
of slope stabilization and rockfall intervention measures that 
were especially sensitive to the nature and use of the Park.

In 2004, a team of experts performed geotechnical and geo-
logical studies for slope stabilization. They reviewed historical 
documents, mapped the cliff rock from rappelled traverses and 
recorded discontinuity orientations, performed stability analy-
ses, and developed preliminary stabilization recommendations.

Cliff face beneath the Warden’s House in 2010.
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Two of the more significant findings of the studies were that 
the cliff rock was aligned with the edge of the Warden’s House 
foundation and the cliff face was estimated to have retreated 
between 10 and 15 ft since 1935, based on photographic 
evidence. The rate of retreat was not specifically determined, 
although it is expected to have been variable as periodic 
larger-scale movements of rock block were described by Park 
managers in addition to the continuous small-scale ravel of 
gravel and cobble-sized blocks. At the time of the 2004 study, 
it was suggested to utilize a rock bolt strategy to provide mass 
stabilization, and a surface treatment using either steel netting 
or shotcrete to prevent ravel of surficial rock.

After the initial studies were finished, the planned stabili-
zation project was put on hold due to funding limitations. In 
part, the report was prepared to elicit funding for the necessary 
repairs. By 2011, it was clear that the cliff had further eroded 
and now partially undermined the Warden’s House foundation 
at one relatively short section.

Once funding was secured, NPS assembled a team of architects 
and engineers to finalize recommendations and prepare 
stabilization design and construction documents for the cliff 
faces. One unfinished design element remained: to complete the 
slope geometry characterization. This involved performing a 3D 
laser scan of the southern end of the island to collect details about 
the cliff, walls, roads, and buildings. The scan not only precisely 
documented the existing conditions, but also served as the base 
map for construction drawings used for the stabilization work.

The team also verified geological mapping from the 2004 
study, and then analyzed graphical and statistical computer-
based methods. Stereonets were generated by plotting poles, 
which are a single point representing a discrete joint or bedding 
(i.e., discontinuity) orientation. The resulting pole clusters 
indicated the predominance of “families” of joints and bedding 

possessing similar dip and dip direction. Because the southern 
end of Alcatraz Island was shaped to form cliffs on three sides, 
rock bedding and joint orientations had different impacts on 
the stability of the cliff rock; thus, discrete representative tra-
verse lines were selected on the three sides for analysis. Existing 
conditions along each transect were overlain on the stereo-
graphs for kinematic analysis of possible block geometries that 
could fail based on the intersecting discontinuities and the cliff 
face. Predominant wedge-type and plane-type kinematically 
possible block geometries were identified and evaluated.

Analyses indicated that the rock beneath the former 
Warden’s House ruins was susceptible to wedge-type failure 
under sustained wet and the design earthquake loading condi-
tions. Other areas of the cliff face were found to be susceptible 
to potential wedge-type failures, as well as related plane-type 
failures along three other representative sections of the cliff. 
In addition, the entire cliff face was found to be susceptible to 
ongoing raveling, where small blocks of rock, as well as gravel 
and sand talus, would be expected to fall after repeated expo-
sure to cyclic weathering. These analytical conclusions were 
supported by past observations, including a mostly incremental 
rate of retreat by ravel and the occasional failure of relatively 
larger blocks along adversely oriented and intersecting  
joint sets.

Rockfall Intervention Strategy
The Park managers’ goals were to preserve the cultural and 
natural resources that were at risk in accordance with the 
NPS mission. Although it was possible for NPS to restrict 
the public’s access to the rock cliffs, maintaining the natural 
feel of the Park while allowing the public access to the cliffs 
was determined to be essential. This meant developing an 
approach that would prevent undermining of the Warden’s 

Stabilizing the southern cliffs of Alcatraz Island.
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House ruins while preserving the cliff rock character (i.e., pre-
venting further erosion). It was very important not to impact 
the site’s aesthetics or disturb roosting and migrating birds 
that dwell in the crags of the cliff. (Birds have played a widely 
publicized role in the island’s history, such as the abundance 
of birds that gave rise to the name Alcatraz, and the famous 
“Birdman” of Alcatraz. During the design phase, one couldn’t 
help but sense there was sure to be some ornithological irony 
that would yet play out!)

Because the rock discontinuity spacing was found to be 
relatively small (i.e., 6 in. to 3 ft), installing individual steel rock 
bolts or anchors alone was not expected to arrest the erosion. 
Therefore, a combination of double corrosion-protected steel 
rock bolts and a high-strength protective mat material was 
needed. Theoretically, restraint could have been achieved 
using steel rock bolts/anchors and high-strength steel netting 
with a heavy galvanization coating to protect against the harsh 
saltwater environment. However, exposed steel netting would 
have had an adverse impact on the park’s bird population, and 
would also alter the visual character of the cliffs.

As an alternative, the design team decided to use pneumat-
ically applied concrete (i.e., shotcrete) in combination with 
double corrosion-protected steel rock bolts to provide the 
required restraint. These methods would reduce susceptibility 
of localized block failures in the cliff and prevent rock mass 

Load testing a steel rock bolt high on the cliff face.

Applying 
shotcrete and 
cutting-in  
“rock joints.”
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erosion and subsequent undermining of the Warden’s House 
ruins and adjacent walls and roadway. With proper design 
and construction, the team anticipated that these methods 
would effectively provide the required long-term stabilization 
that would preserve the cultural features atop the cliffs while 
maintaining their character.

However, maintaining place-based authenticity of a 
visitor’s experience was also considered. For example, a visitor 
standing at the parade grounds looking upon the cliffs and 
Warden’s House ruins would experience the “feel” of the place 
to be relatively unchanged over time. To help accomplish this 
goal, the final design incorporated tinted and sculpted shot-
crete facing to match the color and jointing of the cliff rock.

Because of the nesting bird habitat in the cliffs, construc-
tion had to be performed after the roosting season. This 
timing limited construction to a 3-month window during the 
winter months of December through February. Construction 
was performed in phases between 2012 and 2017. Rock bolts 
were installed on an 8-ft by 8-ft grid spacing. Dowels were 
drilled into the rock where needed to engage the shotcrete. 
Two applications of a structural, fiber-reinforced, dry-mix 
shotcrete were applied. When the shotcrete cured, the rock 
bolts were proof-tested and locked off. Finally, a layer of 
wire-mesh reinforcement was added, and plain shotcrete was 
applied, sculpted, and tinted to mimic the natural rock and 
conceal the bolts.

Balancing the Rock
In the field of geotechnics, we understand that nature 
demands mountains to erode and rocks to fall. As a group of 
people, NPS park managers face problem conditions when 
the natural process of erosion intersects their domain. In the 
context that national parks exist to impart to visitors nature’s 
essence, a role of the park managers and their consultants is 
to ensure that the effects and preservation of nature balance 
cultural and financial considerations. These factors often 
compete, and at times are at considerable odds.

Geological and geotechnical engineering insight is essen-
tial to balancing the paradigms of science and engineering 
in the development of cost-effective solutions that are in 
harmony with the natural setting. Funding for maintaining the 
natural beauty of our parks, which provide solace to millions 
of visitors each year, should be available through federal, state, 
and local programs. 

j MARK K. SEEL, PE, PG, M.ASCE, is a vice president at Langan 
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Completed stabilization 

and finished cliff façade.
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Figure 1. The George Washington Memorial Parkway’s northern section 

winds along the forested bank of the Potomac River across from north-

west Washington, DC. (Photo courtesy of Mario Roberto Duran Ortiz.)

ROCK ENGINEERING
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After a large rockfall damaged the road and disrupted traffic 

along the George Washington Memorial Parkway (Parkway) in 

2002, the National Park Service (NPS) was looking for solutions 

to stabilize the slope against additional large-scale rockfalls 

while preserving the aesthetic quality of the scenic roadway. 

Rock gluing, a grouting technique involving the injection of 

polyurethane resin, was used to mitigate the hazard. Ten years 

after construction, the rock-gluing solution appears to be 

performing in a satisfactory manner.

A Scenic Roadway
The Parkway is a popular, limited access roadway (i.e., commercial trucking is not permitted) for 
visitors taking in the rich cultural history and natural beauty of our nation’s capital, and a choice 
route for thousands of Washington, D.C. area commuters. The Parkway is part of a 7,600-acre 
national park that stretches 25 miles along the southern bank of the Potomac River from Mount 
Vernon to I-495 in Langley, VA. Travelers are rewarded with sweeping river views and a backdrop 
of iconic landmarks, including the Washington Monument, the Jefferson and Lincoln memorials, 
and Arlington National Cemetery.

ROCK GLUE 
GETS THE 
JOB DONE
Reducing Rockfall Hazards along the G.W. Parkway
By Brian K. Banks, PG, M.ASCE, Mounir Abouzakhm, PE, M.ASCE, and 

Mohammed Elias, PhD, PE, M.ASCE
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Nature lovers especially appreciate the northern 10 miles of 
the Parkway, which includes the rock-gluing project location. 
Mostly completed in the 1950s and 60s, this section winds 
through mature forests, over rocky tributaries, and beneath 
rocky outcrops as it hugs the edge of the high bluff overlook-
ing the river.

2002 Rockfall
About a half mile north of the Key Bridge and just south of 
Spout Run, a 35 ft high, nearly vertical rock cut separates the 
Parkway’s northbound and southbound travel lanes (Figure 1). 
A rockfall event on December 13, 2002, at this location released 
several large rock blocks onto the northbound lane (Figure 2). 
The rockfall damaged curb and pavement sections and 
temporarily shut down a travel lane along this busy commuter 
corridor. Cleanup activities after the rockfall event included 
limited scaling of the rock slope with a backhoe to remove 
the most critically unstable blocks. The NPS and the Eastern 
Federal Lands Highway Division (EFLHD) were concerned that 
unstable rock blocks remained on the slope, posing a future 
rockfall hazard.

The rockfall source zone was approximately 20 ft tall by 
10 ft wide. Based on the geometry of the release surfaces, the 

rockfall event was controlled by planar sliding along a joint 
surface at the bottom of the rockfall block. It’s believed that 
the major contributing factor was the relatively small surface 
area of the basal joint, which could provide only limited shear 
resistance against sliding of the relatively large rock block. 
Groundwater uplift pressures and ice wedging may have also 
been contributing factors in this rockfall event.

Rock Gluing: An Innovative Application
Rock gluing is the method of injecting polyurethane resin 
(PUR) grout into a rock mass to bond individual blocks into a 
bigger, more stable, continuous mass. The PUR “rock glue” is 
injected under pressure and forced into rock mass discontinu-
ities, where it hardens and adheres to the rock. The hardened 
glue increases the shear strength of the discontinuities and 
thereby reduces the risk of sliding along them. The excess rock 
glue that reaches the surface of the slope can be cleaned off, 
leaving little trace. The result is a natural-looking rock slope 
in which the structural integrity and slope stability of the rock 
mass is improved internally with little surface expression.

PUR grouts have distinct advantages over cement grouts for 
highway rock slope stabilization applications. First, PUR grout 
for rock gluing is almost a pure liquid, so it’s able to penetrate 

Figure 1. Project location. (Courtesy of Schnabel Engineering.)



51www.geoinstitute.org

finer cracks than may be penetrated by a cement grout (i.e., 
it’s a solution grout, as opposed to a suspension grout). The 
pressure and expansion generated by foaming, in addition 
to the injection pressure, effectively forces the grout into 
discontinuities. Second, PUR grout is available with a variety 
of characteristics, including viscosity, set time, permeability, 
and strength. Although the strength of the polyurethane grout 
itself can be smaller than that of a cement grout, PUR grouts 
better adhere, or bond, to the surface of rock. Being less 
permeable than cement grouts, PUR grouts form a relatively 

effective water barrier, and may also reduce freeze-thaw effects 
in discontinuities near the surface. In addition, the set time of 
PUR grout is shorter than that of cement grout, and it can be 
controlled, allowing for a fast grouting operation.

Despite its numerous advantages, PUR grout also comes 
with its share of disadvantages. For one, production and 
design standards for PUR grout have not been established for 
highway rock slope hazard mitigation design. From a material 
standpoint, PUR grout is more expensive than cement grout. 
Therefore, as a rock stabilization technique, PUR grouting is 
generally more expensive than rock bolting/anchoring, and 
there is no direct verification technique for discontinuity 
coverage and the rock mass strength after grouting. There are 
also constraints with respect to ambient temperature (50°F to 
120°F) to effectively install PUR grout. Moreover, the grout’s 
longevity may be affected by acidity or alkalinity of ground-
water, as well as sunlight exposure.

PUR grouting has been used for tunneling, mining, and 
dam projects since the 1960s, primarily to control water seep-
age into underground spaces and to stabilize tunnel crowns; 
however, rock gluing for above-ground rock slope stabilization 
for highway projects is relatively new. The technique was used 
successfully in 2005 and 2006 on two demonstration projects 
aimed at better understanding the applicability of rock gluing 

Figure 2. The 2002 rockfall event damaged the road and 

disrupted traffic. (Photo courtesy of FHWA EFLHD.)

Figure 3. Rock gluing stabilization concept in cross section. (Courtesy of Schnabel Engineering.)



52 GEOSTRATA SEPTEMBER/OCTOBER 2017

for highway slopes (see GEOSTRATA’s January/February 2013 
issue). The projects are documented in FHWA-CFL / TD-08-004, 
Polyurethane Resin (PUR) Injection for Rock Mass Stabilization. 
Schnabel Engineering, as the geotechnical consultant to 
EFLHD, developed the rock-gluing design approach for the 
Parkway project based on the results of the two demonstration 
test projects. Successfully constructed in 2009, this project is 
believed to represent the first use of the rock-gluing technique 
for highway rock slope stabilization following the two 
demonstration test studies (and the first application on the 
East Coast).

Preserving the aesthetic quality of this scenic roadway was 
an important design consideration for slope stabilization. Rock 
gluing was considered as an alternative to traditional slope 
stabilization elements, such as rock anchors and wire mesh 
drapes, which would drastically alter the slope’s appearance 
and the natural slope aesthetics. The designer developed a new 
method to quantify slope stability improvements that allowed 
EFLHD to use rock gluing as the primary method of mechan-
ical stabilization. The stabilization design was intended to 
mitigate the potential for additional large-scale rockfall events, 
but not necessarily to prevent the slope from continuing to 
shed small rocks over time.

To analyze the effectiveness of rock glue for slope stabiliza-
tion, the total resisting force (i.e., sum of tensile and cohesive 
strength contributed by the rock glue) required to raise the 
factor of safety (FS) above 1.5 was calculated. The designers 
assumed that the rock glue would effectively cover at least  
50 percent of the discontinuity and tension crack surface area 
within the rock mass. The results of the analysis indicated 
that minimum grout tensile strength and cohesion values of 
5 psi and 6 psi, respectively, were required to obtain a FS of 
1.5 for the potential planar sliding and toppling conditions. 
These strength values could be easily achieved because the 

tensile strength and cohesion reported 
by the PUR grout manufacturer are 
significantly higher.

Rock-Gluing Design and 
Construction
EFLHD and NPS chose the rock-gluing 
solution as a cost-effective way to 
increase the stability of the slope while 
preserving slope aesthetics. Cost esti-
mates showed that rock gluing would be 
slightly more expensive than a traditional 
rock anchoring approach. However, the 
team recognized that although rock glue 
would not eliminate the potential for 
small-scale rockfalls, it would result in 
greater overall rockfall hazard reduction 
by improving the stability of a wide range 
of block sizes. Rock anchors, on the other 

hand, would not support the rock mass at the surface of the 
slope between the anchors, and therefore could be considered 
effective for mitigating only the large-scale rockfall hazard. An 
additional benefit of the rock gluing was that it would preserve 
the aesthetics of the very picturesque site.

The rock-gluing slope-stabilization design concept is shown 
in cross section in Figure 3. The approximately 1.5-in.-diameter 
glue injection holes were spaced 10 ft apart on center (vertical 
and horizontal) and were drilled 15 ft deep behind the rock 
face. The spacing and depth were determined based on the 
character and spacing of rock mass discontinuities, and 
expected rockfall block size. The design also included initial 
scaling to remove unstable rock blocks at the slope face, as 
well as the installation of horizontal drains to relieve potential 
groundwater pressures within the rock mass.

The general procedure used during the PUR grout stabiliza-
tion followed these steps:

1.   Establish an injector hole pattern on the rock face.
2.   Drill the first injector hole to desired depth of treatment.
3.   Inject grout through a rod using a packer to seal off the hole.
4.   Pressurize and pump grout in the injector hole until the ter-

mination criterion are met. Termination is typically dictated 
by grout take or setting time, or when grout is observed to 
flow from surface cracks around the injector hole.

5.   Stop pumping grout and hold for setting time.
6.   Pressurize and pump grout in the same hole for the second 

stage of pumping. Because grout introduced during the 
first stage has sealed some paths, the grout will enter other 
cracks, if present.

7.   Fill the hole with grout and top off with colored epoxy to 
hide the hole.

8.   Move to the adjacent injector hole and perform the same 
process used for previous applications.

Figure 4. A 2009 photo of the 2002 failure area, after rock gluing treatment. The rock 

gluing solution results in a natural-looking rock face. (Courtesy of Schnabel Engineering.)
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9.     To verify the grouting treatment, drill an intermediate hole 
between the first two holes and inject the grout. If no grout 
is taken, then the grout from the first two holes has suffi-
ciently covered the distance between them. The verification 
holes provide some assurance that the joints are being filled 
with glue.

10.   Proceed or adjust hole spacing as necessary and continue 
grouting.

This design was successfully constructed during June 
and July 2009. The final slope after construction is shown in 
Figure 4, which illustrates that the natural appearance of the 
repaired slope face was maintained.

Belt and Suspenders
The rock-gluing technique helped EFLHD and NPS achieve 
their goal of improving rock stability while preserving the high-
way landscape. However, an earthquake in 2011 prompted NPS 
to look for additional hazard reduction. The earthquake — rare 
for the East Coast — had a magnitude of 5.8 and was centered 
in Mineral, VA. It shook the Washington, D.C. metro area and 
caused minor damage. One consequence of the earthquake was 
additional rockfall on the Parkway, but this time from a different 
location that was several hundred feet north of the slope that 
had been repaired with rock glue. During the earthquake, the 
rock slope just north of Spout Run released several small rocks, 
and some reached the travel lanes, but no rockfall was reported 
from the section of slope previously stabilized with rock glue.

In response to the additional rockfall, EFLHD performed 
rock gluing and spot bolting. It also installed a draped rockfall 
mesh as added protection against future rockfall. As part of 
the same emergency contract, it made the same repairs to the 
rock slope south of Spout Run that had previously received 
rock-gluing treatment. Figure 5 shows a 2017 photo at the 
location of the 2002 rockfall event. Previously, the application 
of rock glue had addressed the large-scale rockfall hazard, but 
now the additional measures effectively eliminated the small-
scale rockfall hazard as well.

Successful Performance
Both rock slopes have performed well since construction of the 
slope stabilization measures. The rock glue has been in place 
south of Spout Run for eight years, and appears to be in good 
condition. The PUR material exposed at the surface is still hard 
and maintains very good adhesion to the rock surfaces. The 
draped mesh and spot bolts are providing added protection 
against rockfall. There are a few small rocks, typically less than 
about 1 ft wide, that have detached from the slope north of 
Spout Run and collected at its base. The mesh prevents these 
small blocks from reaching the travel lanes. No rockfall has 
been observed from the southern slope.

The successful use of rock gluing as a component of rock 
slope stabilization for the Parkway is another step toward 
realizing the potential acceptance of this technique for 
highway rock slope applications. Additional monitoring of its 
performance over time will provide valuable information for its 
future use. 

j BRIAN K. BANKS, PG, M.ASCE, is a principal with Schnabel 

Engineering, Inc., and branch leader of its Rockville, MD, office.  

Banks has 20 years of experience as a geotechnical consultant 

specializing in subsurface investigations, site characterization, rock 

engineering, and geologic hazard assessments. He can be reached at 

bbanks@schnabel-eng.com.

j MOUNIR ABOUZAKHM, PE, M.ASCE, is the division geotechnical 

engineer at Eastern Federal Lands Highways Division (EFLHD) in 

Sterling, VA. Prior to joining the federal government in 2007, he 

worked with local and international consultants for more than  

20 years. He can be reached at mounir.abouzakhm@dot.gov.

j MOHAMMED B. ELIAS, PhD, PE, M.ASCE, is a senior geotechnical 

engineer with EFLHD of FHWA in Sterling, VA. He has more than 10 years 

of experience in research, design, and construction of geotechnical 

engineering projects and can be reached at mohammed.elias@dot.gov.

Figure 5. A 2017 photo of the 2002 failure 

area showing additional hazard reduction 

measures (draped mesh and spot bolts) 

installed after the 2011 earthquake. 

(Courtesy of Schnabel Engineering.)
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Figure 1. This photo from the March 9, 2010, Denver Post shows crews setting explosives on massive boulders from a rockslide  

onto I-70 near Glenwood Canyon in Colorado. About 20 boulders fell, including one that was estimated to weigh about 66 tons. 

The rocks punched holes up to 20 ft x 10 ft in the elevated sections of the roadway and blocked traffic for days.
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Photogrammetry  
for Rock 
Engineering 
A Snapshot of State-of-the-Art Rock Mapping 

By Fulvio Tonon, Ph.D., P.E., M.ASCE

G
enerally speaking, photogrammetry is the science of 

turning photographs into 3D models. While flashy 

advertisements may convey the idea that it’s as simple as 

pushing a button (e.g., on a drone remote) and shoving 

your pictures into a black-box piece of software, things 

change when it’s no longer just a matter of creating a cartoon, 

but a metric 3D model for engineering purposes.
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Figure 2. The Hanging Lake slope along I-70 in Glenwood Canyon, Colorado, showing the upper part of the 3D model.

Figure 3. The Hanging Lake slope in Colorado showing examples of unstable rock blocks identified on the slope in the rectangle 

in Figure 2.

See Figure 3

6.7' x 1.6' x 1.6' rock block

14' x 14' x 15' rock block

2.8' x 1.6' x 1.6' rock block
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I became interested in photogrammetry as a way to re-create 
a rock mass on a computer for the purposes of fracture 
mapping because the color data are perfectly textured onto 
the 3D model. This is because photographs are directly 
used to determine the 3D model; consequently, I’m sure 
that when I digitize a fracture trace that’s only visible in a 
high-resolution photo, the resulting fracture orientation 
is correct, and not just an artifact. On the other hand, in 
LiDAR applications, the 3D model and the photographs are 
acquired separately, and there may be an offset between the 
3D model and the pictures. Major technological advances 
allow us to use photogrammetry in rock engineering: the 
advent of high-resolution digital cameras, the software to 
calibrate these cameras at each survey, algorithms (such as 
Structure From Motion) that allow us to use many overlap-
ping photographs to reconstruct the camera locations and 
pose, the computational power to process images, graphics 
cards to view the 3D model, and storage capacity. This article 
describes a couple of projects to help illustrate what can be 
accomplished by using photogrammetry in rock engineering.

Case History Applications
Glenwood Canyon Slope
The first project is the Hanging Lake Slope (aka Glenwood 
Canyon Slope), located along I-70 in Colorado, east of 
Glenwood Springs and just west of the western portal of the 
Hanging Lake Tunnel. The site has persistent issues with 
rockfalls; for example, an event in 2010 (Figure 1) resulted in 
a four-day closure, a lane reduction for over a month, and a 
disaster declaration by the governor. In 2016, a series of rock-
falls occurred on the same day, damaged several vehicles, 
caused $3-5 million dollars of damage to the roadway, and 
severely disrupted traffic for over a month by forcing vehicles 
to use a 150-mile, non-highway detour.

In 2013, I conducted a photogrammetric study for the 
Colorado Department of Transportation (CDOT) to deliver 
a 3D model of a 2,800-ft-wide and 1,500-ft-high section 
of the rock slope that would be accurate to within one in. 
The model was meant to be used for change detection of 
the slope. Because the narrow canyon has nearly vertical 
sides and a concave shape that created many shadowing 
problems, it was difficult to locate good vantage points at 
an acceptable range from the target slope. At the time of 

the study, commercial use of unmanned aerial systems 
(UAS) was unlawful in the U.S.; therefore, I devised a system 
to accurately guide a helicopter pilot to the necessary 
positions for taking photographs. It was not possible to 
utilize a rectangular grid of camera positions or a constant 
camera orientation because of the strong (up to 300 ft deep) 
concavities of the slope. Irregularly-spaced camera positions 
and multiple camera orientations further complicated the 
photogrammetric analysis. Taking photographs from a heli-
copter was quite challenging because of the narrow canyon 
and thermal updrafts that could suddenly lift the aircraft.

These challenges meant that the data acquisition had 
to go smoothly the first time. For each survey, about 350, 
24-megapixel photographs were used to create the 3D model 
(Figure 2) that has a pixel size on the rock of about ½ in. 
In March 2013, 16 targets were installed on the slope and 
surveyed by two total stations located over a half mile from 
the slope. The differences between the target measurements 
taken by each of the two total stations were of the same 
magnitude as the errors in the photogrammetric model 
(i.e., less than ½ in. in each direction). This means that the 
photogrammetric model was as accurate as the total-station 
survey. CDOT decided not to resurvey the targets in August 
and November of 2013 — which is tantamount to assuming 
that the targets had not moved since March 2013. When all 
targets were used in the August data processing, the model 
error on the targets increased in all directions. This was a 
strong indication that one or more survey targets had moved.

Using the photographs from March and August, I 
determined that a block comprising the left shoulder of the 
quartzite slope had rotated. My goal was to detect changes 
in the body of the slope; however, because too many targets 
had moved, it was not possible to generate an accurate 3D 
model. I reviewed the third round of photographs, acquired 
in November without resurveying the targets, and discovered 
that the residual values on the targets were double the 
values from the August survey. To decrease the cost of data 
acquisition and to avoid resurveying targets at each data 
acquisition, I developed a UAS (Unmanned Aerial System) 

Figure 4. View of the 3D model of the entire Tassullo cavern 

textured with high-resolution photographs and mapped fractures.
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that could be deployed at this and similar sites to accurately 
georeference the 3D model from the air without the need for 
targets on the ground. Unfortunately, the photogrammetric 
study of the slope was not continued beyond the November 
2013 survey, and, in February 2016, the previously men-
tioned rockfall occurred.

The errors between the August and November 3D models 
and the targets measured in March are compatible with the 
thermal dilation of rock over the summer. It therefore seems 
logical that the slope movements are caused by thermal 
expansion of the south-facing rock mass. These movements 
may cause existing fractures to propagate and/or induce 
irrecoverable displacements along the fractures that dissect 
this sugar-cubed quartzite (Figure 3). Over time, the accu-
mulation of these fracture slips and fracture propagations 
leads to the disastrous rockfalls that hit I-70 with a return 
period of about six years. The 3D models (Figure 3) can be 
used to identify and size unstable blocks more effectively 
than traditional observations made from a helicopter. This 
aspect is expanded upon in the next example.

Tassullo Caverns
Tassullo Materiali S.p.A. produces building materials 
using processed dolomite mined from an underground 

deposit in Mollaro, TN, Italy. Located at a depth of over 
300 ft, the Tassullo Caverns are 1) the source of highly pure 
dolomite used in special mortar products, and 2) a storage 
space for apples in lieu of large, inefficient, and unsightly 
above-ground refrigerated structures. The cavern’s axes lie 
east to west, and their cross-sections are rectangular, with 
dimensions of about 40 ft wide, 37 ft high, and 510 ft long. In 
2013-14, I conducted a study for Tassullo Materiali to:

 o Check the dimensions of the underground excavation
 o  Carry out fracture mapping and analysis, and rock mass 
classification

To this end, I took photos when the excavation had 
advanced about 130 ft, producing a pixel size on the rock of 
about 1/12 to 1/8 in. 

On the same day of the survey or the next morning, the 
Client received the triangulated 3D model of the rock mass 
and the transverse cross-sections at 3 ft spacing. In nearly 
all cases, under-break was detected that needed reprofiling 
in order to fit the designed equipment and apple containers 
(i.e., rock was found to protrude into the design profile).

Figure 4 shows the entire model of the rock mass exposed 
in stages during the excavation. Because shotcrete was 

Figure 5. Tassullo Caverns in Italy: comparing standard fracture mapping using manual scanline (left) and mapping based on a 

3D model textured with high-resolution photographs (right).

Standard “Manual” Mapping: 45 Fractures “Photogrammetric” Model Mapping: 350 Fractures

Cavern Axis
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applied right after the photographs were taken, the 3D 
model, textured with high-resolution photographs, permits 
the entire rock mass to be viewed as if the cavern were a 
giant horizontal borehole. This also meant that there was no 
second chance to acquire data. 

I mapped about 350 fractures on the 3D model at eight 
locations along the cavern’s alignment. I manually identified 
and digitized each fracture, either on a fracture plane or on 
a fracture trace, instead of using one of several available 
automated algorithms. I chose this method because I have 
found that these kinds of algorithms are not reliable in all 
geological contexts, largely due to the fact that the algorithms 
generally use the 3D model rather than the source photos to 
identify fractures, which precludes identifying fracture traces. 
A fracture trace is the intersection between a fracture and the 
rock surface (i.e., a 3D curve); therefore, fracture traces may 
only be identified on high-resolution photos. Consequently, 
fracture spacing is often determined incorrectly when auto-
mated algorithms are used to identify fractures; in particular, 
the fracture spacing and the RQD are overestimated. Even if 
a code is used to determine the fracture planes, the analyst 
should individually check that each identified fracture is 
indeed a natural fracture, and not a computational artifact.

For each mapped fracture, I developed the following data:

 o Fracture location in the project coordinate system
 o Fracture orientation
 o Fracture length

After I contoured the fractures on a stereonet to display 
these features graphically, I divided the fractures into sets 
to calculate the following for each set: dip, dip direction, 
average true spacing, and average dimension. When I 
acquired the photos at the first station, an engineering 
geologist independently carried out a traditional fracture 
mapping using scanlines placed on the walls of the cavern. 
Figure 5 compares the results of the two approaches 
(i.e., traditional fracture mapping and photogrammetric 
mapping). The traditional survey missed one fracture set (K2 
in the right stereonet) that was nearly parallel to the cavern 
axis; therefore, it seldom appeared along scanlines parallel 
to the cavern walls. By carrying out the fracture mapping 
on the entire cavern profile (walls and crown) obtained by 
photogrammetry, additional (if not all) fracture sets were 
properly identified. Likewise, the geologist who was standing 
on the cavern invert had a limited view of the upper portion 
of the walls, and therefore undersampled the bedding planes 
in the scanline survey.

In the field, I estimated the unconfined compressive 
strength of the intact rock by using a Schmidt hammer; 
together with the fracture information obtained from the 
photogrammetric model, this information was used to clas-
sify the rock mass according to the Rock Mass Rating (RMR), 

Q-System, and Geologic Strength Index (GSI) approaches. 
All three quantities were independently derived, and then 
cross-checked by using correlations available in the literature. 
Finally, the Q value was used to check against the design 
support and reinforcement, and to recommend any changes, 
if needed.

What Have We Learned?
The two examples described here illustrate that:

 o  Photogrammetry surveys must be designed starting from 
a clear understanding of the fundamentals of photogram-
metry. Today, unfortunately, it’s erroneously believed that 
photogrammetry is a “push of a button” technology!

 o  Photogrammetric surveys must be designed in advance 
(i.e., before going to the field) in order to achieve the 
accuracy values and pixel size specified by the Client.

 o  It is possible to carry out a photogrammetric survey at 
the first attempt (i.e., without returning to the site) that 
achieves the Client specifications.

 o  Photogrammetry may be used both above and under-
ground, not only as a surveying tool, but also to carry out 
fracture mapping and rock mass characterization and 
classification.

 o  Because fracture mapping is no longer restricted to 
scanlines, the results more reliably represent the fracture 
population than traditional surveys. Many more fractures 
may be measured, and the rock mass may be rotated and 
scaled — particularly in cases of large fractures — so as to 
achieve a much clearer understanding of the fracture sets 
and of the geologic controls in general.

 o  Photogrammetry provides a permanent, unbiased docu-
mentation of the rock mass, which may be used by anyone 
in the project, easily shared over the internet, and utilized 
even years after project completion (e.g., to check the rock 
mass condition before a rockfall, water ingress, support 
distress, or lining cracking).

 o  Using high-resolution color photographs, the 3D models 
can be understood by non-technical people, and may be 
used to communicate technical content to the public.

Adopted in conjunction with traditional techniques, pho-
togrammetry may help us tremendously in rock engineering 
projects; let’s not oversell it to clients and portray it as a 
commodity! 

j FULVIO TONON, PhD, PE, A.M.ASCE, is president and principal 

engineer at Tonon USA: Engineering, Measurements, and Testing, LLC, 

where he consults in the areas of rock engineering and underground 

excavations, performs photogrammetry through ground-based 

techniques as well as by unmanned aerial systems, and carries out 

quality rock testing and soil abrasion testing. He can be reached at 

fulvio@tononeng.com.
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E
ffective design and construction in rock requires characterization of the engineering 

properties of the rock mass, as well as any associated geological features such 

as joints, faults, and bedding planes. Surface geophysics methods (e.g., seismic 

refraction or reflection) are commonly used to locate buried rock layers, determine depth, 
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Figure 1. Geophysical logging operations 
at thick evaporite deposit in Southern 
California. (Photo courtesy of Mount 
Sopris Instrument Company, Inc.)

TOOLS TO CHARACTERIZE     ROCK PROPERTIES

and help uncover some information about their properties. However, these surface geo-

physical techniques often do not provide sufficient engineering information to conduct 

design analyses, particularly when the designed geo-structural feature (e.g., tunnel or 

underground utilities) is primarily located inside the rock layers.
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Borehole geophysics, where geophysical testing is conducted 
in a predrilled borehole, are effective tools for obtaining addi-
tional physical, mechanical, geological, and hydrogeological 
information for rock. Compared with surface geophysics 
technologies, borehole geophysics tools can make measure-
ments within prescribed rock sampling zones and characterize 
rock properties at much greater depths with needed spatial 
resolution. These tools can provide continuous measurements 
of the physical and engineering properties of rocks. These 
features help determine critical geological and hydrogeological 
information, which is complementary to the measurement of 
the mechanical strength from rock coring samples at discrete 
depths. For geotechnical applications, this introduction of 
common types of borehole geophysical tools is limited to 
applications used to depths to a few hundred feet.

Preparation for Geophysical Measurements
It’s important to keep in mind the complexity of field 
conditions when planning and conducting borehole 
geophysics tests. Good communication is essential between 
geotechnical engineers (the designers) and engineering 
geologists (the geological service providers). Why? Because 
geophysicists need to understand what type of geotechnical/
geological information is needed for design to plan an 
appropriate exploration/testing program. Moreover, good 

communication helps the geotechnical engineers under-
stand the characteristics of the geological conditions at the 
test site and the impacts of geological features that might 
affect the planned construction.

Borehole Drilling and Casing: The first step in conducting 
borehole geophysics testing is to drill one or more stable 
boreholes. Rotary drilling is commonly used for drilling in 
soft rocks, particularly when rock coring is employed. Impact 
drilling is effective for hard rock. The diameter of the bore-
hole is specified based on the size of the geophysical tools 
and considering the need for casing. Casing is often used in 
overlying soil layers, and the borehole size is slightly larger 
in the soil layer to accommodate the casing installation. The 
borehole size in the rock layer is usually set to accommodate 
the size of the geophysical tools.

The portion of a borehole in the soil layers is typically 
cased with polyvinyl chloride (PVC) or a metallic casing 
made of steel, stainless steel, or possibly aluminum. Rock 
layers aren’t usually cased to allow critical parameters 
such as fractures, dip direction, and angle of joints to be 
measured. Generally, the casing is grouted with bentonite 
or polymer grout, which fills the gap between the casing 
and the ground to facilitate measurements such as borehole 
seismic properties. Under certain situations, grouting is not 
used to permit retrieval and reuse of the casing.

Figure 1. a) Laboratory setup to evaluate performance of borehole geophysics probe; b) Validation of electrical conductivity probe 

with independent electrical conductivity meter.
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Setup of Tools: Borehole geophysical tools can include a 
variety of survey probes, a winch and motor control, a data 
acquisition system, and an operation software interface. The 
probe is lowered to the bottom of the borehole, and data are 
collected as the probe is lifted at a slow, constant speed by a 
winch-motor control. Measurements are taken at preset depth 
intervals. The survey probes are connected with standard 
screw connections so that different types of probes can be 
exchanged. Probes typically come with a centralization mech-
anism. The survey data are visualized with prescribed software 
in the format of properties versus depth.

It’s important to ensure that testing tools are in good 
condition and properly calibrated prior to conducting the field 
testing, as erroneous data due to malfunctioning geophysical 
tools can cost significant amounts of money and time to sort 
out. For example, the tools can be evaluated by developing a 
simple setup of field conditions, but under controlled labora-
tory conditions as shown in Figures 1a and 1b.

Borehole Quality: The quality, dimensions, and verticality 
of a borehole is usually checked in advance of geophysical 
testing with a borehole caliper. This device has three or more 
arms that open and close like an umbrella as it advances along 
the borehole. It measures the actual size of the borehole for 
uncased rock layers and is usually equipped with an incli-
nometer to measure the inclination angle with depth. There 
are other supplementary tools that can be used to measure 
temperature versus depth, groundwater table depth, and other 
borehole characteristics. The borehole caliper determines if the 
quality of the borehole (size and inclination) is achieved, and 
therefore makes it possible to evaluate borehole acceptance 
using ASTM D6167-11 Standard Guide for Conducting Borehole 
Geophysical Logging: Mechanical Caliper. The quality of the 
borehole is also critical to conducting other borehole geophys-
ical tests so that the tools can be reclaimed (e.g., a borehole 
that is curved or has too small of a diameter might make it 

difficult to run down or reclaim the survey probes). Borehole 
caliper measurements also provide crude identification of the 
existence of seams in rock layers. Seams can be corroborated 
with other testing devices, such as the borehole sonic caliper 
or borehole acoustic televiewer, which can more accurately 
determine the properties of seams than a mechanical caliper.

Field Measurements
Geophysical measurements can generally be divided into 
techniques for measuring physical properties and those 
for measuring mechanical properties. A variety of these 
techniques is briefly described in the following sections and 
summarized in Table 1.

Physical Property Measurements
Rock Density: The variation of rock density with depth can be 
measured with a gamma-gamma probe. The gamma-gamma 
probe uses gamma rays to measure the density of materials 
surrounding a borehole. The measurement is based on the 
fact that the attenuation of gamma rays varies with the density 
of a material, regardless of the type. The higher the density 
of rock, the higher the attenuation and therefore the lower 
the detected gamma ray. Special caution must be paid to the 
interpretation of gamma-gamma data collected in a section 
with casing, because PVC or metallic encasing materials have 
different density than natural rock and thus have an influence 
on measurement results.

Rock Stratigraphy: The stratigraphy of rock layers, such as 
the number and thickness of rock layers, the strike and drip 
angle of joints, and the presence of clay seams, are important 
rock mass characteristics needed for geotechnical design 
purposes. They can be obtained with a few tools.

Natural Gamma: A natural gamma probe detects gamma 
rays from the natural environment associated with decay 
of radioactive minerals. The concentration of radioactive 

Table 1. Summary of geophysical tools.
* ASTM STP 479 General Guide for Use of Borehole Cameras — A Guide (1970). Special Procedures for Testing Soil and Rock for Engineering Purposes: Fifth Edition.

PROPERTY/ CHARACTERISTIC TOOL USED DESCRIPTION ASTM

PHYSICAL PROPERTIES

Rock Density Gamma-gamma Total density D6727

Rock Stratigraphy

Natural gamma Clay seams or shale layers D6727

Electrical resistivity probe Clay seams or layers with high electrical conductivity; rock porosity D6726

Borehole camera Greyscale images of borehole wall STP 479*

Acoustic televiewer Orientation of joints or seams D5753

Borehole radar Uniformity, variation of stratigraphy, and existence of rock cavities D5753

MECHANICAL PROPERTIES

Seismic Wave Speed

Downhole test Shear and compression wave speeds close to the vertical direction D7400

Crosshole test Shear and compression wave speeds in the horizontal direction D4428

P-S suspension logger Compression and shear wave speeds with depth in the vertical direction --



66 GEOSTRATA SEPTEMBER/OCTOBER 2017

minerals is usually higher in clay or clay-derived rocks (e.g., 
shale rock). Therefore, a natural gamma probe can detect the 
locations of embedded clay seams or shale layers, which tend 
to cause issues for drainage design, or instability of excavations 
if these features have unacceptable orientations.

Acoustic Televiewer: An acoustic televiewer includes an 
acoustic source and detector built with a rotational mirror 
that allows the acoustic wave to pass and return only through 
the mirror. The arrival times of reflected signals from different 
directions is used to calculate the distance from the borehole 
wall and, therefore, measure the shape of the borehole. It 
typically assumes acoustic speed in water in calculating the 
distance, so if the borehole is filled or contaminated with fluid 
differing from plain water, an adjustment might be necessary 
due to the slightly different wave speed (i.e., water with high 
mud concentration). Because the joints or weak seams may 
collapse into boreholes during drilling, an acoustic televiewer 
is able to detect the orientation of joints or weak seams (i.e., 
strike and dip) as shown on Figure 2.

Borehole Camera: A borehole camera is used to visually 
inspect a borehole. It usually comes with a bright light source 
and video recorder. The results are greyscale images of the 

borehole wall with depth. It requires the 
borehole fluid to be clear because fluid 
with high turbidity can be difficult for 
the camera to see through.

Electrical Resistivity Probe: An elec-
trical resistivity probe normally includes 
four electrodes arranged in a Venner 
array, where two of the electrodes serve 
as the electrical current source, and the 
other two serve as a voltmeter. A refer-
ence probe is installed on the ground 
surface by, for example, clamping the 
probe to a stake driven into soil. The 
probe measures the bulk electrical 
resistivity of the ground surrounding the 
probe, which is affected by the type of 
rock as well as the electrical resistivity of 
borehole fluid.

The relative variations in electrical 
resistivity are used to detect clay seams 
or layers with high electrical conduc-
tivity. For rock layers, porosity can be 
estimated based on the bulk electrical 
resistivity using Archie’s law, which is a 
relationship between the bulk electrical 
resistivity and the porosity of the rock, 
and the electrical resistivity of pore fluid. 
This information is also commonly used 
to identify the types of pore fluid, (e.g., 
water versus petroleum) and to detect 
underground contaminants. This is due 

Engineering Ethics
Real World Case Studies

Steven K. Starrett, Ph.D., P.E., D.WRE; 
Amy L. Lara, Ph.D.; and Carlos Bertha, Ph.D.
ASCE Press

Entrusted by the public to provide professional solutions to 
complex situations, engineers can face ethical dilemmas in 
all forms. In Engineering Ethics: Real World Case Studies, 
Starrett, Lara, and Bertha provide in-depth analysis 
with extended discussions and study questions of case 
studies that are based on real work situations. Important 
concepts, such as rights and obligations; conflicts of 
interest; professionalism and mentoring; confidentiality; 
whistleblowing; bribery, fraud, and corruption; and ethical 
communication with the public in a social media world are 

discussed in practical and approachable terms. Organized by the canons of the ASCE Code of 
Ethics, this book is intended for practitioners, consultants, government engineers, engineering 
educators, and students in all engineering disciplines.

New from

American Society of Civil Engineers 
1801 Alexander Bell Dr. Reston, Virginia 20191

1-800-548-ASCE | 703-295-6300 (int’l)
www.asce.org/publications

2017 | 134 pp. | List $44 | ASCE Member $33
Soft Cover: ISBN 978-0-7844-1467-5
E-book PDF: ISBN 978-0-7844-8035-9

Figure 2. Example of underground log from borehole acoustic 

televiewer.
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to the fact that water has a much smaller electrical resistivity 
than petroleum and its derivatives.

Borehole Radar: Most borehole geophysics tools only 
evaluate areas close to the borehole wall, but borehole radar 
can be used to evaluate a larger volume beyond the wall 
depending upon how fast the electromagnetic waves attenuate 
with distance. For this application a dipole antenna can be 
used where the wave front propagates in the horizontal direc-
tion. Borehole radar detects abnormal signals due to changes 
in electromagnetic properties of rock. The device provides 
information such as the uniformity, variation of stratigraphy, 
and existence of rock cavities.

Mechanical Property Measurements
Seismic Downhole: Seismic downhole testing is commonly 
used to measure the compression and shear wave speed with 
depth. The test involves placing a three-directional borehole 
geophone at prescribed depths. The excitation is produced 
by striking a beam that is held in place on the ground with a 
heavy weight, such as the front wheels of a truck. Compression 
(P) and shear (S) waves are created by striking the beam with 

different orientations (i.e., striking vertically produces com-
pression waves; striking horizontally produces shear waves). 
The differential arrival times at different depths indicates the 
average wave speeds at the corresponding depth intervals. 
Seismic downhole testing is often limited to measurement at 
depths of less than 100 ft. Below this depth, the level of seismic 
energy might be too small to be detected. Seismic downhole 
testing measures the wave speeds close to the vertical direction.

Seismic Crosshole: Seismic crosshole testing is conducted 
in two or more parallel and adjacent boreholes, with a typical 
distance between them of 5 to 15 ft. The seismic excitation 
source and receivers are installed at the same elevation in 
different boreholes, and the receivers measure the horizontal 
wave speed in the rock between the energy source and the 
receivers. The measured compression or shear wave speeds 
by these seismic methods can be combined with density 
information to estimate the corresponding compression or 
shear modulus of the rock.

P-S Suspension Logger: A P-S suspension logger probe 
includes both the seismic excitation sources (compression 
and shear waves) and receivers. Therefore, the logger is not 

One Site. Precise Data. Fast Results.

ASCE 7 Hazard Tool 
ASCE 7 Hazard Tool is a quick reliable 
way to look up key design parameters, 
specified in ASCE 7-10 and 7-16.  
Easy-to-use mapping features quickly 
retrieve your choice of hazard data such 
as wind, seismic, ice, rain, flood, snow, 
and tsunami. Generate and download a 
PDF report with your results to include in 
your engineering proposals. 

12-Month Subscription Information:
List Price: $60    ASCE Member: $45

Get started at asce7hazardtool.online

Corporate Multi-site licensing is available
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limited to 100 ft of depth. P-S suspension 
logger testing is conducted in a borehole 
filled with water, and can measure the 
compression and shear wave speeds 
with depth in the vertical direction.

Case Study
A sewer pump station was to be built 
as part of a combined sewer overflow 
(CSO) project by the Northeastern Ohio 
Regional Sewer District. The pump sta-
tion was to be constructed in a cavern 
excavated into a shale rock formation. 
The cavern is overlain with about 94 
ft of soil above shale and is located 
between 110 ft to 236 ft underground 
(Figure 3). Cavern design required 
information regarding the strength and 
deformation properties of the shale 
rock mass, and the orientation and 
persistence of bedding planes, joints, 
and zones of seepage.

As part of the investigations to pro-
vide design input, geophysics was used 
to determine the parameters for the 
rock (i.e., anisotropic rock modulus) 

that allow reliable engineering design analyses. Geophysical 
testing was also required to identify weak layers that might 
form hydraulic pathways that needed to be evaluated as part 
of construction planning. Several types of borehole geophys-
ical tests were conducted. The tests included:

 o  Natural gamma to identify the shale layers
 o  Acoustic televiewer to identify joints and weak layers
 o  Gamma-gamma to measure rock density
 o  Seismic downhole test to measure the vertical shear and 
compression wave velocities

 o  Seismic crosshole test to measure the horizontal compres-
sion and shear wave velocities

The natural gamma testing confirmed observations 
from drilling logs that the rock was predominantly shale 
with embedded clay seams and an occasional thin layer of 
sandstone. As a complementary technique, the acoustic 
televiewer clearly identified a variety of embedded layers and 
fractures along the boreholes by providing a 3D view.

Downhole seismic testing measured both compression 
wave velocity and shear wave velocity versus depth in the 
boreholes. The density and wave speeds were used to calcu-
late anisotropic rock modulus and Poisson’s ratio.

An unconventional testing setup with boreholes spaced 
out by more than 150 ft — which is significantly larger than 
conventional tests, where boreholes are within about 9 ft of 

We need your Voluntary Contribution!

When you renew your ASCE/Geo-Institute membership for 
2018, check the “voluntary contribution” box.100 percent of 
your contribution supports Geo-Institute student programs 
like the Geo-Congress student competitions and the Graduate 
Student Leadership Council.

Thank you for your support of ASCE and the Geo-Institute!

Figure 3. Cross section of planned underground cavern.
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each other — was also used to measure inclined shear wave 
velocities over a range of inclinations from zero degrees (hor-
izontal) to over 45 degrees inclination. The results indicated 
the highest shear wave velocities in the horizontal direction, 
with decreasing velocity as the inclination angle increased 
up to about 30 degrees from horizontal. This behavior is as 
expected for the anisotropic material tested.

It’s All about the Details
The engineering behavior of a rock mass, and the perfor-
mance of structures bearing on and founded in rock, are 
affected by the presence of features (e.g., bedding planes, 
joints, and fractures) in the rock that cannot be reliably 
developed by traditional exploration and testing methods. As 
a result, the rock mass is more compressible and permeable, 
and weaker, than the intact rock that can be extracted and 
tested in the laboratory. Borehole geophysical testing can be 
used to capture the presence, dimensional characteristics, 
and material properties of the rock mass and material fillings 
in the rock. By more accurately characterizing the rock mass 

properties by borehole geophysical testing, geotechnical 
engineers can be more confident about the rock parameters 
used for design and the accuracy of their performance 
predictions. 

j XIONG (BILL) YU, PhD, PE, F.ASCE, is a professor of civil 

engineering in the Case School of Engineering at Case Western 

Reserve University in Cleveland, OH. Yu’s research interests include 

geoengineering, geomaterials, innovative sensors, structural 

health monitoring, and sustainable and multifunctional materials. 

He chairs the G-I Committee on Engineering Geology and Site 

Characterization and can be reached at xxy21@case.edu.

Geotechnical Earthquake Engineering and  
Soil Dynamics V (GEESD V) 2018
Austin, Texas  |   June 10-13

5th Geotechnical Earthquake Engineering and Soil Dynamics Conference

SAVE THE DATE!

GEESD V will provide you with new insights 
through case histories and practice-oriented 
papers, recent research findings, innovative 
technologies, and the emerging arts from 
across the many disciplines involved in 
earthquake engineering and soil dynamics.

Topics  for 2018
• Induced Seismicity
• Ground Motions and Site 

Response
• Seismic Hazard Assessment
• Recent Advances in In Situ 

Site Characterization

• Liquefaction: Triggering, 
Consequences, and 
Mitigation

• Regional Scale Assessment 
of GeoHazards

• Applications of Remote 
Sensing

• Recent Advances in 
Numerical Modeling

• Recent Advances in 
Physical Modeling

• Laboratory Testing
• Seismic Slope Stability and 

Landslides

www.geesdconference.org
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Chia K. Tan,  
PhD, PE, D.GE, F.ASCE

Look Who’s a D.GE

Chia Tan has more than 35 years 
of geotechnical and geostructural 
engineering experience on hundreds 
of projects in many parts of the U.S. 
and in 10 other countries worldwide, 
including China, Korea, Taiwan, 
Singapore, Saipan, Malaysia, and 
Indonesia. His key strengths are in the 
evaluation and design of foundation 
systems for mid- to super-high-rise 
buildings (including several of the tall-
est buildings in the world), soft ground 
and hard rock tunneling, deep shaft 
and deep basement excavation, ground 
improvement, geotechnical earthquake 
engineering, and geotechnical risk 
evaluation and mitigation.

What was your favorite project?

There are quite a few, but one that 
has had a significant impact on my 
career is my involvement in the 
Singapore Changi International Airport 
reclamation project when I was a 
young engineer. I spent more than 
three years on this fast-track, large land 
reclamation project (about 52 million 
square meters) to prepare the ground 
for the then-new international airport. 
This preparation necessitated filling up 
the former swamps and sea area using 
fill material from the nearby hills and 
sands from the seabeds. I was involved 
with various ground improvement pilot 
studies to evaluate their effectiveness 

in accelerating consolidation settle-
ments of native, soft compressible soils 
prior to building and infrastructure 
construction. The evaluations ranged 
from ground improvement techniques 
like classical sand drains, surcharge 
and preloading, and compaction 
grouting, to then-innovative methods 
like vacuum consolidation, wick drains, 
dynamic compaction, jet grouting, 
and deep cement mixing. I came to 
recognize that “unexpected” ground 
behavior can be possible due to 
limitations of our engineering practice; 
however, the hands-on experiences 
that I had, combined with interaction 
with different international consultants 
and specialty contractors, were — and 
still are — great assets to my engineer-
ing practice. Experiencing first-hand 
the different design philosophies and 
approaches used by various interna-
tional engineering firms and specialty 
contractors when faced with similar 
engineering problems was fascinating 
to me. It added a different dimension to 
my engineering perspective in tackling 
engineering problems or challenges. 

What is your favorite movie or 

television show?

The Good, The Bad, and The Ugly, 
starring Clint Eastwood, Lee Van Cleef, 
and Eli Wallach, respectively. I love 
the theme song and many of the cool 

CHIA K. TAN
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I believe integrating 

our engineering 

practice with the 

new Internet-

based economy 

and technological 

breakthroughs are 

big challenges for 

the profession. It 

can revolutionize 

our engineering 

practice in how 

we manage our 

projects, maintain 

client expectations, 

and provide project 

deliverables.

scenes with creative long shots and 
close-ups by Director Sergio Leone. 
One of the most memorable scenes for 
me is the final shootout for the three 
in an abandoned graveyard — no dia-
logues, just shots of their hands by their 
guns, their faces, and eventually their 
eyes for a good five minutes. It was just 
breathtaking and brilliant!

Where did you spend most of your 

childhood, and what was it like for 

you to grow up there?

Singapore, as I was growing up there, 
was in a transition from a colony to 
becoming an independent country. It 
was then a sleepy port serving also as a 
British naval base. Those were the days 
when kampungs (native Malay word 
for fishing villages) were everywhere. I 
grew up living close to nature, cycling 
on dirt roads, playing with improvised 
toys from my parents and peers, and 
catching crabs and fish at the beach, in 
the creek, and from a Kelong. A Kelong 
(which no longer exists in modern-day 
Singapore) is an offshore wooden 
platform and hut extending hundreds 
of feet into the water. 

When did you realize that you 

wanted to study civil engineering? 

What were the key factors in your 

decision to become a civil engineer?

Engineering courses were unheard of 

when I was in high school in Singapore. 
The college-level civil engineering 
course was first offered at what was 
then the only local university five years 
prior to my enrollment at the college. 
There was no career guidance counsel-
ing at that time. I went along with my 
best friends in selecting engineering 
as one of the three options we were 
given when it was time to send in our 
college application forms. Not being 
a very “mechanical” man and hating 
differential and integral equations, I 
decided to major in civil engineering. 
While in college, I enjoyed a foundation 
engineering class taught by a Dutch 
instructor who was sent to our college 
as part of a UNESCO project. I was 
fascinated by the reclamation and 
soft ground engineering works that he 
was involved with in Holland and I, 
therefore, decided to be a geotechnical 
engineer. Believe me, that was a rare 
breed when I graduated! There were 
only a handful of local geotechnical 
engineers in Singapore when I started 
my practice in the late 1970s.

How do you feel about the state of 

civil engineering and the profession 

as it is today? 

The civil engineering profession will 
continue to exist for many years to 
come. The integration of the profession 
with the new Internet-based economy 
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has just begun; there are many new, cool tools we can use to 
improve productivity, to communicate with, and to use for 
performing sophisticated engineering analyses. While enjoying 
the benefits of this innovative technique, we should not lose 

sight of the importance of maintaining good common and 
engineering sense. Basic understanding of the problems, good 
quality data, and sound engineering principles are essential in 
ensuring satisfactory performance of the final product. 

What do you personally feel are the 

biggest challenges that are on the 

horizon for the profession? 

As I indicated, I believe integrating 
our engineering practice with the 
new Internet-based economy and 
technological breakthroughs are big 
challenges for the profession. It can 
revolutionize our engineering practice 
in how we manage our projects, main-
tain client expectations, and provide 
project deliverables. 

Do you have a message about 

specialty certification that you’d 

like for professional engineers to be 

aware of?

The need for specialization in civil 
engineering can be expected to grow 
as projects become more complex. 
Specialty certification, as in the 
medical field, is an important first 
step to demonstrate the competence 
of the specialist. It also helps to instill 
confidence in the clients regarding the 
quality of services they will receive. 

Was the effort to get the D.GE  

worth it?

Geotechnical engineering is still 
very much an art even in this day; 
engineering judgment still plays a vital 
role in sound geotechnical engineering 
practice. Competent knowledge and 
proven experience are important for 
our clients in selecting a qualified 
geotechnical engineer for his or her 
project who can make good decision 
and sound engineering judgment. 
Board certification will go a long way in 
helping the client or other practitioners 
in making this crucial decision. 

For the complete article, please visit 
geoprofessionals.org.
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G-I ORGANIZATIONAL MEMBER NEWS

GDS Instruments Becomes Newest 
Organizational Member

The Geo-Institute is 

pleased to welcome GDS 

Instruments as its new-

est Organizational 

Member. GDS designs, 

develops, and manufactures materials testing machines and soft-

ware used for the computer-controlled testing of soils and rocks. 

This technology is used to evaluate the mechanical properties that 

are key in geotechnical and earthquake engineering design. 

GDS was founded in 1979. Since then, it is estimated that GDS 

products have been used to help achieve 1,000 PhDs. GDS products 

have been used in many world-renowned projects, including the 

Three Gorges Dam in China, the Millau Viaduct in France, the Vasco 

da Gama Bridge in Portugal, Terminal Five at Heathrow, and the new 

Crossrail links in London. 

GDS employs over 40 permanent staff members at its offices 

in Hook, Hampshire, UK, as well as works with a network of agents 

spanning 40 countries. GDS’s UK-based staff include three PhDs, 

eight qualified geotechnical engineers, four software designers, 

four hardware designers, and five electrical/electronic specialists, 

allowing GDS the ability to design, build, test, and ship its products 

directly to the customer.

Menard Installs Earthquake Drains in Charleston
Menard has been at work in Charleston, SC, as part of a ten-year 

modernization project at the Port of Charleston. In 2016, the com-

pany installed 28 million linear ft of wick trains at the site of the new 

Hugh K. Leatherman, Sr., Container Terminal. More recent work on 

the project includes installing earthquake drains under a new road-

way and a structure project that will provide direct access between 

the marine terminal location and Interstate 26. The earthquake 

drains, placed to a maximum depth of 53 ft, will simultaneously 

serve as wick drains.  

j   ORGANIZATIONAL MEMBERS: Please 

submit your news to geostrata@asce.org.
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The Geo-Institute Organizational Member Council (OMC) 
invites your organization to join us. Enjoy the numerous 
benefits that G-I organizational membership offers, including 
the following:

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

• A 5 percent discount for advertising in GEOSTRATA magazine.

•  Forty percent ($400) of your annual G-I OM dues goes directly 
to fund G-I student activities. A portion of that money finances 
student travel to the annual Geo-Congress and the OM/Student 
Career Fair.

•  Each year during the annual Geo-Congress, the OMC hosts 
an OM Career Fair/Reception. Two OM members from each 
OM firm are invited to participate, along with 45-50 students 
carefully chosen by the OMC. 

•  Opportunity to publish news about your company, including 
awards, new staff and promotions, company projects, etc.

•  Your company logo posted on the G-I website at geoinstitute.
org/membership/organizational-membership.

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

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

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

For more information, visit the G-I website at geoinstitute.org/ 
membership/organizational-membership, where you can 
download the Organizational Membership application.

“We’re Looking Out for You!”

Stan Boyle (Chair) Tim Abrams Ronald Boyer Ara G. MouradianCurtis R. Basnett Donald E. Gerken Robert M. Saunders

SAVE THE DATE

Unsaturated Soil Mechanics for Sustainable Geotechnics

unsatsoilsconference.org

PanAm-UNSAT 2017
Second Pan American Conference 
on Unsaturated Soils
Dallas, Texas, USA | November 12–15, 2017

Pan-Am-UNSAT 2017 
will feature the latest 
research advances 
and engineering-
practice innovations 
with a focus on 
characterization, 
modeling, design, 
construction, and 
field performance.



King

King Joins Geo-
Institute Staff
Lucy King, CMP, 

has joined the 

Geo-Institute as 

senior manager 

for Geo-Institute 

and COPRI conferences. An employee 

of ASCE for the past 17 years, she 

worked mostly in ASCE’s Conference 

Department, where she has managed 

almost every conference for almost every 

Institute, including GeoCongress 2008, 

the ASCE Convention, and several CTA 

conferences. 

King’s husband of 19 years, Scott, 

works in ASCE’s IT Department. They 

commute together from the Eastern 

Panhandle of West Virginia. Their daugh-

ter’s academic career begins this fall 

with kindergarten. King enjoys traveling, 

photography, art, cooking, and baking.

GBA Spring Conference Videos 
Now Available
Presentations from the Geotechnical 

Business Association’s (GBA) spring 

meeting are now available on-demand 

to GBA members. Topics include 

the Washington, D.C. Clean River 

Project, employee retention, CEO 

succession, the power of incremental 

improvements, and more. View all 11 

presentations at geoprofessional.org/ 

2017-spring-conference-proceedings.

Terracon Acquires Dente 
Engineering
Terracon has acquired Dente Engineering, 

in the Albany, NY area. Dente is a privately 

owned firm of 21 employees, founded 

in 1993 and providing geotechnical, 

geohydrologic, and construction materials 

engineering and testing services. Dente 

engineers, geologists, and technical 

experts have completed more than 

4,000 projects throughout the Northeast, 

including the Hudson Valley, southern and 

western New York, southern Vermont, 

and western Massachusetts. The company 

and its employees will continue to serve 

clients locally as Dente Group, A Terracon 

Company. Dente’s affiliate organizations, 

Evergreen Testing & Environmental 

Services, which provides construction 

materials testing and inspection services 

through its accredited laboratory, and 

Acme Boring Company, which provides 

geotechnical and environmental test 

borings, have also joined Terracon.

Terzaghi Day 
Monday, October 2, 2017, will be the 134th 

anniversary of the birth of Karl Terzaghi, 

Hon.M.ASCE. Have you made plans for 

Terzaghi Day yet? 

Over the past few years, Geo-Institute 

members and others in the geoprofes-

sional community have commemorated 

Terzaghi’s birthday as Terzaghi Day, both 

on social media and with local celebra-

tions. Last fall, the Geo-Institute hosted 

its first celebration of Terzaghi Day at 

ASCE headquarters, with a luncheon and 

a guest speaker. 

Perhaps this is the year for your 

workplace, Chapter, or GSO to start your 

own Terzaghi Day tradition. We would 

be interested in hearing about how you 

observe the day! Send your stories and 

high-resolution photographs to geo-

strata@asce.org, and share them on social 

media tagged #TerzaghiDay.
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Join a Geo-Institute (G-I) Chapter/Technical Committee - Share  
your expertise and learn from fellow Geoprofessionals locally  
and nationally. Join your local G-I Chapter and 

 �  Focus on local issues that impact your workplace
 �  Benefit from onsite professional development programs
 �  Build long-lasting friendships and strong business  

partnerships with professional peers
 �  Grow into a leadership role on chapter committees

chapters.geoinstitute.org

Share your expertise and join a G-I Technical Committee. The twenty technical 
committees encompass all major technical disciplines within geotechnical engi-
neering and the geoprofession and focus on unique technical areas within the 
geo-industry. Share your knowledge, grow your network and build your career. 

committees.geoinstitute.org

COREBITS NEWS

j   PLEASE SUBMIT G-I 
chapter and company news 
and career achievements  
to GEOSTRATA via 
geostrata@asce.org.
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ASCE Press

Prepare yourself for the pitfalls and 
opportunities that arise during the process 
of contract claims and change orders with 
this handbook. The general guidelines 
and legal principles provided in this book 
were shaped by the outcome of federal 
and heavy construction cases. This book 
merges principles of construction law with 
practical advice to aid those involved in 
the construction claims process.

2016 | 512 pp. | List $100 / ASCE Member $75 
Hard Cover: 41429 | ISBN 978-0-7844-1429-3 
E-book: 47969 | ISBN 978-0-7844-7969-8

Construction Contract Claims, 
Changes, and Dispute Resolution
Third Edition
Edited by Paul Levin

New Book from ASCE Press

American Society of Civil Engineers 
1801 Alexander Bell Dr. Reston, Virginia 20191

1-800-548-ASCE | 703-295-6300 (Int’l)
www.asce.org/bookstore

COREBITS CHAPTERS

Chapter Updates
Georgia Chapter
The Georgia Chapter, 

cosponsoring with the 

Georgia Institute of 

Technology, hosted 

the 20th George F. 

Sowers Symposium 

on May 9, 2017, at the 

historic Academy of Medicine in Atlanta. This annual event honors 

Professor George F. Sowers and his years of contribution to the 

geotechnical field. Speakers included: State of the Art presenter 

Rick Deschamps, PhD, PE, M.ASCE, vice president of engineering 

with Nicholson Construction Company, Canonsburg, PA; State 

of the Practice presenter Bruce Kutter, PhD, M.ASCE, professor 

at the University of California, Davis, CA; and Sowers Lecturer 

Richard Bathurst, PhD, PEng, M.ASCE, FEIC professor at the 

Royal Military College of Canada, Kingston, ON, Canada.

Orange County Chapter
The ASCE-Orange County Geo-Institute 

(G-I) hosted a dinner meeting at the Back 

Bay Conference Center in Irvine, CA, on 

May 24, 2017. The event was attended by a 

mix of more than 60 industry professionals 

and 15 students. Dr. Scott Brandenberg, 

PhD, PE (associate professor, UCLA), and 

Dr. Shawn Ariannia, PhD, PE, GE (principal, 

Geo-Advantec, Inc.), presented a new 

method for developing p-y curves by direct 

use of Cone Penetration Testing (CPT) mea-

surements. The event was sponsored by 

Hayward Baker, Gregg Drilling and Testing, 

and Farrell Design-Build.

Chapter Conferences
Arizona Chapter
The Arizona Chapter will host the 

2017 Southwest Symposium, “Ground 

Improvement.” This second annual 

conference will take place on October 23, 

2017, and will include the following topics: 

deep dynamic compaction, geosynthetics, 

Rammed Aggregate Pier® systems, 

enzyme-induced calcium carbonate,  

grouting, and mitigation techniques for 

saturated clays. For more details, visit  

azsce.org/branches-technical-groups/

technical-groups/geo-institute. For 

questions, contact Chapter President Eddy 

Ramirez at eddy.ramirez@terracon.com.

Carolinas Chapter
The Inaugural Geo-Carolinas Conference will take place October 

9-10, 2017, in Charlotte, NC. The conference will include 

state-of-the art technical presentations by leaders in the field 

of geotechnical engineering, including a reception and exhibits. 

Twelve lectures will be presented over the course of 1.5 days. 

For more information and to register, go to: eventbrite.com/e/

geo-carolinas-conference-tickets-34363088924.

St. Louis Chapter
The St. Louis chapters of the Geo-Institute and Structural 

Engineers Institute are hosting the second annual Geo-Structures 

Confluence on Thursday, November 2, 2017. The full-day con-

ference will feature technical presentations and case histories. 

A joint morning session will focus on topics of interest to both 

disciplines, and two afternoon tracks will include a variety of geo-

technical and structural presentations. Registration and additional 

information is available at goo.gl/dUfkX7. 

Dr. Richard Bathurst presented the 
Sowers Lecture.
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ASCE/G-I Co-sponsored Online 
Live Webinars
All posted webinars offer professional develop-

ment hours (PDHs) as indicated.

j   Geotechnical Properties of Transported vs 

Residual Soil (PDHs: 1.5) 

September 11, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Ethics: The Road All Engineers Must Follow 

(PDHs: 1.5) 

September 14, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Underpinning and Strengthening of 

Foundations (PDHs: 1.5) 

September 18, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Introduction to Rock Mechanics  

(PDHs: 1.0) 

September 21, 2017 

12:00 p.m. – 1:00 p.m. (ET)

j   Effect of Foundation Deformations on Bridge 

Structures (PDHs: 1.5) 

September 25, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Geosynthetic Reinforced Mechanically 

Stabilized Earth (MSE) Walls (PDHs: 1.5) 

September 27, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Complex Mechanically Stabilized Earth (MSE) 

Wall Structures (PDHs: 1.5) 

October 2, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Inspection and Rehabilitation Methodologies 

for Large-Diameter Water Transmission 

Pipelines (PDHs: 1.5) 

October 6, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Integrity Assessment of Deep Foundations — 

Principles and Limitations (PDHs: 1.5) 

October 17, 2017 

12:00 p.m. – 1:30 p.m. (ET)

j   (LRFD) for Geotechnical Engineering Features: 

Shallow Foundations for Soil and Rock  

(PDHs: 1.5) 

October 23, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Effect of Fill Soil Structures on Subsurface 

Utilities and Adjacent Structures (PDHs: 1.5) 

October 30, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Design of Foundations for Equipment Support 

(PDHs: 1.5) 

November 6, 2017 

11:30 a.m. – 1:00 p.m. (ET)

j   Introduction to Grouting in Rock  

(PDHs: 1.5) 

November 16, 2017 

11:30 a.m. – 1:00 p.m. (ET)

 

ASCE/G-I Seminars
All posted seminars offer continuing education 

units (CEUs).

j   Earth-Retaining Structures: Selection, Design, 

Construction, and Inspection - Now in an LRFD 

Design Platform (CEUs: 1.4) 

September 14–15, 2017 

Minneapolis, MN

j   Ground Improvement Methods – NEW  

(CEUs: 1.4) 

September 25–26, 2017 

Las Vegas, NV

j   Deep Foundations: Design, Construction, and 

Quality Control (CEUs: 1.4) 

September 28–29, 2017 

Pittsburgh, PA

j   Soil and Rock Slope Stability (CEUs: 1.4) 

September 28–29, 2017 

Las Vegas, NV

j   Earth-Retaining Structures: Selection, Design, 

Construction, and Inspection (CEUs: 1.4) 

October 12–13, 2017 

Chicago Metro Area, IL

j   Design of Foundations for Dynamic Loads 

(CEUs: 2.4) 

November 1–3, 2017 

Dallas, TX

j   Earthquake-Induced Ground Motions  

(CEUs: 1.6) 

November 2–3, 2017 

Washington, DC

 

Guided Online Courses - NEW
ASCE announces asynchronous, online,  

instructor-led programs in which you move 

through a 6- or 12-week learning experience 

with your peers. The Guided Online Course 

content includes video lectures, interactive 

exercises, case studies, live webinars, and weekly 

discussion topics to help you master the course 

material. Also enjoy unlimited, 24/7 accessibility 

to weekly modules. Complete coursework at the 

time and pace that is most convenient for you, 

using your own devices. Courses offer continuing 

education units (CEUs).

j   Principles of Critical Path Scheduling  

(CEUs: 1.0) 

September 25 – November 3, 2017

j   Development of GIS Models for Asset 

Management (CEUs: 2.0) 

September 25 – December 15, 2017

j   Seismic Evaluation and Retrofit of Existing 

Buildings (CEUs: 2.0) 

September 25 – December 15, 2017

j   Project Planning and Control (CEUs: 1.0) 

November 6 – December 15, 2017

 

On-Demand Learning
On-demand learning opportunities offer con-

tinuing education units (CEUs). Recorded from 

ASCE’s most popular live webinars or in-person 

seminars, these courses allow you to hear the 

instructor’s lecture, see the presentation, and 

listen in on questions from the audience.

 

For more information about webinars, seminars, 

guided online courses and on-demand learning, 

visit the ASCE Continuing Education website: asce.

org/continuing_education.

COREBITS EDUCATION and CAREERS

Internships Available   
Are you looking for an internship? Explore the positions listed on the ASCE website to help you obtain the experience 

you need to further your career path. New opportunities are added all the time, so start your search today:  

careers.asce.org/jobs?keywords=internship.
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For more seminar information:  
asce.org/continuing-education/face-to-face-seminars

INDUSTRY CALENDAR
COMING IN NOVEMBER/DECEMBER 2017

CONNECT WITH US

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

Geotechnics at 
Remote Sites

As I See It:  
Rethinking the Bearing 
Capacity Increase for 
Seismic and Wind Design
By Benjamin Turner

Low-Gravity Experiments
By Jason P. Marshall and José E. 
Andrade

Eyes in the Heavens — 
Satellite Technologies in 
Remote Site Monitoring
By Zhangwei Ning and  
Guillaume Hochard

Remote Mapping in Alaska's 
Wilderness 
By Keri A. Nutter

Difficult-Access Rockfall 
Mitigation: Design and 
Construction Way Up High!
By Dave Scarpato

Mercury-Filled U-Boat 
Wreck Stabilization at 150 m
By Per Sparrevik, Kjell Hauge,  
and Nicholas Lundgard

What’s New in Geo?  
The Future of Numerical 
Geo-Modeling
By Murray Fredlund

Lessons Learned from 
GeoLegends: Norbert R. 
Morgenstern
By Shelley Rodriguez

2017

19th International 
Conference on Soil 
Mechanics and 
Geotechnical Engineering
September 17-22, 2017

Seoul, Korea

icsmge2017.org

Geo-Carolinas Conference
October 9-10, 2017

Charlotte, NC

eventbrite.com/e/geo-

carolinas-conference-

tickets-34363088924

PanAm-UNSAT 2017: 
Second Pan American 
Conference on Unsaturated 
Soils
November 12-15, 2017

Dallas, TX

Ohio River Valley Soils 
Seminar (ORVSS)
November 17, 2017

Cincinnati, OH

unsatsoilsconference.org

2018

IFCEE 2018
March 5-10, 2018

Orlando, FL 

ifcee2018.com

Geo-Virginia Conference
April 9-11, 2018

Williamsburg, VA

Geotechnical Earthquake 
Engineering and Soil 
Dynamics V 2018
June 10-13, 2018

Austin, TX

5th GeoChina  
International Conference
Civil Infrastructures 
Confronting Severe 
Weathers and Climate 
Changes
July 23-25, 2018

HangZhou, China

geochina2018.geoconf.org

2019

2019 Geo-Congress
March 24-27, 2019

Philadelphia, PA
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Erosion

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

a member of GEOSTRATA’s Editorial Board, and a project 

engineer with GEI Consultants, Inc. in Woburn, MA. She 

can be reached at mnodine@geiconsultants.com.

When you gaze at a mountaintop, rocky and steep,

A colorful cliff, a vast canyon so deep,

Do you only see what’s there today,

Or do you wonder about what’s eroded away?

It’s easy to see features striking and stark,

Worthy of viewing as fine works of art,

Forgetting that it would be all but a dream

If it weren’t for the sediment washed downstream...

After eons of weathering, sun, wind, and rain,

The marshes, the riverbeds, deserts, and plains,

Serve as resting places for weary soil,

And humble reminders of geology’s toil.

The next time you see a plain that’s forgettable,

Think of its origins somewhere incredible,

And remember, it’s only a matter of time

‘Til that landscape will be a new mountain to climb.

GeoPoem

By Mary C. Nodine, PE, M.ASCE



■■ Bridges
■■ Dams
■■ Embankments
■■ Excavations

■■ Foundations
■■ Geogrids
■■ Groundwater
■■ Landfills

■■ Mines
■■ Piles
■■ Pipelines
■■ Slope Stability

■■ Tunnels
■■ Waste Repositories
■■ Wind Turbines

■■ Strain Gages
■■ Crackmeters
■■ Jointmeters
■■ Strandmeters
■■ Convergence Meters
■■ Extensometers

■■ Piezometers
■■ Pressure Transducers
■■ Weir Monitors
■■ Settlement Sensors
■■ Pressure Cells
■■ DeAerators
■■ Temperature Gages
■■ Cables

■■ Load Cells
■■ Concrete Stress Cells
■■ B/H Deformation Gages
■■ Stressmeters
■■ Inclinometers
■■ Tiltmeters
■■ Pendulum Readouts

■■ Readouts
■■ Terminal Boxes
■■ Dataloggers
■■ Multiplexers
■■ Wireless Networks
■■ Software
■■ Custom Designs

Geotechnical and Structural Instrumentation

www.geokon.com/projects
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