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SPENCER J. BUCHANAN, SR. 

 

Spencer J. Buchanan, Sr. was born in 1904 in Yoakum, Texas.  He graduated 

from Texas A&M University with a degree in Civil Engineering in 1926, and earned 

graduate and professional degrees from the Massachusetts Institute of Technology and 

Texas A&M University. 

He held the rank of Brigadier General in the U.S. Army Reserve, (Ret.), and 

organized the 420th Engineer Brigade in Bryan-College Station, which was the only such 

unit in the Southwest when it was created.  During World War II, he served the U.S. 

Army Corps of Engineers as an airfield engineer in both the U.S. and throughout the 

islands of the Pacific Combat Theater.  Later, he served as a pavement consultant to the 

U.S. Air Force and during the Korean War he served in this capacity at numerous 

forward airfields in the combat zone.  He held numerous military decorations including 

the Silver Star. 

He was founder and Chief of the Soil Mechanics Division of the U.S. Army 

Waterways Experiment Station in 1932, and also served as Chief of the Soil Mechanics 

Branch of the Mississippi River Commission, both being Vicksburg, Mississippi.
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Professor Buchanan also founded the Soil Mechanics Division of the Department 

of Civil Engineering at Texas A&M University in 1946.  He held the title of 

Distinguished Professor of Soil Mechanics and Foundation Engineering in that 

department.  He retired from that position in 1969 and was named professor Emeritus.  In 

1982, he received the College of Engineering Alumni Honor Award from Texas A&M 

University. 

He was the founder and president of Spencer J. Buchanan & Associates, Inc., 

Consulting Engineers, and Soil Mechanics Incorporated in Bryan, Texas.  These firms 

were involved in numerous major international projects, including twenty-five RAF-

USAF airfields in England.  They also conducted Air Force funded evaluation of all U.S. 

Air Training Command airfields in this country.  His firm also did foundation 

investigations for downtown expressway systems in Milwaukee, Wisconsin, St. Paul, 

Minnesota; Lake Charles, Louisiana; Dayton, Ohio, and on Interstate Highways across 

Louisiana.  Mr. Buchanan did consulting work for the Exxon Corporation, Dow 

Chemical Company, Conoco, Monsanto, and others. 

Professor Buchanan was active in the Bryan Rotary Club, Sigma Alpha Epsilon 

Fraternity, Tau Beta Pi, Phi Kappa Phi, Chi Epsilon, served as faculty advisor to the 

Student Chapter of the American Society of Civil Engineers, and was a Fellow of the 

Society of American Military Engineers.  In 1979 he received the award for Outstanding 

Service from the American Society of Civil Engineers. 

Professor Buchanan was a participant in every International Conference on Soil 

Mechanics and Foundation Engineering since 1936.  He served as a general chairman of 

the International Research and Engineering Conferences on Expansive Clay Soils at 

Texas A&M University, which were held in 1965 and 1969. 

Spencer J. Buchanan, Sr., was considered a world leader in geotechnical 

engineering, a Distinguished Texas A&M Professor, and one of the founders of the Bryan 

Boy’s Club.  He died on February 4, 1982, at the age of 78, in a Houston hospital after an 

illness, which lasted several months. 
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The Spencer J. Buchanan ’26 Chair in Civil Engineering 

The College of Engineering and the Zachry Department of Civil Engineering 

gratefully recognize the generosity of the following individuals, corporations, 

foundations, and organizations for their part in helping to establish the Spencer J. 

Buchanan ’26 Professorship in Civil Engineering.  Created in 1992 to honor a world 

leader in soil mechanics and foundation engineering, as well as a distinguished Texas 

A&M University professor, the Buchanan Professorship supports a wide range of 

enriched educational activities in civil and geotechnical engineering.  In 2002, this 

professorship became the Spencer J. Buchanan ’26 Chair in Civil Engineering. 
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C. Darrow Hooper ‘53 
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Spencer J. Buchanan Lecture Series 

1993 Ralph B. Peck “The Coming of Age of Soil Mechanics:  1920 - 
1970” 

 
1994 G. Geoffrey Meyerhof “Evolution of Safety Factors and Geotechnical Limit 

State Design” 
 

1995 James K. Mitchell “The Role of Soil Mechanics in Environmental 
Geotechnics” 

 
1996 Delwyn G. Fredlund “The Emergence of Unsaturated Soil Mechanics” 

 
1997 T. William Lambe “The Selection of Soil Strength for a Stability 

Analysis” 
 

1998 John B. Burland “The Enigma of the Leaning Tower of Pisa” 
 

1999 J. Michael Duncan “Factors of Safety and Reliability in Geotechnical 
Engineering” 

 
2000 Harry G. Poulos “Foundation Settlement Analysis – Practice Versus 

Research” 
 

2001 Robert D. Holtz “Geosynthetics for Soil Reinforcement” 
 

2002 Arnold Aronowitz “World Trade Center: Construction, Destruction, and 
Reconstruction” 

 
2003 Eduardo Alonso “Exploring the limits of unsaturated soil mechanics: 

the behavior of coarse granular soils and rockfill” 
 

2004 Raymond Krizek “Slurries in Geotechnical Engineering” 
 

2005 Thomas D. O’Rourke “Soil-Structure Interaction Under Extreme Loading 
Conditions” 

 
The text of the lectures and a videotape of the presentations are available by contacting: 

 
Dr. Jean-Louis Briaud 

Spencer J. Buchanan ’26 Chair Professor 
Zachry Department of Civil Engineering 

Texas A&M University 
College Station, TX 77843-3136, USA 

Tel:  979-845-3795 
Fax:  979-845-6554 

e-mail:  Briaud@tamu.edu
You may also visit the website http://ceprofs.tamu.edu/briaud/buchanan.htm
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AGENDA 

The Fourteenth Spencer J. Buchanan Lecture 
Friday November 17, 2006 

College Station Hilton 

2:00 p.m. Welcome 
by Jean-Louis Briaud 
 

2:05 p.m. Introduction 
by John Niedzwecki 
 

2:10 p.m. Introduction of William Hansmire 
by Jean-Louis Briaud 
 

2:15 p.m. “Evolution of Risk Management as a  
Project Management Tool in Underground Engineering” 
Special Lecture by William Hansmire 
 

3:15 p.m. Discussion 
 

3:25 p.m. Introduction of Clyde Baker 
by Jean-Louis Briaud 
 

3:30 p.m. “In Situ testing, Soil-Structure Interaction, and Cost 
Effective Foundation Design” 
The 2006 Buchanan Lecture by Clyde Baker 
 

4:30 p.m. Discussion 
 

4:40 p.m. Closure with Philip Buchanan and Spencer Buchanan Jr. 
 

5:00 p.m. Photos followed by a reception at the home of Jean-Louis 
and Janet Briaud. 
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Clyde N. BAKER Jr. 
 

 
 

Mr. Baker received his BS and MS degrees in Civil Engineering from the Massachusetts 
Institute of Technology and joined the staff of STS Consultants, Ltd. (formerly Soil 
Testing Services) in the fall of 1954.  Over the past 50 years, he has served as 
geotechnical engineer for many high rise built in Chicago.  He has also served as 
geotechnical engineer or consultant on seven of the sixteen tallest buildings in the world 
including the three tallest in Chicago (Sears, Hancock, and Amoco) and the current two 
buildings in the world, the Petronas Towers in Kuala Lumpur, Malaysia and 101 
Financial Center inTaipei, Taiwan.  
 
As a result of his experience, Mr. Baker has developed an international reputation in the 
design and construction of deep foundations.  He has been a leader in using in-situ testing 
techniques correlated with past building performance to develop more efficient 
foundation designs.  In the Chicago soil profile this has facilitated economical use of 
belled caissons on hard pan for major structures in the 60 to 70 story height range (such 
as Water Tower Place, 900 North Michigan, and AT&T) which normally would have 
required extending caissons to rock at significant cost premium.  
 
Mr. Baker has shared his knowledge and experience with his peers through numerous 
Conference and University lectures, technical articles, papers and publications.  He is the 
recipient of the Deep Foundation’s Institute Distinguished Service Award, the ADSC 
Outstanding Service Award, ASCE’s Thomas A. Middlebrooks and Martin S. Kapp 
awards and of three Meritorious Publication Awards from SEAOI including the "History 
of Chicago Building Foundations 1948 to 1998". He is the author of "The Drilled Shaft 
Inspectors' Manual" sponsored jointly by the Deep Foundation Institute and the 
International Association of Foundation Drilling (ADSC). 
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Mr. Baker has been very active professionally on both the local and national scene.  He is 
an Honorary Member of ASCE.  He is a past President of SEAOI and of the Chicago 
Chapter of ISPE.  Nationally he has served as Chair of the Geotechnical Engineering 
Division of ASCE, Editor of the Geotechnical Engineering Journal, and Chair of ACI 
Committee 336 on Footings, Mats and Drilled Piers.  He is a member of the National 
Academy of Engineering and was the recipient of the ASCE Ralph B. Peck Award for the 
year 2000.  
 
Mr. Baker is a past Chairman of STS Consultants, Ltd., a 550 person consulting 
engineering firm, headquartered in Vernon Hills, Illinois and currently serves as Senior 
Principal Engineer and Senior Vice President. 
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William H. Hansmire 
 

 
 

Dr. William Hansmire received his BSc from the University of Nebraska in 1968, his 
Master from the University of Illinois in 1970, and his PhD from the University of 
Illinois in 1975. He is a registered Professional Engineer is 10 States and a Member of 
many national tunneling and other civil engineering organizations including ASCE, 
ARMA, AEG, and ITA. He was elected to the National Academy of Engineering in 2002. 
 
A senior member of Parsons Brinckerhoff’s geotechnical and tunneling staff, Bill 
Hansmire remains at the forefront of tunneling industry practices in the United States. 
During his more than 30 years experience in the field of underground engineering he has 
had a wide range of responsibilities and positions ranging from project engineer, project 
manager, to principal-in-charge. His project experience includes U.S. and international 
roadway, heavy rail, transit, water, and wastewater projects. Projects have been by 
traditional and design-build contract delivery methods.  
 
He first started with Parsons Brinckerhoff (PB) in the New York office in 1977. Major 
projects included the Strategic Petroleum Reserve (SPR); Harvard Square Station, 
Cambridge, Massachusetts; and the 14-km-long Rogers Pass Rail Tunnel in British 
Columbia, Canada. He moved in 1984 to Hawaii as Project Manger for the Interstate 
Route H-3 Trans-Koolau Tunnel and then moved in 1993 to Las Vegas as the 
Engineering Manager for the Kiewit/PB contractor/engineer team that constructed the 8-
km-long Exploratory Studies Facility tunnel for the Yucca Mountain Nuclear Waste 
Storage Project (YMP). From 1996 until 2003, he was with Jacobs Associates in San 
Francisco, a firm specializing in tunneling and construction engineering. He was 
Principal-In-Charge and led all tunnel designs for Tren Urbano new transit system in San 
Juan, Puerto Rico, the first major tunnel project in the United States to be completed 
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under a design-build contract delivery. In 2003 he returned to PB in the San Francisco 
office as the Engineering Manager for preliminary design of the San Francisco Muni 
Central Subway. 
 
With the strategic purpose of developing the firm’s water and wastewater business in the 
Midwest United States, he relocated to Detroit, Michigan in 2005. As Project Manager, 
he will lead design and construction management services for the Detroit River Outfall 
No. 2, a difficult 1.3-km-long, 7-m-diameter rock tunnel that will encounter 6 bar ground 
water pressure and gassy geologic conditions. This is the second attempt to design and 
construct this tunnel, which suffered a catastrophic failure and flooding in 2003. 
 
Dr. William Hansmire lives in Detroit where he is the Senior Vice President of Parsons 
Brinckerhoff Quade & Douglas, Inc. 
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ABSTRACT 
 
The design and construction business has evolved over time to deal with the inherent geologic risks 
associated with underground engineering, tunneling in particular.  Tunneling is a risky business.  
Population growth and society’s commitment to cleaning up the environment have driven the demand 
ever higher for tunnel projects.  Accordingly, engineers, geologists, contractors, and lawyers work 
continuously to design and construct bigger, longer, better, and more complex underground projects.  
For projects with tunnels, risk management tools have been customized to manage geotechnical risks.  
The authors present the history, the changes in practices that are in progress, and the status of the 
many contractual aspects relevant to tunnel projects.  A report card is given on progress in the last 30 
years to manage risks of tunnel projects.  Examples are given of how “risk management” can be a 
powerful tool not only for dealing with geologic risk, but an effective tool for project management. 
Special attention is given to presenting the role of “risk management” as a technique in tunnel 
engineering within the broader context of how tunnel contracts are, or should be, prepared to address 
the many risks associated with tunneling. 
 
1. INTRODUCTION 
 
To illustrate evolving tunnel contracting issues, consider the following statement: 

“For several years it has been recognized that contracting practices in the United States are 
inadequate even for past methods and constitute a serious barrier to the application of new 
technology and to the most economical development of underground space.  In Europe, Japan, 
Australia and Canada, underground works have been and are being constructed that equal 
United States projects in size and complexity, but employ contracting practices that vary 
significantly from those used in the United States.  Inflationary pressures, material-shortage 
problems, and energy deficiencies, all of which radically affect construction costs over 
relatively short construction periods, have also signaled the need for review and analysis of 
current contracting practices.” 

The forgoing statement is not current, but over 30 years old!  From a seminal document (USNCTT, 
1974), this quotation refers to the condition in the United States where major tunnel projects were 

                                                 
* Note:  This paper is based on the prior collaborative work of Bill Hansmire and Jim Monsees and their work 
”Evolving Practices for Tunnel Contracts in the United States,” which was presented as a Keynote Address at the 
International Tunnelling Association World Tunnelling Congress 2007, Seoul, Korea, 24 April 2006.” 
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experiencing great construction difficulties and uncontrolled costs.  As a benchmark, this document 
has been used by the authors as the base from which change is measured for good, or not. 

2. HISTORY 
2.1 Tunnels Until 1974 
For the two decades prior to the 1970’s, tunnels were becoming increasingly more prominent in major 
infrastructure projects in the United States:  large vehicular tunnels for the Interstate Highway System 
and rail tunnels for new transit systems in San Francisco, Washington, D. C, and Boston.  Later, new 
transit systems with tunnels were built in Pittsburgh, Atlanta, Los Angeles, Atlanta, and Portland, 
Oregon.  Need for clean water spurred tunnel construction for water supply and waste water 
conveyance tunnels in New York, Chicago, Milwaukee, San Francisco, and many others.  Tunnelling 
was often the only sensible construction method that made highway, transit, water and wastewater 
projects possible. 

Several major problem tunnelling projects (notably Water Tunnel No. 3 in New York, and the 
Eisenhower highway tunnel in the State of Colorado) motivated the USNCTT study of contracting 
practices.  Before that date, looking back, the projects and people were implementing tunnel contracts 
in they way they had been done by the generation before them, without much change.  Change was 
certainly needed.  The evolutionary changes after 1974 came in several steps over years of time.  As 
the authors see the situation, change came in three aspects:  tunnelling methods and materials, 
equipment, and contracting practices.   

For tunnelling methods and materials, competitive markets drove importation to the United States of 
sequential excavation methods (SEM, or “the New Austrian Tunnelling Method”) and shotcrete as an 
engineered material for ground support.  For equipment, the world has seen the enormous change from 
40 years ago, when the equipment was either soft-ground shield tunnelling in soil or drill and blast 
excavation in rock, to today with tunnel boring machines (TBMs) that can excavate both soil and rock 
below the groundwater table with a closed face.  The contractors’ demand for bigger, better, faster 
construction equipment, coupled with entrepreneurial equipment manufacturers drove change in ways 
that were unimaginable in 1974  

On the other hand the tunnel construction contracts in the United States have not seen nearly the 
change.  Tunnel contracts have become better, but slowly and inconsistently in the environment where 
tunnel projects come from a multitude of owners, often with little or no tunnel experience.   

2.2  Turning Point in United States - 1974 

Better Contracting for Underground Construction (USNCTT 1974) was the product of the most 
experienced tunnelling people at the time and broad industry representation.  Being the product of a 
National Research Council/National Academy of Sciences project, the 17 specific recommendations 
had unprecedented credibility.  Many recommendations were subsequently adopted in varying form.  
In 2004, a serious assessment of the recommendations was started under the auspices of the American 
Underground Construction Association (AUA).  See later in this paper for status.   
 
Of particular importance are three recommendations that are best considered as a suite of linked and 
complementary contract terms: 
 

• Disclosure of All Subsurface Information 
• Make No Disclaimers 
• Changed Conditions – Differing Site Conditions. 

 
Adoption of these three contractual conditions has made possible all other improvements to follow.  In 
particular, the “changed conditions” clause, which provides relief to a tunnel contractor if project 
conditions are different than understood at the time of bid and if those conditions had a negative 
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impact on their work.  United States government construction procurement required this clause for 
construction contracts well before 1974, but for non-federal tunnel contracts, it was not typically used.  
To be sensibly implemented, the changed conditions clause works best when all subsurface 
information is disclosed and disclaimers are not made regarding factual information.   

2.3 Major Developments Since 1974 

Steady professional activity over the years on the part of contractors, engineers, owners, and lawyers 
have worked to improve the tunnel contracting situation.  Implementation of the 1974 
recommendation has progressed with the issuance of three subsequent documents summarized below.  
In the first two, the vehicle for disclosure of subsurface data was called the Geotechnical Design 
Summary Report (GDSR) and in the third it became the Geotechnical Baseline Report (GBR). 
 
Avoiding and Resolving Disputes in Underground Construct:  Successful Practices and Guidelines 
(ASCE 1989) and ASCE (1991) which was an update extending the concepts to all types of 
construction.  This professional effort became the implementing document in the United States that set 
guidelines for three new contracting practices:  Geotechnical Design Summary Reports (GDSR), 
Escrow Bid Documents, and Disputes Review Boards.  For each item, they evolved first from the need 
to rectify, or avoid next time, a tunnel project problem.  After some years of trial use and enough 
positive experience to demonstrate the merit, a guideline document was finally published.  As the 
dates indicate, it took 15 years from 1974 to get to this state of evolution.   
 
Geotechnical Baseline Reports for Underground Construction:  Guidelines and Practices (Essex, 
1997).  This document is a guideline representing a consensus (ASCE, 1997) opinion within the 
industry.  For the most part, underground projects in the United States now use Geotechnical Baseline 
Reports (GBR), but after several years of use, GBRs were recognized as not fully addressing the 
critical issue – the specific geotechnical conditions upon which the tunnel contract was based.  There 
is a new committee currently at work to review and update the 1997 guidelines.  It is anticipated that 
this committee’s efforts will be reflected in a new guideline publication to be issued.  See below. 

2.3  Risk Sharing Motivated Risk Management 

Throughout the years, tunnelling and tunnel contracts have struggled with the concept of “risk 
sharing.”  Almost any contractual dispute on a tunnel construction contract can be put into a 
framework of “who’s risk was it”.  Underground projects, including any construction involving 
subsurface excavation, present many risks, all of which must be assumed by either the owner or the 
contractor.  The greatest risks are associated with the materials encountered and their behavior during 
excavation and installation of support.  Definition and allocation of these risks was the focus of the 
GBR, but had limits.   
 
Historically at the start of a project, the tunnelling risks, in particular geologic risk, were not well 
understood.  The evolutionary step necessary was that, if the goal is to eliminate, mitigate, or allocate 
(share) tunnelling risk, one must understand just what constitutes the risks.  Despite having 
geotechnical baselines, which could be set on the basis of engineering geology, a good process for 
evaluating risk from the point of view of the tunnel contractor was not in place.  It was not clear how 
to “share” risk.  As this was being sorted out in the profession, more attention was given to eliminating 
or mitigating the risk, and the residual risk clearly allocated to one or more parties.  
 
Today risk sharing is often gotten to by a “risk management process” where the consequences of 
sharing/not sharing “risk” have been more formalized.  The remaining risk has to be allocated among 
the parties to the tunnel contract.  This has been a huge, positive step in evolving tunnel contracts.  The 
authors see this as achieving a solution to part of the problem, but there remain risk issues to be 
resolved in all tunnel contracts. 
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3. ON-GOING PROFESSIONAL ACTIVITIES AND SPECIFIC DEVELOPMENTS 

3.1 Update of 1974 Guidelines 

The 17 recommendations and current status are shown in the following Table 1.  Over the years some 
of these recommendations have been implemented with success, and some not implemented at all.  
The authors count 7 of the 17 (or 40% and shown by a “*”) are not working, or still require 
improvements. Under the leadership of W. W. Edgerton, a re-assessment is in progress of the 
recommendations from the 1974  report (Edgerton, 2004).  Although all 17 recommendations are 
being considered, the goal is to re-energize the industry with update of practices for specific items and 
promote the value of adoption in tunnel contracts. 

Table 1.  Comparison of 1974 and Present Recommendations for Tunnel Contracting Practices 

 1974 Recommendations 2006 Status 

1 
Owner to Provide Rights-of-Way 
and Some Materials, Plant and 
Equipment. 

Generally implemented but RWO sometimes slow.  
Plant and equipment usually (rightfully) by 
contractor. 

2 
Disclosure of all Subsurface 
Information, Professional 
Interpretations …. 

Some holdouts but generally implemented.  Led to 
GBR. 

3 Disclaimers Generally eliminated.  Attempts still to use. 

4 Include Differing Site Conditions 
Clause 

Accepted generally.  Administration evolving 
concerning “baselines”. 

5* Handling Extraordinary Water 
Problems 

Still having problems in effectively achieving this 
recommendation. 

6* Types of Contracts 
Considerable attention being given.  Design/build 
interest continues.  Some successes, e.g., “Portland.” 
Contracts still predominantly design/bid/build. 

7* Bidder Qualifications Seldom used to truly “qualify.”  Often only a 
formality.  Interest remains in workable approach.   

8 Bid Pricing No major changes 

9* Alternative Bids Used infrequently 

10 Escalation Under used.  Not as important in times of low 
inflation.  

11 Wrap-up Insurance Generally used on large projects 

12* Tunnel Support … Improved, still a source of problems. 

13* Change Negotiations Improved but still needs attention 

14 Value Engineering Not included in all construction contracts. 

15 Publication of Engineers Estimate Not typically practiced 

16* Contractor Financing Costs Not typically practiced 

17 Arbitration Not often practiced.  Better is Disputes Resolution 
Boards (DRB) 
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3.2  Update of Geotechnical Baseline 

With a strong consensus in the profession that an update is needed, an update is in progress and is 
being led again by the original leader, R. J. Essex.  Scope of the update has not been finalized but the 
general intent is to incorporate other types of underground but non-tunnel types of construction (such 
as for foundations), applications to design/build contract delivery, and lessons learned.  Publication in 
2007 is projected. 
 
The authors have re-visited their prior opinions on this matter.  Our recommendations in 2004 
(Hansmire and Monsees, 2004) regarding geotechnical baselines remain valid and are repeated below: 
 

“Return to the core contractual purpose of a ‘geotechnical baseline.’ We need to implement this 
concept as a fully integrated element of the tunnel contract. We suggest the shorted terminology 
of Geotechnical Baseline (GB) to more correctly reflect the intent. This means getting rid of the 
“R,” and adjusting the content of the many supporting documents (GDR, GIR) in a tunnel 
design accordingly. Finally, make these baselines short. As a guideline, not a rule, we suggest 
the GB should be no more than 10 pages consisting of succinct text, summaries, tables, and 
bullet items.’ 

The authors of this paper are participating in the update, and the intent is to help shape the standard of 
practices ever toward better tunnel contracts.   
 
3.3 Disclaimers 
 
As a rule, the GBRs being used now do a reasonable good job of following the 1974 and 1997 
recommendations.  However, there is still some reluctance on the part of owners to accept the fact that 
“the owner owns the ground”.  Similarly, on occasion, GBR writers with conventional geologic 
backgrounds still have difficulty with writing definitive baseline statements devoid of the usual 
geologic disclaimers.  The community as a whole, however, is alert to this possibility and the result is 
that a concerted effort is being made to eliminate disclaimers. 
 
3.4 Types Of Contracts 
 
There has been perhaps no greater “buzz” in the tunnelling business in the United States than a 
design/build contract delivery.  In 1974, reference to the “ …contracting practices that vary 
significantly from those used in the United States” was at least in part referring to design/build.  
Design/build is common in many industries, such as for buildings and power generation projects.  But 
for civil works construction in the US, design/bid/build could be considered standard.  In particular, it 
was the standard of all 50 states and major cities that for decades has used federal funding for highway 
construction.  With the need for faster, more efficient project delivery, major design/build projects 
were initiated in the 1990s.  Examples are major highway upgrades in Salt Lake City, Utah with a 
fixed deadline to be completed before the 2002 Winter Olympics, and the transit project in San Juan, 
Puerto Rico which the US Department of Transportation designated as a “demonstration project” to be 
by design/build.  The highway project was successful and made the deadline.  The Tren Urbano transit 
project (Río Piedras tunnels) was completed, but not without some controversy.   
 
Regardless, wholesale adoption of design/build has not replaced design/bid/build.  It is still the general 
practice in the U.S. to use conventional design/bid/build contracts for underground construction 
projects.  The use of design/build contracts has been gaining popularity since the mid 1990’s.  As a 
result, we estimate that one-quarter to one-third of new tunnel projects are considering design/build.  
Although owners are interested in saving money and time, they rarely are aware of the institutional 
changes required in their organizations to implement a major tunnel project using a design/build 
contract. 
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Because of the relatively short period of use for design/build, we would argue that the jury is still out 
on the efficiency of this contract type.  At this time the consensus seems to be that they get projects 
completed and in service faster but there is a great debate as to whether they reduce costs or not.  For 
example, on the Tren Urbano project, one of the first major U.S. design build projects, a major 
conclusion at the end of the project was as follows: 

“Contractor’s don’t buy design any cheaper than owners do.  Money saved on doing lots of 
alternative designs (typical for design/bid/build) is spent re-doing designs because of different 
construction methods.”  (Gay, et al, 1999) 

Another new type of contract is that used in Portland, Oregon on a major sewer project (Gribbon et al, 
2003).  In this case the design was advanced to a preliminary stage.  Tenders were then taken, and then 
with the selected contractor, the contractor, designer, and owner worked together as a team to 
complete of design and construction.  The first of two tunnels has been completed quite successfully 
on this model and the second is well underway.   
 
3.5 Bidder Qualifications 
 
The use of bidder qualifications in the U.S. is still seldom used but, we believe, gaining in popularity.  
In some states this requires legislative action because the existing system of low bid, hard dollar 
contracts has been adopted and a contractor is deemed qualified if he can provide bonding for the 
work.  It is fairly common for such contracts to contain minimum requirements for contractor’s 
experience and for the experience and qualifications of major contractor personnel (project manager, 
superintendents and the like).  It is our observation, however, that these requirements are often taken 
more as a formality and, hence, this recommendation certainly requires more study. 
 
4. PROJECT MANAGEMENT FOR TUNNELS 
 
The authors have experience over the past 40 years with tunnel projects designed and constructed by 
many firms for many owners.  Changes in contracting practices for tunnels have been driven largely 
by the experience of problem tunnel projects.  As the several sections of this paper above elaborate, 
the changes were evolutionary.  What emerged were “tools” to manage risk, e.g. GDRs, GBRs, and 
the like.  Fitting these contractual risk-management tools into a construction contract has not been 
easy.  The typical boilerplate terms and conditions of a construction contract for a major city in the 
United States has been difficult to change.   
 
From our viewpoint what has emerged is risk management embedded into the management of a tunnel 
project.  For a single tunnel, risk management is a key element of the Project Management Plan for 
that specific project.  The great value is that the tools, such as a Geotechnical Baseline, can be 
efficiently empowered and implemented by the management process that has used risk management 
systematically to deal with project hazards (“risks”) as one of several project management tools.  
Viewed another way, the contractual tools like the GBR are not tacked on late in the design process, 
but are assumed to be there in the design, just like calculations will be checked and design drawings 
will be sealed and signed by professional engineers in responsible charge.   
 
4.1  Traditional Practices 
 
The practice of engineering has in one way or another always had to deal with “risk.”  Traditionally 
“risk management” was not particularly visible, and certainly was not a driving element of the typical 
civil works project.  It was the insurance and surety industries that dealt with risk, and was 
fundamental to their business.  The engineers purchased insurance to cover their risk of “errors and 
omissions” and contractors purchased insurance for many things, including “builders risk.”  An owner 
typically worked to shift risk to the construction contractor. 
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A common form of risk management in engineering practice came through the process of alternatives 
analysis.  During design, alternatives were evaluated with respect to several factors:  function, 
sometimes constructability (with varying success depending on the experience of the designer), and 
cost.  For a comprehensive example see the ASCE Manual 78 Quality in the Constructed Project 
(ASCE, 2000), Chapter 8 “Alternative Studies and Project Impacts”.  As another example of the 
complex world of civil works projects and risk management practices see Hatem (1998). 
 
During bidding and when they were awarded the contract, the construction contractor would consider 
alternative construction methods and sequence for one or more elements of a project in terms of both 
cost and schedule.  A construction contractor will typically have their own views of project hazards 
and how to avoid or mitigate risks, as a business necessity, in order to ensure successful project 
completion and profitability. 
 
Risky elements of a project that were known in advance were usually dealt with by some design 
mitigation.  The extreme way of dealing with risky site conditions, such as a large bored tunnel in sand 
below the ground water table, was to avoid it all together – and not build the tunnel.  In some 
situations a bridge was built if it were sensible for the specific project.  If a tunnel was truly needed, 
alternative construction methods could be considered such as construction as an immersed tube tunnel 
(sunken tube).  In the past, risks were dealt with in a broad way, but the process was usually not 
connected over the life of the project when compared to a project management philosophy today with 
risk management built in.  
 
4.2 Risk Management Process 

Essential to understanding, key definitions and the basic process are presented in below.  Special note 
is made that this is a simple framework that can be implemented by staff on any project without 
special software or special skill in probability and statistics.  The authors acknowledge the many 
variations in practices today that are used successfully.  We are also aware that in many situations, risk 
management has become more analytical, but the fundamentals remain. 

Key definitions are as follows: 
 

Hazard: An event having a consequence to cost, schedule, operations, 
environment, quality, public … 

 
Risk: Combination of severity of impact and probability of 

occurrence 
 
Risk Register: Management tool to track mitigation actions and manage risk 

throughout the project. 
 

Confusion and misunderstanding on a specific project often comes when only the word risk is thought 
of first.  Fundamental thinking must focus on the hazard, as defined above.  In tunneling, the geologic 
hazards have certainly been established as posing hazards in countless ways.  For instance 
groundwater is a given as a hazard to almost any tunnel.   
 
For the overall management of tunnel design and construction of the project, dealing with just 
geologic hazards will not be all the hazards the project will face.  In some cases, mitigating or 
avoiding one specific hazard results in creating another hazard.  When the project management 
philosophy encompasses all project hazards, a better design fit to the project specific conditions will 
be achieved with some balance among sometimes competing project conditions requiring mitigation.   
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The basic process for each hazard requires the following steps:: 
 

• Identify the hazard 
• Quantify the hazard as a risk 
• Eliminate/Mitigate risk and develop action plans 
• Allocate residual risk 

 
As a compact signature statement, the process is: 
 

Identify, Quantify, Mitigate, Allocate 
 
Identifying a hazard is typically done in a brainstorming session with broad representation across all 
disciplines.  In addition to geologic hazards, it is common for hazards to be identified in categories 
related to operations and maintenance of the facility, community impact, and environmental 
compliance. 
 
Quantifying a hazard requires a secondary effort to establish the relative probability of occurrence and 
the relative impact if the hazard was realized.  For both severity and probability, there must be a 
calibration to the specific project and owner’s risk tolerance and sensitivity to local issues.  For 
instance, the hazard of construction noise usually has a high probability of occurrence.  Its impact is 
relative to project location.  In unpopulated areas outside of cities, noise impact is typically low, 
whereas in a city in a quite neighborhood, impact is high.  Often the impact can be quantified as the 
number of community complaints that reach the mayor’s office.  One call may be too many, and a 
subsequent call can result in stopping construction.  This defines severity of impact “high” for that 
project.  We advocate using 3 levels, or thresholds, defining Low, Med, and High.  Although we have 
worked with systems using 5 levels quantifying hazards, we feel it does not give a better basis for 
decision-making.  The following are examples. 
 
Severity of Impact 
 

Low  Insignificant – no impacts 
 
Medium  Significant – potential serious delays, costs 
 
High  Fatalities, months delay, litigation 

 
Probability of Occurrence  
 

Low   Improbable; extremely  unlikely 
 
Medium  Likely – 1 in 100 
 
High  Very likely – 1 in 10 

 
 
A hazard that is quantified as a risk is typically plotted on a 3 by 3 chart shown in Fig. 1 below.  If 
low, medium, and high become numbers 1, 2, and 3, a quantified score is obtained.  A “score” or risk 
rating is determined by multiplying the respective probability and severity ratings, e.g. a hazard rated 
both  high probability and high impact has as a score of 9. 
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Figure 1  Risk Management Graphic Showing Hazards Quantified as a Risk and Various Risk 

Management Actions 
 
Eliminating/Mitigating is always a project-specific action.  By definition, the highest risks (shown in 
Fig. 1 as 9’s and 6’s) require elimination or substantial mitigation in order to make a project feasible.  
Such risks sometimes are call fatal flaws, or no-go conditions. 
 
Allocating residual risk is the final step.  It is at this stage of a project where a geotechnical baseline 
can be employed.  See Essex (1997).   
 
As a final comment on this brief overview of the risk management process, a risk register is a 
management tool, not an end in itself.  It should not be the first action when a project is set up.  
Starting with the list is to undermine the value of the process. The critical evaluation of hazards must 
be undertaken and one-by-one the risks identified and captured in the risk register.  Throughout the life 
of the project the successive actions to manage risk would be documented in the risk register.   
 
4.3  Risk Management Throughout life of Project 
 
We are advocating using risk management throughout the life of a project.  Our personal experience 
has been focused on tunnels, tunneling, and geologic risks.  However, we have found that in order to 
implement the risk management concepts in a geotechnical baseline, it is essential to be a part of a 
bigger plan for risk management. It cannot be effective on its own, but has to have contract provisions, 
and a management attitude on the part of all parties to make it work.  Many past experiences, good and 
bad, have led us to our position that the project as a whole has to embrace risk management.  As 
shown in Fig. 2, there will be many people, firms, and organizations that require action on their part.   
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Figure 2 Project Entities Required for Beginning-to-End Risk Management 
 
5. CONCLUSION  
 
To close our evaluation of evolving contracting practices, consider the following: 

“By these [17 recommendations for better contracting] methods the owner would receive the 
completed construction at lower cost and the contractor would receive a just profit.  These 
benefits would foster a cooperative atmosphere in which there is incentive for both the owner 
and the contractor to stimulate the use of advanced technologies and innovative construction 
techniques.  The new methods would also include provisions for equitable sharing of the risks, 
particularly those not identifiable at the bidding stage, which are inherent in underground 
work.”  (USNCTT, 1974) 

Our prime conclusion is there has been some improvement since 1974, but not nearly enough to 
realize the benefits projected in the statement above.  Our evaluation has also led us to the simple 
conclusion regarding why the construction industry (contractors, suppliers, and equipment 
manufacturers) have changed so much:  each has the incentive to achieve profit, and only through 
better, faster tunnelling can that be achieved.  On the other hand, the owners set the terms of the tunnel 
contract and the owners have only the motive to limit cost to their budget.  The tunnel engineers have 
been in the middle, working to get their clients, the owners, to adopt risk-sharing contract terms.  
Finally even though risk sharing is still evolving, nearly all projects now include some level of risk 
evaluation in the design process and sharing of risk between owner and contractor in tunnel contracts. 
 
Use of risk management embedded within the project management philosophy is the direction the 
authors see the tunnel business going.  We see the customized risk management tools that have come 
from the geotechnical engineering side of tunnel engineering maturing to be widely accepted practices. 
The most effective implementation is possible when the process starts at the beginning of the project.  
We thus are advocating that the project management approach for tunnel projects should have risk 
management embedded as management tool, where not already in place.   
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