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GREEN readirg within acceptable zone — no action required

YELLOW  cxamine measuring system, investigate cause, evaiuate trends, increase monitoring
frequency, and consider additional instruments

ORANGE  meet, make changes where possible to mitigate damage Lo existing {acilities, make ready
corrective action plan

RED stop work until corrective action is in place that will ensure this level is not reached in the
Tuture

BLUE monitoring System is not functioning

BLACK monitoring element is (urned off, broken or removed

delays to the project, and avoid expensive damage claims. A modern performance monitoring system that is
effectively executed can Sdve many times its cost. As ap example the Central Artery/Tunnel project nearing
compietion in Boston required some of the mast daring undertakings in underground construction ever
atiempled. The design engineers recognized that they faced enormous risks from adverse performance and
designed a robust performance—monitoring program for the entire project, The monitoring program cost about
$60 million dollars or 0.4% of the total project cost. Engineers working on the project experienced numerous
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Figare 4; Geocomp's Web-based Remote Monitoring System
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instances where the moniltoring program showed problems and deficiencies in time for corvective action to be
taken. Estimates have been made which show that the performance-monitoring program for the project helped
avoid as much as $500 million dollars in costs from damages and delays that could have resulied were no
maonitoring systems in place. (FHWA, 2007).

Performance monitoring systems are complicated and tend to not work well if they are not maintained and
supported by an experienced and motivated team of professionals. Effective and raliable systems reguire all
elements to work nen-stop. This can anly be achieved with systems that include much redundancy.

Modern performance moniloring systems provide geoengineers with major opportunilies to deliver more value to
our clients. They provide a high tech implementation of the Observational Method (Peck, 196%). From my
perspective, the tole of performance monitoring on infrastructure projects is to save owners money. These
savings result from the benefits that an effective performance moniloring system can provide. These benefits
inctude avoiding surprising behavior, reducing the likelfhood of undesirable performance and providing early
warnings of unexpected performance so that remedial actions can be taken to reduce the undesirable
consequences. These benefits reduce the potential for delays to the project from unexpected performance. They
reduce the possibilities that construction will adversely affect neighboring people and facilities. They also reduce
the opportunities for claims arising from unexpected performance.

On projects that involve uncertainties about the existing conditions, new construction methods or materials, low
margins of safety, high consequences of adverse perforimance, or tight restrictions, performance monitoring can
provide benefits that may be several times the cost of the monitoring program. As an example the Central
Artery/Tunnel project in Boston required some of the most daring undertakings in underground construction ever
attempted. The design engineers recognized that they faced enormous risks from adverse performance and
designed a robust performance-monitoring program for the entire project.

The challenge limiting our use of these modem perlormance-menitoring systems are the same as discussed for
lab testing: the difficulty the geo-profession has communicating value to its clients. We have a difficull time
explaining how performance measurements will save our client money. Usually their impression will be the
opposite — performance monitoring takes time and costs money. so why bother? Besides these systems never
worked in the past so why should we use them on this joh? We need an effective response to these nay Sayers.

LOOKING AHEAD

This brief review of our profession’s capabilities for testing and performance monitoring has shown that we have
very powerful tools to help our clients succeed in the risky world of underground construction, The factor that
most inhibits our ability to apply these tools effectively to cach project is common. It is our inability to
demonstrate to clients the value added by using these tools. Geoengineers tend to becore so entangled in the
technical jargon of our work that we have difficulty effectively communicating with the non-specialists. For our
profession o survive and thrive we must change how we deliver our services. We must understand the project in
a broader sense than before and be prepared to identity and seize opportunities during the carly stages of ils life.
We must become a player during the planning and permitting processes of the project so thal we can develop a
broader understanding of the context and drivers of the project. We must see the big picture and manage the
details. By being involved early and responding in terms of the value we can provide, we have a much betler
opportunity to expand our role in the project. We can become “geo-engineers” in the broader sense of the waord,
rather than be constrained by the limiting connotation of “geolechnical engineers",

We must alsa upscale the value of the producis of geoengineering through more effective use of the capahilities
and technologies currently available, A key requirement for this to work is for geoengineers to become more
cffeclive at communicating the value they provide 1o the project. Geoengineers working with a broader
understanding of the project drivers can communicate the benefits of their work to reducing risk, avoiding
delays, minimizing claims and saving the client money.

We must embrace and enhance our ability to make decisions with limited and uncertain information,
Geotechnicai engineers do his all the time through a process we call “applying our engineering judgment.” This
is 2 powerful bus misunderstood skill that Eeoengineers should development more completely for our client’s and
our own benefit. Engineering judgment in its best form is the efficient application of critical thinking skills.
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Continual development of critical thinking skills is essential to improving our ability to provide clients with high
velue. The interested reader can refer to Marr (20062) and Mary (2006b) for more discussion on the relationship
between engineering judgment and critical thinking.

One very effective means to demonstrate value to clients is through the use of the lanpuage of risk, t.e. risk
assessment, risk management and risk mitigation. Quantified risks provide understandable benchmarks for us to
communicate options and value {o clients. Clients understand the language of sisk much better than they
understand the Ianguage of geotechnical engineering. Clients want to know if their project will be successful.
They have na way to interpret the meaning of a conclusion like ““a calculated factor of safety of 1.24 using shear
strength measured in a CKyU(L) triaxial test.” The language of risk allows us 10 demonstrate to clients how using
our tools for testing and measuring performance deliver value to them. A staiement like the following is much
more useful to most clients:

“Fhe probability of a damaging geotechnical failure during construction is estimated at 5%. By completing a
mare comprehiensive sile investigation and testing program we expect (o reduce this amount to sbout 1%. By
using a real-time monitoring system we can further reduce this probability by one order of magnitude to 0.1%."

Huge opportunities exist for civil engineers in the foreseeable future to help address issues the world population
faces, issues such as:

¢  Providing fresh water, food and shelter to everyone

¢«  Managing wastes

e Supporting economic development

e Managing, upgrading and integrating legacy facilities

¢  Sustaining our resources

¢ Adjusting to global climatc change

e Reducing risks from geohazards (earthquakes, landslides, volcanoes, storms)

«  Warking in a more complex society camprised of multiple interest groups with competing agendas.

¢ Providing solutions in shorter delivery time with least life-cycle cost.

e  Providing solutions that integrate social, economice, political, environmental, scientific and technical
issues.

Geotechnical engineers have the opportunity to make major contributions in addressing all of these issyes. To be
successful in this new millennium, the geoengineer will have to develop stronger skills to:

= Effectively apply the tools already available including those described in this paper.

«  Communicate with own peers, clients and the public.

e  Have a willingness to get “down and dirty” to get the work dane.

e Deal with lots of conflicting information where time is shori.

o Separale good data/information from bad datafinformation.

e Make decisions in an uncertain world.

¢ Balance good engineering and competitive forces.

©  Embrace and adapt new technologies from other arezs such as biotechnology, MEMS systems,
nanotechnology, cyber infrastructure and high tech materials.

¢ Understand that dealing with clients, stakeholders, coworkers, public officials and the public are just as
important to the success of a project as is a state-of-the-art analysis with voluminous sensitivity studies

¢ Beacompetitive professional with a working undersianding of applicalile principles of business and
law,

e Understand and apply risk management to clients’ projects and one’s own business.

¢ Better understand and apply refined skills for use of engineering judgment.




o Cope with stresses of business, demending clients, confiicting abjectives, mullicolturalism and
expanded demands of a modern family.

Our universities must play a major roll in identifying and developing studenis with these stronger skills and
relooling graduate engineers to take a broader role in the geo-profession.

CONCLUSIONS

Geoenginering is a fascinating field of practice that will continue to challenge ali of us to pravide our clients
with best value in & world filled with uncertainties. We have entered the new millennium with many powerful
10ols at our disposal to test soil and rock in the laboratory and in the field and to measuse just about every
meaningful indicator of perfermance in real time. The apportunities produced with this new equipment ae
tremendous for the geoengineer.

The challenge hindering broader use of these tools is primarily the difficulty the geo-profession has
communicating valte to its clients. We have a difficult time explaining how a better machine performing a more
sophisticated test helps our client save money. We have difficulty explaining how installing instraments and
measuring performance bring value to the project beyond satisfying the intellectual curiosity of the geotechniacl
engineer. We must fipure out how we demonstrate and communicate the value of our unique services to our
clients.

One very effective means to demonstrate value to clients is through the use of the language of risk, Le. risk
assessment, risk management and risk mitigation. Quantified risks provide understandable benchmarks for us to
communicate options and value to clients. Clients wnderstand the language of risk much betler than they
understand the language of geotechnical engineering. Geotechnical engineers are well equipment ta idesntify and
work with uncertainty that produces risk. Risk assessment and risk management represent large opportunities for
the geo-community.

The geo-engineer of the new millennium must have a much broader range of skills in succeed in the glabal
economy. Our universities must play a major roll in identifying and developing students with these stronger
skills and retooling graduate engineers to take @ broader role in the geo-profession.
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