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CrIviL INFRASTRUCTURE SYSTEMS: THE BIG PICTURE
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To plan, design, and build civil infrastructure systems suc-
cessfully today, the civil engineer must negotiate a minefield
of potentially explosive obstacles: political, legal, environ-
mental, economic, cultural, education, and communication
to name a few. In other words, the successful civil engineer
must be able to see, understand, and work within ‘“‘the big
picture.”

Almost 50 years ago, Samuel C. Florman, a civil engineer
with amazing foresight described the engineer as follows (The
Civilized Engineer, St. Martin’s Press):

Someone must step forward to say, “We can afford
to make that automobile a little safer,” “Let us consider
the possible harmful effects of that insecticide before we
market it,” “Let us develop a plant process that will not
pollute the water we use,” “Let us make that machine a
little quieter,” ““Let us not demolish that historically pre-
ctous old building,” “Let us locate that dam, not only
where it will generate the most power but also where it
will serve the interests of the community—aesthetically
and socially . . .

This “*someone” cannot be an ordinary citizen of good will.
He must be able to bolster his arguments with facts—
technical, scientific, and economic. Hunches and senti-
ments will not be sufficient. His recommendations, in order
to be persuasive, must be founded in a knowledge of re-
sources, materials, and energy conversion; statistics, prob-
abilities, and decision theory; computers, controls, and
systems engineering. Moreover, this ‘“‘someone” must be
concerned. He must be articulate. He must be esteemed.
And he must have a highly developed moral and aesthetic
sensibility. In short, he must be a liberally educated en-
gineer.

In my view, this description has remarkable currency and
validity for civil engineers developing civil infrastructure sys-
tems today. It is worth reading and rereading from time to
time to keep the role of the engineer in perspective.

This Viewpoint is intended to provide some broad insight
and understanding of the big-picture elements of civil infra-
structure systems by: (1) Briefly reviewing the issues and
obstacles in the civil infrastructure minefield; (2) identifying
a number of developments and opportunities to address and
remove these obstacles; and (3) offering a series of recom-

78 / JOURNAL OF INFRASTRUCTURE SYSTEMS / JUNE 1995

mendations that can help to enhance the vision, ability, and
options of civil engineers in implementing civil infrastructure
systems as we move into the 21st century.

ISSUES AND OBSTACLES
State of the System

The deteriorating condition of our physical infrastructure
poses an enormous challenge to civil infrastructure system
planners and managers in terms of financing, logistics, and
catch up. To illustrate:

Highways: Some 234,500 mi of U.S. roads are rated poor
or mediocre. In addition, according to the Federal Highway
Administration more than 70% of peak-hour travel on urban
interstates occurs under congested or severely congested con-
ditions.

Bridges: One out of three bridges in America is rated struc-
turally deficient or functionally obsolete and needs major
improvements ranging from deck replacements to complete
reconstruction. More than a fourth of all bridges are more
than 50 years of age (source: Federal Highway Administra-
tion).

Mass transit: The average age of transit buses now exceeds
recommended usable age by 20-35%, and between 20% and
30% of rail-transit facilities and maintenance yards are in poor
condition (source: American Public Transit Association).

Aviation: The number of enplanements is expected to in-
crease 57% over the next decade due to globalization of the
airline industry. The number of severely congested major
airports will grow from 7 to 17 if no new runways are added
(source: FAA).

Water resources: More than 10,000 dams are classified as
high hazard in the United States; 13,549 are classified as being
of significant hazard (source: U.S. Army Corps of Engineers
and Federal Emergency Management Agency).

Water supply: Annual compliance costs to water systems
to meet the mandates of the Safe Drinking Water Act will
reach $3 billion per year for the next two decades (source:
Environmental Protection Agency).

Wastewater: It will take $137 billion to meet requirements
of the Clean Water Act by the year 2012. By that year, the






