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Lesson 1

Text

Civil Engineering

Civil engineering,the oldest of the engineering specialties, is the planning. design. construction. and
management of the built environment. This environment includes all structures built according to scientific
principles, from rrigation and drainage systems to rocket-launching facilities.

Civil enginecrs build roads, bridges, tunnels, dams, harbors, power plants. water and sewage
systems, hospita s, schools, mass transit, and other public facilities essential to modern society and large
population concentrations. They also build privately owned facilities such as airports. railroads, pipelines,
skyscrapers, and other large structures designed for industrial, commercial, or residential use. In
addition, civil engineers plan, design, and build complete cities and towns, and more recently have been
planning and designing space platforms to house self-contained communities.

The word civil derives form the Latin for citizen. In 1782, Englishman John Smeaton used the term to
differentiate his nonmilitary engineering work from that of the‘military engineers who predominated at the
time. Since then, the term civil engineering has often been used to refer to engineers who build public
facilities, although the field is much broader.

Scope. Because it is so broad, civil engineering is subdivided into a number of technical specialties.
Depending on the type of project, the skills of many kinds of civil engineer specialists may be needed.
When a project Legins, the site is surveyed and mapped by civil engineers who locate utility placement—
water, sewer, and power lines. Geotechnical specialists perform soil experiments to determine if the earth
can bear the weight of the project. Environmental specialists study the project’s impact on the local area:
the potential for air and groundwater pollution, the project’s impact on local animal and plant life, and
how the project can be designed to meet government requirements aimed at protecting the environment.
Transportation specialists determine what kind of facilities are needed to ease the burden on local roads and
other transportztion networks that will result from the completed project. Meanwhile, structural
specialists use preliminary data to make detailed designs, plans, and specifications for the project.
Supervising and coordinating the work of these civil engineer specialists, from beginning to end of the
project, are the construction management specialists. Based on information supplied by the other
specialists, cons ruction management civil engineers estimate quantities and costs of materials and labor,
schedule all work, order materials and equipment for the job, hire contractors and subcontractors. and
perform other supervisory work to ensure the project is completed on time and as specified.

Throughout any given project, civil engineers make extensive use of computers. Computers are used
to design the project’s various elements (computer-aided design, or CAD) and to manage it. Computers
are a necessity for the modern civil engineer because they permit the engineer to efficiently handle the large
quantities of dati needed in determining the best way to construct a project.

Structural engineering. In this speciality, civil engineers plan and design structures of all types,
including bridges, dams, power plants, supports for equipment, special structures for offshore projects.
the United States space program, transmission towers, giant astronomical and radio telescopes, and many
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other kinds of prcjects. Using computers, structural engineers determine the forces a structure must
resist: its own weight, wind and hurricane forces, temperature changes that expand or contract
construction materials, and earthquakes. They also determine the combination of appropriate materials:
steel, concrete, plistic, stone, asphalt, brick, aluminum, or other construction mater:als,

Water resources engineering. Civil engineers in this specialty deal with all aspects of the physical
control of water. "heir projects help prevent floods, supply water for cities and for irrigation, manage and
control rivers and water runoff. and maintain beaches and other waterfront facilities In addition. they
design and maintaii harbors, canals, and locks, build huge hydroelectric dams and smaller dams and warer
impoundments of all kinds, help design offshore structures, and determine the location of structures
affecting navigation,

Geotechnical engineering. Civil engineers who specialize in this field analyze the prcperties of soils and
rocks that support structures and affect structural behavior. They evaluate and work to minimize the
potential settlement of buildings and other structures that stems from the pressure of their weight on the
earth. These engineers also evaluate and determine how to strengthen the stability of slopes and fills and
how to protect structures against earthquakes and the effects of groundwater.

Environmental engineering. In this branch of engineering, civil engineers design, build. and supervise
systems to provide safe drinking water and to prevent and control pollution of water supplies, both on the
surface and underground. They also design, build, and supervise projects to control or eliminate pollurion
of the land and air. These engineers build water and wastewater treatment plants, and design air scrubbers
and other devices “0o minimize or eliminate air pollutfon caused by industrial processes. incineration. or
other smoke-producing activities. They also work to control toxic and hazardous wastes through the
construction of special dump sites or the neutralizing of toxic and hazardous substances. In addition, the
engineers design ard manage sanitary landfills to prevent pollution of surrounding land.

Transportatior. engineering. Civil engineers working in this specialty build facilities to ensure safe and
efficient movement of both people and goods. They specialize in designing and mainraining all types of
transportation facilities, highways and streets, mass transit systems, railrcads and zirfields, ports and
harbors. Transporiation engineers apply technological knowledge as well as consideration of the economic.,
political , and social factors in designing each project. They work closely with urban vlanners, since the
quality of the community is directly related to the quality of the transportation system.

Pipeline engineering. In this branch of civil engineering, engineers build pipelines and related facilities
which transport ligaids, gases, or solids ranging from coal slurries (mixed coal and water) and semiliquid
wastes, to water, 2il, and various types of highly combustible and noncombustible gases. The engineers
determine pipeline Jdesign, the economic and environmental impact of a project on regions it must traverse,
the type of materials to be used-—steel, concrete, plastic, or combinations of various materials—
installation techniqgies, methods for testing pipeline strength, and controls for maintain:ng proper pressure
and rate of flow of materials being transported. When hazardous materials are being <arried, safety is a
major consideration as well.

Construction engineering. Civil engineers in this field oversee the construction of a project from
beginning to end. Sometimes called project engineers, they apply both technical and managerial skills.
including knowledge of construction methods, planning, organizing, financing. and operating construction
projects. They coordinate the activities of virtually everyone engaged in the work: the surveyors; workers
who lay out and ccnstruct the temporary roads and ramps, excavate for the foundation. build the forms
and pour the concrate; and workers who build the steel framework. These engineers also make regular
progress reports to the owners of the structure.

Community and urban planning. Those engaged in this area of civil engineering may plan and develop
2




communities within a city, or entire cities. Such planning involves far more than engineering
consideration; environmental, social, and economic factors in the use and development of land and natural
resources are alsc key elements. These civil engineers coordinate planning of public works along with
private development. They evaluate the kinds of facilities needed, including streets and highways, public
transportation systems, airports, port facilities, water-supply and wastewater-disposal systems, public
buildings, parks. and recreational and other facilities to ensure social and economic as well as
environmental we!l-being.

Photogrametry, surveying, and mapping. The civil engineers in this specialty precisely measure the
Earth’s surface to obtain reliable information for locating and designing engineering projects. This practice
often involves high-technology methods such as sarelli.te and aerial surveying, and computer-processing of
photographic imagery. Radio signals {from satellites, scans by laser and sonic beams, are converted to
maps to provide fur more accurate measurements for boring tunnels, building highways and dams. plotting
flood control and rrigation projects, locating subsurface geologic formations that may affect a construction
project, and a host of other building uses.

Other specialties. Two additional civil engineering specialties that are not entirely within the scope of
civil engineering hut are essential to the discipline are engineering management and engineering teaching.

Engineering management. Many civil engineers choose careers that eventually lead to management.
Others are able "o start their careers in management positions. The civil engineer-manager combines
technical knowledge with an ability to organize and coordinate worker power, materials, machinery. and
money. These ergineers may work in government—municipal, county, state, or federal; in the U.S.
Army Corps of Eagineers as military or civilian management engineers; or in semiautonomous regional or
city authorities or similar organizations. They may also manage private engineering firms ranging in size
from a few employees to hundreds.

Engineering teaching. The civil engineer who chooses a teaching career usually teaches both graduate
and undergraduat: students in technical specialties. Many teaching civil engineers engage in basic research
that eventually leads to technical innovations in construction materials and methods. Many also serve as

consultants on engineering projects, or on technical boards and commissions associated with major

projects.
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NOTES

1. They evaluate aud work to minimize the potential settlement of buildings and other srructures that stems
from the pressure of their weight on the earth.
AT @R A BT B EEATRES RN TR, RIS E 2 m SR/,

2. They coordinate the activities of virtually everyone engaged in the work.
FL b AR SN AMED.

3. They may also manage private engineering firms ranging in size from a few employees to hundreds.
AT AT REE BRI WL B E N B R E TR AH.

4. Many teaching civil engineers engage in basic research that eventually leads to technical innovations in

construction meterials and methods.
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Reading Material (1)

On Being Your Own Engineer

T'he occasion jor this short talk was the Civil Engineering students Annual Awards Convocation at the
University of Illinois on April 24, 1976. Parents, friends., and wives or husbands of the honor students had
been invited to the “onvocation. I took the occasion to speak to the wwives or husbands as well as to the students
who received the honors.

Ralph B. Peck (1983)

Here at this University and in this Department that has trained so many outstanding civil engineers,
you have achieved a standard of excellence that results.in your recognition at this Honors Day ceremony. It
gives me the grea:est pleasure to congratulate you on these achievements. Here in vour undergraduate
career, you have become leaders in the pursuit of engineering knowledge. the first essential step in
becoming a civil engineer. Excellence in undergraduate studies correlates highly with a successful
engineering career in later years. I sincerely hope that the satisfaction of a successful career continues to be
yours and that these honors and recognitions that you so rightfully receive today will be only the first of
many satisfactions that will come to you in your practice of civil engineering.

Yet a successful undergraduate career is not always or inevitably followed by leadership in vour
profession. In a changing world, in a dynamic profession such as civil engineering, how can you be sure
today that you wil be among the leaders of your profession 20 or 30 years from now? How can you even be
sure to pick the branch of civil engineering, the particular kind of work that you will actually like the best

or have the most ¢ptitude for? Do you dare leave these matters to chance, do you dare let hature simply
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take its course? Nobody can predict the future and nobody can guarantee success in the future. But there
are, nevertheless, many positive things you can do to shape your own career. I should like to think about
some of these w:th you today.

I believe every engineer, perhaps even while an undergraduate but certainly upon graduation, needs to
form and follow his own plan for the development of his professional career. Perhaps it is an unpleasant
thought, but I believe it is only realistic that nobody else is quite as interested in your career as you
yourself should se. If you don’t plan it yourself, it is quite possible that nobody will. On the other hand.
there are too many factors, there are too many changes in a dynamic profession to permit laying out a fixed
plan. The plan that you follow must be flexible and it must continually be evaluated.

To be sure. every career depends to some extent on chance, on the breaks, good or bad. But if you
have followed a sound plan, you will be ready for the good breaks when they come. Those who feel they
have never had favorable opportunities usually have not been ready and have not even recognized
opportunities when they came.

Civil engineering projects don’t exist in the classroom or in the office or in the laboratory. They exist
out in the field, in society. They are the highways, the transit systems, the landslides to be corrected, the
waste disposal plants to be constructed, the bridges, the airports; they have to be built by men and
machines. In my view, nobody can be a good designer, a good researcher, a leader in the civil engineering
profession unless he understands the methods and the problems of the builders. This understanding ought
to be firsthand. and if you are going to get it, you have to plan for it. Without this experience in the field.
your designs may be impractical, your research may be irrelevant, or your teaching may not prepare your
students properly for their profession. There are several ways in which you can get construction
experience. One is by being an engineer for a builder, for a contractor. Or on the other hand, you might
be an inspector for a resident engineer for the designer or owner. It doesn’t matter in what capacity you
work . and it do2sn’t take a very long time to get worthwhile experience in the field, but sometime early in
your career, you should plan to getit. Since the real projects are out there in the field, you will have to go
where they are 1o get the construction experience, and you may have to put up with a little inconvenience
in order to get ir.

Real problems of civil engineering design include both concept and detail. In fact, details often make
or break a project. A beautifully designed cantilever bridge in Vancouver Harbor collapsed during
construction because a few stiffeners were omitted on the webs of some temporary supporting beams.
Spectacular failires such as this don’t always follow from neglected details, but poor design. poor
engineering often do. I believe every civil engineer needs a personal knowledge of the details of his branch
of civil engineering. If he’s going to be a geotechnical engineer, for example, he needs to know among
other things exictly how borings are made and samples taken under a variety of circumstances. If he's
going to be a structural engineer, he needs to know how steel structures are actually fabricated and
erected. He neels to know. in other words, the state of the commercial art that plays such a large part in
his profession. He needs to know how things are customarily done so that he can tell whether. for
example, a commercially available sampling tool will do the job at a gnodest comperitive price or whether
some unusual tool must be developed for the particular requirements of the job. So it seems to me that you
should plan to get this sort of experience also: to spend some time on a drilling rig if you plan to be a
geotechnical engineer; to work for a steel fabricator or in a design office if you intend to be a structural
engineer.

How can you get this varied experience, these various components of civil engineering that are so
dissimilar? I thiak, for the most part, you have to do it by choosing your jobs carefully and changing your

job if and whern it seems necessary. You may be lucky in your very first job and go to work for an
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organization that cesigns, that supervises construction, that makes its own laboratory tests, that
supervises borings, and so on. If this should be true, you would be fortunate, but this is not usually the
case. Even such an organization may tend to let you get stuck in one phase of their work, and you may
have to persuade them from time to time to let you work in other parts of their activities. More likely you
will have to change organizations, possibly even to move to another part of the country or of the world.
Unfortunately you can’t order the jobs that you want, when you want them, and where you want them.
But you can look at every opportunity to see if it fits in your plan and to judge if the time is right to make
a change. The breadth of experience so important in a civil engineer’s background can't be obtained any
other way than by ¢ variery of jobs or a variety of activities within a given job. You owe it to yourself and
to your career to see that you get this varied background. On the other hand. while ycu’re getting this
background. you ought to avoid being a job-hopper. Each of your employers will have an investment in
you. At least for a while. when you start to work for him, he will not be getting his money’s worth from
you. You owe him a return on his investment, you owe him good work, and you owe staying with him a
reasonable minimum time while you’re getting that experience.

On my first reel job, I had the good fortune to be working under Karl Terzaghi. He had a good many
requirements, but ¢ne of the most important was that I should keep a notebook in which I should record
not just what 1 had done that day, but what I had seen, what 1 had observed. When I went down into a
tunnel heading, I should come back and sketch how the heading was being executed and how it was being
braced. Isoon discovered that very often, when I came back, I couldn’t remember exactly what had gone
on in the heading. ] couldn’t remember exactly how the bracing fit together. In other words., my eyes had
seen what was goinj on. but my brain didn’t really register. My powers of observation were poor. But as
I continued to keep this notebook, I discovered that more and more | could remember what I had seen, and
more and more my powers of observation developed, I recommend this to you as one way to make your
experience more meaningful.

An investment of ten years or so after your degree, including perhaps graduate studies as well, in
accordance with a carefully planned but flexible program, will go a long way toward zssuring success in
your engineering ca eer. But there is another important aspect to be considered. Any worthwhile career is
demanding. It mak:s demands on your time and effort, and also on your family. And there are other
demands on your life besides your career. Your wife or your husband will have her or 11s own goals and
even may also have a career in mind . The demands of others in your life and the fulfillment of their goals
and careers will recuire cooperation, adjustment, give and take. Moves from one place to another will
require leaving friends, will require that your children change schools. Tensions and conflicts are inevitable
and compromise and reason are necessary. You and your partner will need the best possible understandirg.
Many a marriage hes foundered on the career ambitions of one or both partners and, conversely, manv a
career has foundered on unreasonable or nonunderstanding social or financial demands of the partner.
There is seldom a perfect solution to this problem, but there are many good solutions. The important
thing is to face up to the problems early and to keep working on them. The best engineers, I think, have
achieved a reasonab.e balance among their goals in life. Often they can truly say that their partner in life
has also been their nartner in their career.

Your generaticn has a most exciting prospect. Don’t believe for a minute the prophecies that
technology has ou-lived its usefulness. You will have, fortunately, much more to consider than
technology. You will need to be true conservationists, true ecologists in the positive sense. You will need
to be involved in the social cost-benefit assessments of civil engineering work above and beyond the dollar
cost-benefits, Progress in these directions will be the challenge and the great achievement of your
generation. and it is an exciting prospect. But to succeed. you must be fully prepared. not poorer. but
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better grounded technically than your predecessors. In the next ten years, the choices you make and the
experiences you get will be crucial. As Honor Students. you have taken the first necessary step with skill
and distinction. All of us, your teachers, your parents, your husbands, wives. and friends wish you even
greater success in the future. Indeed you must succeed, or this world will be a poorer place rather than a

richer place in which to live.

Reading Material (2)

Peck., Ralph Brazelton’

Peck’s professional life was directed toward casting the findings of the
engineering science of soil mechanics into a form readily useful to practicing
engineers, relating the implications of geology to subsurface engineering.
carrying out full scale field measurements to assess the validity of forecasts
based on theoretical calculations and laboratory tests. and applying soil
mechanics and engineering geology to unusual projects ., including foundations,
earth and rockfill dams, landslides, and tunnels.

Peck turned to scil mechanics in 1938 upon attending Arthur
Casagrande’s courses at Harvard. In 1939 he was engaged in construction of

the Initial System of Chicago Subways where, under the direction of Karl

Terzaghi, the father of soil mechanics, he developed techniques for applying
soil mechanics tc the design and construction of tunnels and braced open excavations in soft clays. and
carried out pionzer measurements of earth pressures and ground movements. He maintained a close
cooperation with Terzaghi until the latter’s death in 1963 and with him wrote the text Soil Mechanics in
Engineering Practice , which appeared in 1948 and had a strong influence in establishing the role of soil
mechanics in civil engineering.

At the University of Illinois from 1942 onward, he maintained an active practice as consultant on
geotechnical projects and developed a style of teaching directed toward the cultivation of engineering
judgment through a combination of case studies and fundamentals. His early consulting activities were
largely devoted 1o foundations for commercial and industrial structures, ranging from office buildings to
steel mills and power plants, under a wide variety of soil conditions in many parts of the United States and
Canada. This aspect culminated in publication in 1953 of the text Foundation Engineering , coauthored
with W. E. Hanton and T.H. Thornburn.

Increasingly Peck’s attention turned to earth dams, tunnels, airfields, and landslides in all parts of
the world. Among the dams with which he was associated are those for the Churchill Falls and James Bay
hydroelectric prcjects in eastern Canada, the 800-foot (240-meter) Mica Dam on the Columbia River, and
the 700-foot (210-meter) W. A. C. Bennett Dam on the Peace River. He also served as a consultant on
dams to the Teunessee Valley Authority, the Corps of Engineers, the Bureau of Reclamation, various
utility companies and their engineering firms, and foreign governments. He wasx a member of the
Independent Parnel appointed in 1976 by the Secretary of the Interior and the Governor of ldaho to
determine the ca ise of failure of Teton Dam. Among tunnels are those of the subways of the San Francisco

Bay Area Rapid Transit District; the Washington, DC, Metro; and the New York City, Baltimore. and
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Buffalo systems. Airfield assignments included the initial subsurface studies at O'Hare ( Chicago ).
foundations for the overwater runway extensions and for the terminal building at LaGuardia (New York).
subsurface stabilization measures at Newark, and hangar foundations at J. F. Kennedy (New York). He
was a member of un advisory board to investigate the slides triggered by the Good Friday earthquake of
1964 in Alaska, investigated the slides accompanying construction of the Seattle Freewav in 1963. and for
many years advisec the Association of American Railroads on landslides and other slope stability problems.
Measurements of settlements, displacements, and earth and water pressures on mar.yv of these projects
served as the basis for much of his research and for that of his students.

Beginning with his day-to-day observations of variations in the depositional pattern and of the physical
properties of the glacial soils encountered in the Chicago subway excavations, Peck’s appreciation of the
significance of geological history and structure of the subsoil at construction sites developed into
approaches for evaluating and dealing with the inherent variability of the natural deposits within or upon
which the civil ergineer establishes structures. He formalized an observational procedure, based on
approaches initiated by Terzaghi, for achieving safe but economical design under mary conditions where
geological complerities preclude obtaining all the information needed for final design in advance of
construction,

The son of a railroad bridge engineer, Peck received a degree in civil engineering in 1934 and a
doctorate in civil engineering in 1937, both from Rensselaer Polytechic Institute. He worked on subway
construction until it was interrupted by World War II, and then engaged in defense plart construction for a
short period of timre. In 1942 he joined the Civil Engineering Department of the University of Illinois in
Urbana, where he remained until he retired in 1974,

For his paper on the measurements of earth pressures against the braced excavations of the Chicago
subway, Peck was awarded the Norman Medal of the American Society of Civil Engireers in 1943 while
still a junior memter of that organization. He was its first Karl Terzaghi Lecturer and a recipient of its
Karl Terzaghi Awerd; in 1975, he became an honorary member. He was chosen a member of the National
Academy of Enginvering in its first general election in 1965. Other distinctions included the Qutstanding
Civilian Service Mzdal of the Department of the Army, the Moles Non-Member Award. the National
Society of Professional Engineers Award, and the Washington Award. In 1975 he received the National
Medal of Science from President Gerald Ford. From 1969 to 1973 he was president of the International
Society of Soil Mechanics and Foundation Engineering, and was elected an honorarv member of the
Southeast Asian, [apanese, and Mexican Societies of Soil Mechanics . He was a member of the U. S

National Committe: on Tunneling Technology (1974-78) and served as its chairperson (1977).




