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Text A University Courses and Careers in Civil Engineering

Engineering is a profession, which means that an engineer must have a specialized university
education. Many government jurisdictions also have licensing procedures which require engineering
graduates to pass an examination, similar to the examination for a lawyer, before they can actively
start on their careers.

In the university, mathematics, physics, and chemistry are heavily emphasized throughout the
engineering curriculum, but particularly in the first two or three years. Mathematics is very important
in all branches of engineering, so it is greatly stressed. Today, mathematics includes courses in
statistics, which deals with gathering, classifying, and using numerical data, or pieces of
information. An important aspect of statistical mathematics is probability, which deals with what may
happen when there are different factors, or variables, that can change the results of a problem.
Before the construction of a bridge is undertaken, for example, a statistical study is made of the
amount of traffic the bridge will be expected to handle™. In the design of the bridge, variable such
as water pressure on the foundation, impact, the effects of different wind forces, and many other
factors must be considered.

Because a great deal of calculation is involved in solving these problems, computer
programming is now included in almost all engineering curricula. Computers, of course, can solve
many problems involving calculations with greater speed and accuracy than humans. But computers
are useless unless they are given clear and accurate instructions and information—in other words, a
good program.

In spite of the heavy emphasis on technical subjects in the engineering curriculum, a current
trend is to require students to take courses in the social science and the language arts. The
relationship between engineering and society is getting closer; it is sufficient, therefore, to say again
that the work performed by an engineer affects society in many different and important ways that he
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or she should be aware of®. An engineer also needs a sufficient command of language to be able to
prepare reports that are clear and, in many cases, persuasive. An engineer engaged in research will
need to be able to write up his or her findings for scientific publications.

The last two years of an engineering program include subjects within the student’s field of
specialization. For the student who is preparing to become a civil engineer, these specialized. courses
may deal with such subjects as geodetic surveying, soil mechanics, or hydraulics.

Active recruiting for engineers often begins before the student’s last year in the university. Many
different corporation and government agencies have competed for the services of engineers in recent
years. In the science-oriented society of today, people who have technical training are, of course, in
demand. Young engineers may choose to go into environmental or sanitary engineering, for example,
where environmental concerns have created many openings; or they may choose construction firms
that specialize in highway work ; or they may prefer to work with one of the government agencies that
deal with water resource. Indeed, the choice is large and varied.

When the young engineer has finally started actual practice, the theoretical knowledge acquired
in the university must be applied. He or she will probably be assigned at the beginning to work with
a team of engineers. Thus, on-the-job training can be acquired that will demonstrate his or her
ability to translate theory into practice to the supervisors.

The civil engineer may work in research, design, construction supervision, maintenance, or even
in sales or management. Each of these areas involves different duties, different emphases, and
different uses of engineer’s knowledge.

Civil engineering projects are almost always unique, each has its own problems and design
features. Therefore, careful study is given to each project even before design work begins. The study
includes a survey both of topography and subsoil features of the proposed site. It also includes a
consideration of possible alternatives, such as a concrete gravity dam or an earth-fill embankment
dam. The economic factors involved in each of the possible alternatives must also be weighed.
Today, a study usually includes a consideration of the environmental impact of the project. Many
engineers, usually working as a team that includes surveyors, specialists in soil mechanics, and
experts in design and construction, are involved in making these feasibility studies.

Many civil engineers, among them the top people in the field, work in design. As we have
seen, civil engineers work on many different kinds of structures, so it is normal practice for an
engineer to specialize in just one kind. In designing buildings, engineers often work as consultants to
architectural or construction firms. Dams, bridges, water supply systems, and other large projects
ordinarily employ several engineers whose work is coordinated by a system engineer who is in charge
of the powerhouse and its equipment. In other cases, civil engineers are assigned to work on a
project in another field; in the space program, for instance, civil engineers were necessary in the
design and construction of such structures as launching pads and rocket storage facilities.

Construction is a complicated process in almost all engineering projects. It involves scheduling
the work and utilizing the equipment and the materials so that costs are kept as low as possible.

Safety factor must also be taken into account, since construction can be very dangerous. Many civil
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engineers therefore specialize in the construction phase.

Words and Expressions

specialized a. E\LH, F[1H
jurisdiction n. FFEEFL, AR
curriculum  n. PRFE, 21K
probability n. HE%

variable n. A5 &

persuasive a. A Uik J1HY
geodetic  n. K HLM &%
hydraulics n. 7K 12

recruit v. FIEE FESEET A
demonstrate ». &7~ , N
topography n. HiJE2%

subsoil n. HIFTF )2+

gravity n. &), H#.05]
geodetic surveying  FCHbIN B
soil mechanics + J7%¢
feasibility study AJ{THERF5E
consultant n. ¥ i) Ui, J#i[a]
coordinate v. FAE

system engineer Z 4L T2
launching pads ( KHFHY) Z4F &
schedule ». PT35I
construction phase Jifi "Bt

Notes

(Dthe bridge will be...: HE1EMMNA], BB T % R0 which” .
@t is sufficient , therefore ,to say....H)H it HH FiF ,to say HEHL FiE  that the work...
A EETE M A] , that he or she... Jy5EiE M), & ways,

Text B The Field in Civil Engineering

From the Pyramids of Egypt to the Space Station Freedom, civil engineers have always faced
the challenges of the future-advancing civilization and building our quality of life.

Today, the world is undergoing tremendous changes—the technological revolution, population
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growth , environmental concerns, and so on. All create unique challenges for civil engineers of every
specialty. The next decades will be the most creative, demanding, and rewarding of times for civil
engineers, and now is the best time to find the right career for you.

Today, civil engineers are in the forefront of technology. They are the leading users of
sophisticated high-tech products — applying the very latest concepts in computer-aided design
(CAD) during design, construction, project scheduling, and cost control.

Civil engineering is about community service, development, and improvement—the planning,
design, construction, and operation of facilities essential to modern life, ranging from transit systems
to offshore structures to space satellites. Civil engineers are problem solvers, meeting the challenges
of pollution, traffic congestion, drinking water and energy needs, urban redevelopment, and
community planning.

Our future as a nation will be closely tied to space, energy, the environment, and our ability to
interact with and compete in the global economy. You, as a civil engineer, will perform a vital role
in linking these themes and improving quality of life for the 21st century. As the technological
revolution expands, as the world’s population increases, and as environmental concerns mount, your
skills will be needed. There is no limit to the personal satisfaction you will feel from helping to make
our world a better place to live. Whatever area you choose, be in design, construction, research,
teaching, or management, civil engineering offers you a wide range of career choices for your future.
Civil engineering is grouped into seven major divisions of engineering; Structural ;. Environmental ;
Geotechnical ; Water Resources; Transportation; Construction; and Urban Planning. In practice,
these are not always hard and fixed categories, but they offer a helpful way to review a very diverse

and dynamic field.
Structural

As a structural engineer, you will face the challenge of designing structures that support their
own weight and the loads they carry, and that resist wind, temperature, earthquake, and many other
forces. Bridges, buildings, offshore structures, space platforms, amusement park rides, and many
other kinds of projects are included within this exciting discipline. You will develop the appropriate

combination of steel, concrete, and visit the project site to make sure the work is done properly.
Environmental

The skills of environmental engineers are becoming increasingly important as we attempt to
protect the fragile resources of our planet. Environmental engineers translate physical, chemical, and
biological processes into systems to destroy toxic substances, remove pollutants from water, reduce
non-hazardous solid waste volumes, eliminate contaminates from the air, and develop groundwater
supplies. In this field, you may be called upon to resolve issues of providing safe drinking water,
cleaning up sites contaminated with hazardous materials, disposing of wastewater, and managing

solid wastes.
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Geotechnical

Geotechnical engineering is required in all aspects of civil engineering, because most projects
are supported by the ground. As a geotechnical engineer, you might develop projects below ground,
such as tunnels, foundations, and offshore platforms. You will analyze the properties of soil and rock
that support and affect the behavior of these structures. You may evaluate the potential settlements of
buildings, the stability of slopes and fills, the seepage of ground water and the effects of
earthquakes. You will investigate the rocks and soils at a project site and determine the best way to
support a structure in the ground. You may also take part in the design and construction of dams,

embankments, and retaining walls.
Water Resources

Water is essential to our lives, and as a water resources engineer, you will deal with issues
concerning the quality and quantity of water. You will work to prevent floods, to supply water for
cities, industry, and irrigation, to treat wastewater, to protect beaches, or to manage and redirect
rivers. You might be involved in the design, construction, or maintenance of hydroelectric power

facilities, canals, dams, pipelines, pumping stations, locks, or seaport facilities.
Transportation

Because the quality of a community is directly related to the quality of its transportation system,
your function as a transportation ehgineer will be to move people, goods, and materials safely and
efficiently. Your challenge will be to find ways to meet our ever increasing travel needs on land, air,
and sea. You will design, construct, and maintain all types of transportation facilities, including
highways, railroads, airfields, and ports. An important part of transportation engineering is to
upgrade our transportation capability by improving traffic control and mass transit systems, and by

introducing high-speed trains, people movers, and other new transportation methods.
Construction

As a construction engineer, you are the builder of our future. The construction phase of a
project represents the first tangible result of design. Using your technical and management skills will
allow you to turn designs into reality—on time and within budget.

You will apply your knowledge of construction methods and equipment, along with the
principles of financing, planning, and managing, to turn the designs of other engineers into

successful projects.
Urban Planning

As a professional in this area, you will be concerned with the entire development of a
community. Analyzing a variety of information will help you coordinate projects, such as projecting

street patterns, 1dentifying park and recreation areas, and determining areas for industrial and
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residential growth. To ensure ready access to your community, coordination with other authorities
may be required to integrate freeways, airports, and other related facilities. Successful coordination

of a project will require you to be people-oriented as well as technically knowledgeable.
Words and Expressions

forefront n. SATHE, BRTZE , Heii s 9 H0
structural  a. S5FIRY, BEGUH ; 454 , 135
environmental a. & FE /), FHEEH
geotechnical a. 7+ /)

water resources 7](?%0}5

transportation n. AZ3@ , 1%

urban planning 3§ 77 #LKI
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Text A Development of Roads

When we speed along a modern highway, we rarely stop to think what it is we are riding on”.
To understand what a road is, we must study the ways in which people have traveled in the past.

The very first roads were really tracks beaten in the ground by wild animals in prehistorie time.
People followed these winding trails because they provided an easy and quick way to get through
thick forests. In time, people began to improve the paths by filling holes with earth and laying logs
across soft, boggy spots. These attempts were crude, but they were the beginning of road
construction.

As people began to transport goods over longer distances, they developed new ways of traveling.
First they packed their wares on animals. Then they invented various kinds of sleds. Finally, after
the invention of the wheel, they built wagons. Each advancement brought a need for better traveling
routes.

Later in history, when well-traveled routes were made sturdier with rocks and stones, the path
was raised above the surrounding land, it became a “high way”.

The great civilization throughout history were also the great road builders®. Roads were
necessary to control and extend empires, to permit trade and travel, and to move armies.

Most of these early roads were simply hard-packed dirt, but some were paved with stone blocks
or burnt bricks.

The Romans bound their empire together with an extensive system of roads radiating in many
directions from Rome. Some of these early roads were of elaborate construction. For example, an
Appian Way? | built southward about 312 BC, illustrates one of the procedures used by the Romans.
First a trench was excavated to such a depth that the finished surface would be at ground level. The
pavement was placed in three courses; a layer of small broken stones, a layer of small stones with

mortar and firmly tamped into place, and a wearing course of massive stone blocks, set and bedded
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in mortar. Some of the Roman roads are still in existence today. And many modern highways follow
the ancient Roman routes.

Few roads were built during the early history of the United States since most of the early
settlements were connected with the nearest wharf, but the connecting road usually was just a
clearing through the forest. Before the Revolutionary War, travel was mainly on foot or horseback,
and roads were merely trails clearing to greater width. Development was extremely slow for a time
after the war’s end in 1783.

Between 1795 and 1830 numerous turnpikes, particularly in the northeastern states, were built
by companies organized to gain profits through toll collections. Few of them were financially
successful. During this period many stagecoach lines and freight-hauling companies were organized.

The extension of turnpikes in the United States was abruptly halted by the development of the
railroads. In 1830 Peter Cooper constructed America’s first steam locomotive, the Tom Thumb,
which at once demonstrated its superiority over horse-drawn vehicles. Rapid growth of the railroad for
transportation over long distances followed. Cross-country turnpike construction practically ceased,
and many already completed fell into disuse. Rural roads served mainly as feeders for the railroads;
improvements primarily led to the nearest railroad station and were made largely by local authorities
and were to low standards. When it rained, the roads were slippery, and in dry weather they were
dusty. People using horses and wagons accepted this. But with the beginning of the 20th century a
new invention, the automobile, began to take over the road. The first two decades of the twentieth
century saw the improvement of the motor vehicle from a “rich man’s toy” to a fairly dependable
method for transporting persons and goods. There were strong demands not only from farmers but
from bicyelists through the League of American Wheelmen® for rural road improvement, largely for
roads a few miles in length connecting outlying farms with towns and railroad stations. This
development has been aptly described as “getting the farmer out of the mud”.

From 1920 to 1935, highway development was focused primarily on the completion of a network
of all-weather rural roads comparable to the street systems undertaken by local governments. By 1935
highway activities in rural areas have been devoted mainly to an attempt to provide facilities of
highway standards and with greater capacity and load-carrying ability. During the same period,
increasing attention has been focused on urban areas, which have been struck simultaneously by
rapidly increasing population, however population densities resulting from a “flight to the suburbs” |
and a shift from mass transportation to the private automobile. Indications are that .only minor

additions to road mileage will be made in the future.

Words and Expressions

track n. EEZik, /M2
beat tracks FFR¥EGAE
prehistoric a. SEHTH]
trail n. 25, /NG
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boggy a. ZIRFER

crude a. FRER, AXELH Y

wares n. (EH0)RY, R

sled n. Hif, TE(UARSEEBRKFRBRTHETR)
wagons n. PURIEH S (54 ) &
sturdy a. Z55CHY, B [E AY

radiate v, [0 4% J7 {H &, 4R 5T

elaborate a. ¥E4NY, B 221

trench n. 74 ,{5%

excavate . ?’zﬁ

mortar n. E’/"E‘}‘Z,Eﬁﬂﬁ

tamp w. ﬁlﬂ ,% ;

settlement n. FrAE ML, EF A, EEA
bay n. W5

wharf n. 3k

clearing n. FFEEH K )5S Hy

turnpike n. ({Z48) A B

stagecoach n. /c3ETh 7%

freight n. B2¥), iz

haul o #3252

locomotive n. §1%, kZE 3L
cross-country a. ﬁﬁﬂ‘]

feeder n. 4k

motor-vehicle #3714, R4

outlying a. EE HL.O W, #HIALRE X A
apt a. tA 4, TIUBHY

simultaneous a. [F]H A, [E] 6] A& A B
mileage n. HLFE, S B

in time 3 T — BB A LUfS
well-traveled routes 2% 177 1 BE4k
hard-packed dirt &8 8FF LM+
wearing course B (#£) il |
toll-collections  fiE Y F& B , Wt B3t o6
all-weather roads BRI 4%, &K (48 ) 15 E B
tamp into place ¥ SLE|{

take over FEE £

load-carrying ability zZRXHEN

mass transportation Z>3L35H
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Notes

@... what it is we are riding on... A TRIEA 4 FHE2 4470, X E0RIE/AA it is... that...,
] A g 5 3 5 4 A B ) 1] What,%/%ﬁﬂ that #5452 T, B 4l: You don’t know what it is
(that) you are doing. It’s a mischief!

Q@ARANEEHER P F AR SCH R R I @S, iR it B
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@ D E AR KIH, B FAJCHN 312 4, 2K 350 2T X, HETFHIHEEES, &
TG 1784 4%, B L R g /S HAB# T Appian Way, ti % Hifii[a] Albano, 5 1HKIE 47,

@the League of American Wheelmen SE[E% 4 ABEA 4,

Text B Return to the Turnpikes

Toll roads, or turnpikes, which charge a fee for use, have become important again in the better
roads movement. This is the second time they have appeared in America. They were first introduced
in Europe during the late 18th century when roads were privately owned and fees collected for using
the roads. Poles armed with sharp spikes called pikes stopped the traveler at toll stations. The poles
were turned aside after payment, hence the term turnpike.

Turnpikes were first introduced into America in 1785. By 1850 there were over 400 in New
York State alone. They were the first improved roads in this country. For one type of surface, trunks
of tree were placed across the roads and allowed to settle into the roadbed. These were called
“corduroy” road.

Some turnpikes were faced with wooden planks. First used in Russia, they were introduced into
North America by Sir Charles Edward, governor general of Canada. He built a few miles of plank
road near Toronto in 1836. The first plank road in the United States was built in 1845-1846 from
Syracuse, N.Y., to Oneida Lake, a distance of about 14 miles.

Most of the turnpikes were between the large cities, such as the Lancaster Turnpike between
Philadelphia and Lancaster, Pennsylvania. It was built between 1790 and 1794 and was the first
important macadamized road in America.

A Scottish engineer, John L. MacAdam (1756-1836) , devised the road surface which bears his
name. It was made of loosely packed broken stone using water as a binder. Today macadamized
surfaces are generally mixed (impregnated) with hot asphalt, tar, or some similar binder. This type
of road surface is called bituminous macadam.

Turnpike fell into disuse by the middle of the 19th century. The railroad had arrived and proved
to be a better means of travel over long distances. Canals too took passenger and freight business
from the turnpikes.

The Pennsylvania Turnpike, which was opened in 1940, was the first of the modern turnpikes.
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