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Chapter 1

Civil Engineering

B%ﬁ?ﬁﬁ?& A Introduction of Civil Engineering

One of the oldest major is civil engineering. Civil engineering is that branch of engineering
which aims to provide a comfortable and safe living for the people shelter. The engineering marvels
of the world, starting from the pyramids to today’s shell structure, are the results of the development
in civil engineering. One of the primary needs of mankind is provided by civil engineers. Civil
engineers design and construct buildings, railways, roads, bridges, tunnels, harbors, water and
sewage systems, and other public facilities. The efficient planning of water supply and irrigation
systems increases the food production in a country. Shelters, apart from just being shelters, have
been constructed by civil engineers to provide a peaceful and comfortable life.

The word civil derives from 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 engineer has often been to refer to engineers
who build public facilities, although the field is much broader.

The works of civil engineer include investigation (collect data before planning a project),
surveying (prepare maps to locate the structure on the surface of earth), and design, construction,
management, research and development, etc. The scope of civil engineering is broad, depending on
the type of the project and the skills needed. Some specializations of civil engineering are listed below:

(1) Structural engineering;

(2) Geotechnical engineering;

(3) Transportation engineering;

(4) Fluid mechanics, hydraulics and hydraulic machines;

(5) Environmental engineering;

(6) Pipeline engineering.

Structural engineering is the most important specialization, it includes: positioning and
arranging the various parts of the structure into a definite form to achieve best utilization;
determining the forces that a structure must resist, its own weight, wind and hurricane forces, and
temperature change that expand or contract construction materials, and earthquake. They also
determine the combination appropriate materials: steel, concrete, plastic, stone, asphalt, brick,
aluminum, or other construction materials; analyzing the behavior of parts of the structure subjected
to the above forces; designing the structure such that its stability under the action of various loads is
ensured; executing the work with selected construction materials and skilled workers. Most
structural engineer work for apartment or public construction and factory constructions. They
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design the size, style and number of reinforcing steel bars, etc.

Civil engineers who specialize in geotechnical engineering deal with the following aspects: the
properties of soils and rocks as materials that support the structure; the various types of foundation
for a structure; settlements of buildings; stabilities of slopes and fills; effects of groundwater.
Because foundation is the most important part of a building, it is very complicated underground and
it is difficult to remedy if something is wrong. These engineers analyze the properties of soils and
rocks that support structures and affect structural behaviors. They evaluate and work to minimize
the potential settlement of buildings and other structures, which 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 effects of groundwater. They
often perform experiment to achieve pleased result.

Transportation engineering is the science of safe and efficient movement of people and goods.
It is a sub-discipline of civil engineering. The planning aspects of transportation engineering relate
to urban planning, and involve technical forecasting decisions and political factors. Passenger trips
are the focus of transportation engineering because they often represent the peak of demand on any
transportation system. The design aspects of transportation engineering include the sizing of
transportation facilities, determining the materials and thickness used in pavement, designing the
geometry of the roadway. Operation and management involve traffic engineering, older techniques
include signs, signals and markings, newer technologies involve intelligent transportation systems,
including advanced traveler information systems and advanced traffic control systems.

Fluid mechanics, hydraulics and hydraulic machines, in this branch of engineering, civil
engineers deal with the properties and behavior of fluids at rest or in motion. Engineers design and
maintain harbors, hydroelectric dams, waterfront facilities, control water runoff, control and
harness of various resources of water, they construct dams, reservoirs, and distribute channels to the
cultivable land.

Those engaged in environmental engineering design systems to sanitize water and air, they
provide safety drinking water for people and control pollution of water supplies, they help to build
water and wastewater treatment plants, dump sites to eliminate hazardous or toxic wastes and
prevent pollution of surrounding land.

Civil engineers in pipeline engineering build pipelines and related facilities which transport
liquids, gases, or solids ranging from coal slurries (mixed coal and water) and semi-liquid wastes to
water, oil, and various types of highly combustible and noncombustible gases. The engineers
determine pipeline design, the economic and environmental impact of a project on regions it must
traverse, the type of materials to be used-steel, concrete, plastic, or combination of various materials
installation techniques, methods for testing pipeline strength, and controls for maintaining proper
pressure and rate of flow of materials being transported. When hazardous materials are being
carried, safety is a major consideration as well.

Though the difference of special knowledge and skills needed, structural engineers determine
the member’s size, geotechnical engineers perform experiment to determine the earth capacity,
transportation engineers aim at easing the transportation pressure, hydraulic engineers consider the
behavior of fluids, environmental engineers study the project’s potential pollution and protecting,

2



Chapter 1 Civil Engineering

pipeline engineers deal with aspects of design and installation of pipelines. These specialists always
work together, computers are their necessary tool, they make extensive use of computers to handle
large quantities of data and determine the best way to execute a project.

Words and Phrases

civil engineering K T £

slopes and fills 2 35 1 % 3%

waterfront ['wortefrant] n. (F8T TR,
settlement ['setiment] n. iLE#

stability [ste'biliti] n. F2sE i, RE, Ak
hydraulic [hai'dro:lik] adj. KF|f, W
runoff ['rano:f] n. &, M5, MK
behavior [bi'heivje] n. A, PR

sanitize ['seenitaiz] v. &7, BR&-- HHAHE R
dump [dAamp] n. 73 HE

waste [weist] n. JEFEY)

hazardous ['heezedas] adj. f&iHI

major [meid3za] n. EEIH

cultivable ['kaltivebl] adj. AT, Al H: 55
remedy [remidi]v. #pg, 153

roadway ['roudwei] »n. P&, EE

hurricane [harikan] n. F&X,

asphalt [‘eesfeelt] n. iH

concrete ['konkri:t] n. JE#EL

combustible [kem'bastabl] adj. 5 #X1
slurry ['slo:ril n. 3%, &3

Exercises

I . Fill in the blanks with the information given in the text.

Loads to foundations are generally broken into two broad categories, gravity loads (dead and

live) and loads (wind and earthquake). All loads to foundations are treated as loads.
Live loads, wind loads, and loads may actually be highly dynamic, but in practice such
loads are applied as static loads rather than as loads.

II. Translate the following passages from English into Chinese.

One of the primary needs of mankind is provided by civil engineers. Civil engineers design and
construct buildings, railways, roads, bridges, tunnels, harbors, water and sewage systems, and other
public facilities. The efficient planning of water supply and irrigation systems increases the food
production in a country. Shelters, apart from just being shelters, have been constructed by civil
engineers to provide a peaceful and comfortable life.



THRIREWREE

I section 8 Structural Engineering

Structural engineering is a branch of civil engineering concerned with the designing and
execution of all types of structures, such as buildings, bridges, highways, power plants, dams,
transmission towers, and many other kinds of specific structures.

The designing phrase starts with the understand of the project, the designer must take through
study of the technological and service performance requirements that must be expected from the
structure, including load intensities and their duration, any dynamic action that might take place.

Load condition is the first factors that designers consider. The same structure in different
location exhibits different design because of ground water level, soil characteristic. Foundation is
particularly important-in whole structure design. If the soil is soft, it should be strengthened. If the
substructure is below the grounder water level, methods such as well points, or pumping from
sumps should be taken to remove water.

A designer must first calculate the dead loads, live loads, earthquake and wind loads, and their
combination, then selects structural system and construction materials. F inally, the designer
analyzes structure and designs members. The live loads are usually provided by building codes.
Steel and concrete are traditional materials, carbon fiber is novel material which has excellent
strength and stiffness, but they are used only in limited application because of the high cost.

Analysis of structures aimed at determining the forces and deformations existed in members.
These forces such as tension, compression, bending, shear and torsion could make structures
destroyed. Excessive lateral sway may causes recurring damage to partions, ceilings, and other
architectural details and may cause discomfort to the occupants of the building. This deformation
must be kept within acceptable limits.

Structural design and structural analysis are components of structural engineering and a key
component in the structural design process, they are interlocked subjects. The structural
engineering has the objective of proportioning a structure such that it can safely carry the loads to
which it may be subjected. Structural analysis provides the internal forces and structural design
utilizes those forces to proportion the members or systems of members. Without structural analysis,
design is impossible.

Member sizes designed are often from experience and comparison to some similar design and
use of available empirical rules combined with some rough calculations. Most design are initially
based on the strength and stability criteria, while other criteria are used to carry out checks at a later
stage. To arrive at an optimum and economical design, it is usually to repeat the analysis with the
revised sizes and shapes. In this stage, computer is a useful tool.

The speedy execution of the project requires the ready supply of all materials, equipment and
labor when needed. The construction engineer must control whole operations. These operations
include: excavation, foundation and superstructure construction, electrical and mechanical
installation.
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Excavation follows preparation of the site, it may be done by special excavator, and the soil
excavated can be used for landscaping and fill. If the excavation areas are wet, dewatering and
stabilizing of the soil become major operation; if the materials encountered are hard, blasting will be
needed. There are several types of foundation in different structures. If defects exist, the foundation
must be strengthened. In superstructure construction, it generally consists of several operations:
forming, concrete production, placement and curing. Electrical and mechanical systems need
ancillary space to provide a comfortable environment. All these construction must be proceeded
according to drawings.

Engineers 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
construct the temporary roads and ramps, excavate for the foundation, build the forms and pour the
concrete; and workers who build the steel framework. These engineers also make regular process
reports to the owner of the structure.

Words and Phrases

execution [eksi'kju:fen] n. M1, SEil, HIT
specific [spi'sifik] adj. #F5ERT, &1/, BiEH
dynamic [dai'neemik] adj. )11, rhihg
characteristic [keerikta'ristik] adj. $5F8#9; n HriE, Mg
intensity [in'tensiti] n. 3B, %5

sump [samp] n. HEKYT, /KL

carbon fiber % 4T 4

novel ['novel] adi. #Hil¥), FHRY

excavation [.ekska'veifon] n. 1Z#H, FFiE
landscape ['leendskeip] n. K5, (FFi%)3E44
fill [fil] n. i+

ancillary [een'silori] adj. #Bi#, MBI
foundation [faun'deifen] n. H:Al}

excavator ['ekskaveita] n. 3N, FiEH
proceed [pro'sitd] v. 4R&EHEAT, JFIA

interlock [inta'lok] v. {#EX4E, 44
construction [ken'strak[on] n. Hi&, T
surveyor [sa:'veia]l n. & 7

dewater [di:'wo:ta] n. HEK

placement and curing 3 FIFEH

superstructure ['sju:pa.strakt[o] n. L #4E#)
duration [djua'reifen] n. Fr4Lnfa)

destroy [dis'troi] v. #E3R, IR

initially [i'nif oli] adv. &¥], TFi4
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Exercises

I . Put the following into Chinese (English).

1. Wtk 6. safety factor

2. HHK RS 7. strength and stiffness

3. A FIR IR E 8. active recruiting

4. TRAERN AN 9. translate the theory into practice
5. EHRIKRE 10. placement and curing

II. Fill in the blanks with the information given in the text.

In the discussion of practical mechanics the principles are outlined whereby the may
take a structure or mechanical component with known acting on it and proceed to find out
the various those forces will have on the system. In other words, the study of mechanics
might start with a beam acted upon by given forces and use established methods to predict the

of the beam and the force within the beam due to those applied forces.

I section & 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 bar 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, particularly in the first two or three years. Mathematics is very important
in all branches of engineering, so it is greatly stressed. Today, mathematics is included 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 variable, 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 foundations, impact, the effects of different wind forces, and many other factors
must be considered.

Because a great deal of calculations are 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 a human being can. 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 sciences 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

6



Chapter 1 Civil Engineering

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 need
to be able to write up his or her finding for scientific publications.

In the last two years, an engineering program includes 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 corporations 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 resources. 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 acquitted 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 the engineer’s knowledge and experience.

Research is one of the most important aspects of scientific and engineering practice. A
researcher usually works as a member of a team with other scientists and engineers. He or she is
often employed in a laboratory that is financed by government or industry. Areas of research
concerned with civil engineering included soil mechanics and soil stabilization techniques, and also
the development and testing of new structural materials.

Civil engineering projects are almost unique; that is, 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 topographical and subsoil feature 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 systems engineer who is in
charge of the entire project. In many cases, engineers from other disciplines are involved. In a dam
project, for example, electrical and mechanical engineers work on the design of 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

7
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structures as launching pads and rocket storage facilities.

Construction is a complicated process on almost all engineering projects. It involves
scheduling the work and utilizing the equipment and materials so that cost is kept as low as possible.
Safety factors must also be taken into account, since construction can be very dangerous. Many civil
engineers therefore specialize in the construction phrase.

Much of the work of civil engineers is carried on outdoors, often in rugged and difficult
terrain or under dangerous conditions. Surveying is an outdoor occupation, for example, and dams
are often built in wild river valleys or gorges. Bridges, tunnels, and skyserapers under construction
can also be dangerous places to work. In addition, the work must also process under all kinds of
weather conditions. The prospective civil engineer should be aware of the physical demands that
will be made on him or her.

Words and Phrases

jurisdiction [.d3usris'dik[an] n. AR, &5EM
bar [ba:] niEEE, NN

curriculum [ka'rikjulem] n 852, F#>Jit%I
statistic [sto'tistik] adj. 46 12210 n S5
persuasive [pa'sweisiv] adi. IR 1 16: n 1R, EH
recruit [ri'kru:t] v. %h%8, 3k

science-orient V¥ R} 1]

specialize ['spefalaiz] v. & [ 18157, ik
geodetic [[d3i:e'detik] n. A HuI &

acquit [e'kwit] v. JLER, #ib

topographical [\topa'graefikal] adj. #h & 21
powerhouse n. &l 1%, AH)

rugged [ragid] adj. WEIRH), AEEH

terrain ['terein] n. My,

gorge [go:d3] n. A

skyscraper ['skaiskreipa] n. FERHE
prospective [pras'pektiv] adj. ¥k 1, FKFKMH

Exercises

L. Decide whether the following statements are true (T) or false F).

() 1. Doing experiment to achieve the properties of soils and rocks is environmental
engineer’s work.

() 2. Astructural engineer must calculate loads, and then select structural system.

() 3. A civil engineer need not work in research and management, they should grasp
knowledge learned from lessons.

() 4. Steel concrete and carbon fiber are traditional materials.

() 5. Most preliminary designs begin with the strength and stability criteria.
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II. Translate the following passages from English into Chinese.

The architect has now chosen his structural system and his materials of construction. He has
accounted for load propagation through his structural system and the effects of that propagation on
the material. Thus he can provide enough material. In other words, members of proper size—for all
elements of his structure to ensure that the internal stresses developed are less than those
permissible for the material in question.

2 F%FX
¥1% tAIREE

Section A Lt RKIAE

TARTHERELTZHESV —. ERIEN—NDE, HERN AR NMFEmNE 4
FfELL. R FHTESE, NEeTFEILSMREMEEIARTERENSG R, ABKE
BFERZ —RHEARTEIMEMEN. EARTEMEFEIESE. %K. Bk, Hig. A,
BO. KRR ARG LA AR & . SUK SR RSSO A1 a — MO AR &1
FEE. BRTIUEMELZ AN, BB R TR ER ARG T — AR 878 A1 .

TAR—FERFETRTE, EAHRH. 76 1782 4, FE[E A John Smeaton HX MG AEFE
HIREHF RN EETREOTRIBX 5Tk MR, A TRIFIXA 18 F dets i
WAILBRT TR, REX—SUIER ) 1.
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