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Introduction to Civil Engineering

Civil engineering is a professional engineering discipline that deals with the design, construc-
tion, and maintenance of the physical and naturally built environment, including works like roads,
bridges tunnels, canals, dams, and buildings. Civil engineering is the second-oldest engineering
discipline after military engineering. 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 engineering has
often been used to refer to engineers who build public facilities, although the field is much broa-
der.

It is traditionally broken into several sub-disciplines including architectural engineering, envi-
ronmental engineering, geotechnical engineering, geophysics, geodesy, control engineering,
structural engineering, earthquake engineering, transportation engineering, municipal or urban en-
gineering , water resources engineering, materials engineering, offshore engineering, quantity sur-
veying, coastal engineering, surveying, and construction engineering. Civil engineering takes
place in the public sector from municipal through to national governments, and in the private sec-
tor from individual homeowners through to international companies.

Civil engineers typically possess an academic degree in civil engineering. The length of study
is three to five years, and the completed degree is designated as a bachelor of engineering, or a
bachelor of science. The curriculum generally includes classes in physics, mathematics, project
management, design and specific topics in civil engineering. After taking basic courses in most
sub-disciplines of civil engineering, they move onto specialize in one or more sub-disciplines at
advanced levels. While an undergraduate degree ( BEng/BSc) normally provides successful
students with industry-accredited qualification, some academic institutions offer post-graduate de-
grees (MEng/MSc) , which allow students to further specialize in their particular area of interest.

In most countries, a bachelor’ s degree in engineering represents the first step towards profes-
sional certification, and a professional body certifies the degree program. After completing a certi-
fied degree program, the engineer must satisfy a range of requirements ( including work experience
and exam requirements) before being certified. Once certified, the engineer is designated as a
professional engineer (in the United States, Canada and South Africa), a chartered engineer (in
most Commonwealth countries) , a chartered professional engineer (in Australia and New Zeal-
and) , or a European engineer (in most countries of the European Union). There are international
agreements between relevant professional bodies to allow engineers to practice across national bor-
ders.

The benefits of certification vary depending upon location. For example, in the United States
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and Canada, “only a licensed professional engineer may prepare, sign and seal, and submit engi-
neering plans and drawings to a public authority for approval, or seal engineering work for public
and private clients. ” This requirement is enforced under provincial law such as the Engineers Act
in Quebec.

No such legislation has been enacted in other countries including the United Kingdom. In
Australia, state licensing of engineers is limited to the state of Queensland. Almost all certifying
bodies maintain a code of ethics which all members must abide by.

Engineers must obey contract law in their contractual relationships with other parties. In cases
where an engineer’ s work fails, he may be subject to the law of tort of negligence, and in ex-
treme cases, criminal charges. An engineer’ s work must also comply with numerous other rules
and regulations such as building codes and environmental law.

In general, civil engineering is concerned with the overall interface of human created fixed
projects with the greater world. General civil engineers work closely with surveyors and
specialized civil engineers to design grading, drainage, pavement, water supply, sewer service,
electric and communications supply, and land divisions. General engineers spend much time visit-
ing project sites, developing community consensus, and preparing construction plans. General civ-
il engineering is also referred to as site engineering, a branch of civil engineering that primarily fo-
cuses on converting a tract of land from one usage to another. Civil engineers apply the principles
of geotechnical engineering, structural engineering, environmental engineering, transportation en-
gineering and construction engineering to residential, commercial, industrial and public works pro-
jects of all sizes and levels of construction.

Materials science is closely related to civil engineering. Material engineering studies funda-
mental characteristics of materials, and deals with ceramics such as concrete and mix asphalt con-
crete, strong metals such as aluminum and steel, and polymers including polymethyl methacrylate
(PMMA) and carbon fibers.

Materials engineering also involves protection and prevention ( paints and finishes). Alloying
combines two types of metals to produce another metal with desired properties. It incorporates ele-
ments of applied physics and chemistry. With recent media attention on nanoscience and nanotech-
nology, materials science has been at the forefront of academic research. It is also an important
part of forensic engineering and failure analysis.

Construction engineering involves planning and execution, transportation of materials, site
development based on hydraulic, environmental, structural and geotechnical engineering. As con-
struction firms tend to have higher business risk than other types of civil engineering firms do,
construction engineers often engage in more business-like transactions, for example, drafting and
reviewing contracts, evaluating logistical operations, and monitoring prices of supplies.

Earthquake engineering involves designing structures to withstand hazardous earthquake expo-
sures. Earthquake engineering is a sub-discipline of structural engineering. The main objectives of
earthquake engineering are to understand interaction of structures on the shaky ground; foresee the
consequences of possible earthquakes; and design, construct and maintain structures to perform at
earthquake in compliance with building codes.
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Environmental engineering deals with treatment of chemical, biological, or thermal wastes,
purification of water and air, and remediation of contaminated sites after waste disposal or acci-
dental contamination. Among the topics covered by environmental engineering are pollutant trans-
port, water purification, waste water treatment, air pollution, solid waste treatment, and hazard-
ous waste management. Environmental engineers administer pollution reduction, green engineer-
ing, and industrial ecology. Environmental engineers also compile information on environmental
consequences of proposed actions.

Geotechnical engineering studies rock and soil supporting civil engineering systems. Knowl-
edge from the field of geology, materials science, mechanics, and hydraulics is applied to safely
and economically design foundations, retaining walls, and other structures. Environmental efforts
to protect groundwater and safely maintain landfills have spawned a new area of research called
geoenvironmental engineering.

Structural engineering is concerned with the structural design and structural analysis of build-
ings, bridges, towers, flyovers (overpasses) , tunnels, off shore structures like oil and gas fields
in the sea, aerostructure and other structures. This involves identifying the loads which act upon a
structure and the forces and stresses which arise within that structure due to those loads, and then
designing the structure to successfully support and resist those loads. The loads can be self-weight
of the structures, other dead load, live loads, moving ( wheel) load, wind load, earthquake load,
load from temperature change etc. The structural engineer must design structures to be safe for
their users and to successfully fulfill the function they are designed for (to be serviceable). Due to
the nature of some loading conditions, sub-disciplines within structural engineering have emerged,
including wind engineering and earthquake engineering.

Surveying is the process by which a surveyor measures certain dimensions that generally occur
on the surface of the Earth. Surveying equipment, such as levels and theodolites, are used for ac-
curate measurement of angular deviation, horizontal, vertical and slope distances. With computer-
isation, electronic distance measurement ( EDM) , total stations, GPS surveying and laser scan-
ning have supplemented (and to a large extent supplanted ) the traditional optical instruments.
This information is crucial to convert the data into a graphical representation of the Earth’s sur-
face, in the form of a map. This information is then used by civil engineers, contractors and even
realtors to design from, build on, and trade, respectively. Elements of a building or structure
must be correctly sized and positioned in relation to each other and to site boundaries and adjacent
structures. Although surveying is a distinct profession with separate qualifications and licensing ar-
rangements, civil engineers are trained in the basics of surveying and mapping, as well as geo-
graphic information systems. Surveyors may also lay out the routes of railways, tramway tracks,
highways, roads, pipelines and streets as well as position other infrastructures, such as harbors,
before construction.

Transportation engineering is concerned with moving people and goods efficiently, safely,
and in a manner conducive to a vibrant community. This involves specifying, designing, con-
structing, and maintaining transportation infrastructure which includes streets, canals, highways,
rail systems, airports, ports, and mass transit. It includes areas such as transportation design,
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transportation planning, traffic engineering, some aspects of urban engineering, queueing theory,
pavement engineering, Intelligent Transportation System (ITS), and infrastructure management.
Municipal engineering is concerned with municipal infrastructure. This involves specifying,
designing, constructing, and maintaining streets, sidewalks, water supply networks, sewers,
street lighting, municipal solid waste management and disposal, storage depots for various bulk
materials used for maintenance and public works ( salt, sand, etc. ), public parks and bicycle
paths. In the case of underground utility networks, it may also include the civil portion ( conduits
and access chambers) of the local distribution networks of electrical and telecommunications serv-
ices. It can also include the optimizing of waste collection and bus service networks. Some of
these disciplines overlap with other civil engineering specialties, however municipal engineering
focuses on the coordination of these infrastructure networks and services, as they are often built
simultaneously , and managed by the same municipal authority. Municipal engineers may also de-
sign the site civil works for large buildings, industrial plants or campuses (i. e. access roads,

parking lots,potable water supply, treatment or pretreatment of waste water, site drainage, etc. ).



UNIT ONE

Text

Introduction to Mechanics of Materials

[1] Mechanics of materials is a branch of applied mechanics that deals with the behavior of
solid bodies subjected to various types of loading. It is a field of study that is known by a variety
of names, including “strength of materials” and “ mechanics of deformable bodies. ” The solid
bodies considered in this book include axially-loaded bars, shafts, beams and columns, as well as
structures that are assemblies of these components. Usually the objective of our analysis will be the
determination of the stresses, strains, and deformations produced by the loads: if these quantities
can be found for all values of load up to the failure load, then we will have obtained a complete
picture mechanical behavior of the body.

[2] Theoretical analyses and experimental results have equally important roles in the study of
mechanics of materials. On many occasions we will make logical derivations to obtain formulas
and equations for predicting mechanical behavior, but at the same time we must recognize that
these formulas cannot be used in a realistic way unless certain properties of the material are
known. These properties are available to us only after suitable experiments have been made in the
laboratory. Also, many problems of importance in engineering can not be handled efficiently by
theoretical means, and experimental measurements become a practical necessity. The historical de-
velopment of mechanics of materials is a fascinating blend of both theory and experiment, with ex-
periments pointing the way to useful results in some instances and with theory doing so in others. ©
Such famous men as Leonardo da Vinci (1452-1519) and Galileo Galilei (1564-1642) made ex-
periments to determine the strength of wires, bars, and beams, although they did not develop any
adequate theories ( by today’ s standards) to explain their test results. By contrast, the famous
mathematician Leonhard Euler (1707-1783) developed the mathematical theory of columns and
calculated the critical load of a a column in 1744, long before any experimental evidence existed
to show the significance of his results. Thus, Euler’s theoretical results remained unused for many
years, although today they form the basis of column theory.

[3] The importance of combining theoretical derivations with experimentally determined
properties of materials will be evident as we proceed with our study of the subject. In this article
we will begin by discussing some fundamental concepts, such as stress and strain, and then we will
investigate the behavior of simple structural elements subjected to tension, compression
and shear.

[4] The concepts of stress and strain can be illustrated in an elementary way by considering
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the extension of a prismatic bar [ see Fig. 1-1a) ]. A prismatic bar is one that has constant cross
section throughout its length and a straight axis. In this illustration the bar is assumed to be loaded
at its ends by axial force P that produce a uniform stretching, or tension of the bar. By making an
artificial cut ( section m-m) through the bar at right angle to its axis, we can isolate part of the bar
as a free body [ see Fig. 1-1b) ]. At the right-hand end the tensile force P is applied,and at the
other there are forces representing the action of the removed portion of the bar upon the part that
remains. These forces will be continuously distributed over the cross section, analogous to the
continuous distribution of hydrostatic pressure over a submerged surface. The intensity of force,
that is, the force per unit area, is called the stress and is commonly denoted by the Greek letter o .
Assuming that the stress has a uniform distribution over the cross section [ see Fig. 1-1b) ], we
can readily see that its resultant is equal to the intensity ¢ times the cross-sectional area A of the
bar. Furthermore, form the equilibrium of the body shown in Fig. 1-1b) , we can also see that this
resultant must be equal in magnitude and opposite in direction to the force P. Hence, we obtain as

the equation for the uniform stress in a prismatic bar. This equation shows that stress has units of

m force divided by area—for example, pounds per square inch
P

,],1 17 (psi) or kips per square inch (ksi). When the bar is being

L sk—

a) stretched by the force P, as shown in the figure, the resulting

g DP stress is a tensile stress; if the forces are reversed in direc-
tions, causing the bar to be compressed, they are called com-
Fig.1-1 Prismatic bar in tension pressive stresses.

a=£ (1-1)

[5] A necessary condition for Eq. (1-1) to be valid is that the stress o must be uniform over
the cross section of the bar®. This condition will be realized if the axial force P acts through the
centroid of the cross section, as can be demonstrated by statics. ®When the load P does not act at
the centroid, bending of the bar will result, and a more complicated analysis is necessary. Through-
out this book ,however, it is assumed that all axial forces are applied at the centroid of the cross sec-
tion unless specifically stated to the contrary. Also, unless stated otherwise,? it is generally as-
sumed that the weight of the object itself is neglected, as was done when discussing the bar
in Fig. 1-1.

[6] The total elongation of a bar carrying an axial force will be denoted by the Greek letter
8[ see Fig. 1-1a) |, and the elongation per unit length, or strain, is then determined by the equa-
tion
8
L
where L is the total length of the bar. ® Note that the strain £ is a nondimensional quantity. It can

(1-2)

E =

be obtained accurately from Eq. (1-2) as long as the strain is uniform throughout the length of the
bar. If the bar is in tension, the strain is a tensile strain, representing an elongation or stretching
of the material; if the bar is in compression, the strain is a compressive strain, which means that
adjacent cross sections of the bar move closer to one another.
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New Words and Expressions

(be) subjected to
deformable [ di'fa:mabl |
axially [ '®ksiali ]

shaft [ fa:ft ]

derivation [ deri'veifon ]
realistic [ ria'listik ]
fascinate [ 'fsineit |

blend [ blend ]

prismatic [ priz'matik ]
tensile [ 'tensail |

sectional [ 'sek[anal ]
hydrostatic[ 'haidrau'stztik |
analogous [ a'nzlogas |
analogous to

submerged [ sob'ma:dzd ]
uniform [ 'jurniform ]
denote [ di'naut ]
equilibrium [ izkwi'libriom ]
resultant [ ri'zaltont ]
magnitude [ 'magnitju:d |
equation = Eq. [i'kweifon]
kip [ kip ]

tensile [ 'tensail ]
compressive | kom'presiv ]
centroid [ 'sentraid ]
specifically [ spi'sifikali |
elongation [ jizlo:p'geifon ]
nondimensional [ nandi'menfanal ]

adjacent [ o'dzeisant ]
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Exercises

Reading Comprehension

I . Choose the most suitable alternative to complete the following sentences.
1. The objective of our analysis will be the determination of the stresses , strains and deforma-
tions produced
A. with the stretching
B. in the tension
C. by the loads
D. on the equation

2. Galilei made experiments to determine the strength of wires, bars, and beams ,although he

A. advanced a new theory
B. did not develop any adequate theories
C. developed any theory of experiments
D. calculated the critical load

3. A prismatic bar is one that
A. has constant cross section only
B. we can isolate part of the bar as a free body
C. has constant cross section throughout its length and a straight axis
D. has a straight axis

4. A necessary condition for equation to be valid is that
A. he experiment must be uniform over the bar
B. the strain must be uniform throughout the bar
C. the stress must be uniform over the cross section of the bar
D. the equilibrium must be over the cross section of the bar

5.1t can be obtained from Eq. (1-2) as long as
A. the load is uniform across the whole bar
B. the distribution has been done throughout the length of the bar
C. the strain is uniform throughout the length of the bar
D. the axial force has been done across the whole bar

II. From the list below choose the most appropriate headings for each of the paragraphs in
the text,then put the paragraph numbers in the brackets.

A. The importance of the derivation and experiment ( )
B. The illustration of the concepts of stress and strain ( )
C. The importance of theoretical analyses and experimental results ( )



