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B 1.1 Civil Engineering

1.1.1 Overview

Civil engineering is the oldest engineering discipline. From the pyramids
in Egypt, the Roman aqueduct and roads, to the Great Wall and the Grand Ca-
nal of China, ancient civil engineers left their imprint on human history on a
grand scale. While the basic needs for civil engineering have not changed
throughout the ages, the content and level of expectation of civil engineering
work have certainly changed with the time because the tools available to civil en-
gineers are changing with the time.

TATREE N EN THEYR. NRENETFIE. B D0l
B, B ERRMAAGEE, A AR TR IR TR S A A28 s B
T THAIENE. BA TR TEROEAT RESHAHEBRASE, EHL
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& T2k,

Civil engineering is a branch of engineering that deals with providing people
with a livable built environment consistent with the standards and expectations of
modern living through the applications of mathematics, science, and human ex-
perience. Some of the contributions of civil engineering are visible and obvious
buildings, bridges, highways, railways, airports, and dams and levees. Some
are less commonly known as the product of civil engineering: offshore plat-

forms, cell phone towers, power transmission lines and substations, drinking
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water and wastewater treatment plants, traffic signals, air pollution control, In-
ternational Space Station, and many more. In short, civil engineering deals
with people’s everyday needs and more.

TARTEETEN 03, E@d8F ., PBEEMARKBRMNA, N
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Civil engineering’ s progress throughout time introduces new contributions
to people’ s daily lives. Twenty greatest engineering achievements of the 20th
century are;

(1) Electrification,

(2) Automobiles.

(3) Airplanes.

(4) Water supply and distribution.

(5) Electronics.

(6) Radio and television.

(7) Agricultural mechanization.

(8) Computers.

(9) Telephones.

(10) Air conditioning and refrigeration.

(11) Highways.

(12) Spacecraft.

(13) Internet.

(14) Imaging.

(15) Household appliances.

(16) Health technologies.

(17) Petroleum and petrochemical technologies.

(18) Laser and fiber optics.

(19) Nuclear technologies.

(20) High-performance materials.
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Among the twenty, clearly (4) and (11) are the contributions of civil
engineering. Even (1) the generation and transportation of electrical power,
cannot be achieved without the civil engineering contribution to the designing
and constructing power transmission lowers and lines. Same is true for (2)
and (3).

TEX 20 Hirp, BAR (4) A1 (11) BEARTEMTTEK. WREAE L
ATAX T MRS MM sTak, BER (1), B4R
IERWATEEEH, (2) 1 (3) dRingt.

As already indicated in Table 1-1, civil engineering includes several very
different technical specialty areas. By describing these technical areas, it is
hoped that a clearer picture of what civil engineering entails may emerge. Eight
civil engineering technical areas are described below. Each technical area has
its own sub-areas of specialty. They are described following the short overview
of each technical area. When you begin to take civil engineering courses, you
may identify each course with some of these technical areas. A student is not
expected to be exposed to all the technical areas but at least four are included in
the curriculum of any civil engineering degree program. Three contemporary is-
sues confronting civil engineers are described following a description of other ar-
eas closely related to civil engineering. Personal attributes of a typical civil en-
gineer is porirayed near the end. The chapter ends with a brief mentioning of all
the steps leading to a civil engineering degree and career.

Wk 1-1 P, AR TERGFEILMERARFRMEAR LS. @
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Table 1-1 Basic needs and civil engineering

Human Needs Specific Nature of Needs Civil Engineering Technical Areas
Breath Clean air Environmental Engineering
Drink Safe water Environmental Engineering
Sleep Livable shelter Structural/Construction Engineering
Move around Ways to travel Transportation/ Construction Engineering
Earthquake mitigation Structural/ Geotechnical Engineering
Flood mitigation Hydraulic Engineering/Water Resources
Safe from disaster
Wind mitigation Structural Engineering
Fire resistant Structural Engineering

1.1.2 Structural Engineering

Structural engineering is the technical specialty that deals with the analysis
and design of constructed structures. From spacecraft to deep sea submarines,
from tiny micro-electro-mechanical sysiem (MEMS) devices to long bridges and
tall buildings, these are all human-made structures that serve specific func-
tions. A structure is always subjected to the many “loads” the environment
forces upon it. These loads include the omnipresent gravitational load of its own
weight (called the dead load) , the weight of things moving about in or upon the
structure ( the live load) , and event-driven loads originated from the occurrence
of earthquakes, strong wind, or heavy snow. Structural design aims at provi-
ding a structure with sufficient level of resistance against these loads with mini-
mum cost. Within structural engineering, there are several technical sub-are-
as. Some are named according to the type of structure. Some are named ac-
cording to the type of load.

(1) Earthquake engineering. The suddenness of earthquakes and the
damage they could cause in a matter of seconds inspired the study of the nature
of earthquakes and the effects they inflict on structures. The effects of earth-
quake ground motion create vertical and horizontal forces that change violently
within a short duration. The time-varying nature and the multi-directional na-
ture of the earthquake-induced load require special design and analysis consider-
ations. The fundamental approach in earthquake engineering is not to design a



fuction to Civil Engineering N g,

structure to withstand any earthquake at all costs but to design a structure that
will not inflict injury to human lives at a reasonable cost.

(2) Wind engineering. Strong wind caused by a hurricane, a tornado,
or a storm creates effects on structures that are also time-varying and multi-direc-
tional. Strong wind around a structure may push against a surface while creating
a partial vacuum behind another structural surface. Unlike earthquakes, which
occur infrequently, especially the damaging ones, strong wind in some areas
occurs frequently and so is the damage it incurs. Design against such wind-re-
lated effects is the realm of wind engineering. Here again, the design approach
is to protect human lives with a reasonable cost.

(3) Fire engineering. In the event of a fire in a building, the high tem-
perature created by the fire may cause the building material to lose its strength
and eventually fail under the weight of the building. Fire engineering in the
context of structural engineering deals with the effective application of protective
materials to the structural components such as steel beams and columns such that
sufficient time is provided for the occupants to escape and the firefighters to ar-
rive. The research in fire engineering provides data to be incorporated into de-
sign and construction codes and specifications.

(4) Structural reliability. The many loads a structure must withstand dur-
ing its h'fe'span are mostly of a “random” nature, meaning it cannot be defined
precisely with respect to its magnitude and time of occurrence. So are the resist-
ance provided by the size and material of structural components. Design in the
face of uncertainty requires the application of probability and statistics. Struc-
tural reliability is the methodology applying these mathematical tools to the load-
resistance analysis in structural design. It is used in the development of design
codes and specifications that are followed by designers to provide acceptable lev-
els of safety against all loads.

(5) Building engineering. Structural engineers often become building de-
sign specialists because building design is more frequently in demand than
bridge or dam designs, especially in urban centers. Building engineers also de-
sign special buildings such as stadiums and large dome structures.

(6) Bridge engineering. Some structural engineers specialize in bridge
design and construction. Bridge design can be categorized according to material
and bridge type. One unique feature of bridge design is it is closely integrated
with construction. From the bridge foundation to the superstructure, the
process of construction and erection often requires detailed analysis by the design
engineers and likely dictates the designers’ choice of bridge type.

(7) Dam engineering. The design of dams requires detailed study of the

geological characteristics of the site and the mechanical properties of the founda-

(8)
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tion before the dam type is selected. For some types of dams, it is necessary to
ensure the dam material is placed in such a manner that seepage of water
through and under the dam body is within acceptable limits. Dam engineers also
design all details on how to divert water during construction and specify mainte-
nance and operations procedures post construction.

(8) Forensic engineering. Forensic engineering refers to the study of cau-
ses of an engineering event, usually a disaster or failure of some kind. In the
context of structural engineering, it refers to the investigation of a structural fail-
ure. There are no courses or programs for structural forensic engineering train-
ing, but experienced structural engineers who have investigated past failures are
often called upon to investigate a new event. In case of major disasters, often a
team of experts are assembled to study the cause of the disaster and to make rec-
ommendations to prevent future disasters. Even when the cause of disaster is
terrorism, forensic engineering would reveal the weakness in design and provide
guidance for future designs. A good example is the 1995 bombing of the Alfred
P. Murrah Federal Building in Oklahoma City. The collapse of the building
was caused by the bombing that destroyed ground-level columns in the front of
the building. Experts recommended that future buildings should have sufficient
redundancy in the design of supporting columns so that the damage of one or
more columns would not lead to the collapse of the whole building.

In structural design in the context of civil engineering, there are three con-
struction materials that are dominant: steel, reinforced concrete, and timber,
Each has its own design specifications. Thus, steel structure design, rein-
forced-concrete structure design, and timber structure design are three main de-

sign disciplines.
1.1.3 Geotechnical Engineering

Most civil engineering structures are earthbound. They sit on soil and rock
ground direetly or on constructed foundations that transfer the load to the soil or
rock below. Geolechnical engineering is the technical specialty that deals with
soil and rock as supporting materials for structures. It deals with the various
foundation types that work between the structure and the ground. In addition it
deals with the stability of soil or rock slopes whose failure may cause loss of hu-
man lives or damage to property. There are several technical areas of study that
are pertinent to geotechnical engineering.

(1) Engineering geology. While geology is a basic science that is con-
cerned with macroscopic earth structures or movements, engineering geology

provides geological data pertinent to constructed structures. One obvious exam-

ple of the application of engineering geology is the mapping of active seismic
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faults that are to be avoided when making plans for human habitat development,
roadway construction, or power plant construction. At a more fundamental
level, understanding various geological formation and rock types provides
geotechnical engineers the knowledge necessary in assessing the suitability of a
site for human activities.

(2) Soil mechanics. Most people would not consider soil as an engineer-
ing material, but it is, because most constructed structures are situated on it by
necessity. Without due consideration of soil’ s bearing capacity under various
circumstances, a structure built over it may sink, tilt, or outright turn over.
Soil mechanics is a branch of mechanics that studies the mechanical properties
of various types of soil and its strength at different moisture-content levels. It
provides the scientific base upon which design formulas and codes are developed
for everyday engineering design practice.

(3) Rock mechanics. The properties of rock become relevant when it is
used as the foundation of a high-rise building or a large dam. It is also relevant
when one examines the stability of the slope of a mountain or a tunnel. It is also
the subject of study for the occurrence of earthquakes.

(4) Foundation engineering. A foundation is the interface between a su-
perstructure and its supporting soil. A common type of foundation for single-
family homes consists of strip footings placed under loadbearing basement walls.
Another common practice is to use a concrete slab to spread the weight of the
building over the soil underneath. Foundation engineering is the study of differ-
ent types of foundation and their proper applications. Depending on the proper-
ties of soil at a site, shallow or deep piles may be deployed. The construction
of a bridge over water may require the use of deep caissons on which piers are
constructed. To stabilize an excavated slope, various types of methods may be
used including retaining walls and slope-protection vegetation growth.

(5) Soil improvement. When a structure must be placed at a site with
very weak soil, various techniques can be used to improve the soil properties.
These typically involve the use of replacement material through excavation or the
injection of special material ( grouts) into the original soil to change its proper-
ties. Another special technique is to place geo-synthetic fabrics or textiles in
horizontal layers to strengthen the soil or to limit soil’ s permeability, which is
essential in the design for landfill and hazardous material deposit sites.

(6) Tunnel engineering. Tunneling through soil or rock is sometimes nec-
essary in the construction of roadways or special storage spaces. Tunnel engi-
neering deals with the route determination, selection of tunneling machines,

and the analysis and design of the tunnel structure.

Most of the things designed by geotechnical engineers are not as visible as
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those by structural engineers because they are underground or under the super-
structure above. But, it is safe to state that no civil engineering work can be

constructed without the contribution of geotechnical engineers.
1.1.4 Environmental Engineering

Environmental engineering is the application of engineering means to pro-
tect human health and to preserve the natural environment by managing and de-
veloping water, air, and land resources. The application of environmental en-
gineering relies on the fundamental sciences of chemistry, biology, ecology,
and health sciences. Most modern environmental engineering projects are
planned and implemented under the auspices of the Clean Water Act, Safe
Drinking Water Act, Clean Air Act, and other federal and state environmental
legislation. Several technical areas in environmental engineering are described
below.

(1) Water treatment and supply. Before water is consumed, it has to be
collected first from either underground or above-ground sources. Therefore,
source control is one of the most important tasks of water supply. Except for a
few municipalities where the source water derived from deep aquifers, source
water has to be treated to remove contaminants such as pathogenic bacteria,
heavy metals, and pesticide residues. The process of treatment involves the re-
moval of suspended solids and the use of chemicals or ultraviolet (UV) radiation
to disinfect unwanted organisms so that the effluent water satisfies quality re-
quirements dictated by the Federal Safe Drinking Water Act. For water used by
industrial plants such as paper mills or nuclear power plants, special treatment
is needed and its discharge is regulated.

(2) Wastewater treatment and disposal. In a modern municipality,
household wastewater is collected through underground pipelines to a treatment
plant. The wastewater treatment process is very different from drinking water
treatment and is classified into primary treatment, secondary treatment, and
tertiary advanced treatment. Primary treatment removes suspended solids from
wastewater by a sedimentation process. Secondary treatment is to remove dis-
solved organic wastes from wastewater by biochemical decomposition followed by
further sedimentation. The Federal Clean Water Act establishes nationwide mini-
mum treatment requirements for all wastewater. For municipal wastewater dis-
charge, the minimum treatment is the secondary treatment, which removes
85% of biochemical oxygen demand (BOD) and total suspended solids (TSS).
BOD is a measurement of oxygen-demanding organic wastes. In situations in

which these minimum treatment levels are not sufficient, the Clean Water Act

requires additional treatment, which is accomplished by membrane filtration and
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other physical-chemical processes.

The outcomes of the wastewater treatment are solid sludge and effluent wa-
ter. The solid sludge sometimes can be used for landfill or even as fertilizers.
The effluent water can be used for irrigation or groundwater recharge or may be
directly discharged into river, stream, lake or sea. For a municipality, the
amount of rainfall determines the ways of collecting and treating wastewater.
Obviously if a large amount of rainfall is expected, especially when storm water
comes in a very short period of time, rainwater runoff should be separated or di-
verted either temporarily or permanently from household wastewater in order to
avoid overwhelming the treatment plant. Thus, a wastewater collecting system
can either be combined (for more arid areas) or separated. Some industrial
plants produce special wastewater that requires the removal of heavy metal or
hazardous chemicals before being discharged.

(3) Air pollution. Environmental engineers monitor, analyze, and as-

sess the air quality around municipalities. Air pollution comes from natural and
human-activity sources. Volcanic eruption is a major natural source of air pollu-
tion. The gaseous and particulate contents of a volcanic eruption are often stud-
ied by scientists rather than engineers. Around a large municipality, however,
air pollutants come from automobile emissions, nearby industrial plant emis-
sion, and even from faraway sources. Health science advances have discovered
that tiny solid particles in the air such as soot are hazardous to human health.
The monitoring of these particles is as important as that for gases. Tracing plant
emission in the atmosphere, called plume analysis, is important in the assess-
ment of the environmental impact of a plant. Another form of air pollution is
sand storm. Monitoring of sand storms may lead to the sources of the storm and
policy for conservation or planting of new vegetation.

(4) Solid waste disposal. Solid wastes, commonly known as trash and
garbage, from domestic, commercial, and industrial sources are to be collect-
ed, separated, and partially recycled, and disposed of in landfills and special
disposal sites. Environmental engineers, working with other civil engineers,
select, design, and construct sanitary landfill sites.  Water percolating through

a sanitary landfill is intercepted, collected, and treated in order to prevent the

seepage of hazardous materials into ground water strata. Some solid waste may-
be burned by specially designed incinerating plants.

(5) Nuclear waste disposal. Nuclear waste comes from used fuel rods in
nuclear power plants. Though the degree of radiation from these spent fuel rods
is low, long-term exposure to low-level radiation is hazardous to human health.

Disposal of these wastes has few options. The basic approach is to store them in

places far from human habitat. Furthermore, it must be assured that the storage

)
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containers will not leak to the environment in any way. Leakage to underground
water would be disastrous because the contaminants can travel far and reach
sources for human water consumption.

(6) Noise pollution. In modern municipalities, human activities often
generate sustained high levels of sound that are hazardous to the physical and
mental wellbeing of habitants. Sound barriers are often needed to shield neigh-
borhoods from highway traffic noises. Power plants or air-conditioning plants on
large campuses produce high levels of noises that also require containment and
shielding. Environmental engineers monitor the noise levels and design and im-
plement mitigation strategies.

(7) Environmental impact assessment. Environmental engineers are often
called upon to assess the impacts on human health and the natural environment
by a new development, a new industrial plant, or even a new commercial es-
tablishment such as a large shopping mall. Such assessment may entail the
study of noise, traffic, water consumption and discharge, power requirements,
air pollution potential, and other factors.

Environmental engineering as a part of civil engineering is unique in its ex-
tensive applications of knowledge from health sciences and biology and chemis-
try. [Its practice is also very much impacted by environmental laws enacted at
the state and national levels.

1.1.5 Water Resources Engineering

Water resources engineering is a specialty dealing with the use of water in
support of modern living, including the agricultural, industrial, domestic,
recreational, and environmental needs. Its scope includes the finding and pres-
ervation of above and underground water sources, understanding the movement
of water in nature, engineering the transport of water, and managing erosive
effects of water wave and current on shorelines. Some core and related special-
ties are described below.

(1) Water resources system engineering. The understanding of the circu-
lation of water on the earth and managing the sources of water in a region re-
quires a system approach. Decision on the water supply for a city or a region re-
quires the knowledge of water sources and the quality and quantity of each
source. The application of system analysis in water resources management and
the design and operations of multipurpose reservoir and river systems is at the
core of water resources system engineering.

(2) Hydraulic engineering. Hydraulic engineers design artificial water-
ways such as canals, channels, and aqueducts as well as manage water move-

ment by designing and constructing dams, levees, canal locks, and other wa-
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ter-regulating devices. For many regions a major task of hydraulic engineers is
flood prevention and control, which entails the assessment of potential rainfall
quantity, prediction of water levels along natural rivers, streams, or channels,
and strategies to mitigate flooding hazards by improving the natural topography.
Hydraulic engineering is also fundamental to hydraulic-power generation. In hy-
draulic-power generation a prerequisite is a high water-level differential ( water
head). When water moves from a high level to a lower level, the difference in
the water levels provides the energy potential for power generation. Some dams
are constructed mainly for power generation although usually a dam also has the
potential to be used for flood control. The stored water in a dam’ s reservoir can
be used for agricultural, industrial, and domestic consumption as well as rec-
reational sports.

(3) Coastal engineering. The movement of water in oceans and lakes has
erosive effects on their shorelines. The preservation of wetland for flood mitiga-
tion or marine ecology requires the knowledge of such effects. Use of artificial
barriers such as breakwaters or dikes at a shore or a harbor can result in reduc-
ing the water wave level within protected areas, eliminate or reduce the effects
of shoreline erosion, and redirect natural sediment so that new land can be cre-
ated over time.

(4) Ocean engineering. Ocean engineering deals with the effects of ocean
currents and waves on ocean-bound structures and the analysis and design of
such structures to withstand the wave forces. The most prominent ocean-bound
structures are offshore platforms for oil exploration and production. Ocean engi-
neers provide estimates of forces generated from waves and currents and the in-
teraction of wave and structure so that structural engineers can design a platform
to withstand such forces. Other ocean-bound structures include offshore wind
farms and pipelines to transport materials from offshore to shore. While ships
are obvious ocean-bound structures, their design usually falls in the realm of
naval architecture, which integrates several engineering disciplines: structural,
ocean, mechanical, and electrical for the design of ships. Naval architecture

is not considered as a part of civil engineering.
1.1. 6 Transportation Engineering

Transportation engineering deals with the efficient transport of people and
goods. The content of transportation engineering changes whenever a new mode
of transportation becomes viable. For example the advent of airplanes and air
travel led to new technical fields such as airport design and air traffic control.

Several sometimes overlapping technical specialties are part of transportation en-

gineering :
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