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Text
Civil Engineering

Civil engineering is a professional engineering discipline that deals with the design and
construction of the physical and natural built environment, including works such as bridges,
roads, canals, dams and buildings. Civil engineering is the oldest engineering discipline after
military engineering, and it was defined to distinguish it from military engineering It is
traditionally broken into several sub-disciplines including environmental engineering,
geotechnical engineering, structural engineering, transportation engineering, water resources
engineering, materials engineering, coastal engineering, surveying, urban planning, and

construction engineering.

+ Construction Engineering

Construction engineering involves planning and execution of the designs from
transportation, site development, hydraulic, environmental, structural and geotechnical
engineers. As construction firms tend to have higher business risk than other types of civil
engineering firms, many construction engineers tend to take on a role that is more business-like
in nature: drafting and reviewing contracts, evaluating logistical operations, and closely-

monitoring prices of necessary supplies.

+ Environmental Engineering

Environmental engineering deals with the treatment of chemical, biological, and/or thermal
waste, the purification of water and air, and the remediation of contaminated sites, due to prior
waste disposal or accidental contamination. Among the topics covered by environmental
engineering are pollutant transport, water purification, sewage treatment, and hazardous waste
management'”. Environmental engineers can be involved with pollution reduction, green
engineering, and industrial ecology. Environmental engineering also deals with the gathering of
information on the environmental consequences of proposed actions and the assessment of
effects of proposed actions for the purpose of assisting society and policy makers in the
decision making process.

Environmental engineering is the contemporary term for sanitary engineering, though

sanitary engineering traditionally had not included much of the hazardous waste management



2. LR A2k E

and environmental remediation work covered by the term environmental engineering. Some

other terms in use are public health engineering and environmental health engineering.

+ Geotechnical Engineering

Geotechnical engineering is an area of civil engineering concerned with the rock and soil
that civil engineering systems are supported by. Knowledge from the fields of geology, material
science and testing, mechanics, and hydraulics are applied by geotechnical engineers to safely
and economically design foundations, retaining walls, and similar structures. Environmental
concerns in relation to groundwater and waste disposal have spawned a new area of study
called geoenvironmental engineering where biology and chemistry are important.

Some of the unique difficulties of geotechnical engineering are the result of the variability
and properties of soil. Boundary conditions are often well defined in other branches of civil
engineering, but with soil, clearly defining these conditions can be impossible. The material
properties and behavior of soil are also difficult to predict due to the variability of soil and
limited investigation. This contrasts with the relatively well-defined material properties of steel
and concrete used in other areas of civil engineering. Soil mechanics, which defines the behavior
of soil, is complex due to stress-dependent material properties such as volume change, stress-

strain relationship, and strength®.

+ Hydraulic Engineering

Hydraulic engineering is concerned with the flow and conveyance of fluids, principally
water. This area of civil engineering is intimately related to the design of pipelines, water
distribution systems, drainage facilities (including bridges, dams, channels, culverts, levees,
storm sewers), and canals. Hydraulic engineers design these facilities using the concepts of fluid
pressure, fluid statics, fluid dynamics, and hydraulics, among others. Water resources
engineering is concerned with the collection and management of water (as a natural resource).
As a discipline it therefore combines hydfology, environmental science, meteorology, geology,
conservation, and resource management. This area of civil engineering relates to the prediction
and management of both the quality and the quantity of water in both underground (aquifers)
and above ground (lakes, rivers, and streams) resources. Water resource engineers analyze and
model very small to very large areas of the earth to predict the amount and content of water as
it flows into, through, or out of a facility although the actual design of the facility may be left

to other engineers.

« Materials Science

Civil engineering also includes elements of materials science. Construction materials with
broad applications in civil engineering include ceramics such as Portland cement concrete (PCC)

and hot mix asphalt concrete, metals such as aluminum and steel, and polymers such as
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polymethy Imethacrylate (PMMA) and carbon fibers. Current research in these areas focus

around increased strength, durability, workability, and reduced cost.

+ Structural Engineering

Structural engineering is concerned with the structural design and structural analysis of
buildings, bridges, and other structures. This involves calculating the stresses and forces that
act upon or arise within a structure, and designing the structure to successfully resist those
forces and stresses. Resistance to wind and seismic loadings, especially performance near
resonant frequencies, which affect the overall stability of a structure, are major design concerns.
Other factors such as durability and cost are also considered. In addition to design of new
buildings, structural engineers may design a seismic retrofit for an existing structure to mitigate

undesirable performance during earthquakes.
+ Surveying

Surveying is the process by which a surveyor measures certain dimensions that generally
occur on the surface of the Earth. Modern surveying equipment, such as EDM, total stations,
GPS surveying and laser scanning, allow for remarkably accurate measurement of angular
deviation, horizontal, vertical and slope distances. This information is crucial to convert the
data into a graphical representation of the Earth's surface, in the form of a map. This
information is then used by civil engineers, contractors and even realtors. Elements of a
building or structure must be correctly sized and positioned in relation to each other and to site
boundaries and adjacent structures. Civil engineers are trained in the methods of surveying and

may seek professional land surveyor status.

+ Transportation Engineering

Transportation engineering is concerned with moving people and goods efficiently, safely,
and in a manner conducive to a vibrant community. This involves specifying, designing,
constructing, and maintaining transportation infrastructure which includes streets, canals,
highways, rail systems, airports, ports, and mass transit. It includes areas such as
transportation design, transportation planning, traffic engineering, urban engineering, queuing
theory, pavement engineering, Intelligent Transportation System (ITS), and infrastructure

management.

"Notes

(1) Among the topics covered by environmental engineering are pollutant transport, water
purification, sewage treatment, and hazardous waste management. I, 5] Among & F A H ,
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(2) Soil mechanics, which defines the behavior of soil, is complex due to stress-dependent

material properties such as volume change, stress-strain relationship, and strength. 4] which

---of soil, 7 3E MR % & 18 M 5] . 184 soil mechanics, AT N . + 1 E e,
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* New Words

. discipline ['disiplin] n.28 &, 2%}

. geotechnical ['d3i:euteknikol] a8+ /9, + TH AW

. remediation [ rimidieifon] n.gb > , kbR

. sewage ['sju()id3] n. T /KiH, 5K

. hazardous ['heezodas] a. fE[ B, B I8 1

. contemporary[ kan'temporari] a. 244t 7 , [/ 8¢ L 89

. sanitary ['senitori] a.(F )T R, (RIE B, BETAN
. spawn [spomn] v.AEF=, =0 n(BZ )N, HYEZ, Y
. geoenvironmental [ 'd3i:ovin vaioren'mentl] a.jh i 3555 B9

. culvert ['kalvat] n. &%, IR

. levee ['levi] n Bt #5 3L, K1

. sewer ['sjua] n. F/Kil ., &9 &

. statics ['staetiks] n.[#) & f12%

. meteorology [ mitjorolodzi] n. K 8%

. aquifer ['=kwifo] n.E kLB, ExE

- polymethy Imethacry late [ polimedilme@eekroleit ] n 5% B 5 P45 IR HH B , A5 WL 3% 5
. durability [ djuerabiliti] n.2& A ¥, Wit A #

. workability [, wo:kabiliti] n.F5 ¥, 5 T4, o] fin T4

. seismic ['saizmik | a.[ #b HI B 1Y

. retrofit ['retrafit] n.of 3%, ki, FERE BT

. mitigate ['mitigeit | v.J5 52

. realtor [ 'rimlta] n.JEHb = 42408 A

. conducive [kon'djuisiv] n.25 4t a BB XK

. infrastructure [ infrastraktfo] n ZEREBEHE, T H# 1%

. conveyance [ kon'veions] niz %y, Wit 5,58 T A

. ceramics [ siremiks] . FAR , §i1H ) , M9 %S (25)

. vibrant [*vaibront] a4 K

. polymer ['polima] n.B 41k
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Phrases and Expressions

. retaining wall 4 £ 3%

. geotechnical engineering & + T2

. geoenvironmental engineering Hi i ¥ 5% T2
. fluid dynamics A3l 1%

. EDM (Electronic Distance M easurement) H, Tl B
. logistical operation & 8 T.4E

. thermal waste #JF ¥

. sewage treatment 35 /K Ab 2

. sanitary engineering Tk T#

10. resonant frequency FLIRHHE

11. queuing theory HEBAHHif

O 00 0 N AW N

==, Exercises

1. Translate the following paragraph into Chinese.

Engincering has been an aspect of life since the beginnings of human existence. Civil
engineering might be considered properly commencing between 4000 and 2000 BC in Ancient
Egypt and Mesopotamia when humans started to abandon a nomadic existence, thus causing a
need for the construction of :shelter. During this time, transportation became increasingly
important leadirig to the development of the wheel and sailing. The construction of Pyramids in
Egypt (circa 2700-2500 BC) might be considered the first instances of large structure
constructions. Other ancient historic civil engineering constructions include the Parthenon by
Iktinos in Ancient Greece (447-438 BC), the Appian Way by Roman engineers (c. 312 BC), and
the Great Wall of China by General Meng T'ien under orders from Ch'in Emperor Shi Huang Ti
(c. 220 BC). o

2. Translate the following sentences into English. .

(1) EATRASDFSS L, MEH TR LBETR FELBEME L TES,

() SHEHM AT RS ARR, EE TR R E SGHLF &4,

(3) GE5H TR KT G54 i L 7 #1755V T BONE » DA J: W X 45 40 10 1 O 44 R
RAF RS E%.

(4) R F GPS MIBOLHEBORWIEH B M K FMEEEHS%.

G BELETREAAYRYESHETRFQFENERED L.
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Reading Material

Skyscraper

A skyscraper is a very tall, continuously habitable building. There is no official definition
or a precise cutoff height above which a building may clearly be classified as a skyscraper.
However, as per usual practice in most cities, the definition is used empirically, depending on
the relative impact of the shape of a building to a city's overall skyline. Thus, depending on the
average height of the rest of the buildings and/or structures in a city, even a building of 80
meters height (approximately 262 ft) may be considered a skyscraper provided that it clearly
stands out above its surrounding built environment and significantly changes the overall skyline
of that particular city.

The word skyscraper originally referred to a nautical term tall mast or its main sail on a
sailing ship. The term was first applied to buildings in the late 19th century as a result of
public amazement at the tall buildings being built in Chicago, Detroit and New York City.

The structural definition of the word skyscraper was refined later by architectural
historians, based on engineering developments of the 1880s that had enabled construction of tall
multi-story buildings. This definition was based on the steel skeleton—as opposed to
constructions of load-bearing masonry, which passed their practical limit in 1891 with Chicago's
Monadnock Building Philadelphia’s City Hall, completed in 1901, still holds claim as the world's
tallest load-bearing masonry structure at 167 m (548 ft). The steel frame developed in stages of
increasing self-sufficiency, with several buildings in Chicago and New York advancing the
technology that allowed the steel frame to carry a building on its own. Today, however, many
of the tallest skyscrapers are built almost entirely with reinforced concrete. Pumps and storage
tanks maintain water pressure at the top of skyscrapers.

A loose convention in the United States now draws the lower limit of a skyscraper at 150
meters (500 ft). A skyscraper taller than 300 meters (984 ft) may be referred to as supertall. In
the United States, the supertall convention is 100 stories, which is equal to 1000 feet. Shorter
buildings are still sometimes referred to as skyscrapers if they appear to dominate their
surroundings.

The somewhat arbitrary term skyscraper should not be confused with the slightly less
arbitrary term highrise, defined by the Emporis Standards Committee as "A high-rise building is
a multi-story structure with at least 12 floors or 35 meters (115 feet) in height." All
skyscrapers are highrises, but only the tallest highrises are skyscrapers. Habitability separates
skyscrapers from towers and masts. Some structural engineers define a highrise as any vertical
construction for which wind is a more significant load factor than weight is. Note that this

criterion fits not only highrises but also some other tall structures, such as towers.
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The word skyscraper often carries a connotation of pride and achievement. The
skyscraper, in name and social function, is a modern expression of the age-old symbol of the
world center or axis mundi: a pillar that connects earth to heaven and the four compass
directions to one another.

Modern skyscrapers are built with materials such as steel, glass, reinforced concrete and
granite, and routinely utilize mechanical equipment such as water pumps and elevators. Until
the 19th century, buildings of over six stories were rare, as having great numbers of stairs to
climb was impractical for inhabitants, and water pressure was usually insufficient to supply
running water above 50m (164 ft). However, despite the lack of sanitation, the first highrise
housing dates back to the 1600s in some places. In Edinburgh, Scotland, for example, a
defensive city wall defined the boundaries of the city. Due to the restricted land area for
development, the houses increased in height instead. Buildings of 11 stories were common, and
there are records of buildings as high as 14 stories. Many of the stone-built structures can still
be seen today in the old town of Edinburgh.

The oldest iron framed building in the world is the Flaxmill (also locally known as the "
Maltings"), in Shrewsbury, England. Built in 1797, it is seen as the "grandfather of skyscrapers" due
to its fireproof combination of cast iron columns and cast iron beams developed into the
modern steel frame that made modern skyscrapers possible. Unfortunately, it lies derelict and
needs much investment to keep it standing On 31 March 2005, it was announced that English
Heritage would buy the Flaxmill so that it could be redeveloped.

The first skyscraper was the ten-story Home Insurance Building in Chicago, built in 1884-
1885. While its height is not considered unusual or very impressive today, the architect, M ajor
William Le Baron Jenney, created the first load-bearing structural frame. In this building, a steel
frame supported the entire weight of the walls, instead of load-bearing walls carrying the
weight of the building, which was the usual method. This development led to the "Chicago
skeleton” form of construction. After Jenney's accomplishment the sky was truly the limit as
far as building was concerned.

Most early skyscrapers emerged in the land-strapped areas of Chicago, London, and New
York toward the end of the 19th century. London builders soon found building heights limited
due to a complaint from Queen Victoria, rules that continued to exist with few exceptions until
the 1950s. concerns about aesthetics and fire safety had likewise hampered the development of
skyscrapers across continental Europe for the first half of the twentieth century (with the
notable exceptions of the 26-storey Boerentoren in Antwerp, Belgium, built in 1932, and the
31-storey Torre Piacentini in Genoa, Italy, built in 1940). After an early competition between
New York City and Chicago for the world's tallest building, New York took a firm lead by 1895
with the completion of the American Surety Building Developers in Chicago also found
themselves hampered by laws limiting height to about 40 storeys, leaving New York to hold

the title of tallest building for many years. New York City developers then competed among
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themselves, with successively taller buildings claiming the title of "world's tallest" in the 1920s
and early 1930s, culminating with the completion of the Chrysler Building in 1930 and the
Empire State Building in 1931, the world's tallest building for forty years. From the 1930s
onwards, skyscrapers also began to appear in Latin America (Sao Paulo, Caracas, M exico City)
and in Asia (Tokyo, Shanghai, Hong Kong, Singapore).

Today, skyscrapers are an increasingly common sight where land is scarce, as in the
centres of big cities, because of the high ratio of rentable floor space per area of land.
Skyscrapers, like temples and palaces in the past, are considered the symbols of a city's

economic power.
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Analysis of Plane Structures

+ Equations of Equilibrium

A system of forces is said to be in equilibrium when the resultant of all the forces and the
resultant of all the moments at one point are equal to zero. For a three-dimensional system
with a set of mutually perpendicular axes, x, y and z, six conditions must be satisfied. These

six conditions can be stated in mathematical terms as follows:
' >IP.=>P,=>P.=0
DM, = > M, = >M, =0
Where P, is the component of any force in the = direction and M, is the moment of a force P
about the x axis.
In fact it is not necessary for the axes to be orthogonal—any three axes can be chosen for

the summation of the forces, and any three axes for the summation of the moments. The case of

parallel axes would of course be excepted.
If the system is coplanar, that is say P.= 0 and ZMI = Z M, =0, then there will be

only three conditions of equilibrium

P, =>P, =0
> IM. =0

Several special cases arise for a coplanar system.

1. If there are only two forces acting on a body that is in equilibrium, then the forces must
be equal and opposite.

2. If there are only three forces acting on a body that is in equilibrium, then the three
forces must be concurrent.

3. A set of coplanar forces not in equilibrium can be reduced to a single resultant force or

resultant moment.
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+ Stability and Determinacy of Reactions

If we consider a two-dimensional system with known applied loads, the free-body
diagram can be drawn showing all the unknown reactions. With the system in static equilibrium
the three conditions of equilibrium can be applied, and will result in three equations in terms of
the unknown reactions. The equations can then be solved simultaneously. For a complete
solution there will in general be a limitation of three unknowns.

If there are less than three unknown independent reactions, there will not be sufficient
unknowns to satisfy the three equations and the system will not be in equilibrium. It is then
termed statiéally unstable so far as the external supports are concerned.

If there are more than three unknowns, the equations cannot be completely solved and the
system will be statically indeterminate or redundant. For examp le if there were five unknowns,
two of them could be assigned any value, the remaining three could then be found from the
equations of equilibrium and would be entirely dependent on the values chosen for the first
two reactions™. This does not mean that a statically indeterminate system is insoluble, the
name implies that the system cannot be solved by the use of statics alone. Additional
information will be required about the manner in which the system deforms under the applied
loading. This type of structure is generally described as redundant and methods of solution will

be discussed later.
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Fig2.1 Two-dimensional structural system
In Fig.2.1 several examples of different structures are shown. The beam, in Fig.2.1(a), has
only two unknown vertical reactions and will therefore be an unstable system. The beam, in Fig.
2.1(b), has four unknown reactions, one at the left-hand end and three at the right-hand end, the

beam is therefore statically indeterminate to the first degree, that is there is one more reaction



