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Unit 1

Civil Engineering

1.1 Introduction

Engineering is the art of converting knowledge into useful practical applications. Civil
engineering is that branch of engineering which aims to provide a comfortable and safe living for
the people. Shelter, one of the primary needs of mankind, is provided by civil engineers. The
efficient planning of water supply and irrigation systems increases the food preduction in a country.
Shelters, apart from just being shelters, have been constructed by civil engineers to provide a-
peaceful and comfortable life. The engineering marvels of the world, starting from the pyramids to
today’s thin shell structures, are the results of the development in civil engineering. Communication
lines like roads, railways, bridges, etc. without which development is impossible, are fruits of civil
engineers’ work. Various functions of a civil engineer are listed below.

Investigation The first function of a civil engineer is to collect the necessary data that is
required before planning a project.

Surveying The objective of surveying is to prepare maps and plans to locate the various
structures of a project on the surface of earth.

Planning Depending on the results obtained from investigation and surveying, a civil engineer
should prepare the necessary drawing for the project with respect to capacity, size and location of
its various components. On the basis of this drawing, a preliminary estimate should be worked out.

Design After planning, the safe dimension of the componets required is worked out. With this
dimension a detailed drawing is prepared for various components and also for the whole structure
and a detailed estimate is also calculated.

Execution This function deals with the preparation of schedules for construction activities,
floating of tenders, finalisation of contracts, supervision of construction work, preparation of bills
and maintenance. '

Research and development In addition to the above works, a civil engineer has to engage
himself in research and development to achieve economy and to improve the efficiency to meet the

present and future needs.

woeezy Unit 1 Civil Engineering TN
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Any discipline of engineering is a vast field with various specialisations. Civil engineering is
traditionally broken into several sub-disciplines including structural engineering, transportation
engineering, geotechnical engineering, construction materials, surveying., construction
engineering, water resources engineering, coastal engineering, environmental engineering and

municipal engineering.

Structural Engineering

Structural engineering is concerned with
the structural design and structural analysis of
buildings, bridges, towers, flyovers, tunnels,
off-shore structures like oil and gas fields in
the sea, 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
carthquake engineering. Figure 1-1 shows the

Figure 1-1 The Petronas Towers in Malaysia

Petronas Towers in Malaysia which were the
tallest buildings in the world from 1998
to 2004.
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 arecas such as transportation design,
transportation planning, traffic engineering, some aspects of urban engineering, queueing theory,

pavement engineering, intelligent transportation system, and infrastructure management. Figure 1-
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2 shows Sutong Bridge in China, which was the cable-stayed bridge with the longest main span in

the world as of 2010.

Figure 1-2 The Sutong Bridge in China

Geotechnical Engineering

Figure 1-3 Deep excavation of Pingan

IFC in Shenzhen

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. Figure 1-3 shows the

deep excavation of Pingan International Finance Centre (IFC) in Shenzhen, China.

Earthquake Engineering

Earthquake engineering covers ability of various
structures to withstand hazardous earthquake
exposures at the sites of their particular location.
Earthquake engineering is a sub-discipline of the
broader category of structural engineering. The
main objectives of earthquake engineering are:
(i) understand interaction of structures with the
shaky ground, (ii) foresee the consequences of
possible earthquakes, (iii) design, construct and
maintain structures to perform at earthquake
exposure up to the expectations and in compliance
with building codes. Figure 1-4 shows shake table

testing of two building models.

Figure 1-4 Shake table testing of
two building models
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Construction Materials

Construction materials deal with bricks, stones, cement, concrete and steel etc. Construction
materials are found to be the basic elements for all engineering structures. So the behaviour of the
structure depends on the behaviour of the basic elements, i.e. on the various characteristics and
properties of the construction materials. Such properties may be classified into various categories as
follows; physical properties, mechanical properties, chemical properties, electrical properties,
magnetic properties, optical properties and thermal properties. From constructional aspects, the
physical and mechanical properties are predominant. Hence, it is essential for a civil engineer to

have knowledge on the various physical and mechanical properties of construction materials.

Surveying

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
accurate measurement of angular deviation, horizontal, vertical and slope distances. With
computerisation, electronic distance measurement (EDM), total stations. GPS surveying and laser
scanning 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 surface,
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
arrangements, civil engineers are trained in the basics of surveying and mapping, as well as
geographic 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.

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.

Water Resources Engineering
Water resources engineering is concerned with the collection and management of water (as a
natural resource). As a discipline it therefore combines hydrology, environmental science,

meteorology, geology, conservation, and resource management. This area of civil engineering

.
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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 resources
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. The actual design of the facility may
be left to other engineers. 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 supply network, 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. Figure 1-5 shows
Hoover dam in US, which is a concrete arch-gravity dam in the Black Canyon of the Colorado

River, on the border between the US states of Arizona and Nevada.

Figure 1-5 Hoover dam in US

Coastal Engineering

Coastal engineering is concerned with managing coastal areas. In some jurisdictions the terms
sea defense and coastal protection are used to mean, respectively, defence against flooding and
erosion. The term coastal defence is the more traditional term, but coastal management has become
more popular as the field has expanded to include techniques that allow erosion to claim land.
Figure 1-6 shows Zuiderzee Works in Netherlands which is a manmade system of dams, land

reclamation and water drainage works.
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Figure 1-6 Zuiderzee Works in Netherlands

Envirionmental 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

Figure 1-7 A filter bed

are pollutant transport, water
purification, waste water treatment,
air pollution, solid waste treatment
and hazardous waste management.
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. Figure 1-7 shows a filter bed

which is a part of sewage treatment.
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Municipal Engineering
Municipal engineering is concerned with municipal infrastructure. This involves specifying,
designing, constructing, and maintaining streets, sidewalks, water supply networks, sewers, strect
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 services. 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.

Notes

| L AXPEBAFETESEIM1—6],

’ 2. Communication lines like roads, railways, bridges, etc. without which development is
impossible, are fruits of civil engineers’ work. Z0RZ B A BHE R X EXBTiEH
FHEHSTTRBSIRRE. MIXEXBTENRANEHFLIAIRAMNNES. 8

&, “which” 2 §§ “communication lines”,

3. 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. S5 FAKFAEFYLEEXAFE QBT EH — P2 FOARAR—FE
ELXTE. £XNFRP . AYPENEFMIASHN S ERE.,

4. Design, construct and maintain structures to perform at earthquake exposure up to the
expectations and in compliance with building codes. &it . BE BB EHLYFELHT
BHERTAZBAMEH RN BERRANTEHEK.




A TEEREE

Words and Expressions

shelter
irrigation
pyramid
thin shell

structure
geotechnical adj .
municipal adj .
coastal adj .
biological adj .
thermal adj .
purification n.
remediation n.

contaminated site

geology : n.
hydraulic
retaining wall
spawn V.
geoenvironmental
engineering
flyover n.
off-shore
structure
conducive adj .
vibrant adj.
canal n.

mass transit

queueing theory

1.2 Group Discussion

Task 1
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pavement
infrastructure
sidewalk
sewer

conduit
access chamber
meteorology
conservation
aquifer
conveyance
culverts

levee

statics
dynamics
jurisdiction
erosion

level
theodolite

angular deviation

computerisation
total station
GPS

laser scanning
license

lay out
tramway
logistical

shaky

adj .
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Can you list and describe the impressive structures in civil engineering you’ve ever seen?




Task 2
‘Which sub-discipline do you like in civil engineering? Why?
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Structural Engineering:
Tall Buildings

2.1 Introduction

Tallness is a relative matter and tall buildings cannot be defined in specific terms related just to
height or to the number of floors. The tallness of a building is a matter of a person’s or community’s
circumstance and their consequent perception; therefore, a measurable definition of a tall building
cannot be universally applied. From the structural engineer’s point of view, however, a tall building
may be defined as one that, because of its height, is affected by lateral forces due to wind or
earthquake actions to an extent that they play an important role in the structural design. The
influence of these actions must therefore be considered from the very beginning of the design
process. .

Tall buildings emerged in the late nineteenth century in the United States of America. They
constituted a so-called “American Building Type”, meaning that most important tall buildings were
built in the U.S. A. Today, however, they are a worldwide architectural phenomenon. Many tall
buildings are built worldwide, especially in Asian countries, such as China, Korea, Japan, and
Malaysia.

Traditionally the function of tall buildings has been as commercial office buildings. Tall
commercial buildings are primarily a response to the demand by business activities to be as close to
each other, and to the city center, as possible, thereby putting intense pressure on the available
space. Also, because they form distinctive landmarks, tall commercial buildings are frequently
developed in city centers as prestige symbols for corporate organizations. Other usages, such as
residential, mixed-use, and hotel tower developments have since rapidly increased. There has been
some skepticism regarding construction of tall buildings since September 11, 2001, however, they
will continue to be built due to their significant economic benefits in dense urban land use.

Tall building development involves various complex factors such as economics, aesthetics,




