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Unit 1 Civil Engineering

Text

Civil Engineering

Introduction

Engineers have probably contributed more to the shaping of civilization than any other
professional group. In every society, the role of engineers is to develop the technological
application to meet practical needs. For example, the application of an electrical system is to
provide power to a city, a water wheel is to run a mill, an artificial heart is to prolong life, etc.
The systems that supply our food, water, fuel, power, transportation network, communication
and other conveniences are the products of engineering skill. Despite the essential part
engineers play in the above progress and in the well-being of humanity, their exact role is
imperfectly understood.

Engineering is the art of converting knowledge into useful practical applications. An engineer
is a person, who plays the key role in this process of conversion. Since engineering is the
profession which serves people, their environment is an important consideration. Often, there
have been difficulties in distinguishing engineers from scientists. It is difficult to determine
where the work of the scientist ends and that of the engineer begins.

The basic distinction between the linked professions of science and engineering lies in their
goals. Scientists aim to invent while engineers strive to use the inventions effectively to cater to
the needs of mankind. ¥ For example, the German physicist Heinrich Hertz discovered radio
waves while Guglielmo Marconi developed wireless telegraphy using radio waves, a feat of
engineering. And after the scientific principles of nuclear fission were established, the hard
work of creating atomic weapons and useful power plants was accomplished by electrical,

chemical and mechanical engineers.
Civil Engineering

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
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production in a couniry. 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.
Scope of Civil Engineering

Any discipline of engineering is a vast field with various specializations. The major
specializations of civil engineering are listed below ;

1. Structural engineering
Geotechnical engineering
. Fluid mechanics, hydraulics and hydraulic machines
Transportation engineering

Water supply, sanitary and environmental engineering

U os W

Irrigation engineering

7. Surveying, levelling and remote sensing
Structural Engineering

Structural engineering is the most important specialization in civil engineering. The
construction of a structure needs efficient planning, design and method of construction to serve
the purpose fully. Generally there are five major steps in any construction project. These
include the following

1. Positioning and arranging the various parts of the structure into a definite form to achieve
best utilization.

2. Finding out the magnitude, direction and nature of various forces acting on the structure.

3. Analyzing the structure to know the behavior of the various parts of the structure subjected
to the above forces.

4. Designing the structure such that its stability under the action of various loads is ensured.

5. Executing the work with selected construction materials and skilled workers.
Geotechnical Engineering

For the efficient functioning of any structure built on earth, the behavior of soil must be
known. Geotechnical engineering gives the basic idea about the soil. This branch also deals
with the following aspects

1. The properties and behavior of soil as a material under “soil mechanics” .

2. The various types of foundations for a structure, for a machine, etc. and their suitability.

Geotechnical Engineering also deals with the analysis, design and construction of foundation.
Fluid Mechanics, Hydraulics and Hydraulic Machines

Fluid mechanics deals with the properties and behavior of fluids at rest or in motion. The
principles of fluid mechanics can be applied to daily life as in the case of the flight of planes,

the movement of fish in water, and the circulation of blood in the veins.
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The design of hydraulic structures, such as dams and regulators, require the force exeried by
water and the behavior of water under pressure.

Machines which utilize the hydraulic energy are called hydraulic machines. For example,
turbines use potential energy of water to generate power. Pumps are devices which utilize
mechanical energy to lift water. The efficient working of the above machines depends upon the
fluid behavior which is deali with in this discipline,

Transportation Engineering

The development of a nation mainly depends on the communication facilities available. A
nation’ s wealth is measured in terms of the road and railway facilities available. There are
three modes of transportation viz. , land, water and air. This specialization deals with the -
design, construction and execution of the communication routes.

The different branches of transportation engineering include the following: highway
engineering deals with the planning and designing of roads, railway engineering deals with the
railway tracks, harbor engineering deals with the harbors and airport engineering deals with the
airports.

Water Supply, Sanitary and Environmental Engineering

Without food man can survive for days but not without water. The responsibility of providing
potable (drinking) water to the public and disposing the waste water safely is that of a civil
engineer. The sources of water are precipitation and underground water.

Water supply engineering deals with the location, collection of water, its treatment methods,
tests for standard limits and efficient supply of water.

Used water, solid wastes, toxic wastes, etc. cannot be disposed directly since these affect
the environment. Hence these have to be treated and tested for the standard limits and then
disposed. Sanitary engineering deals with the collection of used water, their treatment methods
and effective disposal which safeguards the whole world. The natural and artificial wastes
generated and released into the atmosphere have upset the natural equilibrium. Anthropogenic
or human-induced pollutants have overloaded the system.

The role of an environmental engineer is to build a bridge between biology and technology by
applying all the techniques to the job of cleaning the debris. Environmental engineering deals
with the methods of protecting the environment from the deleterious effects of human activity
which would result in the improvement of environmental quality for the well being of mankind. ®
Irrigation Engineering

Irrigation may be defined as the process of supplying water by man-made methods for the
purpose of land cultivation. Irrigation engineering includes the study and design of works
related to the control of river water and the drainage of waterlogged areas. Thus, irrigation
engineering deals with the controlling and harnessing of various resources of water, by
constructing dams, reservoirs, canals, head works and distribution channels to the cultivable

land.
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Surveying, Levelling and Remote Sensing

Before starting any important civil engineering project, such as the construction of railways,
highways, dams and buildings, it becomes necessary to have a detailed survey map showing
accurate boundary of the project area. Surveying is defined as an art of collecting data for
mapping the relative positions of points on the surface of the earth. Levelling is the process of
determining the relative heights of the points on the surface of earth in a vertical plane. ®

The main purpose of the survey work is to prepare the plan of the object to be surveyed.
Various instruments are used to measure and collect the necessary information to draw the plan.
Remote sensing uses the technique of obtaining the data about an area by taking aerial

photographs. The intelligent interpretation gives a clear picture of the terrain.
Functions of Civil Engineer

Civil engineering incorporates activities such as construction of structures like buildings,
dams, bridges, roads, railways, hydraulic structures, water supply and sanitary engineering.

Various Functions of a civil engineer are listed below.

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

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

3. 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.

4. Design After planning, the safe dimension of the components 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.

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

6. 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.

NOTES

1. The basic distinction between the linked professions of science and engineering lies in

their goals. Scientists aim to invent while engineers strive to use the inventions effectively to
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cater to the needs of mankind.

% TR () SHMEL IR ZRERANRIETEMNRBRRR. PR3
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2. Positioning and arranging the various parts of the structure into a definite form to achieve
best utilization.

P LHR BN N R EME , IABIRERE SR

3. Environmental engineering deals with the methods of protecting the environment from the
deleterious effects of human activity which would result in the improvement of environmental
quality for the well being of mankind.

FHE TR REFAREARALESE EFREME Tk, RHNERERRRR, U
W AR A TR R ER

4. Surveying is defined as an art of collecting data for mapping the relative positions of points
on the surface of the earth. Levelling is the process of determining the relative heights of the
points on the surface of earth in a vertical plane.

T U AT LURE SO — TSR RS LA M BR R T & SRR B BB AR . K MR B R
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NEW WORDS AND PHRASES

1. irrigation JEEEE, ¥k 12. precipitation (FZF) p&% , Fobh X FEM S4B
2. specialization E L 13. toxic BEH
3. geotechnical engineering ‘AL T8  14. equilibrium 4, ¥
4. fluid mechanics A H2& 15. anthropogenic A AKJ
5. hydraulics 7K 1% 16. debris it , bidlk , K F Y . IR AT
6. transportation engineering A% T8  17. deleterious HEM
7. environmental engineering MIETFE 18. drainage Hi/K,HIK RS
8. surveying #iE, & 19. waterlogged 7KIEZHY, /KEFRY
9. levelling 7K &, K HET & 20. interpretation fRFE, %
10. potential energy #'fE 21. tender #rFR,#HH
11. discipline =%} 22. supervision B & H
QUESTIONS
1. How to distinguish engineers from scientists?
2. What are the major specializations of civil engineering?
3. What does geotechnical engineering deal with?
4. As a civil engineer, what should he do during construction?
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Reading

What is Design?

The word ‘ design’ means different things to different people. To some, a designed object
will be a slick and smart-looking object—it has aesthetic appeal. To others it will be a thing
that performs everything it is called upon to do —it has functional efficiency. To yet others it
may be something thai represents good value for money. In truth, all the above statements are
valid. A long and rigorous process has to be gone through to achieve the desired end results and
that process is design. Let us illustrate this through two examples.

Imagine a town with a river flowing through it, cutting it into two. Let us further assume that
the only mode of crossing the river currently available is by boat, which is highly restrictive and
inconvenient to the communities. If you are asked to improve the situation, how will you go
about it? You will first think of speedier alternatives to boat crossing, e. g. a bridge or a
tunnel. Locating the new crossing or crossings (in design you should not close off options too
early) will need many considerations—e. g. the existing network of roads on both sides, the
ground conditions, the resulting length of crossing (cost implications) , and so on. You might
analyse the total impact of two or three alternatives.

Having chosen an ideal location, preliminary surveys ( topographical, soil, traffic and so on)
will be commissioned. Preliminary details will then be prepared, together with a budget. With
such major construction, obtaining planning consent could be a fraught process. The scheme
could affect some people adversely or will be perceived to do so by some sections of the
community. The planning process provides for hearing all objections. You will, therefore, have
the task of presenting the case for the scheme, highlighting such issues as economic,
environmental and employment benefits. You will also need to counter the technical arguments
of the objectors. After successfully negotiating the planning process, you must prepare detailed
proposals for constructing the crossing. At every stage a number of options will need to be
considered, e. g. materials to be used (steel, concrete, etc. ) and their form ( number of
spans, suspension, cable stayed, beam and slab).® When the design is optimised, detailed
drawings are prepared to enable tenders to be invited. When a contractor is appointed , you will
need to supply detailed drawings and specifications so that the product you had in mind is
actually constructed. This whole process of delivering to a client a product that had its genesis
in the form of vague requirements is design. The details will vary from project to project.

Take another example: that of building a hospital for a Health Authority which has decided
on the type (general or specialist) of the hospital and the number of patients to be catered for.

Here the designer will need to consider the best location, taking into account the centers of
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population the hospital seeks to serve and infrastructure facilities such as road access, public
transport, utilities, waste disposal, etc. Space requirements for the various departments will
need to be addressed, as well as the relationship of the various spaces. Hospitals are heavily
serviced and consideration must be given to heating and ventilation of spaces, supply of medical
gases, emergency alarms, call bells, operating theatre requirements and so on. There will also
be issues such as boiler plant location, safe storage of medical gases, disposal of medical
wastes, central laundry, patient lifts, fire, and security precautions, communications within
and without the hospital. Externally, vehicle circulation will need careful planning with
allowance for ambulances, cars, public transport, and pedestrian traffic. The buildings and
surroundings will need to be as pleasant as possible.

As in the previous example, at every stage a number of alternatives will need to be
considered and choices will need to be made. The load-carrying skeleton of the building, i. e.
the structure, will have to be designed taking note of the constraints imposed by other
requirements for the efficient functioning of the hospital. These will include the location of
column supports and the effect of the circulation of services, which may need holes through the
structure. As before, detailed drawings will need to be supplied for tender and then for
construction. The contractor who works to the drawings will expect them to have been
coordinated between the various disciplines, bearing in mind the particular aspects of the brief
so that everything fits. That is the mark of a good design.

From these examples it can be seen that the genesis of the design process lies in some basic
and simple requirement of a client, such as a river crossing or a hospital. The final form of the
facility is the result of design. The impact of design does not end with construction. Ease or
otherwise of operability, inspectability and maintainability are all inherent in the chosen design
and these have huge implications for the client and users. @

Another feature of design that should have come across in these examples is that most design
is multifaceted, requiring the skills of many disciplines, such as civil/structural engineering,
services engineering and architecture. Designers thus work in teams. The lead role in the team
is usually dictated by the nature of the scheme, e. g. a civil engineer for the river crossing
example and an architect for the hospital.

We can summarise some atiributes of a good design:

o fulfilment of all client’ s requirements

® functional efficiency

® value for money

® sensible balance between capital and maintenance costs

¢ buildability, maintainability and operability

® aesthetically pleasing.

Practical design is usually a compromise between all of these. Every client will attach

different weighting to the above-noted features.
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From the above, we can provide a possible definition for design.

Design is an optimisation process of all aspects of a client’ s brief. It requires the integration
of all the requirements to produce a whole that is efficient, economic and aesthetically
acceptable. ®

Optimisation implies an iterative approach. Iritegration of various requirements demands
collaborative work. Emphasis on the ‘ whole’ requires awareness beyond one’s own specialism.
Being efficient, economic and aesthetically pleasing, all at once, implies compromises and a
trade-off between different requirements.

The examples would also have illustrated the steps in any project, which can be summarised
as follows;

® briefing

® project investigations

® sketch designs

® planning consent

® detailed design

® working drawings

® tender

® construction/commission.

So how does one become a good designer? Here are a few tips;

® good education and training in the chosen discipline

® general awareness of the workings of other allied disciplines

® keeping up to date by following technical journals, books and participating in the activities
of professional institutions and other learned bodies, generally maintaining technical curiosity
throughout your life

® developing communication skills, including oral, written, drawn and electronic.

It can thus be seen that design is not all to do with the calculation of stresses and strains, nor
does it have precise, fixed outcomes. It is a much more holistic, creative and satisfying

pursuit. @

NOTES

1. At every stage a number of options will need to be considered, e. g. materials to be used
(steel, concrete, etc. ) and their form ( number of spans, suspension, cable stayed, beam and
slab).

B BB BAE I B R EE R, BN A AR (R IR 2 R BT
KR (FMEL, BRA, X, BRFHRR) .

2. The impact of design does not end with construction. Ease or otherwise of operability,

inspectability and maintainability are all inherent in the chosen design and these have huge
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implications for the client and users.

BRI RAFASHER LR E . T BEMEF I E ST H Tk
BT HEIRE , T X B 20t B HE A AL 74 B R .

3. Design is an optimisation process of all aspects of a client’ s brief. It requires the

integration of all the requirements to produce a whole that is efficient, economic and

aesthetically acceptable.

F O ENBRANERE NSy EmLi e — 38, eFELESIMAW
TRV — R BT IERE N T R ERZ N — 1,

4. Tt can thus be seen that design is not all to do with the calculation of stresses and strains,

nor does it have precise, fixed outcomes. It is a much more holistic, creative and satisfying

pursuit.
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NEW WORDS AND PHRASES

1. aesthetic FEH#[AY, HEH 10. contractor FREIRET, KA, KGN
2. topographical HLJE 7 , HiZE ) 11. operability AJ#&{EPE

3. commission Z§E, £ 12. inspectability BRI H:

4. infrastructure  FERNTENE, ZEAEZEHY, BEEER 13, maintainability A] 434

5. ventilation i@ X, i# Kk % 14. multifaceted ZHFTHEH

6. load-carrying 7RER , K 15. optimization {i{k

7. skeleton (EFYER) BLR, EL 16. trade-off 7,3, ThiE

8. constraint A AR HKH 17. stress W FHJ

9. column # 18. strain © AP

FHE B ERIE(—) — BRI A

— FHPRHIE X

EEEFAE ST ¥R BIFEIEIL K Roman Jacobson (1896 ~1982) kN, IR “ B —
MEEHSKEBR—MIESSHS", (Translation is an interpretation of verbal signs by
means of other signs. ) k20BN FRI @R,

BhiER—MIEsh, BEH—-MESEBS —MESNIEs, RRE=1FHE:

(D) B E—FBESIFE S IS53h;

(2) A EA R R E R

() EshEBEUIFSCOHE S, & B, A —MiEs £AH kIR,
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Is Urban Design a Discipline?

For me, urban design lacks a penumbra of scholarship, theory and principles, a set of
generally recognized working methods, an institutional setting, and a mass of practitioners.
These constitute a ° discipline’. Lacking them, urban designers tend to borrow precepts,
methods, and concepts from architecture, but late in the game. They borrow theoretical hand-
me-downs—architecture’ s old clothes—*the most recent from Post Modernism, before that
from the Athens Charter. They also borrow models from the European city. In any case, the
ethos of the American city, with its strengths and its weakness, is seldom the basis for the
promulgating of public sector urban design recommendations. ”

I do not read much planning these days, but when I scan the urban design coverage in
planning joumals, it seems to be limited to the New Urbanism—what would Gans say?

The urban research and design Venturi and I have done seems of interest today to young
architects and students from schools of architecture in the United States and Europe, including
some from Harvard. They study our urban ideas, particularly those on Las Vegas. And
architecture students and academics involved in urban communication and urban mapping turn
to our work and thought on symbolism and on urban systems as patterns. But we do not hear
from urban designers.

In my opinion, few great philosophical formulations on urban design, as I define it, have
been made by urban designers since the writings of Crane, and to the extent urban design
theory has been developed; it has been from a base in architecture. An example is Rem
Koolhaas’ s work, including some at Harvard, that follows in the footsteps of our Las Vegas
research, documenting the Strip twenty-five years later but also applying similar research
methods to African urbanism—from Las Vegas to Lagos.

When it comes to discipline building, there could be a new construction team available to
urban design—architecture’ s new scholars. Architectural education in the past twenty years
has seen the enormous growth of Ph. D. , as academic streams have been introduced to parallel
the traditional professional programs. In my experience, they have added depth to the field—

build the discipline—enormously. How many will turn their attention to urban design? There



