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BES252 BASIC CIVIL AND MECHANICAL ENGINEERING
UNIT I SCOPE OF CIVIL AND MECHANICAL ENGINEERING

OVERVIEW OF CIVIL ENGINEERING

Civil cngincering 1s a protessional cngingering discipline that deals with the design,
construction, and mainlenance of the physical and naturally buill environment, including public
wioks such as roads, bridecs. canals, dams, alrports, sewerage svstems, pipclines, structural
components of buildings, and railways.

Civil engineeninge 15 raditenally broken inlo a number of sub-disciphnes. Tt iz considered
the second-oldest engineering discipling  atter military  engineering. and it is defined to
distinguish non-military engineering from military engimeering. Civil engineering akes place n
the public scetor trom municipal throvugh to national governmaents, and in the private sector from
individual honneowners through to intermational companies.

Civil engineering is the applhication of physical and scicntific principles [or solving
prablems of society, and its history is intricately linked to advances in the understanding
of physics and mathematics throughout istory. Because civil engineering s a wide-ranging
profession, ncluding several specialized sub-disciplines, its history 18 linked to knowledge of
structures, materials science, geography, seology, soils, hydrology, environmenl, mechanics and
other [elds.

Throughout ancient and medieval history maost architectural design and construction was
cartied owt by arlisans, such as stonemasons and carpenters, Tising Lo the role of master builder,
Foowledpe was retained i goilds and scldom supplanted by advances. Suuctures, toads, and
infrastructure that existed were repetitive, and increases in scale were incremental.

Cne of the carlicst cxamples of a scientilic approach w physical and matlbematical
problems applicable to civil engincering 15 the work of Archimedes in the 3rd century RO
including Archimedes Principle, which underping our understanding of buoyancy, and practical

solutions such as Archimedes' screw,

Ruole of civil engineer
Civil cnginecr is a person who practices clvil engincering, the application of planning,

desizming, constructing, maintaining, and operating infrastructures while prolecting the



public and environmental health, as well as improving existing infrastructures that have
been nealected,

*  (Civil engingering is one of the oldest engineering disciplings because it deals with
comstructed enviromment' including planming, designing, and oversesing construction
and maintenance of buiding structures, and facilitics, such as roads, railroads. airpocts,
hridges, harhors, channels, dams. irrigation projects, pipelines, power plants, and water
and sowage syslems.,

*  The term "civil cogineer” was established by John Smeaton in 1750 to contrast cngineers
working on civil projects with the military engineers, who worked on armaments and
defenses,

*  (ver time, various sub-disciplines ot civil engineering have hecome recognized and
much of military engineering has been absorbed by civil engineering. Other engineering
practiees became recosnized as wdependent copineering disciplines, meluding chemical
engineering, mechanical engineering, and electrical engineering.

= In some places, a civil engineer may perfonm lind sorveying: in others, surveying is

limited 1o construction surveyig, ualess an additional gqualification s obraed.

Civil Engincering contributions to the welfare of Society
L.Contriburions of Civi Engincering to the welfare of Socicty?
Because of Civil Engineering and Civil Engineers, we have many amenities that make
civilization posgsible.
Water piped to our houes and other places.
1) Sewage taken away ro treatment plants.
iRouds that make easy driving possible and reduce the likelihood of aecidents.
i} Bridges and connect people who formerly were divided by waler.
Layout and constroction of schools, public buildings and packing loes that make the best use
of land.

specialized suh disciplines or hranches in Civil Engineering
There are a number ol sub-disciplines within the broad leld ol civil engineering. General civil

cnglncers work closcly with surveyors and speclalized clvid cngincers to deslgn grading,



drainage, puvement, wialer supply, sewer service, dams, electric and communications supply.
Goeneral civil engineering is also reterred to as site enginecring, 4 branch of civil engineering that
primarily focuses on comverting a tract of land from one usage to another. Site engineers spend
lime visiling project sites, mecting with stakcholders, and prepanng construction plans, Civil
engincers apply the pringiples ot geotechnical engincering, structural engingering, environmental
gnginesring, ransportation engineering und construction engineering o residential, commercial,

wdustrial and public works projeets of all sizes and levels of construction.

Civil Engineening is the broadest of the engineenings Nelds. T cormprises of many related
specialties.
Sub-disciplines of Civil Engineering are:

. Coastal Looincering

*  (Constroction Cpglncering

. Envirommental Engineering

- Creolechmical Engimeening

- siruclural Engneering

. Transportaiion Enginecring

L] Water Resources Engineering

Coastal engineering

Coaslal engineering is concemed with managing coustal aveas, In some jurisdictions, the
terms sca defence aond coastal protection mean defonce against tlooding and  crosion,
respectively. The term coastal defence is the more traditional term, but coastal management has

become more popolar as the [eld has expanded w echniques thal allow crosion w claam land,

Construction engineering

Construction cogineering mvolves planning and cxecution, transportation of materials,
site development based om hydraulic, environmental, structural and gectechnical engineering. As
construction [rms tend o bave higher business nsk than other Gepes ol avil engineening: oo
do. construction gngineers often engage in more business-like fransactions, for example, drafting

and reviewing conlracts, evaluating logistical operations, and monitoring prices of supplies.



Karthquake engineering

Larthquake cngineering involves designing structoees o withstand hazardovs carthguake
exposures. Earthquake engineering is a sub-discipline of structural engineering. The main
objectives ol carthquake engineering are 1o understand interaction o structures on the shaky
ground, forcsee the consequences of possible carthguakes: and design, constrogt and maintain

structures Lo perform al earthguake in compliance with building codes.

Environmnental engineering

Environmental ensineering s the contemporary lerin [or sunilury engineening, thoush
sanitary engineering traditionally had not included much of the hazardons waste management
and environmental remediation work covered by environmental engimeering. Public health
cneinecring and covironmental health engincering are ather torms being nsed,
Environmental engineering deals with treatment of chemical. biological. or thermal wastes,
purilication of water and air, and remediation of contaminated sites aller wasie disposal or
accidental contamination, Among the topics coverzd by environmental engincering are pollutant
lramsport, waler  purification, waste waler Lrealment. air - puollulion, sulid wasle
tecatment, recyeling. and hazardous waste manapement. Environmental cngmeces administer
pollutiomn reduction, green engineennyg. and industrial ecology. Environmental engineers also

compile nfermation on environmenlal consequences of proposed actions.

Forensic engineering|

F'orensic congineering is the investigation of matescials, products, SUucmrcs of COMponcnrs
that fail or do not operate or function as intended, causing personal injury or damage to property.
The conscquences of [ailure are dealt with by the law of product liability, The Leld also deals
with retracing processes and procedures leading to accidents in operation of vehicles or
machinery. The subject i applied most commonly in civil law cases, although it may be of use in
criminal law cascs. Gencrally the purposce of a Forensic engincering vestigation 13 o locate
cause or causes of Tailure with 2 view o improve perfomance or life of a component. or Lo assist
i courl m detenmiumnge the Gwels of an aceident. TC can also imvolve investigation of itellectual

property claims, especially patents,



Geotechnical engineering

Geotechnieal cogineering stdics rock and soll supporting civd enginccring svsiems.
Knowledee from the field of soil science, materials science. mechanics. and hydraulics is applied
o salely and  ceonomically  design [oundations, retaimng  walls, and  other  structures.
Environmental efforts to protect groundwarcr and safely maintain landfills have spavwned a new
area 0f research called geoenvironmental en gin-;:t'-rirn_g.m”‘?31
Identification of soil propeortics presents challenges to geotechnical cngineers. Boundary
conditioms are olten well defined in other branches of civil engineering, bul unlike steel or
conerele, the malenal properties and behavior of so1] are dilTicull o predict due Lo its vanabilily
and himitation on mvestigation. Furthermaore, soil exhibits nonlinear (stress-dependent) strength,
stiffness, and dilataney {volume change associated with application of shear stress), making
studying soil mechanics all the mare difticult. ™ Geotechnical chnemecers frequently work with

professional geolowists and soil seientists

Materials science and engineering

Materiuls  science s closely related 10 civil engineering. L studies  fundamental
characteristics of materials, and deals with coramics such as concrete and mix asphalt concrete,
slronyg melals such is aluminum and sleel, and thermosetting
polvimers inceludhing polvmethvlmethacrvlate (PMMA)Y and cacbon [ibers,

Materials engingering involyes protection and prevention (paints and finishes), Alloving
combines two Lypes of metals o produce another metal with desired properties. 1L incomporates
clements of applicd phvsics and choemisiry,

With recent media attention on nanoscience and nanotechnology, materials engineering has
been at the forelron of academic rescarch. It 15 also an important pact of forensic enginecring

and failure analysis,

Struciural engincering

Structural engineering is concerned with the structural design and stroctural analysis of
buildings, bridees, wwers, Nyovers (overpasses), wnnels. off shore structures Tihe ol and sas
fields in the sea. asrostructure and other structures, This involves identifyving the loads which act

upon a structure and the forces and stresses which arise within that structure due o those loads,



and then designing the structure Lo successfully support and resist those loads. The loads can be
self weight of the strvctures, other dead load, live loads, moving (wheel) load, wind load,
ewrthquake load. load from temperature change etc. The structural engineer must design
slructures 1o be sale [or their usors and 1o sucecss[ully [ullill the Tunetion they are designed [or
(1o hc servicealte), Due 1o the nawire of some loading conditions. sub-disciplines within
structural engineering have emerged. including wind engineering and earthquake engimeening.

Design considerauons will include suwength, stiffness, and stability of the structure when
subjected 1o loads which may be stalic, such as fumiture or sell-weight. or dymamic, soch as
wind, seismic, crowd or vehicle loads. or mansitory, such as lemporary construction loady or

impact. (ther considerations include cost. constructability, satery, agsthetics and sostainability.

Surveying

Surveying is the process by which a surveyor measures certain dimensions that occur on
or near the surlace of the Earth, Surveying equipment such as levels and theodolites arc used [or
accurate measurcment of angular deviation. harizontal, vertical and slope distances. With
compuierisation, elecwonic distance measurernent (EDM). wital stalions, GPS surveying and
lascr scanning have to a large cxent supplanted traditional instroments, Data collected by survey
measurement is converted into a graphical representation of the Harth's surface in the form of a
map. This infermation is then used by civil engineers, contraciors and reallors W desten [ron,
build on, and trade, respectively, Elements ot a structure must be sized and positioned in relation
Lo each other and o site boundaries and adjacent structures.
Although  sweveving is a distinet profession with separate  qualifications and  licensing
arrangements, civil engineers are trained in the basics of surveying and mapping. as well
as peographic inlormation systems. Survevors also lay owl the routes of railways. ramway
tracks. highways, roads, pipelines and strocts as well as position other infrastrocture, such

is harbors, belore consmruction,

Land surveyving
In the Umted States. Canada, the Uniled Kingdom and most Commonweslth countiies
land surveying is considered to e a separate and distingt protession. Land surveyors are not

considered 1o be engimeers, and have their own professional associations and  licensing



requirements. The services ol a licensed land surveyor are senerally required (or boundary
surveys (o cstablish the boundarices of a parcel using its lepal description) and subdivision plans
{a plot or map based on a survey of a parcel of land, with boundary lines drawn inside the larger
parcel 10 indicate the creation ol new boundacy lines and roads), both ol which are generally

reterred to as Cadastral surveying,

Construction surveying
Construction surveying is generally performed by specialised lechnicians. Unlike land
surveyors, Lhe resulling plan does ool have legul status, Construction surveyors perlorme the
following tasks,
«  Surveying existing conditions of the Tuture work sile, including wopography, existing
buddings and infrastroctore, and vadereround infrastrocture when possible:
¢ Clay-out” or "setting-out™: placing reference points and markers that will guide the
conslruction of new structures such as roads or bhuldings;
= Yeritying the Tocation of structures during construction;
s As-Built surveying: a survey conducted al the end of the consiruction project o verily

that the work authorized was completed to the specifications sct on plans.

Transportation engineering

Transportation engineering is concerned with moving people and goods efficiently,
safely, and moa manner conducive to a vibrant community. This involves specilying, designing,
constructing. and maintaming transportation intraspuctore which includes streets. canals,
highways, rail systems, airports. ports, and mass ransit. It includes areas such as transportation
desion, transportation planning, rallic coeincering, some aspaets of urban engineering, queucing
theory, pavement  cngincering, Intelligent Transportation System (ITS), and  infrastructore

AN ETNEN L.

Municipal or urban engineering
BMumcipal cogimeenng is concerned  with mumcipal  nfrastrecture,. . Thas  involves
specifving, designing, constructing. and maintaining streets, sidewalks, water supply networks.

sewers, street lighting, municipal solid waste management and  disposal, storage depoty Tor



viriows  bulk materials used Tor mamtenance and public works (sall, sand, e, public
parks and cycling infrastrveture. In the case of undergronnd vtiity nerworks. it may also lnclude
the civil portion (conduits and access chambers) of the local distribution networks of electrical
and telecommunications services. It can also inelude the oplimdzing of waste collection and bus
service networks, Some of these disciplines overlap with other ¢ivil engincoring specialtics,
however municipal engimeenng [ocuses on the coordination ol these infrastructure networles and
sorvices, as they ave often bullt simultancously. and managed by the same municipal authority,
Municipal engineers may also design the site civil works Tor large huildings, industrial plants or
campuses (e, aecess toads, parking lots, potable waler supply. reatment or pretreatnent of

wiaste water. site drainage. etc.)

Waler resources engineering

Witer resources engineering is concernad with the collection and management of water
{as anatural resource). As a discipline 1t therelore combines clomenls of hydrology.
enyironmental science, meteoralogy, conservation, and resonrce management. This area ot civil
gngineering relutes o the prediction and management of both the quality and the quantity of
water in both undereround (aguiters) and above eround (akes, rivers. and Soeams) resources.
Waler resource engineers analyze and model very small 1o very large areas of the earth o predict
the arneunt and content of waler as il Dows Into, throwsh, or oot o a Facilivy. Althowsh the actoal

design of the tacility may be left to other enginegrs.

Hydraulic engineering

Iydraulic engineering is concerned with the flow and conveyance of fluids. principally
water. This arca ol civil cnmneering 1s intimately relaed w o the design ol pipelines, water supply
network, drainage facilitics {including bridges. dams, channcls, enlverts, levees, storm sewers),
and canals. Hydraulic engineers design these Tacilities using the comeepls of Muid pressore, (lwid

statics. fluid dyvnamics, and hydraulics, among others.

Civil engineering systems
Civil engineering systems are a discipling that promotes the use of systems thinking o

manage complexity wnd change in civil engineering within its wider public context. It posits that



the proper development ol civil engineering inlrastructure requives  a holistic,  coherent
understandmg of the relationships between all of the important tactors that conmibue to
successful projects while at the same time emphasising the importance of attention to technical
detail. Dis purpose is Lo help intesrate the enlive civil engineering project lile eycle [rom

congeption. through planning, designing, making, operating o decommissioning,

OVERVIEW OF MECHANICAL ENGINEERING

Mechanical Engincering contributions to the welfare of Socicty
Mechanical  engineering is  an enginzering discipline  that  combines enginegering
physics and mathematics principles with materials science o desiom, analyze, manulaciure, and

maintain mechanical systems. 1t 15 one of the oldest and broadest of the cogineering disciplines.

Functions of mechanical enginecring

Mcchanical engingers design power-prioducing machings such as clectric gencrators,
intermnal combustion engines, and steam and gas wrbimes s well as power-using machines, such
as refriperation and air-conditioning systems, Mechanical engineers design other machines inside

buildings, such as elevators and escalators.

Mechanical engineers typically do the lollowing:

- Analyrze problems o see how a mechanical device might help solve Lthe problem

- Desipn or redesign mechanical devices, creating bluepeints so the devicee can be built
- Develop 4 protatype of the device and test the prototype

- Aunalyvee he test results and change the desien as necded

- Qversee the manutacturing process

Mechanical engineers use many Lypes of lools, engines, and machines, such as:
- Eleciric generators, internal combustion engines, and steam and gas turbines

- Power-usinge machines, such as religeration and air-condilioning

- Industrial production equipment. including robots used in manufacturing

- Other muchines inside buildings, such as elevators and escalatory



- Machine tools and waols Tor other engimeers

- Matcrial-handling systoms. such as conveyor systems and antoumatad transter stations

The [olowing are cramples of dillerent types of mechanical cogrineers:

Automotive Research Engineers

Automotive rescarch engineers try to unprove the performance of cars by workung to unprove
tralitiomal features of cars such as suspension, and work on agrodynamics and new possible Tuels.
Awlomotive research enoineers focus on the development ol passenger cars, rucks, buses,
motorcycles or ott-road vehicles, They design new products. maodity existing ones, troubleshoar,

and solve engineering problems.

Ileating and Cooling Sysiems Engineers

Heal cogineoring, also known as heat transler or thermal scicoces, 1s an academic specialty of
mechanical engingering, Heating and coaling systoms engineers develop environmentg] systoms
{systems that keep temperatures and humidity wathin certain limits) for airplanes, tmains, cars,
cotmputer rooms, and schools, They desien test control apparatms as well as cquipment, and
develop procedures for testing products. They also caleulale energy losses or buildings, using

eyuipment such @s Compulers, cornbustion anal y2ers, Or prossune Fauses,

Robotics IKngineers

A robotics cogineer 15 a behind-the-scenes designer. who is responsible for creating robors and
rahotic systems that are able to perform duties that humans are either unable or prefer not to
complete.

Robotics engincers will spend the majority of thoir ime designing the plans necded to boild robots.,
and will also design the processes necessary Jor the robol toy run correct]y, Through their creations,
a robotics cngincer helps to make jobs safcr, casler, and more ctficicnt, parcticulacly o the

manulacturing induostry.

Malerials Enpineers

Mualetials engineers altempt o solve problemsy in several dilferent engineering Melds, such as



mechanical, chemical, electrical, civil, nuclear, and aerospace. They do this by developing.
processine. and testine martcrials o order 1o create new materials that meet certain mechanical.
electrical. and chemical requirements.

Materials cogincers study the chemical propenics, stuctures, and mechanical vses ol plastcs,
metals. nanomaterials {extremely small snbstances), coramics. and composites according 1o the

place ol usage.

SPECIALIZED SUB DMSCIPLINES IN MECHANICAL ENGINEERING

The [eld ol mechanical ensineering can be thooght of as a colleclion ol nuany
mechanical engineering science disciplines. Several of these subdisciplines which are typically
Lawght al the undergraduate level are listed below, with o briel explanation and the most commen
application of cach. Some of these subdisciplines arc wnigue 0 mechanical coginecring. while
others are a combination of mechanical engineering and one or more other disciplines. Most
work (hat a mechanical cngineer docs wses skalls and wechoiques [rom several of these
subdisciplines, as well as specialized snbdisciplings, Specialized subdisciplines, as used in this
article, are more likely w be the subject of graduate studies or on-the-job raming than

undergraduate research. Scveral specialized subdisciplines arc discussed in this scction.

Mechanics
Mechanics is, in the most general sense, the study of forces and their effect upon matter,

Typically, engineering mechanics is used o analyze and predict the acceleration and deformation

{hoth clastic and plastic) of objects under known fowees (also called loads) or stresses. Sub

disciplines of mechanics include

¢« Staties, the study of non-moving bodics under known loads, how [orees alleet slate bodics

= [dynamics the study of how forces affect moving bodies, Dynamics ingludes kincmatics
(about movemnent, velocity, and acceleration) and kinetics (aboul fovees and resulting
accelerations),

o Mechanics of mealerials, the study of how different materials deform under various types of
siress

= Fluid mechanics, the study of how flnids react to forces



+  Kinematics, the study of the motion of bodies (ohjects) and systems {groups of ohjects).
while ignormg the torces that cause the motion, Kinematics is often wsed w the design and
analysis of mechanisms.

«  Conlinuum mechanies. a method of applying mechanies that assumes that objects ave
continuons (rather than discrere)

Mechanical engineers typically use mechanics in the design v analvsis phases of
cnginecring. 1f the cogmeering project were the design of a vchicle, staties might be cployed to
desizn the frame of the vehicle, in order to evaluate where the siresses will be most intense.
Drvoamics  mighl be wvsed when desigmimges the car's engine, W evaluate the [orces
the pistons and cams as the engine cycles, Mechanics of materials might be wsed to choose
appropriale materialy for the frume and engine. Fluid mechanics micght be used o design a

ventilation system for the vehicle . or to design the intake system for the cngzine.

Mechatronics and robotics

Mochatronics 18 a combination of mechanigs and clectronics. Tt is an ineedisciplinary
branch of mechanical  enginesring, electrical  engineering and sollware  engineenng that s
concerncd with inteerating clectrical and mechanical enginccring w cecate hybrid svstems. In
Lhis way, machines can be automated through the use of electric molors, servo-mechanisms, and
olther elecimed] systems in conjunction with special sollware. A common example ol a
mechatronics system is a U1D-ROM drive, Mechanical svstems apen and close the drive, spin the
CD and move the laser, while an optical system reads the data on the CD and converts it to bits,
Integrated software controls the process and commuonicares the contents of the CD to the
computer.

Eobotics 15 the application of mechatronics o create robots, which are olicn wsed o
industry to pertorm tasks that arc dangerons, unpleasant, or repetitive. These robots may be of
any shape and size, but all are preprogrummed and interact physically with the world. To create a
robot, an coginecr typically cmplovs Kinematics (to detenming the robot's range of motion) and
mechanics (o determine the siresses within the rabot).

Robols are used extensively in industnial engmneering, They allow businesses Lo save mioney on
labor, perform tasks that are either o dangerous or too precise tor humans o perform them

eeonomically, and W ensure better quality. Many companies employ assembly lines of robols,



especially in Automotive Industries and some lactories are so robotized that they can run by
themselves, Outside the factory, robots have been cmployed o bomb disposal, space exploration,
and many other fields. Robots are also sold for various residential applications, from recreation

1o domestic applications.

structural analysis

Structural analvsis 1s the branch of mechanical engincenng {and also ¢ivil cnpincering)
devoled to examiming why and how objects Tail and Lo fix the objects and their performance.
Structural Failures occor in bwo general modes: staltic Tailure, aod lalizue Tailure, Staiic strsefural
faifure ocours when: upon being loaded (having a force applied) the object being analvzed either
breaks or i deformed plastically, depending on the eriterion for latlure. Farigue failine oceurs
when an object fails after a anmber of repeated leading and valoading cyveles. Tatipne failure
aceurs because of imperfections in the object: a microscopic crack on the surface of the object.
for instance, will grow slighily with cach cyele {propagauon) uilil the erack 13 large cnouzh w
causc ultimate failure.

Failure is not simply delined ax when o part breaks, however; iL1s delined as when a parl
docs not eperate as intended. Some svstems. such as the perforated top scctions of some plastic
begs, are designed o break. If these systems do not break, Tailure analysis might he employed o
deterrne the cause.

structural analysis is often used by mechanical engineers atter a failure has occurred. or
when designing 1o prevent lailure. Engineers ofien use online documents and books such as
those published by ASM o aid them in determuning the type of fadure and possible causes.

Onee theory is applied to a mechanical desien, physical testing is often performed to verify
caleulated results, Strucwural analysis may be used in an ollice when desiguing pacts, inthe ield

ta analyze fatled parts, ar in laboratorics where parts might undergo controlled faillure tests,

Thermodynamics und therma-scicnce

Thermodynamics is an applied science used in several branches ol engineering, including
mechanical and chemical engineenings. AL ils siroplesl, thermod ymamnes 1s the sludy ol eneroy. s
use and transtormation through a system, Typically. engingering thermodynamics is concerned

wilh changing energy from one fomm o another, As an example, automolive engines convert



chemical energy (enthalpy) [rom the fuel into heat, and then into mechanical work Lhat
eventoally turns the wheels,

Thermodynamics  principles are used hy mechanical engineers in the fields of heat
transier. thermolluids, and coergy  conversion, Mechanical ensineers wse wermoe-seicnec o
design cngings and power  plants,  heating,  wentilation,  and  air-conditioning  {(HVAC)

syslemns, heat exchangers, heal sinks, radiators, refrigeration. insulation, and others,

Design and dJdrafiing

Dralling or techmical drawing 1s the mieans by which mechamcs] eneinears design
products and create mstructions for manufacturing pairts. A technical drawing can be a compuier
model or hand-drawn schematic showing all the dimensions necessary 1o manulacture a part, as
will as asscmbly noies, a list of requicred materials, and other pertinent information.™ A 1.8,
mechanical engineer or skilled worker who creates technical drawings may be referred to ay a
dralter or draltsman, Draline has histoncally been a two-dimensional process. bul compuler-
aided design (CAD) programs now allow the designer to creae in three dimensions.

Instructions for manulactoring a parl must be fed w the necessary machinery, either
manually, theough programmed  instoctions, o theough  the wse of  a computer-aided
manufacturing (CAM) or combined CAD/CAM program. Optionally, an engineer may also
manwally  manulacture o opart using  the  wechieal  drawings, However, with the advent
of computer numerically controlled (CNC} manutacturing, parts can now be fabricated without
the need for comstant technician input. Manually manulactured parts generally comsist of spray
coarings, swrface finishes, and other processes that cannor economically or practically be done by
a machine.

Diralling is uvsed in nearly every subdizcipline ol moechanical engincering, and by many
other branches of engingering and architecture. Three-dimensional models created using CAD
soltware are also commonly used in finite element analysis (FEA) and computational [luid

dynamucs (CEFDY).

PRODUCTION ENGINEERING
Production enginegring is a combination

ol manulacturing lechnology, engineering sciences with management science. A production



engineer Lpically has a wide knowledze of engineering practices wnd is aware of the
managcment challenges related to production, The goal is 1o accomplish the production process
in the smoothest. most-judicious and most-economic way.

Produclion cngineering cocompasses the application of casuings. machining
processing, joining progesses. metal cutring & tool design, maetrology, maching
tools, machining systemns, automation, Jigs and [xiures, die and mould design, material science,
design of automaebde parts, and machine designing and manufacturing. Production englncering
also overlaps substantially with manulacturing engineering. industrial engineering. and supply
chain eneinecring, The narmes are olten mterchunseable,

In indusiry, once the design s realized, production engineering concepts regarding work -
study, ergonomics, operation research, manulfacturing management, materials
managcment, production planning. ctc., play unportant roles in ctficient production proccsses.
These deal with integrated design and efficient planning of the entire manufacturing systen.
which 15 becomine increasingly complex with the cmereence of sophisticated production

methods and control systems,

Production engineer

The production engineer possesses 2 wide sel of skills, and also compelences and attiludes
based on market and scientilic knowledse, These abilities are Tundamental lor the performance
of coordinating ancd integrating protessionals ot mwltidisciplinary  teams, 'The  production
engineer should be able L.

+ Scale and integrate resouvces, Usually vequired to consider physical. human and finaocial
resources at high efficiency and low cost, vet considering the possibility of continuous
lurther unprovement;

« Makc proper use of math and statistics to model production systems doring decision
making process;

«  Design, umplement and refine products, scrvices, processcs and systoms taking in
consideration that constraimts and particularities of the related communities:

«  Prodiet apd analvee the demand. Select amwong scientilic and lechnolomeal appropnate

knowledge in order to design, redesign or improve product/service functionality;



e Incorporale concepls and guality techmigues along all the productive system. Deploy
oroamizational standards tor control proceedings and auditing;

« Stay up-to-date with technological developments, enabling them to enterprises and

soCicly;
« LUnderstand the relation between production systems and the environment, This relates to
Lthe wse of scarce resources, production rejects and sustainability:
» Manage and optumize tlow (information and production tlow),
Work opportunities are  available in public and private  sector manufacturing  organications
emged noimplementation, development and  managgement ol new produclion  processes,

information and control systems, and computer controlled inspection, assembly and handling.

AUTOMOBILE ENGINEERING

Automaohile engineering is a branch study of engineering which teaches manufacturing,
destemng, mechanical mechamiams as well operations of aulomabiles. U 1s an intreduction o
vehicle engineering which deals with motorcyeles, cars, buses, trucks, cre. It includes branch
study of mechanical, electronic, soltwure and salety elements. Some of the engmeenng atinibutes
and disciplines that arc of miportance to the antomoetive engineer and many of the other aspects

are mceloded in 1t

safety engineering:

Sufely engineering is the assessment of various crash scemanios and their impact on the
vchicle occupants. These are tesied agamst voery stringent governmental regulations. Some of
these requirements include: seat belt and air bag tunctionality testing, fromt and side impact
testing, and tests of rollover resistance. Asscssments are done with various methods and wols,
including Computer crash simulation (typically finite element analysis). crash test dummy, and

partial system sled and full vehicle crashes.

Fucl cconomy/emissions:
Fuel cconomy is the measured [uel elhciency ol the velnele in miles per gallon or

kilometres per litre. Hmissions testing includes the measurement of yehicle emissions, including



hydrocarboms, nitrogen  oxides (NOx), carbon monoxide (CO), carbon dioxide (02}, and

CYAPOIATLVE CINLSSL00S,

MNVH enpgineering (noise, vibration, and harshness):

NYH is the customer's feedhack (hoth tactile tel] and audible |heard |1 from the vehicle.
While sound can be interpreted as a rattle, squeal, or hot, a tactile response can be seat vibration
or a buzz in the steering wheel, This feedback is gencrated by componcnts cither rubbing,
vibrating, or rofating. NVH response can be classilied in various ways: power (rain NVH, road
neise, wind nose, component notse, and squeal and rale. Note, there are both sood and bad
NVII qualities. The NVII engineer works to either eliminate bad NV1I or change the “bad NVII7

o good {1, exhaust lones).

Yehicle clectronics:

Automatve clectronics 18 an increasingly dmporlant aspect of aulomolive cngincering.
Modern vehicles employ dozens of clectronic systoms, These systems arg responsible for
operatiomal controls such as the throtle, brake and sieering controls: as well as many comlont
and convenienee systeims such as the HYAC, infotainment, and lighting systems. It would not be
possible for automobiles o meet modem safely and fuel economy requirements withouwt

elecirome conlrols,

Performance:

Pertowmance 13 a measorable and testable value of a vehicle's ability to pertorm i various
conditions. Performance can be considerad in a wide variety of tasks, but it’s generally associated
with how quickly a car can accelorawe (e.g, standing start /4 mile clapsed wme, 0 60 mph, cle.),
tts fop spocd, how short and guickly a car can come to a complete stop from a set speed (c.e. 70-
0 mph). how much g-foree a car can generate without losing grip, recorded lap tmes, comening
spead, brake fade, cre. Performance can also retlect the amount of control in melement weather

(snon, iee, raink



Shift gquality;

Shitt qualiy is the deiver's pereeption of the vehicle 1o an avtomatic transmission shitt
event. This is influenced by the power train {engine, transmission), and the wvehicle
{driveline, suspension, engrine and power wain mounts, cle.) Shilt feel 1s both a waeile (el and
audible theard) response of the wehigle, Shift guality is experienced as various ovents:
Trunsmission shifls are fell as an up shilt at acceleration (1 2), or a downshifll muanoeuyre in

passing (4 2). Shift cogagements of the vehicle are also evaluated, as o Pack to Reverse, cte,

Durahilily / corrosion engineering:
Durability and corrosion engineering is the evaluation testing of a vehicle for its wseful

life. Tests include mileage accumulation, severe driving conditioms, and corrosive salt baths,

Drivahility:

Dirivability 1s the vehicle's response (o gencral driving conditions. Cold starts and stalls,
RPM dips, idle response, launch hesitations and stumbles. and performance levels,
Caost: The cost of a vehicle program Is Lypically split mto the elfect om the vanable cost ol the
vehicle, and the up-front tooling and fixed costs assoclated with developing the vehicle. There

are also costs associaled with wamanty reductions and marketing.

Program timing:
To some extent programs ate limed with respect o the market, and also w0 the production
schedules of the asscnbly plants. Aoy new part w the design must suppoet the development and

manufacturing schedule of the model.

Assembly feasihility:

IL i easy o design a module that 15 hard o assemble, either resulting in damaged units or
poor  tolerances. The  skilled product  development cngincer works with the
assembly/manulfacturing engineers so that the resulting design is easy and cheap o make and

amsemble, as well as dehivenng appropnate lunctonaity and appearance,



Quality management:

Cuality contwol 15 an unportant factor within the prodoction process, as high quality is
needad to meet customer requirements and e avoid expensive recall campaigns. The complexity
ol components involved in the production process requires a combination of dillerenl wools and
techniques for guality control. Therctore, the International Awtomotive Task Force (TATI, a
sroup  of lhe worlds  leading manulfacturers and  trade  organizations.  developed  the
standard ISOYTS 16949, This standard defines the design, development, production, and when
relevant, installation and service requirements. Furthermore, it combines the principles of 150
00T with aspecls of vartous regiona] aod mationa] aulomotive standands such as AVSQ (Tlaly),
EAQF (France), VI2AG {Germany) anc (S8-2000 (USA) In order to further minimize risks
related Lo product Failures and Bability claims of automotive electric and electronic systems, the

quality discipline tunctional safety according to ISOATC 170235 15 applicd.

ENERGY ENGINEERING

Engrey cngincering or cnergy systems cngineering is a broad ficld of engineering dealing
with enerzy elficiency, enetgy services, [ucility management, plant engineering, environmental
compliance, sustainable enerey and renewable cocroy rechnologics, Encroy copineering is one of
the more recent engineering disciplines lo emerge. Hnergy engineering combines knowledge
froin the lelds of physies, math, and chenmsiry with econemie and covirenmental enygineering
practices. Energy enginegrs apply their skills to incrgase efticiency and turther develop
renewable sources of energy. The main job of energy engineers is 10 find the most efficient and
sustawable ways to operate buildings and manufacturing processcs,

Energy engineers awdit the use of energy in those processes and suggest ways to improve
the gvswems. This means sugecsting advanced lighting, beder insulation, more cllicienl heating
and cooling propertics of buildings."! Although an cnerpy engineer is concerned about obtaining
and using energy in Lhe most environmentally fiendly wavs, their [ield 15 not Bmited w sirictly
rencwable eneray like hvdro, solar. biomass., or geothermal. Encroy cagincers arc also cmploved

by the Tields of oil and naturel gas extraction.



Purpose

Locrey minimization 15 the purpose of this growing discipline. Often applicd w buiding
desizn, heavy comsideration is given to HIVAC, lighting, refrigeration, to hoth reduce energy
loads and inercase cllicicney of currenl systoms, Encrey cngincering 13 inercasingly scen as a
major step forward in meeting carbon reduction targets, Since buildings and houses consome

over 40% of the Tniled Statex enerey. the services an energy engineer perlonms are in dernand.

Histary

Human beings have been translemng enerey [mom one [orm o another since ther use of
fire, ‘The etficiency of the transter of encrgy 15 a new figld. The oil crisis of 1973 and encrpy
cristy of 1979 brought to hightl the need o get more work oul of less energy. The United
States govermment passed several laws in the sevonrics to promote increased cnerpyv efficicney.

such as United Stares public law 94-413, the Federal Clean Car Incentive Program |

Power engineering
Comsidered a subdivision of energy engineering, power engineering applies muth and

physies to the movement and transtfor of cncrey o work i a svstedn.

Leadership in Enerey and Environmental Desivn

Leadership in Energy and Environmental Design (LEEIY is a program created by
the United States Green Building Council {USGBC) in March 2000, LEED is a program that
cncourages grecn building and promotes sustainability 1n the construction of buldings and the
efficiency of the utilities in the buildings.

In 2012 the Umited States Green Building Counetl asked the independent [irm Boos Allen
Hamiltan to conduct a study on the eftectivencss of [.EED program, "This stody confirmed that
ureen buildings generale substantial enersy savings, From 2000 2008, eteen comstruction and
renovation gcncrated $1.3 billion in enerov savings, Of that $1.3 billion, LEED-certiticd
buildings accounted for $281 million." The study also found the summation of all green

construction supported 2.4 mallion jobs,



Knergy efficiency

Locrey efficiency 1§ scen two wavs, The fust view is that more work Is done from the
same amount of energy used. The other perception is that the same amount of wark is
accomplished with less cnergy wsed in the system. Some ways w gel more work out of less
energy 15 1o "Reduce. Beusel and Recycle™ the matcrnals used in daily Tite, The advancemont of
technology hay led w other wsex of waste, Technology such as waste-to-energy Facilities which
convert solid wastcs through the process of gasification or pyrolyais to Liquid fuels o be burned.

The Environmental Protection Agency stated that the United States produced 250 million
tony ol mumcipal waste in 20010, O0 that 250 mallion wos roughly 534% sets thirown o land (G1s,
33% is recycled. and 13% goes to energy recovery plants.! In Huropean countries that pay mors
for Tuel, such as Denmark where the price of gas neared 52.6 per litre (5TFLS gal) in 2010, have
more fully developed waste-to cnerey facilitics, In 2000 Denmack sent 7% of wasie to landfills.
69% was recycled, and 24% was sent to waste-to-energy Tacilities. "There are several other
developed Western European countrics  that also have tlaken encrgy cngineering  inlo

cansidorarion,

INTERDISCIPLINARY CONCEPTS IN CIVIL AND MECHANICAL ENGINEERING

The main [uncion of the civil cogineering is the construction of buildines. Mechoameal
engingering is to concentrate in mainly involved in production work in industries, for which they
need a large number of buildings which can be constructed by the civil engineers, For
construction in the worlkl, we need a large amovnt of coment. Theough civil englneers we can buy
the cement from the market, it is manufactured by the mechanical engineers in the cement
lactory, Nowadayvs multi-storeved buildings are very comumnon in all the countries. In olden days
mmlti-stored huildings are very less in the amount but in the modern age. there arc many and
many more multi-stoved buildings are presented.

Onc of the main functions of civil engincers 15 to construct the buldmgs and the function of
mechunical engineers is o work in the production depariment.

s Clean room constructions for the phanmaceatical industry, R and D centers, demand sreal

coordination of civil enginegrs as well as biomedical engineers.



= Few of the tough and large scale activities are constructed of the steel industry, paper
industry. dams, eidges, tunnels. metal ores like won gold, silver, and other valuable
products, ete..

s In the ransport sector, civil and mechanical coginecrs work wgether in exceutinge facilitics
Tike roadways and railways and crc...

o For the construction of the automaobile industry, we need civil enginesrs (o construcet i and
the mechanical engmects o work in it

e Muarine engineers have o coordinate with civil and mechanical engineers to comstruct the
containers and Lo Nt the container blocks

= Aeronautical engineers have to combineg with the civil engingers as well as the mechanical
gngineers 0 develop new inventions that ave very useful in the aeronautical feld. The

inventions must be the cco-fricndly

Differentiate between Civil and Mechanical Engincering.
While hoth disciplings arc a form of engincering, cach ong requires spegific things tor

the persom Lo be successlul, Here are 10 difTerences between civil engneering and mechanical

crneinecring.
Civd Enginecring Mecchanical Engincering
Involves the design and construction of Involves inventing  and re-inventing
buildings and other structures machinery
Projects are longer in duration Projects are shorler in duration
Projects  are smaller  and require morg

Projects are senerally on 4 large scale >
pICCLS1o0

Must ensure that siructures will be stable and | Works with the living Munctions of the ohject
cfticicnt in its covironment, Lo, the of structare, Lo, the mechanics of ¢levanors

[rarnework of the struclure and such

Works with large team including construetion . . ) ) )
_ ) Works wilth mainly with other engineers
manager, architeet, and construction workers
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