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Basics of civil and mechanical engineering

Civil Engineering

1.1 INTRODUCTION

T e .

Civil engineering is a broad field of engineering dealing with the planning, design, construction,
maintenance and management of physical infrastructure facility such as buildings,
towers, bridges, roads, railway, airport, dams, canals, water supply system and
sewerage system,etc. Just like other Engineering field there are some developments happened
in Civil Engineering and now we are able to construct towers like Burj Khalib, Burj Al Arab
etc. Flood resistant and earthquake resistant buildings are made by us.

1.1.1 Relevance of Civil Engineering in the Infrastructural Development of the
country

Infrastructure is the framework of supporting system consisting of roads, airports, bridges,
buildings, parks and other amenities for the comfort of people. In economic point of view,
infrastructure are the structural elements that help the production of goods and services
without being a part of the production process, e.g. roads allow the transport of raw materials

and finished products.
Infrastructure deals with the following:

Transportation— Road Network, Railway, Ports & Harbors, Air travel and Airports

Television Network : fissg
Telephone Network — Landline and Mobile phone connections
Energy Sector — Electrification, reduction in energy loss, use of renewable energy
such as Solar, Wind, Biogas plants.
Educational facility - Proximity of good primary and secondary schools, College
: and professional education. _
vi. Good health care facility- Primary health centres, specialised hospitals and doctors.
Vil. Agricultural Activity
viii. Construction Activity
Out of these activities, agriculture got the first preference and second preference is for

Construction activity.
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1.1.2 Role of Civil engineering i
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1.1.3 Impact of infrastructural development of a country
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A civil engineer has
maintain all civil engineering
of the following infrastructure:

! nwnm'ring

in the infrastructi
sign, estimate, get approval, ored

has very important ole in the devyej

ral development ‘

tea“‘

i e
to concelve, plan, d

activities. C ivil engineer

’ e.
(easure the earth’s surfac
Measure and map <isting towns.

i ionofe
¢ hips and extension & E
Plan new township al and urban areas for various utilitje

i the rur
ild the suitable structures for ;
2;1:15|:ruclion and commissioning of well planned and designed dams, water

and sewerage disposal schemes,

tment plants, water supply schem_es : :
tCrf;rlxstnelctgn of Well planned and desi gned roads, re;l;ways, airports and b ’
Devise systems for control and efficient flow of traffic. 'b“"nE

Rehabilitation and rebuilding of structures. _
Build canals and distributaries to take water to agricultural fields.

. ; i tal condition. ‘
Creating a pollution free environmentai¢ o s ¢
Planning of towns and extension areas in the cities for accommodating offices,

schools, colleges, hospitals, market, recreational facilities and residential areas,

Build river navigation and flood control projects. ¥ - '
Fast growing industrialization has put heavy responsibilities on civil engineerst,
preserve and protect environment. .

Rebuilding, Rehabilitation, Retrofitting and Repair

Due to improvement in irrigation facility food production will increase.
It will give protection from drought, famine and flood.
Improved education and Healthy care of societyy will produces skilled and
manpower.
Improved water supply sector will ensure safe domestic and industrial water
Improved sewerage system will ensure safe and scientific waste disposal. .
Internet, telephone and transportation will raise the status and economy of nal
Generation of electricity from, nuclear, hydel, thermal, solar or wind energy will .
improve the living status of people.
Overall improvment in wealth, prosperity, standard of living of public and this
leads to overall growth of a nation.
Educational facility also forms part of infrastructure. Proximity of good pﬁm’fy
and secondary schools to residential areas is desirable. Collegiate and professio®
education also forms part of infrastructure of a city.
A well planned and built network of roads and road crossings will improve

economy of the nation.

Basics of civil and mechanical engineering

1.1.4 Impact of infrastructural facility on socio-economic growth of a Nation

i Large scale budget allocation for infrastructure leads to agricultural and industrial
developments.

i, Provide employment to a large set of people there by enhances per capita income.

i, Urban growth only can lead to population drift from rural sectors ieading to
explosion in population in cities and inadequate development of villages and
improper care for agricultural sector.

iv. Use of infrastructural facility only by upper class leads to imbalance.

V. Improved economical status of the country will give respectable status in world.

1.2 RESPONSIBILITY OF AN ENGINEER IN ENSURING THE SAFETY OF
ENVIRONMENT:

As human beings share a common environment, a common ecosphere, urgent concern:
for that environment must increasingly become a united commitment of us. Many experts
says that we are missusing our scare resources, fouling our environment. Industrial activities
pollutes our land, water and air, which leads to diminishing harvest from land and sea. It alsc
create some new diseases.

Civil engineers shall be committed to the following Principles :

Principle 1 - Do the Right Project. A proposed project’s economic, environmental and
social effects on each of the communities served and affected must be assessed and understood
by all stakeholders before there is a decision to proceed with a project. Consider non-structura
as well as structural (built) solutions to the needs being addressed.

Principle 2 - Do the Project Right. The civil engineer shall actively engage stakeholders an
secure public understanding and acceptance of a projects economic, environmental and socia
costs and benefits. To move toward conditions of sustainability, engineers must design anc
deliver projects that address sustainability holistically from the concept to demolition or reuse
rather than adding a variety of “green” features onto a conventional project.

Engineers shall recognize that the lives, safety, health and welfare of the general publi
are dependent upon engineering judgments, decisions and practices incorporated into structure:
machines, products, processes and devices. i

Civil Engineers design and supervise the construction of buildings, roads, runways, railwa;
tunnels, bridges, dams, water tanks, water supply and sewerage systems. All constructio
works of large scale needs guidance of a civil engineer for the project planning. Projec
planning consists of five basic steps such as conception, feasibility of work, design, constructic
and maintenance.Following works are done under the guidence of civil engineer.

&)
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1. Surveying. |
tivities, proper maps are {equlred_ The
maps provide the rglatnvc POsitiong
tal as well as vertical directions. Earlier conventiong] j
codolites and levels were !.\sed for various measllremenh
the modern equipments like elgctromc distance

ts. Modern technology like remote sensing

elopmemal ac

anning all dev!
For planning veying. Survey

map making is known as su
objects of the area in the horizon!
like chain, tape, compasses, thi
surveying. In this electronic era
total stations are used for measurements.
surveying vast area in a short period possnble.

Ofv 5

2. Drawing

Drawing is the language of engineers. The survey maps and plans, the building deseriy:
etc. are to be provided with neat scaled drawings.

3. Estimation and Specification

Civil engineers have to prepare estimation and detailed specifications for each and everyy,
in the assigned project.

4. MANAGEMENT TECHNIQUES

Civil engineers must manage, men, materials and equipment of the project. As large
has to be spend for civil engineering projects, a civil engineer must know the basics in
management and legal aspects/obligations. Knowledge of management techniques is an
to practicing civil engineer. By adopting proper management technic the project cost can
reduced considerably !

5. COMPUTER APPLICATIONS

The magnitude of designing the structures and storing information is very la
comga.red to few years back, civil engineers must go for computer applications. AutoC
drawings are produced using computers. There are a good number of civil engineering soff
for the design of structures, thus we can maintain accuracy and save time for doing desi
and drawing plans/maps.

1.3. PLANNING

i PI:;rming_ is on;t of the important part of a project or assignment. For the §
tmishing of a project, planning is essential. From experience it i SUC
completion of a work, planning is essential. i

Basics of civil and mechanical engineering
Advantages of planning

i It minimises uncertainities like availability of work man, equipment, raw materials
etc by planning alternate arrangements.

i Proper planning gives good control over the work.

iii.  Optimum usage of manpower and material is possible.

iv.  Planning help to achieve the objectives in the targeted time.

V. Planning leads to the overall success of the project.

vi.  Overall project cost can be saved considerable .

vi  Itexercises good control

With proper planning there is optimum use of materials and man power, which result
is cost reduction in construction industry. There will be good control on every wing of the
construction activity. Cashflow for the activity is streamlined avoiding unnecessary holding of
the funds or hampering of the work due to cash shortage. Hence planning is necessary for
exercising good control on the construction work..

PLANNING FOCUSES ON OBJECTIVES.

A construction industry may have an objective of specializing itself in irrigation
projects, road projects, building construction, producing precast products etc. It has equipment
and expertise in achieving particular objectively. Planning helps the managers of all department
to work for achieving the objective, periodically revise the plan in the interest of achieving the
objective.

PLANNING LEADS TO SUCCESS.

Planning, Scheduling and Management form the corner stone for any construction activity.
Even though discussion here is about construction, the same principles hold good for any
work/organization. Planning is the decision-making process about What, Where, Who and
How (WWWH) to start a project.

What: An individual or a group of enterprising people plan to start a project. They form a
group of high level managers. They identify goals, frame the objective and identify opportunities.
The planning done by them may be called as strategic planning.

Where: The strategic planners decide the lime and the place of starting the organisation.
Who: The strategic planners identify the middle level managers and operational level planners
to carry out the task. The middle level management deals with financial management and
coordinates with operational planners and strategic planners.

How: The planners have to work at minute details of the work assigned, find the requirement of
machinery and work force and plan day to day activities. They should be ready with alternative
plans, if uncertainty occurs at any stage of the work. \

&
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(3) GEOTECHNICAL ENGINEERING lated subdisciplines, Soi

Geotechnical Engineering involves fcveml mtcm:[}llljd\: S modipl"yiné.so(')]" ey
includes soil teuhnoloe){soillesring techniques, and me n'orLl andbeliavics of, Prop 8
Pavement Materials cﬂginccring involves the charac_l?fllj? CODSlru.
materials under various environmental and Joad conditions. ’ '

Geotechnical Engineers design footings, raft fqundﬁtl(?ﬂs- piles and pile bents, .
carth retaining structures, shoring, and the underpinning of structures. They a]gq deg
dams, solid waste landfills and wetland dewatering systems. They work Closely
Environmental Engineers in the areas of solid waste management and groundwater Prote; .‘

(4) PUBLIC WORKS ENGINEERING

In urban and community development planning, civil engineer’s role is Very impory
They develop street patterns for facing the demand of people, location of park, Tecregj,
area, areas for residential purposes, industrial purposes, schools, colleges, hospitalg
Research in the public works engineering program has been concentrated in the Manage
pl:mning. administration, safety, and engineering aspect study of public works infrasc
The main concern in this area is that many public works facilities have not been adequa
maintained and managed and may cause risks to public health and safety. 7

States, cities and districts around the world conduct daily public works activitj

to allow urban complexes to function efficiently. Itis the responsibility of public officials

pmp;;ly maintain the streets, promote traffic safety, provide storm drains, prevent flooding
provide potable watc?r. transport liquid waste to treatment facilities, transport and store hazardog

cs of civil and mechanical engineering

structure. Not only does the design and pcrforr.n:-lncc‘ of the [rilllS]?OﬂﬂllOﬂuS)‘Sl;'g: pln:v:(:)ef
opportunilics for mobility; butover the !ogg @m. it mﬂucnoes patterns of gn;wflT and the ;v.:,‘on
economic activity through the acccsmbn!ny it prowdc:&s the land. The field o ‘r.-ms‘po i ;

Engineering focuses on the planning, design, construction, and management of transportation

tems such as roads, railways, airports, highways and traffic control signals.

Basi

sys!
These systems consist of the facilities, vehicles, control mechanisms, gnd the policies

that combine to permit the efficient conveyance of people and goods. Designs hzgh\\.'ny systems

(layout, routing), pavement material, airport runways, rapid transit projects. Also involved in

computer control of traffic signals.

(6)WATER RESOURCES ENGINEERING AND IRRIGATION ENGINEERING

Fig 1.3 Dam

Water management involves the use of hydrologic and hydraulic principles to design, drainage
system, detention pond, navigational water ways, flood control structures, dams and lakes. Water
resources engineering usually deals with the application of fluid mechanics principles to
water flow problems. Engineering hydrology quantifies the distribution and movement of water
in the environment. Some problems encountered in water resources engineering include: floods,
sediment transport, water supply, wave forces, hydromachinery. and the protection or restoration
of surface and ground water resources.

Engineers in the hydraulics/hydrology area may spend their time with applied
mathematics, laboratory experimentation, or field construction and testing. The skills
necessary range from imagination and common sense to sophisticated analytical and computer
modeling ability. Irrgation Engineering deals with the water managment for agricultural activities.

(7) SURVEYING
Surveying is the process by which a survey or measures certain dimensions that generally occur

on the s'urface of the Earth. Modern surveying equipment, such as EDM’s, Total Stations, GPS
Surveying and Laser Scanning, allow for remarka bly accurate measurement of angular

9
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cal z'ngmrermg

pe distances. This information is crucig) &
Earth’s surface, in the form a map, Thisj
rs and even realtors to design from, builg
trade, respectively. Elements of a building or sFructure m.ust be correctly siz(?d and
in relation to each other and to site boundaries and a_dmgent structures. Civil gpgr
trained in the methods of surveying and may seek Professional Land Surveyor tatug

Basics of civil and mechani
deviation, horizontal, vertical .:md s!o
data into a graphical representation of the
is then used by Civil Engineers, Contracto!

Fig 1.4 Surveying

(8) ENVIRONMENTAL ENGINEERING

Environmental engineering deals with the
te, th

lhtreatmen.t of chemical, biological, and/or ther
‘ ' ik oo e ;:medlauon of goaninated sites, duetop
engineering are pollutant transport, wat i, mong the topics covered by covigles
\vaﬁle management. Environmcnlvul efpurlﬁcallon. et e
engineering, and industrial ecology. En
of information on the environmen'lal

ofc_ffects of proposed actions for the
decision making process.

cv(n)ronmental engineering also deals with the ga e
puns(e)quences'otiproposed actions and the assesst
"POse of assisting society and policy makers i

Environmental engineer;
. ; ngineering is the
san ; SN et conte
itary engineering traditionally haq not riI;POl”ary term forsanitaryengineering, 0
c

cs of civil and mechanical engineering

production and disposal of such materials. The number of sick building has increased with time,
those who spend time in these buildings shows one or more of the following symptoms: eye/
nose/throat irritation, throat infection, sinus infection, dryness in mucus membrane, dry lip and
skin, itchy face and scalp, skin redness, eczema, fatigue, lack of concentration, headaches

and allergy problems.

Basi

(9) ENGINEERING RESEARCH

The role of the research engineer is achieved after many years of study. Most colleges
ffer research sub-discipline in the Civil Engineering. Students should choose
lise in any of the above area for finding new technologies for
reducing the energy consumptios, increasing comfort of inmates at the same time Lh.e structure
should be environment friendly. Research should be oriented for the protection of our
environment from the impacts that we already made to earth and atmosphere. Think about the
solutions for preventing pollution created by a new project that we planned and implement it
before running the project. Think for a green world with all positive energy to welcome the
new generation. Do what we can do for that.

and universities 0
courses which they wish to special

ook

Examples

1. Write the relevance of Civil Engineering in the Infrastructural Development of the country?
2. What is the role of Civil engineering in the infrastructural development.

3. Write the impact of infrastructural development of a country.

4. Write short note on impact of infrastructural facility on socio-economic growth of a Nation.

5. What is the responsibility of an Engineer in ensuring the safety of Environment.

6. Write short note on sub disciplines of Civil Engineering.

11
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Basics of civil and mechanical engineering

BUILDINg,

2.1 INTRODUCTION

Building is a structure, which provides shelter to mankind. Itis an enclosed space by
walls,floor and ceiling. These enclosed spaces are called rooms. Depending upon the ytj)j
of rooms, they are classified as living room, dining room, bathroom, store, kilchenm
latrine. Civil engineers design the various components of the building such as slabs, bearmg,
columns, etc and place the building in a particular direction and arrange the roomg Of
building to get maximum comfort from natural sources.

2.1.1.Classification of building : According to National Building Code buildings are
mainly classified on the basis of (i) occupancy, (ii) fire resistance capacity, (iii) height of
building, (iv) mode of load transfer and (v) type of material used for construction.

(i)Based on occupancy, buildings are classified into nine groups

a) Residential building
d) Assembly building
g) Industrial buildings

b) Educational building ¢) Institutional building

e) Business centre ) Mercantile building
h) Storage building

k) Agricultural building

1) Hazardous buildings

j) Government building 1) Religious building

a. Residential Buildings : These shall include lodging or rooming houses for one or two
family, private dwellings, Dormitories, Apartments(Flats), Hotels, flat, villas etc.

b. Educational Buildings : Building used for schools, college or day care purposes for more
than eight hours per week involving assembly for instructions, educations or recreation

c. Institutional Buildings: These shall include any building or part thereof which is used
for purposes such as medical or other treatments or care of persons suffering from physical
or mental illness or diseases or infirmity, care of infants, convalescents of aged persons.
Institution building ordinarily provide sleeping accommodation for the occupants.
Examples of this type of building are hospital, sanatoria, nursing homes, orphxmages,jaﬂ-
prison, mental hospitals etc.

12

Basics of civil and mechanical engineering

—

=

I
"

Apartment

Library
Fig 2.1. Residential Building and Rducational Building

d. Assembly Buildings : These shall include any building or part of a building, where groups
of people assemble or gather for amusement, recreation, social, religious, patriotic, civil, travel
and building for similar purposes etc. Examples of this type of building are Assembly hall, Theatres,
auditorium, exhibition halls, gymnasiums, restaurants, club rooms, museums, religious building
like church, temple and mosque, Transit stations like Air ports, railway Stations, Bus
stations,

e. Business Building : These shall include any building or part of a building, which is used for
the transaction of business; for the keeping of accounts and records and similar purposes; Court
houses, libraries can be included in this group since the main function of these two buildings
are for the transaction of public business and then for keeping of books and records.

Jf. Mercantile Buildings: These shall include any buildings or part of a building which is used

for display and sale of merchandise such as shops, stores, market either for whole sale or retail.
Banking and financial institutions, professional establishment of doctors, dentist, engineers,
architects, lawyer comes under this group.

g. Industrial buildings:: These shall include any building or part of a building or structure, in
which products or materials of all kinds and properties are fabricated, assembled or processed.
Example : Refineries, assembly plants, dry cleaning plants, pumping stations, laboratories, gas
plants, laundries. Mills, diaries. etc. \
h. Storage building : These shall include any building or part of a building primarily for the
storage or sheltering of goods( including servicing, processing or repairs incidental to storage),
wares or merchandise (except those that involve highly combustible or explosive products or
materials), vehicle or animal. Examples of this type of buildings are warehouses, cold storages,
freight depots, transit sheds, store houses, truck and marine terminals, garages, hangars etc.

i. Hazardous Buildings: These shall include any building or part of a building which is used for
the storage, handling, manufacture or processing of highly explosive materials or products which
are liable to bur with extreme rapidity or may produce poisonous fumes or explosions.

13
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m
. o m, office 00,
room, guest room); service area (kitchen, diningro®

i ies eic.
area like staircase, prayer room, lobbies

i ts of a building
2.1.3. Main parts wo parts, namely the super structure, whigy.

1 foundation, which is below the ground lqu
he entire load of the building t, 2

A building essentially consists of t

ture, O

above the ground level and subs?ruc yQrx

Foundation is the part of a building, which transfers t
subsoil

Plinth: The portion of the building below the grouqd floor lev'el aqd above the l‘evel of
ground, is called plinth. The top level of the plinth is called plinth 1§v§l. The plinth heighi
should be such that after proper leveling of the ground around the bulldlng, there shouldy
be any possibility for the rain water to enter the ground floor.. Built up covered area at
floor level of the building is known as the plinth area,

Doors: Doors are the openings provided in walls of a building to connect the internal oo
and also used as a means of free movements inside and outside of the building.

Windows and ventilators: Windows are opening provided in the outer walls of buildin
for the entry of light and air into the room. Ventilators are openings provided in the out

walls for the escape of foul gases from rooms. Ventilators are provided on the topd
walls i.e. very near to roof level. Windows are provided below the door level i.e. top levd
of doors and windows are at same.

Walls: These are vertical components constructed to divide the space into various rooms. W
transfer load of roof and live load above it to the foundation.

Column: A column may be defined as an isolat

width should not be less than its thickness an
thickness.

ed vertical load bearing member. Andit
d it should not be greater than four timesit

Pier: Pier
load bearing wall at the side to form an ints

Lintels: Lintels are reinforced c
! ement concrete stru
< C i i
as doors, windows, etc. and are used to ramege i ltures Provided over the opening suchl
supporting wall on either side of opening, 0ad of wall above the opening 0

S unshadel:l'fge slat;lprojecting from the ex
etc. are called sunshades. It protect doors e d i ilators
: : oors, windows, ventilat®™
Floors: Floors are horizontal surfaces wh: 4. S {Tom dj > ’ 4
] . ,Which diy: irect sun} in.

over “./h1.ch the occupants of the building m:lv?::)ie abuj ing inr:i:%};;;;:;:ﬁvels allé
the buildings are called first floor, secong floor, e d:;end'e 0015 provided on the 0P
: ing Upon thej % siﬁO ]

ir relative poS™

ternal wal|
and wing

Justaboye g,
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Sub-floor is the structural part of the floor which supports all the loads and the flooring

material like marble, tile, mosaic etc are provided over this sub floor as a finishing layer.

Parapet
-~

—Roof

Sunshade

— Roof

/Limcl
TR
Sunshade
—— Door
Floor
1 _—Plinth
Basement

[~ Super
structure

e s

Foundation

Section AB

fig. 2.3 Building
Basement floors: They are floors of room below the ground level.

Roofs: The top most part of a building, which covers the space enclosed by the wall, is
called roof. Main two components of roof are roof decking and roof covering. Roof
decking is the structural part which supports the roof covering.

Stairs: These are structures used to climb from one floor to another. Stairs consists of a
number of steps. Height of step is 15 cm and width of step varies fl"om 25to 30 cm.
Partition: An interior non-load bearing wall of full wall height or part storey height used for
dividing floor area into different sections.

Parapet: These are structures constructed over the roof slab or sunshade for better
appearance of building and for safe usage of roof surface. }

2.2 SELECTION OF SITE FOR BUILDINGS :

The first and foremost step'in construction is to select an appropriate site for the
building. A properly selected site of the building will increase the beauty of building
without any extra expense. The selection of site for a project depends upon the purpose pf
building, mode of construction, available fund, future development if any required, accessibility
from road, school, hospital etc. In case of marshy land or water logged area we have to spend

17
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more money fo
not properly designed..

The following points are 10

@)
(@)

(i)

(iv)

v)
(vi)

(vii)

3

(ix)
(x)
(xi)

(xii)

(i)

vil and mec

hanical en ’ih:’z’”‘lxg . .
O .. } ‘: 5 Ol heleischam_esol‘settlem nt thebl. .

T ff dﬂdoﬂ aﬂd ent if .

ﬂKCLﬂ:UUCdLﬂOTfLLm

be nsidered while selecting the site for any building:
cons

\ndulating because it will increase the cost of leygy;

Selected site should not be portation of the building matéria]- J
Tt should be very near o0 3
a big problem.
Civic services like wat€
should be near to the site-
It should not be a waterlogged area &n
atleast 1.5m below the gr ound level. 3
It should not be a made up land, otherwise foundatlgﬂ cost w_111 be high.
Solected site should be as far as large enough to provide sufficient light and airy
the building. . :
The site should not be in a depression and it should have a general slope away
from the building for easy drainage. s
The site should possess good soil at reasonable depth for reducing the cost of
foundation.
The selected site should have adequate space to accommodate all the essential
accessories required in the building. y
Site should not be located near workshop and factories since such locations are
subjected to noise/air pollution.
Site along seashore is gopd from the entertainment point of view but sea breezeis
not good for health and it may also lead to corrosion of metal fittings.
gz’gedi‘l’]f bzﬂd;ﬂg also affects the selection of site. For example Industrial
ol 15; gg s(;i) }’éﬁmfd ?Fse the city, residential building must be nearto
h »and public building should be located in an open area so thal
;1:11 the requirements should be fulfilled, pe
‘or industri: ildi 5 .
r industrial building selection of site should be such that:

(a) All most all raw materials sho,
uld be avai
(b) There may not b any vailable from the nearby areas.

TOb) labl
from near by area, problem for labour and Jabourers should be availab®
(c) The site must have engy, o

d otherwise trans
¢ supply, electric lines, telephone lines, drainage Sewer,

d ground water should be

gh space for futyre

identja]
(®) Suitable disposal plant o e Y

the construction of reg expansion of industry and f‘?‘:’ b

= orkers.

tw. y

: teproduced must be available at reas

(e) Climate plays an important
For example, a coo] an
and textile mills,

l’()leinsdec . : s
d moist ting the site for industrial build

eather
ther is more favorable for weav
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23. BUILDING RULES

Building Rules and bye laws are laid down by the Municipal or Town Planning Authorities
for framing public or private building. Government of India has published National Building
Code (NBC) fora reference for local bodies in framing building rules. In Kerala, planning and
construction of building are governed by the Kerala Municipal Building Rules (KMBR). Important
rules and regulations of NBC are described below:

(a) General requirement regarding plots.

(b)  Exterior or interior open spaces.

(c) Builtupareas of buildings, coverage and floor area of building.

(d) Wherea buildingis newly erected, the building rules of KBMR shall apply to the
designs and construction of the building.

(e) Where the building is altered, the rules in KBMR shall apply to the altered portion
of the building

()  Where the occupancy or use of building is changed, these rules shall apply to all
the parts of the building affected by the change.

() Size, height and ventilation of rooms.

(h)  Water Supply, sanitation and rainwater harvesting.

2.3.1 General rules for selection of building plot as per NBC

(1)  Building should not be constructed on any plot where there is deposit of refuse,
excreta or other offensive matter.

(2)  Building should not be constructed on a plot, which consists of big pit / quarry.

(3)  Building should not be constructed on a plot liable to flood or on a slop forming
an angle of more than 45 degrees with horizontal.

(4)  Building construction or reconstruction in any area notified by the Government
of India as a coastal regulation zone is restricted.

5)  Building should not be constructed with a minimum clearence from the over

head electric supply line as described below:

2.3.2. Exterior and Interior Open space around building :

Exterior Open space around building of height upto 10m is as follows
i.  Building should have afront yard of minimum width 3m and side yard 1.5m. . Ifits
two sides face a street, width shall be 3m average but not less than 1.8m
iii. Building shall have a rear open space of average width 3m and should not be less
than 1.8m at any place.
For heights of buildings between 10 and 25m, the minimum open space shall be
increased at the rate of 1m for every 3m increase in height above 10m. For heights above 25m
there shall be a minimum open space of 10m and for heights above 30m, this shall be increased
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. o in heightand
at the rate of 1m forevery Smin¢ rease in heig

Covered ared of a

Floor Area Ratio (FEAR)=—" Plot area

Plot Area is the area W hich is enclost

the maximum floor area of the building after &

oates, uncovered staircase etc.

compound wall,
CarpetAreaisthe usable floor area exc

and airconditions, plant rooms etc.

subjecttod maximum of 16p,
Il floors =100

ed by the boundaries of the plot. Covereg
xcluding the cantilevered open balCOnies, . it

Juding stair cases, lift wells, ducts, toilets, e]

For residential building permissible F: ich
the maximum floor area of the building after exc|,

boundaries of the plot. Covered area is
the cantilevered open balconies, garden, compoun

2.3.3.Coverage and floor area ratio as per NBC

AR is 3.0 Plot Area is the area which is encloseq bm;‘

d wall, gates, uncovered staircase etc.

j S1.No. Building Use | Max. Coverage % | Max. Permissible FAR
; 1. Residential 60 15

[ 2 Educational 30 12

3 Commercial 60 20 -

[ 4 :

e Industrial 40 12

; 5. Office Building 40 15

| 6. Assembly 40 0.7

2.3.4. Minimum requirement of room spaces:

The heights of all rooms for hy

uman
of ﬂoor to lower part of ceiling or bottom ofh
point in the room shall not be less than 2.4m
The size of a habitable building
room. Where there are two habitable room

not less than 7.5m?. Minimum width of room
. . J

. '.I‘h.e hexght. of kitchen shall not be less th,
with a minimum width of 1.8m. Where there j; 1 2.75m ang the
paj

20

lat;itation §hall not be less than 2.75m from s
$1abs, provided that the minimum head room at&

shall not be less thap 9.5m?

hall not pe less than 2.4m,
i ' b 5 5e area not less than 37

If the kitchen is used as a dining cum kitchen, areq sh:;m store 4.5m2 kitchen area is 0%
not be Jess than.0l5ane

where there is only " ¢
S one shall not pe smaller than 9.5m? and the ¢

Basics of civil and mechanical engineering

Every habitation room shall be furnished with sufficient number of openings such as
windows, ventilations and air holes to provide sufficient light and air circulation. In case of
kitchen in addition to ventilation and lighting, provision should be provided for the escape of

smoke and heated air.

Height of bath room or water closet (w.c) shall not be less than 2.2m. Size of bath
room shall not be less than 1.5m x 1.2m or 1 .8m?. For combined bath room and w.c. area should

1ot be less than 2.8m?* Minimum area forw.c.is 1.1m*

2.4. SITE PLAN

The detailed sketch of the plot with the sketch of proposed building and necessary surrounding

data is called a site plan. Site plan should be drawn to a scale not less than 1:1000 showing the

following details; y

(i)  Boundaries of the plot with revenue survey details.

(i) Location of the plot in relation to the main street and its access.

(iii)  All the existing structure immediately outside the plot with details of access, set
back etc.

(iv) Northdirection should be marked in the site plan.

(v)  Lay out of the proposed building and topographic contours to be marked in the

site plan.

lan the clearance of building from the boundary and near by road

While preparing the site p!
National Building Rule/ Kerala Municipality Building Rules.

should be as insisted in the

For the preparation of site plan of a building in a rectangular plot of size 30mx36m,
which is located 20m away from the Vazhaila junction and on right side of the state highway
Perorkkada to Nedumangad. one bank building is functioning just on the opposite side of the
proposed plot. Survey number of the plot is1 1/30. Front clearance of the building from the
boundary is 4m, back clearance 2m, right and left side clearance is 3m and 2m respectively.
Legth of building 25m and width 30m with clear size and shape to be marked in the site planas
shown in the fig 2.4 7

North direction of the site to be marked in the site plan for getting an idea about the
direction. Survey number of near by plots to be marked in the site plan. As a first step mark the
position of important roads near the site with approaching road to the location with scale of
drawing as 1:1000. Fix the position of proposed plot and building. Second step is to mark the
position of important structures around the building and clearance of proposed building from

boundary.
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survey No 128 —

Tixisting Bank Building

Fig 24 Site Plan of @ building
2.5.SETTING OUT OF BUILDING ‘ 15
The process of marking the position of building on the selected site is
of the building. For setting out the foundation lines, the engineer has to prepare a fo
{0 a convenient scale with all the measurements and then transfer these lines to g
setting of building on the ground may be done by centre line method.

Steps in centre line method are: Mark out one long line of indefinite length |
string between (wo wood pegs atends, Usually itis the centre line of one
wall. Setout centre line of all other walls with reference to the first, eith
patallel oratany angle asin foundation plan. Ifarectangle is set out, its ¢
Z:enked bf};\ miennuring the dingonal from opposite corners, The corner

ven sufficiently ontside the foundation exca e. about one m
edge of foundation trench as in fig 2.5, e lbﬂltm

Forsystematic setting of building, platf
than the foundation tench and af
exeavation should be constructed, \
foundationtrefer fig, 2.6). These py
the centre v (e re
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AREA
2.6. COMPUTATION OF PLINTH AREA AND FLOOR

Plinth area of a building is the area of building excluding the open porch, Unc"mw

stair case etc.

Floor area is the built up area of the building at any floor level.

Carpet area is the usable floor area of a building excluding stair cases, lift wells, g

toilets, electrical and aircondition plant rooms etc.

Calculate the plinth area, carpet area and floor area for the building given in fig27

Plinth area = area of building excluding the open porch, uncovered stair case.

# 76m

—=¥
w R | w
| D
Room 3.5x3m
Room 3x3m
w
D [FErax e

62m

Varandah 3x 2.4m

Fig 2.7 Plan ofa building

In this case no open porch or stair case hence plinth area =
= outer length of building x outer width of bui_iding

Plinth projection =0.1m
:112:? :::: - ;,'5"6-2"'2&97.12".2
=Plinth area - gy,
z €a occupi
Area occupied by walls = (2« 74x03) + (33 0 :fled 2 el
; 0,
=1157m2

24

)+(2x2x0.3) + (4.1x03)

£

el
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Floor area =85.55m*
Carpet area = Floor area— Non-usuable area.
Floor area of Verandah=3x2.4 =7.2m’
Area of w/c and bath =3x2 =7.0m’
Carpet area =(85.55-72-7.0)
=71.35m*

Covered area of all floors =100

Floor Area Ratio Building =
Plot area

If area of plot is 450 m®

it 85.55x100
Floor area ratio of Building = T =0.19

2.7. COASTAL REGULATION ZONE (CRZ).

Coastal zone is the area of interaction between land and sea, which is influenced by both
terrestrial and marine environment. It includes the area between high tide and low tide up to 10
nautical miles towards the sea from the high tide line and up to 20km from high tide line towards
the land side. Due to high rate of human population growth, development of industries, fishing,
discharge of municipal sewage, industrial waste disposal leads to degradation of coastal
ecosystem and an abrupt decrease in coastal resources. Ministry of Environment and forest,
Government of India issued a notification in the year 1991, under Environment protection Act of
1986, declaring coastal stretches up to 500m from the High Tide line and a stage of 100m along

the bank of estuaries, backwater and rivers affected by tidal fluctuations is called coastal
regulation zone.

India has a coast of about 7516km long and 4198 islands are spread along the main coast.
Kerala has a coast length of about 580km.

Coastal area classification and development

.~ Fore gulating developmental activities the coastal stretches within 500m of high tide line on

the landward side are classified into the following four categories of Coastal Regulation Zone
CRZ-1, CRZ-2, CRZ-3, CRZ-4.

CRZ-1: The area that is ecologically sensitive and important / essential for maintaining the
ecosystem of the coast. They lie between low and high tide line. Exploration of natural
gas and extraction of salt are permitted
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; d up to an coselolhesh
. ady been develope ’ o k
CRZ-2: The area thatare alre astal areas with road network, water syp) ey
are urban areas located in the € Y. s

system and other infrastructure facility. 3 3
rurbed under rural and urban localities which aq 2

0 agriculture even some public .

CRZ-3: The area that are undis
the 1 and 2. Only certain activities related t

allowed in this zone.
CRZ-4: This area lies in Andaman Nicobar, Lakshdweep and are not includeq &

or 3. Fishing and allied activities are permitted in this zone. Solid waste shoulq e

this zone. o

Tourism infrastructure for basic amenities to be promoted: Temporary tourisp,
such as shacks, toilet blocks, change rooms, drinking water facilities etc, have
permitted in Beaches. Such temporary tourism facilities are also now permissibje in {
Development Zone™ (NDZ) of the CRZ-Ill areas as per the Notification. However. 5, -:
distance of 10 m from HTL should be maintained for setting up of such facilitjes,, I

k¥

Exercise

1. What are the various components of a building ? .
2. How can you classify buildings ?
3. What are the steps involved in the selection of site for building ?
4. What are the space requirements of a building ?
5. List the steps in the setting out of foundation in centerline method.
6. What are the main rules to be followed for building construction?
7. Write short note on site plan of a building.
8. Defineplot area, plinth area, floor area and carpet area.
9. Write short note on various disciplines of Cjvi] Engineerin,
10. What is meant by planning? What are the ady. ¥
11. As per NBC what are the rules for selewctin
12. What is meant by CRZ ( Coastal regulation

antages of planning a project?
g aplot for residentia] building?
Zone)?
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CONSTRUCTION MATERIALS

| 3.1 INTRODUCTION

Materials used for the construction of building are stone, brick,cement, aggre-
gate, timber, steel, glass, plastic.pipe etc.Safety of a building depends on the quality of
material used for construction, design of building and the workmanship involved in the

E Stones are used as buildig material since prehistoric ages. Stones which are heavy, dense,
| durable and strong can be used as construction material.

© 3.2.1. CLASSIFICATION OF ROCKS:

Rocks can mainly be classified into three types :

a) Geological b)Physical ¢) Chemical
(a) Geological Classification: According to this classification there are three types of
rocks

(1) Igneousrock(example granite, Basalt)
(i) Sedimentary rock (Sand stone, shale, lime stone, laterite) and

(iii) Metamorphic rock(Quartzite, slate, marble, gnesis).

(b) Physical classification:
Based on the structure of rock it can be classified into

(i) Stratified rock (ii) Unstratified rock and (iii) Foliated rock

(¢) Chemical classification: This classification is sometimes known as scientific or
engineering classification. According to this, there are three types of rocks.
(i) Siliceous rocks (i) Argillaceous rocks and (iii) Calcareous rock
3.2.2. QUALITIES OF GOOD BUILDING STONE:
a. Crushing strength should be greater than 1000kg/cm’
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» there ©

They should preserve ) ] i )

" !hL) ) T[‘|.(«vl\lmuld e durable than 17 {his test the sample stone is cut in to cubes of 40mm sides. Take three sample cubes and
¢ J sale! i 7 P -
| Hardness should be greater Jess than 3% pluccd it in water for 72 hours. - 3 A
N Percentage wear should be 1es! than 2.7 The load bearing surface of the specimen is covered with Smm thick plywood.
;- specific gravity should be greater than 19 | Compression testing machine is used for testing crushing strength of cubes. Axial load
. - > reater Lha o)

jex should be &

& Toughness I uld be less than 0.6

applied on the cube at the rate of 137.2 kg/cm? per minute. Note the maximum load at which

h.

Water absorption sho
It should possess g00¢
It should not contain an

| fire resistance property.
y soluble maller.
acility for carving

| the sample crushes. Then,

K Breaking load
Crushing strength of specimen=

Area of cross—section of specimen

:\. It should possess good |

| 1t should have fine compac .
or patches of soft or loose nlnl‘ur.m .s‘. Gmonhdl

m. It should be well scasoned hefore use(6 10 12T p s).

n Percentage crystallisation should be less than 2%.

0. It should possess good appearance.

terystalline structure free from cavity andg, * For good quality stone crushing strength should be greater than 1000kg/cm?.

| 4) Crystallisation test: Crystallisation testis carried out for testing the weathering resistance
| of stones. For this test, at least four stone cubes of sides 40mm are taken. They are dried for
72 hours and weighed. Then immersed in 14% solution of sodium sulphate for two hours.
‘They are dried at 100°C and weighed. The difference in weight is noted. This Procedure of
| drying, weighing, immersing and reweighing is repeated at least five times. ljlach time, note the
change in weight of sample and expressed it as a percentage of original weight.

3.2.3 TEST FOR STONES:
For testing different properties of stones following tests cnnduclc}d:

cid te 2. Attrition test 3. Crushing teg ) ; ) - - )
A ; e 5 Freezing and thawing test: In this test the stone specimen is kept immersed in water

5. Freezing and thawing test for 24 hours. Then it is placed in a freezing mixture at - 12°C for 24 hours. It is then warmed

4. Crystallisation test

0. Hardness test 7. Impact test 8. Water absorptioneq | at atmospheric temperature. These procedures are repeated several times and observe the
behavior of stone. If the stone is of good quality there will not be any deviation in the
1) Acid test: Acid test is used for testing the durability of stone. For conduetipe properties of the stone.

test, take a sample stone weighing about 50gm to 100gm. Place this sample stone in a solys
of hydrochloric acid of strength 1% and it is kept there for seven days. The solutio
agitated atintervals. A good building stone should maintain its sharp edges and it sho o
free from any powder formation at the end of the period. If edges are broken and poyd
formed on the surface, such stones are of poor weathering quality.

6) Hardness test: Hardness test is used for testing the hardness of stone. For this test
prepare a cylindrical sample stone of diameter 25mm and height 25mm. It is weighed and
placed in Dorry’s testing machine and apply a pressure of 1.25 kg. The annular steel disc of
machine is then rotated at a speed of 28 revolutions per minute. After 1000 revolution the
specimen is taken out and weighed. Then,

2) Aftrition test: Attrition test is used for checking the rate of wear of stones use
rgnd construction. For conducting this test take Skg of stones of size about 60mm. Su
picees are put in both the cylinders of Deval’s attrition testing machine. Diameter‘o i
cyh.ndcr is 200mm and length 340mm. Axis of the cylinder makes an angle of 30° wil
horizontal. Close the cylinder and rotate it for 5 hours at the rate of 30 revolutions

After 5 hm.lrs of rotation the contents are taken out from the cylinders and ﬂleyl:erré pas
through a sieve of 1.5mm size. The quantity of weight retained in the sieve is weighed. f

Loss in weight
_—

. Initial weight :
For good quality stone percentage wear should be less than 3%
0.

: ; Loss in weignt in gm
Coefficient of hardness of specimen =20— -

3
For stones used in road work coefficient of hardness should be greater than 17. If coefficient
of a hardness is in between 14 and 17 it is said to be of medium hardness and can be used
for R.C.C work. Hardness less than 14 is of poor quality.

3.Crushingtest 4. Crystallisation test
6.Hardness test 7. Impact test

5. Freezing and thawing test

Pereeniage widn s 8. Water absorption test

D Acid test: Acid test is used for testing the durability of stone. For conducting this

test, take a sample stone weighing about 50gm to 100gm. Place this sample stone in a solution
of hydrochloric acid of strength 1% and it is kept there for seven days. The solution is

agitated at intervals. A good building stone should maintain its sharp edges and it should be
free from any B

3 i 6 : .
) Crushing test: Crushing test is ysed for testing the crushing strength of stone. F¢
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l'iOd- C{ O, o
powder formation at the end of m:n{;:ccring quality: 1 JJaced in Dorry’s testing machine and apply a pressure of 1..25 kg. The annular su;cl .chsc u(‘;f
surface, such stones i€ of poor™ - o the rate of wear of g achine is then rotated at a speed of 28 revolutions per minute. After 1000 revolution the
r checking ligg specimen is taken out and weighed. Then, . . )
§ Loss in weignt in gm
OSSR E O R

. fo .

o test is used s of size abou
2) Attrition test: Aurition = his test take kg of ston€ . t
1 tion testing machme. D'ameter 0

ruction. For conducting th¥
the cylinders of Jinder makes an angle of 30y
Om

¢ of hardness of specimen = 20— 3

ardness should be greater than 17. If coefficient
d to be of medium hardness and can be used

Coefficien

s used in road work coefficient of h
n between 14 and 17 it is sai
Hardness less than 14 is of poor quality. '
7 Impact test: Impact test is used for testing the toughness of stfme. For conducting
* this test prepare a cylinder of diameter 25mm diameter and' 25mm height from the san}ple
stone. It is placed on cast iron anvil of impact testing machme.. A steel !lammer of welgl.n
kg’ is allowed to fall axially in vertical direction over the specimen. Height of first blow 1s
second blow from 2cm height and 3“blow from 3cm height and so on. :l'he blow at
which the specimen break is noted. Ifitis n® blow, toughness index of stone is ‘n’.
Toughness index greater than 19 represent good quality stone 13-19 represent
moderately tough stone. If it is less than 13 then it is of poor quality.

. 8) Water absorption test: Prepare a cube weighing about 50gm from the given sample
stone. Note the actual weight of stone. Itis then immersed in water for 24 hours. The cube
is taken out of water and surface water wiped off and note the weight of the sample. Note the

" increase in weight of the sample.

road const
pieces are put in both
cylinder is 200mm and length 3 - : forSh
horizontal. Close the cylinder and rota I
After 5 hours of rotation the contents are . iedin the sieve il weighq

through a sieve of |.5mm size. The quant! / ‘
Loss in weign! 100

Percentage Wear =" isial weight :
be less than 3%. i

l For stone:
of a hardness is i
for R.C.C work.

ality s ercenta ¢ wear should
Juality stone p g § 2

used for testing the crushing strength of sgop “
bes of 40mm sides. Take three sample cyp

For good g

3) Crushing test: Crushing test is
this test the sample stone is cut in to cu

placed it in water for 72 hours. ) ) j
The load bearing surface of the specimen 15 covered with Smm thick p}

Compression testing machine is used for testing crushing strength of cubes. Axijg||,
applied on the cube at the rate of 137.2 kg/cm? per minute. Note the maximum load gt

the sample crushes. Then,
Increase in weight of sample

sorpli b; ight 24 hrs =
% absorption of water by weig after T O e o e

Breaking Load

Crushing strength of specimen= > —
Area of cross—section of specimen
For good quality stone water absorption should not exceed 0.60.

For good quality stone crushing strength should be greater than 1000kg/cm?,

3.3.BRICKS
% Brick is one of the oldest building materials and it is extensively used even at present
because of its durability, strength, reliability, low cost, easy availability, etc. Bricks are
obtained by moulding clay in rectangular blocks of uniform size and then by drying and

burning these blocks in brick kilns.

4) Cryslallisatior_l test: Crystallisation test is carried out for testing the weathering resist
of stones. For lh1.s test, at least four stone cubes of sides 40mm are taken. They are dried
g:;:rrs Zn'd (;vm%}(l)ggc Then immersed in 14% solution of sodium sulphate for twoho
e dried at and weighed. The difference in weight i i
" ried:at | : - Thed ghtis noted. This procedure
g;,yal,?:e \iar/‘efggnﬁ u;unersmg and rewenghmg isrepeated at least five times. Each tll?me. 4
of sample and expressed it as a percentage of original weight. E 3.3.2 COMPOSITION OF GOOD BRICK EARTH
D i A good brick earth should contain clay and sand in such a way that when water is added, it
ours. Then it i i i i : . : ' ‘
nitis placed ina freezing mixture at - 12°C for 24 hours. It is then wa ;ﬁgew:zzﬂ;em;:lg::sz:eﬁsg&l otl:;ut;::ic::nni?r byt
behavior of stone. If the stone is sevel 1. Alumina : i in- i i i
) . : of good qualit 1 d obscrEan . lumina : A good brick earth should contain 20 to 30% of alumina. This constituent
properties of the stone. ¥ there will not be any deviation i imparts plasticity to earth so that it can be moulded easily. If alumina is present in excess, raw
bricks shrink and warp during drying and burning.
2. Silica : A good brick earth should contain 50 to 60% of silica. Presence of this constituent
prevents cracking, shrinking and warping of raw bricks. It imparts uniform shape to the

bricks. Ifsilica is in excess, it makes the brick brittle.
31

6) Hardness test: Hardness test is useq for

prepare a cylindrical sample stone of diameter 25 testing the hardness of stone. For this

mm and height 25mm. It is weighed and

30
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Table 1. Different IS classification of brick

Class Average compressive strength
Designation not less than (N/mm °)
350 35
300 30
3 250 25
fig. 3.1 Hollow brick fig- 3.2 Perforated brigy 200 20
33.6 TEST FOR BRICKS: 175 17.5
R ] 150 15
The following tests are conducted on bricks to decide its suitability for the constrye = 8 125 125
1) Absorptiontest i) Crushing strength test 1ii) Hardness “ 100 10
iv) Soundnesstest  v) Presence of soluble salts Vi) Shape and sipe 75 o o
vii) Structure viii) Warpage ) so 5
(Ii;.:;so%:oulesx:Iuthistes:.drdryweighmfmebrickisnmedandimmemedin o 25 o
3 T it is weighed again. The difference in w icht indi 3
absorbed by the brck. e & In weight indicates the Quantity

© Water absorption should not exceed 20% of weightof

for class 150 and above - E (iii) Hardness test: A scratch is made on brick surface with the help of finger nail, if no nail
- ) ; impression left on the surface, the brick is treated to be sufficiently hard.

(11) Crushing strength: Crushing strength of brick is tested ; >

for class uptol2S and 15%

(iv) Soundness test: Two bricks are taken and they are struck with each other. Bricks of good
quality should not break and will produce a clear ringing sound.

(V) Presence of soluble salts: Soluble salts if present in bricks will cause efflorescence on the
surface of bricks. For finding out the presence of soluble salts, immerse the brick in water for

24 hours. It is then taken out and allowed to dry in shade. Presence of gray or white
deposit on its surface indicates the presence of soluble salts,

Crushing strength of brick = Maximum load
gth of ——__“Temiond e
Area of bean'ng face

Efflorescence is reported as nil when there is no precipitate on the surface of brick

hich the brick rashes surface. If the white deposit cover about 10 %of surface, the efflorescence is said to be slight,

of brick is 3.5N/mm? and for IS noted. Minimum compressi and it is considered as moderate when the white deposits cover about 50 % of the surface
superior quality it s 7 10 14N/mm?

area. If gray or white deposit were found on more than 50% of the surface, the efflorescence
is heavy and that brick cannot be used for construction,

(Vi) Shape and size: Bﬁckssmndbeofalndndﬁmandiusblpelhuddbeunlymmhr
With sharp edges. For checking this 20 bricks of standard size 19 x 9 x 9 cm selected at
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(Class A) length of array
of array 1740 to 1860 mm. ForCl
4100, 1650-1950 and 1650-1950mm.

1. a brick is bmkeq a
d free from any defec!

b.  They are over burnt bricks with irregul i
ar shape and o
¢.  They are dark and brittle.. i = e
d. These bricks are not used in normal construction works.

nd its structure is examined, It :

ts such as voids, lumps, etc. 3.4 CEMENT

(vii) Structure: In this tes

homogeneous, compact an
Cement is considered to be the most inevitable material for construction purposes. Cement is

a malverial _which possesses very good adhesive and cohesive properties making it good fi
bonding mineral fragments into a strong compact mass. Cement is obtained by gunfm 0;
crushing of argillaceous and calcareous materials. On setting cement resembles avin?:
of sandstone found in Portland of England and is therefore known as Portland cementty
Other types of cements are rapid hardening cement, acid-resistant cement, blast fumace:
cement, Quick setting cement, water-proof cement, white cement, puzzxiolana cement.
coloured cement, efc. y

X 5 oo of brick after removing dirt from the s rfad L
(ix) Warpage: For measunng W arpage 0 . . ol
brick on a flat surface.using scale measure the greatest distance of brick from flag
directly give the warage of brick.

3.3.7 CLASSIFICATION OF BRICKS
Bricks can be classified into four major groups based on the method of manyfae
Specification of different classes are as below.

3.4.1. COMPOSITION OF ORDINARY CEMENT:

Ordinary cement contains calcareous and argillaceous materials in proportion
about 4:1. In calcareous material CaCO, is the major component and in argillaceous
material, clay is the major component. For good quality cement the ingredients and their
percentage should be within the following range.as in table 3.2

1. First class bricks o
They are machine or table moulded and burnt in kilns.

They have rectangular shape with sharp edges and uniform size.
They are free from cracks, flaws or lumps.

The crushing strength shall not be less than 10.5N/mm?*

It should be well bumnt and shall not be scratchable by finger nail.
Water absorption should not be greater than 15%.

Fractured surface should have uniform colour and texture

3.4.2. Functions of ingredients

1. Lime: Lime is one of the important constituent of cement. Excess lime makes the
cement unsound and causes the cement to expand and disintegrate But deficiency
of lime decreases the strength of ¢ t and it c to set quickly.

@me BDOR

2. Second class bricks
a. They are ground moulded and burnt in kilns.
b. They have rectangular shape with sharp edges but slight irregularities inthes
c.  Theyshall be free from cracks but slight flaws and lumps are permitted. 9
d.  The crushing strength shall not be less than 7N/mm*
e. . Water absorption should not be greater than 22%.

Silica: Silica impart strength to cement with the formation of tri-calcium silica and
di-calcium silicate, they are the major constituents which impart strength to cement.
Excess silica increases the strength butit increase the setting time too.

Alumina: Alumina impart quick setting property to the cement. It acts as a flux
and it lowers the clinkering temperature (temperature at which clinkers formed in kiln
ie about 1400°C to 1600°C). Excess alumina weakens the cement.

3. Third class bricks
a. They are ground moulded and burnt in clamps.
b. They may not have regular shape and size.
c. They may be slightly over bumnt or under burnt..
d. These bricks produce dull sound when struck together.
e. Water absorption should not be greater than 24%.

Calcium Sulphate: Itis in the from of gypsum. Itis used to increase the initial setting

time of concrete.

olour, hardness and strength to cement.

Iron oxide: This ingredient imparts ¢ 3
M ia: M ia imparts hard; and colour to cement but excess magnesia

mal‘c'es the cem;n unsound. :
small amount of sulphur is useful in making sound cement. But

4. Fourth class bricks

a. These are ground moulded and bumt in clamps. Sulphur: A very
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(¢) Presence of lumps

trength R, 3
(d) Streng o mu“ifo,—.nﬂ)puul cement colour jg =
0

3 ent L dication of excess 1y
of cement .~h| ¢ shows an indication ¢ 55 lime gp
our S

our test : Colour o
s Change of €0

light greenish shade.
the degree of burming.

b) Physical Property of cemen \
fingers. Or ifa small quantity €
and should not flow

| smooth when rubbed in

X fee
should f¢ " bucket ofwatec. i b

+ Cement .
2L { is thrown n

{ cemen

free from hard lumps. Such

s be
o cement should e armosphere. Cement bags

Presence of lumps: Th o from

formed by the absorption of moisty
tumps should be avoided.

ini of cement.
Strength: There are two methods for determining the strength

i ize 7 25 mm x 12 mm with cement ang
) Prepare a briquette of size 75 mmX = L :
;:r\\purlr:‘m 1:6.It |qs immersed in water for 3 days. For good quality cement, it jg diff,

to break the briquette.

(i1) Prepare a block of cement 25 mm x 25 mm and ZQQnun long. It. is mlm_el'sedin
for 7 days then placed on supports 150mm apart anditis loafled w11h.a weight of 3
the centre of the beam. The blocks should not show any sign of failure meang i
good quality.

ii. Laboratory tests,

(a) Fineness test (b) Compressive strength test (c) Tensile strength

(e) Setting times (f) Soundness test
(a) Finenesstest: Thistestis used for checking the proper grinding of cement. For st
fineness of cement take 100 gm of cement anditis continuously passed through standard s
No.9 for 15 minutes. The residue is then weighed. According to IS 269-1976 this wel
should not be more than 10% of its original weight .
(b) Compressive strength test: For checking the compressive strength of ceme
prepare a mortar of cement and sand in proportion 1:3 with water cement ratio 0.4 (i
gm of cement is used take 3x gram sand and 0.4x gram water for preparing the mc
Prepare six cubes of sides 76mm. After placing mortarin mould compact it with avi
for 2 minutes. After 24 hours remove the specimen from moulds and they are subm
in clean water for curing. The cubes are then tested in compressive strength
machine at the end of 3 days and 7¢ day. Three cubes are tested each time for find

out the compressive strength at the end of 3% and 7% dg s. Duri d
1 i ¥ - Du th t the loac
be applied uniformly at the rate of 35N/mm?, Y g tiCeEs p

(d) Consistency test

40
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Grades of cement Details

A1 Grade
(IS. 260 -1939)

1.The compressive strength after 28 days is 33 N/mm?2

2 Uted for general construction works in normal environmental
conditions.

3 Cannot be used where higher grade of concrete above M-20 is
required

4. The use of this cement has progressively and virmally phased
out

=]

43 Grade Cement | 1. Most widely used cement for general construction work.

(IS: 8112-1089) | 2. M 28 days Compressive Strength 43 N/mm?2 :
3 Used for tion of resid 1 1 and mdustn

buwildings, roads, bridges, flyovers. impation projects and other

general civil construction works.

4. Suitable for all of appl - RCC, Plastening. M: y

5. Rajashree is the premium OPC43 brand in the market giving

strength of around 65 MPa at 23days.

53 Grade Cement
(IS: 12269 - 1987)

1. Introduced in 1991 by Grasim - Birla Super.

2 Minimum 28 days Compressive strength — 53 N/mm?

3.Gaves 10-15% saving in cement consumption & 5-83% saving in
steel consumption provided higher grades of concrete say M30
and above are used.

4 Useful for high nse buildings bndges. flyovers, chummney: and
pre-stressed structares where high grade concrete is required.

3. 53S - special grade cement as per IS: 12269 —1987 used for
the construction of sleepers

©

Table 3.2. Different grades of cement:

i be less than 11.5N/,
The compressive strength at the end of three days should not ‘mm®
and at the end of 7days should not be less than 17.5N/mm?’ as per 1S269-1989.

Tensile Strength: For testing tensile strength prepare 1:3 mix cement mortar and
placed in briquette moulds. A typical briquette is shown in figure 3.3. Compact the mortar

“-m—.'_“‘-—.', .
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. ( . o8| . ’ Enrd . ‘ 2
e refully reft mv‘d nten’ on 1€ Setting times: This 1€5Li5 used for detecting the deterioration of cement due 1o SAOTage
v are € L qeste . ;
1hriquc(lu'll;Lc hn-‘lucll(«' 18 lL?h (st ) ; “I'his test is carried out to lmd()u.l :
for curing T ed in eic peless (han 2N/mm’ at the end of g b (i) initial setting time and (ii) final setting time of cement.
o hrquettes eless
gix briquett® i not 9 5
. W 1989 ’ . oS ey P . .
riquettt sho oIS 26919 ement, prepa (i). Initial setting time: For checking initial setting time of cement, take 3"{?}"‘0"
of cement, Prepare cep mixed with percentage of water 45 determined from consistency

cement and itis . _ 0
test, This paste is filled in the vicat mould. con
movable rod is allowed to penetrate into the paste. In the beginning the nfedlc
penetrates completely. This process of penetration checked for another place in the
same paste at regular intervals till the needles does not penetrate completely. The
needle should penetrate up Lo about 5 mm from the bottom of mould.

to cement and the stage

Il
 rength O days 8 , j
onsile stre"E of 7 T onsistency 1 the Iy,
2.5N/mm’at "¢ " . For (esti"® u)g(b) gm water: Fill the mould of yje, & The square needle connected 1o the
Ctmsimncy m!-m ol ment and e the addition of water to ceg

- ving 300 gM (W . i houl g,
oty mixing 0V E Sperval betWs’ me of gauging should be !
:hufrr;urlbé'l:fc 3., The uT:h::nli ‘e of gauging Ti
refe ) wh as

: d iskno
paste In f“ou i
04V minutes:

Movable rod =
| setting time is the interval between the addition of water

netrate completely.
1989 initial setting time of ordinary Portland cement should not

The initia
hen needle ceascs Lo pe
According to IS 269-

for initial setting
be less than 30 minutes.

|mm needle
For checking final setting time prepare a cement paste and it
is filled in the vicat mould. The needle with annular collar attached 1o the movable
rod is released gently. The time at which the sharp end of the needle makes an

impression on test block and collar fails to do so is noted.

(ii) Final Setting Time :

10mm Plunger

for consistency
ifference between the time at which water was added 1o

The final setting time is thed
edle fails to makes an impression on test block.

ment and time at which the ne

According to IS 269-1989 final setting time of ordinary portland cement should
not be less than 600 minutes(10 hours).

Soundness test: Soundness is ability of cement ti maintain a constant volume. Le
atelier apparatus as shown in figure is used for testing consistency (soundness) of

Fig. 3.4 Vicat Apparatus
ent.

Prepare a cement paste with percentage of waler as determined in the consistency
est. The mould is placed ona glass plate anditis filled by cement paste, covered the
nould with another glass plate. A small'weight isplaced at top and the whole assembly
s submerged in water at 24 to 35°C for 24 hours. The distance between the points of
ndicator is noted. The mould is again placed in water and heat is applied in such a way
hat boiling point of water is reached in about 30 minutes and continue boiling of water for
one hour, Then remove the mould from water and allowed to cool down. Measure the
fistance between indicator. The difference between the two measurements indicate the
xp-ansion of cement and it should not exceed 10mm for good quality cement. The
*hange in distance is a measure of the unsoundness.

aratus consist of a frame which is attached to a movable rod
10 mm and length 50mm. An indicator is attad
movable rod for measuring the penetration of rod. For checking the
cement attach plunger tothe movable rod. And lower the plunger genﬂj Jl
in the mould. The settlement of plunger is noted. If the penetration is be S
from the bottom of mould, the water added is correct. If penetration isless
repeat the experiment by preparing a paste with water less than 90gm till
penetration is obtained. {

Vicat app:
300 gm and having diameter

5 33%./.4ccording 1015 269-1989 the consistency of cement paste should: 2 b
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(e) Setting times: This test is used for detecting the deterioration of cement due to storage.
2 This test is carried out to find out
peless than 2N/mm’ at the end Of 3 . (i) initial setting time and (ii) final setting time of cement.
not be

§ 269-1989-

1d
- uelte shou
ensile strength afbnq; 7idays a5 P¢" I

f cement, prepare ce, (i). Initial xcuir.ng'rimaf: For 'chccking initial setting time of cement, take 300_ gm of
2.5N/mm’at the end.?. ing consistency © Fill the mould OfV‘en cement and it |s.m1xed with percentage of water as determined from consistency
oney test: FOT test! d m water. 1 1cat test. This paste is filled in the vicat mould. The square needle .cor.mected to the
(d) C"""s,l,e.’ 7300 gm cement @ ween the addition ofwa[erlo Cemep, g movable rod is allowed to penetrate in to the paste. In the beginning the needle
xhofmuf_g hly T(;\zm) The ;“‘c interval lfji;uging Time of gauging should be inbm’ﬂ penetrates completely. This process of penetration checked for another place in the
(refer figure 10.2.): he time OF 5572
nown ast

paste in mould isk

same paste at regular intervalstill the needles does not penetrate completely. The
to 4V minutes.

needle should penetrate up to about 5 mm from the bottom of mould.

Movable rod
“~

The initial setting time is the interval between the addition of water to cement and the stage

for initial setting when needle ceases to penetrate completely.

|mm needle According to IS 269-1989 initial setting time of ordinary Portland cement should not
be less than 30 minutes.

(ii) Final Setting Time : For checking final setting time prepare a cement paste and it
is filled inthe vicat mould. The needle with annular collar attached to the movable
rod is released gently. The time at which the sharp end of the needle makes an

10mm Plunger

impression on test block and collar fails to do so is noted.
for consistency

The final setting time is the difference between the time at which water was added to
cement and time at which the needle fails to makes an impression on test block.

According to IS 269-1989 final setting time of ordinary portland cement shoulc
ot be less than 600 minutes(10 hours).

] Soundness test: Soundness is ability of cement ti maintain a constant volume. L

hatelier apparatus as shown in figure is used for testing consistency (soundness) o
ment.

Fig. 3.4 Vicat Apparatus

Vicat apparatus consist ofa frame which is attached to a movable rod

Prepare acement paste with percentage of water as determined in the consistenc
st. The mould is placed ona glass plate anditis filled by cement paste, covered th
ould with another glass plate. A small'weight isplaced attop and the whole assembl
submerged in water at 24 to 35°C for 24 hours. The distance between the points ¢
dicator is noted. The mould is again placed in water and heat is applied insuch a wa
at boiling point of water is reached in about 30 minutes and continue boiling of water fi
e hour. Then remove the mould from water and allowed to cool down. Measure tt
istance between indicator. The difference between the two measurements indicate tl

Xp-ansion of cement and it should not exceed 10mm for good quality cement. Tl
ange in distance is a measure of the unsoundness.

in the mould. The settlement of plunger is noted. If the penetration is between 3

from the bottom qf mould, the water added is correct. If penetration is less than
repeat the experiment by preparing a paste with water less than 90gm till the
penetration is obtained.
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. S i hetween the
method of removing voids in betwee ly hrcpam:d concrele

Ther are twostages orconcrte )P (Mixratio | Stremgth [ Nature of work
concrete (afterattaining in its full SUeng L [1:1 2 [ Mas(Very high strength) | Heavily loaded columns and beams
3.6.1 . Properties of freshly prepare d concrefe: ': 1 1%2:3 | Mog (Higher strength) ::;l;: l::::ﬂ:;lll;ﬂg structures, piles, pre-cast
@ Workahility (@) Segret ; 1:3 :6 | Mg (Medium strength) | For culverts, retaining walls, etc
(i) Workability: Workability is the ease with which conL‘reIIe can : 1: 4 :8 |Low strength Mass concrete work for heavy walls, foundations,
- y Good quality J" lei : 10 | Low strength Mass concrete work for heavy walls, foundations,

» aced i sition.
be mixed, transported and placed in Pf)‘“ e hility
concrete should possess good mix ability, transportability, :
mouldability, and compact ability. Table 3.3.Proportioning of concrete and their strength and uses

(ii) Segregation: Segregation can be defined as separating out of the constituents of 5 CONL 3.6.3. Ingredients of Concrete:

mix during transportation of freshly prepared concrete. )
The following are the ingredients of concrete
(iii) Bleeding: Bleeding is defined as separation of water or mortar from the freshly Pre; a) Cement b) Fine aggregate
concrete. This is due to high water content in the mix. This will cause formation of 5 ¢) Coarse aggregate  d) Water
weak and non-durable concrete at the top of the placed concrete. i
d) Water: Water used for mixing concrete should be potable (fit to drink). Water serves the
3.6.2. Properties of hardened concrete: . following functions. (i) it acts chemically with cement to form a paste for binding the aggregates.
(ii) it enables the concrete to flow in to moulds. Water required for hydration of one part of
Properties of hardened concrete are as follows: cement is about 0.3 part of water, but for lubricating the aggregate extra water is required. So
(i) Strength: Good quality c . ) | wtaer cement ratio for the medium and high strength concrete is 0.6 and 0.35 respectively.
T iy o il mrdcned atat il posscsa desited crushing Abraham's water-cement ratio law states that for any given conditions of test the

strength. C ive s ) !

designe;me SRRRSSSOR Ssngihnt Coueete At 28days aftelj casting is known ag strength of a workable concrete mix is dependant only on water -cement ratio. The amount

. of water added during concrete mixing affects the workability and strength. Insufficient quantity

* of water makes a concrete mix harsh and unworkable where as an excess quantity of water
causes bleeding and segregation of concrete.

Water cement ratio is the ratio of weight of water to the weight of cement in a
mix.The strength of concrete is inversely proportional to the water cement ratio.ie decrease
the water cement ratio we can increase the strength of concrete. But for water cement ratio
less than 3.5 it is very difficult work with that concrete.

a) Cement: Cement is the most important ingredient of concrete. Itis used to bind the fineg
coarse aggregates together. Most of the concrete work is done with ordinary Portland
O(he{' special varieties of cement like water proof cement; rapid hardening cement and hig
alumina cement are used under certain circumstances.

; Water cement ratio depends upon the following factors:
etc are used as fine ag ) i 2
i aggregate. Fine aggregates are used to make the concrete denser (i) - Quality of cement (i) Quality of aggregate
(iii) Internal moisture content (iv) Atmospheric temperature
(v) Size and age of test specimen
¢) Coarse aggregate: These are inert materials which retained jn 4. 75 > 3 Sometimes ingredients other than the above are added in concrete for improving or
-/SmmS sieve. U imparting certain properties and these ingredients are known as admixtures. Addition

gravel, broken bricks, crushed stone. etc., are
S » €IC., are used as ¢ 7
used to make the concrete strong and tou Odrse aggregate. Coarse of admixtures improve durability, workability, water-resisting power, strength of concrete,

it reduce the shrinkage of concrete on hardening.

49

Scanned by CamScanner



ering
v -hanical engineer’” ’ ur, reduce .
Basics of civil and mechan ) hrinkage, impart colo ble“dlng

Basics of civil and mechanical engineering
m oxide, s02p aluminium Su]phagc‘

i . reduc
setting and hardening of Conmi'lcc oo, bari
Commonly used admixtures are ime,

S(ep 153 Spl’Cﬂd the I’Cquil ed quamity of fine a at
i ic oils bilumcn,clc.
chloride, mineral and organic 118, ggregate on the flatform and th 31 ¢

required quantity of cement uniformily over the sand layer.
i Step 2: With the help of shovels, mix sand and cement in dry state till the a mixture of uniform

3.6..4. Proportioning of materials e

i fine aggregate, coarse g

The process of selection of relative pmpf’”"’“-:’efdm\‘mlig'gis known as Prop(mgxrie
]ﬂL\e‘:\\ and water for obtaining a concrete o! reqii 1hg roduction of a serviceapj

of te. Proper proportioning is st O fexpressing the g
[ rete. e -

3:xri::1ccconcre\c urt) an economical cost. One common [;rficl(;cc P ;‘:ggrcgmc wﬁh

of r:1elerials in the form of parts or ratios of cement, sand an s » e,

considered as unity.

Step 3: Spread the sand-cement mixture uniformly on the platform and then spread the required
quantity of the coarse aggregate and mix the mixture in dry state thoroughly.

Step 4 : On obtaining a uniform coloured mix with sand cement and coarse aggregate makea
depression in the centre of the mixed materials.

For example, 1:2 : 4 mix contains one part cement two i Ei0e Aggregate ang Step 5 : Add 80% of the required quantity of water in the depression and turn the mix
part coarse aggregate by volume. Water content is expressed separately intermggl . 4 the middle with the help of shovel. Mixture is mixed thoroughly till a uniform
water-cement ratio. colour and consistency is obtained.

3.6.5. Batching of concrete

The process of measuring the quantity of cement, fine aggregate, coarse aggregate and

for concreting is called batching. It will ensure the uniformity of proportions and a
grading.

Step 6 : Add the remaining water and continue mixing till a uniform colour and consistency is
obtained. -

This prepared mix should be used within 30 minutes after adding water. For important
works(ie for M30,M35,M40 etc) with hand mixing, it is advisable to use 10% more cement than

specified quantity.
Advantages of concrete batching are:

ii) Machine mixing:
)} The desired strength of concrete can be prepared if the ingredients are The process of mixing various constituents of concrete by machine is called machine
measured correctly before the mixing. | mixing. In this method all materials including water are collected in a revolving drum and then
i) The workability of concrete can be improved. rotate the drum for a certain period.
i) Properly batched concrete produce highly durable concrete.
v)

Proper batching increase the economy of the mix. There are two types of mixers :
: (a) hand operated concrete mixer and
3.6.6. Mixing of concrete :

" . I (b) Tilting drum type concrete mixer.
folding and spreading of various constituents of concrete is

(a) Hand operated concrete mixer or non-tilting type mixer: This mixer consists of a
drum mounted on two wheels, which can be steered in any direction by a turning handle. The

drum rotates on a fixed shaft with taper roller bearing to provide smooth operation. Capacity
of drum varies from 0.2m® to 2m®. In most cases the drum rotates in one direction and 15 to

20 revolution of drum ensures a complete mixing. The direction of rotation may be reversed
to discharge the concrete.

vater p; y covers the surface of aggregate and there is unifo
distribution of materials in the concrete mass, '
There are two types of concrete mixing:

i) Hand mixing 1i) Machine mixing

(b) Tilting drum mixer: This mixer consists of a drum of capacity varying from 0.1

t03.0m’. Blades are fixed inside the drum for mixing the concrete in quickest time. It is able
~“ toproduce 60m’ of concrete in one hour.
are measured separately &

The concrete mixer should be thoroughly washed and cleaned after use, otherwise it is
difficult to remove cakes of concrete later and it reduce the efficiency of mixer. Here also
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ver Plain Cement Concrete(PCC):

3.12.2. Advantages of RCC o

It is more rigid than PCC structure.
It is durable and fire resisting.

It is not attacked by white ants, fun,
Less maintenance cost.
Impermeable to moisture so it can be use
structure.

Economical due to its long life.
It can be mould into any shape.

gus, termites and vermin

d for the construction of water

2 ER

Vi
Vi

3.10. STEEL

Steel is an alloy of Iron and Carbon with traces of other elements. Total carbon

steel varies from 0.25 to 1.5%. The smaller the quantity of carbon its property is similaryy

wrought iron (carbon content less than 1.15%) and as the carbon content increases its
characteristics is similar to cast iron (carbon 1.5 to 4%).

Types of steel :

Carbon upt00.25 % mild steel or soft steel

Carbon0.25t00.75% - medium carbon steel
Carbon0.75t101.25% - high carbon steel, tool steel, hard steel,
Carbon > 1.25% - extra hard steel

3.10.1. Uses of steel :

a)
b)
c)
d)

Soft and malleable steel is used for rolling into thin sheets.
Very soft and ductile steel used for drawing into wires.
Very hard and brittle steel is used for making tools.

can be hardened and tempered and are fus
wrought iron. They retain magnetic properti i ithi steel i
difficult than wrought iron. b ke

itis suitable forall construction works
o el

Steels are highly elastic, ductile, malleable, forgeable and weldable.
ible at a lower temperature than:

Steel is strongin compression and tension hence

I Basics of civil and mechanical engineering

Table 3.4. Different types of steel and there purpose

Name of Steel Purpose
Mild Steel For making motor body. sheet metal, Boiler Plates, tin plates,
structural steel etc.
For making rails. tyres, hammers. springs. stamping dies etc.
For making chisels . hammers. saw., smithy tools, stone mason's
tool. Axes. drills. punches etc.
For making architectural panels, curtain walls, etc.

Medium carbon steel
High carbon steel

Stainless steel

Manufacture of Steel: There are different processes for the manufacture of steel.
Most widely used processes are Bessemer process, Cementation process, Electric process,
Open-hearth process and Duplex process.

3.10.2. Market Forms of Steel

Steel is used to a large extent in modern multi-storied buildings. For buildings which are
more than ten stories in height, construction using steel is economical. Due to ease in errection
and heavy loads which structural steel work can take, it is commonly adopted for factory buildings.
Following are the various forms in which rolled steel sections are available in market.

(1) Angle Section (2) Channel Section (3) T-Section

(4) I-Section (5) Flat bars (6) Square bars

(7) Round bars (8) Expanded metals (9) Plates

(10) Corrugated sheets (11) Pipes, tubes and sheets  (12) Ribbed tor steel

(1) Angle Sections: Angles sections have two legs as shown in figure. If two legs are of
equal length then they are known as equal angle section and otherwise unequal angle
section. Equal angle sections are available in sizes varying from 20mm x 20mm x 3mm to
200mm x 200mm x 25mm and their corresponding weights are 9N/m and 736 N/m. Unequal
angle section are available in sizes varying from 30mm x 20mm X 3mm to 200mm x 150mm
x 18mm. The corresponding weights are 11N/m and 469 N/m.

Angle sections are used in the construction of steel roof trusses, filler Joist floors, steel
columns, steel beams, cleats and as stiffners in huge girders.

N0

(2) Channel Section: Channel section consist of a weband twoequal flanges as shown
in fig. Typically a channel section is designated by the height of web and the width of
flange. Channel sections are available from 100mm x 45 mm to 400 mm x 100mm with
weight as 58 N/m and 494 N/m respectively.

Channel sections are widely used as structural members of the steel framed structures.
- They are used in the construction of built-in columns, crane girders, beams and steel bridges
(3) T-Section: T-section consists of a web and flange as shown in figures. Itis designated by
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its overall width and depth. T-sections are available fronl ?qfll\?\;‘zon;m X Smm‘to 150 Basics of civil and mechanical engineering
150mm x 10mm with weight as ON/m and 228N/m respectively. R sections are widelyy
members of steel roof trusses and to form built-up secuons,.ufumney. steel bridgu' 3
(4) I-sections : I-sections are commonly known as rolled steel joists (R.S.J) or beamg_y*
sections consists of two flanges and 2 connecting web as shown in ﬁgt‘ It is desigp, o
overall depth, width of flange and weight per meter length. T{\c)' are avml‘able in varigyg g
from 75mm x 50mm at 61N/m to 600mm X 210mm at 995N/m. I-sections are sujtap

in sizes from 150mm x ] 5Qp,

beams, columns are available in “H’ sections which vary
271N/m to 450mm x 450mm at 925N/m.

R.S.J. are economical in material and are suitable for beams, lintels, columns, ¢
foundation, etc. Unequal I-sections with heavy weight are used as rails.

to connect steel beams for extension of length and for carrying tensional force in steel roof
trusses. They are used to form built-up sections of steel.

(5) Flatbars: These are available in suitable widths varying from 3 to 40mm. They,
widely used for the construction of steel grill works, windows and gates.
3.8 Expanded metal fig3.9 C d sh
(6) Square bars: These are bars with square cross-section. Size of square bars g e 4 s
from Smm square to 25 mm square and their corresponding weight per metre length are
and 49N. They are widely used in the construction of steel grill works, windows, gates, ef.

(10) Corrugated sheets: These are formed by passing steel sheets through grooves. These
grooves bend and press sheets, and corrugations are formed on the sheets. These corrugated
shee!smegalvanizedandtheyaxe}mownasgalvmﬁzﬁdirmsheetsorm sheets. These sheets are
(7) ARouud bars: These are bars with circular cross-section. They are available in diames widely used as roof covering material.
varying from 5 to 25mm and their corresponding weights per metre length of bars are 13! )
and 38N. They are widely used as reinforcement in concrete structures, construct
of steel grill works, etc.

(11) Pipes, tubes and steel sheets: Pipes are used for light columns and other structural
purposes as well as its primary use as liquid conduits. Tubes of different shapes are available
in market like round, square and rectangular it is used for framing roof truss and for light
structural works, scaffolding, etc. Pipes over 15cm is sometimes casted as corrugated pipes,

due to the difficulty of threading of pipe.

D L8

fig.3.10 Sheet pile and box pile

fig.3.6 Square bar Jfi18.3.7 Round bar

(8) Erpar-lded metals: Expanded metals are formed by cutting and expanding eithe;' plas
sheets or ribbed sheets of steel. A diamond mesh appearance is formed through out

area as shown in figure. The manufactured sheets are thus known as diamond mesh ort Table 3.5 . Difference between pipe and tube

mesh. Diamond mesh has sizes from 30 to 150mm mesh SLuo Pipe ubes
is available ‘i;‘liength 1 to 3m and width Sm. e ' 1 Pipe is designed to be threaded It is not threaded, and pae.
Expanded metal is used as a reinforcement in ferro 3 infore guated .
> 3 g cement constructy einforc onnecting * i |.|ner
foundation, road floors, bridges, etc. It is also used as a lathing material = 2 Pif:ecdtﬁgmuﬂe:;h“s inner (ubesties B YI ‘:W e
(9) Plates: Plate sections of steel are available in different sizes with thickness varyif = - A
5 to 50mm and their Contspondmg \VClghtS are 392 N/mm? and 3925 N/mm?. Plates ‘;-
59
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MODERN CONSTRUCTION MATERIALS:

3.11. Architectural Glass
s used as a building material used for giving better
arent glazing material in the building enve

d for internal partitions and as“"l
d palaces.

Architectural glass is glass that i
appearence. Itis most typically used as transp
including windows in the external walls. Glass also use
architectural feature. As seen in old churches, monuments an
ose is typically whiter in colour than the clear Blasseg

The glass used for this purp!
d or toughened depending on the

used for other applications. This glass can be laminate
depth of the pattern to produce a safety glass.

lass is manufactured by bonding two or more layers of glass ‘ogcthql

Laminated g
ure, to create a single sheet of glagg

with an interlayer, such as PVB, under heat and press
When broken, the interlayer keeps the layers of glass bonded and prevents it from breakin‘

apart. The interlayer can also give the glass a higher sound insulation rating.
There are several types of laminated glasses manufactured using different types of glass

interlayers which produce different results when broken.

3.11.1 Glass

Col;:[sr:li;;)’:r}grgalmc' ma(;enal. which is rigid at room temperature. It is used in buildﬁ
r glazing doors and windows, for insulation and d i i
fusing mixture of oxides of sili : o af i e
con, boron or phosphorus with f i ides e
e s i ; one of the basic oxides j¢
: . gnesia and a quantity of waste gl 1000°
e ty 0 glass at C or more and the
. mix y to prevent cryst. i i .
e 70Okg/cm:-p rystallisation. Mechanical strength of ordinary glas

Properties of glass:

It absorbs, refract and transmits light.
It can take up high polish. :
It is an excellent electrical insulator. ‘
It is available in different colours.

It is extremely brittle.

It has no sharp melting point.

It is not affected by air or water.

It is not easily attacked by ordinary chemical agents

It is transparent and translucent.
It has no definite crystalline structure.

1.
2
3
4.

5.
6

74
8.
o

10.

62

Basics of civil and mechanical engineering
sses available in market area :
made by blowing g

lane surface. Itisext
3,4,5,5.5 and 6.5 mm and sizes up to 175¢

lass in to hollow cylinder splitting the cylinder and then

ensively used in engineering works. Sheet glass in
mx 110cm.

Gla
1. Sheet glass: Itis
flattening itoverap
qvailable in thickness 2.2.5;
hot glass over an iron table and rolling it to form a
s under a heavy roller. Thickness of plate vary from 3 to 32mm and size up Lo
stronger and transparent than sheet glass. Itis used extensively for large
d windows in shop fronts. Itis used for making mirrors.

2. Plate glass: It is made by pouring white-
uniform thickne '
275¢m x 90cm. Itis

paned glass doors an:
powdered glass up on

ither by grinding one side or by melting
1t is used for glazing

d transmits light without transparency.
drooms, and where privacy is required.

glass:Ttis made ¢
es translucent an
dows of toilets, be

3. Ground
it. It becom

doors and win
o or more glasses plates with intervening layers

Jass: It is made by binding tw:
heat and pressure. Itis suitable for automobile

Jastics by applying excessive
Iso for doors and windows of buildings. Itis available in thickness 4 to 20mm.

silica and lead. It shines and takes up good polish.

4. Laminated g
of transparent p
front glass, and a

5. Flint glass: It is made from a mixture of
It is used as optical glass, for making electric bulbs and valves etc.
ling two layers of glass separated by 6mm (o

It is made by hermetically sea
transmission of light. Itis

6. Insulating glass:
12mm of dehydrated air to provide heat insulation and also to ensure
used for glazed doors and windows.
e glass and alternate layers consist of
ss than inner layer. The thickness of
ty and safety even against

t is made of several layers of plat
layers are of lesser thickne:
for providing securi

7. Bulletproof glass: 1
vinyl resin plastic. The outer
this glass varies from 15 to 75mm. Itis used

bullet that fails to pierce throughit.
glass rods. Itis soft to touch, it does not absorb water
by vermin, water and acids. It is woven just like silk or
fiber glass reinforced plastics, etc.

to make it free from strains and

8. Fiberglass: It is made by minute
and it is fire proof. Itis not affected
wool. Ttis used for thermal insulation sheets,
9. Optical glass: Glass made by a special process
is used for making lenses and prisms.

defects. It

10. Optical fiber glass : Optical fibers are very fine strands of glass which have a core of pure
glass, surrounded by different kinds of glass called cladding. Cladding possesses the property
toreflect light, and the reflected eight strikes back to the centre of the fiber. Thus the light rays
are able to travel through the optical fiber by repeated reflection by the cladding. Optical fiber
glasses are used in endoscope, an instrument used by doctors to view the interior of patient’s
body. Itis also used in telecommunication for transmitting telephone calls, thus it replace metal
wires.

63

Scanned by CamScanner



Scanned by CamScanner



Classification of ceramics based on their specific
important ways among many. Based on their com

| v i

ngineering
Basies of cvil and mechani al eng

d by heating a mixture of liquid Farbon dioxj de.“
2 reacted with formaldehyde this resin g .
liquid ammonia under pressure, when lm‘l‘)‘lm.?i:l :)(:c::l:md from this resins are useq f:r o}
ceellent electiical propertics. as! 3 i
ossesses excellent electiiea sohting fixtures such as lamps, reflectors g
\.““\‘:\“\N for wood and wood products, lighting fixtures s P (e,

) Urea formaldehyde: Ureais prepare

and it is derived by the precipitation of milk with e :
3 dtractive arance. Plastics, prepare .
castly workable and it possesses bright attractive appearance Plas prepared fmm“‘
\\*\n\:\ are used for buckles, buttons ete. - s : .
Polyvinyl chloride (PVC) is most popularly ncnlupled p\l/.létl(.bs lf:: m;l\c/ucxgd‘:;g:m bllfl g
Rigid PVC pipes are made by modifying the properties of PVC resins. Windg,
are popular now,

) Casein ; 1ty a phosphor protein

Advantages of plastics

1< They are waterproof, rust proof, rot proof and termite proof. i
2. They are cheap.

8. They have good electrical and optical property.

A4 They are available in various colours.

S They are clean, light and shining.

0.

Justlike wood it is possible to drill, punch and saw.
They can be used as thermal insulator.
Painting and polishing is not necessary.

~3

:

{

i

|

|

1

{

313, CERAMIC !

Ceramics can be defined as inorganic, nonmetallic materials, They are typically crystallinei

hature and are compounds formed between metallic and nonmetallic elements such as aluminun

and oxygen (alumina-Al203), calcium and oxygen (calcia - Ca0), and silicon and nitrogen

(silicon nitride-Si3N4). Ceramics form an important part of materials group. Ceramics are

compounds between metallic and nonmetallic clements for which the inter-atomic bonds are
cither ionic or predominantly ionic.

The term ceramics comes from the Greek word keramikos which means ‘burnt stuff’,

Characteristic properties of ceramics are, in fact, optimized through thermal treatments. They

exhibit physical properties those are di fferent from that of metallic materials. Thus metallic

materials, ceramics, and even polymers tend to complement each other in service.

Types and applications of ceramics

Ceramices greatly differ in their basic composition. The

properties of ceramic materials also
vary greatly due to differences in bonding, and thus found

a wide range of engineering applications.
applications and composition are two most
position, ceramics are classified as: Oxides,

66
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asics

i itri i . The other important classification of ceram
des, Nitrides, Sulfides, Fluorides, etc : :
gf:é c;'n their application, such as: Glasses, Clay products, Refractories, Abrasives, Cem
i .
Advanced ceramics.

In general, ceramic materials used for engineering applit':alions can‘l?e divided int¢
s: traditional ceramics, and the engineering ceramics. Typically, lradmonal'cerar!n(
groupﬁ-om three basic components: clay, silica (flint) and feldspar. For example bricks, ul;
madelain articles. However, engineering ceramics consist of highly pure compounds of alumi
e (AI203), silicon carbide (SiC) and silicon nitride (Si3N4). Glasses: glasses area f.ar.x
e f ceram’iCS — containers, windows, mirrors, lenses, etc. They are non-crystalline sili
group Oin other oxides, usually CaO, Na,0, K20 and AL,O, which influence the gl?,ss prope
Coguil[l?cflon Typical property of glasses that is important in engineering applications |
:ensponse to heating.

Diamond, silicon carbide, tungsten carbide, silica sand, aluminium oxide / corundum are s
jamond, , : £
typical examples of abrasive ceramic materials.

i i der this group of ceramics. The characte:
: cement, plaster of paris and lime come unc ] :
Cemegls 4::these materials is that when they are mixed with water, they form slurr'r{:luch
prgpe zently and hardens finally. Thus it is possible to 'form Yu‘tually any shape. They are
fx:etsicz?s bonding phase, for example between construction bricks.

Advanced ceramics: these are newly developed.and manu_facturcd in h'nmeddrac::ﬁ ;‘ol;:!;;:

icati Usually their electrical, magnetic and optnc'al properties an .
appllca?lonsl-‘e exploited. Typical applications: heat engines, ceramic armors, elect
e z:au: Some typical ceramics and respective appljcalior.xs are as.follow.vs: AIupm
pac.:‘lic ag::Igu‘min.a (Al ()'. ): it is one of most commonly used ceranpc rflatenal. Itis used in r:
i I'e/ tions such |\ {o contain molten metal, where matena'l is opera!.ed at velli'za .
?ei)rﬂl;:?alurés under heavy loads, as insulators in spark plugs, and in some unique app
such as dental and medical use.

i i i ical insula
Aluminium nitride (AIN): because of its typical propeme.s suchlfas %oc:: ZLe:t:(s: ggoas
but high thermal conductivity, it is used in many elecn'on{c applicatio Al
circuits operating at a high frequency. Itis also smtablg fqr unegmled;:lx(z:g -'55i0 foe
ceramics include — barium titanate (BaTiOJ).and Cordierite (2MgO- X ,)-
itis the hardest material known to available in nature.

3.14. Sound absorbing materials

bsort
Most of the common building materials absorbs sound to a sr;nall l«;.xten;. ﬂl:;-:(c. .
sound some other materials to be incorporate(.i on the surface of wall, roof,
materials are known as sound absorbing materials.
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. i of liquid carbon g;qe-
¢) Urea formaldehyde: Urea is prepared bY heaun%'?hn;z)ﬁnuzdehyge this resi: l:l? o
liquid ammonia under pressure, when urea fe"_cmd ::lued from this resins are used f, o
possesses excellent electrical properties. .Plas'llc pre such as lamps, reflectors o
adhesives for wood and wood products, lighting e b

d) Casein : It is a phosphor protein and it is derived by the pltClP;;ﬂl_?n‘ ?f milk with g, _

easily workable and it possesses bright attractive appearance. FIasucs, prepared frg.

resins are used for buckles, buttons etc. o B ) o
Polyvinyl chloride (PVC) is most popularly accepted plastics for making pipes in by

Rigid PVC pipes are made by modifying the properties of PVC resins. PVC door and
are popular now.

Advantages of plastics

They are waterproof, rust proof, rot proof and termite proof.
They are cheap.

They have good electrical and optical property.

They are available in various colours.

They are clean, light and shining.

Justlike wood it is possible to drill, punch and saw.

They can be used as thermal insulator.

Painting and polishing is not necessary.

3.13. CERAMIC

N Y

?;ﬂ:;:i?;;;“g;‘:;?lé?ﬂ galcfium and oxygen (calcia - Ca0), and silicon and nitrogs
- . Ceramics for : b 3
compounds between metallic and TM an important part of materials group. Ceramicsa

. Rty nonmetallic ele; i : 8 K
either ionic or predominantly onic, ments for which the inter-atomic bonds;

Types and applications of ceramics

Ceramics greatly differ in their basi
asic compositi :
Yary grealydueo diferences i bon ity !
assification of ceramics based on their spec; ; range of engineering applica
X specific aj i 2 o
!mportant ways among many. Based on their compgsfgltlig:t'zens ani:omp(;smon are two me*
» Ceramics are classified as: Oxide!
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Carbides, Nitrides, Sulfides, Fluorides, etc. The other important classification of ceramics is

based on their application, such as: Glasses, Clay products, Refractories, Abrasives, Cements,
Advanced ceramics.

In general, ceramic materials used for engineering applications can be divided into two
groups: traditional ceramics, and the engineering ceramics. Typically, traditional ceramics are
made from three basic components: clay, silica (flint) and feldspar. For example bricks, tiles and
porcelain articles. However, engineering ceramics consist of highly pure compounds of aluminium
oxide (A1203), silicon carbide (SiC) and silicon nitride (Si3N4). Glasses: glasses are a familiar
group of ceramics — containers, windows, mirrors, lenses, etc. They are non-crystalline silicates
containing other oxides, usually CaO, Na,O, K20 and ALO, which influence the glass properties

and its color. Typical property of glasses that is important in engineering applications is its
response to heating.

Diamond, silicon carbide, tungsten carbide, silica sand, aluminium oxide / corundum are some
typical examples of abrasive ceramic materials.

Cements: cement, plaster of paris and lime come under this group of ceramics. The characteristic
property of these materials is that when they are mixed with water, they form slurry which sets

subsequently and hardens finally. Thus it is possible to form virtually any shape. They are also
used as bonding phase, for example between construction bricks.

Advanced ceramics: these are newly developed and manufactured in limited range for specific
applications. Usually their electrical. magnetic and optical properties and combination of
properties are exploited. Typical applications: heat engines, ceramic armors, electronic
packaging, etc.Some typical ceramics and respective applications are as follows: Aluminium
oxide / Alumina (A1.O,): it is one of most commonly used ceramic material. It is used in many
applications such ss 1o contain molten metal, where material is operated at very high

temperatures under hieavy loads, as insulators in spark plugs, and in some unique applications
such as dental and medical use.

Aluminium nitride (AIN): because of its typical properties such as good electrical insulation
but high thermal conductivity. it is used in many electronic applications such as in electrical
circuits operating at a high frequency. It is also suitable for integrated circuits. Other electronic

ceramics include —barium titanate (BaTiO,) and Cordierite (2MgO-2A120,-5Si0,). Diamond
itis the hardest material known to available in nature.

3.14. Sound absorbing materials

Most of the common building materials absorbs sound to a small extent. For absorbing

sound some other materials to be incorporated on the surface of wall, roof, floor etc. Such
materials are known as sound absorbing materials.
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Defects in Timber
e gimber 8N
Thtdc&ctsmxm‘* .
@ Dd"&-xs&:mﬁ“f’“
@  Defxudewniss
jmsacts
@  Defocsdue0iEses
@) l)cicc*tsibr"““""l_m‘eai
@) Defects doc o esSomng

3.17.1 QUALITIES OF GOOD TIMBER

meaimw:dﬁmwmwmdm

ol ol A
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1
i1
5
i
Ji
g
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Agcndﬁmbushuﬂdbemﬁ'nﬂmamghmdilshonldhu

sTectare.

10. A good Smber shoeld resist weathering effects ina beter way.
11. A sood tmber should possess enough strength in longitudinal

direction.

2 Timber should have sweet smell 2 give a clearinging sound when .

each other.

3.172 PRESERVATION OF TIMBER

A sood timber should be free from
A sood Smber shoeld he darsble. R shouke "
imsects, chesmicals, piysical andmechanicsl agencies.

Sould be capebie of resisting the action

Basics of onvel amd mechanacal emgameering

D Chomuical salts such as copper salpbate, mercery chlorides, sodiem Slucride and
znc chlonde.

® Coaltar
) Greosoeoil
v)  Oidpams

w  Solgousm psints
3.18. SEASONING OF TIMBER

Amﬁvmwmmm‘.ﬁi‘sm&y@s*ihhd‘qﬂ
- moistore. This moisture may lead to fermentation snd consequent decay of Smber. Hence this
water i 10 be removed before timber can be used for 2ny engineering purpose. This process

removing maoisture or drying of timber is knows as seasoning of timber. :
| 3.18 1. Objecrives of seasoming

To allow timber to bum easily.

To decrease the weight of tmber and heace o lower
handiing.

3. Toimprove hardness, stifiness and strensth. o !
4. To make the Gmber sefe from the ammack of fengi snd msects.
s
&

To reduce the tendency of tmber  crack, shrink sad warpesc.
To make timber fit for receiving treatment of peinss, vems:

To improve the life of the fimber 2nd to protect the timber structures fror

of fungi. INSeCts eic. pressyvaiives are spphied oa the surface of tmber.
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41 L\TRODL‘CTIO.\' . of objects on the
ne is of determ 3 X
Surveying isthe m::rftf of carth by means @
or above of beneath the
vertical plane- - hid
; surveying
Levelling is the. branch ;Z g
heights of different objects on TS .
The primary object of 21¥ 9—“‘; ';‘_mm o
as the wﬁcdmol‘agmdaqd e
3 c-f:m.ues:mdob,yec@qmnmvm“S =
the s:ﬂcsdapleds\m'smaﬂmml‘ﬂm
Primary divisions ojmrwwnl . S}K‘f)m% may
plane surveying and (2) geodetic SUNVeyIng- - .
(1) Plane surveying: Plane gmeyingisdre;}:?!m‘ll‘f\mgm“

) E T
isconﬂ'dctedasplammdamnnntotmf isnegke .
area. Surveyscovering an ared of 200km’ may be considered as plane survey.
linccamectinganyrvaoimsomheeanhsmfm‘_tm
between this lines a5 plane angle. Plane survey is use
railways, construction of bridges. dams, buildings, etc.
(2) Geodetic surveying: Geodetic surveying is also called trigonometric
survey it is necessary o take into account curVanure o
survey extend over large area (greater
this survey, line connecting any two poinis on
of a great circle.

4.2. BASIC PRINCIPLES OF SURVEYING:

The two fundamental principles of surveying are: i) to work from whole to part
the position of new stations by atleast two independent processes.

(i) To work from whole to part:

The first ruling principle of surveying is to work from whole to part. In plane o

surves 'mibm‘”ﬁ‘mdmm‘ﬁmmg oy

area 10 be surveyed is divided into large triangle which are surveyed with great accul

78

: e pOSITODS B o
. pelative PO of measurement in the ha 20y

b deals with the measuremeng of

pe divided into two general ol

considered as straight line am
4 for layout of canals, high

than 200km ) or accurscy of work requiredis|s
the earth surface is curved or considere

. § mechanical IMEOTIRE
’ ~ivel and ol emge
Basics of <

uwmb&mmwpﬂr

ofnewpoinlcuﬂdbektz:dbywﬁmn?m
already been fixed. Le(Amdeethnefuwept_su&e

be located with reference 0 A andB.
and b For fixing “C onshest

(ﬁ)roﬁ:azmuo-“ of

The relative position
points whose positions are alr
‘ and “C" be the pew pomt @
mmep(sidmof:\mdBmamwingmmsuksa

there are Ve

fig. 4.1 Inal:poimcmmnanlb

measmedisunce:\CandBC,&awm-lsﬁ_l-lb-ilrﬁst‘-l'h's
in figure 4. 12 The meeting point of these two arcs is * ¢ This method is used i
chain surveying.
Awmmummmm-ammd
DC. The point “¢” can be plotted by using set-square. This method is termed as offtetting
and is used for locating details. Figure 4,10

Distance BC and anglke ABC can be measured and point ‘C is ploted by mesns of progactoe
or by solution of triangles. This method is used in traversing. Figure 4.1.c.

Distance AC and DC are not measured but measure angle BAC and ABC. Knows
distance ‘ab’ point *c’ is plotted either e Knowing -
mhnds-adnmm:’l:"“”"m“ ™
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e) Wing;
angg, |

sured and point ‘¢’ is'plotted by
1‘b’. The meeting point o
Figure 4 le.

Distance AC and angle ABC are mc{.bw’ron
arc of radius *ac” from ‘a’ and mark zlmglt ‘ ﬁina

and arc is *¢’. This method is used in traversing.
4.3. WORK OF THE SURVEYOR

The work of surveyor may be divided into three parts:

(@) Feld work
()  Office work
(¢)  Care and adjustment of instruments.

a)  Field work: Field work consistin (i) measuring distances and angles, (i) locat

; : ive alti g
details, (iii) recording the details in field notes, (iv) accessing the relative altitude of p%u
(V) setting out boundaries and objects. ;

b)

Office work: The office work consists of (i) Preparing plan, map an'c.l. SeCt'ionS fr
data collected from the field. (i) Calculations of areas, volumes and (iii) design of Varj
structures from the collected data.

©)  Care and adjustment of instruments: Surveying instruments like theodolite, com

level, etc. are very delicate and must be handled with great care so that various parts may
be strained or loosened. Many parts of the instruments which if once impaired cannqy
restored to their original efficiency. The surveyor must be thoroughly familiar with
instruments which he use. He must also know the methods of testin

noted, otherwise it may be difficult to replace it. The instrument should be set on its
spread and stable tripod stand and it should be protected from sun, rain and dust.

practice.
4.4. CLASSIFICATION OF SURVEYS
Surveys may be classified in different ways:
1. Classification based on nature of the field.
(1) Land survey - Survey conducted on earth’s surface,

(ii) Marine or navigation survey - Survey conducted under water.
(iii) Aerial survey - Survey conducted by Aeroplane in air.

80
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2. Classification based on the object of survey.

(,) En]gmeer'mg survey - For determming feasibility of engineering projects
(ii) Military or defense survey - For determining points of strategic impo
for both offensive and defensive, iy
(iii) Geological survey - For determinin, diffi i
o et € different strata in the earth crust,

rexploring the mineral Wwealth such as gold, copper, coal etc.,

3. Classification based on methods employed in survey

@
(ii)

Triangulation survey
Traverse survey

Triangulation survey: Triangulation is the basis of tri,
Here the area is divided in to network of triangles the le;
directly or indirectly.

gonometrical or geodetical surveys.
ngth of whose sides are measured

(ii) Traverse survey : In traverse surve
framework and the directions and lengths o
tape. There are two types of traversing (a)
lines form a circuit which ends at the st:
called open traverse.

4. Classification based on instruments employed

Y a number of connected survey lines form the
f the survey lines are measured with theodolite and
open traverse and (b)closed traverse. When chain
arting point then it is called closed traverse otherwise it

@) Chain survey

(i) Compass survey

(iii) Plane table survey

@iv) Theodolite survey

W) Tacheometric survey

(vi) Aerial or Photographic survey
(vii) Hydrographic survey.

(i)  Chain surveying: Itis the system of surveying in which the sides of various triangles
or line connecting stations are measured directly in the field. In this method no an_gular
measurements are taken. Chain surveying is the simplest type of surveying and it is suitable.

(@) When the ground is fairly level and open ground with simple details.
(b)  When plans are required at large scale.
(c)  When the area is small in extent.

Equipments for chain survey are 20m or 30m chain, 10 arrows, Ranging rod, plumb-bob,
cross-staff, peg, field book, etc.

81

Scanned by CamScanner



Scanned by CamScanner



Basics of cwvil and mechanical engineering

< the most intricate and accurate instrumen,
15 -

(W) Theodolite surveying: Theodolite « ]t can be used for locating points
measurement of horizontal and vertical i‘"?“"’] -vation, setting out grades ranging
prolonging survey lines, finding difference inele

Surveys done with theodolite is known as

Cuy
theodolite surv eying.

Objective
Vertical circle | [} — Telescope

Altirude bibble
AX.IS__

Plate Levels

pper plate
Plate V M P

1 Lower plate

Levelling screw

' Tripod

fig. 4.4 Theodolite

Theodolite consists of a telescope by which distant objects can be sighted. The teles
has two distinct motion horizontal and vertical. Motion in horizontal plane can be mea

on a horizontal graduated circle by means of a set of verniers. Similarly vertical motionc 4

be measured on a vertical graduated circle by two verniers. 2
right angles to each other are fixed on the upper surface of the vernier plate for levelin
instrument. A compass is mounted on the centre of vernier plate. ( Figure 4.4 showsat
theodolite.)

(v) Tacheometric survey: Tacheometry is a branch of surveying in which the horizonlﬂ:

vertical distances are determined by angular observations with a tacheometer. observal
with a tacheometer. There is no linear measurement. Tacheometry is not as accurate as chait

84
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but it is more rapid in rough and difficult countrie

inaccurate and slow. s where levelling is tedious and chaining is
inac ;

.T:’Cheomemc sur\'e)_'ing is used for preparing contour plans, hydrographic surve
location survey of mad§. Wways etc. Instruments used in tacheometric survey are hchco:mny;
stadia rod, pegs, ranging rods, offset rods etc. -

(vi) Aerial or photographic survey: Photographic surveying is a method of surveying in
which P"‘f's Or maps are prepared from photographs taken at suitable camera smionysl.n?t i
classified into two types (a) ground photogrammetry and (b) aerial photogrammet ll:
ground photogrammetry maps are prepared from ground, and in aerial photogmmu:my.e
photographs are taken from air. Photo theodolites are used for this survey. &

(vii) Hydrographic surveying: Hydrographic surveying is a branch of s i i

with the determination of position of a body unde):lst?ll Or running xsﬁ:ic: :]:::_g
harbour, stream, or river.It comprises all surveys made for the :ielermination of (i;
shore lines, (ii) soundings, (iii) characteristics of the bottom, (iv) areas subject to scouring
and silting, (v) depths available for navigation, (iv) velocity and characteristics of the flow
of water. It is also used for fixing the location of buoys, lights, rocks, sand bars, etc.

4.5. LINEAR MEASURMENT OF DISTANCES

There are two methods for determining di (a) direct method and (b) computative method. In
direct method distances are actually measured on the ground by means of a chain, tape or other instru-
ments. Butin computative method di are obtained by cal ionds intech yand triangu-
lation. -

(a) Direct method for ement of di. Several methods are available for measuring
distance, but the method to be selected depends up on the degree of accuracy required.

1. Pacing: Where approximate results are required, distance may be determined by pacing. This
method consist in walking over the line to be d and ing the ber of paces. Knowing the
average length of pace the required di may be calculated by multiplying number of pace with
width of pace. Width of pace may taken as 80cm, and it varies with age, height and physical condition
of person. This method is used for reconnaissance surveys, preparation of military plans etc.

a A

2. Insirumental method: Some instr like p . P . speed-
ometer and perambulator may also be employed for finding the di pproxi ly. Speed:

and perambulator give better results than pacing provided the routeselected is smooth as along
ahighway.

3. Judging distance: This is a very rough method of determining distance. It is used in estimat-
ing distances of details in reconnaissance survey.

4. Time ement: The di are roughly d by knowing the average time taken per
kilometre by a person at walk. ¢

5.  Chaining: The p of ing di with the help of a chain or a tape is called chain-
ing. Itis the most accurate and ly used method for ing di Steel tapes are used

instead of chain for measuring small distances below 5m and when great accuracy is required.
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4.5.1. Chain Surveying

: " ving. In this method the area to

The simplest kind of land surveying is chain surfcylr‘li are measured with a tape Ol::: 3
divid into 0y cstbe f triangles and sides of each U!ang itable when (i) the area is Sma]] {

e cldm o rnots are taken Chain survey is sul lans are required on a | b
angular measureme * .. (i) plans are re alarpels
(")g h dis fairly level and open with simple details: (i) P 8¢ se;

ii) the ground is fairly heareain0d frame work consisting of anyy
les, because triangle is the only geometry that

in plotting, the frame ¥
plotted from the length of their sides. For getting bener’{)elsu'lr‘}sxe“:ningle t%aving anglesvilmlk .
consists of triangles which are as nearly equilateral as ROSSlle:' A well conditioned trianglee:f‘ ;
and greater than 120° are known as ill-conditioned m;?n% ' My
between 30 and 120° is always prefered in chain surveying

s of the chain to facilj Z
chain in measurement. itate quick

o div Types of chains: There are mainly two types of chaing
The principle of chain surveying is 10 &t

triangles and measure the sides of each triang (a) Metric chain and (b) Non-metric chain

(a) Metric chain: The metric chain is 20 or 30
meter and small brass rings at every meter len;
different shapes depending upon their position
guish them from non-metric chain. The full |
over the handle frame. In metric chain the le

meter in length. Tallies are provided at every five
f gth for counting the number of links. Tallies are of
in the chain. They are marked with letter ‘m’ for distin-
ength of chain, 20m or 30m as the case may be marked
ngth of one link is equal to 20cm.

4.5.2. Terms commonly used in chain surveying

. : inni d end of a chain line,
Survey station : survey station is a prominent point at the beginnung ancen X :
two ty’pe of stations. (i}; main station and (ii) subsidiary or i€ Sf“?“?";’M‘:& S;?;t‘i‘;';:"e ends of g
lines which shows the boundaries of the survey aqd the line Jomm;\m ‘ all’e calleq,
survey lines. Subsidiary or fie stations are the points selected on Ne r;?m S::V?y fflne Where
are not right angles to the chain line are called oblique offsets (LM, LN). If length of offset js
15m then it is know as short offset and otherwise it is know as long offset.

%

Steel band chains are steel ribbons of 16 mm width and 20 or 30m length. It is used for accurate
survey works. Graduations are marked in metres, decimetres and centimetres i
links on the other side. on one side and 20cm

(b) Non-metric chaiu‘ 8 ANon—metric chain used in countries where foot is the unit of distance.
Examples of non-metric chain are (i) Gunter’s chain (ii) Revenue chain (iii) Engineer’s chain.
(i)  Gunter’s chain: Gunter’s chain is 66ft long and is divided into 1001

inks. Itis used for measurin,
distances in miles and furlongs; and for measuring area in acres. > =

plLL (i) Revenue chain: Revenue chain is usually used for measuring fields in cadastral survey. Itis 33 ft
' long and is divided in to 16 links.
E . (iii) Engi ’s chain : E; ’s chain is 100ft long and is divided in to 100 links. Tt is used forall
i Qi :

engineering surveys. Engineer’s chain is recorded in feet and decimals.

4.53. Advantages of chain:

ig 4.5
Fig 4 (a) It is suitable for rough usage.
s i (b) It can be easily repaired in the field.
15.3. Instrument used for chaining: (c) It can be easily read. .
(d) It has long life.

The following are the instr used for chaini &

i Chain ii. Tape 4.6. LEVELLING

iii. Arrows iv. Cross staff . v i 3 ¥ .

v Opticalisquare il Ranging rod velling maybe defined as the art of deter g the relative heights or elevation of objects on the

vii. Offset rod viii. Plumb-bob

arth’s surface. Levelling deals with measurement in vertical plane and main purpose of levelling are

i) locating grade line of highways, railway,sewers, pipeline, canal etc. (ii) to calculate volume of
arthwork for construction project. (iii) helps to identify drainage characteristic of an area.

4.6.1. Instruments used for levelling

ix. Pegs, wooden hammer, etc.

(i) Chain: Chains are composed of 100 or 150 pieces of galvanized mild steel wire 4mm in dias
known as links. The ends of each links are bentin to a loop and connected together by three ovall
or circular rings which provide flexibility to the chain and make it less liable to become Kin

Instruments used for levelling are (i) level and (i) levelling staff. The level furnishes a horizon-
ends of the chain are provided with brass handles for dragging the chain on the ground. Itis prov:

tal line of sight and levelling staff is used to determine the vertical distances of points below the
horizontal line of sight. 2
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s waved slowly towards the level and backwards an

i i e staff i
ordinary levelling, the sta Sometimes the sta

reading is taken to avoid these errors.
the plane of sight, here too waved th

4.6.5. Reading the levelling staff

Staff reading should be taken in the following order:

a) Setup and levelled the instrument carefully,
the staff station and focus it.

b)  Always bring the staff between the two vertical hairs, and 3|W:'.I')'S used the Poniondl
horizontal cross-hair between them for reading the staff as the horizontal cross hair
slightly inclined. By means of the vertical hairs, the level man car} see whe.lhcr the staff g,
plumb. If there is only one vertical hair a reading be taken at the intersection of hoﬁmﬂm‘

vertical hair.

¢)  Observe whether the bubble is central. If not, centre it by using one of the foot SCrews;

nearly in line with the telescope, and note the reading at which the horizontal cross hair gy,
to cut the staff. First count the red figure (metres), then the black figures (dccimetm)”

finally count the spaces. Record the reading.

If the graduation on the staff are inverted they look erect when seen through the tel,

Then the staff should be read upwards. But, if the graduations are erect they .,,

inverted, then the staff should be read downwards.

4.7. PRINCIPLES OF LEVELLING

The level is set up and correctl
telescope is rotated about its vertical axis, it will re
collimation. All the staff readings taken with the t
downwards from this plane as shown in fig. there a

volve in a horizontal plane known as plan

d b

ff is held inverted when the Pol::ei‘ g
station and the least reading j N

Ei g | backsight (B.S) on a bench mark.

direct the telescope towards vertically helg

ly levelled, the line of collimation will be horizontal, and whep

elescope will be the vertical measurement m
re two essential steps in levelling. The first sie

Basics of civil and mechanical engineering

to find the elevation or reduced level (R.L) of the plane of collimation (H.I) of the level by taking

Height of instrument (H.) =R.L of Bench mark + B.S

The second step is to find the elevation or reduced level (R.L) of any other point by taking a
reading on the staff held at that point.

R.L of apoint =

Height of instrument - Foresight towards the point
orR.Lof point =

Height of instrument - Intermediate sight toward the point
4.8. Classification of levelling
Levelling may be classified in to two types

(i) Simple levelling and (ii) Differential levelling.

(ii) Simple levelling : It is the simplest operation in levelling when it is required to find the
difference in elevation between two points, which are visible from a single position of the
level.

(i) Differential levelling: Differential levelling is used to find the difference in elevation
between two points when a) They are far apart, or (b) the difference in elevation
between them is too great, or c) there are obstacles intervening. In all these cases, it is
necessary to set up the level in several positions and to work in a series of stages.

4.9. Reduction of levels

There are two systems for working out the reduced levels of points from the staff
readings taken in the field. (1)The height of collimation system and (2)the rise and fall system

(1) The height of collimation system: In this method the height of the instrument (Hl') is
calculated for each setting of the instrument, and then calculating reduced levels of points
with reference to the respective plane of collimation.

To begin with, the height of collimation for the first set up of the level is determined by
adding the backsight to the reduced level of the bench mark. The reduced level of the intermediate
points and first change points are obtained by subtracting the staff readings taken on these points
from the height of the instrument. When the instrument is shifted to the second position a new
plane of collimation is set up. The new height of instrument is the sum of reduced level af
change point and backsight from the new station to change point. The reduce levels of the
successive points and the second change point are found by subtracting their staff reading:
from the height of instrument. After completing the reduction of the level the accuracy of th
arithmetic work should be checked by using the formula.
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3 tobel AP 1
decp e a 1§ any
i< are driven e
— ,‘_,:é*re_;:u;k\\uhmxront\uo,i
uld be excavated and filled with ¢
s it should be made level by cas
s _ sitedinal axas of the trench, ®
s at different levels. In this m‘m“ﬂ’lhe

ansmitted to the underiying soil through the bo“%"
foundation gets compressed due to the load m‘mkﬂml

1t of the base of the structure is called settlement of
be generally classified into two types.

T unequal settlement

s¢ of equal senlement every art of the building settles by an equal amount,

al settlement different portion of building settles unequally and may causes

Reasons for equal sertlement:
a. Due to consolidation of soil under the foundation.
1ation of ground water level in loose granular soil.
as ompression of the soil below the foundation.
d. Swelling and shrinkage of expansive soil.
€. Soil movement in earth slopes. eg. land slides and surface erosion.
f. Due to adjacent excavation, mining, under ground eTosion eic.

b. Due to fluct
stic ©

Reasons for unequal or differential settlement:

a DuetonoanifczmpressmedismhIﬁmfmmthefoundaﬁm

b. Due to the construction of heavy loaded buildings near light weighted buildings

<. Due to unequal expansion of soil.

d. Due to overlap of stress distribution in soil from the adjacent
structures.

e. Due to geological and physical nonuniformity of soil. If the soil in one porti
soft and for the other side hard rock then to pressure from foundation soft soil settle
but hard rock may not have any movement..
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2.1.5. Classification of Foundations

m@;\“n&mfmmmmmtem ' classified into shallow deep foundation.
If depth offdmd_mmis}esm.nora:(ua.ll ?dl s roc ;
foundation. When depth is more than width, it is knos
Depending upon the nature of load and ty S i 1
: A t YPe of supporting soil the
foundations (a) spread footing (b) pile foundation and ©) :;r fofmdation r:na;smmh&ﬁanmws’ <
spread footing comes under the classification i i
under deep foundation.

Load per metre length of wall
allowable bearing capacity of soil

Width of Shallow foundation =

Depth of foundation from Rankine's formula for loose soil,

p';_l—sino-':
=P

depth = — -
@| 1+sing J
where, P - Safe bearing capacity of soil in kg/m®.
@ - Weight density of soil in kg/m’.
© - Angle of repose of soil
for clay e - 151020
for sand 2 - 15 w30
for gravel 2

- 3511045
5.1.6. TYPES OF FOUNDATIONS

(a) Spread found

2 Shall. fo 4d
ion or

In this type of foundation the load is spread overa large area and thus the intensity of load
transmitted to the soil is less than its allowable bearing capacity. Different types of spread
foundation are:

D Wall footing

o) Isolated or column footing.

@)  Combined footing

iv)  Cantilever footing

v) Continuous footing
vi)  Inverted arch footing

vi)  Grillage foundation
viii)  Raft or mat foundation

ix)  Stepped foundation
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ations:

Mat foundation used in the following situ fand OF marshy land with low beal‘ing

(a)  When the soil is soft clay or made up
capacity. . oo divi
(b)  Building loads are very highso thatindi

i - possibility of
(c) (\)/\l/t}llee:c there is chances of differential settlement or possibility ol earth g,

. » settlement by equalisj "
(d)  Itisusedinhighly compressible soil to mdl:ju slcllllnme Y equalising the
. el f excavated soil.
weight of structure and weight 0 5 rermore thy
(e) Whgen cloumns are very close s0 that spread footing cove an ha]fof“h
area. . oo g arm to the su
Mat foundation can face large settlment without calrlS";g :;‘lzlnlt:l‘\:];“ g Stmct"nﬁ
. . ; 2 .
because in this case the whole structure is resting ona sing 'ck concrembenng
When the load transferred to the foundation is excessive, thic c[{) Weight of solid e
to connect the columns for better rigidity of structure (fig 51_ ). Weigl S Temgy
should be more than the combined weight of building and raft.

T

dual columns footing may °Veﬂup

main beam
1 1 [ =5-Raft mfoundation
Elevation
117 T} Raft mfoundation
—~
olumn ~ N
_;; main beam
beam __| M
/‘fr A
Plan

Fig 5.10 Raft Foundation

ix) Stepped foundation: When the ground is sloping (slope >10°) it is uneconomical to provi
foundation at the same level. In such cases stepped foundation is provided. The overl
between two layers of foundation slab must be greater than the depth of concrete slab.
minimum depth of foundation slab is 80cm below the ground surface.
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(b) Pile foundation:

pile may be defined as along vertical member made up of timber, steel, concrete or R.C.C or a
combination of any of these U§ed to transfer the load of structure to soil. The foundation which
consists of piles is known as pile foundation. Itis a deep foundation used for buildings if heavy
Joads are to be transferred lhrqug.h soil strata of low bearing capacity. Pile may driven vertically
orslightly inclined, if the pile is inclined then it is known as battened pile.

Depending up on the material used piles can be classified as wooden pile, concrete pile,
steel pile, R.C.C pile, pre-stressed concrete pile etc.

Friction pile
End bearing pile
-

[ e

Fig 5.11 Pile Foundation

Depending upon the load carrying capacity it is classified as load bearing pile and non-
load bearing pile (sheetpile). Load bearing piles are capable of carrying load and they are
further classified in to end bearing pile and friction pile. 1f aload bearing pile rest on a hard
strata as shown in figure and transfer load to that strata, such piles are known as end bearing
piles. When loose soil extend to a great extend, piles are driven up to such a depth that friction
between pile and surrounding soil will resist the load, such piles are known as friction piles.

Concrete piles can be broadly classified in to two types (i) Pre-cast concrete piles and (ii) Cast-
in-situ piles.

(i) Pre-cast concrete piles: This type of piles are cast in a yard, cured and then driven into the
ground. They are commonly of square section with chamfered corners. Other shapes are
also available but octagonal shape has a better appearance and reinforcement can also be
placed easily in it. Concrete mix generally used for pre-cast piles are 1:2:4 or 1:1%4:3.Diameter
of piles vary from 25 to 60cm. Length of pile vary from 3 to 30m, but generally less than 5
metres are not used. while driving these piles into hard soil, cast iron or mild steel shoes of 20
cm depth 15 cm width are provided at the lower end.
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Dbearing capacity isincreased by 50%. Refer fig 5.13

The principle of this type of foundation is 1o ancho,
gn\uml mn\'cnwn.ls (lm: to .clmugcs inmoisture content o
piles may be prowdAcd for foundation of lighter structure and double under-reamed piles for
heavy structures. For double under-reamed piles, spacing between two under-reamings are
Kept cqual to 1.5 .lilncs the under-reamed di . Di of under-r I portions are
pormally 2 to 2.5 times the diameter of the shaft and do not exceed three times. Under reamed
piles can carry heavy lateral load 50 it can be used as foundation of retaining structures, tower
footings, abutments, etc., where lateral load is heavy,

r the structure at a depth where the
re negligible. Single under-reamed

e

Other types of Piles are:

Baiten pile : Batten piles are also known as spur piles. They are constructed to resist horizontal
Joads and are usually driven in an inclined direction. Used for supporting dolphins for mooring
ships, for resisting horizontal earth pressure,

stvops

_cast won shoe

I Sheet Piles: 1t consists of interlocking steel plates of different shapes so that it can be casily
—— driven into the ground or river bed and the  space in between two layers are filled with sand.
@o They are commonly used to retain soil in structures like wharves, dams and other water
ool relaining structures.
=
Fender piles: Fender piles are driven infront of wharves or other coastal structures to protect
them from impact of ships.
Compaction piles: Piles which are driven into the coarse grained soil for compacting the soil
: for increasing its density are called. Compacti iles. They are not designed to ¢
fig. 5.12 Precast concrete pile f1g.5.13 Under-reamed pile porncreasiag sl & Ractonipy Yy o e Gald fieed]

load but simply used to improve the bearing capacity of soil. Coconut logs are also used as
compaction pile. Some times after driving the compaction pile to the required depth, it is
removed and the hole is filled with sand or plain lean concrete mix.

The major advantages include:
It can be examined and make necessary repairs work before end use. The positioning
of reinforcements can be maintained. These piles can be easily driven under water also.
C) PIER FOUNDATION:
(i1) Cast-in-situ piles: Cast-in-situ piles are cast at the place where they have to functio
driving a casing in to an excavated hole and filling up this casing with concrete. If the ca
kept in position after placing the concrete then it is called cased cast-in-situ piles. If the
is withdrawn after placing concrete then it is called uncased cast-in-situ piles.
Different rypes of uncased cast-in-situ piles are:
1. Simplex pile 2. Pedestal pile
3. Vibro pile 4. Under-reamed pile.
Quit of these under reamed piles are special
Under-reamed piles: Structures built on expansive soil often crack due to the dif!
movement caused by the alternate swelling and shrinking of soil. An under reamed
provides a satisfactory solution to this problem. With one additional under-ream (bulb)

Pier foundation used when hard strata are available at a reasonable depth and the load to be
transmitted is large. Pier foundation is shallower than pile and it is cast-in-situ type. It may be
ahuge cylindrical masonry or a hollow vertical shaft filled with inert material. Itis used as
foundation of bridges, towers, etc

Well foundation is generally used for foundation under water, such as ducks, bridges
ete. It will not be a solid structure like that of pier but will be hollow inside, resembling a well.
The load is transfered through the wall around called staining. The well is constructed and
brought to the site. Then it is gradually driven down by digging the soil from inside. The
bottom is plugged with conerete and the hollow portion is filled with sand. The whole well is
then covered with a cap above which the super structure will be constructed.
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Tiar used is very small
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onry: In ashlar masonry

ary due 1o dressing and po

ht of stone v

SI02¢ masonry ang
stooes are obtxined from rock g

tones of rectangular or square shapes are useq.

fstc s from 25 to 30cm. It is much
: _~h_<h.mg of stones. But compared to other
and it is stronger than other bonds.

_—
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I

Fig. 5.14. Ashlar masonry

3.5.1. Different oypes of rubble masonry are:

Random rubble masonry
Coursed rubble masonry

Polygonal rubble m
Flint rubble masonry

106
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R

@ Rendom rubble masonry:

Ip this P, Stones of m*e‘_:ul.ir shapes are used but they are armanged so as to give a good
H:‘R‘ thickness of mortar joint should be less than 12mm and face stones are

sed T‘-!‘US f_\'L\‘:ﬂ masoary can be used for residential building, compound walls,
¢, etc. Random rubble masonry can further be classified into (1) Coursed random rubble
1i) Uncoursad random rubble.

and(

Coursed random rubble masonry: In coursed random rubble masonry, stones are laid
1o maintain level courses. In each course, headers of full course height and consisting of
hemmer dressed stones are placed at certain intervals, known as cross stones. Each header
has 2 width not less than its height and project in to the wall at least three times its height.

R

888 &

Fig. 5.15 coursed random rubble masonry Fig.5.16 uncoursed random rubble masonry

/i) Uncoursed random rubble masonry: Uncoursed random rubble masonry is built without
dressing. The stones are of different shape and mason selects the stones at random from
heap and place them to form a strong bond. Large stones are used at comers and jambs to
increase strength. Through stone is used for every square metre of face work. Uncoursed
random rubble masonry affords a very rough appearance.

(b) Coursed rubble masonry:

Coursed rubble masonry is commonly adopted in construction of residential buildings, public
buildings, piers and zbutments for ordinary bridges. This type of masonry is made up of a facing
comprising of hammered squared stones with a backing of rubble masonry. Stones in each
courses may not be of same height but all courses should be of same height. Minimum height of
course is limited to 15cm. The through stones provided to bind the two faces together are
spaced at 1.8m apart. Height of quoins are same as the height of the course and thickness of
joints should not exceed 10mm. Depending upon the dressing and finishing of stones, coursed
rubble masonry is further subdivided into first class, second class and third class
masonry.

Infirst class coursed rubble masonry, generally all the courses and all the stones are of same
beight. And minimum height of course is limited to 15cm.

. e
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In second class coursed rubble masonry, courses snd SIODSS MY oot be of equa)

0')1)‘NOsmncsammbemcdlomakcmcmzsmmﬁmigmt Thickeess of
jomtis 12mm.

Secomgciass
fig. 5.17 coursed rubble mesonry

In third class coursed rubble masonry courses and stones mey not be of equal beight @

three stones are 1o be used to mak: o “n figmre 5. 17 3 4
jointis 16 ecmemseas;bovmmngwe:.lumchnssofm‘
<) Dry rubble masonry:

Dry l;u!)ble masonry is similar to third class coursed rubble masonry bet no mortar is used
the joints. Hollow space between the stones must be tightly packed with chips of stoneg.
Through stones are placed at interval of 2m to srengthen the masoary. This is the cheapes
method of construction. but requires more skill. Dry rubble masoary is used for
construction of retaining wall, pitcbi.ngcarthendams,-czml squsm- '

fig 5.18 Dry rubble masonry

d) Polygonal rubble masonry:
In polygonal rubble masonry stones are roughly dressed as irregular polygen Ope
stone is inseried to run through the wall if the wall is less than half metre in thickpes
Here the face joints are running manmegularfnﬂn(nMomskﬂled .

construction of this masonry. Polygonal rubble masonry 1s used
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R s reasmime walls oo Fig 3 11 shows pofvsoned riid

c‘}_ﬁ:ﬁ = Potvom rubvbie mEsoEry

o St rubbic SESETY 0wt of e stomes meed e Sime Flioes are baed TTrEsr duges

ot rabbic smacce : . = =

&ﬁ¢?5’>2:i)tmvﬁm‘mﬁmil\:fmdm!Smh For

cronstiraing flint m@'&gmgwx.md!mhw

s cvest 22 coastucied of walls with roemded Sies procared Som e beackes. The walls
shomt half mete = hickeess and may be =y X

% : 7 be built wish & faciny of cox Simes and 2 backong of

Fiz 5.19 Polveoss! mbble moscary Sz 520 Flint subble sasossy

23 BRICK MASONRY :

Brick mesonry is the art of beilding sractores nsing bricks “or” the sysiemmatic smmngement of
lsying brcks 2nd bonding them with mortar 0 form 2 esified mass, which can tansmit the
sopemimposed load withou failure. is temmed 2s brick masonry As bricks = of enfform size.
shev czn be properly arranged and dee w it's light weighs so Efing spplisace is required fox
e construction. Bricks do not reguite dressing hence the axt of Iaying bricks is so smaple
et brick work cen be carried out even with the help of unsiilled bbowrers. Brick masoery is
wsed for the constroction of foundation. walls, retaining walls. cob dy foors, et
The sitrength of masomry depends Bpon the guality of brick and type of mortar used
Commonly used moriass are Eme maostar, coment mortar, cemeat-lme mortar, ganged motar
2nd sarkhi mortar. Propotion of lime and sand in lime mortar 1:1; proportion of cement and
send in cement motar 1:4 to 1:6:cement. proportion of lime and send in ssuged morar 1115

52 Terms used in brick masonry

1. Header : The end surface of brick when it is l2id flat is known s beader (9 x Scm)

2 Streicher - The side surface of the brick visible in elevation when brick laid flst s known as
swrecher (19 x 9em)

3. Course: A complete layer of bricks laid on the same bed is known as course. “Thickness of

course is equal to the thickness of 2 brick plus the thickness of one mortar joini.
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preaking the continuity of vertical joints in ad
(ransmit pressure in the direction of the fe
pearing walls.

jacent courses. This bond doesnot have

strength to
ngth of the wall. hence

it is not suitable for load

4. Frogs: These are depressions provided in the face f’f the hngks. l'l.l),z:s used (g form
with mortar to prevent sliding of bricks and for rut!ucmg the Wl,"l.ghl l‘)I bricks. Nine cenyj *l’
high brick should have a frog of 10 x 4 x lcm size on one of its sides. ".Ni

5. Bed: The bottom surface of brick when it is laid flat is known as bed (19 x 9cm),

6. Bat: A portion of a brick cut across the width of brick is known as bat, Bl'ick bats of d"’fe
sizes and shapes are available like %4 bat, Yabat and bevelled bat.In c‘;nc of 4‘/1 and ¥ by len r‘l
brick bat are equal to 4 and % times the length of brick. Bevelled batis obtained by Cllling {
obliquely across the width of a brick. b'h

7.

Closer: A portion of a brick cut longitudinally with one long face uncut. It is used (o close
bond at the end of brick course to prevent the joints of successive courses to come inga ve“lcq :
line. The different types of closeres are:

a) Queen closer: Queen closer is a half brick cut longitudinally, as in figure 4.4, A q
closer is generally placed next to the first brick in a header course to obtain nuccssury hg

Different conditions Jor good bond:

a) Length of one brick should be equal 1o two times the width of brick + thicknegs
mortar joint.

b) The overlap between two adjacent brick should be greater than or equal to one
fourth the length of brick .

c) Vertical joints of alternate layers should lie along the same vertical line.

d) Number of brick bats used for the construction should be less.

5.3.1 Types of brick bonds:

Following are the different types of bonds used in brick masonry.

a) Stretcher bond f) Raking bond

b) Header bond 2) Dutch bond

c) English bond h) English cross bond
d) Flemish bond i) Facing bond

e) Garden wall bond J Zig-zag bond

a) Stretcher bond: In stretcher bond all bric.ks are laid wit'h their lengths in the longitudind
direction of the wall. Only stretcher are visn!alc m‘clevatl‘o.n thus this bond is known 8
stretcher bond. This bond is suitable for half-brick thick partition walls. Ang i is not suitablé
for thicker walls due to lack of proper bond age across.the v;]alld
b) Header bond: In header bond, all the bI'I'CkS are laid I::s e:‘ elr‘s ‘?Wards the face of the
wall. This brick bond is suitable for one brick thick wyd s arr:: s:u:?edor t_hc constructioll
curved walls. As in figure alternate courses of each side a With two 3 pats fof

110

fig. 5.21 Stretcher bond fig. 5.22 Header bond

¢) English bond: In English bond, alternate courses of stretchers and headers are laid. A
queen closer is placed after the first header in the header course to stagger the vertical joints
of successive courses. If the wall thickness is even multiple of % brick the same course
shows header or stretcher in both front and back elevation. This type of bond is commonly
used in all modes of construction.

d) Flemish bond: In Flemish bond, stretchers and headers are laid in the same course. A header
inany course is centrally supported over a stretcher below it. For this closers are inserted in
alternate courses next to the quoin header for breaking the vertical joints in successive
courses. In this bond headers and stretchers appear in the same course alternately on the front
and back faces.

WETRTR] B[R [R[W ] BETRTRT ]
: s sI [s[ IsI ISTT"I
I
J/‘III ]l [ [ [ I
] III I|I I[I I[I IIL—
Pj[l S [ P ) 0 O I ) I |
[ | 1 I |
] - NS DD [P B |- [ ) oy [ o 2
| [ I | I [
Elevation of one brick wall
H|
H|
H
H
o | [ 1 I 3
H | | | | e
5 5 ] H S

s
Plan of one brick wall

fig. 5.23. English bond one brick wall
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3 / Pl:nufl:‘xtlickvnll
fig. 5.24. English bond 1% brick wall
12 ) e o I3 e
R S I [ [ el e [ e
7| [ [T |
Iﬁl [l ll ll II lI I] ll
Elevation of onc
ick w [ 1 | [ 1 [
Ot e i e s
== | S [ |
Plan of one brick
wall

fig. 5.25. Flemish bond one brick wall
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||

[T
[ 1 J=mE [
HA ] I
| Il Il [ l] [I l| T
[ e i I[III
Elevation of 1%+ brick wall

h—

Plan of 1*2 brick wall

TR

Fig. 5.26. Flemish bond 1% brick wall

5.3.2. Comparison of English and Flemish bond:

1. English bond is found to possess more strength than the Flemish bond for walls having
thickness greater than 1% bricks

2. Flemish bond gives better appearance than English bond, but it is not so strong as the
English bond.

3.1t is possible to use broken bricks in the form of brick bats in case of Flemish bond.

4. Construction with flemish bond requires skilled labour.

e) Garden wall bond: This bond is used for the construction of compound wall, garden
wall, boundary wall, etc. There are two types of wall (i)English garden wall bond and (i)
Flemish garden wall bond.

(i) English garden wall bond: In this bond one header course is provided to three or five

stretcher courses. The quoin headers are placed in alternate courses and a quoin closer is

placed next to the quoin header in a header course to develop necessary lap.

(i) Flemish garden wall bond: In this bond each course contains one header to three or five

stretchers. A % bat is placed next to the quoin header in every alternate courses to develop
necessary lap. This bond is also known as the scotch bond or sussex bond. If each course
contains one header to three stretchers as in figure,

itis known as monk bond.. 7

f) Raking bond: In very thick walls, the number of headers used is more than the number of
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54.2. Cement blocks Construction: o
in MOTLar OTM 2 Nomg

Cement blocks arranged sysiematically 204
mass capzble of withstanding znd r20STE
masonry. Due 1o large size of cement m{‘mfm’ or cavil
the ordinary bricks. Due 1o the presence @
insulation against heat, cold, sound 4“} dz.IITPAL spread

For the construction of cement block #2115
about 1.5cm thickness. Lay first coment block
shown in figure 4.24, and press it on the mon2r o
block and foundation is | cm. Then arrange ObeT with cement MOTTAr, as in brick
the comer block, fill the gap between cement HO;;
For laying second course spread mortar over the furs
the same procedure as that of 17 course.

mewc‘tcz)beﬁmﬂbdvery

ty inside each block Eive 5

fig. 5.29. Hollow brick masonry

5.5.ROOF
Roof is the topmost portion of a building and it is constructed in such a way as to give p
to building from rain, snow, hail, wind, direct sunlight, etc. There are different types

5.5.1. Classification of roof based on shape:

a) Pitched or sloping roof.
b) Flat roof
c) Curved roof.

Roof selection depends on the cli ilability of material, importance of building
Pitched roof have sloping top surface thus they are suitable for places where rainfall or snow
is heavy. Flat roof is suitable for moderate rainfall. Curved roofs have their top surface cur
in the form of shells and domes. Thus they are further classified into shell roof
domes. Curved roofs are suitable for public building to develop architectural effect.

116
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552 pitched or sloping roof

piched roof have sloping top surfaces and they are used in coastal region where tempera
;s more or less equable, but for heavy rainfal]. Different slopes can be given to pitc
roofs depending upon the area covered, zvai]abilityofmalaials.qumtilyoﬂiynnndvuﬂn
svailable equipments, etc. The simplest type of pitched roof is shed roof or lean to roc
dlopes in one direction and can be used for covering verandah portion, shed and extens
Commonly used Pmched roof is gable roof which slopes in two direction. Ifroof. slopes in
girection then itis known as hip roof. Gambrel is like gable roof, slopes in two direction

there is break in slope. Mansard roof slopes in four direction but slopes are not continu

B R e e —

Hip roof Lean to roof Gable roef

L Plan Plan
e =

5 ! — - z. T
Gambul reef Mansard roof
Plan Plan
fig. 5.30

Technical Terms Used in Wooden Pitched Roof -

Span: 'Span or clear span is the clear distance between the supports as in figure.
effective span is the centre to centre distance between the supports.
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common rafters are \uppnﬂcd on
from the wall. The lower side res!
on battens, battens on common rafter an

t on the wi
d co

_Roofing material

Batten

Eaves Board

fig. 5.33.Lean-to roof

b) Couple roof: 1t is form
wall plates (at bottom) for supporting t
common rafters and roofing material on

¢)  Couple close roof: Thist
here the two rafters are connecte
outward spreading of r0o
economically used for spans U

d)  Collar beam roof: Collar beam roof

members are same but just raising the positi
Jlar beam roof.

beam is known as collar and roof as co
room and for spans between 4104.5m.

‘Ei ;tiebam Ea“‘

fig. 5.35 Couple close roof

e) Collar and tie roof (purlin roof) : The designed size of rafter:
3.0 meters is uneconomical. To reduce the size

purlins are introduced under the rafter as
support is known as collar and tie roof or
cconomically ado

ed by a pair of inclined 1
he whole roof.
battens. Span of couple

f and can also be actasd S|
p to 4.2 meters
is a modified for
on of tie beam as shown in figure, then the

j plate as in f
mmon raf

i turn rest ¢

)n 4 projecting corbe)

[n this ca%€ roofing materi

i On'w?’" pmuMaximum span oty

roof is 2.5m-

ype of roof is similar 10

d by a wooden member
upport for ceiling. These roofs canlyl

fig.

of ra

fig.5.34 Couple roof

afters, centre ridge piece (attop) ay

Here too battens are supported ¢
roof is limited to 3.5m.

couple The only difference is thy
which acts as a ti€. Tie prevents iy
m of couple close roof .

It is used to increase the height

XN
collar
el

5.36 Collar beam roof

s for span greater
fters, intermediate Supports,

in figure. Such roofs with intermediate P

purlin roof or

pted for spans up to 4.8 metres.

120

double roof. This type of roof _

D~

=

fig. 5.37 collar and tic roof

King post truss : When span is greater than 5.0 metres intermediate Supports
for purlins and ties_ are not available, trusses are used. The ;:n':.l‘;earmsthe ofa:uss frame
offers greater rigidity and here load transmission to wall is vertical. In king post truss. the
central vertical post called king post provides support for the tic beam. Two mclmednmbets

ovided on either side of king post are known as struts and are used to prevent the principal

pr 5 2
rafter from bending at the centre. King post truss can be economically used for spans 5 to 8

metres.

f) Queen post truss: In queen post truss there are two vertical posts known as queen posts.
two pﬁncipa] rafters, struts, tic beam, purlins and 2 straining beam. Straining beam is 2
horizontal beam., which keeps the upper end of queen post in position and to counteract the
thrust of struts. A straining sill is provided on the tie beam. A queen postuusscanbensedfot
roof spans varying from 8 to 13metres. There are combination of king and queen posts
spans up 10 18metres. o

fig. 5.38 King post truss
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U e, D

king post truss Fink truss

ering

d mechanical engine
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king post truss

9-12m Howe truss

up to 25m

fig. 539 Queen post truss
Bow-string steel truss

t the tru up to 20m
: en post bu ss hay North-light steel truss
) Mansard truss: It is a CO! 5 d lower portion resembles a queen p,
~itches. The upper portion resembles aking POSLAT 0 oy principal rafteres ang
lP-Iere th.ere re two tie beam, 0n¢ king post, tWO queer;rl: is t:)O to 70°.
struts. Pitch of upper part is 30t0 45° iced roof truss. This
h) Bel-fast truss : Bel-fast truss is also kn chord, and can be used forlg
consists of thin sections of wood to form 2 < at the center of the trussp

spans up to 30m, with light roof covering mal
not be more than 1 /8% of span.

mbination of king post and que

fig. 5.42 Steel Truss

Advantages of steel trusses are :
@M Pre-cast structures of des
(i) Termite and fire proof i
i) ~ Lightin weight and can be fabricate in any desired architectural form.
(iv) Strong, durable and long life.
(v)  Quicklyand easily installed.

ired dimensions are available in market.

5.5.6. Types of Flat Roofs or Terraced Roof

ovided in areas which have less rainfall or have no snowfall. In flat

This type of roofs are pr
the rain water otherwise there

roof t0o we have to provide some slope on surface to drain out
may be leakage of water.

§  Commonly used flat roofs are
' (a) madras terrace roof (b)Bengal terrace roof (c) reinforced brick cement roof

fig. 5.41 Bel-fast truss
use steel truss for spans greater than 12m. Mild
d shapes and can be used as members of truss.
1 or tension and have negligible bending. The
type of truss, roof slope, roofing material and cé®
fferent types of steel trusses are (a) Opent
d (d) Arched rib truss.

fig. 5.40 Mansard truss
2 0 .

ls:: Cﬁ?:: anr:sai/ali;alts)lz(;z:(l’ln;;i :m (d) Reinforced cement concrete roof and (e) Filler slab.
of steel roof truss is either in compressio
in each member depends upon the span,
to centre distance between the trusses. Di
North light truss (¢) Bow-string trusses an

5.12.1 Types of flat roofs:

FOIAI;Wing are the different types of flat roofs:
a) Madras terrace roof or wooden flat roofs : These types of roof having slope less than 1in
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I i aaeth and width of |
Sthe 19 M the e nuth and of ‘.
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" slab
1 as one w “'\'\\wuu‘n( s Pl\“vldfd uln_ng the M
in rentor supon the super imposed
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reinforced cement concrete slab s suirabl
more than 2.0 the slab is knowT
shorter direction. In this case the main RIVEE :

fihe slabdepe JQab rests o0 the wall, and jf \

dimension of the room. The thh‘k““;“ 4 of these § i o)
- : rete used. o el ) . sams and colu SE
S and type of concrete used. The € <thatis in beams n:

pan Ype th “‘3\%

< - et frames .
building is constructed in reinforced concrete ing beams.

th the suppert :
essential to construct the slab m i

unu\ilhi\- Wi i R C C beams and slab cons ]
For larger spans (greater than 4m) and for greater loads. R.G lab act as the flange gl
is adopted in the constru

uch cases the §
gs. In such cases ) . X .
- o are of bes *
ams. In this construction S1z€ of beam is
beam and it is cast mono Sy A
reduced. Suitable floor covering 1s]

ction of building
lithic with the be
aid over

the slab to get the desired finish.

fig. 5.47 Flat slab floor
einforced concrete slabis
onstruction is adopiy |

llowing advantages are claimed by such\ |

Flat slab floor: Ina flat slab floor, the load onreint ¢
hout beam. This type of ¢

directly to the supporting column witl
when the use of beam is forbidden. The fol

of construction.
1. The flat ceiling give better lighting facilities .
2. For the same clear head room, there isa considerable saving in the
height.
3. Even for quite heavy loads thinner sections are enough.
4. Form-work is very simple.
5. Construction of flat slab is simple and easy.
6. Itis more economical for live loads grater than 500kg / cm®
4.5t09m

Flat slabs are commonly used in commercial buildings, factories, Warehouse,

etc. Butitisnot economical for lighter loads.

5.7. FLOOR FINISHING MATERIALS:

Floor coverings are provided to improve the appearance of the floors. Italsoim
a clean, noise less, and damp-proof surface to the subfloor. The following floor coverin|
commonly used. E.
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\ Brick floor covering 10, Linoleum floor covering
5 Granite floor covering 11 Glass Hoor covering
3, Conerete floor covering 12, Cork floor covering
n Tiled floor covering 13, Magnesite floor covering
5. Wood-bloek floor covering 14, Plastic floor covering
6. Terrazzo floar covering 15, Marble floor covering

160. Synthetic floor covering
17, Ceramie Flooring

Mosaic {loor covering
Asphalt floor covering

0. Rubber floor covering
ut now a days we mainly use tiled flooring, mosaic flooring, marble flooring and

~

2

B
synthetic {looring.

| Mosaic floor covering : Mosaic flooring consists of a base concrete and mosaie topping.
This type of floor is widely used in theaters, temples and superior type of buildings.

Preparation: A 15¢m sand cushion is provided over rammed and watered earthen surfuce,
Over the sand cushion a base course of 10cm thick cement concrete using 1:5:10 mix
is placed. The top surface of the concrete is roughly finished to develop good bond
between the base and topping. Cure this concrete for 3 days, thus the base floor is ready to
apply floor covering(flooring)

Wet the surface of base concrete and apply a 20cm thick cement mortar of
proportion 1:2. Glass pieces or marble pieces hammered in to this mortar fo get the
desired pattern. The inner area is filled with coloured pieces of mosaic chips, After this
ordinary cement or colored cement is sprinkled at the top and the surface is rolled using
a stone roller till the surface is level. After 24 hours the surface is rubbed with pumic stone
to get asmooth, level and polished surface. This polished surface is finally allowed to dry

for some week before use.

2. Mosaic Tile flooring : Mosaic Tiles of different size and colour combinations are now
available in market. This type of flooring is widely used in residential buiding, shop, theaters,

temples and superior type of buildings.

Preparation: A 15cm sand cushion is provided over rammed and watered earthen surface.
Qver the sand cushion a base course of 10cm thick cement concrete using 1:5:10 mix
is placed. The top surface of the concrete is roughly finished to develop good bond
between the base and topping .Cure this conerete for 3 days. thus the base floor is ready to
apply floor covering(flooring)

In case of old concrete base,
Use only water to mop the floor, and allo
Portland cement-based floor leveler. Over the concrete bedding,

131

thoroughly clean the conerete to remove dust and dirt.

w it to dry completely. Fill any dips or waves with a
after a period of 2 to 3
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asics O)
he penefits of esc(z;l.aml:s are: they h_ave the capacity to move large numbers of people, and
hey can be plm.emm t 'e st::cme Pll)'Slca} space as one might install a staircase. They have no
waiting inter al, they can be used to guide people toward main exits or special exhibits.

fig5 .54 Escalator

General specification: s
Speed: -0.46't0 0.50m/sec
Angle of inclination -30°t0 35°
Width _ Normally width are 61cm, 91.4cm and 1.22m.

Design of escalator is carried out with a handling capacity for 3200 to 6400 persons/hour,
building design must be for minimising the usage of municipal water supplies, an'd will aimtg
water at the site. This may be accomplished by using a dual water system, using non-pots

water for the landscape, maintenance and toilets.
It is found that the building industry will consume 40% of total global energy /

and release about 3800mega tons of CO into atmosphere. They have harmful impact
the nature.

1) Consumption of 40% of world’s total energy.

@) Consumption of 30% of raw materials.

@) About25% of timber harvest is going down.

Gv) 35%of CO, emission.

(v)  16% of fresh water is being depleted.

(vi) 40% of municipal solid waste is being generated.

Fig. 5.55 Sprral escalator

5.13. LIFT OR ELEVATOR

I'.ift is an appliance designed to transport persons or materials between two or more
leve1§ ina .vemc?ll or substantially vertical direction by means of guided car or platform. For
multi-storied buildings, the installation of lift is essential to avoid fatigue in climbing up the

(vi)  50% of ozone depleting CFC’s are still in use
stairs and for quick vertical movement between floors.
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From aboV! (erials "“_ jght clevator cquipped wigl o S,
atedatre! his increased \
. k. This increased publie

Elisha o ~-|h¢hru‘l‘ ards the e g

American inventor B " 010 USe towards the end of the

.vent falling 10 case .
to prevent la o

( : A
. V! ¢ came mn . von Siemens in
like devices Electric cleval inventor werner Ve 1880
i if c / o o ¢
using lifthke¢
ir's > Was
and the firstone

Primitive lifts W
water wheel power:
. o

upcmlcd. were use

19y,

built by the Germ L

» quantity of Servicee

b 'ldingdcpcndsun the quantity l L:l‘;.lu,.\

.d for abut . oives the passenger handlin

SC|CCl".dd'”(z)u'mlil)’ of service gives the pe g

- of service desired- RUBEL e o

the quality of service &= ity .

dur?ng the peak pmod; ‘\ndg lhl«-htcl ? oher ol

. at various floors- ) s

assengers at vario - [Ndcraho .
llj»uilding is governed by such co

passengers 10 be handled.

Tequ
) 8 Capyes
ervice is measured in terms of Waiti ‘)

lifts, their capacity and speed yg, “‘l
as number of floors to be serveq,

Types of lift

sasured by the pass
Jity of services is generally measured by the passenger g
1 T e’ uu 1 §
Quality of services: g

at the various floors.
i ies:
5.13.2. Speed of lifts in different occupancie

Low and medium class flats - 0.5m/sec

Passenger lift B o dines. hotels - 0.510 0.75m/seq
O?ﬁwg::dmb” - 0.75to 1.5m/sec
]}‘{‘“E;‘;“; - above 1.5m/sec
ospitals 2
" Departmental stores - 210 2.5m/sec
Goods lifts - Normal case - 02510 0.5 m/sec
Serving main floors - Im/sec - ) :
Hospital bed lift - Shorttravelin smallhospital - 0.25m/sec
Normal - 0.5m/sec

Long travel Jiftin large hospital - 1.0m/sec

[Acceptable interval | Class =
20— 25 sec Excellent
30 - 35 sec Good.
35— 40 sec Fair
40 — 45 sec Poor
Over 45sec Unsatisfactory

How Lifts Work : In a typical elevator, the car is raised and lowered by six to eighl
driven wire ropes thatare attached to the top of the car at one end. These wires, traV
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apair of sheaves, and then attached to a counterweight at the other end. The counterweight
adds accelerating ‘mw, when the elevator car is ascending and provides a retarding effort
when the car is descending. The counter weight is a collection of metal weights that is equal to
the weight of the car plul.\ about 45% of its rated load, A set of chains are looped from the
pottom of the counterweight to the underside of the car to maintain balance by offsetting the
weight of the suspension ropes. Guide rails, keep the car and the counterweight from swaying

or twisting during their travel. Rollers are attached to the car and the counterweight to provide
smooth travel along the guide rails,

5.14 FIRESAFTY FOR BUILDINGS

Even in well designed buildings fire may occur in due to various unexpected reasons. To
protect the life and valuable appliances, sufficient fire fighting arrangements should be provided

in the building. Fire fighting system consists of (i) early warning system on out break of fire
and (ii) the fire extingushing arrangements.

5.14.1 Fire Detection and warning system

Fire detection and warning system is for facilitating adequate warning to the inmates. Automatic
Fire detection and Alarm system to be provided in building to warn the people and give them
enough time to escape from the building. As per National Building code, all buildings having

height more than 15m should be equipped with manually operated electrical fire alarm system
(MOEFA) and automatic fire alarm system.

Fire fighting System

Water, carbon dioxide and foam are used as fire fighters. The firefighting arrangements consists
of :

fire extinguishers/ Fixed firefighting installations: Depending upon the height of buildings
and occupants fire —protection arragements should be provided with installation of fire

extingushers, wet risers,downcomers, automatic sprinklers, foam, gaseous or dry powder
system as mentioned in NBC.

Water Tanks: As an alternate source of water supply for firefighting an additional water tank
to be provided on the roof top or below the ground level. And arrangements should be
provided to supply 1000lit/ minute. This tanks shouldbe easily assessable to the firefighting
arrangements.

Automatic sprinklers: Automatic sprinkler arrangements should be provided in all high altitude
buildings.

Automatic high velocity water sprayers or emulsifying system: Automatic high velocity

Wwater sprayers or emulsifying system are used for providing protection for oil cooled
transformers.
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Foundation masonry
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Foundation Concrete with

Fig 6.1 Green Building
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», GREEN BUILDING MATERIAL
6.2

n building is about making the best use of resources during all stages of construction. By
Grceb_lning a system of components and materials that work in harmony with one another, the
CO: is to create an energy-efficient, Waler-saving structure with a low carbon footprint. While
go (ing the right materials is a large part of green building, choosing the best materials may not
self;)vious and will depend on the needs of the building owner.
t:reen building materials offer specific benefits to the buildin,

g owner and building
Occupanlst

(i)  Reduced maintenance/replacement costs over
(i) Energy conservation.

@) Improved occupant health and productivity,
(iv)  Lower costs associated with chan.
(v)  Greater design flexibility.

(vi)  Providing an environment friendly building

the life of the building.

ging space configurations,

6.1. Green Building materials for different parts of building

a.Green Roofs & Landscaping

Green roofs are roofs covered with plants; they reduce storm runoff and provide insulation,
Scrap tires can be used to make rubber tile for walk

ways. Bottom ash can be used as
bedding material. Clean wood, recycled

gypsum wallboard, and cardboard can be ground and
used as soil amendments in both green roofs and landscaping applications.

b. Landscape Furniture

Benches can be made with plastic lumber containing fly ash or with recycled C&D wood.
¢. Building Facing Material

ggregates, is commonly used as building
facing material. Fly ash can be used in the production of manufactured stone.
d. Sidewalks

Industria] materials can be us;

ed to make concrete sidewalks, and used tires can be recycled to
create rubberized sidewalks. Asphalt concrete sidewalks c
Pavement and recycled asphal

an be made with recycled asphalt
It shingles.
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e. Ceiling Tile material resulting fro,
. A gypsum (ame . M by,
lfurizs non(rGD) £ d. or air-cooled b]

e o in flue gas desulfunza ~ wallboard, ast
Sz:lillul](% ;lll‘zglalrc‘ec (:l]elzll’:icil\'). fly ash, recycled gypsum?

slag.

f. Flooring

. sednV ariou ring ‘.\[)PliCﬂ(iOl’\S.
ial materials can be us »d in various floo!
h (H’l(’,CVC\Cd carpet.

()  Carpetbacking: Used tires, flyas led wood.

(i)  Wood flooring: Salvaged Jumber or recy¢
(i) Flooring tile: Fly ash, blast furnace slag-
(iv) Tile underlayment: Fly ash.

g. Backfill (Foundation Support)
. o iding draina ’

Backfill surrounds the building foundation, supporting 1t :lm(; %‘1):51[ fur%\ace Slagﬁ:@
provide superior drainage, insulation, and wall pressure reli€l. g
concrete also can be used for drainage.
h. Foundation Structural Fill
Structural fill is an engineered fill that is constructed in layers and compacted to a
density. Coal fly ash, bottom ash, slag, and spent foundry sand can all be used as structurg]
Concrete can be crushed and used onsite as structural fill.

i.Poured Concrete Foundation

Concrete, which is composed of cement, aggregate, and water, is used in a wide armay
building applications. Industrial materials can be recycled in cement and concrete in
ways.Portland cement itself can be made with fly ash, FGD gypsum, foundry sand, re
Concrete aggregates can include bottom ash,foundry sand, crushed concrete, and blast
slag.
J- Insulation

Air-cooled blast furnace slag can be used to produce mineral or rock wool insulation(s
known as slag wool insulation).
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k prywall/ Wallboard

FGD gypsum and recycled gypstim wall board can be used to manufacture drywall.

1. Mortars, Grouts, Stucco

Mortars, grouts, and stucco cantain aggregate (sand), binder, and water. Fly ash, foundry sand
silica fume, and slag cement can all be used as partial cement replacements ;

m. Masonry Blocks

Masonry blocl'(s are made from cement and aggregate. Slag cement, fly ash, or silica fum
substitute partially for cement. Bottom ash, blast furnace slag, and recycled concrete aggr:gc:t:
can

substitute for newly mined materials.

n. Base Material

Spent foundry s_and can be used in place of natural soil as base material for the building site. In
cold weather climates, this strategy can extend the construction season because foundry sands

donot freeze as readily as most soils. Recycled concrete is also commonly used as base material
for reducing cost of construction.

6.3. RECYCLED BUILDING MATERIAL

Another_sustainable construction practice is to use of the recycled materials in building
construction viz, demolished building waste, industrial waste and construction site waste materials

as an alternative to virgin construction materials. The major advantages of using recycled
materials in construction are

a) It reduces the demand up on new resources.

b)  Cuts down the cost and effort of transport and production.

c) Use waste which would otherwise be lost to landfill sites.

d) Pollution of land and water sources and can be reduced.

The materials from demolished buildings and construction site wastes are often disposed

of as waste and used for land filling purposes. But wi i i
bt g purposes. But with proper engineering approach most
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Demotished buildmg Q Y
w " Crushed Aggregate
=

Raw material
cement
aggregate

= water

Fig 6.2. Recycling of building material
6.4 Reuse options in building construction.
Concrete - Unset concrete can be ‘washed’ out at the plant to remove cement. Sand and
can be reused. Set concrete can be crushed and recycled as aggregate for new concrete,
road base and for land filling. .
Steel: Electric arc furnaces produce reinforcing bar, mesh and sections from 100% steel sory

Aluminum : Aluminium collected from demolished building is 100% recyclable.

Gypsm plastered wall: CSR recycles plasterboard. If disposed to landfill, it produc
poisonous hydrogen sulphide and has a foul odour.

Timber: timber can be reprocessed into horticultural mulch.

Brick :Tiles: Brick tiles can be reused where appropriate or crushed onsite for backfill,
and gravel with portable crushing plants.

Plastics: Many plastics can be granulated and reused to make new plastic products for !

within the building industry.
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Most Glass: Most glass can be recycled. Construction glass must e O,
h as drink bottles. Glass may be cut and reused or recycled as 22&7 cE i

glass suc

carpet: Carpetin £00d condition can be sold and reused. It can also be recycled’
Some carpet can be recycled as weed barriers or a covering and 100
Examples of industrial waste materials that can be recycled include f1y &
<and, used tires, and slag. Fly ash and slag can be used for manufactul;_c :: :
The practice of recycling of construction materials and usage © g
aggregate should be considered only after proper certi fication fl""";;‘
evaluating technical specification for materials. It is desirable t0 r¢ %

carpets:

civil and mechanical engineering

be scP“"‘wd B

. LT {
waste by arranging only the correct amount of raw materials d“"ﬂf.“m o \ uction phase.
Alsowhena structure is being demolished, salvage as much of the mm Valuable fitings
and materials as possible. :

Hokk

Exercise

1.

ST L o o

‘What is meant by sustainable building?

What is meant by Green building?

What are the advantages of green building?

Write note on green building materials.

What are the advantages of recycled material?

Draw a neat sketch of King-post truss and explain different components.
Draw the sketch of Queen-post truss and indicate its components.
Describe the functions of each of them. ;

What are the advantages of steel truss ?

Describe with neat sketch the various types of flat floors.
Compare the merits of A.C. sheet, G_I.sheets and PVC roofs.
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