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e
Foreword

Dear Learners,

This book is intended to serve as a ready reference for learners of
vocational higher secondary schools. It offers suggested guidelines
for the transaction of the concepts highlighted in the course content.
It is expected that the learners achieve significant learning outcomes
at the end of the course as envisaged in the curriculum if it is followed
propetly.

In the context of the Right- based approach, quality education has to
be ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing
them with the best education that strengthens their competences to
become innovative entrepreneurs who contribute to the knowledge
society. The change of course names, modular approach adopted for
the organisation of course content, work-based pedagogy and the
outcome focused assessment approach paved the way for achieving
the vision of Vocational Higher Secondary Education in Kerala. The
revised curriculum helps to equip the learners with multiple skills
matching technological advancements and to produce skilled
workforce for meeting the demands of the emerging industries and
service sectors with national and global orientation. The revised
curriculum attempts to enhance knowledge, skills and attitudes by
giving higher priority and space for the learners to make discussions
in small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of
the contributors of this book that includes subject experts, industrialists
and the teachers of Vocational Higher Secondary Schools. The
development of this reference book has been a joint venture of the
State Council of Educational Research and Training (SCERT) and
the Directorate of Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions
for the improvement of the book.

With regards,

Dr. P. A. Fathima

Director

SCERT, Kerala
]
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ABOUT THE COURSE

Civil engineeringisoneof theoldest disciplines of engineering which can be dated
back to thefirst timewhen somebody laid atree acrossariver to crossit. Itisone
of those branches of engineering which have both ascientific aswell asartistic
aspect toit. Construction of structuresisamajor activity of civil engineering. At the
sametime, water resources engineering and environmental engineering areaso
another two major disciplinesof thissubject.

In the first two modules named ADVANCED SURVEYING, CIVIL
CONSTRUCTION and DRAFTSMANSHIP, inthefirst year, the students step
intothepreliminary part of congtruction. During the second year another two modules
are incorporated ESTIMATING AND COSTING, WATER SUPPLY and
SANITARY ARRANGEMENTS. All thesefour disciplinesarethe most needed
topicsinview of itsimportanceinthe present trends of the construction industry. A
lot of work forceisneeded in the construction sector at the skilled, semi skilled
level and supervisory level inIndia and internationdly.

The study of estimating and costing reduceswastage of money, time, labour etc. in
construction. It also helpsin scheduling dl the above parameters properly so asto
acquire optimum output from minimum resources.

Thestudy of water supply and sanitary arrangements hel psto utilizethemost precious
natura resource- water with proper planning so that huge amount of money canbe
saved inwater supply thuswholesomewater can be supplied without fail to society.
Through thestudy of Sanitary arrangementstherefuses can be collected, conveyed
and disposed scientificaly by approprate techniques.

Major Skills (with Sub-skills)

* Measuring Skill

» Edimation kil

» Tabulaionkill

» Executionskill

* Management skill

» OrganisationKill

» Draftingskill

* Andysngskill

» Supervisngskill
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e Pamingskill

 Logicd reasoning kill

* Co-ordinating skill

o Communicaingskill
SYLLABUS

Module 3: - Quantity Surveying & Costing
Unit 3.1 - Introduction to Quantity Survey Periods: 49

Estimation - Purposeof estimation - Datarequired to preparean estimate - Standard
unitsof measurement - Unitsand modes of measurement asper 1S 1200 - Types of
areas- Plinth area, floor area, carpet areaand circul ation area- Specification of
itemsof work - Necessity of specification- Genera specification of | classbuildings
- Detailed specifications of different itemsof work - Earthwork excavation, PCC
works, RR masonry, Brick masonry, and plastering.

Unit 3.2 - Types of Estimate Periods: 188

Preliminary or gpproximaeestimate - Plinth areaestimate - Cubica content estimate
- Detailed estimate - Work charged establishment - Different methods of estimation
of buildings- Exercisesof resdentia buildings- Bar bending schedule.

Unit 3.3 - Analysis of Rates Periods:15

Factorsaffecting cost of anitem of work - schedul e of rates - Analysisof rates of
different itemsof work - Earthwork excavationin ordinary soil and hard soil - PCC
work - RCCworks- RR masonry - Brick masonry - Analysisof rates- Preparation
of abstract of cost using spreadsheet.

Unit 3.4 - Contracts & Tenders Periods: 10

Contract - Tender - Earnest money deposit - Security deposit - Kindsof contracts
- Work order form - Administrative approval - Technical approva - Procedurefor
inviting tender - Invitation of tenders- etender - Contract agreement - Conditions
of contract - Obligations of contractor, engineer and client - M easurement book-
Muster roll.

Unit 3.5 - Network Analysis Periods: 10

Introduction - Devel oping anetwork using CPM - Devel oping network using PERT
Difference between PERT and CPM - Congtruction saf ety management.

O
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Unit 3.6 - Valuation of buildings Periods: 68

Factorsaffecting theva ue of aproperty - Purposeof vauation - Va uation based on
cost - Valuation based on profit - Methods of valuation - Sinking fund method-
Depreciation method - Quantity survey method - M ortgage- Annuity - Rent fixation.

List of Practicals

Unit 1 Plinth area calculation

Preparetheplan, elevation and section of atwo storied residentid building and find
out theplintharea (2 nos.)

Unit 2 Measurement Practice

ad Measurethedimensionsof acompoundwall. (1no)

b) Measurethedimensionsof asingleroom and preparethe sketch. (Inner and
outer dimensions) (1 no)

c) Measurethedimensionsof all componentsof aresidential buildingand pre-
parethelinesketch. (2 nos)
Unit 3 Quantity survey

Cdculation of quantitiesof followingitemsof worksby measuring thedimensionsof
anexisting building/ building under construction.

a) Earthwork inexcavation for foundation
b) RR Masonryfor foundation and basement
c) Masonry for super structure
d) RCCworks
e) Pageing
f) Hoorfinishingworks
Unit 4 — Estimation (Long wall Short wall method)
a Estimation of quantitiesof itemsof acompoundwall (1 no.)
b) Estimationof quantitiesof itemsof asingleroom (1 no.)
c) Estimationof quantitiesof itemsof aresidentia building (2 nos.)
d) Edtimationof quantitiesof itemsof aschool building (1 no.)
Unit 5 — Estimation (Centre line method):
a) Preparationof detailed estimate using givencentrelineplan (3 nos.)
b) Preparation of detailed estimate using centreline method for agiven plan

(4 nos.)

>
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Module 4: Water Supply & Sanitary Arrangements

Unit 4.1 - Sources and treatment of water Periods: 7

Sourcesof water - Impuritiesin water- Factors affecting the sel ection of sourcesof
water- Hardnessin water and itsremoval- Stepsin water purification- Aeration -
Sedimentation with coagul ation- Filtration - Chlorination -Water softening-Water
demand for Residences, Restaurants, Cinemasand Thestres, Day Schools, Boarding
Schools, Hostels, Hospitals with Laundry, Offices, etc. (per head per day) IS
standards of potablewater.

Unit 4.2 - Water supply system Periods: 15

Digtribution of water - Continuous and intermittent system - Layout of distribution
system - Gravitational system - Pumping system - Combined system - Factors
affecting storage of water - Rainwater harvesting - Objectives- methods- Collection
for different uses- Rainwater collection for groundwater recharge

Unit 4.3 - Plumbing Periods: 208
History of plumbing- Plumbing tools- Typesand sizesof pipes- Pipefittings-
valves- Water tap with censor- Water meter- Fire hydrants - Pipefixtures-Pipe
joiningmaterids- Method of laying pipelines- Typesof pumps-Hot water gppliances
and installation -House connection from public water supply system- Lay out with
estimation of plumbing system- Study of rain water harvesting system -Irrigation
system for domestic farming and gardening (drip and sprinkler)

Unit 4.4 - Sanitary System Periods: 90

Introduction - Technical terms-Traps-Inspection chamber- Different systems of
sewage disposal -Conservancy and water carriage system-Classification of water
carriage system-Compari son between conservancy and water carriage system- Septic
tank - Different types-System of plumbing- Layout and estimation of sanitary system
inabuilding - Waste management - Methods of wastedisposd - Wasteminimisation.

Unit 4.5 Sanitary fixtures Periods: 20

Wash basin- Showers - Sink -Water closet (Indian and European type)- Bidet-
Hedlth faucet-F ushing cistern .Maintenance and repair of plumbing system.




[l CIVILCONSTRUCTION TECHNOLOGY

List of Practicals
Unit 01: Study of tools, Identification and its working
Unit 02 : Plumbing

Pipe cutting with hacksaw- Pipethreadingwith Die set - Study of different typesof
fittings (L-Bow, Bend, Tee, Coupling, Reducer, Union, Plug)

Fixing of pipefittingswith pipesusing Threaded connection, shellac and cotton.
teflon tape and solvent cement.

Makeaflanged joint connection using Gl Flanged pipesof convenient diameter
Practicingwater tap connectioninawater line
Practicing parallel connectionsof threewater tapsin amainwater supply line

Making ahousewater connection from apublic water supply linewith water meter
fitting.

Practiceadripirrigation connection for domestic purpose and small scalefarming

Draw neat Sketch of alayout plan of water supply system of onebedroomed residentia
bulding (2 nos)

Draw aneat sketch of layout plan of arain water harvesting system for aresidential
building.

Unit 03 : Sanitary system
Practice shower fitting with stop cock

Practi cethewash basin and kitchen sink fitting with necessary piplefittings
Practicethe Indiantypewater closet fitting with necessary fittings

Practicethe European typewater clost fitting with flushing cistern and heal th faucet

&
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OVERVIEW OF MODULE III

Thismodule coversthevarious aspects of estimating the quantitiesof itemsof work
involved inbuilding construction and buil ding services. It daboratesonthecaculation
of quantitiesof different itemsof engineering works so asto know itsapproximate
cost, the quantities of materia srequired and thelabour involvedfor its satisfactory
completion, before the commencement of the project. It coverstherateanalysis,
valuationof properties, network analysisand contract and tenders so asto enable
the students to prepare estimates, to find out the material quantities, make
specifications and construction scheduling and to prepare tender documents.

Thismodulewill fulfill the needs of the studentswho would liketo work in the
construction management/ building construction sector. The studentswill beableto
obtain jobsin quantity survey sector and those who arewilling to start their own
enterpriseinthe construction sector can acquirethe desired competencieswith the
help of thiscurriculum.

Vocationa skillsexpected fromthismoduleare:

*  Measuringskill
» Estimaionskill
» Tabulationskill
» Executionskill
*  Management ill
*  Organisttionkill

»  Preparation of drawingsand detailed estimates of buildings.
* Making quantity survey

» Findingout quantitiesof materialsand labour for executing thework
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Unit 3.1 Introduction to Quantity Survey

This unit gives an introduction to quantity survey and deals with purposes of
estimation, datarequired to prepare an estimate, units and mode of measurement of
variousitemsof work etc. Thisunit also coversdifferent typesof areaslikeplinth
area, floor area, carpet area, and circulation area. Generd specificationsand detailed
specifications of variousitems of building works are al so described in thisunit.
Preliminary knowledge regarding quantity survey can be obtained after completion
of thisunit.

Learning Outcomes

Thelearners.
e ldentify theneed of estimation. Get athorough knowledge of datarequired for
egimation.

e |ldentify theunitsof measurement of variousitemsof work.

*  Acquireindepth knowledge on the methods of measurement of variousitems
of work.

e Comparethedifferencein modes of measurement of various construction ac-
tivities

*  Comparedifferent typesof horizontal areasof abuilding.

*  Understand thetermsrelevant to the construction project.

e Cdculatedifferent work of aress.

*  Applytheknowledgein congtructionrelated activities.

e Getawarenesson the necessity of specification and how it affectsthe cost of
congtruction.

e Getathorough knowledge of the detail ed specifications of itemsof work.
e Understand thestepsinvolved in anitem of work.

*  Executevariousconstruction activities.

e Manageand administer materia dlocation

Concepts

An estimate can be defined asthe process of cal culating the quantitiesand costs of
thevariousitemsrequired in connection with thework. It isthe preparation of the

probable cost of the proposed work from its plan and specifications.
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Purposes of Estimation

1.
2.

Find out theamount of money required to completethework.

For publicworksadminigtrativeapprova, dlotment of fundsand technica sanc-
tion are done based on the estimate.

Find out thequantities of materiasrequired for their timely procurement.
Fix up the compl etion period from the quantity of work involved.

Prepare the construction schedule and arrange the funds according to the
programme.

Invitetendersand preparebillsfor payment.
An estimateof an existing property will berequired for itsvaluation.

Calculatethe required number of labours of different categoriesto complete
thework according to the programme.

Assesstherequirementsof tools, plantsand equipmentsfor thetimely comple-
tion of thework; and

10. Justify theinvestment of the project.

Data required for the Preparation of an Estimate

a

b)

Drawings: Thequantitiesof variousitemsof work are prepared from thedraw-
ings. Hence afully dimensioned drawing showing theplan, different sections
and other detail sshould be avail ablefor the preparation of adetailed estimate.

Specifications. Therate of anitem varies depending upon the specification. So
specificationsare necessary for analysing therates of items..

Rates: The cost of anitem of work isobtained by multiplying the quantity with
itsrate. So, ratesfor different itemsof work are necessary for the preparation
of an estimate.

Assessment activity

Preparation of a chart on the data required to prepare an estimate and an
oral test based on the purposes of estimation

3.1.2 Units and measurements

The measurement of works done or supply of materialsmadeare doneaccurately
inunitsdecided by ISl for making payments. The standard unitsof measurement of
someof theitemsof work are:

&
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»  Eathworkinexcavationfor foundation - cu.m.

*  Eathfilling/ sandfilling - cu.m.

*  Cement concreteinfoundation - cu.m.

o Damp proof course- sg.m.

 PCCworks- 10 dm?

* RCCworks- 10 dnv?

e Brickwork in cement mortar for foundation, plinth, super structureetc, - cum
*  Random rubble masonry in cement mortar - cu.m.

e Aghlar masonry incement mortar - cu.m.

*  Hooringwith different typesof floor covering- sg. m

*  Wood work for door and window frames-10 dm?®

e Door and window shutters- sg. m

e Reinforcementin RCCwork - quinta

e lIrongrillsinwindows- kg

* Plagtering-sg.m

e Panting-sg.m

Themode of measurement of variousitemsof buildingworksare:
Excavation for foundation

Measurement istaken asareaof thebottom of foundation multiplied by the depth of
foundation,

Reinforced cement concrete:

Quintel isworked out by multiplying thelength, width and thicknessPCC and RCC
areclassfied and measured separately. For RCC worksthequantity of reinforcement
iscalculated separately by itsweight.

Damp proof course:

DPCismeasured by itsarea.

Brick work:

For brick work, its cubical content istaken. For walls deductions are made for
doors and windows.

&>



Reference Book [}

Flooring:

Measured in square metre. Dados sha | bemeasured in squaremetresand skirting
shall bemeasured in running metres, stating the height.

Plastering:

All plastering works are measured in square metre unless otherwise specified.
Deductionsfor openingsexceeding 0. 5 sg. m but not exceeding 3 sg. m each shall
be made for one face of thewall only, when both faces are plastered with same
plaster.

Whitewashing, colour washing and distempering:
All itemsare measured separately and measurement issame asthose of plastering.
Painting

Painting should be measured in square metres unless otherwise specified. No
deductionsshall bemadefor openingslessthan 0. 5sg. m.

Roofing:

Themode of measurement of roofing dependson thetype of roof. For RCC roofing
itismeasured by multi plying thelength by thewidth and thickness of thedab. Sheet
roofing ismeasured by itssuperficial areaand the wooden purlinsonwhichthe
sheetsarefixed are measured in cubic metre. The measurement of steel supporting
membersisdoneinKg.

Assessment Activity
Practical activity on measurement of various items of work.

3.1. 3 Definition of plinth area, floor area, carpet area and
circulation area:

Plinth area: Plinth areaisthebuilt up covered areaof abuilding measured at floor
leve of any storey. Itiscalculated by taking the externa dimensionsof thebuilding
at thefloor level. Court yards, open areas, bal coniesand cantilever projectionsare
not included in plinth area. Supported porchesareincluded inplinth area.

Floor area: Floor areaof abuilding isthetota areaof floor in betweenthewalls.
Sillsof doorsand other openings, areaoccupied by walls, pillars, pilaster and other
supportsarenct included infloor area. Floor areaisequa to plinthareaminusarea
occupied by walls.

Carpet area: Carpet areaof abuilding isthe useable area or liveable area or
lettable area. Thisisthetotal floor areaminusthe circulation area, and other non
usable& livableareas as sanitary accommodations.
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Circulation area: Circulation areaisthefloor areaof verandahs, passages, corridors,
bal conies, entrance hall s, porches, staircases etc. which are used for movement of
persons. Itisof two types:

Horizontal circulation area: Areaused for the horizontal movement (verandahs,
passages etc.)
Vertica circulation arear Areaused for the vertica movement (stair, lift etc.)

Assessment activity
Practical activity on measuring various types of areas.
3.1. 4 Specifications of items of work

An engineering specification contains detailed description of all materialsand
workmanship which arerequired to compl ete an engineering project in accordance
withitsdrawingsand details. The specification isfurnished separately along with
drawingsanditisan essentid part of an engineering contract. Thedrawingswiththe
specificationswill completely definethe structure.

Necessity of Specification:
1. Thecost of unit quantity of work isgoverned by the specification.

2. Specification of awork isrequired to describethequality of different materids
to be used for thework.

3. Thisaso specifiestheworkmanship and method of doing thework and thus
servesasaguideto the supervising staff, for the execution of thework.

4. A work iscarried out according to the specification and the contractor ispaid
for thesame. Any changein specification changestherate.

Specification isnecessary for the preparation of tenders.

Specification isnecessary to specify the equipments, tools and plantsto be
engaged for awork and thushel psin procuring them beforehand; and

7. Specificationisanessential contract document.
General specifications of | class buildings and Il class buildings:

In general specifications, nature and class of works, names of materials and
proportionsthat should beused in thevariousitemsof work aredescribed. Only a
brief description of each activity isgivenanditisuseful for estimating the project.

>
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Detailed specifications of various items of work:

Detailed specifications, give the method of construction and specify the nature of
work. Study of thedetail ed specificationsof thefollowingitemsof work will helpto
understand how each item of work is carried out in site, and the requirements
regarding thematerial, |abour, workmanship etc.

Earthwork in excavation of foundation trenches.
Cement Concrete (PCC)
Reinforced Cement Concrete (RCC)
Random Rubble Stone Masonry
Brick Masonry
Pl astering with cement mortar
Assessment Activity

Preparation of field visit report after thorough inspection of specifications
of various items in construction sites.

TE Questions

1
2.

Defineestimation.

Estimateisanimportant construction document. Justify thestatement listingits
PUrposes.

For the preparation of an estimatevariousdataarerequired. List them.
Write down theunit of thefollowing itemsof work:

a) Eathwork inexcavationinfoundation.

b) RR masonryfor foundation

c) RCC1:2:4forroof dab

d) Pagering

Explainthe mode of measurement of brickwork for walls.
Defineplintharea

Differentiate between floor areaand carpet area.

Therearetwo kindsof circulation areas. Write abrief note on them.
Definespecification.

Explaintheneedsof specification.

Giveabrief description of detailed specifications of earth work excavationin
foundation.
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Unit 3.2 - Types of Estimate
About the unit

Thisunit deal swith two methods of estimation of quantitiesof variousitemsof work
which hdpsto preparethedetalled estimate of abuilding. It dsoincludespreparation
of gpproximateestimates & bar bending schedul efor cal cul ation of actud quantities
of stedl.

Learning outcomes
Thelearners:
3.2.1know different typesof estimate.

*  prepareapproximateestimates.

*  makefeashility sudiesof projects.

e sdect gppropriate methodsof estimation.
3.2.2 understand methods of estimation.

*  computethequantitiesof different itemsof work and cal cul ate the estimated
cost.

*  Preparedetailed estimatesof residential buildings.
Concepts
3.2.1 Types of estimate

Preliminary or approximate estimate: The preliminary or approximate or rough
estimateismadeto find out an approximate cost within ashort timeandto check the
financid viahility of theproject. Detailed drawingsand designsarenot required and
aline sketch as per the requirements may be needed for the purpose.

Purposes of an approximate estimate:

»  Toinvestigatefeasibility

*  Tosavetimeand money

»  Toinvestigatebenefit and comparison of cost with utility
e Adjugment of planning

*  Toobtanadministrative gpprova

*  Forinsuranceand tax schedule

Flinth areaestimate: To prepare an estimate by this method, the plinth areaof the
building should bedeterminedfirst. Theplinth areamultiplied by theplinth arearate
of thelocality for smilar buildings constructed recently will givetheestimated cost.

&>
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Additional information

In the absence of the plan of a building or when only a line plan is drawn,
the plinth area can be found out fromthefloor area. For thisadd the area of
walls at the rate of 15% to 18% ( but 8% for RCC framed structures) to the
floor area.

Cubical content estimate: 1nthismethod the volume or cubical content of the
proposed building isworked out and multiplied by the rate per cubic volume of
smilar buildingsinthelocality. Thisismoreaccuratethan the plinth areaestimate.

Detailed estimate: Thisisthemost accurate method of estimation. In thismethod,
thequantitiesof al theitemsof work areca cul ated from thedrawings. By multiplying
these quantitiesby their respectiverates, thecost of al theitemsof work areworked
out individually and then summarised. All other expensesrequired for the satisfactory
completion of the project are added to the above cost to get thetotal cost.

Work charged establishment: Thework charged establishment aretheemployees
who areemployed directly on thework for the actual execution of thework or for
the supervision. For such work charged establishment, an amount of 2 % to 3 % of
the estimated cost of worksisprovided inthe estimate.

Assessment Activity

Classroom exercises of estimation by plinth area method and cubical content
method

3.2.2 Methods of Detailed Estimation

Thedetailed estimateisdoneintwo steps. Thefirst stepisto find out thequantities
of eachitem of work and itisdonein astandard tabular format known as'Details of
measurements and Cal cul ation of quantities. The second step isthe'Abstract of
Estimated Cogt' in whichthe cost of each itemisfound out and thesummarisationis
doneto get the estimated cost.

For finding out the quantities of theitems, the dimensionsare taken out from the
drawings. For symmetrica foundationsthefollowing two methods can be adopted
for estimating the quantities of earthwork in excavationin foundation, foundation
concrete, sonemasonry or brick masonry infoundation and plinth, and brick masonry
insuperstructure.

1. Longwall short wall method or Separate or Individua wall method; and
2. Centrelinemethod.
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L ongwall short wall method: Inthismethod, find out theexternal length of wals
runninginthelongitudind direction (longwalls), out-to-out and theinternd length of
wadlsrunninginthetransversedirection (short wals) , in-to-in, and cd culatequantities
multiplying thislength by the breadth and height.

For this, find out the centreto centrelength of long wallsand short walls separately
from the plan. For long walls, add to this centre length, one breadth of theitem
which givesthelength; and multiply thislength by the breadth and height of theitem
to get thequantity. For short walls, subtract from the centrelength, one breadth of
theitemwhich givesthelength and multi plying thislength with the breedth and height
of theitem the quantity can be obtained.

Additional information

For making the concept clear, draw the plan of foundation trench, foundation
concrete and the plan of each footing or steps of wall ; and find out lengths
of long walls and short walls.

Assessment Activity

Classroom exercises of finding quantities by long wall short wall method
after preparing plans at various levels of a building.

Centrelinemethod : Inthismethod thesumtota length of all wallsarefound out
and thenthe quantitiesarefound out by multiplying thetotd centrelinelength by the
breadth and height of theitem. For buildingshaving crosswalls, for every junction of
crosswall withthemainwall, half breadth of the respectiveitemisto be deducted
fromthetotal centrelinelength. For buildingshaving different typesof walls, each
set of wallsshall haveto bededlt with separately.

Assessment Activity
Classroom exercises of preparation of detailed estimate by centre line method.

Bar bending schedule

Bar bending scheduleisatabular format showing the detail sof reinforcement such
asdiameter of bar, shape of bar, number of bars, |ength including hook, crank etc.
weight per metrelength, tota weight and thetype of bar. Thelength of bar should be
accurately ca culated keeping in view thehooks, crank and overl apping. For thisthe
following formul ae can be used:
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For straight hookedbar: L = |+18d, where;
L = totd lengthof bar
| = lengthof barsupto hooks
d = diameter of bars
For singlecrank bar: L ='I+18d+.5h, where
h = heghtof crank

= depth of bar from top of slab or beam —top
cover- thickness of bar

For doublecrank bar, L | +18d+2x.5h
For 2legged stirrup L= 2(a+b) + 24 d where;
width of stirrup
depth of stirrup
4 (a+b) +24d
Simpleway to caculatetheweight of re: bar
Weight/m of rebar inkg =D x D/162.2

D =diameter of bar inmm

Eg: Weight of 1 mlongbar having 10mmdia

= 10 x 10/162.2

=0.617 kg

a
b
For 4 legged stirrup, L

TE Questions

1. Prepaeanedimaeof abuilding project
with atotal plinth area of 150 sg. m
fromthefollowing details.

a. Plinth arearateisRs 15,000/ sg.m.

b. Cost of water supply @7% of cost
of building.

s 10 MM dia
== 12mmdia
5 16mmdia

= 20mmdia

S 25 mmdia
8 32mmdia

c. Cost of sanitary and electrical in- 3N 40mmdia

stdlations @7. 5% of cost of build-
ing.

Bar Size
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e d -
o =
: =
o e N |
St. Detalls of Bar Shape Length of Hooks| Total Length of Bar
| No.|
Diameter ag,
L 1 { together)
[Bent-up at one end only]]
A ]
S Rt
0 2{9d) = 184
2 i '@ (both hooks [/ +18d+0.42Dj
45 it together)
[ _l LB | |
| L
D = Vertical distance (C/C) between bars
| xsfgog)
"™ U 1
] 5° cases)
‘-—l—-i hb H—l—-l
(Overiap of bars)
f=—-<0d 1045 ¢—=1 - Overlap kength at
4. {Joini) 2(9d) = 184 '“400'0?56)'?5‘&
i [Here, ona hooks
5. height = 1 W, +2l,+28d
j I 2% (14d) =28 ¢
1
6 : I 2(12d)=24d 201, * 1,) » 24 d)
-—“-——- {
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d. Cost of Architectural features @2% of cost of building.
e. Cost of roads @5% of cost building cost.
f. Cost of P. Sand contingencies.

2. Theplinth areaand plinth arearate of aresdential buildingare200sg. mand
Rs 18,000/sg. m respectively. Determinethetotal cost of building assuming
suitableprovisons.

3. Preparetherough cost estimate based on unit cost per unit plinth areaon the
basisof afour storied building having carpet area2000sg. mfor obtaining the
administrativeapprova of thegovernment. It may be assumed that 30% of the
corridors, verandhas, lavatories staircase etc. and 105 of built up areawill be
occupied by walls. thefollowing dataaregiven

Finth arearateof building - Rs22,000/sg.m.
Extrafor specia architectura treatment - 5%of total cost
Water supply and sanitary installations - 6%of building cost

4. Edimatethefollowing quantitiesinthestandard form of aresidentia building
withagiven plan and section.

Earthwork excavationfor foundation
P.C. Cforfoundation
R. R masonry for foundation and basement
Brick work for super structure
Hooring
Plagtering of dl thewalls.
Assessment activity

-~ @0 Q0 T

Classroomexercises onfinding thelength of barsand preparethe bar bending
schedule and a field visit to study bar bending.
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Unit 3. 3: ANALYSIS OF RATES

Theanalysisof ratesded swith the cal culation of quantitiesof materialsand labour
required per unit quantity, required for eachitem of work and thereby finding out the
ratesof variousitemsof congtruction activities. Thisisdonewiththehelp of DSR.
Thisisessentid for estimating cost of congtruction. Thestudy of andysisof rateswill
aso helpin procurement of materia sin construction projects.

Learning Outcomes
Thelearners:

. analysethefactorswhich affect the cost of anitem of work.

. identify how cost of construction can bereduced.
. read databook and familiarise schedule of rates.
. caculatetherateof different itemsof work by cal culating the quantities of

ingredient materialsand labour usng DSR (District Schedule of Rates).
. manage constructionand material purchases.
. understand methods of preparing estimates using compuiter.
Concepts

Rate analysisis the process of arriving at areasonable rate per unit work for a
particular itemfollowingitsspecification:

Thepurposesof rateandysisare:
*  Todeterminethecurrent rate per unit of aniteminthelocality.
*  Toexaminetheviability of ratesoffered by the contractor.
*  Tocdculaethemateridsand labour required for project planning.
*  Tofix uplabour contract rates.
3.3.1 Factors affecting cost of an item of work
Thefollowing factors affect therate and thereby the cost of anitem of work:

»  Specification of anitem of work whichindicatesthe quaity and proportion of
materia sand themethod of construction.

*  Thepresent rateof materia sfor theitem of work at thework site (including

trangportation).
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» Dailywagesof different categoriesof labourersrequired for thework at the
locdlity

*  Therangeof lead and lift required for deposition of materialsto carry out the
item of work.

*  Percentage chargeof overheadswhichincludesinsuranceetc.

»  Besidesthesethesitecondition, Siteorganisation and cost control during ex-
ecution affect the cost per unit of anitem of work.

Schedule of Rates:

Tofacilitatethe preparation of estimatesand also to serveasaguidein setting rates,
ascheduleof ratesfor each kind of work should bemaintained by different engineering
departments and kept up- to- date, Thisisabooklet containing rates of various
engineeringitems. It also givestheratesof materids, daily wagesof |abour, carriage
expenditure and tablesfor quantities of various material srequired in construction.
Thisisprepared on thebasisof the prevailing ratesin each locality including the cost
of transportation and all other charges.

3.3.2 Analysis of rates of different items of work
1. Eathwork excavationinordinary soil
2. Earthwork excavationin hard soil

3. PCC-1:4:8

4. RCC-1:2:4

5. RRmasonryinCM 1:8

6. BrickmasonryinCM 1.6

Example : 1

Prepare the rate andysis of earthwork in hard soil for foundation and using
the soil for filling the basement . The remaining soil depositing onthebank with
initial lead upto 50m and lift of 1.5m
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No[Quantity Details Unit Rate Rs. T Amount Remark
The rate anaysis
of earth work in
hard soil for
foundation and
g e Rs 3520/~ for
basement. The (r)nne?rgug;cearth
remaining soil work in hard
depositing on the il for
Ibank with initial foundation and
ead upto 50cm ing the ol
and lift of 1.5m 1‘33' gt
: or filling the
1 Nil | Materia basement .
L abour Each/ 500/- | 2000/- | The remaining
2| 400 | Man mazdur <2y soil depositing
300 | Boy mazdur Each/day | 4. | 1200 on the bank
with initia
3 Conveyance lead upto
charge 50cm and lift
4 Add 10% as 320 of 1.5m
profit for Grand
contractor total 3520/-

Example: 2
Prepare the rate analysis for one cubic metre of 1: 4: 8 cement concrete using
40mm broken stone.

No| Quan Details ' Rate Remark
tity Unit Rs. Amount
The rate analysis for
one cubic metre of 1: 4:
8 cement concrete using
40mm broken stone.
1 Materials RS 4900/- f
- for
0.95 ggrr:ém broken stone Cubic m | 1800| 1710 |one cubic
0.475 e Cubic m | 2000 o050 |metre of
0.95 tonnes 5000 855 | 1:4:8 cement
2 Cabour concrete using
01 |Mason Each/day 500 50 |40mm broken
10 | Man mazdur Each/day | 400 400 |stone.
1.4 | Woman mazdur Each/day | 350 490
3 Conveyance charge 0
Add 10% as profit 4455
4 for contractor
5 Grand Total 4900/-

&
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Example 3

Prepare rate analysis for brick work in cement mortar 1:6 using country burnt
bricks 19x9x9 cm inground floor

-

No| Quan Details Unit Rate |amount| Remark
tity Rs.
Rate analysis for
brick work in cement
mortar 1:6 using
country burnt bricks

19x9%x9 cm in ground Rs 7018.5 for
floor brick work in
cement mortar
Materials 1:6 using
country burnt
500nog Country burnt bricks |N0S 10/each | 5000 |bricks 19x9x9
. cm inground
0.24 | Dry sand Cubic m| 2000 480 | floor
288
0.7 | Labour 350
0.35 | Mason Each/day| 500 140
0.35 | Man mazdur Each/day| 400 125
Woman mazdur Each/day| 350 ’

Conveyance charge

Add 10% as profit
of contractor 638

Grand Total 70185

.

3.3.3 - Analysis of rates and preparation of abstract of cost & bills using
electronic Spreadsheet

TE Questions
1. Ligtthepurposesof rateandysis.

2. Thecost of aparticular item of work dependson variousfactors. Enumerate
them.

3. Preparetherateper unitof RCC 1:2:4
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Unit 3.4: CONTRACTS & TENDERS

Thisunit dea swith theterms and procedures adopted in awarding public works.
Termslike contract, tender etc. arefamiliarised and anintroductionto thefinancia
componentsrelated to contracts are al so stated. Thisunit also describesthelegal
provisonsto befoll owed whileundertaking acontract, thedutiesand responsibilities
of anengineer, contractor and client. Thebilling proceduresin public workslike
measurement book, muster roll etc. aredsoincluded inthisunit. Thisalsogivesan
introduction to e-tender; thelatest mode of inviting tenders.

Learning Outcomes

Thelearners;

e Understand termscontract and tender.

e Identify organisationd principles.

e Understand thefinancia componentsrelated to contract.

*  Know thestatutory el ementsrelated to contract.

e Acquireawarenessondifferent kinds of contract.

e Understand thetermsusedin contracts.

* read and preparework order.

e Undergandtheorganizationa principles.

*  Know procedurefor inviting tenders and other details.

*  Readingandfillingof tenders.

e Preparation of tender

*  Awarenessof latest technologiesinthefield of contract /tender.

*  Understand contract agreement and conditions of contract.

*  know the legal provisions and rule to be followed while undertaking a
contract.

e  Undergtand thestatutory principles.

*  Know dutiesand responsibilities of contractor, engineer and client.

*  Work asateam.

*  Acquireindepth knowledge on making entriesin measurement book and billing.
understand the procedure of making billsin public organisations.
Preparemuster roll. understand the organidational regulations.

&
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Concepts
3.4.1 Contract

A contract isan agreement, whichwill bevaidinlaw, between two or more parties
for provision of suppliesand/ or servicesagai nst acons deration of monetary value.

Tender: Whenever agovernment agency or firm wants certain worksto be done,
servicesto berendered or any purchasesto be made, they float tendersin order to
get thework done at competitive prices. Tender isawritten offer submitted by the
contractorsto executethework or supply of materia etc. at certainrates. Theperson
who quotesthelowest price, agreeing to thetermsand conditionsimposed on him
will haveto sign an agreement stating that hewill perform the said work as per the
requirements.

Earnest money deposit (EM D): While submitting thetender the contractor will
haveto deposit an amount whichisabout 2. 5% of the estimated contract value of
the project, Thisamount is called the Earnest Money Deposit (EMD). Thisis
collectedin order to avoid the contractor from refus ng theacceptance of the contract.
TheEMD of unsuccessful contractorswill berefunded to them If thelowest quoted
contractor refusesto take up thework, hisEMD will beforfeited.

Security Deposit: Oncethetender of acontractor isaccepted, the contractor has
to deposit 5% of thetender amount with theclient. Thisamount, whichisinclusive
of theEMD already paid, iscalled the Security Deposit. Thesecurity deposit serves
asaguaranteethat the contractor performsthework satisfactorily. It isrefunded to
the contractor after amaintenance period of 6 or 12 monthsfrom the date of hand
over of thework. During thisperiod, if thereisany defect inthework, itscost of
rectification will bededucted from the security deposit.

Kindsof Contract: Thedifferent typesof contractsfor execution of civil engineering
worksare;

1. Itemratecontract or Unit pricecontract ( Schedulecontract)

For item rate contracts contractors are required to quote ratesfor individual
itemsof work on the basis of schedule of quantitiesfurnished by the depart-
ment.

2. Percentageratecontract:

Inthisform of contract, the department draws up the scheduleof itemsaccording
to thedescription of itemssanctioned in the estimate with quantities, rates, units
and amounts shown therein. Thusthe department fixesup theitem rates of the
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tender, The contractorsarerequired to offer to carry out thework at par with
the rates shown in the schedule or at percentage above or below the rates
indicated in the schedul e of work.

Lump —sum contract:

In this form of contract, contractors are required to quote afixed sum for
execution of awork completein al respectsi.e, according to the drawing,
design, and specifications. within the specified time. Thedepartmental schedule
of ratesfor variousitemsof work ared so provided which regulatesthe payment
of the contractor in respect of theitems of work involved for any addition or
ateration not covered by theorigina work.

L abour contract:

Thisisacontract wherethe contractor quotesratesfor itemsof work exclusive
of materiaswhich aresupplied by the department.

Materialssupply contract:

Inthisform the contractors haveto offer their ratesfor supply of therequired
quantity of materias, inclusiveof al loca taxes. carriage and delivery charges
to the specified storeswithin thetimefixedin thetender.

PieceWork Agreement:

The piece work agreement is that for which only arate is agreed without
referenceto thetotal quantity of work to be done. In thistype of agreement
detailed specifications and thetotal cost of the whole work to be done are
mentioned. It isterminablefrom either end at any time and thereisno security
money and penalty.

Cost pluspercentagerate contract:

Inthistype of contract, the contractor ispaid the actual cost of thework plus
an agreed percentagein addition asprofit. Thisisadopted when the material
and labour ratesareliableto fluctuations.

Cost plusfixed fee contract:

Inthistypeof contract, thecontractor ispaid an agreed fixed lump-sum amount
over and abovethe actual cost of work.

Cost plusdliding or fluctuating fee scale contract:

Inthistypeof contract, the contractor ispaid the actual cost of construction
plusanamount of feeinversely variableaccording to theincrease or decrease
of theestimated cost, Higher theactual cost. lower will bethevaueof thefee.
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10. Negotiated contract :

Whenwork isawarded on contract by mutua negotiation betweenthe partieswithout
call of tenders, it issaid to be anegotiated contract.

Work Order Form, Administrative approval and Technical
approval:

Work order:

A letter of acceptance known aswork order isissued first to acontractor intimating
that hisrate has been accepted and to perform aforma agreement within aspecified
number of days. After theformal agreement isperformed for the contract, aforma
|etter isissued to the contractor to take up the site of work and the date of compl etion
istreated from the date of issue of thisletter.

Administrative Approval :

Adminigrativegpprova istheforma approva givenby anAdminigrative Department
of the Government for awork for which the preliminary estimate has been framed
by the engineering department. After getting the administrative approval, the
engineering department takes up the work. and prepares detailed designs, plans
and estimates and then executesthework,

Technical Approval:

Technica gpprova or technica sanction meansthe sanction of thedetailed estimate,
design calculations, quantitiesof works, ratesand the costs by the authority of the
engineering department. Only after getting thetechnical sanction, thework istaken
up for execution.

Assessment activity

Preparation of chart showing different types of contracts and an oral test
on the terms contract, tender etc.

3.4. 2 — Procedure for inviting tenders, invitation of tenders:

The contract for awork isgiven on the basisof tenderssubmitted by the contractors,
Theforminwhichitisto be submitted issupplied by the department to thedigible
contractors on usua payment of cost. Thetendersareinvited by issuing tender
noticewhich should bein the standard form of the department. Itisdisplayedinthe
noticeboard of thedivision and aso circulated to thesubdivisonsand other divisions
of the department. For wide publicity of major works. thetender noticeisrequired
to be published intwo loca daily newspapers. Thetender notice should havethe
followingdetails
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*  Nameof theauthority inviting tender

*  Paticularsof contractorseligibleto submit tenders

*  Nameof work anditslocation

*  Edtimated cost of work

*  Priceof tender form and other tender documents

e Earnest moneyto be deposited

e Timeof completion

e Lastdateof saleof tender paper, last date of submission

e Lastdate timelimit, and placeof receipt of tender and also time of opening of
tender

e Acceptingauthority
Besidesthe aboveit contains general directions, brief items and conditions of
acceptanceand validity of tender etc.

Thetender form and other documentsareto be purchased on cash payment from
the officeinviting tender during officehourson all working days. All the tender
documents are signed by the contractor page by page after necessary entriesare
made. A forwarding letter ontheletter head of the contractor with the bank draft or
other form of earnest money isenclosed in aclosed cover along with the tender
documents. The cover isthen sealed and dropped in thetender box withinthetime
limit. Thename of thework and the name of the contractor are superscribed on the
cover.

e-tender:

e-tenderingisan internet based processwherein the compl ete tendering process,
from advertising to receiving and submitting tender rel ated information are done
online. This enables firmsto be more efficient as paper based transactions are
reduced or eliminated facilitating for amore speedy exchange of information.

Contract agreement and conditions of contract:

A contract agreement isabond. the contractor and the department are bound by
theterms and conditions of the contract. The contract agreement stipulatesthe
quantitiesof worksand rates, the detail ed specifications of variousitemsof work to
be done, thetimelimit withinwhich thewholework shall haveto be completed and

variousother conditions.
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Conditionsof contract: The conditionsof contract specifiesthefollowing:
*  Amount of security deposit

» Compensationfor delay

* Actionwhenwholeof thesecurity depositisforfeited
» Contractor remainsliableto pay compensation
» Extensonoftime

o Completion certificate

* Payment oncertificate

« Monthlyhill

*  Paymentof bill

* Depatmentd materids

»  Execution of work in accordance with drawing and specifications
» Alteration of design and specifications

* Nocompensationfor dteration

» Compensation in case of bad work

»  Worksto beopened for inspection

» Noticebeforethework iscovered

* Maintenanceperiod

» Careof departmental toolsand plants

» Labour

*  Work on Sundays

» Changesincongdtitution

»  Supervisionby higher officers

» Arbitrationetc.

Additional conditionslikeinsurance, lighting and guarding etc, areinsertedinthe
conditions of contract according to the character of thework to be carried out.

&
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Measurement Book:

Measurement for dl worksdone and suppliesrece ved in connection with asanctioned
estimate arerecorded in aspecial type of note book usually of size15cmx 10cm
known as M easurement Book (MB). The pages are machine numbered and each
page contansthe columnsfor particulars, detail sof actua measurementsintermsof
number, length, breadth and height or depth, quantity, rateand amount. It isone of
thevery important records of the department.

Additional information:The M — book format, details of writing up of M-
book, issue of M-book, test checking of measurements etc. can be transacted
in detail.

Muster Roll:

Thedaily attendanceand turn out of thedaily rated skilled and unskilled labourers
arerecorded inthe muster roll. Theattendance of the labourersand the quantity of
works executed arerecorded in the muster roll.

Additiond information: Transact theideaby demongtration of muster roll format and
mentioning therulesto befollowed whilewriting muster roll sothat thelearner gets
theability to preparethemuster rall.

Assessment activity:
Preparation of bills giving details of worksin MB format.
Preparation of muster roll giving the details.
Class test on invitation of tender, conditions of contract and e-tender
3.4. 3 Obligations of the Contractor, Engineer and Client
Contractor:

*  Inspect thesiteand study soil conditions beforetendering and investigatethe
accessibility, availability of electric power, water supply conditionsand thelo-
cal law and order.

e Collectlocal ratesof materia and labour and prepare anaysisof ratesfor the
items
*  Gothroughthedifferent clauses of theconditionsof contract.

o Startthework on timeand carry out thework as per drawingsand specifica-
tions. Any omission in the specification or any extrawork should be carried

out after getting thewritten approval of theengineer.
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Designate arepresentativeto act for himin hisabsence.

All royatiesand licensefeesareto be paid by the contractor.

Follow thelabour act truly.

Submit theclaimsfor extraworks, and billsfor payment in duetime.
Safeguard the completed portion of work until itshanding over totheclient
Hand over the completed work inasound condition.

Engineer:

To prepare the necessary drawings, specifications, and estimate.
To check up thesoil conditions.

Preparation of tender papersinviting tenders, sale of tender paper after inves-
tigating the soundness of contractor, preparation of comparative statement etc.

Supervisethework and ensurethat drawings and specificationsarefollowed.
Give necessary instructionsto supply working drawingsto the contractor.

Check thequality of work, measurement of work done, quantities, ratesand
passthebill for payment. Theamount to bepaid for extraworksshall be deter-
mined by theengineer according to thetermsof contract.

If acontractor fail sto show the proportionate progress of work asper thetime
of completion, take necessary actionsas per thetermsand conditions.

Theengineer isnot liableto lossesmade by the contractor . He shall seethat
the contractor hasremoved rgected materia sand rectified the defectsinwork.

In case of disputes between the contractor and owner, theengineer shall help
to settlethem by technical anadysis.

Ensurethat no damages made on any part of the compl eted work at thetime of
handing over.

Client :

Appoint an engineer and give him power towork on hisbehalf.

Intimate the engineer about the requirements of the project including desired
timeof completion.

Obtain necessary sanction for construction from the authority in collaboration
with theengineer.
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Give necessary sanction of the estimated cost to the enginesr.
Enter into contract with the contractor by signing thedocuments.
Give possession of the siteto the contractor.

Givenecessary help for obtaining permission for el ectric and water supply
connection from other organisations.

Make payment to the contractor on production of certified bills from the
Enginesr.

Do not interfereinthe progress of thework directly and make any addition or
ateration without the knowledge of the Engineer.

Take over possession of the completed project timely from the contractor.
Assessment activity

Judge the active participation of students in the expert sessions with the
engineer and contractor

Judgetheactive participation and have an role play ontheduties of engineer,
contractor and client.

TE Questions

1.

Definethefollowingterms:

a) Contract

b) Tender

c) Earnest Money Deposit

d) Security deposit.

Differentiate between administrative approva and technica approval.
Briefly explain measurement book and muster roll.
Explainthedutiesof an engineer.
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Unit 3.5: NETWORK ANALYSIS

Thisunit ded swith scheduling of civil worksby managingtimeand cost effectively
through construction project planning techniqueslike CPM and PERT. Thisunit
also deal swith safety measuresto be made surein construction sites.

Learning outcomes

Thelearners

Understand network analysisand itsimportance

Prepare anetwork diagram

Acquireknowledgeessentid to project planning and scheduling
Acquirethorough knowledge of the sequence of construction activities.
Control different activites

Identify uncertainitiesinactivities

Helpin project planning and scheduling

Digtinguish between thetwo methods

Manage construction sSitessafey

Concepts
3.5.1 Introduction

Network anaysisisthe method of planning, scheduling and controlling the progress
of variousitems of work of aconstruction project. The advantages of applying
network anaysisin construction projectsare:

Providesanintegrated construction management.

Determines project duration more accurately.

Identifiesthe effect of delaysin advancefor timely corrective action.
Facilitates optimi sation of resources.

Providesascientific method of progressreporting and progress control.

Enabl esthe management to take better decisionsfor effective monitoring of
projects.

Critical Path Method (CPM) Programme Eval uation and Review Technique
(PERT) arethetwo methods of network analysis.
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The terms related to CPM and PERT are:

1. Eventor Node: Thisisether the beginning or end of ajob. Thisisrepresented
by anumber enclosedinacircleor arectangle, It requiresno timeor resources
initsdf.

2. Predecessor event: It isan event that immediately comes beforeanother event
without any intervening events.

3. Successor event : Itisan event that immediately followsanother event without
any intervening even.

4. Activity : Itisthe performance of aspecifictask. It requirestimeand resources
to performan activity.

5. Predecessor activity : Itistheactivity that immediately comesbefore another
activity without any intervening activity,

6. Successor activity : Itistheactivity that immediately followsanother activity
without any intervening activity.

7. Dummy:Itisanartificia activity whichindicatesthat an activity followingthe
dummy cannot be started until the dummy activity iscompleted. Inanetwork
diagramitisrepresented by dotted lines.

8. Network or Arrow diagram : Thisisan arrow diagram to represent therela
tionship of theactivitiesand events.

9. Arrow: Itisdrawnto represent each activity, joining two events,

10. Mog likelytimeestimate: Thisisthetimeestimatein which an activity canbe
completed under normal conditions.

11. Theoptimistictimeestimate: Thisisshortest possibletimeinwhich anactivity
can be completed under ideal conditions.

12. ThePessmistic Timeestimate: Thisisthemaximum possibletimeinwhichan
activity can be completed when everything went wrong and abnormal situa-
tionsprevailed.

13. Duration: Thisistheestimated timerequired to perform an activity,

14. Ealiest Start: Thisthe earliest timewhen an activity can be started.

15. Earliest Finish: Thisistheearliest timewhenan activity can befinished.

16. Latest Start: Thisisthelatest timewhen an activity can be started without

delaying the completion of the project.
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17.

18.

19.

20.

21.

22.

23.

24,

Latest finish: Thisisthelatest timewhen an activity can befinished without
delaying the completion of aproject.

Total float: Thisistheamount of timeby whichthestart or finish of an activity
can be delayed without del aying the compl etion of aproject.

Freefloat: Thisistheamount of timeby which thefinish of anactivity can be
delayed without delaying the earliest starting timefor thefollowing activity.

Slack time: Thisisthedifference between thelatest allowabletimeand the
earliest expectedtime.

Critical Path: Thisisthe path that determinesthe minimumtimerequired to
completeaproject.

Range: Thisisthedifference between thelongest time and the shortest time
taken by thejob.

Variance: Thisisthe mean of squared deviationsof eachindividua figurefrom
themean.

Standard deviation: Thisisthe squareroot of thevariance.

Problem: Draw anetwork diagramwith thefollowing logic of variousactivities,

(i) Aisthefirst operation of the project.

(i) BandCsart concurrently but can start after A only.

(i)  Ecannot start Until B and C are compl ete.

(iv) B precedesD

(v) Start of Fdependsupon completionof D and E.

Solution: Thepictoria representation of theactivitiesisan shown below
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Assessment activity:

Conduct a class test on terms used in network analysis.
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3.5.2 Developing a network using CPM

CPM network isactivity based. Thisdoes not takeinto account the uncertainties
involved in theestimation of timefor theexecution of an activity. Theactivitiesare
represented by arrows, These arrows. are connected in order of sequence of
operations.

Thestepsinvolvedin preparation of aCPM chart are.

Identify theactivitiesof theproject and list them.
Estimatetheduration of each activity.

List theactivitieswhichimmediately precedeand follow each activity.
Interconnect the activities and events by drawing anetwork.

Number the activitiesin such away that the number at the head of each arrow
islarger than the number at thetail of thearrow.

A chart should be prepared to list each activity with an appropriate designa-
tion, duration, earliest start, earliest finish, latest start, latest finish and total
float.

Determinethecritical path.

Thepathwhichishaving zero dack timeisknown ascriticad path, Critica path
isthat whi ch takesthe maximum timein completing the project from start to its
completion.

Path 1-2-4-6-8-9 takes 24 days and by thistimedl activitiesare complete, Hence
thisisthecritica path.
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For exampleinthisNetwork thedifferent pathsare
1-2-3-6-8-9=4+3+4+6+6=23days
1-2-4-8-9=4+5+2+6=17days
1-2-5-7-8-9=4+2+2+4+6=18days
1-2-4-6- 8-9=4+5+3+6=24days
1-2-4-5-7-89=4+5+1+2+4+6=22days

Assessment activity

Assignments/classroom exercises on preparing network diagramusing CPM
method with the given details.

3.5.3. Developing a network using PERT:

PERT congdersthat the activitiesof the projectsand their network re ationshipsare
well defined. But it dlowsuncertaintiesin activity durationsbecauseit isextremey
difficult to estimate the exact timeajob will takefor its completion dueto | ot of
variables.

Assessment activity:

Assignments/classroom exerciseson preparing network diagramusing PERT
method with the given details.
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. PERT-network.
The expecteted time is calculated in Table

T, +4T, +T
Predecessor Successor T T, T, L= ____6—F
event event
4 B 7 10 13 10
4 c 10 14 18 14
1 D 5 8 15 8.67
i E 10 13 16 13
C n 3 5 7 5
C F 11 15 20 15.17
D E 8 11 14 11
D F 6 9 14 9.33
E G 12 17 24 17.33.
F G 10 15 21 15.17
3.5.4 Difference between CPM & PERT
3.5.5 Construction Safety Management
PERT CPM
Event oriented Activity oriented
Timeisnot related to cost Time isrdated to cost
Probabiligtic network Deterministic network
Used for research development projects|  Used for repetitive projects
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Importance of Construction Safety:

Theconstructionindustry in Indiatoday isexpanding day by day and complexin
naturetoo.

The socid concern of the safety of congtructionworkersand their protection against

injury arising out of their employment hasanimportant roleinthisfield,

1.  Humanitarian Concern: When an accident happens, the suffering of theinjured
workersand their familiesisdifficult to quantify in economicterms. The con-
tractor should never ignorethiseven if hehasinsurance against accidents.

2. Economic Reasons: Evenif acontractor hasinsurance, the cost of accidents
will comeout of hisown pocket through anincreaseininsurance premiums. In
addition, thereare other indirect coststhat result from accidents.

3. Lawsandregulations: Asper different actsand laws, theemployer should ook
after the safety of the employee. Violation of these lawswill be subject to
punishmer.

4. Organisational Image: A good safety record can produce higher moraleand
productivity and stronger employeeloyalty. It will dsoincrease publicimage
and therefore, makesit easier to acquire negotiated jobs.

Safety Measures

There have been many rulesand recommendationslaid down for improving safety.
A contractor canimprove safety performance using thefollowing guidelines:

(i) New workersshould begiven asafety orientation.

(i)  Forevery project, the contractor must study in advance the possible acci-
dentsthat the proposed construction methods, procedures and equi pment
may create. Then an accident prevention programme should be devised to
takecareof thoseaccidents.(iii) The contractor should enforce the use of
approved equipment for persona protection such ashard hats (helmets), safety
belts, safety glasses, goggles, hearing aids, gloves, etc.

(iv)  Thecontractor should integrate saf ety programswith other programs, such
as scheduling and budgeting during prepl anning procedures. Thiswill helpto
identify possible accidentsinherent in thework to be done, to suggest reme-
dial training if necessary, to assurethat proper toolsand equipment will be
availablefor thework, and to verify that the methods sel ected are safe, ac-

cording to required standards.



Reference Book [}

(V) Periodic checking of toolsand equipment isnecessary in order to make sure
that they arewd | maintained.

(vi) Conduct periodic safety meetings, such astool box meetings, to provide safety
educationonthejob.

(vii) Seek and obtainfull cooperationfromall subcontractorsontheproject, Many
accidents occur just because of lack of coordination, These kinds of acci-
dentscan beavoided easily by administrative effort.

Assessment activity

Conduct a seminar on importance of construction safety and safety
measures.

TE Questions

What aretheadvantages of gpplying network analysisin construction projects?
Differentiate between event and activity.

What arethe differences between PERT & CPM?

Explaintheimportanceof construction safety management.

Giveabrief note on safety measuresin construction projects.

o a0~ w D PF

Thefollowingtableliststheactivities, duration and their ssquenceof operation,
Draw anetwork diagram for these activities and prepare atabl e showing their
ES, EF, LSand LFtimes. Find thetotal float and freefloat for each activity.
Determinethecritica path anditsduration.
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Unit 3.6 Valuation of building

Thisunit dealswith the method of va uation of buildingsfor different purposeslike
sde avallahility, housingloansfromfinanciad indtitutions, acquisition by government
agenciesetc. Thischapter explainsmethodslike sinking fund method, depreciation
method etcfor evaluation of abuilding arithmetically.

Learning Outcomes
Thelearners.

e Understand vauation and its purposes, analysethefactorswhich affects
an successful commpletion of theunit, learner will theadueof aproject

e Getthorough knowledge on various methodsof val uation.
e Peformvauaionof building.

*  Know thetermsof mortgage

*  Understand rent fixation.

Concepts

3.6.1 Valuation of Building

Vauationistheart of ng the present fair value of aproperty at astandtime. It
isthe estimate of the value of aparticular item interms of money, It isbased on
certainfactsand factors.

Cost and Value

Cost meanstheactud cost of construction or purchase, whileva uemeansthe present
market value which may not be the same as the cost. Value depends upon the
supply and demand, whereas, cost isaconstant amount required for construction.

Purposes of Valuation
Following arethemain objectsof valuation of the property :
a Whentheowner of the property wantsto sdll it,

b) Whenamanwantsto purchaseaproperty, itsvauationisrequired to assessits
market value.

c) Thevauation of property isdonefor fixation of the municipal tax wealth tax
estate duty etc.

d) Fordeterminingtherent of the property, itsvauationisrequired, because usu-
aly therent isfixed on certain percentage 6% to 10% of the amount of valua-
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€) Whenloansarerequired to betaken against the security of the property, its
vauationisrequired.

f)  Whentheproperty isacquired by Government by law for payingitscompen-
sation, vauationisrequired.

g Forgettingtheinsuranceof theproperty, itsvauationisrequired.

h)  Whenacaseisto befiled with respect to property, for determining court fee
vauationisrequired.

i)  Forreingtatement it becomesessential to know theva ue of the property.

J)  For preparation of baance sheet of acompany/firm. In such casespremisesto
bevaued asgoing concern. Theproperty of thefirmisto beshownin baance
shest.

Factors affecting value of property:
Thevalueof abuilding mainly dependson:

* Typeof building

» Materialsusedintheconstruction

*  Durahility

» Situdionof gte

* Shape

* Frontage

*  Present market rate of materials

* Marketrateof land

» Heghtof building

* Roof coveringmaterias

» Water, dectrica, telephoneand sewer facilitiesetc.
3.6.2 Methods of valuation
Valuation of aproperty may be prepared by different methodslike:

(@ Vauationbased oncost

(b) Vauation based onprofit
(©) Depreciationmethod
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(d) Sinkingfundmethod
(e) Quantity survey method

Theappropriate method of val uation depends on the nature of the property aswell
asavailability of reliabledata. In valuation, itiscustomary to check onemethod by
another method.

Valuation based on cost:

Inthismethod the actual cost of construction of the building or purchasecostis
takeninto account After suitabledepreci ation and cong dering other pointsits present
vaueisdetermined.

Valuation based on profit:

Thismethod isused for thevauation of hotel, cinemas, theatre buildingsetc, For
whichthe capitalised value mainly depends onthe profit. In these cases, theannual
net incomeisworked out after deducting all the expenditures. The net profit per
year is multiplied by the year’s purchase to get the valuation of the building.

Depreciation method:

Depreciationisthereductioninvaue of aproperty or building duetoitsuserlife,
wear and tear, decay or obsolescence. Depreciationisdependent onorigind condition,
quality of maintenance and usage.

Inthismethod thebuildingisdivided into four partsie; a) walsb) roof c) floor and
d) doorsand windows. The cost isworked out onthe present day rates, Thelife of
each of the four parts is worked out with the help of standard tables and the
depreciated vaueiscaculated applying aspecific formula Thisdepreciated vaue
isexclusiveof cost of land, water supply, € ectric and sanitary fittings etc.

Thedepreciated value can be caculated by the formulae

]]"!

100—rd
100

D==PJ

where p= present cost,
n= no of years, rd= rate of depreciation
Rate of depreciation for various life periods are as follows
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[ LIFE rd |
100 years 1.00
75years 1,30
50 years 2.00
25 years 4.00

| 20 years 5.00

Example . 1

A building situated near theside of amain road on a land of 500 sg.m The
Built up area is15x20sq .m. The building is first class type with al facilities
and age of building is 30 years. Work out the valuation of property .
Assuming the life of building is 50 years.

Plinth arearate is 15000/sgq .m
Cost of land = 7500/ sg.m
Minth area = 15x20
= 300sg.m
Present cost by plinth area method = 300 x 15000
= 75,00000/-

] n
n = 30 years ,for 50 years rd=2.00
D = 75,00000

100—rd
100

Depreciated value D =P

[100-2.00 30
= 7500000 x | ———
| 100

= 75,00000 x

" o8 TO
| 100

= 75,00000 x 0 .98%
Cost of land = 7500 x 500

= 37,50,000




Present value of building

Example . 2

CIVIL CONSTRUCTION TECHNOLOGY

depreciated vaue of building +cost
of land

75,00000 x 0 .98%* + 37,50,000/-

A intends to buy aland of | lakh sq.m located near abig city to develop
intoplots of 700 sq,m. each after providing necessary roads ,paths,and other
amenities, The current rate of price for each plot is RS 6000/ SQ.M . He
wants a net profit of 20% each. Work out the maximum price of land a which
he may purchase ,the land .Assume 30% of the land is used for roads and

other amenities.
Total land is 1,00000 sg.m

Area for road

Total plot area for sale

No of plots

Total rate

Expenses

30 100000
100 ©

30000sg,m
100000- 30000
70000sg.m

7000

700
100 nos
6000 x 700x 100
42, 00,00,000/-

Cost improving land by leveling and fencing=7 5/sq.m

Cost of improving land=100000x75
= 7,50,0000/-

Cost of constructing roads=,water supply ,drainage, eectrification etcis RS

50/,SQ.M for whole area

50x100000
50,00,000/-
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Engineers and Architects, expense for planning ,surveying,supervising etc is 3%

of sdling price

0.03x 42, 00,00,000/-
1,26,00,000/-

&
I

Misclaneous expense =1% of selling price
= 0.01x42, 00,00,000
= 4200000/-
Contractor’s profit at 20 % of selling price = 0.20x 42, 00,00,000/-
= 8400000/-
Total expense = 75,00,000+50,00,000/-+1,26,00,000+42,00,000/-+84,00,000
= 2,64,50,000/-
Max price that can be given for the land=42, 00,00,000 - ,64,50,000
Rs 39,35,50,000/-
39,35,50,000
100000
Rs 3935.5/SQ.M

Purchasing rate = Rs

Sinking fund method:

Inthismethod, the depreciationisequal to theannua sinking fund plustheinterest
onthefund for that year, A fund which isgradually accumul ated and set aside to
reconstruct the property after theexpiry of the period of utility isknown assinking
fund. If A is the annua sinking fund ,b, ¢, d represents theinterest on sinking
fund for subsequent years and c is the original cost.

( At theend of Sinking fund | Total sinkingfund | Book value |
First year A A C-A

Second year A+b 2A+b C-(2A+h)

Third year A+c 3A+b+c C-(BA+b+c)
Fourth year A+d 4A+b+c+d C-(4A+b+c+d)
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Quantity survey method:

Inthismethod each and every item of constructionismeasured, itscost isworked
out and depending upon the conditions of theitem, suitabledepreciationisallowed
onthecost of theitem. Theabstract isprepared by adding all the costsof theitems
withalowancefor depreciation. Thisisthemost reliable method.

3.6.3 Mortgage and Annuity

Mortgage:

When any person wants aloan against the security of hisproperty itiscalled a
mortgageloan. Thefinandd indtitutionwhich grantstheloanisknown asthemortgagee
and the persontaking theloaniscalled themortgager. Usudly loanisgranted taking

into consideration the present val ue of the property, For determining the present
vaue, valuationisdone.

Annuity:
Thereturn of cgpital investment intheform of annud ingtalmentsisknown asannuity.
Rent fixation:

Every Government official occupying Government accommodati on hasto pay rent
whichiscalled standard rent. For caculation of standard rent , cost of building, cost
of water supply, sanitary and e ectric installationsetc. are calculated at 6 % interest
and divided by 12 whichwill givetherent per month.

Incaseof private properties, thenet incomeisworked out by dividing the capitaized
value by a proper figure of the year’s purchase. To get the gross rent, outgoings
such asannual repairs, municipal taxes, property taxes, and sinking fundsetc. are
added to the net income. Thisgrossrent divided by 12, which will giverent per
month. Thisisa so known asstandard rent

Incaseof private properties, therent depends upon the situation, demand, type of
congtruction, accommodation and facilities provided.

Assessment Activities
Classtest, Oral test, Assignments/classroom exercises on Rent Fixation
TE Questions
1. What arethevariousmethodsof valuation?
2. Anowner of abunga ow made somerenovationsto make hisbuilding more

attractive. Which method will you adopt to remnovateit?
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3. What do you mean by standard rent and how it iscal culated?

4. Definethetermssinking fund and scrap vaue

Extended Activities

Module III

1. Cdculatethequantitiesof differentitemsof work of abuilding.

2. Prepareanaticeinviting tender for the proposed extension of aschool building
for advertisnginadaily.

3.  Prepareaplanning schedulefor theconstruction of aresidentia building project
by CPM/ PERT method.

4. Vduatean existingbuildingfor the purpose of acquisition by Government.
Detailing of practicals

Practical Activities

Unit 1 Plinth area calculation 25 periods

Preparetheplan, elevation and section of atwo storied resdentia building and find
out theplintharea (2 nos.)

Unit 2 Measurement Practice 35 periods
a) Measurethedimensonsof acompoundwall. ( 1no)

b) Measurethedimensionsof asingleroom and preparethe sketch. (Inner and
outer dimensions) (1 no)

¢) Measurethedimensionsof al componentsof aresidentia buildingand prepare
thelinesketch. (2 nos)

Unit 3 Quantity survey 38 periods

Cdculation of quantitiesof followingitemsof worksby measuring the dimensionsof
anexisting building/ building under construction.

a) Earthwork inexcavationfor foundation

b) RR Masonry for foundation and basement
c) Masonry for super structure

d) RCCworks

e) Padering

f) Hoorfinishingworks
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Unit 4 — Estimation (Long wall Short wall method) 40 periods
a Estimation of quantitiesof itemsof acompoundwall (1 no.)

b) Estimation of quantitiesof itemsof asingleroom (1 no.)

c) Estimationof quantitiesof itemsof aresidentia building (2 nos.)

d) Estimationof quantitiesof itemsof aschool building, (1 no.)

Unit 5 — Estimation (Centre line method): 100 periods

a) Preparationof detailed estimate using given centrelineplan, (3nos.)

b) Preparation of detailed estimate using centre line method for agiven plan
(4 nos.)

Project: Preparetheplan, section and elevation of aresidentia buildingand the
detailed estimate (1 no.)
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MODULE 1V
Water supply and sanitary arrangements

Overview of Module IV

It isessentia to update thethe skillsand knowledgeto cater to the demands of a
rapidly progressing present day construction industry. Keping thisobjectiveinview
the curriculumincorporated amodule on water supply and sanitary arrangements
snceitisanimportant building service.

Amongdl building servicesto beprovidedinabuilding beit aresidentia or apublic
building water supply and sanitary arrangementsare the most essential services. So
well trained memberswith necessary skill setsarein great demand to attend to the
minor or mgjor jobsin thisfield. Thismodul e providesthe student with know-how
about techniqueand the knowledge of plumbing systemsin buildingsin additionto
latest technol ogy devel oped inwater supply and sanitation, solar heaters, hot water
installationsetc. After the successful completion of themodul e, thelearner will be
capable of preparing thelay out plan of water supply aswell as sanitary works of
public and domestic systems and execute plumbing worksand their repairs.

Unit 4.1 Source and Purification of Water

Thisunit coversthesd ection of sourceof water, theimpuritiesinwater, itspurification,
removal of hardnessin water. It also discussesthedifferent methods of purification
of water, the per capitademand of water for different typesof premises, etc.

Learning outcomes

Thelearners.

* understandthequality of water.

» differentiate between hard and soft water.

»  understand methodsof water purification.

»  control thequdity of water& demand of water for variouspremises.
Concepts

Sources of water and impurities in water

(@ Ranwater

(b) Surfacewater

1. Ponds& lakes
2. Streamsandrivers
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3. Storagereservoirs
4. Oceans
Sub surface/ Underground sources

1. Springs

2. Infiltrationgdleries
3. Infiltrationwells

4. Wellsandtubewells

Factorsaffecting the sel ection of source

1. Thequantity of water available.

2. Thequality of availablewater.

3. Distanceto thesourceof supply.

4. Generd topography of theintervening aress.

4. Elevation of thesourceof supply.

Impuritiesin water

@
1.

(b)

©

(d)

Dissolved impurities: Dissolved gases O,, CO,, H,S, etc.
Inorganic sdts
Cationic**, Mg, Na, Fe*, Al* ec.
Anions  CO;3, Cl” SO, NO; etc.
Organic Sdts
Suspended Impurities
1. Inorganic—clay & sand
2. Organic-Oil globules, vegetables & animal material
Colloidal Impurities
Finely divided clay andsilica
Al (OH),, Fe(OH),, organic wastes
Microscopic matters

Bacterid, Algae, Fungi etc.
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Hardness of water

Hardness of water isthat characteristic which preventsthelathering of soap. In
other way we may define it as “Soap consuming capacity of water”.

Types of hardness

(@) Temporary hardness— It is due to the presence of dissolved bicarbonates of
calcium, magnesium and other heavy metal sand the carbonates of iron and

other metdsa o.

It can beremoved by boiling of water when bicarbonates are decomposed
yielding in soluble carbonates or hydroxides, which are deposited ascrust at
the bottom of thevessdl.

(b) Permanent Hardness— It is due to the presence of dissolved chlorides and
sul phates of cal cium, magnesium, iron and other heavy metals.

Permanent hardness cannot be removed by boiling. It isthe difference be-
tween total hardness and temporary hardness. It can be removed by special

treatmentsonly.

Hard water & Soft water

Thewater which does not produce lather with soap but producesinsolublewhite
precipitateiscalled hard water.

Water which produces|ather with soap isknown as soft water.

P

Properties
Dissolved sdts

Wastage of soap

Cleangngqudity of
Soap

Taste of water

Strong teeth and
bones

Hard water
Salts of Mg, Ca and other
heavy metas
Soap iswasted to get desired
results
It isdepressed dueto hardness
and alot of soagpwasted during
washing and bathing.
It is usually better than soft
water. Thelabel on the bottle
of mineral water showsthat it
containsCa™* ad Mg ions.
It helps in producing strong
teeth and bones dueto present
of Mg and Ca™ ions

Soft water

Does not contains
suchsts

Does not waste

It is good in soft
water as it gives
lather readily
Lessbetter asions
of Ca™, Mg are
not present in soft
water

Does not help as
such
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Prevention of lead
dissolution

Elevationof bailing
point of water

Effect on hedth

Lead, piping used for
distribution of water in old
houses are coated with
CaCO, present in hard water.
This prevents any of the
poisonousleaddissolvinginthe
drinking water.

Due to the presence of
dissolved sdts, theboiling point
of water iselevated. So more
fuel and timeisrequired for
cooking.

It causes bad effects in our
digestive system. Moreove,r
there isincreased deposition
of Cdcium Oxalatecrystalsin
theurinary track. .

Doesnot help assuch. )

Less time and fuel
required and no
deposition of carbonate
in the inner walls of
utensils

No such effects is
observed.

Assesment activity

Classtest, oral test, charts, print outs, assignments.

IS standards of potable water

Property Desirable
Colour Hazenunit5Hz
Odour Unobjectionable
pH 7t08.5;

Total dissolved solids 500mg/l
Alkdinity 200mg/l
FeS 0.3mg/l
Magnesum 0. 1mg/d
Sulphate 200mg/l
Nitrate 45mg/l

Permissible

25Hz

Norelaxation
2000mg/l
600mg/l
1.0mg/l
0.3mg/l
400mg/l
100mg/l
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( Chloride 250mg/l 1000mg/I )
Huoride 1mg/l 1.5mg/l
Arsenic 0. 05mg/l Norelaxation
Chromium 0.005mg/l Norelaxation
Copper 0. 05mg/l Norelaxation
Cyanide 0. 05mg/l Norelaxation
Lead (Pb) 0. 05mg/l Norelaxation
Mercury 0.001mg/l Norelaxation

| Zinc 5mg/l 15mg/l ]

Total coliform bacteria—10 coliform in 200ml (95% of samples should not contain
coli form bacteriain 100ml),

E-Coli form bacteria- Nil/100ml

Methods of purification of water

a  Screening

b. Pansedimentation

C. Sedimentationaidedwith coagulation
d. Hltraion

e. Didnfection

f. Aeadion

g Softening

h. Other treatmentslikefluridation, recarbonation etc
Screening

Course screens and fine screens are placed in front of pumpsto screen or intake
worksso asto exclude particles, debris, animals, trees, branches, bushes, etc. Fine
screens prevent thefine suspended solids.

Sedimentation

The suspended impurities can be removed by plain sedimentation. Specia basins
are constructed to purify the surface water of riversor reservoirs.
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Sedimentation with coagulation

If thewater containscolloidal impurities(Specificgravity 1to 1. 2) it will not settle
down by plain sedimentation. In such cases, coagul antsare added for sedimentation.
eg.Alum.

Filtration INLET DISINFECTION CHAME

OUTLET
Disinfection by UltraViolet Rays

Though screening and coagul ation removes large percentage of suspended solids
and colloidal impurities, it may contain very fine suspended particlesand bacteria.
Tomakewater potableand paatabl eitisfiltered through thebedsof gravel, granular
sand, etc. Thisemoves colour, odour, turbidity and some pathogeni c bacteriatoo.

Disinfection

Disinfectionistheprocessof killing of pathogenic bacteriaby themethods of boiling,
UV rays, chlorine, bromine, iodine, excesslime, 0zone, potassium permanganate,
etc. Residual chlorine of 0.2 mg/litre (ppm) is required to safeguard against
contamination of water during distribution.

Aeration

Water acration isthe process of increasing the oxygen saturation of water. Aeration
water treatment iseffectivefor management of dissolved gasessuch ascarbondioxide,
sometaste and odour problems such asmethane and hydrogen sulphide, aswell as
volatileorganic compounds. Aerationraisesthe P of water.

Water Softening

It isnot necessary to remove hardness of water for public use sinceit causesno
major harm to health. But it isdoneto reduce the consumption of soap, lower the
cost of maintenanceof plumbingfixtures, improvetaste of food preparation etc. The
temporary hardnessof water can beremoved by boiling. The permanent hardness
can be prevented by lime sodaprocess, Base Exchange process, De-mineralisation

process, etc.
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Layout of a water treatment plant

Coagulant
Addelilon
Coaquhtion
o
by = tation|  [ETEETEET "\
tore R |
, i 5
Flocculaiion A
Fillrstion High nmmy
' Finished wam .r'
To Distribution
Disinbection

Domestic method of treating water

a

Domesticfilter containers. These are made of stainless steel two containers
placed one abovetheother. The upper container. basefitsintherim of lower
container, Itisusedinindividua homes. Itsefficiency can beimproved by
adding chlorinetabletsor chlorine solution to disinfect the water.

OnLineFilters- Thesearefiltersavailablein the market and can fixed directly
onawater tap. They usegranulated filter media, activated carbon and crystals
of slveriodide. Thefilter mediatraps suspended particles, whilethe activated
carbon removes colour, odour and gasesfrom thewater.

Domestic Ultraviolet purification systems- Excellent sterilization occurswhen
UV raysof sufficient intensity passesthroughwater. Most living cellsincluding
bacteriaand viruseseither die or losstheir capacity to reproduce. Water is
clear and freefrom suspended matter if it isinstalled immediately beforethe
point of use.

Assessment Activity

Field report, active participation in field visit, Quiz etc.

Demand of water for various purposes

» Thevarioustypesof water demand are:
» Domestic water demand
> Industria water demand
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| nstitution and commercia water demand

Demand for public use

Firedemand

Water required to compensatelossesin waste and thefts

Domestic water consumption

Use Consumptionin lit/head/day

Drinking 5

Cooking 5

Bathing 55

Washing of clothes 20

Washing and cleaning of houses 10

Washing of utensils 10

Flushing of water closets 30

Total 135

Water requirement for other establishments

- Averagewater consumption\
Typeof establishment
ke e inlit/ead/day
1 Offices 45-90
2 Factories
a With bathrooms 45-90
b. without bathrooms 30-60
3 Schools
a. day scholars 45-90
b. resdentia 135-225
4 Hostels 135-180
Restaurants 70(per seat)
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-

6 Hospitas )
a. number of beds<100b 340(per bed)
b. number of beds>100 450(per bed)
Hotels 180(per bed)
Nurseshomesand medical quarters 135-225
Railway stations 23-70

10 | Airports 70

1n Cinemahallg theatres 15

TE Questions

1
2.
3.

What arethedifferences between soft water and hard water?
Preparetheflowchart of water purification.

isthe per capita consumption of water for domestic purpose as per
Indian Standards.

GivethelSstandardsfor potablewater.
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Unit 4.2
Water supply system

Thisunit deal swith distribution of water, different water supply systems, layout of
distribution systems, typesof distribution systems, and their meritsand demerits.

Learning Outcomes

Thelearners:

*  Aware of the requirement of a good distribution system, its working and
arrangementsof Pipesinthe system.

*  cagpableof preparing alayout of the purification system.
e awareof different typesof distribution systems.
e abletounderstand rainwater harvesting.

Flow chart of water supply system
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I. Systems of distribution
a) ContinuousWater Supply System

Inthiscasewater isavailablefor 24 hrs. Sothe systemisawaysunder pressureand
thereisno chanceof infiltration. Therefore negative pressure cannot occur and asa
result the quality of water isbetter. Asthe supply iscontinuous more consumption
andlesscontamination.

b) Intermittent System

Inthiscasewater issupplied at regular interval sthroughout the day. For example
water may besupplied for few hoursinthemorning and few hoursintheevening. As
itisnot continuousthe consumptionisless. Dueto negative pressurethe quality of
water isnot so good compared to the case of continuous supply.

[l a) Gravitational system

Pumping
M“‘« ) ‘ ke ‘-i. Gravity

i

Source (1)

I
il
Pumping statign

HGL = Kydraulic Grage Ling
EGL = Enerpy Grade Lne

" Source (2)

In this system water istransported through pipesby gravity only. It isthe most
reliablemethod of distribution used when the source of water supply issituated at a
higher level thanthedistribution area.
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b. Pumping System

Minimum demand
Static head

Maxi : | i
Maximum demand «— Pressure

developed
He | by pum?

Source of wild!

N Pump huusiﬁ&//

H ¢ - Head lost in friction
H. - Effective head

Inthissystem water isdirectly pumped into the mainsleading to the consumers. Its
reliability dependsontheavailability of power supply.

c. Combined gravity and pumping system

Inthis system thetreated water is pumped and stored in an el evated distribution

reservoir. Theexcesswater during low consumptionremaininthedevated reservoir
and can be supplied during peak periods.

Vi desiand Elevated distribution
— Static head Al
. e -
v s e 2
b= et From pump
il . house
i~ A

—

- Maximum demand

H.- Head of lost friction
ul H, - Effective head
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Different Lay outs of water distribution
(8 Deadendortreesystem

(b) GridIron System
(¢) Circular or Ring System
(d) Radid System

Dead end System

Dead End or Tree System

9|/ 1@
I

Ji@ i, & : Main Pipe
%: Branch
(S): Sub Mains
® l« —b@) o : Cut off Valves
® N— ®
!

@‘

Itisthe system inwhich each street or block is supplied separately from themain.
Sothereisend of the system at each end of ablock.

Thepipelinebranchesjust likeatree branchesie. themain line hasmore diameter
and thediameter of branch linesgoeson decreasing. Sincethe pipeterminatesat
dead endsthereisno circulation of water. So water ispolluted dueto contamination.

Advantages
* Itisgoodfor acity which hasbeen devel oped haphazardly.

» Asitrequireslessnumber of vavesitiseconomical.
» Thistypeof systemiseasy to construct.
Disadvantages
» Largeareacut off duringrepairing.
*  Whentapisnot opened for along timebacteria growth may take place.
*  Whentapisnot opened for long timewater may be contaminated.
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b. Grid Iron System

Grid Iron System...

It is suitable for cities with rectangular layout,
where the water mains and branches are laid in
rectangles.

Grid-iron System

L] 18 ®
=7 == ‘,‘__\;‘
1 oY
— ¥ 2 el = . %
(1D &4 : Main Pipe
o o 2 "QT:"’ {g): Branch
L = i (i (5): Sub Mains
Py 1 P PR [ e Cut off Valves
I Il l,-rg,
«— ¢ ] Ees
4

In Grid Iron System thewholedistribution systemisinterconnected. So thewater
remainsin circul ation and thereisno contamination of water. Because water does
not stand il at any point and it continuescirculation.

Advantages:

* Inthissystem asthewholedistribution system isinterconnected water can
reach from morethan onedirection.

e Itprovideshbetter quality of water.
e Duringitsrepairinglesser areacut off.
Disadvantages

e Themanproblemingridironsystemisthat, alot of valveto cut off asmal area
incaseof accidental hazards.

e Thissysemisdifficult todesign.

*  Thenework of pipesformingloopsispossibleonly inwell planned cities.
c. Circular or Ring System
Ring System

-— <=— l — —>

i b l
® @
SRS ES)
@

‘l : Main Pipe
R %: Branch
| ® @ | (S): Sub Mains

o : Cut off Valves

~ Y

-— @q—
.
T
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Supply totheinner pipesisfrom themain around the periphera boundary. It hasthe
sameadvantage asgridiron system. Smaller diameter pipesare needed.

d. Radial System

®)|| Radial System

. : Distribution

Reservoirs

Itisazoned system. Water ispumped into the distribution reservoirsand fromthe
reservoirsit flowsby gravity to thetree system of pipes. The pressurecalculations
areeasy inthissystem. Layout of road need to beradia to eliminatelossof headin
bends. Thisisthemost economica systemif combined pumping and gravity flow is
adopted.

Requirements of a good distribution system

Water quality should not get deteriorated in the distribution pipes.

It should becapable of supplyingwater at dl theintended placeswith sufficient
pressure head.

It should be capabl e of supplying the requisite amount of water duringfire
fighting.

Thelayout should be such that no consumer would bewithout water supply,
during therepair of any section of the system.

All thedistribution pipes should be preferably laid one meter away or above
sewer lines.

It should befairly water tight so asto keep loses dueto |eakage to the minimum.

Rain water harvesting

Rainwater harvesting isthe system to rechargetheacquifer by rainwater through an
atificid system a arate morethan that obtained conditionsof natura replenishment
and or collect and storerain water.
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Thetechnique used to increasethe recharge of ground water by capturingthestorm
water isknown asrain water harvesting. In other words, rain water harvestingisa
process by which the ground water reservoir isenhanced at arate exceeding these
under natura conditions.

ainwa_i_;er

Objectives of rainwater harvesting

a) Reducinglossof water by itsrunning off.
b) Avoidingfloodingof roads.
C) Mestingthedemandsfor increasing need of water, and

d) Reducing groundwater contamination.
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Methods of rain water harvesting

€) By storingof water intanksor reservoirs

f) By congruction of pits

g By rechargingof ground water and

h) Bydiggingwdls.
Inthes mplest method, rooftop harvesting invol vestaking downaPV C or MSpipe
of 90-120 mm diameter from the roofs outlet to the ground floor which can be
connected to awater tank (placed above the ground level or below the ground
level) or to the underground water table. Therainwater before collection should
however generally be passed through simple sand and charcodl filters. Itisfor the

remova of sugpended and organic particlesfrom thera nwater runoff collected from
theroofsor courtyardsasinfigure shown

Rain water collection for different uses

Rainwater collection for different uses can be practiced by collecting the water
carrying down from theroof into astoragetank of plastic, R C C, or masonry. The
tank can be placed either abovethe ground or bel ow the ground depending onthe
availability of space and cost consideration, cleaning and disinfecting thetank at
regular intervalsand making of filtersisamust. In acampuswhere sufficient space
isavailablethewater can be stored in an open excavated pond which also servesas
asettling placefor impurities.

Rain water collection for ground water recharge

When rainwater collection for direct useisdifficult or costly or impracticable, then
ground water recharge option can beeasily practiced to supplement the decreasing
ground watertable of the area. The ground water recharging can be practiced by
directingtherainwater toinfiltrateinto the ground to join thewatertablethrough a
rechargewel | with apressurefilter depending onthe available circumstances.

Assessment Activity

Field report verification, oral test, viva voce, preparation of sketch, class
test, assignments.

TE Questions

1. Comparethedead end system and gridiron system of distribution of water.
2. What aretheadvantagesof Radia system of distribution of water?

3 is the distribution of water for a planned city.

4. Mention any four requirementsof agood distribution system.




[l CIVILCONSTRUCTION TECHNOLOGY

UNIT 4.3 PLUMBING

Thisunit dedswith thedifferent typesand sizes of pipesand toolsusedin plumbing
systems, fixtures, fittings, methods of laying pipelines, typesof pumps, connectionto
publicwater supply systems, estimation of plumbing layouts, instdl ation of hot water
appliances, rainwater harvesting systems, irrigation syssemsfor amall scaleor domestic
farming and gardening.

Learning Outcomes

Thelearners.

e understandstheimportanceof plumbing systems.

*  sdecttheappropriatetool for Particular plumbing tasks.

»  sdect different pipesbased on various asrequirement of plumbingworks.
»  sdectdifferent pipefittingsaccording to the necessity.

* understand the need and workings of water meter and, itslocationinalayout.
*  know thelocationand need of firehydrant in buildings.

o sdectfixturesfor plumbingworks.

*  sdecttheappropriate materia for joining of pipes.

* devdopskill indigning pipelinewithitsaccessories.

»  sdect pumpsaccordingto thesituation.

»  develop skill inmaking connectionswith necessary fittingsto tap water from
public water connection.

»  fix hot water gppliancesin theplumbing system.

e preparelayout of water supply systemto new buildings/ proposed with esti-
mate

e understandtherain water harvesting tank andfix it at an appropriatelocation
inbuildings

e <Killinirrigationworks. for domestic and small scalefarming or gardening.

Concepts

Plumbing

History of Plumbing

The term plumber comes from the Latin word for lead ‘plumbum’, meaning lead
worker, Plumberswere skilled |ead workerswho fitted and repaired the apparatus

N
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of water distributioninand out of abuilding. Clean water and safewasteremovd is
animperative part of our everyday life.

Plumbing had itsoriginsin ancient civilizations such as Greek, Roman, Persian,
Chinese. Indian etc., cities The ancient devel oped public baths and had to provide
potablewater and removewaste water aslarge numbersof peoplelived. In most
large citiestoday, solid wastes are send to sewage treatment plantsin order to
separateand partidly purify water beforeemptying them into sreamsor other bodies
of water.

Plumbing tools

1.

Guiding and testing tool

(& Straightedge (b) Square (c) Leve (d) Plumb bob

Markingtool

(@ Pendl (b) Chakliner (c) Scriber  (d) Compass& divider
(e) Punches

Measuring Tools

(& Rue (b) Tape

Holdingtools

(& Pliers (b) Clamps () Vices  (d) Wrenches
Cuttingtools

(@ Saws (b) Clamp (c) Rasps (d) Chisds  (e) Wire-cutter
(f) Shears (9) Hatchet

Scraping and Grinding tools

(& Scraper (b) Grinders

Boring and threading tools

(@ Drills (b) Counter sinks (cPies (d)Taps (e) Pipe
cutter

Striking and fasteningtools

(@ Hammer (b) Screw driver
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9. Solderingandjoiningtools

(@ Solderingironwithbits (b) Solder pit
(d) Firepots

Sraight Edge
L evel

Plumb bob
Scriber

Compassesand Dividers-

Punches
Pliers

Vices

Wrenches
Saw

Files & Rasps
Chisds

Shears
Pipecutters
Threadingdies
Taps
Solderinglron

Blow lamp

(o) Ladle

(€) Hesating torches (f) Blowlamp

Thistool ismostly used for scribing linesand testing faced
surfacesand edges.

Itisusedto test theaccuracy and level of thecompleted
pipelines.

Used to check vertical lines.

Used to mark very finelines.

Used by plumbersfor markingarcand division.
Used for marking drill centers.

Used for holding or unscrewing union nutsand similar
work.

Usedto hold apieceor metd or piperigidly for cutting or
screwing

Used for gripping pipesand nuts.

Used for cutting pipes,

Used for removingthemeta by rubbing.

For cutting hard substances. Flat chisels are used for
sraight cutting. Plugging chisel isused for clearing out the
joining from between brick work wheninserting plugs.

Used for cutting or shearing sheet metal.

used for cutting metal pipes.

Used to makethreadin pipelines.

Usedfor cuttinginterna threadson apipeor fitting.

It isused to raisethetemperature of metal to apoint when
It can betinned and soldered.

Itisusedfor healing solderingironandjoining lead pipes
andfillingleadinjoints.

N
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Types and sizes of pipes

According to materials used:

Castiron -  Usedinwater mainwhenwater pressureisvery high.

Sed Pipes—  Usedinwater mainswhenwater pressureishigh. Itis costly and
is affected by adverseatmosphere. Soit should beproperly treated
before use.

Gl Pipes— They are made of wrought iron coated with Zinc. Used for plumbing

servicesinsdethe building. Pipesareeasily connected by socket joints by masking

threads on the end of the pipe and jointed to another pipe with help of asocket..

Tee, elbow, bend, cross, reducer, etc.

Wrought Iron Pipes — These pipes are with threaded ends and have many
advantagesover castiron pipe. They havelessjoints; jointsaretighter and stronger
and alignment isbetter maintained. It isexpensivethan Gl, pipes.

Copper Pipes—They are used for hot water supply installation as they have high
tensilestrength, and arevery light and can bent easily because of their walls. Copper
pi pes are sometimes chromium plated.

PV C Pipes—Used increasingly for supply of cold water. They are light weight, non
corrosive and do not require any threading.
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L ead pipe- Its main advantage is flexibility and durability. The most common use
of lead pipeare aflexible connections called agoose neck, between water supply
maininthestreet and ahouse servicepipe; asastrapinthedrain pipefrom plumbing
fixtures; asaflexible connection between aroof gutter and arain leader and asa
flexible connection between awater d osat seet and the cast iron pipesof the plumbing
sysem.

Asbestos Cement Pipe— Asbestos Cement is composed of asbestos fibre and
Portland cement combined under pressure. In these pipesacoating of bitumenis
given. Itisused mainly in pipesin thedistribution and collection systems.

Size of pipes
Thepipesizeisexpressed in termsof areato be served or intermsof fixture units.
Domestic pipesizes (PVC)

15mm (¥4")
20mm (%4")
25mm (1)
32mm (1%4")
36mm (1%2")
40mm (2")
Types of pipe fittings
Coupling — Itisusedtojoin samediameter of pipesinastraight line.
Reducer — Itisusedto connect two pipeslinesof different diameter.
Tee — Itisusedfor taking branch fromalinesuch asreducing tee,
union, tee, etc.
Elbow — A pipefittingfor providing sharp changeof directionina
pipeline, such as 90° e bow, 135° e bow, union elbow etc.
Bend — Thisisof various sizesto change thedirection of water to
any direction.
Plugor Cap — Itisusedfor plugging or blocking theend of the pipeline

for futureextensonfromtheline.

>
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Crossor Junction - Thisfittingisfor branchesto right anglesto each, whichis
known ascrossunion.

7 - N 7 N A £ "
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I
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Elbow Couplear Redycar Tew End Cap
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Union

It is used to separate two pipes easly for any repair work in apipeline. It has
threadsin oppositedirection at both ends

Ferrule

It is aright angled sleeve made of brass or gun meta jointed to an opening
drilled in the water main,to which it is screwed down with aplug.

Goose neck

It is asmall sized curve pipe of a flexible material ,usually lead and about
75cm length forming a flexible connection between the water main and service

pIpe.

Farrule
’l? ~ Compression stop valve
Chroma-plated Mut = —Farnde
S @
Rigid copper pipe 4“ s:ﬁ_ i
coupling
s L

Toe fitting
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Water meter

Water meters are the deviceswhich are used for measuring the quantity of water
flowing under pressure through apressure conduit. They areinstalled on all the
house connections.

Themaintwo typesof water metersare:

(1) TheVeocity Meter or Inferential Meter

(2) ThePositive Meter or the Displacement Meter
1. Velocity meter

5 Iy

Velocity meter

Theve ocity meter measurestheve ocity of water flowingthroughit. When multiplied
by the crosssectiond areait givesthequantity of water used. Automatic arrangements
aremadeto record theintegrated discharge over aperiod of time. Itisusually used
for large discharges and can a so be used for small discharges but theaccuracy is
less, Theexamplesare Rotary meter, Turbine meter, Venturimeter.

2. Positive meters

Piston

Massuring Charniser

Controd Rolle:
“ingire o Chamibsat)
-

Piston Hub =~
{Carare of Fiston)
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The positivemetersare more accurate because they measure the quantity of passing
water by counting the number of timesthemeter chamber isemptied andfilled. The
capacity of the meter chamber multiplied by the number of timesitisfilled and
emptied will directly give thequantity of water flow over thegiven period of time.
The examples are reci procating type, oscillating type, disc type. etc. Disc meters
areavalableinszesfrom 16mmto 150mmin diameter with safe operating capacities
of 90to 4500 liters of capacity per minute.

Comparison between Ve ocity metersand positive di splacement metersare:
a.  Veocity metersare cheaper than displacement meters.

b. Veocity metersarelighter and requirelesser head.

C.. Velocity metersarelessaccurate.
d

If anything stopstherotation of rotary meter or turbine meter, the water will
continueto flow without being recorded.

e, Veocity meterscanbeingtaled only on horizontd flows. For vertica pipelines
positivemetersareto beinstalled.

Fire Hydrants

A hydrantisan outlet provided in awater distribution main or asub mainfor apipe
of atleast 15 cm diameter for tapping water mainly during fires. During firesthe
nearby hydrant isconnected to thefirehose and thewater obtained from the hydrant
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isused for extinguishing fire. Thewater required should beat higher pressuresthan
domesgticusesinceitisused at high buildings. Thisisdoneby connecting the outlet
of the hydrant to thefire engine, it boost its pressure so that thewater comes out
from theenginethrough smooth nozzlesand can thusused for high buildings.

Typical Fire Hydrant Installation

% 2-1/2" Hose Nozzles

Upper 4-1/2" Pumper Nozzle
Barrel
 Sp———

g—u
= Valve Box
= Lower
I :
E-I-
|1

J:}%L_Lh_T.'mIF

Requirements of agood hydrant

a.  Itshouldbeeasy to connect to the hose.
b. Itshould becheap.

C. Thereshoulduninterrupted water flow.
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Valves

Non-rising Gate Valve

Side view

spindle

Threaded Gate
Shaft

Tapering Gate

Valve Body

GateValveor Suicevalve: Thisisused toregulatetheflow of water through the
pipe. Inlargepipelines. bringing water fromthesourceto thecity, they aregenerally
located a ong the pipelineat intervalsof about 3 to 5kms. so asto dividethepipe
linetodifferent sections

Inthistheflow iscontrolled by adliding gate operated by means of aspindlewith
screw to movethe gatein opening and closing.

Air Valves— Air valves are the special kind of valves which are generally placed
aong thepipelineon both sides of duicevavesand a so onthedownstream side of
duicevaves Whenwater entersinthepipelineit dso carriessomeair withit which
tendsto accumulate at high point of the pipeline. When thequantity of air increases
it causes serious|eskageto theflow of water. Thereforeitismost essential toremove
theaccumulated air fromthe pipeline. Air relief valves are used for these purposes.
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Stop valve or stop cock

They aresmall szed duicevavesand areingtalledin service pipesserving theundo
splitting cocks. They operate on the same principle of duicevalvesand they are
usualy used up to sizes of about 50mm. They are placed on water pipesleadingto
flushing tanks, wash basins, water tanks, etc.

STQP COCK

Pressurerelief valve—Water hammer pressure in pressure pipes can be reduced
by using pressurerdief valves. Such avalveisadjusted to open out automaticaly as
soon asthe pressurein the pipe exceeds acertain fixed predetermined value. Itis

useful in small pipelines, wherethe escape of arelatively smaller amount of water
will aleviatewater hammer pressure.
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Check valveor non return valve— They prevent water to flow back or in the
oppositedirection. They may beinstalled onthedeivery side of pumping sets, soas
to prevent the back flow of stored or pumped water, when the pump is stopped.

Cover
Hinge pin

Ball valve or Float valve
Itisfitted in flushing cisterns, reservoirs, storage tanksetc. It isan automatic valve

Whenthewater level inthetank israised to the full supply level thevaveissalf
closed. Itisfitted a theend of theinletinthetank. Thepartsareball valveand lever.
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Water tap with Sensor

It combinesfour key components: solenoid valve, infrared sensor, power source
and atap unit.

When the sensor detects the presence of an object (user’s hands) in front of the
tap and sendsasignal to the solenoid valvetoinitiatetheflow of water. Whenthe
objectisnolonger present theinfrared unit sends an e ectronic sgnd to the solenoid
valveagain to terminatetheflow of water usually after afew seconds.
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Spigot and socket joint: Thecast iron pipesarejoined by thisjoint. Theenlarged
end of thepipeiscalled socket end and plainendiscalled spigot.

Expansionjoint: Thistypeof jointisusedin very long pipelinesto makeprovison
for expansion of pipe.

Ball and socket joint: Itiscaled universal joint. Thisjointisused inthose places
whereit isapprehended that thepipelineislikely to settledown.

Flanged joint: Thisissmplejoint andisused whenthe pipeshaveflangesonthe
ends.

Collar joint: Thisjointismainly used for connecting RCC pipes.

Screwed joint: Thisjointiscommonly usedinsmall diameter pipes. Such Gl pipes.
The pipesare screwed together by asocket.

Laying out of Water supply pipelines

Pipes conveying water from sourceto the distribution system consistsof anetwork
of pipelines. Themain pipelinesare of the same size- one or twoin number made
of sted or R. C. C. Thebranchlinesareof cast iron and the house connection pipe
linesaregalvanized Iron.

Themainpipelinesareburiedintheground and distribution linesarelaid along the
roads and streets. Thealignment should be such astofollow the profile considering
cost and pressures. Thepipesarelaid on compacted soil formationto avoid settlement
and there should beat least 1m earthen cover between top of pipeand road surface.
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Testing of pipe lines

After thepipeline has beenlaid and fitted with al appurtenance and accessories
painted both from inside and outside by suitable paints, the pipelineisto betested
for pressuretest onthepipelineasfollows:

>
>

>

The pipelineistested from section to sections between two duicevalves.

Thedownstream duicevaveisclosed and thewater isalowed to enter
through the upstream va ve after properly operatingtheair valves.

The upstream valveis closed through which water is admitted so asto
isolatethe section.

The pressure gauges arefitted d ong thelength of pipelineat suitableinter-
va say 1 km through holes provided for this purpose.

The pressurein the pipelineisraised by asmall hand pumpttill thetest
pressureisnearly 25 to 50 percent abovethe highest pressure.

The pipeand thejointsarethen visualized for water tightness. The gpplied
pressure should be maintained for 24 hourswithout any loss.

When thefield pressureislessthan 2/3 rd of thework test pressure, the
observation periodisextended for another 24 hours.

The pipeisfinaly emptied through drain va ves, and the observed defects
inthetest arerectified so asto makethelinefit for use.

After the satisfactory completion of the pressuretest, aleakagetest at a
pressureto be specified for aduration of 2 hoursisalsoto be performed.

Assessment Activity

Identification of tools and materials, verification of samples collection,
prepar ation of sketches, discussion notes, mar ket survey report, identification
of valves, oral test, practical activities

TE Questions

o g~ wdNPE

Differentiate between gatevave and pressurevave?
Nameany threetypesof jointsin pipelines.

How apipelineistested fir water pressure

What isthe advantage of censor tap?

Gate valvesareusedin ...........

Compareunion and coupling in plumbing system.
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7. Writethefunction of awater meter?

8. CompareWater metersof Disc typesand those of rotary types?

9. Draftthewater supply lay out plan of aresidentia building?

Pumps

Purpose Of Pumps

»  Tolift water from the source when water cannot flow by gravity to themains.

*  Toliftwater from thetreatment plant when sufficient opeisnot available
between different treatment units.

*  Toliftwater after thetreatment to thedistribution mains.

*  Whenthepressureinthedistributing mainsisto beincreased so asto enable
water reach at elevated points.

Typesof pumps

1. Roto-Dynamic pumps

2. Displacement pumps
Roto-Dynamic pump hasawhed or arotating e ement which rotatesthewaterina
casing and thusimparting kinetic energy tothewater. There aretwo typesof such
pumps:
a.  Centrifuga pump, b.Axid flow pump.

Displacement pump works on the principle of mechanicaly inducing vacuumina
chamber thereby drawing avolume of water whichisthen displaced intothechamber.
Therearetwo typesof such pumps:

(8 Reciprocating pump, Rotary pump
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Advantages of Displacement pump

1. Itgivesaconstant dischargewith variable heads.

2. Theyaredurableandflexible.

3. Highefficiencyispossibleif thevavesand packingsarein good condition
Disadvantages of Displacement pump

1. Intia costishigh about four timesmorethan centrifugal pumpsand mainte-
nancecostisalso high.

2. Reciprocating pump occupieslarge space; six to eight timesthe spacerequired
by horizonta centrifugal pumps.

3. Theyarenot suitablefor water containing sediments. In such cases sudden
stoppage |eadsto damage of the pumps.

4. Singleacting reciprocating pump produce, pulsating flow.

Advantages centrifugal pump

Parts of centrifugal pump

Discharg: naxals

Sucrlivm
ninr br

Fhaft G g

CendriTugal Funng:

Initial cost and maintenance cost islow.
Their sizeiscompact and can beinstaledinlimited space.

Their mechanismissimpleand thusless skilled labour isrequired for their
operationsand repairs.

The discharge obtained issteady and non pul sating.
5. They canbeusedfor water containing siltsand etc.
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6.

They aredurable and safe against high pressure.

Disadvantages of centrifugal pump

1
2.

Such pumpsrequires priming.

Such pump should not be started with discharge va ve open to avoid overl oad-
ing and at the sametimeit should not be started for along timewith discharge
valveopentoavoid high pressures.

For high heads, efficiency islow.

Thedischargefrom such pumpsvarieswith variabl e heads of water Uniform
dischargeispossibleonly by varyingrotating speed whichisnot practical and
economicd.

Rotary Pump

Pasitive Displacerment Pump

Suction

harga
low high
pressure pressure

Advantage of Rotary pump

1.
2.

They requireno priming asthey are sdlf primed.
Theflow isnearly freefrom pulsations.

Asthey have no valves they are simple to construct and easy to repair as
compared to reciprocating pumps.

They are often used for in protection systemsin buildingsand in small water
supply systems.
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5. Their dischargeishigh at moderate heads.

Disadvantages of Rotary pump

1. Theinitid costishigh.

2. Theyarenot durableasthey requirefrequent repair of gears.
3. Water contai ning sedimentsdamagesthe pump.
Miscellaneous Types of pumps

Air Lift Pumpand b. Jet Pump

a. Alr lift pump

Air lift pumpsareused tolift water from deep wellsto about b 60 to 80 metres. In
such pumps compressed air isforced into the sourcethroughasmall air pipeandis
rel eased and mixed with the water through adiffuser at the reduction pipeaat the
bottom of thesource. Thewater mixedwith air haslesser density than the surrounding
water and risesup. A separator placed at the outlet removesair from water.

Advantages of Air lift pumps:

HE T
| L1 i
UUmPTCSSOr
- iquid
i air-bubbles
compressed OI

air
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1.

Inspiteof lesser efficiency air lift pumps can dischargelargeamounts of water
fromsmdler diameter wells.

Theair lift pumpsare not damaged by sedimentssoit can be used in damaged
wdlls.

They are cheaper, smpleandreliablein operation.

Thereare no movable partsin contact with water; soit can beused for highly
acidicor alkainewaters.

The pumping from anumber of wells can be done by installing acommon
compressor unitand

Theyield fromawell can beincreased by using more amount of compressed
ar.

Disadvantages of Air lift pumps:

1,

3.
4.
b.

Toincreasetheeffectiveness of thepump the depth of well hasto beincreased
than required. Thiscreates additiond expense.

Anair lift pump isnot adopted for lifting water much abovetheground level,
for thispurposean additiona pump isneeded.

Their efficiency islow.
Theflow isnot continuous but i ntermittent.
Jet pumps

Jet pumpsare usudly used for pumping water from smaler wells. They areportable
and sometimesused i n construction worksfor dewatering trenches. Itsefficiency is
low of theorder of 25 percent. They are compact and light inweight and areeasy to
handle

Factorsaffecting theefficiency of pump:

1. Capacity of the pump.

Importance of water supply scheme.
Initia cost of pumping arrangement
Maintenance cost.

Spaceavailablefor locating the pump.
Number of unitsrequired.

Total lift of water required.

Quiality of water to be pumped.

NG~ WD




Hot water Appliance in plumbing System
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The common hot water delivery pipeshall leave the hot water heater near itstop
and shall beof not lessthan 20 mm bore generally, and not lessthan 25 mm, if there
areother hot water tapsin the same storey asthat on which the hot water heater is
Stuated. Hot water taps shall beof types causing minimum friction or aternatively
oversized taps. may be provided such as20 mm tap on a1l5 mm pipe.

Thevent pipeshall beconnected to the highest point of the heater vessel and it shdll

not project downwardsinsdeit asotherwiseair may betrappedinside, resultingin
surging and consequent noises. At no point, after leaving thevessd shall thevent
pipe dip below level of the connection. A vent pipe may, however, be used for
supply of hot water to any point between the cold water tank and the hot water.
Vent pipesshall not be provided with any valveor check valves.
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House connection from public water supply system

. TEREACE
_LJ"FII'II.'FF ; -_h-::l.-ll'.l

—
ATy 4 19
FL3a 7
11 rixre
L9
s g 4
FIZ IR
AUFELE .a“"-rh-x-l.
ErI FLLON &
'
FiFTImE
i 19
FLODE £
faniumg
ENL,
[ L= |
PRELSURE b | mimruas
TANE = P} 'l?
COMFRISSED AP : ; 3 rFLOGR
LHE —., e
AIR COMPRE IO e | e
WD ARY WAL A ) § 1O
H’f_ i ELAER |

m-n-rk 4
b
— y=GLPLPIVSD
LELT

riny WATER WA

Testing of the System after I nstallation

After the hot water system including the hot water heatershasbeeningdled, it shdl
be carefully charged withwater, sothat dl air isexpelled fromthesystem. Theentire
system shall then be hydraulically tested to a pressure of 5 kg/cm? or twice the
working pressurewhichever isgreater for aperiod of at least half an hour after a
steady stateisreached. Theentireinstallation shall then beinspected visually for
leakagesand sweseting. All such defects, if found, shal berectified by removing and
remarking theparticular section caulking of threads, hammeringandwe ding of lesking

jointsshal not bealowed.
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Assessment Activity

Verification of Market visit report, Sketch of fixtures Participation in
Discussions, oral test, viva, class test

Irrigation system for domestic farming and gardening

Sprinkler irrigation isamethod of applyingirrigation water whichissimilar to
naturd rainfall .

Water isconveyed under desired pressure (2to 5 kg/cm2) devel oped by apump
through anetwork of pipes, caled mainlinesand sub-mainsto oneor morelateras
andissprayedintotheair through sprinkler nozzlesor perforationssothat it breaks
up into small water drops (0.5 to 4mm in size) which fall over theland or crop
surfacein anuniform pattern at arate (0.06-5000 L PH) lessthan theinfiltrability of
s0il. Thepump supply system, sprinklersand operating conditionsmust bedesigned
to enableuniform gpplication of water.

8m Hose
10m Hose 10pcs Drippers

Advantages

a) Eliminationof field channel sand their maintenance.whichincreasethe produc-
tionarea

b) Harmful ditchweeds, which havealdopethiceffects, do not appear with sprin-
Klerirrigation.

c¢) Nowater lossesin conveyance which amountsto 35% in surfaceirrigation
methods
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d) Closecontrol over water applicationi.e., no runoff |osses becausewater is
applied below or equd toinfiltrationrate.

e) Convenientfor givinglight and frequentirrigetions.

f)  Higher goplication efficiency over surface methodsof irrigation.

g Sprinklersgiveagentlerain that doesnot clog or compact the soil ensuring
better and quicker germination of seedsresulting in more plantsper unit area

h)  Suitableinundulated lands, soilswith shalow depth and areaslocated at higher
elevation thanthewater source.

i)  Feashility of frequent, short water applicationsfor germination, cooling & frost
protectionto plants, tc.

j)  Higheryield and water saving over surfaceirrigation methods
DRIP IRRIGATION

It is amethod of conserving water and irrigating plants when required
intdligently.

It congsts of smadl plastic emission devices are preinserted into the pretubing
at specified intervas during the tubing extrusion processes.resulting in labour
saving for the end users.Drip in line may be installed below the surface also,
such as the soil surface may be kept dry and the surface damage can be
avoided. The inline drip tubing can be rolled and reused many years making
it cost effective.

The pumps used should pumped water to operate the drippers at its optimum
pressure, considering all the losses of pressures at suction head, delivery

Wiy
Bach. mash Yol Pressume ':Iu;‘-_‘l

-

EvigpcuEmmer

Fhit ey Flush smban
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b B, 2 and & warqus rpoes

e+ tg=h=

head,pressure losses in main pipes,drippers .branc pipes.latera tubes. Filters
etc

If distribution is through over head tanks,it should sufficiently elevatedto have
optimum pressure at drippers so that all drippers can operate
smultaneoudy.There should be a minimum pressure of 1kg/sg. cmor the tank
should be at a height of 10m.

The time of working of the pump=water required by the plant/day in litres
+Rate of water supplied in litres/hour.

Maintenance

Either PV.C or H.D.P.E pipes are used for drip irrigation. If PV.C Pipes are
used it should be laid at adepth of 1.5m in small trenches. At the end of
branch pipes either flush valves or end caps should be fitted.

Drippers are inserted at the end of lateral tubes connected to branch pipes
by making holesor it can be connected directly to the lateral. It can aso be
connected by micro tubes. The drippers should be protected from dirt, silt
,Jbacteria, organic matters, if so it can be cleaned by washing.

Filters are connected at the end of delivery pipe . It can be cleaned by back
wash To identify the pressure changes and control pressure valvesand pressure
gauges should attached with filters. Filters should be fixed firmly to the floor
to avoid vibrations occurs during theworking of the pump.
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Verification of Market visit report, Sketch of fixtures, Participation in
Discussion, oral test, viva, class test

TE Questions

Mention thedifferent types of pumpsusedin plumbing system.

What arethe advantagesof centrifugal pump over displacement pump?
Definetheterm priming.

What arethefunctionsof fire hydrants?.

Suggest themost gppropriatelocation of rainwater harvesting tank inabuilding.
What arethefactorsaffecting the sel ection of type of pumps?

| dentify the most suitabletype of pump for high risebuildings.

© o N o 00 wDd PR

List thefactorsaffecting the efficiency of apump.
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Unit 4.4
SANITARY SYSTEM

Thisunitincludesthestudy of technica termsin sanitary engineering, sanitary fittings
and fixtures, pipes, sewage disposal and treatment and the estimate of sanitary
systems.

Learning Outcomes

Thelearner;

. Awarethetechnica termsin sanitary system.

. understand the objective of trgpsin sanitary system.

. select the suitabletype of sewagedisposal.

. connect to the public sewer adopted for aparticular Situation

. draft & design septic tanksfor different requirements, and other types of
plumbing syseminbuildings..

. select and fix proper sanitary pipesand fittingsfixtures

. preparethelay out with estimate of sanitary systems, and

. Aware of waste management methods

Concepts

Sanitary Systems

Introduction

Itisthesystem of pipefittings, fixturesetc. used for thescientific and methodol ogical
collection, conveyance, treatment and disposal of the waste water so that public
hedlth can be protected from offensiveand injurious substance. The sanitary sewage
includes excreta, domestic sewage (used water from home or community which
includestoilet, bath, laundry, lavatory and kitchen sink wastes) and industrid wastes.

Technical terms
Refuse: Refuseisthegeneral term used to indicate what isrejected asleft out as

worthless either in liquid, semi solid or solid form. Itis divided into six categories —
(a) garbage (b) rubbish (c) sullage (d) sewage (€) subsoil water (f) storm water.

Garbage: Itisdry refuse (waste paper, decayed fruitsand vegetables, grassand
leaves, sweepingsfrom streets, market, public places)
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Rubbish: Sundry solid waste from offices, residences and other buildings of
combustiblenature.

Sullage: Wastewater from bathrooms, kitchens, washing places and washbasins,
etc., without any bad smell, organic matter isabsent or in negligibleamount.

Sewage: Includesliquid wastefrom thecommunity includessullage, dischargefrom
latrines, urinals, stables, industria wastesand a so ground surface and storm water
that may be admitted into the sewer. I1ts decomposition produce large amount of
mal odorous gasesand it may contain numerous pathogeni ¢ bacteria.

Subsoil water : Ground water that findsit entry into sewer through leaks.
Sormwater: Itindicatesrainwater of thelocality.

Sanitary sawage: Sanitary sewageor domesticwastemainly derived fromresidentia
andindustria establishments, andisfoul innature. Itisdividedinto domestic sewage
andindustrial sewage.

Domestic Sewage: From lavatory basins, urinalsand water closets of residential
building, officebuildings, theatersand other ingtitutions. Asit containshuman excreta
andurine, itisextremey foul in nature.

Industrial Sewage: Waste water obtained from industrial and commercial
establishments. It contains organic compounds and may not be amendable to
conventiond treatment methods.

Night Soil: Term used to indicate human and animal excreta.

Sewer: Itisan underground conduit or drain through which sewageiscarriedtoa
point of dischargeor disposal.

Sewer age: Theterm meansthe structures, device, equipment and appurtenances
intended for the collection, transportation and pumping of sawageand liquid waters
but excluding worksfor the trestment of sewage.

Wasgtewater : Wastewater includes both organic and minerd matter carried through
liquidmedia

Soil pipe: A pipethrough which excretaflows.

Wastepipe: A pipewhich carriesonly theliquid waste.

Vent pipe: Provided for the purpose of ventilation of the system. A vent pipeis
open at top and bottom to facilitateexit of foul gases. Itiscarried at least Im higher

thantheroof levd.
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Rainwater pipe: Pipewhich carriesonly rain water.

Antisphonagepipe: This isinstalled in the house drainageto preservethewater
sedl of traps. Inmulti storied buildingsasudden flush of water from an appliance of
intheupper floor causesthear inthe short branch drain pipe connecting afittingon
thelower floor createsavacuumin the downstream side of water sedl in thetrap of
floor fitting. Theantis phonage pressure acting ontheother sdeof water sedl therefore
forcesthewater up thetrap and siphonsit out into the branches, thusbreaking the
water seal. Water sedl in thetrap may be got broken by providing an antisiphonage
pipewhich connectsthe downstream side of the water seal to the atmosphere.

Size of sanitary pipes

Soil pipe - 100mmdia
Weaste pipehorizontal - 30to50mmdia
Weastepipevertical - 75mmdia
Rainwater pipe - 75mmdia
Vent pipe - 50mmdia
Antisiphonagepipe - 50mmdia
Connecting soil pipe - 50mmdia
Connecting waste pipe - 40mmdia
Traps
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It isadepressed or bent fitting which when provided in adrainage system always
remainfull of water, thusmaintaining awater sedl. It preventsthe passageof foul air
or gasthroughit; though it allowsthe sewage or wastewater to flow throughit. The
depth of water sedl representsitsstrength or effectiveness. The depth of water sedl
variesfrom25mm¢to 75mm.

TRAPS
¢

Characteristics of trap

It should possess adequate water seal awaysto fulfill the purpose of its
ingtdlation.

* |t should bennon absorbent material .

» It shouldfreefrom any inside projectionsangles or contractions so that
flow isobstructed or retarded.

* Itshould besmpleinconstruction
* Itshouldbesdf cleansing

* It should possesssuitable accessfor cleaning.
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Classification of traps

P-trap — This has the shape of letter P, in which the legs are at right angles to each
other.

Q-trap or half strap — This has the shape of letter Q, in which the two legs meet at
anangleother than aright angle.

S-trap —This has the shape ‘S’ in which both the legs are parallel to each other,
discharging thesamedirection.

Classification accordingto use

(8 Floor trap or nahni trap

(b) Gullytrap

(©) Interceptingtrap
Floor trap — It is used to collect wash water from floors, kitchens and bathrooms.
It formsthe starting point of wastewater of floors. Itismade of cast iron, witha

gravity a top, to excludeentry of solid matter of big size. Thiscover canberemoved
to do frequent cleaning of thetrap. Thesetrapshave small water seal.

Gully trap — These are special traps which disconnect sullage drain (collected from
bath, kitchen etc.) from the main drainage system. Itisusually Sor Ptrap. Itis
provided at the external face of awall. It thus receiveswaste water from baths,
kitchensetc, and passit onto the housedrain carrying excremental dischargefrom
water closets.

I nter ceptingtrap — It is provided at the junction of house drain with the public
sawer or septic tank. Thetrap hasan opening at thetop called the cleaning eye or
roding arm having atight fitting plug, for frequent cleaning of thetrgp. Thistrap has
water sedl of about 100mm and it isprovided inthelast manhole of housedrainage
system. It thus conveys sewage from houseto public sewer. Themain advantage of
providing intercepting trap isto prevent theentry of sewer gasesfrom public sewer
linetohousedrain.

Grease traps — It isused in large hotels, restaurants or industries where large
guantities of oily wastes are expected to be thrown out with the thewater flow. If
theoily or greasy matter isnot separated it will be stuck to the building drainage
systemintheform of ugly scum and consequent obstruction to reaeration.
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Different types of sewage disposal

Depending upon thetype of wastetwo systems may be employed for its conveyance

and disposa

(@ Conservancy system

(b) Water carriage system

Conservancy System - lthis type various types of wastes such as night soil, garbage

etcarecollected separately in vessalsor deposited in poolsor pitsand then removed
periodically atleast oncein 24 hours.

Water carriagesystem — In this system collection, conveyance and disposal of
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varioustype of wastesare carried into with the help of water.

Inthissystem specially designed latrines called water closets (WC) areused which
areflushed with 5to 10 liters of water after itsuse by every person. The human
excretaisthusflushed away and led to suitably designed and maintained sewers.
The sewersarethe underground closed pipeswhich arelaid on suitablelongitudina
gradient so that flow takes under gravity and proper flow velocity ismaintained to
keep the sewer clean.

Classification of water carriage system

(8) Separatesystem
(b) Combined system
(c) Partidly separatesystem
Separ ate system — There are two separate systems of sewers.

(i) The oneintended for the conveyance of foul sewage only such asfaecal mat-
ter, domesticwastewaters, thewashingsand draining of placessuch asdaughter
houses, laundries, stablesand thewastewater derived from the manufacturing
process

(i) Theotherfor therainwater, including the surface washing from certain streets,
overflow from public baths and foundations, etc. the sewagefromthefirst
system of sewers can beled to the treatment works.

Combined system
Advantages of combined system:

Inanareawhererainfal isspread throughout ayear, thereisno need of flushing of
sewers, asself cleansing velocity will be devel oped dueto more quantity because
the of addition of stormwater.

Only oneset of pipewill berequired for house plumbing.

In congested aress, it iseasy to lay only one piperather than two pipesasrequired
inother systems.

Disadvantages of combined system:

Itisnot suitablefor theareawith small period of rainfall in ayear because water
flow will besmall dueto which sdlf cleansing vel ocity may not developin sewers,
resultinginsilting. Largeflow isrequired to betreated at the sewagetreatment plant
before disposal. henceresultsin higher capital and operating cost of the treatment
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plant, When pumpingisrequired thissysemisuneconomicd. Duringrainsoverflowing
of sawerswill spoil publichygiene.

Partially combined system - In this system only one set of underground sewers is
laid. These sewersadmit the foul sewageaswell astheearly washingby rains. As
soon asthequantity of storm water exceedsacertainlimit, thestormwater overflows
and isthus collected and conveyed in open drainsto the natural streams.

Comparison between conservancy and water carriage system

r Conservancy System Water carriage system \

(@ Thesystemisunhygienic. Thesystemishygienic.

(b) Thereislotof foul smell. Nofoul smell.

() Compact housedesignispossible. | Compact designispossible.

(d) Morelabor forceisrequired. Lesslabour forceisrequired.

() Initid costissmdl maintenance Highinitia cost, low maintenance
costishigh. cost

(f) Notechnical personsarerequired Technicd persons required for

operation and maintenance.

(9) Risk of spread of epidemic. No suchrisk.

(h) Largelandrequiredforthe Small kindisrequired for thedisposa
disposa of untreated sewage. of treated sewage.

(i) Systemforrurd condition System for urban condition.

Septic Tanks lnlet pige
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Septic tank

Septictank isaspecial form of primary sedimentation tank with longer detention
timeinwhich digestion of settled dudgeis carried out by anaerobic decomposition
process. Sincefoul gasesare evolved during the digestion processthetank iskept
completely covered onthetop, withaprovision of ahigh vertical vent shaft for the
escape of these gases. Sincethe effluent contain foul substances, it isdisposed of
ether for sub surfaceirrigation or in soak pitsor through other suitable methods

Different Kinds of Septic tanks
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Concrete septic Tank- Concrete septic tanks are susceptible to cracking or
even separation if theconcretemix is not goodand if the tank isnot properly
maintained. These cracks will alow effluence to seep out of the concrete
septic tank and may alow ground water to seep in. Blockagewill cause the
system to back up. Run off is also dangerous and cannot be detected by a
standard dye set.

Plastic Septic Tank
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Plagtic septic tanks are largely impervious to the rusting and cracking of steel
and concrete septic tanks. Still they have problems. Low effluent level can
be a sign that a plug at the bottom of the tank has become dislodged. Even
if the effluent level is norma during pumping, any plugs should still be
manually inspected after pumping. While the plastic septic tanks are
resistant to chemica process of a septic system, their lighter weight makes it
proneto structural damage.

The light weight can dso cause the tank to shift in the ground during periods
when the soil is wet. A plastic tank can rise out of the ground breaking pipes
along the way.

Aerobic Septic Tank

Aerobic septic tanks use the aid of oxygen to increase thedecomposition of
the effluent. They are mostly used to replacethe failed septictank. They are2
to 3timescostlier than other tanks. But they arehighly efficient and saves money
by reclaimed area for the drainfield fromaprolonged life. It requires more
frequent and intensive maintenance.

System of plumbing

Therearefour system of plumbingfor building drainage.
a. Onepipesystem
b. Twopipesystem
c. Singlestack System
d. Singlestack partialy ventilated system




[l CIVILCONSTRUCTION TECHNOLOGY

|
Ventilating pipe

A7 | A

Roof

Nosle
we |xpipe
] |

Tub - ft—"1

il

 Soi pipe
W.B.
= W.C. 2nd floor

Kitchen

C-'f(__

Sy

W.B.
__1st fioor

WB
‘U.:___—f"___

Pw.c.
W.B.

Tubv—

\

we. GF.

Gulley
trap

-\\DMain-hole

Two-pipe system.

Wasle water

Rool

W.B.

Tub

Y oie

2nd floor

K$
a\<

1t floor.

q
=

W.B.

i\

G. floor —JU0 BT |

T

| r-\ Main-hole

. Single-stack system.

Ventilation pipe Waste water pipe
roof
W.B. W.B.
Tub &= W.C. 2nd floor
K.S.
==l W.B,
——H
1st floor
JW.C.
W.B.
Tub =7
One-pipe system,
Roof
Ventilation L, Waste water pips
pipe
WB. W.B.
- il
Tube= =W.C.  2ndfice
K.S.
E\ W.B.
Tub = w.C. 1stfloor
T = K G floo
i
] T~ Main-hg
. Single-stack partially
ventilated system.




Reference Book [}

a. OnePipeSystem

Inthissystemthelavatory blocksof different storiesare placed one abovethe other
sothat all soil wastes and waste water collectsto onevertical pipeby providing
branchesto different floors. Thismain pipeisconnected to thedrainage system. All
thetrapsof sanitary fittingsarecompletely ventilated.

b. Twopipesystem
There are separate soil and waste pipesfor collecting wastefrom different floors

through branches. Thesoil pipesare connected directly to the drain but waste pipes
areprovided with gully trap. All thetrapsare ventilated.

c. Singlestack System
Itissmilar to single pipesystem but not ventilated
d. Singlegtack partialy ventilated system
Thereisonly onesoil pipefor collecting dischargefrom all sanitary fitting but only
onevent pipefor ventilating traps of water closet.
House drainage plans

House drainage plans
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Thefollowing point should bekept in mind while preparing drainage plans

*  Thedrainsshouldbelaid at suchadopethat self cleansing velocity isdevel -
opedinthem 1in40for 10cm pipe, 1in60for 15cmpipe, Lin90for 23cm

pipe
»  All thedrainage system should beventilated. Onthe housesidetheventilation

pipe should be carried sufficiently high above the buildings.All theinspection
chambersshould beprovided with freshair inlets

* Allthedrainsshould belaid insuch away so asto ensuretheir safety inflow.

*  Thedrainshould belaidinsuchaway that futureextension can bedoneeasily
if desired.

* If thequantity of sawageflowinginapipeissmal, an automatic flushing tank
may beprovided onitstopfor flushingit.

*  All therainwater pipe sweeping from the house and both water should be
discharged on agully trap and should be disconnected from thedrain

All the il pipeshould be carried direct to the man holeswithout gully traps
Disposal of Waste

Variousmethods of disposa of waster which have been practiced in devel oped
countries and in developing town are detailed below:

1. Land fill

Scientific method of disposingsolid wastes on land by spreadingthem inlayers,
compacting them to the smdlest practica volume and covering them with soil
at the end of each working day in a manner that protects the environment.

Land fill methods are
a. Pit method
b. Area method
c. Ramp method
a. Pit method

It is done by excavating a trench and placing garbage in layers. The
excavated earth isthen used as cover and heavy compaction machinery is
used to consolidate the waste. This method is used inlevel topography.
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b. Area method

Area method is used on uneven land where garbage is put on layers
above ground level , composed and covered by earth.

c. Ramp method

The ramp method takes the advantage of uneven land profile. Garbage
islaid in layersin dopes and covered with earth. The find profile isin
the form of a ramp.

2. Incineration method

It is acontrolled combustion process of burning all combustible waste
and to reduceit to a residue containing no combustible material . In
cinerated materials are converted into gases ands liquid and released to
air. It has an advantage over land fill method and consumes no land.

3. Volume reduction/compaction method

This method is applicable to transportation systemas well as disposal
system.

4. Pyrolyss

In pyrolysis process, waste is heated indirectly from externa heat source
and is charred inthe absence of air. This is a very recent modern
method utilizing energy recovery processfrom waste.

5. Biogas

Slaughter houses,food packaging industries and cold storages produces
organic gaseswhich can be converted into biogas

6. Pdletisation

It is the production of fuel pelletsfrom solid waste. Pellets can be used
for heating plant boilersand for generation of electricity.

7. Composting

Composting can be defined as the biological decomposition of the
organic constituents of wastes under controlled conditions. This process
can take place in the presence or absence of oxygen ie. aerobic or
anaerobic composting.

8. Vermiculture
Vermiculture uses earthworms to decompose the organic wastes, and

has been demonstrated in small scale projects.
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Additional |nformation

Smoke test -Testing of soil pipes, vent pipeand rain water pipe,, drain pipes
and all other pipes are which above ground should do gastests. Smoke test
shall be conducted by the smoke produced by burning oily waste or tar paper
or similar material in the combustion chamber.

Water test —The drain pipes are subjected to test pressure of atleast 1. 5m
head of water at the highest point of section under test. The test shall be
carried out by suitably plugging the low end of connection if any and then
filling these system with water.

Assessment activity

Preparelay out plan of sanitary systems of different buildingswith estimate,
lecture note verification, classtest, preparation of sketchesin the classroom,
oral test, evaluating activity log of OJT in this concept, participation in
group work.

TE Questions
The sewer which transportsthe sewageto the point of treatment iscalled
a) housesawer
b) mansewer
c) outfal sewer
d) noneof these
2) Theseweragesystem originatesfrom
a) outfal sewer
b) mansewer
c) housesawer
d) noneof theabove

3) When arainy season extends up to five monthslikein India, the preferred
systemwould be

a) confinedsystem
b) separatesystem
c) partiadly separatesystemn




4)

5)

6)

8)
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d) noneof theabove

The sewer pipeshaveto be designed and checked for
a Onlymaximumflow

b) Onlyminimumflow

¢) Bothmaximumand minimumflow

d) Noneof theabove

The minimum and maximum diameter of sewersgenerally adopted inthede-
signsmay be

a 15cmé& 100cm
b) 15cm & 300cm
c) 25cmé& 450cm
d) 60cmé& 300cm

Trapsare provided in the sanitary water
a) Totraptheratsand snakes

b) Preventingthefoul gasfrom sewers
c) Todissolvethefoul gasinsewers
Anti siphonage pipesareprovided

a Withaw.c.trap

b) Inthegreasetrap

c) Intheoutlet of septictank

d) Inthestarting point of sewer line
€) Inthemanhole

Theliquid wastein kitchen, bathroom & wash basinisknown as
a) Sulage

b) Liquidwaste

C) Sewage

d) Surfacewater
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9

10)

1)

12)

13)

€) Noneof these

Thetestsconducted for checking thedrainage pipeis
a) Smoketest

b) Water test

c) Straightnesstest

d) Pressuretest

e) Alltheabove

Anintercepting trap isprovided at thejunction
a) A housesewer and amunicipal sewer

b) Anunfoul housedrainandfoul housedrain
¢) Anytwohousedran

d) Noneof these

A gully trapisprovided at thejunction of

a A housesawer and amunicipal sawer

b) Anunfoul roof or akitchendrain

¢) Anytwohousedran

d) Noneof these

A pipewhichisinstalledin housedrainageto preservethewater sed of trapis
cdled

a) Ventpipe

b) Wastepipe

c) Anti-sgphonagepipe

AC pipesarenormally joined by using
a) Bdlandspigotjoint

b) Smplejoint

c) Lockjoint

d) Noneof these
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14) Forjoining small sewer pipesof diameter lessthan 0.6 or so the preferable
jointis
a) Badl andsocketjoint
b) Simplejoint
c) Lockjoint
15. Differentiate between sewer, sewage and seweragein sanitary engineering.
16. What arethe advantages of water carriage system over conservancy system?
17. Mentionthedifferent typesof pipesinsanitary system.
18. What arethefunctionsof trap and Antisiphonage pipe.
19. Gullytrapsareusedin..............coeeenee.
20. Floortrapsareusedin..........cooovveiiinninnnes
21. Prepareaneat sketch of septictank for five users.
22. Comparethe one pipe system and two pipe system of drainage disposal.

23. Mentionthefour typesof drainagedisposa systemsin buildings? Preparethe
sketchesof each?

24. Mention any three characteristicsof traps.
25. Givethenamesof any four typesof trapsin sanitary system.
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Unit 4.5 Sanitary Fixtures

Thisunit explainsthe methods of fitting different fixtureslikewash basins, sink,
shower, water closet, hedlth faucets, bidets, etc, withitsaccessoriesin the gppropriate
location of thebuilding. Theunit also dealswith the varioustypesof troublesin
plumbing withitsrectification methods.

Learning Outcomes

Thelearner;

*  Fixwashbasnwithitsaccessoriesat the appropriatelocationin abuilding.

*  Fixsnkwithitsaccessoriesat theappropriatelocationinaBuilding.

*  Fixshower withitsaccessoriesat the appropriatelocationin abuilding.

*  Fixbidetwithitsaccessoriesat theappropriatelocationinabuilding.

*  Fixflushingcisternwithitsaccessoriesat theappropriatelocationinabuilding.
*  Fixhedthfaucet with itsaccessoriesat the appropriatelocationin abuilding.
e  Identify troublesin plumbing system and rectification.

Concepts

Sanitary fixtures

Wash basin

Thesebasinsaregenerally of either pedestd type, or bracket type, They areusually
made of pottery, porcelain enameled, cast iron pressed stedl or plastic. They are
manufactured in different shapesand sizes. They are provided with two hot or cold
holesfor passing of inlet. Thereisaprovision for outlet waste pipesand over flow
They areusually fixed 80cm abovethefloor level.

Water closet

Thethreetypesof water closet are
1. Squatting type
2. European or sitting style
3.AngloIndiantype

Theorientd/squatting typerequires 10to 15 litersof water for flushing and cleaning
purposes but the European type requires|esser quantity of water. The pan and the
trap areavailableintwo different pieces. The pan has an opening for antisphonage
pipe. Thewater closet isfixed just abovethefloor leve in squatting position.
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2. European type

It isawash down water closet fitted with apan with seat and cover. The pan has
flushing rimto spread theflushwater. Theexcretadirectly falson thetragp. he closet
isfitted Ptrap or strap. It can a so be used in upper floor.

WhiletheIndian type WC the upper floor to be depressed to receivethe pan fixed
at thefloor level.

3. AngloIndian Type

The main advantage of Indian typewater closet isit can be used at the squatting
position fixed at the floor level, while the European type water closet cannot
conveniently used in squatting position asthelegs of theuser cannot rest ontherim
conveniently. However Indiantypewater closet excretadoesnot fal directly onthe
trap. TheAnglo Indiantypewater closet coversthedefectsof both. Thethecloset
isfixed about 40cm above the floor level, However the upper rim of the panis
properly enlarged so that theleg can rest on it while using the squatting position. The
inner shapeof the panisintermediate between thetwo pipeswith thewider top area
of thetrap . Theexcretadirectly fallson thetrap.

Flushing Cistern

L/

Flushing cisternsareused for flushing water to closetsand urinals. Thesearemade
of castironor porcdain. For IndiantypeWC, cast iron flushing cisterniscommonly
used. For the European and Anglo Indiantype closets, porcelain cistern arecommonly
used fixed at about 600 mm abovethefloor levels. Thelow level flushing cisterns
aredecent inlook and can operatevery easily by smply turning ahandle.

Flushing cisternsaretwotypes:. 1. Vave-less Siphonic typeand 2. Vave-fitted with
siphonic cistern. Bell typeflushing cisternsare commonly used in Indian typewater

closetsand are examples of valve-less symphonictype.
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Sink

Itisarectangular receptacleusedin kitchen or laboratory for draining of water. Itis
commonly madeof glazed earthenware, sted, enamd, dainlesssed etc. Itismounted
suchthat thereshoul d besufficient light through thewindow. The height fromfloor to
trap isusually 80 to 90 cm. The sink is connected to the water supply pipeline
through a stop cock. The waste water is disposed through a waste pipe with a
strainer avoid solid waste entering into the pipe cause block in the system. The
waste pipeisconnected to the public drain through atrap. Thetrap preventsthe
entry of foul smell into the system from the public sewer by thewater sedl,

Wash Basin
Itismade of white glazed earthen ware, steel or enamel. Wash basinsarefixed on

450 mm

Pillar tap ' 4
g, |
Overflow slot » .
Central outflow hole for — S . J
draining waste water S~
covered with jali s
o L

Floor level

T50 b BN mum

Wash basin fixed on wall
thewall or on thefloor. The bowl isfitted with be waste pipefor disposing waste
water through astrainer. Thewaste pipeisconnected to thedrainagelinethrough a
trap to prevent the entry of foul smell into the system, The potablewater can be
tflowed inthrough awater tap connected to the main pipelinethrough astop cock.

Bidets
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The purpose of bidets is to help clean off toilet after use. There are two
types of bidets -the stand alone type and the toilet seat bidets.

The stand alone bidets are separate fixtures placed next to the water closet
,while the toilet seat bidets are placed over the toilet seat so that thereisno
need of getting up to clean.In case of a stand alone type after using toilet
onehastostand up move over to the bidet and use it to control temperature
and flow of water.In case of toilet seat bidet activate the wash button on the
bidets by remote control or on the toilet seat . A nozzle will appear and rinse
the areas to be washed. Press the stop button after washing and the nozzle
will return back into the toilet seat. The modern bidets are electronically
operated so that they can be operated by sitting on the toilet using controls
next to the user.

Health Faucet

sprayer

wall mount

shower hoseé T-adapter E:

toilet hose

water feed
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Repair and Maintenance of the system
Thegeneral troublesare stoppage of fixturesand drain pipes Theseinclude.
a.  Burstorleaking supply pipes
Low supply pressure
Leaking faucets, flush tanksand valves

b
c
d. Nowater supply
e. Muddy or dirty water
f

Water hammering, whistling or noises

g. Badodoursinthesewer

Stoppage of fixturesand drain pipescan berepaired by filling thefixturewith water
and surgeit with rubber suction and forcepump. Thispumpwill did odgetheblockage
andforcetheliquid downthedrain. If thisdoesnot work, then drain the contents of
thefixturethrough the cleanout plug. Clean thedrain pipethrough awirebrush. If
the blockageisnot removed clean out should be opened and drain pipe should be
cleaned.

Stoppage of water closet uses the rubber suction and force pump speedily. If this
doesnot work, forcetheflexiblespiral wireinto thedrainage pipe.

For stoppage of drain pipewithinthebuilding . insert theflexiblespiral wirethrough
the cleanout and trying push the obj ect and pull out with thehelp of spiral wire.

Leaking supply pipes- Thefirst stepistoidentify the sourceof leak and turn off and
dotherepair.

Low supply pressurein the service pipeline can be detected with the help of pressure
gauge with Tee connection at successive p[oint on the supply pipes. Supply pipes
may be cleaned by either pushing or pulling through the pipe a scrapper which
passesthrough the pipe,
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TE Questions

1. Explanwithdiagramtheworkingof flushingcistern.

2. Draw atypicd housedrainageplan of aresidentia building.

3. Identify any two modern sanitary fittingwith their purpose.

4. Drawtheflow diagram of anirrigation system for adomestic farm of 10 cents
cultivating vegetables.

Extended activities

1. Preparethe survey report of IS standards of well-water samples collected
from houses.

2. Preparewater supply schemefor aproposed housing colony with 10 resi-
dences. (Assumesuitabledata).

3. Draw layout plan of anewly constructed two bed-room residence.
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List of Practicals

1
2.

10.

11.

12.

13.

14.
15.

Study of toals, Identification anditsworking (6 Periods)
Pipe cutting with hacksaw- Pipethreading with Die set - Study of different
typesof fittings(L-Bow, Bend, Tee, Coupling, Reducer, Union, Plug) perform
thefitting practicewith the above mentined pipefittingsinthelab.

(22 Periods)
Preparethearrangement shown in givenfigwith necessary fitting and fixtureit
toawall with clampsand screws (2 nos.) (12 Periods)

Fixing of pipefittingswith pipesusing Threaded connection, shellac and cotton.
teflon tape and sol vent cement. (12 Periods)

Makeaflanged joint connection using Gl Hanged pipesof convenient diameter
(10 Periods)

Practicing water tap connectioninawater line (10 Periods)
Practicing parallel connectionsof threewater tapsin amain water supply line
(16 Periods)

Making ahousewater connection from apublic water supply linewith water
meter fitting. (20 Period)
Practiceadripirrigation connection for domestic purposeand small scalefarming

(20 Period)
Draw neat sketch of alayout plan of water supply system of one bedroomed
resdentiad bulding (2 nos) (20 Period)
Draw a neat sketch of layout plan of arain water harvesting system for a
residentid building. (20 Period)
Practi cethewash basin and kitchen sink fitting with necessary piplefittings

(20 Period)
Practicethe Indiantypewater closet fitting with necessary fittings

(20 Period)
Practice shower fitting with stop cock (valve) (10 Period)
Practi cethe European typewater closet fitting with flushing cistern and heath
faucet (20 Period)
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List of referrences
Module - III
QUANTITY SURVEYING AND COSTING
Estimatingand Costing: B.N.DUTTA
Estimating and Costing : BIRDIE
Quantity Surveying :A. K KAMALA
Quantity Surveying (Estimating and Costing) : P.L BHASIN
Estimatingand Costing :R. L PEURIFOY
Estimating and Costing: SUBRAMANYAN
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Module - IV

WATER SUPPLY AND SANITARY ARRANGEMENTS IN BUILDINGS
Water Supply and Sanitary Engineering : G SBIRDIE

Water Supply and Sanitary Engineering : RANGWALA

Water Supply treatment and disposal : MEDCAFF & GRAW
Water Supply Engineering: SANTHOSH KUMAR GARG
Plumbing Design & Practice:S. GDEOLALIKAR

Water treetment & Sanitation : Simple methodsfor Rural aress.
H. PMANN &D. WILLIANSON

7. Water Supply and Sanitary Engineering: DUGGAL

8. Water Supply and Sanitary Engineering : V. N VAZIRANI

9. Environmenta Engineering: BALIJEETH KAPOOR

10. Environmentd Engineering: RAMACHANDRAIAH
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IS Codes

1.

SP35(S&T)1987: Hand book of Water supply and Drainage withspecial
Emphasison Plumbing by Bureau of Indian Standards.

1S 2065: 1983 Code of practicefor water supply in buildings by Bureau of
Indian Standards.

IS 12183(PART1) 1987 Code of practice for Plumbing in multistoreyed
Buildingsby Bureau of Indian Standards.

IS 7558;1974 Codeof Practicefor Domestic hot water install ationsby Bureau
of Indian Standards.

SP7-1983 National building code of India. (part 9- Plumbing Services) by
Bureau of Indian Standards.

Solar water heater (C.B.RI) by M. L GUPTA & SRIVASTAVA.

1S1172-1993 Code of Basic Requirementsfor Water Supply, Drainage and
Sanitation(4™ Edition) by Bureau of Indian Standards.




