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1.1

1.2

CHAEIERR -1

INTRODUCTTON

GENERAL *

FR T T

Compared to any other time, today there is an increasing
awareness amongst the physical planners enzaged in the field

of land sub-division planning to provide optimal solutions.

The increasing concern for providing the optimal solutions
has resulted due to the problems, that are growineg both in
complexity and magnitude in developing country like India as
one stage of development succeeds another., Also, to'ay man's
activities have become more diversified in nature. So, the
évailable limited resources are being depleted at a faster rate,
Simultaneously a crowing awara=ness of the environment around us
had resulted in an expanding body of information without re-
course to wanich it is difficult to attempt any comprehensive

solution to the land sub-division problem.

THE NEED OF MODERN APPROACH s

The traditional methods of land sub-division planning are
of limited help to arrive at.adjusted solutions. These methods
have certain inherent draw backs, as seen in the light of preseni
conditions., They have failed to give optimal solutions on the

following counts:



(a) Piece meal nature of solutions has proved inadequate to
tackle the multifaceted problems of present day.

{b) Today there are limitations on money, material and man-
power, But this approach does not ensure optimum utilization

of resources.

(e) Inadequate to evaluate all alternatives and to select

best possible solutions.

(4) It is very slow and uncertain., The time one may take to

reach a reasonably good solution can not be predicted.
(e) This method banks on intuitive thinking.

(£) Individualistic and implict approach discoursages team

work i.e. distribution of sub- jobs to respective specialists.

(g) It becomes practicslly impossible to keep note of all
constraints at a time, because the present day problems are more

complicated and dynamic in nature.

This necessitates replacement of traditional aporoach

by an approach which -~

(a) is capable of tackling the problem in its entirety.‘
(b) is systematic, logical and explicit,

(¢) makes decision making easier.

(d) generates all possible solutions.

(e) identifies optimum results.
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_f) is based on a common language to facilitate multidisci-

plinary avproach. _
g) takes lzast time at less cnst and at a"higher efficiency
level. '

This is bossible through the use of computers. With the
help of computers, the complex préblem of land sub-division
planning can be solved more syst=matically. It should be noted
that computer based land sub-division is not a mechanical pro-
cess but it demands more understanding of the systeﬁ and is a
process of mutual inte;action. Cgmputers do not generate deéi-
sions, but they help in understanding the conseaquences of the

set of decisions. They do not solve the problem., They are a

- means of exploration rather than a production line. They are

~only tools to help planners to solve the problem,

SYSTEMS APPROACH A™D MODEL BUILDING: [Bijlani, H.U., 1981;

Bijlani, H,U.,1982, Chadwick, G. 1971; Joglekar, M.N., 1984}
Reif, B., 1973; HUDCO, 1985 ]

A system implies a‘complex whole or a set of related parts
Also a system can be defined as a group of related objects
interacting to form unity or it is an entity either physical

or conceptual of related parts.

Now, to study the behaviour of the system, it is not
always possible to carry out experiments in real 1ifé due to

several practical limitations. S0, it becomes necessary



to analyse reality by observation and abstraction and an ade-

quate means by which the characteristics of the system can. be

suitably studied has to be developed. Such a means is called

as a 'Model?!; So, the model provides a simplified version of

reality in order to understand it better.

(A)

/

Models are of the following t pes?
Physical: In these models, analogy in physical property
is generally used. e.g. gravity model used by transpor-~

tation engineerse.

These are further classified as 3
(a)_IconiqA- where the properties are represented by means
of change in scale viz. drawings, sketches or photo-

graphs and

(b) Analogue - where the properties are represented by a
different set of properties viz. maps, plans, graphs

etc.
Conceptyal Models =

These models are those where there are no possible
material analogies and are derived arbitrarily since there
exists no further justification in assuming that the real

world will be like the model.

These models can be either -
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(a2) Verbal - where description of reslity is given in

logical terms using words and

(b) Symbolic - where certain symbols are used to describe
the system and the operations performed on the symbols

express the relationship contained within the systeme.

7

Mathematical models are of this tvpe. Mathematical

L . -

. R ; . s - ‘ o L .
modéls” can be Turaffer classified as follows @

P

—_— . - " .
(1) EBouation System...—- Where the inter-relationship betweer
JES) B aue -,.,:,,m.,__.L__....»
Y
/1 various  components of the model can be expressed.-ig-an
/ eocuation form between the variables.

(2) Simulation Method - Where by some of the unknown

variables and hence their relstionship is defined in
terms of values of a defined and fixed range and
results obtained iteratively by exhausting the ranze.

(3) Computer Aleorithms - Where all the rules of processing

are not defined by eduations but rather by hypothesis.
Help of computer becomes necessafy for these methods.
Land sub-division can be thought of as a system

consisting of various components pertaining to the analyses
of the physicdl properties le2s, the physical parameters
and the'infrastructure design. Again, eéoh of these COmﬁom
nents is a subsystem containing various design clements
which are inter-related to one another by certain relation-
ship. Any change in one of the elements will have a

definite impact on the behaviour of the others and on the
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larger system as well.

So, to study the behaviour of 1land subdivision

systems, models can be built up accordingly.

OBJECTIVES AND SCOPE OF STUDY &

Computer based land sub-division planning aims at the

following *

(a)
()

(c)

(d)

(e)

[

(£)

To develop a scientific and flexible approach.

To develop = process which furnishes the required design
parameters for the physical and infrastruétural design,
To develop an avproach which furnishes the cost implica-
tions of the design components as well as the total deve~
lopment cost implication for varying standards and speci-
fications.

To develop a process which generates an exhaustive list
of alternatives.

To develop a process which can select optimum result(s)
in the context of land utility and cost.

To get feed- back at various levels.

S0, considering the above broad guidelines, this disser-

tation.speoifioally aims at the following~ 3

(1)

To develop a mathematical model and computer program
that could be used for land sub-division project formula-

tions and for many key decisions in scheme preparation,
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(ii)

(iii)

(iv)

site and utility- network design.
To introduce the concept of cost effectiveness as a
principal measure of evaluating diverse planning

alternatives.,

To study the sensitivity of various desim wnarameters of

land sub.division using a module layout [Ref.Item No.3.3].

To study the applicability of this model in an industrial
project design, a case study has been undertaken. ‘The
design of a proposed electronics comnlex, near Roorkee
has been done using this model. The detailed sensitivity
analysis has been carried éut for different physiéalk
parameterss;coét parameters, Based on this, the optimum
results were identified and the lavout »f the complex

along with the design of utilities was prepared.

RELEVANCE TO PLANNING FIKLDs

The use of computers in land sub-division planning would

help the planners to do the sensitivity analysis for various

design parameters of land sub-division planning and would also

help them to arrive at optimal solutions. The present study is

an attempt in this direction. The sensitivity analysis showed

that least module ares, least module ratio and higher plot

ratio would give optimum results. Also it was found that

higher mddule areas lead to higher development costs. So, in
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this way, the parameters which are more sensitive could, be
identified in advance, This is vital information and would
guide the plarners to create more realistic and rational base for

land sub-division plénning.

THESIS_ORGANIZATION

Chapter II provides a general review of the models as
practised in land sub-division planning. It also throws light

on the field application of these models in India.

Chapter ITI discusses in detail the mathematical model
and the computer program developed in the study. It givés the
details of the various elements of the model along with their
purposes. The computer program has been presented in details.
The sample outputs have also been included in the Appendix;D.
Thé various input parameters have been listed along with the

outputs generated,

Chapter IV consists of detailed sensitivity analysis

of the parameters for the land subdivision planning.

Chapter V presents the case study undertaken. It discusses

the applicability of the model to a real life situation.

Chapter VI summarises the findinfs of the study and

includes recommendations for further work,
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2.2

REVIEW_OF PREMIER STUDIES

GENERAL ¢

The field of computér aided land sub-division planning
is an emerging area of research. ‘A few scientific models app-
lied to the planning problems are available. However, the
development of such models is of recent origin and the majority
of professionals are still unaware of their existence.- Even if
they are aware, these are not being used at field lavel, The

important models are briefly reviewed in the following sections.

BERTAUD-PADCO MODEL [ World Bauk,1981] @

This model has been.developed by Alain C. Bertaud\of
the World Bank. Bertaud approached the problem of land sub-
division hwysimulating design process and site layouts into
mathematical models with emphagis on afﬁordability and finance
feasibility. This model attempts to analyse systematically
thelrelétions between financial parameters, cost parameters and
land use parameters. The model can be used basically for policy

analysis,project appraisal, project formulations and site desigm

The present model is an excellent tqQol for the planners

,engaged in the field of land sub-division planning. But in

this case proper emphasis is not given to site layout desizn..



2.3 CAMINOS - GOETHERT MODEL [ Caminos, H. et. al., 1983 ] :

In this study Prof. Caminos approached the problem with
model layouts. He selcted two extreme layouts of fixed dimen-
sions - one with optimum solution and other a deficit solution
and used these as a guide to develop a matrix of optimum

design indices.

The adopted layout models are of specific size with fixed

size of semi-public area and road widths. The model would
have been more useful if these parameters would have been also of

- flexible nature.

2.4 HUDCO-MODEL [HUDCO,1G82a; HUDCO, 1983 ] :

This model has been developed by Housinz-and Urban Develop-
ment Corporation, New Delhi. In this model, different site layouts
and design process has been simulated into mathematical models.

It attempts to systematically analyse the inter-relationship bet-
ween the planning and design parameters in an urban layout and
gives sOme indication about the sensitivity of the land-use para-
meters and utility-cost parameters to the plot size and plot ratio
which is‘a very useful guide for the planners and engineers., The
model can be used mainly as a tool for design of affordable shel-
ter projects, project analysis and apprais=2l. This model incorpo-
- rates computer programmes for a limited number of plamming modules
(Ref. Fig., 2.1). Also using this model, HUDCO has preparéd a Hand-
book Matrix [HUDCO,1982] giving ready solution in respect of land
use parameters and cost parameters‘for a number of planning |

modules for specific standards in respect of road widths, open
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spaces, utility network etc. which also could be used as a

ready planning tool,

The emphasis is on module planning. Sensitivity analysis
would be more meaningful if it is done with a flexible module

layout in which all layout variables can be controlled.

Further, the model has been extended to sector level., In |
this way an attempt has been made to also include the services

that are not considered at module level [HUDCO,1985 ].

OTHER_STUDIES 3

Besides these, studies by Allan Turner [ Turner, A.,1968)
and others are available as guide to physical planners. In addi-
tion theré are number of national and local codes [CPWD,1981 ;
IDUP, 19823 ISI, 1967; TSI, 1972; ISI, 1978y ISI,»198h; Kopardekar,
H,D., 1966; MWH;1G76a; MWH, 1976b; PWD,1984; Swami, M,C.K., 19704
Saini, N.S., 1985] which help determine standards in physical

planning.

Also, CBRI, Roorkee has done studies to analyse the sensi-
tivity of density of different pattern of layouts. Datta and
Garg [ Datta, K.L. et.al, 1571] has taken different layouts with
different block pattefn and plot sizes and studied how best the

density can be maximised. The emphasis is on hich rise structures.
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In a research study by HUDCO, optimisation of density
in rasidential settlements is attempted [HUDCO,198C]. It has
been shown that there is a large range of difference in the
dwelling density, depending on different types of development
and th= value of other physical parameters selected. The emph-

asis is on multistoryed dwellings-:

-

The study by T.S.S. Reddy is the extension of Bertaud
Model. Reddy has developed a project system.which consists of
a few mathematical models. It helps in the process of decision
making in different cycles of project formulations. This tool
also helps the planner to test the impact of such decisions

on project cost, land use, layout. efficiency and infrastructure.

FIELD APPLICATION 2

..... -

In India a few projects are being designed through the

use of computers.

HUDCO has designed a township at Sodala-Sangner, near
Jaipur [HUDCO,1985] in Rajasthan. The computer programs
were developed which selected the optimum planning modules,which

served the purpose best. The layout plan is shown in Figure 2,2.

Also, Bombay Metropolitan Region Development Authority
has been using computers in every phase of Bombay Urban Develop-
ment Project [Reddy, T.S.5.,19841. The Gorai site layout is

being completely designed on the computer, using Bertaud

X : [ Reddy,T.S5.S., 1984]
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Model [ World Bank, 1781'. Two of the many alternative
designs of a cluster of the Gorai Layout drawn by computer are

shown in Figure 2.3.

.

In addition to these, HUDCO .is also doing computer
aided projects =2t Kalol, Ahmadabad and Lucknow [HUDCO,1985s
Joglekar, M.WN,,1984].

DISCUSSION :

In the foregoing discussion, the salient features of
important models available in the field of land sup-division
planning have been discussed. The three important studies are
the Bertaud-Padco Model [ The World Bank,198171, Camimos-
Goethert Model [ Caminos, H. et. al,1983] and HUDCO-MODEL

[HUDCO;,1982 -a, HUDCO,1983]. The first one anproaches the

“problem with the help of mathematical models, the second one

with the'help of model layouts and the last one is an extension
of the Bertaud-Padco-Model [The World Bank, 19811. The other

studies available are of minor siegnificance.

All the available models h»ve been applied only to

residential -areas. 5o, in the pregent dissertation, the

"HUDCO-MODEL has been.extended and applied to industrial area

planning:
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~ELEMENTS OF THE CALSD - MODEL_AND THEIR PURPOSES_:

GENERAL ¢

A mathematical model called as CALSD~MODEL [Computer
Aided Land Sub- Division Modell has been developed for the
physical planners. engaged in the field of land sub-division
planning. It is intended to be a working tool for them,
Specifically it deals with physical design and costing ques-
tions that should be éddressed in formulating feasible iand
subwdivision projects. The model developed has been presented
in the form of a computer program along with the mathematical
model of the same. This model is the extension of the HUDCO-
MODEL [ HUDCO,1982 ag HUDCO,1983].

BASIC STRUCTURE s

The present model is made up of two parts (Ref.

Fig. 3.1) :

(a) Module Analysis and Design - PART A
(b) Module Selection - PART B

Module Analysis and Desjgn — PART A @

The PART- A deals with the module analysis and design,
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b

It derives the total number of module options available for a

given module geometry,

This part has a number of sub-models. These include

the following?

i) Physical Parameters Design-Sub-Model-I
ii) Circulation Network Costing-Sub-Model-IT
iii) Water supply Network Desiegn and Costing-Sub-Model~ITI
iv) Sewerage Network Design and Costing-Sub-Model-IV
v)  Drainage Network Design and Costing-Sub-Model-V
vi) Land and Land Development Cost~Sub-Model-VI.

These sub-models determine the physical parameters of
the module configuration, design the utility networks through
seperate models each for water supply, drainage, sewerage, roads
and land cost together with electrification, arboriculture.

and levelling and dressing.

Module Selection PART =R

This part of the CALSD-MODEL deals with the optimum
module selection process, It applies the selection=test to fhe
total module options generated. It consists of the following

sub-model.

(i) Optimum Module Selection Sub Model- VII
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Each of these sub-models consist of a set of mathema-
tical equations, or.equations, representing relationships
amongst the particular project variables to which it refers.
The mathematical model has heen outliﬁed in the following
sections and further detailed equations have been presented in

Appendix A-1l, A-2, A-3, A-4, A-5 and A-6,

To make it possible to use these equations and relation-
ships easily and to quickly identify the consequences of changes
in values of selected variables, sub-programs have been written
in Fortran - IV and the detailed sensitivity analysis has been
carried out for the project considered under the case study.

There is a sub-program for each sub model .

MODULE LAYOUT =

A grouping pattern of plots affect the land utilization
pattern and design of utility networks. For a given geometri-
cal pattern, there could be several alternative arrangements,
some of which are more helpful in optimum design of utility
network, than others. Design of basic grouping pattern or
'Module' is entirely in the hands of the planner. He has to
develop a module which fulfills the needs of group for which

it is needed.

The geanetrical pattern of the the modulpisselected keeping
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in view the objective of the dissertation. Since, the model
is to be appiied to an industrial layout, so the module deve-
loped is such that it can cater to the requirements of such a

layout,

The module geometry accomodates three types of plots,

each having different areas ( Ref. Fig., 3.2). Type 'A' plot

‘is the biggest of three and is located along the approach roads

(sector roads) and are the roads of highest order in the hierar-
chy of roads. Type 'B' plots are of next lower category and
are located along the Wain approach road of the module ( $2')

or secondary peripheral module road ($2) in block of back to

~ back plots. Type 'C' plots are the smallest and are located

"in the interior of the module and have access from lower hier=-

archy of roads { 31’ . An open space, called as social facility
space is planned iﬁ the heart of the module and can grow in

eithér direction.

PHYSICAL PARAMRTERS DESIGN-SUB-MODEL - T :

3.4.1 General @

This sub-model studies the relationship of different
basic physical parameters with the land utilization pattern
for the module conceived. The mathematical model and the
computer program developed for this sub-model has been presen-

ted in the following sections.



21

3.4,2 Design Standards @

The local planning standards govern the parameters like
road widths, minimum plot dimensions, open space area etc.
[ISI, 1984;IDUP, 1982 ; U.O,R,, 1985].80, these vaiues have
been structured in the program as. per the requirements and

planning regulations.

3.443 Mathematical Model 3

The relationships between different physical parameters
are expressed in the form of mathematical equations( Ref.
Appendix A-l1). These equations compute the number of plots,

saleable area, open space area, circulation area etc.

Theré are checks for controlling length on road widths-
fn —
MAX., of~/§$- - 4 DB - 251 - 82 , J/SAR - 4.DC~ DA - 281-32
and 2 DC for S1 R.O,W,
MAX. of _/SAR - DC - S2 and 2.DB for 52 R,O.W,

The open space dimension are checked for positive values -

J/SA should be > 4DB + 251 + S2 and [SA.R should be > 5DC
R

+ DA + 251 + S2

Each plot has been assigned a value of load doefficient‘

which has beeﬁ taken as equiValent population load on that
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particular plot.

Further, the detailed math=matical model has been

listed in Appendix - A-l.

3444 Computer PrOgram ¢

The description of the program is given below, A graphi-
cal representation in the form of flow chart is shown in

Fig. 3.3,

Stage I =

The input variable values are read. These include the

variables 1isted below 3

SA H A-sinzle subscripted variable representing the
module area in sq.m. '
R s A single subscripted variable representing the
module ratio-
PA,PB,PC Single subscripted variable representing the plot
area A, B and C in sq,m,..
X : A single subscripted wariable representing the
plot ratio.
S1, S2 A single subscrlpted variable reoresenting the
road widths in m.
FA,FB,FE 1 Variable name representing the load Coefficients
for plot type A, B and C.
RLI,RL2 ¢ A single subscripted variable representlng the

permissible road lengths in m.
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Stage IT

The program oper~tes the different module areas, ‘plot
areas for varying module and plot ratios for a set of plots’
‘with areas PA, PB, PC and proceeds tp calculate the plot dimen-

sions like WA, DA, WB etc. and the module dimensions SB and SL.

State TIT 3

.

The permissible road lengths are compared with the compu-
ted road lengths 82land MS1. In case, the v2lue of 32land
MS1 is greater than RL2 and RL1 respectively, the next cycle is

taken up, otherwise the control proceeds further.

Stage IV :

The intermediate variables A2,A3 andA4 are computed. They
are checked for positive open spaces and in case, the open
space values are not positive, the oneration for that varticu-

lar set of module geometry is terminated.

Stage V3

S R
The open space dimensions are computed.

The Stage VI ¢

The number of plots in each category that is tvpe A,

B and C is cglculated and their sum total NP is =1so found.
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The Stage VII

The program comput€8 the ecuivalent population PM with
the help of load coefficients for the module geometry under

consideration.

The Stage VIII @

©y o amoemrie

The land use patterm is determined, the propgram calculates
the saleable area, open space area, circulation area and their
respective percentages. Also, total circulatio=»n length per

unit of saleable area is found out.

Stage IX s

In this concluding stage, the various outputs generated
are printed., The outputs are listed as follows. Also a sample

output has been shown in Plate -1 ( Ref. Appendix - D ).

WA, WB, WC_ :  Width of plot type Ay, B!and C in m.
DA, DB, DC H Depth of plot type A,B, and C in m,.
SL,SB ¢ Module length, Module breadthin m
NPA, NPB, NPC :  Number of plots of type A, B and C
NP ¢ Total numbers bf plots.

CLA 2 Circulation Are= in sq.m.

PCL ¢ /e Circulation Area.

SLA *  Saleable Area in sq.m.

PSL ¢ ‘% Saleables area.
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OPA :  Open Space Area in sg.m.
POP | . f( Open Space Area
PM S Hauivalont ModulaqPqulation
BSFS, LSF'S 2 Social facility space dimensions ( M.)
TCLS : Total circulation Length per unit of
saleable area.
PsS1, P32 : The road widths salected for the varti-

cular module geometry in m.

3.5 CIRCULATION NTWORK COSTING-SUB-MODEL-II :

3.5.1 General @

This sub-model .evaluates the total cost of circulation
network in th2 module. The mathom~tical model and the computer
program developed for this sub-model have bren discussed in

the following sections.
3.5.2 Criterion :

The circulation network forms a basic planning clement
for land utilization, land sub-division and the lavout of uti-
lity services., The circulation system comprising of lines of

circulation and lines of access, must take into consider=tion:

- the forms of circulation - oxisting or provnosed in and
around the site.
- the modes of circulation - i.2, users circul-~tion

(pedestrian/ vehicular).
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- the limiting length of segments as per regulations

[ 1SI, 1984]
3,543 Data &

The local planning requirements for sections and
item specifications for various road widths ( right of
way ) are to be furnished in the program. Unit costs in terms
of per metre length of roads are to be worked out on local
specifications and schedule of rétes [ CPwD, 1981, PWb, 19847,

3.5.4 Network @

The module includes two kinds of roads @

(i) Primary streets of width 'S2' Right of way

(ii) Secondary streets of width 'S1! right of way.
The circulestion natwork has been s“own in Fic. 3.4
3.5.5 Mathematical Model ¢

The equation system used for this model computes the
total circuiation cost in rupees. The equation svstem can be

refered in the Appendix - A - 2.
3.5.6 Computer Program :

The description of the computer program is given below,

A graphical representation is shown in Fig, 3,5,

«*
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First Step =

The input wvariable values are read. These include the

variables discussed helow &

SA ¢ Module Area in sq.m.
R ¢ Module Ratio
DA, DB, DC ¢ Depth of plot A, B and C in m. It is deter=

mined in sub-program - I.

CRMS1, CRMS2

20

It is a single subscripted variable giving
the unit cost of road per metre lengtk.

pPs1, PS2 ¢ Road widths of type S1 ard S2 in m. Determined
: by sub- program - I for the module ceometry
under consideration.
s1, S2 : Li<t of road widths of type S1 and S2 ( in M.)
SC ! Factor for accounting contengencies,
Second Steps

The value of PS1 is checked against the list of road
widths S1 to arrive at the coprresponding unit cost from the

list of unit costs,

Third Step @

The road width PS2 is checked against list of road widths

S2 to determine the corresponding unit costs.

Fourth Step

The program computes the total cost of circulation 'c2’

in rupees. Also, costs per sq.m. 0f saleable area is



found and is renresented byicZSx

Fifth Step @

The length of the two type of roads i.e.'Sl'and 'S2'is

computed separately.

Sixth Step @

The outputs generated by the program are listed below.
Also the sample out put is shown in Plate 2 A, 5 ( Ref,Appendix
-~ D).

G2 3 Cost of circulation network (Rs.)
C2S 3 Cost of circulation network per sg.m. of saleable area.

IR1 : Length of '51!' road ( m.)

"o

LR2 @ Length of 'S2' road ( m.)

3.6 WATER SUPPLY VETYORA DESIGN AND COSTING SUB-MODEL -III @

%3.6.1 General :

This sub-model does the design of water supply network
for the module and further evaluates tre total cost of the
water supply network. The mathematical model and the program

- developed is discussed in the following sections :

3.6.2 Criterions

The water supoly scheme should not only be economical

but also meet the following recuirements @



29

\ Sﬁpply the anticipated peak deménd of the proposed area.,
- Meet the teiminsl head requirements.

- Satisfy‘ali desien requirements in respect of maximum
velocity of flow senerated, hydraulic gradient and design
discharge for various pipes considered.

R}

- The network must be easy o operate and maintain,

3.6.3 Layout t

The basic distribution network layout is shown in Fig.
3,6, The service connections for each plot would be made .

from the network lines running infront of the plots,.

The network consists of two sizes of lines - (i)_Primary
line with internal diameter DW2 by wRich the supply .is taken
from trunk line on the module boundary and (ii) secoﬁdary
line with internal diameter DW1 forming rest part of tae
circuit and laterals. A tapplne is made on perinheral line
at point (1) for primafy line with a sluice valve on it and
on the other end of the circuit i.e. at point 13 the seconde>y
line is connected to the ad jacent module ( Refer Fig. 3.6).
The primafy line not only serves the module but also the 'BY
type plots falling on each side of it. In case, there is no

~other module adjacent to a module, a secondary line 12 - 13

may be added to serve the 'B' tvpe of plots.
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306.4 Q_@;t;é.. s

The following data was used for the design of water

supply network:

(i)  Average water demand 4O gallons/day/ value of load
[MWH,1976a] coefficient

(ii) Peak factor

2,25
[MWH, 1976 a]

(iii) Peak Consumption

Average demand X Peak factor
= 40 X 2.25
= 90 gallons/day/value of

' ' ‘ : "~ load coefficient
(iv) Terminal head =. 732 m.

(.v)- The sizing of pipes must be adequate enough to carry
the peak demand which depends on supply position sxdlocal
municipal norms [ MWH,1976a ; MWH, 1976 b].

The mathematical model developed for this sub-model is
based on the Hazen William's Formula [MWH,1976a ; Modi, P.N.

et. al., 1970 ; Steel, E.W., 1979 ; Fair, G.M. et al., 1968].

v - 0.849 xcx[R1%-®3x [ 57 054
Where C = Roughness Coefficient.’ Taken as 100

R = Hydraulic radius (M)

3 = Hydraulic gradient

v = Flow Velocity through pipes (M/3)
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This basic equation can be restructured in following equations

[Ref. appendix - B-1]3

4,567 X 107°% ¢ x 0]1°+6%% [91°+5% - - = _ )

Vv =
s = 2,158 % 10% x [v]1+85 x [p)~1-17x[c1"1+85._ (i1)
Q = 6.817 X 107%x ¢ x [D12+5%x [370:5% . (111)

Now the velocities should be non- scouring; So, range of
velocities is considered is 0.61 - 1.52 m/s.

The value of hydraulic gradient ''S ' is
found with the help of dquation ( ii ) . This value

represents the head loss in pipe in unit length. For a given
value of total pressure head available at supply point, the
terminal head pressure can be worked out at various points

using these values of hydraulic gradients.

The value of design diséhargé Q' can be found out from
equation (iii). The derived value of 'Q' in gallons/d/per value
of load coefficient is programmed in the form of aw values in
the'prOgram. It is defined as

B Q. ..
aw = Avg.demand X Peak factor  ]
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The other water supply, components‘like sluice
valves and fire-~hydrants are worked out according to thefloéd‘_
carried by 2 -~ 3 = 4 fdr primary lins. The other lines 4 - 5
and 4 - 6 are checked for loads to get the number of these
components for secondary line. The detqiled equations of the

model have been listed in Appendix - A -~ 3,

3.6,6 Computer Program @

The description of the computer program is given below,
The graphical representation of the program in the form of a
block diagram has been given in Fig. 3.7.
Ist Step ¢

The féllowing input variable values are read in the

program 3

SA ¢ Module Area in sq.m.

R s Module Ratio

NPB,NPC :  Number of type B and C plots

PS1, P32 ¢ Road widths selected, for roads S1 and S2(in m)

WC $  Width »f type- C plot (m)

FB,FC ¢ Load coefficients for type B, C plots.

A2 ¢ Intermediate variable computed in sub-
program- I .

PM ¢  EBquivalent miodule population determined in

sub«program I



LW1, 1w2

*0

CW1, CW2

L

CW1J, CW2J:

CW1T 3
cwlizT :
CW1B, CW2B:
CW1ZR - g
CWlP :

CW1V, CW2V:

oo

CW1F

SC

2nd Step

The
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Marketable length of pipe size DWl and DW2 in m.
The variable is single subscripted storing the
value for a number of pipe rances.

Single subscripted variable representing the unit
costs of pipe size DW1 and DW2 respectively'(RS.)

Single subscripted variable representing the unit-
cost of joints on pipe size DW1 and DW2, (Rs.)

Sinele subscripted variable representing
unit cost of T-Junction ( DWL X DW1) including
jointing (Rs.) }

Single subscripted variable n=ame for unit
cost of a T-Junction including jointing in Rs.(DW2xD

Single subscripted variable name for unit cost
of bend size on size DWL1 and DW2 (Rs,). '

A

Single subscripted variable name for unit
cost of reducer (DW2XDW1l) including jointing (Rs.)

Single subscripted variable representing unit
cost of plug size DW1 including jointing (Rs.)

Single subscripted variable representing unit

cost of of sluice valve on pipe size DWl, DW2 (Rs.)

Single subscripted variable representing unit
cost of fire hydrant with accessories (Rs.)

Factor for accounting for contengencies.

load carried by line 4 - 5 'SV1' is computed in

terms of aw values. Further the loads carried by line &4 - 6

'SV2' is computed in terms of aw values.
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3rd_Step ¢

The value of intermediate variable Pl is determined

according as SV1 is greater or Iesser than SVa.
4th Step ¢

The values of Pl are, compared with in built values of

aw to get the number of sluice valves [ Refer Appendix- C-1]

Sth Step @

The two route lengths along network are computed as

FH1 and FH2.

th Step @

R e s

The values of FHL and FH2 are checked for the criterion
that maximuan centi® 10 centre distance between fire hydrants

be 152 M.( Ref. Appendix- Cl] .
Lth Step :

The program computes the pipe lengths LWPl, A7 for
size DW1 and DW2 respectively for genersl modules and LWPCI ,

A7 for corner modules.
8th Step ¢

The values of Pl are again compsred with in built

values of aqw and corresponding values of DW1 to select the
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required value of DW1 [ Ref. Avpendix - Cl]. L

9th . Step :

The valuas of PM are compared with inbuilt values of
the aw and corresponding values of DW2 to select the required

DW2 values.

Oth Step @

£ =

The unit cost coefficients are selected for the selected
pipe sizes and the total cost of water supply scheme is compu-
ted as per the cost equation given in appendix - A -~ 3, Also,

the cost in Rs.per sg.mtr. of saleable area is calculated.
Llth Step :

The prosram generates the following list of outputs.

A sample output is given in Plate - 2A, 3, 5 in Appendix -D.

DW1,DW2 ¢ Internal diameters of selected pipe sizes
DW1, DW2 ( mm. ‘ '

NWF ¢ Number of fire hydrants

NV, NWV2 ¢ Number of sluice valves of size 1 and 2

respectively.

CW(1), cwk(1)

oo

Scheme of water supply scheme in Rs. for
general and corner module

os

Cost of water supply scheme in Rs. per sq.m.
of saleable ares for general and corner module

CW1S, CWK1S

LWPL . ¢ Length of pipe,line size DWl (m)- for general

module.
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-

A7 :  Length of pipe line size DW2 for general and
: * corner module ( m.)

LWPCl

oe

Pipe lengths for size DWl and DW2 in m.(corner
module ), :

3,7 SEWERAGE NETWORK DESIGN AND COSTING SUB=MODEL- IV *

3.7.,1 General : '

The sub-model developed does the design of sewerage net-
work of the module and cOmputés the necessary cost. In the
following sections, the mathematical‘modél and computer pPro-

gram developed for this sub-model has been presented.

3.7.2 Criterion @

The main factors that go into making of a good sewer

system are @

- the design velocity in all pipes should be nonusilting
gnd non seouring. |

- the capacity of the sewer line must be of sufficient

| capacity to carry the discharge.
- no commections should be made at an acute angle towards
" the direction of flow or opposing the direbtion of flow,

- the system should be economic but adeguate, simple and

eaéy to maintain.

- system is basically for gravitational sewage flow.
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3.7¢3 Network @

A network layout is prepared for the module., It consisté
of two éizes of sewer lines. The line size of internal dia-
meter DS1 éollects mainly the discharge from the iﬁterior of
module. The line size DS2 carrifs the entire combinéd collect-
ion from the module to the trunk line. In case, the médule is
at the corner,'a seperate line L11 is to be added. The network

is drawn in Figure No. 3.8,

It is assumed that the two plots are connected to each
street manhole from either side of the sewer line. Apart from
junction manholes as shown in the diagram, each segment lengths
of sewer line would have intermadiate manholes for sefving‘plots
on either side, In case of inner module the primary line in
addition to the dischafge carried from the module also carries

discharge from one quarter of 'B' type plots of adjacent module.

30704 Q_a;t_é‘ s

The design of sewer system is programmed for anticipated
sewage flow from the module which is based on :

(i) Average Sewage Discharge = 30 gallons/day/
[MwH, 1976 b] —  value of load coefficient

i

(ii) Peak Factor
[MWH,1976 b

340

[EEEEEN

(iii) The starting Manhole is of depth 'D1' (90-cm.)

which is the required as per regulations.[MWH, 1976 b],
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5.7.5 Mathematical Model

The mathematical model is based on the,Manning’s Formula

[MWH, 1976 b 5 Steel, E.W, 1979 ; Fair, G.M, et. al., 1968 ,

Garg, S.K., 1982 b ] given below 3

v o= 2 g r¥3x s1/2
Where,
n = Manning's rugocity coefficient, taken as 0.015
R = Hydraulic Mean depth (M)
8 = Hydraulic gradient ( Pipe line slope )
V = Velocity of flow ( M/S)

This formula can be restructured as follows [ Ref.

Appendix B-2]

vo= Lxo0.397 x 1) x [51°%0 e (1)

0o
]

0.156 X~ x [0)%°%7 x 8] O+Cmrimee(11)

The optimum velocity generated in sewers for gravita-
tional flow of sewage is a very important design component.
The design velocity shéuld not fall below the self cleaning
velocity i.e. 0.75 m/sec. Also, the velocity should be non
scouring.go must not be higher than 3.0 - 3.5 m/s for asbestos

cement pipes. The minimum velocity generated not only helps _

in keeping sewer size under control, but also prevents sewage
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from getting stale and decomposed by moving it faster .

Based on Menning's formula, the prosram operates such
slopes for various sizes of pipes thot would result the desgisn

velocity of 0.75 m’s in thenm.

The value of design discharee 'Q' depends on design
velocity, crossectional area of flow and the material and slope
of pipe. The maximum discharge carrying capacity is computed
in form of sewerage flow factor 'as'. It is defined »s =

Q
Peak Factor X Ave. Discharge

s =

The input values to the program are listed in

Appendix - C - 2.

The sewerage components as the number of manholes, their
sizes, number of drop conmections etc.mm ealculated,]ISI, 1983

IST, 1967 ; TSI, 1984y MWH, 1976 b 1.

Mathematical model is given in Appendix - A - 4 in

detail.
Computer Program ¢

The computer program developed for the sub-model is
discussed in the following section. Also, the graphical

representation given in the form of a block diagram is given



Stage 1

The

SA
R
DA, DB, DC

Ps1,PS2
Pl
| PM
DS
KKK

5COF

D1, D2, D3,
D4

G
CsVSs
CsDhC

CMHL, CMH2
CMH3, CMHL

CSEL, CSE2
CSE3, CSEL

COS
SC
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.9 and Fig. 3.10,

following input variables are read by the computer:

Module Area ( sqg.m.)

2 4

Module Ratio

Depth of type A,B,C plot (W), Tt is
determined by sub-program - I.

20

Road widths of roads S1 and S2 for the module
under consideration.

This is an intermediate variable computed in
sub program - IIT.

~0

D

Eouivalent population determined by sub-
program- I '

2.

Single subscripted variable representing vpipe
sizes (mm) .

oo

Single suhscripted variable revresenting
pipe slopes.

Q0

Discharge factor

to

Standard denth of manhole sizes 1,2,3 and 4 (m)

20

Ground slove

Unit cost of vent shaft ( Rg.)

20

30

Unit cost of drop comnection (Rs.)

J0

Unit cost of manhole cnamber sizes~1,2,3
and 4 corresponding to manholes DI, D? D3,Dh (Rs.)

Unit cost of extra donth over manhole sizes
N1, D2,D3, and D4 ( Rs/m)

a0 g0

mit cost of pipe moterial ( Rs./m)

EE)

32

Factor for accounting contengencies.
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Stage II.

The length of sewer line seéments L1 - 111 is computed,

The value of L1l is computed only in case of corner module.
Stage II1:

The program calcul-=tes the total number of manholes
in each segment length i.e. ML-Ml1 iﬁcluding the junction
menholes. The value of MLl is calculated only in case of

corner module,
Stage IV @

The program at this stage calculates the pipe line,
lengths. The value of A8 and A81 represent pipe size -1 length
and A9 and A9l represents length of pipe size -~ 2 in case of

general and corner module regpectively.. .

Stage ¥V ¢

The program checks the value of Pl with the as values
programmed as SCOF to select- the pipe size DS1 with their
respective slope and cost of pipe material,

\
Stage VI s
The program compares the value of PM with the as values
programmed as SCOF to select the pipe size DS2 with their

respective slopes and cost of pipe material.
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Stage VII @

The program calls the sub-routine SAN, This caiculates
the value of L1INL to L1ONl i.e. the total number of type D1
manholes in line L1 to L10. Similarly, the number of type
D2, D3 and D4 manholes are found in each line separately and
thus LIN2 - L1ON2 ; L1N% - L1ON% s L1IN4 .- L1ION4. is caloulated.
Further, the extra denths ov;r manhole chamber of size 1,2,% €4 .
is found seperately for each line, 80, the values of L1ENL =~
L10ENL, L1EV2 - L1OEN2 ; L1EN3 - L1OEN3 . L1EV4 - L1OWN4
are calculated. In the next step, the total number of
manholes in each category i.=. N1,N2, N3, N4 is computed.
Further, the total extra depths over manhole size 1,2,3,4 are
computed i.e. values of ENl, EN2, WN3, EN4 is calculated.

Sidilarly calculaticns are done for corner module. Lastly, the

number of drap conmections and ventshafts is calculated.

Fin21ly, the program calculates the value of sewerage
network in 1 Rupees. Also, the cost is found in Rs. per
sq.m. of saleable area. The calculation is done hoth for

the general and corner module.

The outputs generated by the program are listed as
~follows., Also, 2. sample outobut is given in plate No, 24,

4 and 5 in Appendix - D,
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Ds1, Ds2 : Internal diameters of primary and secondary
pipes { mm) |
K1, K2 ¢ Longitudinal slopes of pipe dize 1

$ and size 2 resnectively.

N1, N2, N3,N4: Total number of m-nholes of size 1,2,3 4 for
. general module.

ENL,EN2,EN3,t  Total extra depth over manhole size of 1,2,

EN4 - 3,4, for general module (M.)

NSDC :  Number of drop connections.

NSVS s Number of vent shafts

cS s Cost of sewerage for general module (Rs.)

A8, A81 :  Length of sewer line of size DS1 and DS2
respectively (m) for general module.

X1 - X11 t  Depths at ends of sewer line segments L1 to L1l

‘ respectively.

N11, N21,

N31, N4l 2 Total number of menhole sizes 1,2,3 and 4
respeciively for corner modules.

EM1, EN21 ¢ Total extra depth over manhole size 1,2, 3,4

EN3l, EN41 respectively for correr modules (m.)

€SS % Cost of sewerage for general module per sq.m.
of saleable area. '

CCS : Cost of sewerage for corner module (Rs.)

A9 ,AQL s Length of sewer line for corner module (m.)

3.8 DRATNAGE 'ETWORK DSSIGN AND_COSTING_ SUB MODEL V.

2+8.1 General ¢

The sub model is intended to desiegn the storm water
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drainage system and evaluates the necessary cost. The

mathematical model and the comruter program developed for

this sub-model is presented in the followine sections.

Criterion 3

e Ty

\

The basic critarion followed »re as follows :

- System is designed to carry the surface runoff develéped
after a storm.

- The minimum self cleansing velocity must be eﬁsured in’
the drains. '

- Therdrains »re trapezoidal in'sectibn with side slopnes
of 1/2 ¢ 1 with brick pitching, pointine on surface
throughout 2ll length and cement plastering at bendé and

Junctions.

N

- be simple for cleaning and maintenance.

Network @

The progfam develops a storm water drainage network comp -
rising of section ‘Dl'and'DZ'runﬂing along one side of road.
While draiﬁ'Dl'cdllects storm runoff from the interior of module,
'D2' drain size carries it away from the module and disposes
on to the periphefal drain. The Junctiorsare provided with

culverts. The network is given in Fig. No., 3.11l.
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3.8.4 Mathematical Model *

The design of drain sizes and sections depends upon
maximum rainfall intensity, time of concentration and the

runoff coefficient.

The trapezoidal drain sections are worked out on the

basis of Manning&;formula for flow in open channels [HUDCO,1985)

v oo ke g DOy 050
' $0.67
Wheret
V = Flow Velocity ! m/sj
AD = Cross sectional area of flow (Sq.M.)
P = Wetted nerimeter ( m)
.S = Longitudinal slope of drain
n = Mannine's coefficient taken as 0,017
and Q = AD.V
. [ap]1+67 0.50
- Or Q = - X TP.TO’E;? X [s]7+
Where Q = Flow Discharge ( mB/S)

The design velocities are considered between 0,61 to 1.52 m/s
The drain séctions are inclusive of a free board devnth of

80mm above maximum flow level,

The design discharges are converted into oD values. It

is defined as follows
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Méxlmum Ca u,,(“r'lmgnt ’ A‘I__"QQ 3 ed

LOL7 -

The input value of 'aD' are tabulated in

Appendix - C - 3,

Further, details of the m~thematical model are presen-

t~d in Anpendix- A-5,

Computer Program ¢

The prosram is outlined in the following paragranhs.

A graphical representation of the program is shown in

Fig. 3.12.

The

.+ SA

R

DA, DB, DC
PS1, P32
ALF

DOD1,DOD2
KD

CDL, CD2

CDP
Ch1C

following input variables are read by the program.

o9

3o

o3

20

oo

20

e

on

Module Area( gq.m.)
Module Ratio

Dapth of type A,B,” plots ( M;) Determined in sube-
prowrame—l°

Road widths of S1 and S2 roads determined, by gub-
program - 1

Drain discharge fac+tor ,5ingle subscripted
variable.

Drain sizes { m) single subscrivted variable.

Corresponding slone of drains . Sinsle subscripted
variable : '

Unit cost of drain sections:, Sincle snbscrlpted
variable.

Cost of parasets on both endsof culvert( Rs.)

Cost of R.C.C. piper culvert (Rs./M..)
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STEP-IT ¢

The program calculates the drain lengths of size 1 and

2, namely the values of Al2 and Al3.

Step~IIT

The catchment areas 'A14' and 'Al5' served by the drain
D1 is calculated,

Step - IV ¢

The value of ALFl is calculated and is compared with the
values of aD_programmed as ALF. The dr»in section Di is sele=
cted with design values of the respective longitudinal slope
and velocity based on Manming's fofmula. Also, the corres?on-

ding slope and unit cost value is selected.

Step= V ¢t

The value of ALF2 is calculated and is compared with the
values of oD programmed as ALF. Thus the drain section D2 :s

decided along with the corresponding‘slope and unit costs,

Step - VI ¢
In this step, the drainage system costs are evaluated

considering the unit . costs of drain sections, unit costs of

culverts and parapets.
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Step - VII !

The output generated by the program is listed in the
following paragraph. Also, a sample output is listed in Plat2
No. 2A,3 and 5 in Appendix - D,

DD11,DD22 ¢ Drain Sections for drains D1 and D2 ( M, )

KD1, KD2 B Corresponding slopes

CD ¢ Total cost of drainage system ( Rs.)

CDS t Cost per sg.m. of the saleable area for the
drainage system, '

Al12, Al3 :. Length of drains of size Dl and D2 ('M,).

3.9  LAND AND LAND DEVELOPMENT COST-SUB-MODEL- VI :

3.9.1 General :

sub = model evaluates the total cost of raw
land and its development costs. The mothem~tical model and

the computer program has been discussed in the following sections:

7¢9.2 Mathematical Model

The model computes the total land and land developmerrt

costs. The equation system is given as follows ¢

ClD = (CLVL +CA +CRB ) X sA
CLAND = AL X SA
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Where,

CLD

CLVL

29

o

22

*”
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Cost of land development { Rs. per sg.m.)

Unit gost of levelling and dressing( Rs. per
SQam.,

Unit cost of arboriculture ( Rs. per sq.m.)
Unit cost of electrification ( Rs. per sq.m.)
Cost of land ( Rs. per sa.m.)

| Unit cost of land ~cauisition ( Rs.}per SO, )

Module Area ( sg.m.)

Further, the mathematical model has been given in

Appendix A-6 in detail.

Computer Program 3

The description of ‘the computer program is given

in the following paragraphs. Also, a detailed flow chart of

the program is given i=n Fig. 3.17%.

Ist Step

The

CLVL

CA

following input variables are read *

oo

0

oo

o0

oo

Unit ;ost of levelling and dressing { Rs. per
Sqo me

Unit cost of arboriculture ( Rs, per sg.m.)
Unit cost of elactrification ( Rs. per sqg.m.)

{ sqg.m.)

Module Area

Saleable Area ( sg.m.) determined in sub-
program - I
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Cc25 : Cost of sewerage in Rs. per sg.m. of saleable
land ( from sub-program - I¥) in Rs,
CWl3 : Cost of water supply per sg.m. Of saleable land
' (from sub-pro~ram - III) in Rs,
CS3 :  Cost of circulstion in Rs. per sg.m, of saleable
land ( from sub- program - IT)
CDS ¢ Cost of drnins per sc.m of s=2leable land in Rs.

( from sub-program - V)

The total land development cost CLD and land development

cost per unit area of saleable land is celculated (CLDS.)

Third Step @

e e e

The absolute cost.of raw land (CLAMD) and cost per unit

area of saleable land is found (CLAVD3),

Fourth Step ¢

The value of TCOS is found which is sum total of CLANDS,

CLDs, C2S, CW1S, C33 and CDS.

Fifth Step ¢

Fin»1lly, the percentaqe of different infrastructurs
component costs is calculated, The nercentage of land deve-.
lopment costs (PLD), percentace of sewerage costs { PG29),

percentage of circulation costs (PCSS) and percentage of

Lo a’
'

ﬂﬁ-«'v&ﬂ
v

39
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‘drainage costs (PCDS)  and percentage of water supply
cost (PCN1S) is calulcated.

Sixth Step @

The outputs generated have been listed in the following

lines. A sample output is shown in Plate - 2 B ( Ref. Appen-

dix - D)
CLD t Cost of Land Development ( Rs.)
CLDS 3 Cost of Land Development per sq.m. 0f saleable

' land in Rs.
TCOS ¢ Total cost ( RsJ
CLAND ¢ Cost of land ( Rs.)
CLANDS ¢t Cost of land per sq. saleable area ( Rs./ sq.m.)
PLD,PC2S, ¢ Percentage of land development, sewerage, water
PCW1S, . supply, circulation and drain cost respectively.
PCSS, PCDS

3,10 OPTIMUM MODULE SELRCTION- SUB-MODEL- VII:
3.10.1 Geperal :

The module design process was detailed in the previous
sub models., By varying the input parameters, the computer can
all the alternatives provide results which are not of prdactical use.
Some of the module options will exhibit partial results as
certain variables become overstrained again. Again, some of

the options will provide impractical geoﬁetrical configurations.
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So a selection process becomes inevitable to ensure functional

spaces of desired gquality. 50 this subfmodel helps in optimum

module selection process. It offers a technique which enables
the planners to take into account the'COnsideratiOn(of both

qualitative and quantitative aspects.

3,10,2 Selection Process @

The various selection criterion are to be decided by the

planners. Some of the criterion may be used on the following:

i) The social facility space in the module.
ii) Total development cost.

iii) The distribution of various category plots etc.

The specific criterion are to be decidéd as per the

requirements of the nroject.

The system scons all the alternativesand reijects those
which do not fulfil the criterion 1aid down. S0, the sub model
onerates on the principle of elimination. Thus it helps to bring
down the range of alternativeswithin manageable proportions,thus
achieving economy in manual work. Thus the program assures of

results which are useful and acceptable to the planner.

3,10.3 Computer Program :

The program reads the input variables.module dimensions,

plot widths, plot size, SFS dimensions and area , deve;opment

costs and'module area, First it prepares a list of module
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options heving any side greater than 230 m. Scans this list

for module options having smaller side of SFS greater than or
equal to depth of smallest plot size. Further this list is
short listed for module options with social facility space less
than & 4 of the total module area. Next further chocks for
plot widths and cost are applied to finally arrive at the opti-
mum module option. The block diagram of the program is given

in Fig. No. 3.14.

Discussion

The model (CALSD - MODEL) and the computer program
developed in this study and discussed in the prece&ing sections
would prove to be a working tool for the physical planners.,

The seven sub - models contained in this model, namely, the
physical parameters design 3 circulation network cbsting;

water supply, sewerage and drainage network design and module
selection model would greatly facilitate fhe analysis, desiegn
and selection of the optimum module. A module layout was
selected and the CALSD - MODEL was applied to it. The computer
generated an exhaustive list of alternatives. The results have
been analysed and the sensitivity of various design paraméterg

have been ascertained in the following chapter.



01

1300W -0STVDO 3HL 40 JJNLONYLS L'€91d

!
!
I
|
|
l
!
|
l
|
!
|
!
I
!
l
!
|
|
|
|
|
!
|
|
!
|
l
l
|
]

NOILI3T3S 31NA0W

NOILD373s 31NAOW WNIWILHO IIA-1300W 8ns

—
[
l
I
l
|
|
!
I
!
I
!
|
|
|
!
l
|
|
!
l
!
I
i
|
!
!
|
|
|
l
|
!
|
I

;
l
!
|
l
|
I
|
|
l
|
|
|
l
|
I
I
|
|
|
|
l
|
l
|
!
|
l
|
|

1502 IN3IWJGO13A30 ONV ONV ANV 1A -13dOW NS
ONILSOD ANV NOISIA MHOMLIN JOVNIVEAD A -130OW 9NS

ONILSOD ANV NOIS3A HHOMLI3N AlddNS Jd3LvM LI -13A0W ans
ONIISOD xmogkuz NOILVvINDYID I -71300NW ans

I

[

|

|

|

— -

“ ONILSOO ANV N9SIS3a MHOM 13N IOVHIMI3S Al -1300W 9nS
_ .

I

§

|

_ ,

“ NOIS3Q SYILINVYHVL TVIISAHI I~7300W gans
_ ..

_

S ———

NOIS30 ANV SISATIVYNY 37NA0W

g-14vd

V-14vd




tgels — sHIgIM avodl

2 % 8¢V - S3dALl 104
FDVdS ALITIOVY IVIDOS - S 34°S

—: X 3aNI

MODULE

Ad13IW039 3ITNAONW €914
avoy 401238
—_
\v}
J
s
o
lg ﬁ.U lg <
.“......m. : . . (o]
.8s e
ST m
s
14
o
-
3 w
is "]
0]
is
0

FTNAOW [ AYMHLVd




(sTART

(R

EAD: SA(I),R(M),X(L),PA(K),PB(K),PC(K),FA,FB,FC >
$1(J1),5203),RL1(JNYRL2(J),
121,29, M=1,3;0L=1,3:K=21,1;J0)=51,45)=21,4

30

40

50

60

70 |

'SB=SQRT(SA(1

WAz SQRT (PA (

YR (M))

SL= SQRT (SA()# R (M))
DA= SQRT (PA (K X (L))

K x (L))

DBz SQRT(PB (K)# X (L))
wB=sSQRT (PB (K} / x (L))
Dc = soRT (PC(K) % X (L) )
wc=SORT (PC(K) / x (L))

Al

S
$12

(2 %S10NY* PS2
SB-(4%DB)~-AT
SL—-(4 #0C)-DA ~ Al

MS1aS1N

MS1=S512

ERROR

FIG. 3

°~N

YES

J=+1

YE

10

$21=SL-DC-S52(J)

Ji=1

PS2=852(J)) fp~

‘ IS\
"MS1 > RL1IIISNO

PS1 = 851(J))

20

.3 FLOW CHART OF SUBPROGRAM-1
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INPUT:- CRMS1(11), CRMS 2 (1),

PS1, PS2,SA.R, DA ,DB,

DC,S1(I11)sS2(1),
= 1,4

e

ERROR

59

=1

PS1=S1(11)

Il:li +1

CR1 =CRMS1(11)

=11 +1

PsS2 =82 (1)

CR2 = CRMSZ (11)

COMPUTE

CIRCULATION -COST

(C2,C258)

NO

YES

ERROR

COMPUTEROAD LENGTHS (LRT1»>LR2)

&

FIG.3.5 BLOCK DIAGRAM OF SUB-PROGRAM-II
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INPUT~ FC, WC,PS1,PS2 ,DB-FB,A2,NPB,DC,sNPC,SA; R,
LW1, LW2,PM,UNIT COSTS OF PIPE SLUICE VALVES,BENDS,
FIRE HYDRANTS & OTHER W/s COMPONENTS,SC

(FC X (Vwe) % (2X SB) — (2.5 # PS1) —(2 % PS2) -

(6 X DB))H(FB% (NPB/4))
SV2 = ((FCx(3/wc )) X (SB - (4 % DB)-AZ))+PB*(NPBI:.))

SV1 =

YES

SV2

P1

SVI> SV2

P1= SV1

?

‘COMPARE Py WITH INIBUILT
2! VALUES OFt ow TOGET NUMBER OF g

SLUICE' VALVES (NWV1,NWV2)

y
COMPUTE NUMBER OF FIRE
HYDRANTS {(NWF)

COMPUTE LENGTH OF PIPES
(LWP1,LWPC1,A=7)

COMPARE P1 WITH INBUILT VALUES
OF- o{w AND CORRYESPONDlNG VALUES
OF DW1

l

SELECT DW1

10

CONTD.



10

COMPARE PM WITH INBUILT VALUES OF
dw AND CORRESPONDING VALUES OF Dw2

SELECT DW2

. COST COEFFICIENTS

COMPUTE - COST OF WATER SUPPLY
SCHEME

sroe

FIG.3.7 BLOCK DIAGRAM OF SUB PROGRAM-IiI
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INPUT+ Sa,DC, DA,PS1,PS2, WA, WB,WC ,R, PM, SCOF (MM),
DS (MM),KKK (MM),COS (MM),SC , DB ,UNIT COST OF -

PIPE LENGTHS)MANHOL ES EXTRA DEPTHS ,VENT SHAFT,

DROP CONNECTION AND OTHER SEWERAGE COMPONENTS
P1, MM z1,13

y
COMPUTE LENGTH OF SEWER
SEGMENTS (L1-L1) -

DETERMINE NUMBER OF MANHOLES
INEACH SEGMENTS (M1-MT1)

MM =MM +1

e COMPUTE LENGTH OF
=1 I*1 sewer PIPES e
(AB.ABI, A9, A 91)

P1< S COF(M

NO
DS1= DS (MM)
CS1= COS (MM)
K1 = KKK (MM)
YES
ERR OR MMz 1
MM = MM+ 1
ERROR
DS2 = DS (MM)
K2 = KKK(MM)
Cs; = COS (MM)
CALL SAN
UNIT COSTS
COST OF SEWERAGE
FIG. 3.9

BLOCK DIAGRAM OF SUB PROGRAM -1V



START N

COMPUTE OEPTHS AT THE END OF SEWER
LINES { X1 ~ X11)

COMPUTE NUMBER OF
MANHOLE TYPE

01, D2 , D3 , D4 SEPERATELY
FOR EACH LINE

COMPUTE EXTRA DEPTHS )

OF EACH TYPE OF MANHOLE

D1,D2, D3sD4 SEPERATELY
FOR EACH LINE

COMPUTE TOTAL NUMBER OF
MANHOLES OF TYPE
D1 > D2 »D3 5D4 SEPERATELY

COMPUTE TOTAL EXTRA
DEPTHS FOR MANHOLE TYPE

D1,D2,D3,D4,SEPERATELY

|

FIND NUMBER OF
DROP

CONNECTIONS

FIND NUMBER OF
VENT SHAFTS

FIG.3.10 BLOCK DIAGRAM OF SUB-ROUTINE SAN
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INPUT= sA,R,DA,DB ,DC ,PS1, PS2,

DOD2(11),KD (1t),SC , COD (il)
i1 = 1,33

CDIC, CDP, ALF (11 ),D0D1(11

COMPUTE LENGTH OF EACH
DRAIN TYPE
(A12,A13)

Y

COMPUTE A14 AND A1s

THE CATCHMENT AREAS
SERVED BY DRAIN Dy

M=+

cD1 =
DDy = Do Dy (1D)
DD12 = Dy D, (1)
KD1

coo(n)

KD (11)

v

SA
ALF 2= 7047

ERROR

n=1+1

UNIT COSTS

‘ cD2
| FIND TOTAL COST 1 DD 21
" OF :
. DRAINAGE 0D 22

KD 2

COD (11)
DoDr (1)

DOD2 (11)
KD (1)

FIG.3.12 BLOCK DIAGRAM OF SUB-PROGRAM -V



INPUT:—cLvL, cA ,CE ,SA,SLA,
€25, CW1S, CSS 5, CDS

!

CLD = ((CLVL + CA +CE) #* SA)
CLDS= CLD/SLA

Y

CLAND = (AL % SA)
CLANDS = CLAND/SLA

!

Tcos=CLANDS +CLDS +C2S
+ CW1 S +CSS +CDS

'

PLD=((CLANDS +CLDS) / TCOS) #% 100

!

PC2S = (C25 % 100) ./ TCOS

PCWIS = (CWIS #100) [/ TCOS

PCSS = (CSS % 100)/ TCOS .

PCDS = (CDS % 100) [/ TCOS

FIG.3.13 'BLOCK DIAGRAM OF SUB-PROGRAM —VI

by



INPUT SFS DIMENSIONS, SMALLEST PLOY SIZE ,DEVELOPMENT
COST/SA.M, MODULE DIMENSION,PLOT WIDTHS,SFS AREA

!

. PREPARE LIST{OF MODULE OPTIONS HAVING ANY SIDE 3} 230-0 M

4

FURTHER PREPARE LIST-2 OF MODULE OPTIONS HAVING SMALLER
SIDE OF SFS > DEPTH OF SMALLEST PLOT FROM LIST-1

PREPARE LIST-3 OF MODULE OPTIONS WITH SFS-* 4% OF
MODULE AREA FROM LIST-2

PREPARE LIST-4 OF MODULE OPTIONS WITH ANY PLOT WIDTHS
4 14.0M FROM LIST-3

IDENTIFY LEAST COST OPTION FROM
LIST—4

WRITE THE OPTIMUM MODULE OPTION

STOP

FIG. 3.14 BLOCK DIAGRAM OF SUB-PROGRAM- VII
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CHAPTER - IV

o e e cEe GEw o

SENSITIVITY ANALYSIS

GENERAL?

The efficiency of a land sub-divison plan is géﬁerally
ascertained in terms of various land use indicators such as
saleable land, circulation area, social facility space etc,
and in terms of cost indicators such as, 1éngth of various

utility network per unit area, cost per unit of saleable area

‘etc. - Within the given constraints of standards, regulations

etc., the planner generally triesto maximise the saleable land,

minimise the circulation area and finally tries to reduce the

cost per unit of saleable area.

Sometimes i is believed that all the above objectives
could be achieved_simulténeously and the fact that some of
the above objectives have conflicting requirements,vis ignored.
In view of the above incompatibility of different planning

objectives,‘it is essential that, the interaction of all vari-

‘ables which contribute to the effiCiéncy parameters of a lay-'

out, shquld be clearly ascertained, in a giVen situation.
This shall facilitate to achieve the desired set of planning

objectives in a given situation.

SENSITIVITY OF PHYSICAL LAYOUT , PARAMETERS 3

The proportion of saleable land, the circulation area
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and the social facility space are the main physical parameters
in a layout, The sensitivity of these physical layout para-
meters is judged for the selected module with the plot area
combinations of 275, 325 and 375 sq.mts. The analysis is dore
by varying the plot ratio, module-fatio and module area

respectively.

Impact of PYot Ratio Variatiodon :

1

The variation in plot ratio was studied for ratios of
1.0, 1.4 and 1.7 for a module of fixed area and module ratio
of 1.4v Impact of varying plot ratio on various physical para-

meters was observed as follows - [Ref. Fig. 4.11:

(1) The area available under plots i.e. the saleable area

increases with increase in nlot ratio.

(ii) Total open space available decreases.with -increase in

plot ratio.

(iii) Area under circulation decreases with increase in plot

.ratio,

(iv) If we consider the 31,000 sg.m. module, it will be seen
that the saleable land increases from 64,09 °/ to
70.11 /. when plot ratic is increased from 1.0 to 1.4,
So the range of variation of ‘saleable land is 1.09

[70.11/ 64,097, The open space decreases from V.73 /.
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to 3.38 */. by increasing plot ratio from 1,0 to 1.4.
So range in variation is 2.29 [ 7.73 / 64.09]. The
circulation area decreases from 28,18 °/ to 26,51 °/
on increasing plot ratio from 1.0 to 1.4. So range of

variation is 1.06 [ 28.18/26.51].

This means that sensitivity of open épace area
parameter to the variation in the plot ratio is more
than other layout parameters [ saleable area and circu-

lation area ] -

The foregoing analysis 1leads us to the conclusion
that a higher plot ratio would lead to more economic

solution.,

4,2.2 Impact of Module Ratio 'ariation §

Module ratio variation was studied for ratios of 1.0,
1,4 and 1.7 for a fixed area module with plot ratio of 1.4.
Impact of varying module ratioé on other physical parameters

was observed as follows [ Ref. Fig. 4.2 ] ¢

(i) The circulation area increases with increase in module
ratio,
(ii) The saleable area decreases with increasing module

ratio. The variation is substantial when module ratio

is increased from 1.0 to 1.4(3.4 °/#) upward . But when
module ratio is increased from 1.4 to 1.7, the variation is
not much pronounced ( only of the order of 1.2 °A).
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The variation of open space is quite interesting. The
total Open'spaceareainmeaas when the module ratio is
increased from 1.0 to 1.4 But on furtrer increasing the

module ratio tol.7, the open space area again decreases.,

Hence, for higher module ratios, there is net
increase in saleable area and reduction in open space
area, the gains are offset by substantial increase in

circulation area.

4,2,3 Impact of Module Area Variation 3

The module srea was varied from 31,000 sq.mtr. to

59,000 sg.mtr.. The study was done with plot ratio and module

ratio 1.0 and 1.4 respectively. The results were as follows

[Ref Fig. 4.3)

(1)

(ii)

(iii)

The saleable area decreases with increasing module area.
The rate of decrease is sharper when the module =rea

is increased ‘from 37,000 sq.mtr. to 39,000 sq.mtr

3,34 %)

Increase.in module area generally leads to decrease in
circulation area. However there are pocketsof sharp’
increase. The circulation area increases sharply

between the module area 37,000 sg.mtr. and 39,000 sg.mtr.

-,
The open space also increases with increasing module
area, This rate is slkowed down in those modules that

show sudden increase in circulation area,
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The range of variation in open space area is 1.05 when
module area is increased from 31,0000 37,000 sq..m. But the
range in variation is only 1,03 when module area increa-
sed from 37,000 sq.mtr. to 39,000 sg.,mtr. as in this

range, the circulation area increases sharply.

4.2.4 Conclusion:

b3

The above analysis shows that to obtain optimum solutions,

following must be attempted:

(a) Module Area must be least.
(b) Module Ratic must be least,

(¢) Plot Ratio must be higher.

Combining these three situations will generally lead

to optimum results.

SENSITIVITY OF INFRASTRUCTURE COSTS ¢

The total infrastructure cost of a scheme is largely
dependent on the adopted level of services and Optimal'design 0:
utility services. The cost of infrastructure in a deficient
layout can be as high as almost double the cost incurred ‘=
in an optimal layout. 5o, the sub®ect of infrastructure cost

relational studies is of utmost importance.

The cost of infrastructure services namely water supply,

sewerage, storm water drains etc. can be studied for varying



plot ratio, module ares and module ratio. This would help to

judge the cogt efficiency of the léyou%.

4,3,1 Ana1y§;§”wogmggggmggggggggipns of Vater Supply System .

The sensitivity of the cost of water supply system is

studied for the foilowing cases @

4,3,1.1 Varying Plot Ratio

’

-~

Variation in cost of water supply was studied for plot-
ratios of 1.0, 1.4 and 1.7 for a fixed ﬁodule area snd module
ratio of 1.4 Sample studies showed that the cost of water
supply reduces with the increasing plot ratio ( Ref. Fig. 4.44).
With the piot area comination of 275, 325, 375 sa.mtr., the
cost of water supply works out to be Rs, 11.0 per sa.mtr. of
saleable area for 2 module area of 31,000 sq.m. wiﬂlﬁlot'ratixa
of 1.0 and for the same module it works out to be Rs. 9.18 ver
sq.mtr. of saleable area for a plot ratio of 1.7. S0 redw tion
in cost is 16.5 %.. The same trend was observed with module
areas of 37,000; 45,000 51,000.and 59, 000 sq.ﬁtr, where cost .
was feduoed near by 18.7 7., 19.8 /., 19.9 /. and 20,1 '/.’
respectively. S0 in case of bigger modules, gfeater cost redu

ction could be achieved.

f4.3.1.2 Varying Module Ratio::

Variation in water supply cost was studied for module

-~
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ratios:of 1.0, 1.4, 1.7 for a‘fixed module area %nd plot
ratios of 1l.4. The plot area combination.was 275, 325 and

375 sq.mtr. But in this case a definite trend was not noticed
in the water supply costs ( Ref. Fig. 4.5 A ); The water
supply costs were reduced by nearly 5.6 7. when the module
ratio was increased from 1.0 to 1.7 for a 31,006 sq.mtr.
module. Whereas in case of a 45, 000. sg.mtr. module, the cost

increased by nearly 8.71 7. .

- 4,3,1.,3 Varying Module Area

4y3,2

. The study was done with plot ratip as 1.@, module ratio ‘
as l.4 and plot ratio combinations of/;275, 325, 375 sq.mtr,

{ Refer Fig. 4.6 A ]. The cost of water supply per sq.m. of
saleable azree decreases as the module area is increased from
31,000 to 35,000 sq.mtr. But as the module area increases to
37,060 sq,mtr.,theré is a steép rise in cost by nearly 13 */. .

Thereafter for the hisher module areas, no definite trend is

SEenNe

Analysis of Cost Implications of Sewerage System ¢

The sensitivity of the cost of the sewerage system is

judged for the plot area combination of 275, 325, 375 sq.mtr.

The study was done for the following cases.
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4,3,2,1 Plot Ratio Effect @

Variation in cost of sewerage system was studied
for plot ratios of 1,0, 1.4, 1.7 and module ratio 1.4 for
a fixed area module, The variation in plot ratio did not
indicate a definite trend ( Ref. Fig. 4.4 A ). The cost of
sewerage reduced by nearly 11.S °/ when the plot ratio was
increased from 1,0 to 1,7 for the 45,QOO sg.mtr. module;
The trend wasreversadin the 91,000 sq.mtr. module, with the
sewerage cost increasing nearly by 6.1 Y. for the same
case, S0, the sewerage system cost is less gensitive to

the plot ratio changes.

4,3,2.,2 Module. Ratio Effect 3

Variation in the cost of sewerage system is Jjudged
for module ratios of 1.0, 1.4 and 1.7 with plot ratio 1.4
for a fixed area module., The varietion of module ratio did
not indicate a definite trend ( Ref. Fig 45 A). But in
general, higher module ratio lead to increased sewerage costs.
The sewerage costs went up by nearly 7 7. by increasing
module ratio froﬁ 1.0 to 1.7 for the 31,000 sg.mtr. module,

these costs dropped by nearly 11.8 /. for the same case.

4,3,2.3 Module Area Effect @

The variation of cost of sewerage was studied for
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various module areas ranging from, 31,000 . 52,000 sq.mtr,

for plot ratio of 1.0 and module ratio of 1.4. The cost of
sewerage per sq.m. 0f saleable area co0es on decreasing for
module areas 31,000 to 39,000 sq.mtr. As the module size is
increased to 41,000 sq.ﬁtr.,the cost shoots up by nearly
18.4 */A with respect to the cos* of 39,000 sq.mtr. module

( Ref, Fig. 4,6 A), But again cost drops by nearly 12.5 YA
for 43,000 sq.mtr module with raspect to cost of 41,000 sqg.mtr,
module. Again the cost shoots up by nearly 12.2 Y. for the
45,000 sq.mtr. module with respect to cost of 43,000 sc.mtr.
module. Thereafter for higher modules no definite trend is

noticed.

43,3 Analysis of Cost Implications of Drainage System :

The sensitivity analysis of storm water drainage system
is done for the following cases mentioned below. The plot

area combinations are 275, 325, 375 sq.mtr.

4,3,3,1 Plot Ratio :

Thevplot ratios considered are 1.0, 1.4, 1.7 and costs
of storm water drainage is judged for this variation. ( Ref,
Fig. 4.4 B). The module ratio is 1.4 and the module area is
kept constant. The general trend observe@ is that the drain- -
age costs are decreased with increasing plot ratios. These

costs. get reduced nearly by 17.6 4, 19.5 */. and 20.6 ‘A
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for the modules having an ares of 31,000; 45,000, 51,000
sq.mtr, respectively for +the increase in plot ratio from
1,0 to 1.7. For the higher module ares, the percentagé

reduction is higher with the increase in plot ratio.

/403.302 MOdu‘le Ratio ¢

— - e

The module ratios econsidered are 1.0, 1.4 and 1,7 and
costs of storm water drainage per sq.m. of saleable area ‘is
judged for this variation ( Ref. Fig. 4.5 B). The plot
ratio is 1.4 and the module area is kept constant,

No consistent trend was observed when the module ratio wés
increased from 1.0 %o 1.7, the costs increased by nearly

10 ‘/. for the 31,000 sq.mtr. module. But in case of 37,000 sq.r
module cost remains unchanged for the same case.

4,3,3,3 Module Area 3

-

The analysis is done with the module areas varying
from 31,000 sg.mtr. to 59,000 sq.mtr. and module ratios '
and plot ratios being 1.0 and 1.4 respectively( Ref. Fig, 4,6B),
The analysis showed that though no blear cut trend isiseen
in the costs per sq.mtr. of saleable are% of drainage costs, -
there are some sharp ?oékets of increase inthe cost. When the
module area is raised from 35,000 to 37,000 sq.mtr. ,the

costs go up by nearly 9,95 °4 . 3Same is the case by changing
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the module area from 49,000 to 51,000 sg.mtr. as the incre-

ase is nearly 6.9 */..

L4o3,4 Analysis of Cost Implications of C;rculafion Network s .

The sensitiVity of circulation network costs pér sq.m,
of saleable area is done for the plot area combinations of

275, 325, 375 sq.mtr. The study is done for the following

4
P

cases ¢

4,3.4,1 Plot Ratio ¢

The plot ratios considered were 1;0, l.4, 1.7 and
cosﬁséf cifculation network studied for this variation
The module ratio is 1.4 and module area is kept constant.
The circulation network costs reduce with the increase in
plot ratio ( Ref. Fig. L.4A). The redwtion is about 20,8 %,
21.5 *4, 17.4 °/. in case of modules having an érea of
31,000, 45,000; 59,000 sq.mtr respectively for the increase
of plot ratio from 1.0 to 1,7. So, in the émaller modules

percentage reduction in costs is higher,

4o3,4,2 Module Ratio @

Variation in road system costs was studied for module
ratios of 1.0, 1.4, 1.7 with plot ratio as 1.4 for a fixed

area module. The circulation network costs increase with the
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increase in module ratio ( Ref. Fig. 4.5 A). The increase
is about 25.56 ‘A, 15.1 A 8,17. in case of modules having
an area of 31,000, 45,000, 59,000 sqg.mtr.respectively for the

increase in plot ratio from 1.0 to 1.7. So the increase of cost

1g lessger in case of modules of higher areas.

Module Area @

The study is done by varying module area from 31,000
to 59,000 sq.mtr, for plot ratio 1.0 and module ratio 1.4,
In general it was obsérved that the costs of roads follow an
increasing trend with increasing module areas ( Fig. 4.6 C),
The costs variation is sharpest when the module area is
increased from 37,000 to 39,000 sqg.mtr. In this case costs

increase nearly by 7.0 ‘..

Analysis of Cost Tmplications of Land And other Costs

This study analyses the cost of (i) Land acquisition

(ii) External electrification (iii) Site levelling and dress-
ing and (iv) Arboriculture taken together and called as land
and other costs per sq.m of saleable area. The plot area
combinations are kept as 275, 325, 375 sg.m. and following

cases are studied:

Plot Ratio

Variation in the costs are studied for plot ratios
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of 1.0, 1.4, 1.7 with module ratio of 1.4 for a fixed area
module. The trend observed is that the increasing.plot ratios
lead to lower land and other costs (Ref. Fig. L.4B). The

cost reductions are nearly by 12.2 /., 15.2°%/. and 16,7 /
for the modules with areas of 31,000, 45,000, 59, 000sq.m, respect-

ively for the increase of plot ratio from 1.0 to 1.7.

Module Ratio :

Vériation in costs are studied for module ratios of
1.0, L4 and 1,7 with plof ratio of 1.4 for a fixed area
module ( Ref., Fig. 4.5 B). The increase in module ratio
leads to higher land and other costs. The rise in costs is
nearly by 4.0 ‘4 , 5.5 ‘A and 3.4 °/. for the modules with
areas of 31,000, 45,000;59,000 sg.m. respectively for increase of
module ratio from 1.0 to 1.,4. Also, it is seen . thot for the
module areas 41,000 sq.mtr. and above, there is no apprecia=-
ble rise in cost of land and iand development by changing

the module ratio from 1.4 to 1.7 .

Module Area

The study is done for modulé area variation from 31,000
to 59,000 sq, cmtr. for plot ratio of 1.0 and module ratio of
l.4 ( Ref, Fig, 4.6 D )., The general pattern is that higher
module areas lead to higher land and other costs. The rise

is sharpest when module area is raised from 37,000 to

E]
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-

39,000 sqe.mtr., The costs jump up by néarly 3¢ /. in this

case.

4,3.,6 Analysis_of Total Infrastructural Costs

T A T A T ST

'The study is done for plot area combinations of 275,
325 and 375 sq.mtr. The total infrastructural costs are arrived
at by summing (1) Water Supply Costs (ii) éeweraqe Costs
(iii) Drainage Costs ( iv) Road Costs ~nd (v ) Land Development

Costs,

. The analysis for fixed module ratio of 1.4 and varying plot
ratios of 1.0, 1.4, 1.7 for a fixed area module revealed that
in general, higher plot ratios.lead tO increasing infrastructural

costs ( Réf.»Fig. 4,7 A),

“

The analysis for fixed plot ratio of 1.4 and varying modu-
le ratio of 1.0, 1.4, 1.7 for a fixed area module showed that
increasing module ratios lead to higher infrastructural costs.

('Ref. Fig. 4.7 B ).

The analysis for fixed plot ratio of 1.0 and fixed module
ratio of 1.4 with varying module areas from 31,000 - 59,000 sq.mtr.
showed that no definite trend was followed. However, the increase
in infrastructural costs was sharpest when module area was

increased from 39,000 - 41,000 sq.mtr. ( Ref., Fig. 4.7 C ).

f
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4,4 DISCUSSION & -

The present study is capable of identifying and indica-
ting the relative‘importance of any design perameter of the land
sub - division planmingThe study concluded that to obtain opti-
mum results ; module area and ratio must be least and plot ratio
must be higher, The sénsitivity'analysis of water supply,
drainage, circulation and land and land de&elqpment costs indi-
cated that higher plot ratios lead to reduction in their respect-
"ive costs. Also, higher module ratios lead to higher circuia—
tion and land andiland‘development ccsts. The sewerage costs
did not indicate a definite trend. Also, the annlysis of total .
infrastructural costé showed that, in general, higher plot ratios,
module ratios and module areas lead to increased costs. So, in‘
this way, the sensitivity analysis would help in identifying
the bptimal solutions which could be used for preparing'the

layout plan.
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PROJECT DESIGN STUDY.

Now, to test the model developed, a proiject design study

was dnde?taken. It will thus not only help to. establish the

importance and credibility of the model developed but also
furnish important results or observatibnSTNﬁich will act as

feed back to further improve the methodolosy.

BACKGROUND HISTORY :

-

The Department of Sciénce\and Technology (DST),Government
of India has requested different states to come forward With.
the establishment of TLECTTONICS COMPLEX7S (ECS) by bringing

educational, research, training, banking, management and

- government institutions together, In this regard, Roorkee

University hsas been identified hy D3ST to S?t up a ELECTRONTCS
COMPLEX for northern region. The obiective of ECs is to de-e-
lop 2 down o earth cilture and enviromment for innovation and
entrepreneurship on the basis of active interac%ion between

academic institution and industries by sharing ideas, expe~ien-

ce and facilities.

So, it was decided to take up the design of this complex

as the project design study.
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5.3  DESIGN OBJECTIVES :

5k

55

The objective of the study is to workout a number

of module options using the CALSD-MODRL and to identify the

6?;;;%;9 module options. Then to work out a sub-division

s plan for the project using these optimal.vmodules.

METHODOLOGY ¢

Once the mathematical model and the computer programs

based on them are ready, the methodology followed is as

follows

i)
ii)

iii)

iv)

s
®

Analyse the existing site layout.

Develop a concept.

Run the computer programs to evolve the planning
modules .

Identify the optimal solution and use it in planning

the land sub-division plan.

SITE ANALYSIS

The site for the proposed complex is located about

10 Kms away from Roorkee on the Landhaura - Laksar Road.

The total site area measures 40.47 hectares ( 100 acres),

out of which 8.09 hectares ( 20 /& ) is earmarked for an

industrial park (STEP) and the rest 32.38 hectares is reser-

ved for the industrial sheds. The site is predominantly
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flat in nature. There are few spots in the area on the
eastern boundary and in the central area having undulations
with a level difference to the tune of 6 - 9 meters. It is
surrounded by the villages Shikarpur, Khempur and Landhauré
on the north - eastern, southern and western directions res-
pectively. The location plan and site plan of the complex is

given in Fig. No. 5.1(A) and Fis, No. 5.1(B) respectively.

THF CONCEPT

a3

Physical conditionhs of he sites grouping of 1ndvotr191
units, common facilities and(iéflmum land-use are some of the
important factors influencing “the-sub~division plan of an
industrial layout, Hssentially a layout should be such that
it grows in response to the requirements. So, to mest the
planning needs a coacept should be worked out in the very

heginning.

The site is bounded on tha southern side by a road. It
was decided to heve two approach roads from it. They would
serve as the main spines of the area. Also, one lateral road
joining these spines was planned, The common facilities were
located along this central spine. The administrative office
was plahned nery the entrance and water tank and electric sub-
station at the far 2nd of the site. Also, along the lateral

spine, one test laboratory was proposed.



The remaining area was detailed with modules where

each one has its own social facility space.

Further more, td check the industries onto the nearby
residential/agricultural areas and to keep the much needed
distence between them, a buffer zone was introduced between

-them.,

5.7 DATA INPUT

The module developed in the CALSD - MODEL was used in

this study. The plot area combinations were taken as 275

- — s ——

32§%¥§75 sqg.mtrs. This was done keeping in view the code
provisions [ ISI, 1984] and the specific needs of the comp-
l//ZLeX fU.0.R., 1985]. NThfég/;;ggggfgf plot ratios 1.0, 1.4

and 1.7 and values of:l.0, 1.4 and 1.7/were specified for the

~

moduig'fatio. The moduie\azgiwzqriable was given a range of
¥&¥,pr 29 values starting from 31000 sg.m. to 59000 sg.m. with |
%@%:f/ increments of 1000 sq.m. The values of road widths were taken
MQ ﬂ) M as per National Building Code, 1983 which provides relation
VW“U ‘ between roadkwidths)and road lengths., The roads were metalled
N ///g;gﬂbrick paved for pathways. The water supply network was
4 developed with C.,I, pipes and séwerage system using asbestos
j&kgyg cement pipes. Unit costs of different components were worked
"}EH@ out with the help of CPWD rate lists [CPWD, 1981 ; PWD,1984],

§1/ 4 Also the load coefficients for the desien of water sunply.
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network and sewerage network is considered as 55, 60, 65 for .

the three plots type - A, type~ B and tvpe - C respectively.

The

L

factor for accounting contengencies was taken as 10 ‘A,
The manholes considered were of size 90, 150, 225 and 315 cms.

The ground was taken as t» have a slope of 0,001,

The computer program .was run with the above input data
which consisted of 890 vaues and the output gave a result for

a total of 25,776 information values in all.

THE SELECTION PROCESS :

U
-
(¢6]

After the programs were run, the computer generated
an exhaustive list of alternatives. To find out which of the
module option.were optimal , the selection process was operated

The criterion for the selection were identified as follows:

5.8.1 Open Space 3
5.8.1,1 Dimensions ¢

The open space provided in the module must be of
practical configuration so as to be useable and tb enhance
the quality of grouping of plots. Hence impractical confi-
gurations like strip formg were to be avoided. In order to
have useable forms of open space, the criterion adopted was

that the smaller side of open space should be equal to or
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greater than depth of smaller plot; This would render the
open space area more effective and also it becomes possible
to interchange portions of plotted area with social faci-

lity space.
5.8.1.2 Area 3

The open space area in the module should not be less
than 4.0 °4A . This is fixed keeping in view the code

provisions [ ISI, 1984 ],

5.8.2 Plots 3

The width of the plots should be egual to or greater
than 14.0 m, Plots with widths less than this were rejected,
This criterion is decided as per ths requirements of the

industry that is to be set up [ U.0.R., 1985p ISI, 1984 1,

5.8.3 Module :

The site available presented difficulty in fitting in
of larger modules. So, it was decided to reject all mecdules

having any side greater than 270 m.

5.84 - Development Cost 3

The modules which passed the fore mentioned criterion
were subjected to further analvsis. The module having the
minimum development cost out of the shortliﬁf?d modules was

e~ - 0
YA -\Fy
ot

taken as the optimal solution.
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5.8.5 <Ihe Optimum Module *

The selection process identified the 37,000 sq.m.
" module with plot ratio of 1.4 and module ratio of 1.4 as the

_optimum solution [ Ref. Fig. 5.2].

The sgbﬂprogramm I determined the land utiligzation _
pattern of the module. The Teble No, 5.1 summarises the -

land use analysis of the module.

TABLE 5.1
LAND UTILIZATION PATTRR' AT MODULE IEVEL

WU At TSV AT v, T,

o e P

TYPE AREA(SQ.M.) PERCENTAGE
Saleable 25207 68.18
Circulation 9209 24,89
-Social Facility S»age 2564 6.9%

Ses emoERTER T rwae- R pmTa. me et

Further, the svb-program - I also gave the plot
details along with the width of roads in the module, 'fhe
plot type- B.are in maximum number.. The sub-proeram - IT
gave further information on the road network., The optimum '
plot details =ud circulation network details have been

listed in Table No. 5.2 and Table Nn. 5.3 respectively
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TABLE NO, 5.2

DETATLS OF PLOTS AT MODULE LFVEL

TYPE ARRA(SQ. M, ) ‘ NUMBER

A 275 12 °

B 325 | L

C 375 22
TOTAL ‘ 78

TABLE NO, 5.3

DETAILS OF CTRCULATION NETWORK AT MODULE LEVEL

ROAD TYPE ' WIDTH(M.) LENGTH(M. )
S1 : 12.0 428,62

52 | 12,0 . | 355 .25

The infrastructure coOsts were computed by sub-programs-
'Iﬂ; I11, IV,V,VI respectively for different infrastructural
components. It was found that the sewerage costs had the
_liOp’s share in the net development cost of the module whereas
the drainage system éccounted for the 1east share, The

infrastructure cost analysis is presenfed in Table No. 5.4
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IaBLE NO. 2.4

INFRASTRUCTURE COSTS ANALYSIS AT MODULE LTVEL. s

-

ITEM COST(Rs.) PERCENTAGE OF TOTAL COS
Land Acquisition 73,260 5.26
Roads 3, 48,000 24,87
Water Supply 2,72, 000 19.39
Sewerage 4,55,000 32.50
Storm Water 72,980 5.20
Drains
TOTAL 14,00, 240 100,00

Net Development Cost = Rs. 55.53/sq.m. of saleable area

The subpros~ams - III, IV, V do the necessary design of
the water supply network, sewerage network aﬁd the draimge
network. The details of the water supply components have

been presented in the following table (Ref. Table No. 5.5)

TABLE NO. 5.5
DETATILS _OF WATER SUPPLY NETWORK AT MODULE LEVEI,

PIPE LENGTHS(M) SIZE(M.M,) NO. OF SLUICE  NO,OF FIRE
» VALVES ‘ HYDRANTS

DW1 DwW2 DWI1.  DW2 V1 V2 . -

72%.09  253.09 125 200 4 1 4
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- The details of the sewerage network viz. the pipe

lengths, number of manholes etc. have been listed in TablevNo.5.6

o crm  wEe wem  sap

SEWERAGE NETWORK DETAILS AT MODULE IEVEL -

PIPE LENGTHS(M) Size(M,M.,) SLOPE Ne, OF MAN- EXTRA DRPTH OF
HOLES MANHOLES (M, )
DS1 DS2 DS1 D32 DS1 DS2 NI N2 N3 N4 EN1 EN2 EN3 BN

759,75 218.10 200 300 0,001 0,004 10.8 10.9 14,6 = 4.10 %.73 4.8 -

The drains for carrying away the storm water have been designed
The various details viz. size of drains, sloves etc. is given in

Table No. 5.7

- DRAINAGE DETAILS AT MODULE LEVEL

LENGTH (M) SIZE(Mxm) SLOPE

D1 D2 D1 D2 D1 D2

616.05 218,10 0,30 X 0,46 0,30 X 0.53 0.,0014  0,0025
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In this way, the optimum module selection is completed. It
is then used to prepare the sub-division plan of the electronic

complex,

=

5.9 SITE LAYOUT :

i

The site was worked out as per the cohcept plan with the
optimum modules. Certain areas of the site were detailed.man&
ually due to their shape ( which did not confer with those of the
modules) . Alsb'some modificafions were done in the modules to
arrive at better ciruclation system. The table No. 5.8 gives
the land - use analysis of the ppmplex. The  total type of
units are A,B,C, ML, M2, 'M3, M4, M5 and M6. Their details are
gi#en in Table No. 5.9, The circulation plan was conceived with
three types of roads, The roads of first order are the approabh
roads. The next ones are subsidiary roads and %the third order
roads are the pathwavs, The larger plots are gén@rally placed
on the approach roads. The road details are given in Table Nc,
5.10. The Fig. No. 5.3 gives the circulation plan. The layout

plan is given in Fig. No. 5.4,

The water supply system was désignad with the overhead
tank placed at the far end of the complex. The fig., No, 5.5
gives the water supply network. The artérial lines from the water
tank are spread over the site, The feeder liﬁes of the modules

are connected to it,
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5.11
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The sewerage supply network is shown in the figure Wo,
5,6 The sewage collected from the modules is discharged
into the trunk sewer which takes the waste to the nearby

sewage treatment plant.

LIMITATIONS AND GENERAL RECOMMENDATIONS

The work was carried out in absence of topographical
maps, The approximate values for the slopes, levels etc. were
aésumed. The design for water supply and sewerage has to be
readjusted with the help or actuél levels., But this was not

done due to absence of topographical maps;

The approach road to the site, namely.the Roorkee -
Laksar Road must be also upgraded to a 24 m., road. And the
Landhaura - Mangalore - Delhi road must be also upgraded
accordingly. This is very essential as the setting up of
an industrial area would demand better linkages due to

increased traffic loads.

CONCLUSION & ’ ,

The project design study undertaken attempts at
devising and implementing CALSD . MODEL, This study will
show that computerized land sub-division planning allows for
a unified apnroach to the complex problem of layout design and

reduces the time period drasticélly.
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TABLE NO. 5.8

Sem  em  wow  wmw eaw

LANDUSE, ANALYSIS_(F_THR LAYOUT

IYPE PERCENTAGE
Plotted 56,75
Roads | 28.00
Organized 7475
Open Space

Buffer Zone 1.75
Institution And

Services 5.75

TOTAL 100,00

o

PLOT DETAILS OF THE LAYOUT

TYPE . AREA(Sq.M.) NOS.

A | | 275 108
B 325 322
c | 375 195
ML ' 1250 9
M2 562 6
M3 305 .21
M4 975 - 5
M5 937 3
M6 687 3

TOTAL - 672

[ 4 R

TABLE NO. 5.10
ROAD DETAILS OF THR LAYOUT
TYPE WIDTH( M)
Approach 24,0
Module(Both S1 and S2) 12,0
Pathways 5.0
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CHAPTER - VI

x> WEM  coe Ewe e o Em

STUDY IMPLICATIONS AND REFLECTIONS

CONCLUSION s T

following conclusions:

(1)

(i1)

(iii)

The foregoing analyses and discussions lead us to the

-

The mathematical model developed has greatly faoilitéted

the decision making in different stages of oroject desien.
The sub-models have made it possible to desien the diffe-
rent components of the sub-division layouts with a

full understanding of the variables involved. The
computer program generates a large number of options o
which could be analysedkto select the optimum result(s).

The sensitivity énalysis Was carried out for the diffe-
rent design parameters of the layout. It showed that
least module area, least module ratio and higher ploet
ratio would give optimum result(s). Also, it was found: -
that the higher module areas lead to hizher development
costs and the sewerage system accounted for the major
share of the development costs. In this way,the sensiti-
vity analysis helpedus to identify the'parametefs that
were more sensitive. The planners after carrying out

the sensitivity analysis could fix up their own criter-
ion to decide upon the values of the design parameters,

The project design study showed that the land sub-divisio:
planning could be done more easily and quickly with |
the help of computer methad s. Feed back of informatiorsl
and the necessary changes during the various stages of
planning become easy through this computer program.
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So, in brief it sould be summarised that computer
aided land sub-division planning gives a rational and
realistic base for systematic step by step sub-division

of the land and over all nlanning.

6.2  LIMITATIONS :

(1)

(11)

(iii)

(iv)

The CALSD--MODEL has followine limitations:

Land sub-division is a complex system consisting of a

very large number of interacting variables many of which

‘

are quantifiable and some defy quantification. In the

' present model a large number of variables have been

quantified, but still it can not tell the social impact
of the land forms .nor it will indicéte whether the solun‘
tions generated are functionally feasible on the sites
involved. Hence, the design of layouts remain very

much an art.

~

The model caters to layouts which are essentially rectan-

gular in pattern.
The open spaces in the module are only centrally located.

The model has no provision for affordability, finance

analyses etc,
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FUTURE_RESEARCH

The study is a beginning in the emerging field of
research and there is need for further efforts. Some areas of

future research could include the following

(i) Module layouts,that can account for multistoreYed

development, could be designed.
(ii) Model could include the affordability criterion.

(iii) - Computér graphics programs could be developed.

(iv) The present study is for small level land sub-division.
Models cbuld be developed that would cater to large
scale land sub-division layouts like design of a township
etc. Hence, they would also consider the higher level

of services required in a large scale land sub-division,
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APPENDIX A = 1

MATHEMATICAL MODEL : PHYSTGAL PARAMETERS- SM - T

SA =
R =
51, 82
DA, DB, DC
W, WB, WC |
NPA, NPB,
NPC
PSL, =
PCL =
POP =
PM =
FA,FB, =

" FC
TCLS =

i

it

P e 2 S

T SRR TS,

Module Area

Module Ratio

Road Widths
IhNhoftWem'Au tB', 'C!

plots respectively

Width of type -~ 'A', 'B', 'C!

| plots respectively

No. of type - 'A', 'B','C'
plots respectively |

Percentage Area Under plots

Percentage Circulation

Percentage open Space

Equivalent Population of Module

Load Coefficients for plot type 'A'-

iBr, 'C'

Total Circulation length per sq.m./of

module area,

The equations are as follows :
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I

Check for controlling length on road widths:

g

Max. of [Jwﬁé,,_ LDB - 281 - 82 1, [¥SA.R = 4DC = DA -

R

281 - 82 and [ 2 DC] for S1 R.O,W.

Max.,

NPA

NPB

NPC

PSL

POP

PCL

of [{SA R -Dc-52] and [ 2DB ] far S2 R.OW,

W%—‘[ [gé - 82 ]

- “%g [ Jsi.R -~ DC- DA - 382 ]

1 l SA _ 4( 4DB - 251 - S2 9]
ge [ 5YR |

]

&% (DA + 5DC + 4R,DB ) - Di.S2 -
4DB (DA + DC + 82 ) - 4DC ( 4DB + 281 + 82 )]

O ~1SA |
%%g [J%¥ ~ 4DB = 281 - 521 [ [SAR - 5DC =~ DA =

- 251 - S2 ]

= 5%% [( 251 + s2){ ﬁ%& (A+R) - 251 - S2 - DC }

- 231 ( DA + 4DB ) ]
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6. PM = I ( J%ﬁ Z82) 4 9—% ( [STR-DC - DA - 82 )

+%%{5J—§~1 -4 (DB + 251 ~ 52 ) }

—

7  TCLS 1-; [ 3{3% ( 14R) - ( 481 + 582 + 2DA

i

+ 8DB + 2pC ) ]
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APPENDIX A - 2

MATHEMAT TCAL MODEL s CTRCULATION METWORK COSTING - Sif-II

Total Cost

acrmsy { |84 ( 14R) - ( 251 + 282 + DA + 4DB + DC)

K

+ CRMS2 %j-ﬁn( 1+R ) - DC - S2 }
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APPENDIX A =3

MATHEMATICAL MODEL : WATER SUPPLY - SM - III

SIZING OF NETWORK PIPES

. NC + NB = cmevercen— For Size DW1l ( line 2-3<4)

| B
___1_%‘_(2@7}, 2581 - 292 ~6DB) + T
E ] wc

—rmee fOPr size DW2 ( Line 4 - 5 )

3 SA
. = (2 4DB - 2SL - S2 )
NB ' |
I " — for size DW2(Line 4-6)

NUMBER OF FIRE HYTRANTS
I A
. JSER -0.94 F -0C

) 24 (14R) - 1.5 (S1 452) - DA = 4DB - 2DC.

NUMBER OF SLUICE VALVES

e (2 E—‘i —'2.531-=282~6DB)+&-N%

Q

Sm (Ao oos1-s2)+ B

.
' ot
(@]
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13

TOTAL COST OF WATWR SUPPLY SCHEME
R INNER MODULE

-

( CW1 + g%%% y { ( by 2R) - ( 2DA + 10 DB + 2DC

4+ 2,5 81 + 4,5 32 ) }

+(CW2 + %%%5 Y ( ‘SAJR- DC + 2DB + 0,5S1) CW2B + 2CW12T

+ 5CWIT + 3CW1P + CWLZR + WWV.CW1V + CW2V + NWF.CWIF

. CORNER MODULE

(cvh. + “TWT ) § Iﬂﬁ ( 443R) = { 2DA + 10 DB + 3DC + 2.581

4.532)}  + (CW2 + g%gJ Y ( J5AR -DC + 2DB + 0.551)

+ CW1B + CW2B + 2CW12T + 6 CW1T + 2 CW1P + CW12R

+ MWV.CWLV + CW2V + NWF,CW1F
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APPENDIX A - &

MATHEMATICAL MODEL_ : SEWERAGE NETWORK . SM - IV

SIZING OF PIPES

. NC + NB ceme—w~ FOor Size D32

. W%h ( Igg.- 6DB - 2,551 - 282)}+ %2 —- for gize DS1

A

({ % _ 4DB - 251 -S2) + ~— for size DS1

LENGTH OF SEWER LINE SEGMENTS AND :
TOTAL NUMBER OF MANHOLE CHAMBERS IN EACH

-, 11 = J[SA.R - DA - DC - 0,582
. L2 = 2DB + 0,581
. 13 = I@%ﬁ - L4DB -.81 ~ S2
. L4, = L5 = 13- 0,551

. L7 = 2DC +S1

. L8 = Ll —L6"L7

. 19 = {SA\R + 2DB -~ DC + 0,551
SA
. 110 = f;ﬂ - 0.582

. L1l Ll

o



3

. M
M2
. M3
. M4
. M6
. M7
. M8
. M
. I\"I:LO
. M1
DEPTH AT
. X1
. X2
. X3

- WG

- sy (L1 - 0.582) +1
L2
2WC

3

-5
= M = kgﬁfr“; + 1

Lo
= ToWB
L7

- e ey

- 2WB
= Ml -~ M6 - M7

1

= g (19 + 0.582) .

+ OWE

1

= g7 (L10 - 0.552 ) +1

ML

ENDS

DL + (KL - G) 11

4

#

DL + (K1 - G) L2 .

XL + (K1 -G) L3 .

it

Xl
X5

X6

H

| 1(34

DL + (KL - G) L4
DI + (K1 =G) L5

D1 + (K1 - G) 16



X7 = X5 + (K1 - G) L7

X8 = X7 + { KL -G) L8

X9 = Bigger of ( X3 and X8) + ( K2 - G) L9
X10 = Dl ; ( K1 = G)'Lle

X11 = X

. MANHOLE CHAMBRRS AND EXTRA DEPTHS

IN EACH CATEGORY

[ e e

If XL< D2 Thent ML = ML and BNL = 5= ( X1 - D1 )

ML D2 - 01

t

N2 = M- W1, EN2 = 52( D3 - D2)

If D3 X1< Db Then : M= gege ML B = M popi)

N2 = D3 -D2. ML g

KL-G IT° p3- D2)

N2,
5

N5 = ML -NL-N2, EN3 = gi( X1 --D3)
If X2(D2 then : N1 = M2 , ENI = 9%(X2 - D1)

M2, D2-D1

D2§ X2 <D3 then : NL = 75° &= G,EN1=-=--(D2»D1)

N
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N2 =M2 - NL , EN2 = .Izl’?-(xz-nz)
LUE - 13

. If X3< D2 Then: NL =M3, ENL = 22 ( XL+ X3 - 2D1)

« D2« X3< D3 and X1 < D2 then ¢

M3 . D2 - X1 _ N1 - 2T
I I ,E1\,~1_.2(D2+X1 2D1)
N2=M3-N1,EN2=-‘2\1=2=-(X3~D2)
. If D2 Bach of X1 and X3 < D3 then ¢t NL = 0 ENL =0

N2 = M3 , EN2 = \22-( X3 + X1 - 2D2)

. If D3& X3 < Db and X1.< D2 then ¢

Nl = M3 . D2 = X1
=75 "G

ENL

it

gg;,( D2 + X1 - 2D1)

= M3 . D3 = D2 = Xp
N2 = 7% gTEs BN = 25(D3 - D2)

N3 =M3-N1-N2,EI\T3=l'2-\]§=(X3—D3)

. If D3& X3< D4 and D2 & X1 < D3

thent NL = O , ENL =0
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m.D "’X1 . _N_Z_ -
N2 = 7% -5—-=-=K1__G ' EN2 = 2= ( D3+X1- 2D2)

N3 = M3 - N2, EN3 = 2 X3 - D3)
LINE - L4
., T X4< D2 then: N =Mi, ENI = %% (X4 - DI)
. o My . D2 = D1
. I£D2< X4< D3 then t ML = Fp 0 P8
BNl = gﬂ (D2 -D1 )
o No
. N2 =Myt - N1, BN2 = ET'(X“ - D2)

LINE = 15

. If X5< D2 then ¢ N1 =M5 , ENl= gi( X5 -~ D1)
' M5, D2 -
. If D2€ X5< D3 then 3 m,_..fg. H

BNl = gl ( D2 - D1)

N2 = M5 - NI, EN2 = ga(X5 - D2)
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LINE - L--6V

. If X6< D2 thent NL =M6 , ENL = %2 ( X6 - D1)

M6 . D2 - D1

. If D2 X6< D3 then @ N1==-i3 -

>

g = & (D2 - p1)

N2 = M6 - ML, EN2 = 5%( X6-D2)

LINE = L -7

. If X7< D2 then t NL = M7 , ENL =2MZ(X7+X5-'2D1)

. If D2 X7 < D3 and X5 < D2

§

o M. D2 - X5
ther * M =17 "R <G

ENL

5131=-(D2+X5-2D'1)

N2'=M7.,N1,Er12==§-g(x7-nz)

. If D2& Rach of X5 and X7 < D3
then : NL=0, ENl1 =0

N2 = M7, EN2 = 3 ( X5 + X7 - 2D2)
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If D3¢ X7 < D& and X5 < D2

tnen:N1_=M-Z-°P—2-:—’$5-,EN1=§N-1-(D2+X5-2D1)

L7 Kl - G.
‘__MZ,.D-DZ _Ne
N2 = 7L -pTge , BR2 = 5(D5 - D2)
N% =M7-N1-N2,EN3=§2(X7..93)

If D3 X7 ¢ Db and D2 < X5 < D3

Then t NI =0 , ENlL =0

W . D3~ X N2
W2 = 7h RS2 4EN2 = (D3 4+ X5 - 202)
N3=M'7-N2_,EN3=§3‘(X7-»D3)

LINE - I8

. If X8< D2 then : Nl .= M3, ENL = 32“33-( X7+4X8 - 2D1)

. If D2g X8 < D3 and XKD2 then: N. -_:%g- . Ku:%_-c}

ENL =-12§1-( D2 + X7 - 2D1)

0

N2 =M8 - NI, EN2 = %@(xs - D2)
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If D2 & Each of Xg and X7 < D3

Then ¢ Nl =0, ENl =0

N2 = M8, EN2 = Nz-z-(m*,xs-znz)

#

, If DX X8< D7 and X7 < D2

M8 . D2 - X7

Then ¢ N1 T8 (-G ,

"ENL =-§Nl( D2 + X7 - 2D1)

M8 . D3 -2 N2 m e
VAR R sl EN2 = =5( D3 - D2)

N3 = M8 - NL - N2, EN3 = 32( X8 - D3)

. If D3 X8< D4 and 02 X7 < D3

u
o
=

ENI =0

’

Then ¢ N1

M8 . D3 - X7 R
N2 = 7F CORETR , N2 = 35(D3 + X7 - 2D2)

N3 = Mg - N2 , EN3 = l%3(7&3 - D3)

. If D3 Each of X7 and X8 < Dk

Then @ Nl =N =0, EN = BEN2 =0



N3 =M8 , EN3 = gl( X8 + X7 - 2D3)

-
=
ja
L
NO

s ]

. If X9<¢ D2 then ¢ NL = M9 ,

ENL = gﬁ{(~Biggerwof‘x3"and X8) + X9 - 2D1}

. If DX X9 < D3 and ( Bigger of X3 and X8) < D2

Mg . D2 - ( Bigger of X3 and X8)
S K2 - G

then: N1 =

=

ENL = 35{ D2 + (Bigger of X3 and X8) - 201}

N2 = MO - N1 , B2 = 32 (%9 - DZ)

. IfD2g X9 . ( Bigger of X3 and X8) < D3

then ¢ N1 =0 , EN1 =20

| N2 = M9
EN2 = %% { X9 + ( Bigger of X3 and X8 ) - 2D2}

. If D3 X9 < D4 and ( Bigger of X3 and X8) < D2

D2 - ( Bigger of X3 and X8)
* K2 -« G

then ¢ N1 =

f“ki &g

EN1

141

{ D2 + ( Bigger of X3 and Xg ) - 2m}
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M9 . D3 - D2 oM -
N2 = 7&* ¢ » EN2 =3=( D3 - D2)

N3 = M9 - NL - N2 , EN3 =§1(X9_D3)

If D3 X9 < D4 and D2 ( Bigger of X3 and X8 ) < D3

then

N1 =0 |, ENL =0

N2 = M2 . D3_- ( Bigger of X3 and X8)
=19 K2 = G

EN2 = 3 { D3 4 ( Bisger of X3 and X8) - 202}

N3 = M9 - N2, FN3 = B( x9 - p3)

If D3 Each of X9 and ( Bigger of X3 and X3) < D&

then

0

N1

N2 =0 , ENIL = EN2

N3 = MS

EN3 = Néi { X9 + ( Bigger of X3 and X8 ) - 2D3}

If X9 > D4 and D2 £ ( Bigger of X3 and X8) < D3

then

N2 =

s
.

19

NL =0 , ENL =0

M9 . D3 ~ ( Bigger of X3 and X8)

K2 - G
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EN2

Nef p3 4+ (Bigger of X3 and X8) - 202},

N3 = Mﬁ. U ..Q_LL,.:“.QQ EN3

- B B2, B s - 03y,

N4

MO ~ M2 - M3, EN4 %ﬁ(xg-m)

LINE - L - 10
' | M10
. If X10< D2 then : Nl =Mo0 , BNl = =5 ( X10 - m1)

L10 K-G

. If D2& X10< D3 then & Nl =

ENL

- H

o .
2(Dz D1)

N2

MIO - NI , EN2 = 357-%( X10 - D2)

LINE - L - 11

OPERATION3S AND RESULTS SAMEZ AS IN LINE - 1

Lj0 110
INNER MODULE ¢ £N1 = §N1 , £N2 = §N2
Ll 11
110 110

N3 = N3 ,  TN4 = EN4
11 | L1
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- cs1{ SA

144

110 110
$ENL = gENI , TEN2 = DEN2
11 L1
L10 110
$EN3 = 3EN3 , ENL = SEN4
I1 L1

CORNER MODULE :

All above summations for Line L1 tolLll

TOTOAL COST OF SEWRRAGE SCHEME 3

INNER MODULE

CS1 ﬂ (A+2R) ~ (3,551 + 4,532 + 2DA + 1ODB + 2DC)}
cs2 (f%ﬁﬁ + 2DB = DC + 0,551) +CSDC.NSDC + CSVS,NSVS
CMH1.rN1 + CMH2,tN2 + CMH3.5N3 + CMHL..NA

CSEl.plN1 + CSE2.5EN2 + CSE3,yEN3 + CSE4,TEN4,

CORNER MODULE

1SA( 443R) - (3.551 + 552 + 3DA + 1008 + 300}
csz([§£ﬁ + 2DB - DC + 0.551) + CSDC.NSDC + CSVS,NSVS

CMH1,2W1 + CMH2,tN2 + CMH3.IN3 + CMHL, N4 + CSEL.TENI

CSE2.£EN2 + CSE3.tEN3 + CSE4,pENA
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APPENDIX A - 5

«

MATHEMATICAL_MODEL 3 DRAINAGE NWTWORK- SM - V

SIZING OF DRAIN SECTIONS

. SA —e——e For Section D2

. FAR( 208 + 51) + ( 3K - 4DB - 251 - 52) X |
YR

( 2Dc + S2) =< == For Section D1

K

. JSAR ( 2DB + S1) + ( [SA - 4DB - 251 - S2) X
‘ R

( SAR -~ 2DC - S2)--For Section DI

L]

TOTAL COST :

. cp1{ jég( 3+ 2R) - ( 3.5S51 + 4S2 + 2DA + 8DB + 2DC )}

+ cp2( JSAR + 0.5S1 + 2DB - DC ) + 4(CD1C . S1 + CDP)



APPENDIX A - 6

MATHEMATICAL MODEL : IAND AND OTHER COSTS_- SM - VI

CLD = [(CLVL + CA + CE ) X SA ]

P!

LD

cLDs = | m]
CLAND = {AL X SA ]
cLanps = [ S

TCOS = [ CLANDS + CLDS + C25 + CW1S + CSS + CDS ]

prp = [ SRARRLCLB y x 100

C25 X 100
TCOS

PC2S =

=

PCW1S

1l

[ cos X 100 ]
TCOS

[ CSS x IQQ]
TCOS

PCSS =

DS X 100
[ etz ]

PCDS = ~FEog

144
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APPENDIX - Bl

WATER SUPPLY SYSTEM : BASIC EQUATIONS

The Hazen Williams Equation [ MWH, 1976 a ; Modi, P,N.
et.al, 1970, Steel, E.W. et.al., 1979 ; Fair, G.M. et.al,,

1068

<
]

0.849 X ¢ X [ rR]9+63 x 57054

Where C = Roughneés Coefficient
S = Hydraulic Gradient
V = Flow Velocity Through Pipes ( M/S)

Now, for circular conduits running full,

R D Yhere, D = Internal Diameter of
Pipe in mm

So, the bhasic equation can be restructured as follows:?

4

H

0.849 X c X [ E%ﬁﬁ 10463 x [ 5 ] 054

| gvv v = 4, 567 X 10"3 Xcx [ n] .63 [s] 0'543

\

If ' Q' is the flow discharge in gallon/ day,

Q@ = A.V. Vhere, A = Crossection areaof pipe

in sq.mm.
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Q= EEQ X 4,56 x 100¢ x  [D]%+®% [ 510+5% 107°

Q@ = 3.59 X107 X ¢x [p]263 x [3]0-54

It gives the discharge in M3/S. Now, restructuring

the above equation to get ' Q' value in gallon/ day :

. -9 2.63 1054
@ =359 X107 XCX[DITP XS]y L0 o

§ Q = 6.817 X 1072x ¢ x [p]2+®% x s} 0-54

N AN INSINIINI IS O NI NG OIS PN IO NI P ONNLINS (I O NN OIS
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ArPENDIX - B 2

SEWERAGE. SYSTEM 3 BASIC EQUATIONS

The Mennine's Equation [ MWH, 1976 by Steel, E.W., 1979;,
Fair, G.M. et. 21., 1968, Garg, S.K., 1982 b ] is ¢

v = == x r¥/3x s1/2

Where,
'n = Manning's rugocity Coefficient
'R = Hydraulic Mean depth ( M.) B
S = Hydraulic gradient( Pipe line . Slope )
V = Velocity of Flow ( M/s)
Now, R = ﬂ%n Where A = Cfossectional area of flow
> 2
(m°)
P = Wetted Perimeter ( M.)

For Circular Sewers,

Running half full with internal diameter 'D' ( in M.)

T ngth D
R‘ = nD/2 = _T-

30, the Manmning's formula can be restructured as @
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or

i X 0,397 X p1°+67 x r5]°+50 J

SNIINIINI (I 3L NI NS I PN [NINIPNI NN 375 P P PN 0 NN NN PN HONANG N

Further, discharge or capacity of pipe in cubic meter/

second is given as ¢

Q@ = AXYV

. 0 |
= ‘TmnDk x%;- X ¢.397 x[D1°*%7 ¥ [5]°+°°

a = 0as5x ix (01267 x [579+57

PGPS NS 2 TN PN ) O N 1N N N N PN NN T N TN N PP N PO N S NI s I AN PG W )
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APPENDIX-C1

e o
’
Lw'VALUES
WATER SUPPLY INFRASTRUCTURE COST ANALYS]S=
('CW(L) Y)Y : '

SVl:((FC*(l/WC))*((2*3H)-(2.5*981)-(2*p52)-(6*uﬁ)))#(Fai(NPb/q)
SV2=((FC*(3/WC))*(ﬁﬂ—(%*ﬂﬂ)-h?))f(Fn*(Npu/q))

IF(SV3LGE.SV2)GO 10 Sulb

5016

260

26000

26001

g}

PL=SV?2 o

GO 10 260

P1=6V) ‘

IF(PL,GELAGE,0)G0 10 26000

NWVI=] |

NWV2E1

GO 10 26001

NWV =4

NWV2=1 |

FH1=SL~DC+ (0, 5%5R)
Puz=(sa*(1+R(M)))~(xus*gpsa+vsz))—DA~(4#DB)~(2*wc>
IFCPHL LGP, (304,0))60 10 273 ‘
IF(FA2,GT,(228,0))G0 10 274

WWF=4

274

© 278

276

GO %O 277 | |
AF(FH2.GY, (38040))G0O PO 13

NWIF=§

. GO w0 277
273

IF(FHL,GT, (B0, 0))G0 10 13
IF(FH2.GT.(2208,0))G0 20 278
NWF=6 | '
GO TO 277

IF(FPH2,GY, (380,0))G0 T0 276

NWF=§

GO w0 277 |

IF(FHZ,GT.(B60,0))G0 T0 13
NWF=10

ESTIMATION OF LENGYH OF PIPR LINES (WATER SUPPLY)

- LENGIH FOR PIPE SIZRE=-1 FOR CENERAL MDD CORMER  MUDULES
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LHP 1= ((SI0 (44 C2¥R(M) D) )=

1C(24DAY 4 C0MDR) 4 (24DC) 4 (2. 5¥PS 1) +(4,54P52)))

LWPCL=((HB4 (44 (3¥R{(M))) )=
FCC2ADA)I 1 CLLRDEIH(IHFDC)H (2,585 1)+ (4,540 852)))
AT28LDCF(2¥HB)A (0, 54081) '

AT IS SAME AS LWP2 ARD LWPC2(LENGTHS FOR PIPE S17K=2

FOR GENERAL aAND CORNER MODULES RESPRCTLIVELY)

'IF(P;.GT.64n,0)un o261

2614

DWIS80, 0
GO TO 266

LFCPL,GEy 1262.0) GU 0 262
CDWLEIGL G ‘

. GO T 200 -
- 262

263

264

1F(PL,CL,2362.0) GO 10 263
DWL=125,0 |

GO 10 2066 A
IF(PL.GT.4500,0) GO TO 264
DHI=150.,0 ‘

GO Tu 266
IF(PL.GY.B106,0)G0 10 265

T DWIEZU0.Y

265

266

267

268

GO 10 266 _
IF(PL,GT.14224,0) GO TU L
DWL=250,06 '
GO TO 266 _ _
IF (P1.GT.22728,0) GO TO 2
DWL=300,.0
GO 1O 266 o
IF (P1,GT,30923,0) GO T 3
PWL=350,0 .
60 10 2066 :
CIF (PL.GT,.40388,5) GO T 4
DUL=400,0 o
GO T0 266
1P (PL.GT.50156.0) GO TO 13
DWL=450,0
IF(PH.GY.645,0)G0 10 267
DU2=8Q,0 .
GU Tu 272 _
IF(PN,GT1262,0)G0 TO 264
DW2=100.0
‘GO T0 272 _
1IF(PN,GT,2362.0)G0 TO 269
DW2=125.0



GO TO 272
269 IF(PM.GT.4006,0)00 10 276
DW2Z15G, 6
60 70 272
270 IF(PH.GT.8016.0)G0 TG 271
DW2=200 .0
GO 10 272
271 IE(PM.GT14224,0)GH 10 5
DHZE250 . 6 -
Gu To 277
JE(PML,GY,22728,0) GU TO. 6
DU2=300,0 ' |
GO 0 277
IF (PM.GT.3C923,0) GO T0 7
DW2=350 .6
GO TO 277 |
IF (PM.GT.40388,0) GO T0 8
DW2E4G0 G |
O 10 272 | o
YE O (PM,GYT.5115650) GO TU 13
DA2Z45¢, 0
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APPENDIX - C2
'as! - VALUES

= o T o mATTIwr P T LN Py

Tas! Rangé' Internal Diaméter Lc;;,gitudinal Slope-
B ] | _ of P:Lpes (mm) | | ( 1 1IN) -

as 147§ | 150 | 100

1479 < as & 2570 200 s

2570 ¢ as £ 3873 250 ‘,195

2873 < as ¢ .5985 | 300 | 250

528_5_ < as < 7710 ; 350 : 300

7710 < as. & 10083 boo 360

10083 < s < 18442 450 510

18442 < as £ 22900 500 | 590

22900 < as < 32975 600 o 750

32075 < us < 54038 700 1230

54038 < s < 70461 800 | 1470

70461 < as £ 82931 N 900 1720

82931 < aus £121980 1000 2150
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