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Whenever technology reaches its real fulfilment it
transcends into architecture.
Lupwic Miks VAN DER ROHE.

Technology refers to methods, systems and devices
which are the result of scientific knowledge being
used for practical purposes.

We are living in a world of fast-changing
technologies- be it the special software that we use
to create our design, CAD programs, be it the use of
new technologies in the construction activities, or
be it the use of technologically advanced materials
and products for construction.

Technology can improve building efficiency
and durability. Technology affects the way that
architects design buildings and the way that clients
experience the design process.

The theme for this issue of JIIA is Technology. Ar.
Mukul Goyal has elaborated on the theme.

Ar. Durganand Balsavar is in Dialogue with Ar.
Steven Holl.

Ar. Debjit Adhikari, talks about his cross-country
bike journey in the Travelogue column.

The Young Architects Festival (YAF) at Ranchi on
22 and 23 October was an event well-conceived

EDITOR'S NOTE

EDITORIAL TEA

-

Ar. Gita Balakrishnan

Dr. Shilpa Sharma

Ar. Brijesh Saijal

and efficiently organised by Jharkhand Chapter
and was among the best events by IIA. This edition
of the Journal covers the event in detail.

Our feature In Memoriam, presents legendary
Architect Piloo Mody, who was instrumental in
bringing the Architects Act into force.

We continue with our other regular columns.
It was reported that an Architect from Karad,
Mabharashtra, was manhandled by one of his clients.
We express our anguish and concern on such
inhuman behaviour and condemn the incident.
The Architects’ community unitedly stood with the
Architect and expressed solidarity . We cover the
nationwide protest by the ITA Members across the
country in the newsletter.

We welcome your contributions to the various
columns and the design features for the upcoming
issues and hope you will join hands to make your
Journal richer.

Architecture must have something that appeals to the
human heart, ervection work is expressed in our time as a
union of technology and humanity.

KENzo TANGE.

Ar. Lalichan Zacharias
Editor

Ar. Manguesh R.
Prabhugaonker

Ar. Mukul Goyal

I

/ L

Dr. Pratheek
Sudhakaran

Ar. Tushar Sogani
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PRESIDENT'S MESSAGE

JOURNAL OF THE INDIAN INSTITUTE OF ARCHITECTS

Dear Members,
Greetings!

The growth of Technology both in design software,
construction methodology and materials has been significant
and architects have been adapting to the evolving needs to a
great extent, but we have to be judicious in our approach to
safeguard the environment.

With rapid strides in technology and its influence on the built
environment, it has become necessary for all of us to keep
abreast of the ever-evolving developments. It is imperative
to pursue continuous education programmes at all levels to
sensitize and educate ourselves for a better understanding
and delivery of services.

Now that the situation has returned to almost-normal, with
an impetus to construction and infrastructure, the need
for increasing the infrastructure in architects’ offices is a
possibility. Members are requested to make use of the 1A CAD
software as it is very affordable, apart from being integrated
in the auto DCR of different states.

The recent rains in the south have been creating
unprecedented, unmanageable conditions, inundation, loss
of property and lives. It is a wake-up call for all citizens and
authorities to safeguard, maintain and improve the existing
water bodies which have the least attention paid to them.
Creating newer harvesting and storage infrastructure and
better management strategies will result in mitigating the
problem apart from saving the precious resource.

The Chapter and Centre Chairpersons are requested to
organize programmes to understand and suggest ways and
means to alleviate this recurring incidence and bring it to the
notice of the authorities as a Public awareness exercise.

It is good to see that as a prelude to the IIAPL to be hosted by
the Kolhapur Centre of the Maharashtra Chapter, they have
organised aMAHAPLinwhich variousteamsfrom Maharashtra
participated. IIA Tamilnadu Chapter is organising an IIATNPL
in the month of December hosted by IIA Madurai Centre.

We are all looking forward to the IIA National Awards Final
Jury and Award Presentation, scheduled for 19 - 20 December,
hosted by IIA Goa Chapter.

The online membership application process is on and
members are requested to propagate and invite non-member
architects to be part of the Institute.

The TIA Telangana Chapter is organising and hosting the
IIA NATCON 2021 on 11 — 13 February at Hyderabad. The
organising team headed by the Chairman Ar. Udaya Shankar
Doni and Ar. Sridhar Gopisetti as Convenors are passionately
working to deliver a memorable Convention. Let us all be
there.

Best wishes

Ar. C. R. Raju
President, IIA

Ar. C.R. Raju
President, IIA

Ar. Vilas Avachat
Vice-President, IIA

Ar. Jitendra Mehta,
Jr. Vice President, 1A

Ar. Ashutosh Kr.
Agarwal
Jt. Hon. Secretary, I1A

&

Ar. Satish Mane
Jt. Hon. Secretary, I1A

Ar. Gyanendra
Singh Shekhawat
Hon. Treasurer, IIA

£

g
L
A
Ar. Leena Kumar
Jt. Hon. Secretary, I1A
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BEARERS

Ar. Divya Kush,
Immediate Past
President




THEME

TECHNOLOGY -
WHAT'S NEXT 7

Every year architects graduate with the knowledge base of
their teachers and the internet.

Precisely two teachers : in which one continues for a lifetime.
Thirty years ago, there was no internet so the knowledge
base was generally uniform throughout India, for many years,
before the onslaught of computers. I belonged to the Star
Trek generation of the seventies when technology was still in
our dreams and with awestruck eyes, we saw Captain Kirk use
his ‘mobile phone’ and disappear through the ‘transporter.’
The former technology is now a reality !!

Technology advancement in architecture is now here to
stay, and every year we look forward to what next is going
to revolutionize the way we practice. There is a great divide
between old and young practices where the older practices
are learning from the younger generation, while the young
practices are creating new avenues, which can be seen
through social media platforms.

Computers were a shock to me and I resisted it till [ eventually
couldn’t (hence the word ‘onslaught’ above). But today with
highly versatile softwares, visualization of projects in real
time never ceases to amaze me. With virtual reality headsets
becoming a unique gadget in architects’ offices with mobile
attachments, the client can virtually walk through your
designs and give his approvals. Also with the transfer of
computer technology into ‘construction printing machines’,
you can now directly print buildings on the ground. Although
the technology is still expensive and a few years away, it has
started governing many aspects of Architectural design.
Keeping it simple.

One day a client asked me to use the building information
modelling (BIM) software for his project and that sent me
through the roof. I have been resisting this, just the way I
resisted computers, but now, was facing a no escape situation.
The BIM softwares are super-expensive and requires special
training for the staff, and it gave me the blues when I looked
back at my wooden pencil and drafting table.

Complexity of architecture with equally complex services and
structures tied together in tight time schedules has pushed
architects to rethink their strategy as primary consultants
for anything and everything in the construction activity.
Software like BIM / 3D models allow everyone involved in
the construction process to understand and make shared
decisions . . . in fact these technologies allow mistakes to
be pinpointed before they can actually occur. A simple 3D
picture helps the site engineer to identify mistakes in the
structural drawings - such is the distance we have covered !

Coming back to the new generation of Architects graduating
every year- to be honest - technology has created a more
competitive world for them. But it has also created more
opportunities. All senior offices can and should benefit from
the technical knowledge base they bring, and at the same
time guide them with years of experience to follow the design
sensibilities developed without technology.

It is fine to be ignorant (like me), but it’s fun to peep into the
future once in awhile. So go ahead and challenge yourself with
the technological advancements in architecture and write to
us about it. We would love to hear about your experiences!

Ar. Mukul Goyal
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ABSTRACT

For an adequately planned urbanization of a city like Gandhinagar,
it is essential to identify potential sites for affordable housing,
commercial hubs, and recreational centres based on some specific
urban development criteria. These criteria have been decided
based on neighborhood concepts in urban planning. We measure
each criterion according to its importance, and then a certain
weight of each criterion is created. Geographic Information System
(GIS) and Multi-Criteria Decision Analysis (MCDA) are the standard
techniques used for site suitability analysis at a macro level. For this
purpose, toposheets and satellite data have been used to generate
different thematic layers in ArcGIS software. GIS technology plays
a vital role in the micro-level analysis or spatial planning of sectors
such as Gandhinagar Municipality. A semi-automated system to
perform spatial land management and a built-up area calculator
have been developed by utilizing the Python script incorporated
in ArcGlIS. The built-up area calculator will help in identifying
unauthorized construction. This research can assist the policy-
makers, planning officials, bring transparency across different
stakeholder groups to better understand the land parcels catering
to the ongoing developmental need and future urban growth.

Keywords: GIS, Site suitability analysis, Town planning, Multi-
criteria decision making, Land use

INTRODUCTION

GIS has decent potential for regional or district
planning and resource management in India. GIS has
become a crucial tool for the environment, services,
development planning, and governance (Singh, 2005, p.
223). Town planning is the planning and controlling of
the construction, growth, and development of a town
or an urban area. It involves a planned preparation
to ensure the management of future needs. This is
a dynamic process that changes according to local
policies, development proposals, and needs. Had
there been no planning, it would create uneven and
chaotic development leading to contrasting urban
scenarios, mixed land-use leading to the growth of
industries in between the residential zones, congested
transportation networks leading to traffic overflowing
more than expected. Managing the use of land
resources and their development (in both urban and
rural settings) is referred to as land management. Land
management is necessary for promoting inclusive cities
and effective cities. An inclusive city needs to guarantee
equal rights and participation of all, including the
most marginalized section of the society, that is, value
all people, their needs, and contribution equally. Land
management and town planning both are inseparable
and hence both of them need to work collectively to
ensure sustainable, long-term, resilient urban social and
economic growth.

AIM AND OBJECTIVES

This research paper aims to perform a geospatial analysis
forfindingpossiblesitesfordevelopmentinurbanization
and designing and developing an automated system or
set of tools for spatial land management of Gandhinagar
Municipality.

OBJECTIVES
The objectives for this study are as follows:
1. To conduct macro-level (city-level) land management

for siting land uses such as affordable housing,
commercial, and recreational facilities using multiple-
criteria decision-making geospatial technology.

2. To prepare an automatic set of tools for optimal
physical infrastructure planning of sectors at the
micro-level:

A.To develop a dynamic system to align the roads and
polygons for allocating appropriate land use.

B. To assess and assign a land use as per the ‘sector
plan’ using spatial analysis methods.

3. To develop a ‘built-up area’ calculator on the basis
of zonal floor space index as input for built-up
permission.

LITERATURE REVIEW

e Geospatial Analysis - It is the collection, visualization,
and processing of images, GPS, historical data, and
satellite photography clearly described according to
geographical coordinates or indirectly regarding a street
address, postal codes, etc. (TechTarget Contributor,
2014). Geospatial tools or technology can be remote
sensing, GIS, GPS. Two primary forms of geospatial data
are vectors (points, lines, and polygons) to represent
spatial features such as cadastral, roads, streams, and
cities, and raster data which shows spatial features by use
of cells or dots or pixels. Other examples of geospatial
data are attributes (vector), point clouds, satellite
imagery (raster). The GIS data analysis mainly includes
queries on proximity analysis, overlaying operations,
measurement techniques, surfaces models analysis, and
network analysis. Before beginning any kind of analysis,
we must determine the problem or question and then
define an objective. Before any conclusion about the
data or making a decision, we should consider the
process; also ask questions in relation to the model
and data, and then prepare a step-wise procedure for
monitoring the process and outlining the final objective
and goal.

e Model builder and its benefits - Model builder
is an application we use for creating, editing, and
managing models. The model represented by a diagram
is a workflow sequence that links a number of geo-
processing tools together and provides the tool's output
as input from one tool to another. The model builder
helps us create our own tools for using it in python
scripting and other models. We can run a model step-
by-step, up to the desired step, or run the entire model
as per our requirement.

e GIS-MCDA - Multiple-criteria decision analysis
or multiple-criteria decision making is a group of
techniques that help decision-makers formally structure
multi-aspect decisions along with the evaluation of
alternatives. It is being used with GIS to analyze spatial
problems. GIS-MCDA has applications in transportation
scheduling, allocating location to various sectors,
routing of vehicles, site selection, scenario evaluation,
and land suitability (Ryan & Nimick, 2019).

e In his paper, GIS-based Site Suitability Analysis: A
Case Study for a Professional College in Dehradun,
Mukhopadhaya (2016) identified the possible sites
appropriate for a college through the use of GIS and



multi-criteria evaluation techniques. Toposheets and
IKONOS satellite data of high resolution have been
used to generate the thematic layers needed for site
suitability analysis. Five criteria such as proximity
of roads, population data, existing land use, and
geological information, are considered in this research.
The model created is useful for decision-makers and
planners in the growth of urbanization in Dehradun
and to find a proper location of a professional
institute and contribute to the region's sustainable
development. The raster data maps are used, as the
vector data are cumbersome and processed using the
ArcGIS raster calculator. The main goal is to situate the
institute where a large number of students can reach
and also lies in proximity to other similar institutes in
the region. To carry out the site suitability analysis, an
intensive field survey is carried out to create the data,
along with mapping the whole region with a high-
resolution satellite image, which is also the limitation
of site suitability analysis.

¢ In Remote Sensing and GIS A Tool for Urban Studies-
Amenity Patterns in Hyderabad, India, Ali (2004)
has mainly discussed the amenity patterns and other
facilities available in the city of Hyderabad and
identifies the city's zones with inadequate amenities and
emergency services. Amenities are the basics that impact
the urban growth of a city. A road network map is also
generated and analyzed for the proper development
of facilities in such places where they are lacking. The
distribution and reallocation of police stations and
appropriate allocation of fire brigade stations are taken
up. Foralready located services in the city, IKONOS data
with the ground survey is conducted and accomplished.
The base map is generated using the toposheet, and

+%
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then municipal wards boundary, police stations, fire
brigade stations information are overlaid within the GIS
framework to know the gaps. The availability and use
of satellite data from IRS-1D are relevant for municipal
planning and making necessary and proper decisions
for the whole development process.

Works by various experts and the literature review
above establish GIS as a set of tools for urban studies
and determining the potential sites. In this research
paper, we have carried out a new investigation for the
implementation of physical infrastructure planning of
sectors at the micro-level through GIS along with the
macro-level land management of the study area.

STUDY AREA

Gandhinagar Municipal Corporation (GMC) is our
study area, as shown in figure 1. GMC is the urban
local civic body responsible for the administration of
Gandhinagar. GMC is a special purpose vehicle (SPV)
for the people of Gandhinagar, providing the accurate
latest information and an info-city, and also provides the
best civic services to the residents’ homes. Gandhinagar
is located 23 km north of Ahmedabad, planned in the
1960s by Prakash M. Apte and H.K. Mewada. This city
has 30 sectors developed on the neighborhood concept.
The streets’ alignment is at 30 degrees north-west and
60 degrees north-east, so the direct glare from the
morning and evening sun doesn't disturb people while
driving. Following the Development Plan 2024 (Figure
6), zoning is done for the commercial zone in the GMC
area in various sectors. Also, different zones are given
for residential uses with different FSIin the GMC area. A
zone for institutional use is shown in the plan as the city
plans to emerge as a ‘knowledge hub.’

Legend
= GUDA boundary
GMC boundary
Roa

) J i £ B Sabarmat) River
o™= e = e = e LS NI

Figure 1: Study area
(Source: Author, GUDA Data)



MATERIALS AND METHODOLOGY

The data sources are Gandhinagar Urban Development
Authority (GUDA), GMC, Census of India, City
Development Plan, Survey of India toposheets (SOI), etc.
The main tool used in GIS analysis is ArcGIS, a desktop
platform for GIS applications supporting viewing,
analysis, and geospatial data creation. It supports vector
and raster data. We can download various plugins to
facilitate different tasks from ArcGIS respiratory into
the application. The data collected, created, generated
for suitability analysis of the site in ArcGIS are of
municipal boundary, sector boundary and sector map,
development plan 2024, the footprint of buildings, land
use map, plot details / cadastral map, road centre line,
landmarks, and amenities.

The data collection and integration using satellite data,
google earth pro, and data collected from other sources
like GUDA, GMC, etc., is done. The obtained spatial and
non-spatial data are incorporated and examined using
the ArcGIS tool environment. We used ArcGIS for post-

processing analysis and composing the final maps for
data presentation. Through model builder, we created
our own tools, which we used in python scripting and
other models. The research methodology is shown in
Figure 2. The analytical framework followed for siting
suitable locations (macro-level analysis) is shown in
figure 3.

The criteria considered for suitability of affordable
housing, commercial centre, and recreational space
are on the basis of the neighborhood concept of urban
planning. The main factors affecting site suitability are
the metro and the emergence of a knowledge hub in
Gandhinagar. Metro is connected to major land use,
which will increase the ridership. 10,000 of 40,000
buildings come under a 500 m buffer zone of the metro
line, increasing the FSI. This will lead to an increase in
the population, leading to a rise in demand for land. The
metro route and other features are shown in the map
below. Also, the building footprints can be seen around
the metro line (Figure 4).

=

L 3

into plots

Data collection ] Generation of base layers | Site suitability Implementation of
s sector planning
Affordable Recreational through GIS
I St l ID PR | Housing Center . ¥
patia’ data ata cleaning | ¥ | Identifying land parcels |
e q Commercial L L
| Data joining | | Data creation | Hub Dividing land parcels |Roads|

Figure 2: Research methodology
(Source: Authors)

¥
Assigning plots Access of roads
as per guidelines to plots
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Commercial Centre
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Distance from school (0-800 m)
Distance from parks & gardens
(0-800 m)

e i

Population (=5000)

e

Area (1.5-2 hectares)
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Distance from bus stop (0-800 m)

Distance from tourist spots/
monuments (0-1000 m)

Area (2.5-4 hectares)

Distance from main street (400-B00 m)
Distance from bus stop (0-800 m)

Distance from parks & gardens(400-800 m)
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R

Reclassify/Rescale/Euclidean Distance

Cl = Congistency Index
CR = Conistency Ratio
Rl = Ramndom Index

HOTE:-All the criteria’s are spatial in
mature and under ane”s control.

Processing all raster layers in

Pairwise Comparison Matrix
.

table with the help of script

¥ To determine the accuracy of pairwise comparison
Giving ranks to the criteria

matrix by checking the values of CI,CR,RI

| | Assigning weights to criteria |
Weighted I Generating
Sum Maps

Figure 3: Analytical framework for macro-level analysis
(Source: Author)
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Figure 6: Development Plan 2024
(Source: Author, Based on GUDA, GMC data)
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Figure 7: Site suitability map: Commercial hub Figure 8: Site suitability map: Recreational centre
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Figure 9: Example 1
(Source: Authors)

Figure 10: Example 2
(Source: Authors)

SPATIAL PLANNING OF SECTORS USING GIS
TECHNOLOGY (MICRO-LEVEL ANALYSIS)

Making a semi-automated system using Python script
for sector development is to help GMC for the future

growth of the city according to the development plan.

The system for sector development is made by taking
the reference of land use and the pattern of few other
sectors to maintain the uniformity of the city. The most
significant parts for the planning of a sector are:

1. Road Alignment

(i) Assigning different distances (ii) Assigning different
lengths (iii) Assigning different angles (iv) Shape of the
road [U-shaped, horizontal, vertical, T-junction]

2. Zoning
(i) Size of the zone [ equal or varied in size | (ii) Shape of
the zone (Rectangle, Square)

3. Plots
(i) Join plots (ii) Cut plots [ equal parts/unequal parts |

4. Allocation of land use on the designed sector
i) Residential (ii) Commercial (iii) Amenities (iv)
Recreational centres (v) Religious

A Python script has been written for built-up area
calculation using plot area and floor surface index (FSI).
The calculator for the built-up area is used as a key and
input for building utilization permission.

RESULTS AND ANALYSIS

A. Macro-level analysis

1. Affordable housing

The optimal land parcel identified goes with the
Residential Affordable Housing (RAH) zone proposed
in Development Plan 2024 (Figure 6).

Optimal land parcels / sites are identified on open plots
in sector 7 of Gandhinagar (Figure 5). The proximity
of schools, hospitals, parks and gardens, commercial
stores, etc., should be as low as possible for developing
affordable housing. The four most suitable sites are
identified through locating a region that fulfils all the
criteria for affordable housing development.

KEY PLAN KEY PLAN

Figure 11: Zoning of Sector 4
(Source: Authors)

2. Commercial hub

A suitable location for a commercial is near the metro
route. The main bus-stop (pathik ashram) is located
in Sector no. 11, and it is easily accessible as a suitable
location is coming near it. Also, another suitable
location for a commercial hub is identified in Sector no.
14, near Gandhinagar railway station (Figure 7).

3. Recreational centre

The three most suitable sites are identified through
locating the region that fulfils all the criteria required
for a recreational centre. One of the sites is located near
existing gardens and parks which can be redeveloped,
and a larger recreational centre can be built. The other
two sites are near metro routes (Figure 8).

B. Micro-level analysis
In the micro-level analysis, we perform spatial planning
of a sector using GIS technology.

1. Script for road alignment

i) Importing thelibraries and setting up the workspace

ii) Assigning the inputs from the user to the variables

iif) Creating points at equal distances, splitting the line
at the points and adding the geometric attributes to
the table, such as- start, end and mid coordinates of
the line and its bearing.

iv) Conditions for checking the user input for the
bearing.

v) If the user does not give the input, it will create the
lines perpendicular to the reference line, or else it
will take the bearing given as the input by the user.

vi) Adding the fields and attributes to the table for
length as given in the input and generating the new
line feature according to the inputs provided.

In Example 1 (Figure 9), it will take the reference line
given in the input, divide the line at the given distance,
and generate the parallel lines of the specified length at
the given bearing.

In Example 2 (Figure 10), first, the reference line will
be taken. By changing the parameters such as bearing
and length, the entire U-shaped road in Sector 1 can be
aligned with the help of the tool.
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Figure 12: Steps for road alignment and zoning
(Source: Authors)

Figure 13: (a) Existing land use map (b) Obtained land use map
(Source: Authors)
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Figure 14: (a) Existing land use percentage (b) Obtained land use percentage

(Source: Authors)

Figure 15: Replica of Sector 4 with open space in between the residential
(Source: Authors)

2. Script for zoning

As observed in the land use of Sector 4 (Figure 13a), a
certain pattern at the periphery of the sector boundary
for the road and building alignment is covered by the
residential building, shown in yellow. In the next zone, a

different pattern for the residential building can be seen.

After that, there is the ring road shown in black, and the
next is the internal zone where various amenities are
provided at the centre of the sector. So by giving the
required width of the zones and road will create the
polygon for the respective zone, as shown in Figure 11.

3. Steps for road alignment and zoning
The steps for road alignment and zoning are shown in
Figure 12.

Residential

= Religious

54%

3%
(b)
= Commercial = Institutional Open space

= Amenities = Road

Sector boundary data is used to make a replica of
Sector number 4.

. For making a slanted road, the sector is divided into

two parts at an angle of 1° to the horizontal.

. For the horizontal road, the sector is divided into

12 parts at an angle of 30° and converted from
polygons to a polyline.

. With the aid of SQL query, horizontal and slant

roads are taken, and finally, both are merged to form
the desired road.

. For vertical roads, the sector is divided into two

parts at an angle of 300° and converted to a polyline.

. Finally, all the polylines are merged to get vertical,

slant, and horizontal roads.

. To make the concentric square road, a negative
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Figure 16: Algorithm for assessment through built-up area calculator
(Source: Authors)

buffer of 180 m is taken from the sector boundary.

8. The buffer is converted into a polyline, and another
buffer of 10 m on both sides is taken to get the width
of 20 m major roads.

9. To make the internal square road, a negative buffer
of 90 m is taken from the sector boundary.

10. The buffer is converted into a polyline, and another
buffer of 5 m on both sides is taken to get the width
of the 10 m road.

11. After that, all the roads of 20 m width are merged.

12. A buffer of 10 m is taken on both sides to get all 20 m
width roads.

13. Finally, all the 20 m width roads and 10 m width
roads are merged to get the road pattern.

14. A buffer of 10 m is taken so that developed zones
and main roads do not overlap.

15. After that, the sector is divided and colour-coded
into 3 zones : Zone 1 (red), Zone 2 (blue), Zone 3
(violet).

16. For access to internal plots, the zones are further
divided:

-Zone 1, part 1 is further divided.
-Zone 1 is divided into 4 parts.
- Zone 1, part 3 is divided into 20 parts.

17. The same procedure is done to divide zone 1 part 4
at an angle of 30°.

18. A buffer of 3.5 m is taken on both sides to get the
road width of 7 m as the internal roads are of 7 m
width.

19. A similar procedure is adapted for plotting roads
in zone 2. The division of plots into 15 parts and 9
parts at an angle of 30° and 210° is done respectively.
A buffer of 3.5 m is taken for plotting roads to get
access to plots.

20. In the same way for zone 3, the plots are divided
into 10 parts and 9 parts at an angle of 30° and 210°
respectively. A buffer of 3.5 m is taken for plotting
roads to provide access to plots.

21. All the roads (i.e., 20 m, 10 m, 7 m) are merged.

22.Finally, the roads are erased from the sector
boundary to get each polygon, where all the
polygons represent individual plots.

4. Comparison of existing land use of Sector 4 and the obtained
land use of Sector 4

The criteria selected for land use of Sector no. 4 is based
on the average taken for land use of other sectors. We
see an increase in the residential percentage of the
obtained land use (Figure 13b & 14b) because these
residential plots can be further subdivided into smaller
parts. Also, an openly accessible space lies in the middle
of the residential plots in the existing land use of Sector
4 (Figure 13a & 14a).

5. Different types of plot division

Five different types of plot division are shown in Figure
15 (a, b, ¢, d, €). The plots can be divided into 7 equal
parts. Also, the division of plots into equal areas is
shown. Here the plots are divided into equal areas of
500 sq.m. Plots can also be divided into unequal areas,
where the larger ones have an area of 500 sq.m while the
smaller ones have an area of 250 sq m.

6. Outcome of sector-planning through GIS-based approach
The roads with different lengths, widths and shapes can
be designed through script/ tool. Roads can be aligned
to different angles as required. Plots can be designed
with equal or varying sizes. Even differently shaped
plots such as square, rectangle, L-shaped on one side,
etc., can also be designed. The created tool helped
develop a replica of Sector 4 of Gandhinagar. Other
sectors can also be designed or redesigned, which shows
the flexibility of this tool.

C. Analysis and evaluation through a calculator

The built-up area is the total construction area,
including all the floors built. We input the built-up area
obtained from the tool in the Building Use Permission
Form (represented in Table 1). Building use permission
is obtained from the Competent Authority, and it is
also mandatory before occupancy or use is made of any
building. If the competent authority grants the building
use permission, it shall mean an acceptance that the
building has complied with the sanctioned design
requirements and follows the regulation.

1. Building use permission form

As mentioned, Table 1 below represents the building
use permission form in which the final plot number
and total built-up area are mentioned. The created tool
can help the user verify the built-up area of a particular
plot and check whether or not it can be upgraded to a
higher FSI. Thus, from the built-up calculator, the user
can identify the built-up area and further use that built-
up area in the Building Use Permission.

2. Algorithm and Output

First, the user gives the input of the sector number where
the plot is located. Then the plot area and the built use
as specified in the script are given. Lastly, it gives the
result for the built-up area of the particular plot (Figure
16), which we input for the building use permission.

CONCLUSION

Considering the GMC’s Development Plan Report of
2024, the site suitability study will help GMC identify
the land parcels according to their need. A semi-



Table 1: Building use permission form (Source: Gandhinagar Data)

TP Scheme Final Plot No. 262
Sub-plot No. 13 Block / Tenement No.
Site Address:
Height of Building: 24.85m
Floor No. Usage Buil(‘i:-pm?rea Total nos. of Residential Units Non-EZZ?LZiiia?fUnits
Ground Parking 362.14 0 0
1= Residential 362.14 3 0
2nd Residential 362.14 3 0
3e Residential 362.14 3 0
4th Residential 362.14 3 0
5th Residential 362.14 3 0
6 Residential 362.14 3 0
7t Residential 362.14 3 0
Stair cabin Stair cabin 44.59 0 0
Lift room Lift 35.87 0 0
Total 2977.58 21 0
automated tool for sector planning will help GMC for | SCOPE FOR FUTURE WORK

the future expansion of the city through the sector as
per the development plan 2024. Urban land available
for development is very less, and urban land for service
provision is even lesser, and most of it is owned by a
private organization. This is why it is vital to design a
set of tools for land management that can meet current
development needs and urban growth in the near future.
The built-up area calculator will help GMC identify
unauthorized construction and aid in building use
permission.

Considering the work done in the present study, the
scope for future work can be that the semi-automatic
tool can be made entirely automatic using a logical
Python formula. The built-up calculator can also be
linked to the property tax to find the defaulters.
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ABSTRACT

This study defines the essential elements of the concept of
organic architecture. Definitions of organic architecture put down
by architects of the twentieth century and its varied features
materializing in the works of these architects have been studied to
understand the origin and development of this term in the field of
architecture.

The latter part of the paper deals with the varied implementation
of organic architecture from pioneer architect Frank Lloyd Wright
to Nari Gandhi, who was the first architect to practice this style in
India. Works of Ar. Shirish Beri have also been studied. The regional,
contextual and individual variations seen in the organic concept
have been analysed and inferred accordingly.

The study concludes that a concept as vast as organic architecture
cannot be fully defined. Frank Lloyd Wright first proposed the
term organic architecture but the connotations varied amongst
architects. Their structures were in contrast to each other but
still could be classified under the same form of architecture. Two
distinct variations, wherein a structure followed geometry and
merged with the surroundings while the other followed free forms
standing unique of their surroundings were observed. Nature was
the sole source of inspiration but the elements that created the
stimuli were variegated.

Keywords: Nature, Organic design, Landscape, Organic traditions
in architecture, Geometry, Frank Lloyd Wright, Louis Sullivan,
Antoni Gaudi, John Utzon, Nari Gandhi, Shirish Beri

INTRODUCTION

Organic architecture is the architecture of integral and
structured forms, similar in its structure to forms of
nature. Basically, architecture which holdsits inspiration
from nature can be termed as organic architecture.
Organic architecture transpired as a certain trend on
the apex of the nineteenth and twentieth centuries.
Philosophical and theoretical expostulation for the
requirement and potentiality to create organic forms in
architecture took place.

Some elements of organic architecture have been
identified in structures of architects before the twentieth
century and many of these works have been concluded
by few as examples of organic architecture. But the term
was introduced only in the twentieth century which is
considered as the era of organic architecture.

Organic architecture, an idea of the twentieth century,
was of the need of developing a relationship with
the natural environment accomplished by means of
application of new technologies and materials. The
concept of architectural organic form is based on the
idea of this needful integration of an entity of any scale
which is designed by an architect.

L.H. Sullivan, EL. Wright, Antonio Gaudi and John
Utzon are considered to be the pioneers of organic
morphogenesis in contemporary architecture. Both
ideological and technological factors highly influence
the concept development.

Organic architecture was introduced much later in
India, during the twentieth century in the second half

by architect Nari Gandhi who had worked with Frank
Lloyd Wright for a few years on his project, Taliesin West.
Nari Gandhi developed his own style by integrating
the principles stated by Wright and responding to the
regional context. He went on to inspire generations of
designers, a prominent one being his disciple, Shirish
Beri, whose works have also been studied in this paper.

The objective of this paper is to define fundamental
concepts of organic morphogenesis. The development
of organic architecture in the twentieth century will be
studied through understanding varied interpretations
by architects Louis Sullivan, Frank Lloyd Wright,
Antoni Gaudi and John Utzon. This will form the base
for studying the origin of organic architecture in India.
The second objective of this paper is to understand the
beginning and evolution of organic architecture in India
through the works of master architect Nari Gandhi and
his disciple architect Shirish Beri.

METHODOLOGY

Philosophies of the architects will be studied and
important principles and elements, unique to their
architecture, will be identified and put down in the
form of analytical diagrams and images. This will
help understand the prominent trends in organic
architecture during the twentieth century.

A comparative analysis presented in the form of a matrix
is seen as the conclusion of the study. Structures of EL.
Wright, Nari Gandhi and Shirish Beri will be analysed
and contrasted and inferences drawn.

HISTORY

1. Frank Lloyd Wright (1867 - 1959)

Frank Lloyd Wright coined the term organic architecture
in 1908. It was an augmentation of the teachings of
his mentor Louis Sullivan who stated, “form follows
function” which later became the motto of modern
architecture. But Wright changed this and he said that
form and function are one and the same and go hand in
hand.

Wright is considered the father of organic architecture
who believed in the idea that from a central core
a building must develop outwards towards nature
without obeying the rigid geometric schemes of the
parallelepiped volume. His structures, though showing
a sense of geometry through his straight lines and
horizontality, tend to merge with their surroundings.
The entire mass of built and unbuilt space acts as one
homogeneous entity respecting each other and evolving
together. Wright’s projects were oriented by axes and
his materials derived by established context with its
colours, features and even its history.

In 1957, a Testament, an autobiography by Frank Lloyd
Wright, he set a group of principles that reflected his
organic philosophy. In an essay entitled “The New
Architecture: Principles” (Wright E. L., 1975) , ELW
discussed the use of new materials like glass and steel to
achieve more spatial architecture, the relation of human
scale to buildings and landscape and the development
of building’s architectural character.



Wright built many buildings from elaborate churches
to huge mansions. Some of the key elements identified
in these structures which were unique to his style of
architecture included immense use of glass to blend
the outdoors with the indoors. He believed glass
was like mirrors of nature found in rivers, ponds and
lakes. Most of his houses show low pitched roofs with
huge overhangs, a typical feature of his Prairie style
of architecture. His design style was very minimalistic
avoiding unnecessary ornamentation. He was known
for using new materials, blending them with traditional
natural materials to create spaces both functional and
aesthetic. Wright was highly inspired from Japanese art
and architecture; particularly its emphasis on harmony,
spirituality and geometric simplicity.

Frank Lloyd Wright’s Principles of Organic Architecture
The following are the principles laid down by FIW for
organic architecture (Gutheim, 1975), (Wright F. L.,
1969):

Building and site : The site should be enhanced by the
built form and the building will partially derive its form
from the nature of the site. This is achieved sometimes
by similarity and sometimes by contrast. In natural
settings, the building may open out to nature and in
urban settings it may turn inwards.

Materials : Use only a few materials for indoors as well as
outdoors. The materials used should retain their natural
individuality in terms of colour, texture and strength.

Shelter : A building should have a sense of privacy and
protection against any harmful influence from outside.

Space : The interior space defines exterior form. A space
should flow into another and rooms should never be
simple rectangles but should be broken up vertically
and horizontally like alcoves: L-shapes, low ceilings and
decks creating interest and surprise.

Proportion and Scale : Wright believed that a space should
be designed keeping in mind human scale and comfort.
Nature : 1t is achieved by simple architectural masses that
reflect the clutter-free spaces within.

Fig. 1.i Fig. 1.ii

Fig. 1.iii Fig. 1.iv

Grammar : All elements of the building, from the
smallest detail to the entire mass should speak the same
language and style.

Ornament : When used, should be a part of the material
and not an application.

Human Values : Every indoor and outdoor space should
be designed keeping in mind human use and comfort.
Mechanical Systems and furnishings : Furniture should
be built-in; sculpture and paintings should become
elements of the total design.

Simplicity : This is best understood by what EL. Wright
said:

“The highest form of simplicity is not simple in the sense that the
infant intelligence is simple—nor, for that matter, the side of a
barn. Simplicity in art is a synthetic positive quality in which we
may see evidence of mind, breadth of scheme, wealth of detail
and withal a sense of completeness found in a tree or flower.”
(Wright E L., 1969) (OAD Archives, 2013)

Falling Waters, one of Wright’s most celebrated projects,
was designed on the same principles: simple geometrical
forms have been used to develop plans (refer figs.1. i &
ii.). Open floor plan promotes multi-utilization of space.
The house has been designed in such a way that it opens
out to the waterfall and the jungle beyond. Designed
as an entity of nature, protruding from the hill, interior
and exterior spaces flow into each other (refer fig.1.iii).
Horizontality, a feature of Wright’s buildings can be
identified through cuboidal massing and elevational
bands (refer fig 1.iv).

"So here I stand before you preaching organic architecture:
declaring organic architecture to be the modern ideal and the
teaching so much needed if we are to see the whole of life, and to
now serve the whole of life, holding no 'traditions’ essential to the
great TRADITION. Nor cherishing any preconceived form fixing
upon us either past, present or future-but instead, exalting the
simple laws of common sense—or of super-sense if you prefer—
determining form by way of the nature of materials..."

An Organic Architecture". (Saint, 2017) (Wright E. L.,
1954) (OAD Archives, 2013)

Fig. 2.i Fig. 2.ii

Fig. 2.iii

Fig. 2.iv Fig. 2.v



2. Louis Sullivan (1856 - 1924)

Though organic architecture was a term coined by
Ar. EL. Wright, the philosophy grew from the ideas of his
mentor Louis Sullivan. He was amongst the first to use
the term ‘organic’. According to him, a building should
respond to its own particular environment, just as a
plant would grow “naturally, logically and poetically
out of all its conditions”. (Wroblewski, 2008)

He closely studied and understood the term ‘nature’ and
concluded that “Form follows function”. This principle
became the motto of modernist architecture and also
became the basis of Sullivan’s architectural designs.
Louis Sullivan strongly believed that a building’s
essential nature could only be expressed through
facade composition and organic ornamentation. He
felt that ornamentation endows a building with life and
individuality. In his famous structure, Wainright State
Office Building, simple symmetric elevations have been
derived using rectangular windows (refer fig. 2.iv) with
motifs and ornamentation depicting elements of nature
between them and on the building capital (refer fig. 2.v).
Form derivation and zoning was derived using simple
geometric shapes which facilitated the function of the
building (refer fig. 2.i & ii). Maximum use of natural
resources available like light and ventilation have been
used by maximum utilization of external fagades (refer
fig. 2.iii). Louis Sullivan believed that the exterior of a
tall office building should reflect its interior functions.
New architecture demanded new traditions, as he stated
in his most famous essay:

"It is the pervading law of all things organic, and inorganic, of all
things physical and metaphysical, of all things human and all
things super-human, of all true manifestations of the head, of
the heart, of the soul, that the life is recognizable in its expression,
that form ever follows function. This is the law."”

EL. Wright, 1896 (Sprague, 1985)

3. Antoni Gaudi (1852 - 1926)

Antoni Gaudiwas one of the first architects to express his
architectural ideas in truly sculptural forms. These forms
were often based on the structural geometrical forces of
his building construction. Antoni Gaudi was a Spanish
architect known for his free-flowing architecture.

Though he did not use the term ‘organic’ nor did he
classify his structures according to it, his work was later
identified as an exemplar of organic architecture.

Gaudi’s structures, though specimens of organic
architecture, differed from many of the principles
stated by EL. Wright. His structures were identified
by their distinctive mixture of form, colour, texture
and organic aesthetics. The form of the structures was
inspired from those of nature. His buildings did not
merge with surroundings but stood out as landmarks.
As compared to Wright, who used a lot of straight lines,
Gaudi believed that “The straight line belongs to man, the
curve to God”, which is very visible in the plans and form
of Casa Mila, a UNESCO world heritage site designed by
Gaudi (fig. 3.i & ii).

Gaudi’s inspiration from nature could be seen in
the structural elements of his built form. He arrived
at a type of structure that has come to be called

‘equilibrated’ that is a structure designed to stand on its

own without internal bracing, external buttressing or
any type of support system. This is seen in the Church
of Colonia Giiell, designed by Gaudi, where he used a
multiplicity of forms inspired by nature to derive the
structural system of the crypt (fig 11). Gaudi described
these structures as trees, supporting self and growing
from within. He once said, “An upright tree, he carries his
branches, and these the branches and these the leaves. And
every single part grows harmoniously great, since the Artist
God created it”. (Gaudi, 2003)

4. John Utzon (1918 - 2008)

Wright’s principles of organic architecture marked an
entire era inspiring and driving young architects and
designers to pursue organic architecture, John Utzon
being one of them. He was a keen hunter and sailor who
grew up designing and building boats and yachts. He
looked upon nature as a source of inspiration for design.
He believed that one should study nature and organisms,
treat them as a source of imagination but never literally
copy it. Utzon was an architect of the industrial era
and as a result used a great deal of new materials. As
opposed to in-situ cast concrete organic buildings
which were dominant in the early ages, he made use of

Fig. 4.i

Fig. 4.ii



industrial production, creating unique designs through
standardization and repetition of elements. Many of the
buildings were inspired from his skills and experience
of boat-building. The shell-like structure of the boats
and the structural mechanism became the base for
his most celebrated work, Sydney Opera House. The
complicated floating roof shells were derived from the
shape of the boat hulls resolved structurally through
geometric application of standard elements (refer fig.
4. i & ii). John Utzon’s architecture was a fabrication
of geometric discipline with abstract understanding of
organic architecture.

5. David Pearson

David Pearson is a planner and architect who has in
depth studied organic architecture and the varied
interpretations of numerous prominent architects.
Based on this study, he published a book in 2001, The
New Organic Architecture : A Breaking Wave in which he
proposed a set of rules about the design of organic
architecture. These rules are known as the Gaia Charter
for organic design and states that the design should
(Pearson, 2001):

e Be inspired by nature and be sustainable, healthy,
conserving, and diverse.
Unfold, like an organism, from the seed within.
Exist in the continuous present and begin again and
again.
¢ Follow the flows and be flexible and adaptable.
e Satisfy social, physical, and spiritual needs.
e Grow out of the site and be unique.
Celebrate the spirit of youth, play and surprise.
o Express the rhythm of music and the power of dance.”

6. Nari Gandhi (1934 - 1993)

Nari Gandhi was the first Indian architect who practiced
organic architecture in India. He was a pupil of Wright’s
and had worked for five years on Taliesin West with
him. When Nari Gandhi first started practicing in India,
he was highly influenced by the principles of organic
architecture stated by Wright. But as time passed, he
grew out of it, developing his own style of organic
architecture as a mix of the original principles, critical
regionalism and his individual interpretation.

Nari Gandhi was a skilled potter and its influence was
seen in his architecture. The bent toward complex
design and a feel for materials was inspired from this
passion as well. He liked ornamenting houses with
his pots to create interesting spaces and experiences
associated with it.

Gandhi used archaic principles and techniques in his
architecture. Arches and flying buttresses became an
identity of his structures. Every project, from planning
to the minutest details, was designed to complement
the five senses of man. He personified nature as a mother
who teaches and from whom a child learns doing things
a certain way.

According to Gandhi, a patient observation of nature
and the set of principles derived from it is what helps
architectural design to be organic, flexible and free. “A

house is organic, it evolves and grows. I need a heart and mind
not static blueprints.” (Gandhi, 1986) A remarkable aspect
of Gandhi’s architecture was that he rarely made any
drawings for the execution of his works. He personally
supervised sites and was a hands-on designer. A design
developed in his mind, on site, while working with
materials.

Like Wright, Nari Gandhi believed that form and
function were one. Indoor and outdoor spaces were
intertwined, complementing each other. Brick, stone,
steel, timber and glass were the most used materials
in his structures. Geometry was not only used for
planning and organizing spaces or materials but also for
working in the third dimension. Thus the buildings were
designed in third dimension with no apparent main
view or fagade seen of the structure.

Gandhi had a penchant for gardening. He started all his
projects by first working on the landscape and growing
the trees following the built structure. His structures
gave anideaofahouse growing from its surroundings- an
ideology Wright focused on in his organic architecture
as well.

7. Shirish Beri (1950 - Present)

Shirish Beri was Nari Gandhi’s disciple, highly influenced
by his architecture and design. Though Beri’s works
were on the same lines as Nari Gandhi’s and Wright’s, he
never used the term ‘organic’ but just ‘nature’. His idea of
architecture has been that of a lifestyle growing alongside
nature, having compassion and developing a relationship
with it. His architecture was a portrayal of the worldly
talks of concern, notion of inner peace and senses, his
values and principles which transformed to the spaces
designed and the process of construction. The basic idea
behind every design was to create a space apart from the
worldly clutter and noise, a haven amongst nature.

Along with nurturing the bond with nature, his focus
was also on initiating meaningful interaction with
fellow human beings. His structures depicted humane
spaces with man being at the centre. He believed in
designing spaces which are modern but still reflect and
have a continuity with tradition, history and socio-
cultural values.

DISCUSSION

The following is a discussion based on the comparative analysis
of the principles of organic architecture seen in some of the
works of three architects, Ar. EL. Wright, Ar. NAri Gandhi and
Ar. Shirish Beri, as seen in Matrices A, B and C.

Frank Lloyd Wright identified and gave importance
to the contextual organic elements like the big stone
in Taliesin West or the waterfall in Falling Waters. Nari
Gandhi in his first project, Gobha Mountain Lodge,
similar to Wright, gave importance to the contextual
and historical importance of the fort and the hills using
them as elements of view. But later in his projects, he
developed a liking for gardening. As seen in his Korlai
House, he started his projects first by designing the
landscape, growing the garden and then worked on the
built structure. Frank Lloyd Wright had said “A building



should appear to grow easily from its site and be shaped to
harmonize with its surroundings as if nature itself manifests
there” (ArchEyes, 2020). Something which is very visible
in Nari Gandhi’s structures. Shirish Beri, similar to his
mentor Nari Gandhi, took a liking to gardening and
similarly worked out numerous projects beginning with
the unbuilt followed by the built.

Wright’s structures had a specific axis along which the
design was planned. Similarly, Nari Gandhi in his first
project, Gobha mountain lodge started by defining an
axis and then planning the structure. But in his later
projects, a perception of the axis was not identifiable
and similar is observed even in Shirish Beri’s projects.

Each architect has a sense of respect for the site, giving
importance to the contextual surroundings and the
existing flora on the site. A human scale is observed
in the designs. The outdoor and indoor spaces are not
segregated but instead the indoors have been designed
to extend into the outdoor landscaped spaces, into the
nature through patios, decks, huge openings and glass
windows.

In every design, space requirements have been worked
out as activities and not as rooms. Open floor plans
seem to be typical with the idea of indoor spaces
flowing into each other catering to numerous functions
and activities. Shirish Beri used movable partitions to
separate the private spaces whenever needed.

Use of natural materials was very prominent, a feature of
organic architecture. Frank Lloyd Wright believed that
the site and surroundings of a project had everything
required to build a structure in it. Design strategies used
were in accordance with the locally available materials
and climate. A similar understanding is noticed in Nari
Gandhi and Shirish Beri’s architecture. Though, along
with local materials, Nari Gandhi did sometimes export
materials not available locally, like the bricks procured
from Gujarat for his house in Korlai. He even had a team
of Rajasthani labourers with whom he built a rapport
who worked on most of his projects.

Most of Wright’s projects followed a geometric pattern
with straight lines, grids and rectangles organically
juxtaposed to create plans. His elevations were dominated
by linear bands and horizontality became an identity of
Wright’s structures. Nari Gandhi in his initial projects,
highly influenced by Wright, created a lot of similarities
with Wright’s structures. As he developed his own style,
he sundered from straight lines and started using a lot of
arcuated systems. Key elements in Nari Gandhi’s projects
became the numerous arches and flying buttresses.
Shirish Beri used varied geometrical shapes along with
curves, joining them with straight lines arriving at
plan altogether different from their initial basic shapes.
While Wright’s and Gandhi’s designs were examples of
classical geometry, Beri added complexity to his designs
and created a sort of distorted geometry visible in his
plans and volumes in numerous of his projects. Some
other similar features seen in all the projects are deep
overhangs, minimal ornamentation, simple interiors and
play of light through different types of openings.

CONCLUSION

Organic architecture developed in the twentieth
century. Frank Lloyd Wright put forth the term ‘organic
architecture’ but varied interpretations emerged
leading to variations of the same form of architecture.
Gaudi’s double curved surfaces and free flowing
forms inspired many designers, and a trend of
structures extremely unique and which stood out of
their surrounding contexts developed. He searched
for natural laws that could be incorporated in their
building construction and design. In contrast with this,
Wright’s organic architecture followed a linear geometry
and an additive-subtractive form of development for
structures which merged with their surroundings and
complementing them. Sullivan brought nature into
his structures through facade development and heavy
ornamentation depicting nature. John Utzon, who
worked during the second half of the twentieth century,
was exposed to industrial elements and modern
technology. He integrated the principles stated by
Wright using natural as well as standardized industrial
materials to develop complex forms resolved through
simple geometry.

Nari Gandhi brought organic architecture to India.
His architecture was an amalgamation of Wright’s
principles, critical regionalism and his passion for
pottery. Landscape was always at the focus and the
gardening of a site would be the starting point of his
projects. On similar lines, his disciple Shirish Beri
practices architecture with the basic idea of designing
spaces integrated with the surrounding natural context,
which respond to human values and concerns in life.

Each of these architects had a different approach and
interpretation of this form of architecture but the core
concept remained the same. Every single one of them
looked upon nature as their source of inspiration and
how nature could be incorporated in the building’s
design became the fundamental idea.

Frank Lloyd Wright’s principles are considered as
standards for organic architecture. Organic design aims
to include these principles, but even Wright could not
fully realize them in his structures. As he wrote, “The
complete goal of the ideal of organic architecture is never
reached. Nor need be. What worthwhile ideal is ever reached?”
(Wright EL, 1975).

Nobody can fully conceptualize organic architecture,
leaving it open for interpretation.



Comparative Analysis Matrix
Part A : Ar. Frank Lloyd Wright

Architectural Project

Taliesin West

CONCEPT

«Co-exists in harmony with its desert environment.

into a single complex

«Uses using local materials in the design and substance of the surrounding desert by its structural diversity by combining

-Its desert masonry and low flat roof profile complements rather than dominating the landscape

LOCATION

Scottsdale, Arizona, USA

SITE

Hundred acres of desert land in the rural foothills of northeast Scottsdale

CLIMATE

-Dry and arid with a strong breeze.
«Temp.: 6 to 40°c

-Rainfall: 100mm

-Thunderstorms

MATERIAL

Use of local materials: rocks, sand, redwood beams, canvas

STRUCTURE AND
CONSTRUCTION

Fig. 5.i) Plan laid out in a strict northwest-southeast axis (Source: ArchEyes,2020)

Fig. 5.ii) Canvas stretched tight on frames to form slanting

roofs (Source: Author)

-Huge overhangs providing shade

-The structure’s walls are made of local desert rocks, stacked
within wood forms, filled with concrete, colloquially
referred to as ‘desert masonry.”

-Construction joint between members on porches.

Fig. 5.iii) The drafting room : Low entry base and corridors showcase
how the design revolves around human scale (Source: Author)

Fig. 5.iv) Taliesin West in Arizona (Source: ArchEyes,2020).

ARCHITECTURAL
FEATURE

Fig. 5.v) Overhangs on porch (Source: Author)

«All glass faces showcase mitre joints to enable
unobstructed views.

«Structural wooden beams projecting out of the structure
become elevational features.

Comparative Analysis Matrix
Part B : Ar. Nari Gandhi

Architectural Project

Gobha Mountain Lodge House in Korlai

CONCEPT

+The Gobhai Mountain Lodge was the first project by
the architect Nari Gandhi.

«Triangular geometry was used while planning and -Sea-facing beach site was selected for the views and vistas.
massing of the structure. This triangular layout was -Elevated open-arched pavilion was designed facing the sea.

intended to maximize the heat and light of the sun
along the site.




Architectural Project

Gobha Mountain Lodge

House in Korlai

LOCATION Tungarli dam at Lonavla, Maharashtra Korlai, Maharashtra
+The site is located on a cliff in a very remote location Beach-facing site in Korlai, a fishing village 20 km south of
SITE ! .
near an elevated dam reservoir. Alibaug, Maharashtra
) o Tropical climate
CLIMATE :E?irr:?éilg- o -Temp.: 20 to 49°
: -Rainfall: 2402 mm
MATERIAL Locally quarried stone, asbestos cement, wood Burn-t brick, stone and wood, metal, bar_nboo, leather, woven
textiles, glass, shells, pebbles and a variety of plasters
AN
Fig. 6.i) A large roof with deep overhangs above Fig. 7.i) The entrance to the house is through a ribbed structure
verandas (including long projections at the gable ends) | of archways and flying buttresses, passing two bedrooms tucked
and eaves which touch the ground was built. (Source: into the landscape (Source: Author)
Author) -Two parallel arches form the structural frame of the pavilion
The walls of the house were built with Wright's and support the large pitched roof.
method: desert masonry
'\ 'f sea view
Fd \N | dining and living areas J
kY ’ \x | service'd paces, kitchen, bedrooms |
1Y ) \ N —

Fig. 6.ii) Views of the nearby reservoir and valley, and Fig. 7.ii) The living and dining spaces designed open in all
the distant Rajmachi fort (Source: Author) directions capturing views of the gardens and the coast.
+The flooring for the lodge is simple concrete, with (Source: Author)

grooves that follow the triangular geometry of the «Trees jut out from the house as if rooted in it, juxtaposed

roof. against the brick walls
+The east-west meridian is used as a central divisor of

the site, and then used a 30/60 triangle as the form

generator for the house plan along this meridian.

STRUCTURE AND f\_\? | a a —‘
CONSTRUCTION : : -

Fig. 6.iii) Roof overhangs (Source: Author)

-Within the lodge, the main living areas were exposed
to maximum sunlight, and the deep roof overhangs
protected the house from the regional heavy rains.

+The roof beams are set at 30 degrees while the roof
panels are placed perpendicular to the walls

Fig. 7.iii) A sandstone bleacher supported on archways
(Source: Author)

Chamfered openings were strategically placed on the
south-west side to allow maximum ventilation in the
structure

Fig. 7.iv) The lower-level bedrooms have vaulted ceilings and
arched windows

(Source: Bondre, Mehta’s Bungalow by Nari Gandhi: The
Unconventional House, 2020)

Fig. 7. v) Arched pavilion overlooking the gardens and coast
(Source: Bondre, Mehta’s Bungalow by Nari Gandhi: The
Unconventional House, 2020)




Architectural Project

Gobha Mountain Lodge

House in Korlai

ARCHITECTURAL
FEATURE

+This was the first time Frank Lloyd Wright's Taliesin
West ‘desert masonry’ method was utilized in India.

+Huge overhangs

«Triangular geometry followed in plan

Fig. 7.vi) Archways and buttresses (Source: Author)

Fig. 7.vii) Masonry screens punctuated by porthole windows and
glass-inlaid apertures suggest a synergy between the coastal
context and the thikri work native to Rajasthan, the homeland of
the masons who worked on this project. (Source: Author)

Comparative Analysis Matrix
Part B : Ar. Shirish Beri

Architectural Project

Nadhawade Farm House

Neelai Lake

The idea was to extend the limited scope of
architecture (as is generally understood and practiced
today) to the sphere of total human environmental

«The Neelai Lake House at Andur is designed to give a view of

the canopy of tall existing mango trees.

-Use of fixed wooden and glass louvres.

-Steep and deep overhangs on the south and west
facade.

Fig. 8.ii) Roof in north and east direction rises up to
take in the morning sun and light (Source: Author)

CONCEPT design, where landscape architecture, interiors,
. . . the lake from each space
construction methodologies, horticulture, energy,
water, soil, animal & insect world, food etc., are
included to interact and evolve design decisions.
LOCATION Nadhawade, Maharashtra, India Andur, Maharashtra, India
5 acre farm land in Konkan region with a stream flowing . .
SITE along the west border of the site. «The site is divided into two parts by a road.
Warm and humid climate Warm and humid climate
CLIMATE «Temp.: 8 to 37°c «Temp.: 8 to 37°c
-Rainfall: 4000 mm -Rainfall: 4000 mm
Wood, glass, mangalore tiles, cow dung, mud, deccan Laterite stone, timber, earth and clay tiles, stone shingles,
MATERIAL .
trap stone, laterite stone smooth pebbles
-Growth of trees and landscape on the lower region was used
as a blanket to preserve and enhance the privacy of the space
~ above.
Fig. 8.i) A unified interior space instead of segregated, -Punctured walls framing the hiils.
isolated rooms (Source: Author) . -Using the classic geometry and finding median lines to link
STRUCTUREAND | ‘Theinside and outside spaces mingle into each other. them, leads to the formation of various trapeziums and a house
CONSTRUCTION «Microclimate of the house is cooler as it is shaded by with a radially evolving plan.

-The outside-inside relation is such that when a person enters
through the vista of the verandah he faces a big square
puncture on the wall that exposes the back of the hill. Due to
such strong geometry on the wall, the hill gains hierarchy when
going to the depths of the house.

ARCHITECTURAL
FEATURE

- Glass mangalore tiles for sunlight

«The most peculiar feature of the house is the screens that are
used as an extension of the walls projecting out of the house.
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Captions

1) Falling Waters, Pennsylvania by Ar. Frank Lloyd Wright

Fig.i) Open floor plan with simple circulation. Multifunctional space.
(Source: Author)

Fig.ii) 2d form development through addition and subtraction of
squares. (Source: Author)

Fig. iii) Cuboidal massing. (Source: Author)

Fig. iv) Human Scale- Horizontality visible through massing and
elevational bands. (Source: Author)

2) Wainright State Office Building, Missouri by Ar. Louis H. Sullivan

Fig.i) Derivation of plan through composition of rectangles. (Source:
Author)

Fig.ii) Subtraction of mass for light and ventilation. (Source: Author)

Fig. iii) Maximum use of external fagade. (Source: Author)

Fig. iv) Facade composition through repetitive use of rectangular
windows. (Source: Author)

Fig.v) Organic ornamentation between windows and on the building
capital, a feature of Sullivan’s buildings. (Sveiven, 2011)

3) Ar. Antoni Gaudi

Fig.i) Free flowing plan of the Casa Mila, Barcelona showing irregular
rooms and curving corridors. (Bianchini, 2019)

Fig.ii) Church of Colonia Giiell, Santa Coloma de Cervelld, Spain -
Support system inspired from a tree. (Giralt-Miracle, 2014)

4) Sydney Opera House by Ar. John Utzon

Fig.i) Geometricevolution of plan and form of the structure (Source:
Author)

Fig.ii) Inspired from the shape of the boat hulls. Use of prefabricated
elements creating a whole: additive architecture (Source:
Author)
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1. INTRODUCTION

Water harvesting is all about the storage of water for use
rather than allowing it to run or evaporate. The noun
‘harvest’is a synonym for ‘gift of nature’ and it means yield
or crop. According to Yannopoulos (2017), the harvest
should also be utilized and every yield is preceded by
its own activities. The growing urban population puts
increasing pressure on water resources, since urban
areas are one of the main consumers as well as polluters
of fresh water globally (Ozerol, 2020), hence leading to
not a water crisis, but a ‘water governance’ crisis (OECD
Principles, 2015). Considering the importance of water
harvesting, it is mandatory in many states. Since rain
water is not managed properly we face floods, drought,
underground water depletion, etc. In numerous regions
water supply is questionable, or where local water
sources evaporate for a part of the year. In any case,
water harvesting can be presented as the sole water
hotspot for networks or family units.

Hence it is worth formulating different aspects of
design for water harvesting from the roof, wall and
ground for the residences in Kerala. An unorganized
water harvesting system can lead to distinct problems.
The ultimate purpose of this work is to understand the
organizational space, aesthetic and functional aspects
of water harvesting and to formulate design strategies in
water harvesting to be considered during the designing
of residences in Kerala, because every building can
include the method of water harvesting considering the
future need of water. The methods of water harvesting
followed in one particular place need not necessarily
hold good for another. So rainwater harvesting (RWH)
should be designed considering the topography,
microclimate, macroclimate, soil type (Selguk & Arslan;
Kinkade-Levario, 2007).

1.1 History
Over the period of time there have been advances in
technology and construction techniques for collecting

water. Technologies are the underpinning of modern
achievements in water engineering illustrating clearly
that. Tracking from the Neolithic age (3200 - 1100
BCE) to Ottoman period (15th - 18th centuries)
people have discovered innovative, sustainable, cost-
efficient and environment-friendly methods to collect
water in large cisterns in areas where pure water is less,
in the valleys and islands, by reducing the runoff of
water into sea (Yannopoulos, 2017; Mays, 2013). When
the need for water increased and high-rise buildings
emerged in modern times (19th and 20th centuries),
newer technologies like deep wells, pumps, pipes
developed for expanding freshwater networks and
water pressure was required to supply water for multi-
storied buildings. Reinforced concrete structures
of cistern have been found (Watershed Blog, 2011).
These methods must have been developed based on
the amount of rainfall, the nature of the land, the type
of soil, the geology and topography of the regions and
have been used to store and preserve water as well as
collect water (Selguk & Arslan).

Future trends:

Increased volume of runoff has reduced infiltration,
and has caused a water crisis. Green roofs, pervious
pavements, grid pavers, and non-structural techniques
such as rain gardens, vegetated swales, disconnection
of impervious surfaces, and of course harvesting and
reuse of rainwater are the measures to meet water crisis
with cost-effective and environment-friendly solutions
(Travers, 2017).

1.2 Components of a system

Method of water harvesting as four components of a
system (as seen in Table 1), where each component is
different in place, structure, climate, need, topography
and design (ArchDaily, 2018; Kinkade-Levario, 2007;
Worm & Hattum, 2006):

1% Catchment area 2) Conveyance 3) Purification
4) Storage

Table 1: Catchment area and conveyance of roof, wall and ground
(Source: Adapted by Author from (Mariana, 2018; Kinkade-Levario, 2007; Selguk & Arslan)

Catchment area

Conveyance

Roof

Products used to collect rainwater from roof are pipe,
chain, rope and more

Wall

The Las Palmas Water Theatre - the surface directs
water to the storage tank




Catchment area Conveyance

S

-

Ground

Canal, pit, pond and terrace etc. Percolate rain water
into the ground

¥

d

. ¥
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Fig. 1 Cascading Creek House
Source: (Caandesign, 2013)

1.3 Literature case study

To study the different methods to harvest water from
roof, wall and ground, Cascading Creek House has been
selected (figure 1), Warka Water (every drop counts)
in figure 2 and Climate Tile Designed to Catch and
Redirect Excess Rain Water (figure 2) from Climate
Change Created by THIRD NATURE WITH IBF and ACO
Nordic (2014) in figure 3.

2. METHODOLOGY

The outline of the paper follows: a primary case study
of different structures in different design approach and
climatic conditions with the parameters derived from
literature study and case studies, that is catchment area,
conveyance, purification, storage, aesthetics, function,
organizational space, humidity and rainfall; along with
analyzing the parameters for roof, wall and ground of

the residence (see Table 2). Fig. 2 Warka Water
Source: (Architecture and vision, 2017)




Table 2: Analyzing the literature case study with the parameters

(Source: Author)

Parameters Cascading creek house Warka water Climate tile
Roof catchment area 710 m2 Roof catchment area: Catchment area from roof, wall and
16m2 and Fog and dew | 9round =360 m2
I (Wall): 14m.sqx h g
-hi v N
Catchment area ) (h-high of Warka ?Bullt ing
Horizontal structure Water). r&.
Vertical structure 7
L% SV, S D
‘: Flow through open Gathered in a canal of 30x30cm. It’s
:.: space and loop of Water drops down made of percolating material.
diameter 20 cm through mesh by gravity e
Conveyance Water circulation Fe ™y
I with gravity and ‘1
pumping. Water procolating
4 storage tanks each of capacity Underground tank of No storage. Water percolates through
10000 litres placed at the lowest level capacity of 3000 litres soil.
of the site. storage placed in the
Storage centre of Warka Water.
—-‘_-\
h
Artificial waterfall at the entry point . Landscape as Buffer zone, quality of life
and water ponds on the roof. % = and sense of peace.
L3
= 1# =
Aesthetics " ;
‘. Fi | i
qu U
Form similar to the local surrounding.
Multifunction- Green roof Geothermal | Light weight material, easy to construct | Relief from storm water stagnating on
Function well, thermal comfort, photovoltaic and remove, environment friendly. streets.
and solar hot water panel.
Topography of the site is considered Front of the Building
for RWH with multifunction.
Space
Placed in open space for direct sun, rain
and wind.
Humidity Subtropical humid climate High humid Warm humid continental climate
Annual rainfall | 870 mm 510 mm to 1530 mm 1164 mm
2.1 Primary Case Study

2.1.1 Case study 1

The residence of Ar. PB. Sajan and Ar. Shailaja is located
at Visala, Powdikonam, Trivandrum, Kerala, designed
by the owners themselves (figure 4). The site is sloping,
situated at the top of a hill. The area of the site is 345
sq.m (Sajan, 2012). The construction of the building
was completed in 2012. Water is collected from the roof
through PVC pipes into the storage tank placed under
the building as basement as shown in figure 5, below
the bed room. Ground water is also recharged by mazha
kuzhi (rain pit) placed at the low level of the site.

2.1.2 Case study 2
Residence of Mrs. Santhakumari (figure 7) is located at

Chalikkavattom, Vyttila in Ernakulam (figure 6), where
the underground water is quite polluted and cannot be
depended upon. Alternative sources were corporation-
supplied water and collected rainwater. But corporation-
supplied water was not available at their residential zone
for some years, hence rainwater harvesting was adopted.
Two water tanks were installed at different time periods
in the side yards. But after many years, corporation
water was made available in the residential zone. Thus
rainwater harvesting was stopped slowly. Now the tank
and PVC pipes are not in use to collect rainwater. The
tank is placed at the side yard in between the compound
wall and building.



Fig. 5 Rain water harvesting system and the storage space
(Source: Author)

» Polluted canal

Fig. 3 Redirect Excess Rain Water from Climate Change Fig. 6 Google map showing the polluted canal at the location of Mrs.
Source: (Tredje Nature, n.d.) Santhakumari's Residence
Source: (Google map, 2020)
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Fig. 4 Front view of residence of Ar. P B Sajan & Ar. Shailaja
Photo courtesy: Author, 2019



Table 3: Analyzing the primary case study with the parameters

(Source: Author)

Parameters Residence of Ar. P.B. Sajan & Ar. Shailaja Residence of Mrs. Santhakumari
Catchment area roof is 240 m? Catchment area roof is 75 m?
Catchment area # Sloping roof Flat roof
Conveyance PVC pipe of diameter 140 PVC pipe of diameter 140
e Water drops down by gravity. Water drops down by gravity.
Storage tank placed under the superstructure with the Two storage tanks each of capacity 5000 litres.
capacity of 56000 litres.
Storage M ] H
| | 1
RWH does not obstruct the front view of the building. Side view of the building is obstructed by RWH.
p = Y
Aesthetics i
Function Water is collected and underground water is recharged. Notin use.
Space around the building percolate water storage Waste of space due to unused storage tank
tank is placed underneath.
Space N
B
Humidity Warm humid climate Warm humid climate
Annual rainfall 3000 mm 3000 mm

Fig. 7 Schematic layout of the Mrs. Santhakumari’s residence
(Source: Author)

Table 3 shows the analysis of the primary case studies
with the parameters, for roof, wall and ground of the
residence.

3. RESULT AND STRATEGIES

a) Roof:

Roof water harvesting is multi-functionary. It controls
the temperature inside the building, acting as storage
and supporting roof gardens. The horizontal spread
of the building will increase the roof footprint area
of collecting water. Materials used on roofs to collect
water should not disturb the aesthetics of building
and choosing of material is important because use of
different materials must not contaminate water as roof
gets direct sunlight, wind, rain, etc. The sound of water
flow and view while gathering water can be incorporated
in design to add more functional and aesthetic features
to the building.

b) Wall:

The form, shape, and surface of the building play an
important role in water harvesting. If the surface area
of the wall is more compared to the roof area, then wall
water harvesting can be preferred. Taller buildings will



have increased the wall footprint area. Analyzing wind
direction to choose the wall for rainwater harvesting is
important. Gathering rain water should be directed to
different paths to avoid overflow. Compound module
used to collect water should have a smooth flow of
water. Use of different compound module material must
not contaminate water used for domestic purposes.
Water repellent wall is a good option. Evaporating and
condensing methods using different materials placed
on walls can be used to collect water in a humid climate
or when buildings face water bodies with high breeze
towards the building. Design incorporating water flow
view and sound would create a different feeling around
the building.

¢) Ground:

The space around the building acts as a catchment area.
Understanding the site topography is very important
to implement the water harvesting design. Ground
water harvesting is water penetrating into the ground
or collecting it in a storage tank without disturbing
the underground structure. Digging a trench at the
lowest level of the site can help groundwater recharge
and in paved site water can be directed to the storage
tank. Landscaping design including water percolating
into the ground or being directed to the storage tank is
encouraged to avoid stagnation of water.

« Purification

1. Sand filtration is the most economic method of
filtration.

2. Charcoal filtration is good to absorb odor if any.

3. Ultrafilter can be installed in any type of rainwater
harvesting.

« Storage

The storage tank must be placed underground, at the
lowest level of the site. The position of the tank can
be below the superstructure, so it remains unseen and
there is no wastage of space above the ground. If the
basement construction is not possible then the position
of the tank can be combined with the superstructure
or with the compound wall and not at the center of the
superstructure and compound wall.

4. DISCUSSION

Water harvesting is not practiced because of wastage
of space, aesthetic view disturbance, and it requires
good maintenance. The aesthetic function of RWH and
its design depends on site, topography, climate, wind
direction, etc. The study of past, future and present good
and bad examples of water harvesting, formulate good
strategies for water harvesting endeavors to give viable
direction for family units, Architects, civil engineers,
CBOs, NGOs, nearby government authorities can solve
the problem of govern water crisis and individuals
interested in environment care, interrelationships
between people and their surroundings by applying
the correct frame works, methods and procedures for
collecting water.

5.CONCLUSION & RECOMMENDATIONS
According to the climatic and topographical conditions
of various places the rain fall level is high in some places

and RWH is not considered to be important because
there is no scarcity of water but in other places there
may be droughts and less rainfall and people are in
need of water in such places. People can encourage and
promote rainwater as business by sharing the rainwater
with others if the collected rain water is more than the
required amount for use in residences thus water crisis
can be reduced by solidarity.

Potable water is a basic need in human life but nowadays
water crisis is a major issue in the world. Due to the
alarming rate of water crisis particularly in drought
affected regions and areas with large populations, the
government has implemented RWH as mandatory
in many states to overcome the water crisis. The
contribution of water harvesting by individuals can
make great changes in society. This paper presents the
design strategies for water harvesting from roof, wall
and ground of residences that would enhance the
design. Small changes in design can make great changes
in environment impact and social function.

Further studies can be conducted on an urban level by
considering the runoff water from streets, parks, public
space, etc. flowing unused to merge with the sea.
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Steven Holl at IIM Ahmedabad in March 2015

Ar. Steven Holl was born in 1947 in Bremerton,
Washington. He graduated from the University of
Washington and pursued architecture studies in
Rome in1970. In 1976, he joined the Architectural
Association in London and in 1977 established
Steven Holl Architects (SHA). Considered one

of America’s most influential architects, he is
recognized for his ability to blend space and light
with great contextual sensitivity and to utilize
the unique qualities of each project to create

a concept-driven design.A tenured Professor

at Columbia University‘s Graduate School of
Architecture, Planning and Preservation, he was
named by Time magazine as “America’s Best
Architect,” for creating “buildings that satisfy the
spirit as well as the eye.”

LINKS
Website: www.stevenholl.com
Instagram: stevenhollarchitects




On 17 June 2021, the internationally celebrated New York architect, Steven Holl gSH],
was in dialogue with Prof. Durganand Balsavar [ DB], sharing insights for a para

igm

shift in architecture emerging from the pandemic.

Prof. Durganand Balsavar [DB]: Landscape takes on a new
role in your projects. For instance, though the Kennedy
Centre buildings in Washington remained locked during the
pandemic, outdoor civic spaces were accessible for public
gatherings, while ensuring safety. It is a democratic gesture.
Is this a paradigm shift to ensure that open spaces and "urban
voids" such as parks, playgrounds and landscape are accessible
to all, during the pandemic?

Ar. Steven Holl [SH]: Absolutely! A very good question! I
was educated as a landscape architect. I worked for Lawrence
Halprin, a great landscape architect. My teacher, Richard
Haag taught us landscape, as a kind of 'first principle' to
understand the site. He said “whatever you're going to do for
a project, go to the place and "Be the site”. So, landscape, to
me, is, when you’re thinking about a project, you are thinking
about "voids" first. It gets obvious how important this will be
in the future, rightly so.

DB: The projects at SHA, emphasize the role of openness,
light and ventilation - an ecological idea. Simultaneously,
pavilions and open spaces for circulation lend themselves to
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Queens Lib (Photo courtesy: SHA)

social gatherings and communion. In creative institutions,
like a school of architecture and arts, or a research centre, the
open pavilions convey a sense of freedom. Each of the projects
explore a relationship with the ground. For instance, the
history of architecture reveals buildings that float on pilotis,
or buildings that burrow into the ground. I recall it has its
antecedents in your childhood experiences.

SH: Well, I think both in the case of the Kennedy Center in
Washington. DC and the University at Columbia, the open
landscape is a social gathering space. It's how the openness
of the ground is expressed and what’s happening below the
ground and what’s happening above it - that's a primary
aspect of solving the nature of the project.

When [ was teaching at Columbia University, I gave a lecture;
I said there are only four types of architecture: under the
ground, in the ground, on the ground and there’s over the
ground. I gave that lecture with a little diagram. And I began
to remember that, that’s how I started as a seven-year-old.
So maybe I was destined to be an architect about the earth,
about the relationships of the earth. It’s a principle.
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