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Abstract

The purpose of this study is to look at how spatial configuration affects the functional effectiveness 

of different housing layouts in Ahmedabad.This city is UNESCO’s first world heritage city in India, and 

has been chosen for this study because it has mixed types of traditional and contemporary archi-

tecture. The city’s architecture has experienced the most progressive changes with the influence of 

western architecture.

The literature study comprises of three parts. The first, being the study of the relationship between 

spatial configuration and functional efficiency of the house layouts, and understanding the charac-

teristics of spatial configuration and their impact on functional efficiency of a house layout based on 

the parameters of Space Syntax. The second, being a study of the house layouts of various typologies 

namely pol housing, row housing and bungalows in Ahmedabad city  through a comparison based 

on the changes in their configurations. The analysis realizes modifications with time, considering the 

historical, political and social events that influence the design of the layouts and zoning of spaces and 

activities, etc.

The indicators of Space syntax that contributed in measuring functional efficiency are Mean Depth of 

space (MD), The real relative asymmetry of space (RRA), the Difference factor of space(H*), Space-

Link ratio and Space-Type. They are analyzed using the Space Syntax theory by applying a software 

- A Graph which provides quantitative results. This is used to compare house layouts of each typolo-

gy. The numerical results prove the impact that spatial configuration has on the functional efficiency 

of the house layouts. The typologies of row houses are realized to be the most functionally efficient 

after analysing using the methodology. The results supports the hypothesis that argues that spatial 

configuration affects the functional efficiency of a house layout. 

ix
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CHAPTER 01 : INTRODUCTION

1.1 Aim 

               To study the spatial configuration and functional efficiency of house layouts of various 

typologies in Ahmedabad. 

1.2 Objectives 

•	 To understand the spatial configurations of various house layouts.

•	 To analyse the functional efficiency of the spatial configuration of various house layouts. 

•	 To evaluate the level of functional efficiency of house layouts of various typologies.

1.3 Research hypothesis 

The research hypothesis is to test the argument that spatial configuration affects the functional effi-

ciency of house layouts of various typologies in Ahmedabad, India.

1.4 Research Questions  

•	 What are the characteristics of spatial configuration affecting the functional efficiency of 

house layouts of various typologies?

•	 How the process of spatial configuration and functional efficiency is being affected over 

time?

•	 Are the pol house layouts efficient in terms of functionality?

•	 Are the row house layouts efficient in terms of functionality?

•	 Are the bungalow layouts efficient in terms of functionality?

•	 How can the theory of space syntax evaluate the spatial configuration affecting the

functional efficiency of the house layouts?

1.5 Scope of this research

This research is to analyse the  impact of spatial configuration on the functional efficiency of 

house layouts of various typologies in the city of Ahmedabad. Ahmedabad is UNESCO’s first world 

heritage city in India, and has been chosen for this study because it has mixed types of traditional 

and contemporary architecture. This study uses the parameters of spatial configuration of house 

1
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layouts in terms of its functions.

1.6 Limitations of this research

This research is to the study of spatial configuration and functional efficiency of house layouts 

of residential buildings only. This study is limited to the functional efficiency of interior spaces of the 

houses. 

This research does not involve study of apartments because the purpose of apartments is to 

provide compact living environment at low rates. Apartments are designed as per the user’s func-

tional requirements, and due to their compact form, there are less wastage spaces and are function-

ally most efficient.

The samples taken for this study are limited to 15, due to the time limitation at undergradu-

ate level and due to the ongoing pandemic, corona virus spread across the world.
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Figure 1.1 : Research framework
Source : by author

1.7 Research Framework



4

CHAPTER 02 : UNDERSTANDING SPATIAL CONFIGURATION AND FUNCTIONAL EFFICIENCY

2.1         Keywords

Architectural space, Interior spaces, Spatial configuration, Functional efficiency, Space Syntax

2.1.1	 Architectural space 

 (G., 2003)  states that space acts as a shelter for people’s activities, along with its value of 

culture and lifestyles and social meaning of the society. The varied characteristics of societies are 

shown in the spatial forms of the spaces and its organization. Space can be organized by the rules 

that reflect the activities and goals of the people. (Rapoport, 1969) (Rapoport, 1977) (Rapoport, 

1982)

2.1.2	 Interior spaces

The physical elements define the space, but the interior spaces define its relationship, open-

ness and characteristics. (Mzoori, 2004) The spaces can be categorized according to their relationship 

with the mass:

1.	 Open spaces outside the mass are corridors.

2.	 Interior spaces surrounded by mass within a building differ by degree of privacy.

3.	 Transitional spaces in between masses

2.1.3	 Spatial configuration

“The ordering of space is the purpose of house layout, not the physical object itself. In this 

Fig 2.1 : Categorization of the spaces according to their relationship with the mass.
Source : by author
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sense, buildings are not just objects, but transformations of space through objects. Therefore, config-

uration is a fundamental relation of form and space, which is appropriated in the processes, by which 

buildings are transformed from bodily objects to social and cultural objects” (Hanson H. &., 1988)

“Spatial configuration is compilation of house layout spaces as tangible and defined construc-

tion in a particular form, which leads to generate certain relations between inside and inside, and 

between inside and outside.” (Nesbitt, 1965-1995) (Robinson, 2001)

“These relations are numerous and varied, either to be a functional relationship (visual - ki-

netic), which can be achieved through the element of physical contact (doors), or visual relationships, 

which can be identified through visual linkage.”  (Al-Beiruti, 1992)

“All of these relationships reflect the degree and type of social relation; through the assump-

tion that the segregation degree of the space within house layout is an indicator of the degree of 

functionality and social efficiency, an indication to the type of use by resident and stranger (outsider), 

on the one hand.” (Hanson H. &., 1988)

“On the other hand, spatial relationships within the house layout are the most obvious

formula to identify the nature of that society and the behavior of its individuals,

because it reflects the way of thinking and lifestyle.” (Hanson H. &., 1988) (Al-Beiruti, 1992)

2.1.4	 Functional efficiency

The built spaces carry the impressions of the society by the way of organising the spaces for the func-

tional needs. Functionality is the relationship between two spaces, their purposes, the distribution of 

people and services. (Aspinall, 1993)

The relationships between space and activities, flexibility, ways of circulation, safety, etc are some of 

the factors of functionality which are the main aspects of the design of a layout. These factors have 

to do with people’s activities and organisation. (Nijaidi, 1985)

The plans that increase the depth of the house layout are not flexible in terms of functionality, where 

as in the layouts with less depth, there can be more number of functions and more functional effi-

ciency. (Hanson H. &., 1988)

The availability of internal spaces for public and private usage, as well as the openness and proximity 

of partitions, can reveal the level of functional efficiency from house layouts. (Mzoori, 2004)
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2.1.5	 Space Syntax 

“Space Syntax is a theory of space and a set of analytical, quantitative and descriptive

tools for analysing the spatial formations of house layout as well as buildings, cities,

and landscapes.” (Hanson H. &., 1988) Space Syntax is used to analyse spatial formations of a house 

layout and to understand the relationship between humans and inhabited spaces. (G., 2003) (Osman, 

1993)

The goal is to develop description strategies for arranging areas while recognising their social signifi-

cance. Space syntax can predict how spatial patterns will work by establishing strategies for represen-

tation and analysis.

Briefly, space syntax identifies how social and cultural meanings are identified in spatial configura-

tions and how they create social relations in a built environment. (Mzoori, 2004)

The two characteristics directly linked to functionality of house layouts are : Symmetry-Asymmetry 

and Distributedness-Non distributedness.

2.2 Spatial configuration in architecture

2.2.1 Spatial configuration vs Spatial arrangement

Spatial configuration is the allocation of a space, depending on the relative disposition of other spac-

es. It is the way things are arranged to achieve a result or a purpose.

Spatial arrangement is an act of arranging or placing spaces. It may or may not decipher a result.

2.2.2	 Factors affecting the spatial configuration of a house layout

(Rapoport, House form and culture, 1969) in his study of “House form and culture” addressed the 

impact of social and cultural aspects in house layouts. He studied that the humans have varied views, 

(a)

(b)

Figure 2.2 : Illustration ‘a’ shows that the spaces are arranged but they do not decipher a result functionally.
Illustration ‘b’ shows that the spaces are configured as they decipher a result functionally.

Source : by author
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which are affected on their physical environments.

The space organizations, climate, location, materials are some of the secondary factors.

Rapoport (Rapoport, Human aspects of urban form, 1977) identified five cultural aspects affecting 

the organization of house layouts, called :

1.	 Basic needs and habits such as eating, sleeping, sitting, and their impact on organization of a 

layout.

2.	 Size of the family.

3.	 The extent of social interaction.

4.	 Status of women and their need of privacy.

5.	 The orientation of the building and their need of privacy.

2.3 Spatial configuration and functional efficiency 

2.3.1 Spatial configuration and functional efficiency of spaces

Configuration is the relation between two spaces in a house layout. The relations between the spaces 

influence the nature of spatial configuration of a house layout. (Hanson H. &., 1988)

The location of the internal spaces affects the spatial relationships, which then affect the functional 

efficiency of the spaces. (Rapoport, The meaning of built environment, 1982)

A building achieves its function mainly from the layouts of the spaces. (Rapoport, The meaning of 

built environment, 1982) The functional relationships reflect the spatial configuration based on the 

property of segregation which measures the degree of the social-functional efficiency of a space. 

(Mzoori, 2004)

2.3.2	 The spatial-functional relationships of a house layout

According to the studies of space syntax, there are two characteristics which analyse the functional 

efficiency, called Symmetry-Asymmetry and Distributedness-Non distributedness. 

Symmetry-Asymmetry shows the depth of spaces in a layout in reference to the entrance space. If 

the layout has less depth, then the space is more symmetric. When the steps/depth increases, the 

segregation of spaces increases, and it shows that the layout is less functionally efficient.

Distributedness-Non distributedness shows the options of ways available to access all spaces in a lay-

out. If there are more ways, then the distributedness increases and segregation decreases. (Hanson 
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H. &., 1988) (Hillier, Space is a machine : A configurational theory of architecture, 2007)

Figure 2.1 shows the relationships between the interior spaces and the main space (a). It shoes that 

the spaces 2, 3, 4, 5 and 6 are linked to the space a with the spatial depth level as 1. The spaces 7 and 

8 are segregated as they are not linked to the main space. The spatial depth level is 2 steps.

  

2.3.3	 Illustration of syntactical characteristics of spatial configuration                                                                    

 

Figure 2.4 : Symmetry-Asymmetry and Distributedness-Non distributedness of spaces in a house layout
Source : (Hanson H. &., 1988) (Hillier, Space is a machine : A configurational theory of architecture, 2007)

Figure 2.3 : Relationships between the interior spaces and the main space (a) in a house layout
Source : (Hanson H. &., 1988) (Hillier, Space is a machine : A configurational theory of architecture, 2007)

A and B are Symmetrical and 

distributed wrt C

A and B are symmetrical and non-distributed wrt C

A and B are asymmetrical and non-

distributed wrt C

A and B are symmetrical to C but D is asymetrical and 

non-distributed wrt C

D is non-distributed and asymmetric wrt A and B. A and 

B are symmetric wrt D and C
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Distributed relations : Ringy graphs

Non distributed relations : Tree like graphs

These graphs show spatial configurations, which are quite different. This difference is analysed using 

a Justified graph.

“This is a graph in which a particular space is selected as the ‘root’, and the spaces in the graph are 

then aligned above it in levels according to how many spaces one must pass through to arrive at each 

space from the root.” (Mzoori, 2004)

These graphs show the depth of each spacefrom the main space. A space at depth 1 from the root 

if it is directly linked to it, at depth 2 if there is an intervening space, at depth 3 if a minimum of 2 

spaces must be passed through.

Thus, according to “Space Syntax”, the characteristics of various spatial configurations of house lay-

outs can be measured and compared to each other, in order to clarify individual differences in spatial 

systems, and to discover their patterns, identify the changes and transformations that occurred in 

house layouts over time, which in turn affects the functional efficiency of the house, accordingly. 

(Hanson H. &., 1988)
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CHAPTER 03 : RESEARCH METHODOLOGY

3.1 Space Syntax as a methodology

Space Syntax is a method for analyzing spatial configurations that was developed. It is used to graphi-

cally and quantitatively represent the layouts.

“The reasons for adopting this methodology in dealing with the syntactical characteristics of spatial 

configuration are as follows:

1. This methodology able to combine both physical and social indicators in interpreting the 

spatial-functional systems in order to identify their configurations in terms of differences and 

similarities. This paves the way to diagnose the strengths and weaknesses in the structures of house 

layouts functionally.

2. It adopts the syntactical characteristics of spatial configuration (such as Symmetry - Asymmetry, 

Distributedness – Nondistributedness) in interpreting the structures of different house layouts. This, 

in turn, facilitates the process of analysing, evaluating, and comparing these various systems.

3. Having the ability to assess, understand, describe, and modeling of numerous

formal and spatial systems provides the research a fair amount of credibility and

reality.” (Mzoori, 2004)

3.2	 The methodology :

Part One : The characteristics of spatial configuration namely Symmetry – Asymmetry and Distribut-

edness – Non-distributedness will be found out, and how they affect the functionality of the house 

layouts.

Part Two : The numerical values of each variable of these characteristics will be found out through 

the indicators of measuring. These indicators involve these measurements :

•	  Integration degree of space – Real relative asymmetry – RRA

•	 Mean Depth of spatial system – MD

•	 Difference factor of space – H*

•	 Space-Link ratio – Type of graph formed ( Ringy / Tree like )

•	 Space-type ( Degree of spaceness)

•	 Every house layout has to be translated into a justified graph by a Gamma analysis method, 
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to be applied to the software A-Graph , then to be calculated and measured.

Part Three : To understand the impact of spatial configuration on the functional efficiency of house 

layouts. This requires interpretation, comparison and evaluation of similarities and differences of 

each house layouts. The results will produce conclusions and recommendations for house layouts in 

Ahmedabad. 

Syntactical characteristics of spatial configuration affecting functional efficiency of house lay-
outs

Symmetry-Asymmetry

Integration degree of space 

Space-Link ratio (R)

Pol houses

Row houses

Bungalows

Space-Type (spaceness)

Difference factor of space 

Interpretation of data

Conclusions & Recommendations

Mean Depth (MD)

Distributedness-Nondistributedness

Indicators of measuring

Ga
m

m
a 

An
al

ys
is 

m
et

ho
d

Sp
ac

e 
Sy

nt
ax

 p
ro

gr
am

 

Fig 3.1 : Research Methodology
Source : by author
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3.3	 Indicators of measuring syntactical characteristics of spatial configuration 

The following indicators can be used to measure and give numerical values to syntactic characteris-

tics of spatial configurations such as (Symmetry – Asymmetry, and Distributedness – Non-distributed-

ness), which affect the functional efficiency of the house:

3.3.1	 Indicator of Integration ( Real Relative Asymmetry-RRA and Mean depth MD ) :

“Integration degree of space is an indicator related to the property of (Symmetry - Asymmetry), it re-

flects the relative depth of space in relation to the rest of spaces in any spatial system.” (Hillier, 1993)

“The mean depth of a space from all other spaces in the configuration (house layout) is integration 

(RRA) which describes how permeable that particular space is. The low values mean higher integra-

tion and, the high values mean high segregation.” (Manum, 1999)

The integration of the spaces can be measured by these steps:

Firstly, calculate the mean depth of space :

1.Making a justified graph by setting the intended space at the bottom of the house layout as a pri-

mary space (root space) and aligning the other spaces above it in levels based on how many spaces 

must be passed through to get to each space from the root space. Each space in the structure is 

represented by a small circle, and the permeability between spaces is depicted by connecting lines.

2. The graph determines the depth of each space from the root space, where the depth of each 

space is determined by the number of spaces that must be traversed to get from the root space to 

each space in the system.

“The least depth can be achieved, when all spaces are directly connected to the original space (root 

space), while the most depth existing when all spaces are arranged in a linear sequence away from 

the original space. In the first case, the space will be symmetric in respect to the other spaces in the 

system, and will be asymmetric in the second case.” (Hanson H. &., 1988) (Hillier, 2007)
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•	 Accordingly, the mean depth of the space is calculated by :

 

Where :

MD – Mean depth of space from root space

ΣD – total magnitude of depth for all spaces in system from root space

K – Total number of spaces in graph

Secondly, : Calculating the integration value of space (Relative Asymmetry – R.A.): this value 

expresses the relative depth of that space from all others in the graph through the following formula:

 

Where :

RA – Relative asymmetry 

MD – Mean depth of space

K – Total no of spaces in a graph

“The integration value of space (Relative Asymmetry - R.A.) thus expresses numerically a key aspect 

of the shape of justified graph from that space. Integration values (R.A.) vary between (0) for maxi-

Figure 3.2 : Symmetry-Asymmetry in Spatial relationships
Source : (al, 1987a)
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mum integration, that is no depth (high-functional efficiency); and (1) for maximum segregation, that 

is maximum depth (low-functional efficiency)” (al, 1987a) (Onder, 2002) (Zako, 2006)

To quantify integration and depth, the external space of the house is used as a root space in relation 

to the remainder spaces in the spatial system. Depth from the root is the number of steps that sepa-

rate a specific space from the front door. (Monteiro, 1997) (Toker, 2003)

Thirdly, calculate the Real Relative Asymmetry RRA :

The RRA illustrates the degree of depth/isolation of a node while comparing it with all other nodes, 

and also in comparison with a benchmark configuration. The results of RA vary between 0-1, but the 

RRA results are compared with a chosen configuration. (Mzoori, 2004)

RA values of spaces will show the distribution of integration. But if we compare systems with varied 

complexities and sizes, we have to eliminate the effect of various sizes on the levels.

“So, we need to compare the RA value to the RA value of the root of a ‘diamond shaped’ pattern. 

It means a justified map where there are k spaces at the mean depth level, k/2 at one level above 

and below, k/4 at two levels above and below, and so on until there is 1 space at the shallowest and 

deepest points. Then, find the D value of k of the system, then divide the value into the value ob-

tained for each space.” (Ostwald, 2011)

 

Real relative asymmetry can be calculated using this formula :

Figure 3.2 : Diamond spaced graph to calculate the integration of spaces in a layout
Source : (al, 1987a) (Hanson H. &., 1988) (al, 1987a)
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 Where,

RRA : Real relative asymmetry of space

RA : Real asymmetry of space

Dk : Real asymmetry of space from diamond-shaped graph

The value of RRA varies around the number 1; values of less than 1 refer to the integrated spaces and 

less segregation in the system, while the values that are more than 1 refer to the segregated spaces. 

(Shoul, 1993) (Sungur, 2001)

3.3.2  Difference factor of space H*

The degree of configurational differentiation is seen from this difference factor. “The degree of vari-

ance in integration values is considered as an indication of the strength or weakness of social rela-

tions related to spatial ordering, i.e. how much a space is interchangeable with others. The difference 

factor is used to quantify this difference as a proportion of the sum of integration values of spaces 

under consideration.” (Guney, 2005) (Bellal, 2007)

Where

H : Difference factor of three spaces

a, b, c : integration values of three spaces in a house layout

t : sum of Σ ( a + b + c )

 The H-formula shows a difference in integration in each layout, which may be a product of the differ-
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ences in functions of the spaces. (Bustard, 1999)

“H can be ‘relativised’ between (Ln2) and (Ln3) to give a ‘relative difference factor’,

(H*), whose values vary between 0 (maximum difference), and thus strong functional

differentiation which refers to a real functional efficiency of space; and 1 (minimum

difference), no difference and thus no functional differentiation; this indicates that there

is no real difference in the values of integration and ; therefore there is no real

functional efficiency of space.” (al, 1987a) (Guney, 2005)

The relative difference factor can be calculated by this formula :

 

“Whereas low values for (H*) would indicate the existence of a ‘strong’ genotype; on

the other hand, values close to 1 would be indicating ‘weak’ genotypes, that means no

functional differentiation and weakness in the functional efficiency of space.” (Zako, 2006)

3.3.3  Indicator  of Space-Link ratio ; the Ringiness degree of the spatial system :

To asses the distributedness-non distributedness of a layout, a ringiness measure is measured. Dis-

tributedness is defined as the existence of multiple non-intersecting paths from one point in a system 

to another.. The system is said to be non-distributed if there is only one path between any two points 

in the system; a tree-like structure. So, with every increase in the rings in the system,  it can be deci-

phered that there are more rings in the structure, making it a ringy structure. 
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The degree of ‘ringiness’ of a spatial system, or the space-link ratio is used to determine the level of a 

spatial system’s permeability.

“Its values vary around the number (1), where the values more than (1) refer to a high degree of 

‘ringiness’ of a spatial system (ringy structures), and therefore its tendency to distributedness; this in 

turn refers to a high degree of flexibility (functional efficiency) in using the space enabling the user 

to change the layouts to adapt different circumstances, either by closing or opening doors. While 

the values <1 refers to that the spatial system takes the form of tree – like system, which makes it a 

system tends to lack distributedness, and in turn means the increase in the depth of spaces within 

the house layout” (Hanson H. &., 1988) (al, 1987a) (Hanson, 2003) (Bellal, 2007)

The  Space – Link ratio calculated by this formula :

 

Where,

R- Space – Link ratio of spaces

L - No. of lines of link between spaces

Figure 3.3 : Illustration shows a: tree-like structure , b: Ringy structure
Source : (Mzoori, 2004)
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K – No. of spaces in system

3.3.4	 Indicator of Space-Type ( the degree of spaceness )

The space-type makes various categories of spaces, the ones which have an occupation and follows a 

function, and the others which are used as movement paths.

“According to Space Syntax terminology, there are four different topological types of space: a-type 

space which has one link; b-type space which has more than one connection and lies on a tree; 

c-type space which has more than one connection and lies on a ring; and d-type space with more 

than two connections and lies on at least two rings. In other words, a- and b-type spaces indicate 

tree-like graphs; whereas c and d types indicate ringy graphs” (Manum, 1999) (al, 1987a) (Hanson, 

2003) (Guney, 2005) (Bellal, 2007)

In an a-type space, an occupation is present and does not give space for circulation. 

In b-type and c-type spaces, movement and circulation are present and occupation might not be 

present.

In d-type spaces, the most choice of circulation is offered. (Mzoori, 2004)

•	 “To calculate the degree of a-ness of a house layout the number of a-type spaces is divided 

by the total number of spaces minus one.

 

•	 The degree of b-ness is calculated by dividing the number of b-type spaces in a house layout 

by the total number of spaces minus two.

 

•	 The degree of c-ness and d-ness is calculated by dividing the number of c- or d type spaces 

by the total number of spaces in the layout as a whole.” (Mzoori, 2004)
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 The figure 3.4 illustrates that :

a-type space : It is on a tree and it is a dead-end space, like space 7

b-type space : It is on a tree and has two connections, like space 6

c-type space : It is on a ring and has more than one connection, like the spaces 2, 3, 4, 5

d-type space : It is on a ring and has more than two connections, like the space 1 (Mzoori, 2004)

 

3.4 Sampling methods:

The sampling methods were created with the aim of obtaining the most comprehensive source of 

data possible to address the research questions. The sampling can ensure the highest degree of rep-

resentation to all types of house layouts in a society.

The sample size to represent house layouts are 15 ( 5 for each house typology ), taking into consider-

ation the time limitation and the spread of the pandemic, corona virus across the world.

Figure 3.4 : Classification of spatial patterns in a house layout
Source : (Amorim L. , 1997) (Amorim, 2001)
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CHAPTER 04 : AN OVERVIEW OF HOUSE LAYOUTS IN AHMEDABAD CITY, INDIA 

4.1 Growth and evolution of Ahmedabad

Ahmedabad is a historic city in Gujarat, India, located in the western part of the country. It was estab-

lished by Islamic conquests in India. Ahmed Shah established the city in 1411 AD.

The wealth and religious architecture of the Solanki kingdom awed new Muslim rulers. The new 

rulers were eager to develop their dominance and began construction projects in Ahmedabad. They 

created a Hindu architecture model.

 The result was Ahmedabad’s famous “sultanate architecture,” which is regarded as a high point in 

world architectural heritage.

The architecture of Ahmedabad, a walled city on the Sabarmati River, was influenced by Hindu prac-

tises.

After a deal with the rulers of western India, the Poona Peshwas, Ahmedabad came under British 

rule in 1817. Ahmedabad came under British rule in 1817 after a treaty with the rulers of western 

India, the Poona Peshwas. 

The British were interested in annexing Ahmedabad because of the enormous power that controlling 

the city bestows on its owner in the eyes of the world. Both the Mughal and Peshwa rulers had 

depopulated the district. When the British arrived, Ahmedabad’s economy was focused on gold, silk, 

and cotton. By 1839, the opium trade to China had increased Ahmedabad’s trade guilds, and the city 

was rapidly progressing.

In 1917, Mahatma Gandhi stayed in this town for 13 years to carry out his anti-colonial campaign, 

which aimed to conquer the entire colonized world.
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 Figure 4.1 : Growth and evolution of Ahmedabad city
Source : (vikashsaini, 2014)

Figure 4.2 : History of housing typologies in Ahmedabad
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4.2 House layouts in Ahmedabad city

The research addresses the relationship between spatial configuration and functional efficiency of 

house layouts in Ahmedabad. The study of house layouts will be done to clarify the same. For this 

purpose, various housing typologies that can be found in Ahmedabad, as follows :

•	 Pol houses 

•	 Row houses 

•	 Bungalows

                                   

4.2.1 Pol house layouts 

In 1872, the city had 356 pols. A pol is a residential neighbourhood with clearly defined boundaries. 

A pol has a single entrance that leads to a main street, followed by secondary streets that lead to the 

cluster of houses. At the quadrangles, there are temples and mosques. The pol has a fixed border 

that runs through all of the houses, tying the families together and giving them a sense of belonging.

Despite their proximity to public spaces, the pols configuration offered protection to the inhabitants. 

Figure 4.3 : Pol houses    Figure 4.4 : Bungalows   

Figure 4.5 : Row houses    
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People from the same caste occupied a group of pols.

Wooden facades, carved windows, balconies, otlas, khadkis, and chowks adorned the pol buildings. 

They have narrow and deep house types with an open courtyard and semi-open areas. The linear 

arrangement depicts the transition from public to semi private private spaces. (shah, 2015)

The main elements of the pol houses are as follows :

4	 Otla (veranda)

5	 Khadki (living space)

6	 Chowk (courtyard)

7	 Osri (semi open space)

8	 Parsal ( family space )

9	 Ordo (bedroom)

10	 Rasodu (kitchen)

11	 Utility areas

12	 Passage

4.2.2 Row house layouts 

In order to design housing, architects collaborated with builders to implement the idea of row hous-

ing near the city center for the price of an apartment. Row houses are a group of houses of identical 

designs that are lined up and separated by a common wall. Row houses, which are derived from the 

idea of pol houses, have inward-looking open space, territories, and common areas. They also have 

private open spaces in the front and back of the building.

Figure 4.6 : Illustration of a typical pol house’s spaces and its spatial configuration
Source : by author
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A row house’s layout is divided into three sections: the front yard, built-up space, and backyard. The 

house is mainly made up of three rooms, a kitchen, and a double-height living room with a view of 

the backyard. Spaces are adaptable and can be used according to the needs of the user.

4.2.3 Bungalows layouts 

The concept of bungalows came in when the elite class started gaining their wealth and status and 

the city expanded towards the western part. They acquired private land to cater to their housing 

needs. A bungalow is a small to medium home which started to be built between 1900-1930. It has a 

private, relatively open, single story plan.

The elements of a bungalow include a front porch, overhangs and horizontal orientation. The bun-

galow’s plan had flexibility in terms of the user’s needs and it kept evolving catering to their lifestyles. 

The main entrance was guarded, leading to the reception area, the dining room, and finally the 

private bedrooms. Multiplicity in levels was also found where bedrooms and other amenities were 

arranged on the second floor.

Fig 4.7 : Illustration of Shyamal row house designed by Architect Hasmukh Patel

Source : Architect Hasmukh Patel
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Figure 4.8 : Illustration of a typical bungalow in Vrindavan 7 designed by Architect Dilip Soni

Source : Architect Dilip Soni
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CHAPTER 05 : CASE STUDIES, ANALYSIS AND DISCUSSION OF DATA

5.1 Case studies selection 

The case studies were limited to the city Ahmedabad in India. The residences were selected were of 

varying time periods according to their typology to make a comparative analysis.

The cases selected were built between 1920 to 2020 and their built up areas were ranged between 

100 to 300 sq m. This range was selected as it becomes a reasonable parameter to compare the 

houses. If the sizes of the houses are extremely fluctuating, they cannot be compared as if the sizes 

become more, the functionality decreases in terms of mean depth.

The approximate year of construction of pol houses case studies were of 1920s.

The approximate year of construction of row houses case studies were of 1970-1990

The approximate year of construction of bungalows case studies were of 1990-2020.

These time periods had the most number of cases of the typologies selected.

5.2	 Case studies selected

5.2.1	 Pol houses :

1.	 Atul Rana house (1920s)

2.	 Babukaka house (1920s)

3.	 Dodhia haveli (1920s)

4.	 Yellow house (1920s)

5.	 Modi house (1920s)

5.2.2	 Row houses :

6.	 Jay Shefalli row houses (1974-78)

7.	 Shyamal row houses (1982)

8.	 Cosmoville row houses (1986)								      

9.	 Readers quarters, Gujarat University (1977)

10.	 Staff quarters, Gujarat Universty (1977)

5.2.3	 Bungalows :

11.	 Padmakantbhai house (1992-95)
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12.	 Chitrak Shah house (2013)

13.	 Kartikay Thakkar house (2010)

14.	 Vrindavan 7 bungalows (2013)

15.	 Vishnudhara bungalows (2017)

5.3	 Case studies of Pol houses 

5.3.1	  Name : Dodhia Haveli, Ahmedabad     (1920s)

	 Built up area : 162 sq. m. 

Figure 5.2 : Ground, first and second floor plan of Dodhia Haveli

 

Figure 5.1 : Master plan of Ahmedabad showing the location of the selected case studies

Source : by author

Figure 5.2 : Ground, first and second floor plan of Dodhia Haveli

Source : (Patel, 2021)
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5.3.2	 Name : Atul Rana house, Ahmedabad    (1920s)

	 Built up area : 160 sq. m. 

5.3.3	 Name : Babukaka house, Ahmedabad    

	 Built up area : 272 sq. m. 

Figure 5.3 : Ground, first, second and third floor plan of Atul Rana house

Source : (Patel, 2021)

Figure 5.4 : Ground, first and second floor plan of Babukaka house

Source : (Patel, 2021)
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5.3.5	 Name : Yellow house, 2675 Khijda Sheri, Dhal ni pol, Khadia - II   

	 Built up area : 195 sq. m. 

Figure 5.4 : Ground, first, second and third floor plan of Yellow house

5.3.6	 Name : Modi house,Haldarvalo Khacho   (1920s)

	 Built up area : 263 sq. m. 

Figure 5.5 : Ground, first, second and third floor plan of Babukaka house

Source : (Patel, 2021)

Figure 5.6 : Ground, first, second and third floor plan of Modi house

Source : (Patel, 2021)
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5.4	 Case studies of Row houses 

5.4.1 Name : Jay Sheffali park, Ahmedabad (1974-78)

	 Architect : Kamal Mangaldas

	 Area : 188 sq. m

.

5.4.2  Name : Shyamal row houses, Ahmedabad (1982)

	 Architect : Hasmukh Patel 

	 Built up area : 146 sq. m. 

Figure 5.7 : Ground and first floor plan of Jay Sheffali row houses

Source : (mangaldas, 2021)

Figure 5.8 : Ground and first floor plan of Shyamal row houses

Source : (patel, 2021)
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5.4.3 Name : Cosmoville, Ahmedabad 

	 Architect : Abhikram architects

	 Built up area : 188 sq m.

 

5.4.4  Name : Readers quarters, Gujarat university, Ahmedabad 

	 Architect : Hasmukh Patel architects

	 Built up area : 152 sq m.

Figure 5.9 : Lower, Ground, First and second floor plans of Cosmoville row houses

Source : (architects, 2021)

Figure 5.10 : Ground and first floor plan of Readers quarters row houses

Source : (Patel, 2021)



32

5.4.5 Name : Staff quarters, Gujarat university, Ahmedabad 

	 Architect : Hasmukh Patel architects

	 Built up area : 97 sq m.

5.5	 Case studies of Bungalows 

5.5.1 Name : Padmakant Shah house, Ahmedabad (1992-95)

	 Architect : Kamal Mangaldas architects

	 Built up area : 255 sq. m. 

Figure 5.11 : Ground and first floor plan of Staff quarters row houses

Source : (Patel, 2021)

Figure 5.12 : Ground and first floor plan of Padmakant Shah house

Source : (mangaldas, 2021)
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5.5.2 Name : Chitrak Shah house, Ahmedabad (2010) 

	 Architect : Dilip Soni architects 

	 Built up area : 250. m. 

5.5.3  Name : Vrundavan 07, Ahmedabad (2013)

	 Architect : Dilip Soni architects

	 Built up area : 283 sq. m.

       

Figure 5.13: Ground and first floor plan of Chitrak Shah house

Source : (Soni, 2021)

Figure 5.14 : Ground and first floor plan of Vrundavan 7 bungalows

Source : (Soni, 2021)
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5.5.4  Name : Kartikay Thakkar house, Ahmedabad (2013)

	 Architect : Dilip Soni architects

	 Built up area : 294 sq. m.

5.5.5  Name : Vishnudhara bungalow, Ahmedabad 

	 Architect : Dilip Soni architects

	 Built up area : 228 sq. m.

Figure 5.15: Ground and first floor plan of Kartikay Thakkar house

Source : (Soni, 2021)

Figure 5.16 : Ground, first and second floor plan of Vishnudhara bungalows

Source : (Soni, 2021)
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5.6	 How the analysis was conducted 

For the analysis of the data, a mathematical methodology was taken up in the form of formulas and 

equations. These methods provide results by applying the theory of Space syntax and the methodol-

ogy as discussed earlier. To conduct the analysis, the samples of house layouts for all typologies are 

compared for each indicators of Space syntax that are studied. 

5.7	 Results

5.7.1 Results related to indicator of depth and integration

5.7.1.1	 Results related to indicator of depth

For the key spaces in a house layout such as Kitchen, Receiving room, Bedroom, Living room and 

Toilet, the analysis related to the spatial depth is done as follows.

Table 5.1 : Mean depth values of the key spaces in the house layouts of all typologies

Source : by author

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

Kitchen 2.76 2.90 3.10 2.18 3.35 2.86

Entrance 3.15 2.70 4.21 1.90 2.94 2.98

Bedroom 3.23 3.30 3.10 3.36 3.23 3.24

Living room 2.46 2.00 3.36 2.18 2.11 2.42

Toilet 4.07 3.60 4.31 4.27 3.88 4.03

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

Kitchen 2.61 2.21 3.57 2.37 1.92 2.53

Entrance 1.16 3.00 3.30 3.56 3.30 2.86

Bedroom 3.00 2.14 3.92 2.37 2.53 2.79

Living room 2.72 2.07 3.57 2.62 2.46 2.68

Toilet 3.94 3.07 3.73 2.12 1.92 2.95
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a.	 Kitchen : For the indicator of mean depth  by using –Graph, the analysis of Kitchen for all 

house typologies is as follows :

Pol houses - 2.86

Row houses -  2.53

Bungalows – 2.79

This indicates that the depth decreased from pol houses to row houses, but it increased in bunga-

low layouts.

b.	 Entrance : For the indicator of mean depth  by using –Graph, the analysis of Entrance area 

for all house typologies is as follows :

Pol houses - 2.98

Row houses -  2.86

Bungalows – 2.94

This indicates that the depth decreased from pol houses to row houses, but it increased in bunga-

low layouts.

c.	 Bedroom : For the indicator of mean depth  by using –Graph, the analysis of Bedroom for all 

house typologies is as follows :

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

Kitchen 2.84 2.80 2.56 2.92 2.85 2.79

Entrance 2.05 3.90 3.16 3.32 2.33 2.94

Bedroom 3.21 3.00 2.80 2.57 2.38 2.79

Living room 2.36 2.45 3.43 2.50 2.42 2.63

Toilet 3.00 3.00 3.23 2.60 2.38 2.84
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Pol houses – 3.24

Row houses -  2.79

Bungalows – 2.79

This indicates that there is decreased spatial depth from pol houses to row houses and remained 

the same in bungalows.

d.	 Living room : For the indicator of mean depth  by using –Graph, the analysis of Living room 

for all house typologies is as follows :

Pol houses – 2.42

Row houses -  2.68

Bungalows – 2.63

This indicates that the depth increased from pol houses to row houses, but it decreased in bunga-

low layouts.

e.	 Toilet : For the indicator of mean depth  by using –Graph, the analysis of Toilet for all house 

typologies is as follows :

Pol houses – 4.03

Row houses -  2.95

Bungalows – 2.84

This indicates that there is decreased spatial depth from pol houses to bungalows.

Table 5.2 : Mean depth values of the overall house layouts of all typologies

Source : by author

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

Overall 

depth

3.29 2.72 3.70 2.70 3.25 3.13
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Table 5.3 : Depth levels of the house layouts of all typologies

Source : by author

5.7.1.2	 Results related to indicator of integration

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

Overall 

depth

2.87 2.65 4.42 3.02 2.60 3.11

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

Overall 

depth

3.28 3.25 3.14 3.38 3.01 3.21

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

Depth level 5 5 9 5 6 6

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

Overall 

depth

5 6 11 7 6 7

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

Overall 

depth

6 7 7 9 7 7.2

This indicates that there is decrease in overall depth of the layout from pol houses to row houses, 

but it increases in bungalows.

This indicates that there is increase in the depth levels from pol houses to bungalows.
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From the results of A Graph, the indicator of integration degree is found out and is tabulated.

a.	 Kitchen : The mean integration value of kitchen for all the house typologies are as follows :

Pol houses – 1.11

Row houses – 0.74

Bungalows – 0.76

This indicates that the integration of kitchen decreases from pol houses to row houses, then in-

creases slightly in bungalows. It is highest integrated in row house layouts (0.74) and least integrat-

ed in pol houses ( 1.11 )

b.	 Entrance : The mean integration value of entrance for all the house typologies are as follows:

Pol houses – 1.15

Row houses – 0.71

Bungalows – 0.74

This indicates that the integration of entrance decreases from pol houses to row houses, then in-

creases slightly in bungalows. It is highest integrated in row house layouts (0.71) and least integrat-

ed in pol houses ( 1.15 )

c.	 Bedroom : The mean integration value of bedroom for all the house typologies are as follows 

:

Pol houses – 1.4

Row houses – 0.72

Bungalows – 0.76

This indicates that the integration of bedroom decreases from pol houses to row houses, then in-

creases slightly in bungalows. It is highest integrated in row house layouts (0.72) and least integrat-
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ed in pol houses ( 1.4 )

d.	 Living room : The mean integration value of living room for all the house typologies are as 

follows :

Pol houses – 0.93

Row houses – 0.59

Bungalows – 0.6

This indicates that the integration of living room decreases from pol houses to row houses, then 

increases slightly in bungalows. It is highest integrated in row house layouts (0.59) and least inte-

grated in pol houses ( 0.93)

e.	 Toilet : The mean integration value of toilet for all the house typologies are as follows :

Pol houses – 1.64

Row houses – 0.73

Bungalows – 0.75

This indicates that the integration of toilet decreases from pol houses to row houses, then increas-

es slightly in bungalows. It is highest integrated in row house layouts (0.73) and least integrated in 

pol houses ( 1.64 )

 
Table 5.4 : Mean values of Real relative asymmetry of the key spaces in the house layouts of all typologies

Source : by author

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

Kitchen 1.08 1.42 1.02 0.81 1.22 1.11

Entrance 1.31 1.25 1.56 0.63 1.01 1.15

Bedroom 1.37 1.73 1.11 1.65 1.14 1.4

Living room 1.39 0.74 1.15 0.81 0.55 0.93

Toilet 1.91 1.93 1.6 1.26 1.52 1.64
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Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

Kitchen 0.90 0.69 0.83 0.74 0.56 0.74

Entrance 0.65 0.92 1.16 1.09 0.42 0.71

Bedroom 1.15 0.66 0.63 0.74 0.94 0.72

Living room 0.55 0.62 0.84 0.86 0.89 0.59

Toilet 1.01 0.90 0.61 0.61 0.56 0.73

The analysis also shows mean integration values of overall house layouts for all the house typologies.

The results are as follows :

 Pol houses – 1.29

Row houses – 0.95

Bungalows – 0.98

This indicates variation in integration values of all house typologies. Row houses are highest inte-

grated and Pol houses are the least integrated.

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

Kitchen 0.89 0.82 0.52 0.76 0.84 0.76

Entrance 0.49 1 0.68 0.92 0.61 0.74

Bedroom 1.07 0.95 0.57 0.59 0.61 0.76

Living room 0.67 0.68 0.42 0.59 0.65 0.60

Toilet 0.98 0.95 0.63 0.59 0.61 0.75



42

Table 5.5 : Mean values of Real relative asymmetry of the overall house layouts of all typologies

Source : by author

As a result of the parameters of indicator of depth and integration, the row houses are the best in 

terms of functional efficiency.

5.7.2	 Results related to indicator of difference factor (H*)

From the results of A Graph, the indicator of difference factor is found out and is tabulated. 

The results indicate that the pol houses show the lowest difference factor ( 0.464 ) followed by row 

houses ( 0.638 ), then bungalows show the highest difference factor ( 0.766 )

Table 5.6 : Values of difference factor of house layouts of all typologies

Source : by author

	

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

RRA 1.1 0.87 1.04 1.02 0.97 0.95

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

RRA 1.11 1.05 0.89 0.92 0.93 0.98

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

H* 0.44 0.33 0.66 0.30 0.59 0.464

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

RRA 1.42 1.29 1.33 1.23 1.18 1.29



43

Even though the indicator of difference factor provided the result of pol houses layouts being the 

least differentiated, followed by row houses ; the house layouts of row houses are the most func-

tionally efficient according to this research. 

5.7.3	 Results related to indicator of Space-Link ratio

According to the justified graphs made for the house layouts of pol housing, 80% of the houses had 

“ringy” structures. The space-link ratio for pol houses is 1.156. This shows that the layouts were pre-

dominantly “ringy” but with the least number of rings as compared to row housing and bungalows 

layouts. But they were somewhat distributed in general.

According to the justified graphs made for the house layouts of row housing, 100% of the houses 

had “ringy” structures. The space-link ratio for pol houses is 1.416. This shows that the layouts 

were “ringy”  with the most number of rings. They were distributed and more functional in gener-

al.

According to the justified graphs made for the house layouts of bungalows, 100% of the houses had 

“ringy” structures. The space-link ratio for pol houses is 1.392. This shows that the layouts were 

“ringy”  with lesser number of rings as compared to row houses. They were distributed and function-

al in general.

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

H* 0.81 0.51 0.83 0.58 0.46 0.638

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

H* 0.69 0.72 0.82 0.87 0.73 0.766
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Table 5.7 : Values of the mean of space-link ratio of overall house layouts of all typologies

Source : by author

5.7.4	 Results related to indicator of Space-Type

The analysis shows the degree of space-ness for the overall house layouts for Pol housing. The values 

in the table indicate that a type and b type of spaces are more significant than c and d type of spaces.

For row housing, the values in the table indicate that c and d type of spaces are more significant than 

a and b type of spaces.

For bungalows, the values in the table indicate that c and d type of spaces are more significant than a 

and b type of spaces.

Overall, it is seen that the Row houses have highest c and d type spaces

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

Space-Link 

ratio (R)

1 1.15 1.14 1.16 1.33 1.156

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

Space-Link 

ratio (R)

1.79 1.73 1.41 1.12 1.03 1.416

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

Space-Link 

ratio (R)

1.24 1.78 1.2 1.5 1.24 1.392
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Table 5.8 : Values of the mean of space-type ratio of the overall house layouts of all typologies in detail.

Source : by author

Pol housing Dodhia 

haveli

Atul rana 

house

Babukaka 

house

Yellow 

house

Modi house Average

a-type 

spaces

0.38 0.5 0.32 0.18 0.35 0.346

b-type 

spaces

0.38 0.6 0.32 0.18 0.29 0.354

c-type 

spaces

0.30 0 0.42 0.45 0.29 0.292

Row hous-

ing

Jay Shefalli Shyamal 

Row

Cosmoville Readers GU Staff GU Average

a-type 

spaces

0.33 0.43 0.46 0.25 0.23 0.340

b-type 

spaces

0.33 0.14 0.35 0.17 0.15 0.228

c-type 

spaces

0.21 0.29 0.19 0.33 0.30 0.264

Bungalows Padmakant 

Shah

Chitrak 

Shah

Kartikay 

Thakkar

Vrindavan 7 Vishnud-

hara

Average

a-type 

spaces

0.32 0.30 0.38 0.36 0.29 0.330

b-type 

spaces

0.21 0.20 0.23 0.29 0.24 0.234

c-type 

spaces

0.37 0.35 0.07 0.21 0.14 0.228
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Table 5.9 : Values of the mean of space-type ratio of overall house layouts of all typologies.

Source : by author

5.8	 Discussion and interpretation of data

5.8.1	 Discussion of the data of indicators of depth and integration

5.8.1.1	  Discussion of the indicator of depth

The indicator of depth deals with efficiency of the functions. The low values suggest high integration 

and more importance and the high values suggest high segregation and less importance. The key 

spaces of the house layout ( Kitchen, Entrance, Bedroom, Living room and Toilet )will be discussed 

and the results will be interpreted.

a.	 Kitchen : The least mean depth of the kitchen is in the row layouts, then bungalows, then pol 

houses. This means that kitchen is the most important in row houses and hence, we can use models 

of kitchen from bungalow layouts for maximum functional efficiency.

b.	 Entrance : The least mean depth of the entrance is in the row houses layouts, then bunga-

lows, then pol houses. This means that entrance is the most important in row houses and hence, we 

can use models of kitchen from row houses layouts for maximum functional efficiency.

Space type Pol houses Row houses Bungalows

a-ness 0.346 0.34 0.33

b-ness 0.354 0.228 0.234

c-ness 0.292 0.264 0.228

d-ness 0.112 0.202 0.236

2,86

2,53

2,79

Pol houses Row houses Bungalows

Figure 5.17 : MD values of kitchen in the house layouts for all house typologies

Source : by author
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c.	 Bedrooms : The least mean depth of the bedrooms is in the row house layouts, then bunga-

lows, then pol houses. This means that bedroom is the most important in row houses and hence, we 

can use models of kitchen from row house layouts for maximum functional efficiency.

 

d.	 Living room : The least mean depth of the living room is in the pol house layouts, then 

bungalows, then row houses. This means that living room ( court yard ) is the most important in pol 

houses and hence, we can use models of living room from pol house layouts for maximum functional 

efficiency.

 

2,98

2,86

2,94

Pol houses Row houses Bungalows

3,24

2,79 2,79

Pol houses Row houses Bungalows

2,42

2,68 2,63

Pol houses Row houses Bungalows

Figure 5.18 : MD values of entrance in the house layouts for all house typologies

Source : by author

Figure 5.19 : MD values of bedroom in the house layouts for all house typologies

Source : by author

Figure 5.20 : MD values of living room in the house layouts for all house typologies

Source : by author
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e.	 Toilet : The least mean depth of the toilet is in the bungalow layouts, then row houses, then 

pol houses. This means that toilet is the most important in bungalows and hence, we can use models 

of toilet from bungalow layouts for maximum functional efficiency.

 

From these above inferences, we can conclude that the house layouts of bungalows prove that 

they are the most functionally efficient, followed by row houses for the indicator of mean depth of 

the key spaces in the house ( kitchen, entrance, bedroom, living room, toilet )

 

For the spatial depth of the house layouts, the row houses show more functionality, followed by 

the pol houses. 

 

4,03
2,95 2,84

Pol houses Row houses Bungalows

3,13
3,11

3,21

Pol houses Row houses Bungalows

6
7 7,2

Pol houses Row houses Bungalows

Figure 5.21 : MD values of toilet in the house layouts for all house typologies
Source : by author

Figure 5.22 : MD values of overall house layouts of all house typologies

Source : by author

Figure 5.23 : Values of spatial depth level of overall house layouts of all house typologies

Source : by author
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5.8.1.2	 Discussion of the indicator of integration

The indicator of integration deals with efficiency of the functions. The low values suggest high inte-

gration and more importance and the high values suggest high segregation and less importance. The 

key spaces of the house layout ( Kitchen, Entrance, Bedroom, Living room and Toilet ) will be dis-

cussed and the results will be interpreted.

a.	 Kitchen : The most integrated kitchen is in the row house layouts, then bungalows, then pol 

houses. This means that kitchen is the most important in row houses and hence, we can use models 

of kitchen from row houses layouts for maximum functional efficiency.

b.	 Entrance : The most integrated entrance is in the row houses layouts, then bungalows, then 

pol houses. This means that entrance is the most important in row houses and hence, we can use 

models of entrance from row houses layouts for maximum functional efficiency.

c.	 Bedroom : The most integrated bedroom is in the row houses layouts, then bungalows, then 

pol houses. This means that bedroom is the most important in row houses and hence, we can use 

models of bedroom from row houses layouts for maximum functional efficiency.

1,1
0,74 0,76

Pol houses Row 
houses

Bungalows

1,15

0,71 0,74

Pol houses Row houses Bungalows

Figure 5.24 : Values of mean integration of kitchen in the house layouts for all house typologies

Source : by author

Figure 5.25 : Values of mean integration of entrance in the house layouts for all house typologies

Source : by author
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d.	 Living room : The most integrated living room is in the row houses layouts, then bungalows, 

then pol houses. This means that living room is the most important in row houses and hence, we can 

use models of living room from row houses layouts for maximum functional efficiency.

e.	 Toilet : The most integrated entrance is in the row houses layouts, then bungalowss, then 

pol houses. This means that entrance is the most important in row houses and hence, we can use 

models of toilet from row houses layouts for maximum functional efficiency.

From these above inferences, we can conclude that the house layouts of row houses prove that 

they are the most functionally efficient, followed by bungalows for the indicator of mean depth of 

the key spaces in the house ( kitchen, entrance, bedroom, living room, toilet )

0,93

0,59 0,6

Pol houses Row houses Bungalows

1,4

0,72 0,76

Pol houses Row houses Bungalows

1,64

0,73 0,75

Pol houses Row houses Bungalows

Figure 5.26 : Values of mean integration of bed room in the house layouts for all house typologies

Source : by author

Figure 5.27 : Values of mean integration of living room in the house layouts for all house typologies

Source : by author

Figure 5.28 : Values of mean integration of toilet in the house layouts for all house typologies

Source : by author
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3,13

3,46

3,21

Pol houses Row houses Bungalows

For the integration of the house layouts, the row houses show more functionality, followed by the 

bungalows. 

 

The analysis proves that the indicators of depth and integration provide similar results of the row  

house layouts being the most functionally efficient.

5.8.2	 Discussion of the difference factor (H*)

The indicator of difference factor deals with differentiations in terms of house layouts. The low 

values which are near to 0 suggest high differentiation and high functional efficiency and the high 

values which are near 1 suggest low differentiation and low functional efficiency. 

The analysis suggests that the pol houses have highest differentiation, followed by row houses, then 

bungalows. This means that the spaces are independent and non-interchangeable with other spaces, 

which provides high functional efficiency.

1,29

0,95 0,98

Pol houses Row houses Bungalows

Figure 5.29 : Values of integration of overall house layouts of all typologies.

Source : by author

Figure 5.30 : Values of spatial depth level of overall house layouts of all house typologies

Source : by author
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5.8.3  Discussion of the indicator of Space-Link ratio 

The indicator of space-link ratio deals with distributedness in terms of the structure of the house 

layouts. The values are close to 1, the ones more than 1 suggest more ringiness, distributedness, high 

flexibility and functional efficiency. The values which are less than 1 suggest a tree-like system, less 

distributedness, less flexibility and less functional efficiency.

The analysis suggests that the row houses are the most functionally efficient in terms of space-link 

ratio, followed by bungalows, then pol houses.

5.8.4 Discussion of the indicator of Space-Type 

The indicator of space-type deals with the proportion of a-ness, b-ness, c-ness and d-ness of the 

house layouts. The functional efficiency increases when the c-ness and d-ness of the layout increas-

es, which suggests that the layout is ringy. It decreases with more amount of a-ness and b-ness of the 

layout, which suggests that the layout is tree-like.

0,464
0,638 0,766

Pol houses Row 
houses

Bungalows

1,156 1,416 1,392

Pol houses Row 
houses

Bungalows

Figure 5.31 : Values of difference factor of overall house layouts of all house typologies.

Source : by author

Figure 5.32 : Values of space-link ratio of overall house layouts of all house typologies.

Source : by author
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The analysis suggests that the row houses are the most functionally efficient in terms of space-

type, followed by bungalows, then pol houses.	 							     

							     

 

0,34 0,35

0,29

0,11

0,34

0,22
0,26

0,2

0,33

0,23 0,23 0,23

a-ness b-ness c-ness d-ness

Pol houses Row houses Bungalows

Figure 5.33 : Values of space-type of overall house layouts of all house typologies.

Source : by author
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CHAPTER SIX : CONCLUSIONS 

6.1 Summary

This research studies the spatial configuration and the functional efficiency of the house layouts in 

Ahmedabad. The design of the house layouts in Ahmedabad have been affected by many factors.

The study has been done to accomplish the need of sustainable architecture by analysing the house 

layouts of various typologies in Ahmedabad, by specifically analysing the design of the house layouts 

in the terms of functionality. To measure the functional effficiency of the layouts, the spatial configu-

ration has been studied. The parameters of Space syntax which aid in finding the functional efficien-

cy have been taken into consideration, and if there are any modifications in the formations of the 

layouts, the functional efficiency might be weakened.

To analyse the functionality, the research questions have been brought up which will identify its 

various parameters. Hence, the house layouts of Ahmedabad have been divided according to various 

typologies namely, Pol houses, Row houses and Bungalows.

To plan out the study, a methodology has been picked up which will analyse the level of functional 

efficiency. By the use of a software called AGraph, the spatial configuration is studied, and it provides 

quantitative measurements to analyse its functional efficiency.  

6.2 Research hypothesis validation

The research hypothesis was to test the assumption that spatial configuration affects the functional 

efficiency of house layouts of various typologies in Ahmedabad. 

For the testing, these research questions were raised :

6.3 Conclusions

To solve the research question, the analysis of the results was done and conclusions were made, 

which supported the research hypothesis. The conclusions are :

6.3.1 Research question 1:

What are the characteristics of spatial configuration affecting the functional efficiency of house lay-

outs of various typologies?
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Answer of research question 1:

The modifications in house layouts in each period of time, starting from pol houses to row houses to 

bungalows proved that there are some factors and reasons which affect the same. 

In chapter 5, the characteristics which affected spatial configuration were studied by the way of 

Space syntax’s indicators and parameters. For the results of indicator of spatial depth for the key 

spaces in the house layout, the layouts of row houses came up to be the most functionally efficient 

as they had less spatial depth in terms of spatial configuration, while the bungalows had the most 

spatial depth, so they were less functional.

For the results of the indicator of integration, the layouts of row houses were the most integrated 

and the pol houses were the least integrated. So, it is proved that the spatial configuration affects the 

functional efficiency in terms of house layouts.

The layouts of row houses proved to be the most functionally efficient in terms of both spatial depth 

and integration. 

 

6.3.2 Research question 2:

How the process of spatial configuration and functional efficiency is being affected over time?

Answer of research question 2:

One of the main reasons that spatial configuration in architecture is affected is due to time. With 

time and advancements, certain factors such as social, political, economical, etc. are affected on 

the spatial configuration of the house layouts of various typologies. In Ahmedabad, the Pol housing 

was built, then after certain modifications due to advancement, money and western influences, the 

concept of row houses as a community came up. With time and growing economical conditions of 

the people, the requirement of individual houses arose, which resulted in the development of the 

bungalows.

From the parameters of space syntax, the functionality of the various layouts are studied on the basis 

of various parameters. The parameter of space-type ratio was conducted on the layouts. The row 

houses were again, the most functionally efficient, followed by bungalow layouts with a very slight 

difference in results, as it had more number of c-type and d-type spaces ; and less number of a-type 

and b-type spaces. This proves that the spatial configuration which affects the functionality of the 

layouts is changing with time and modifications.
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6.3.3 Research question 3:

Are the pol house layouts inefficient in terms of functionality?

Answer of research question 3:

Pol houses were amongst the first in the city of Ahmedabad. After modifications in the house forms 

due to technological advances, western influences, social factors, political factors and the rising 

economy, the row houses were developed, followed by bungalows. By analysing the spatial struc-

tures with the indicators of Space syntax, some functional disorders in the layouts of pol houses are 

realized.

Studying the indicator of the mean depth, it is realized that the pol house layouts have more spatial 

depth in their structures as compared to the row house layouts. This results in functional inefficien-

cies. By measuring the indicator of integration, it is realized that the pol house layouts are the least 

integrated as compared to row houses and bungalow layouts. This proves that the spatial structure is 

less integrated and less important, hence it is less functional.

Studying the indicator of the difference factor of space, it is realized that the pol houses have the 

most degree of difference in the values of integration ; which means that the spaces in a pol house 

are not interchangeable with others. This proves that there is a strong social factor in the ordering of 

the spaces.

Studying the space-link ratio, it is realized that the pol house layouts are less ringy in nature, hence 

they are not 100% distributed. This proves that there are less number of routes to go from one space 

to another which increases the segregation and decreases the functional efficiency.

Studying the space-type, it is realized that pol houses have more a-type and b-type of spaces in their 

layout, which proves that there is less number of ways to circulate around the layout.

The results of the indicators prove that there is clearly a weakness in the functionality of the house 

and might not be very functionally efficient.

6.3.4 Research question 4:

Are the row house layouts efficient in terms of functionality? 

Answer of research question 4:

The row houses developed after the pol houses in Ahmedabad as a result of modifications due to 

technological advances, western influences, social factors, political factors and the rising economy.

Studying the indicator of the mean depth, it is realized that the row house layouts have less spatial 
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depth in their structures as compared to the other house layouts. This results in functional efficien-

cy. By measuring the indicator of integration, it is realized that the row house layouts are the most 

integrated as compared to pol houses and bungalow layouts. This proves that the spatial structure is 

more integrated and more important, hence it is more functional.

Studying the indicator of the difference factor of space, it is realized that the row houses have mod-

erate degree of difference in the values of integration ; which means that the spaces in a row house 

are less interchangeable with others. This proves that there is a strong social factor in the ordering of 

the spaces.

Studying the space-link ratio, it is realized that the row house layouts are ringy in nature, hence they 

are very distributed. This proves that there are more number of routes to go from one space to an-

other which increases the integration and increases the functional efficiency.

Studying the space-type, it is realized that row houses have more c-type and d-type of spaces in their 

layout, which proves that there is more number of ways to circulate around the layout.

The results of the indicators prove that there is clearly strength in the functionality of the house and 

might be very functionally efficient.

6.3.5 Research question 5:

Are the bungalow layouts inefficient in terms of functionality?

Answer of research question 5:

The bungalows developed after the row houses in Ahmedabad as a result of modifications due to 

technological advances, western influences, social factors, political factors and the rising economy.

Studying the indicator of the mean depth, it is realized that the bungalow layouts have the most 

spatial depth in their structures as compared to the other layouts. This results in functional ineffi-

ciencies. By measuring the indicator of integration, it is realized that the bungalow layouts are less 

integrated as compared to row houses. This proves that the spatial structure is less integrated and 

less important, hence it is less functional.

Studying the indicator of the difference factor of space, it is realized that the bungalows have the 

most degree of difference in the values of integration ; which means that the spaces in a bungalow 

are not interchangeable with others. This proves that there is a weak social factor in the ordering of 

the spaces.

Studying the space-link ratio, it is realized that the bungalow layouts are lesser ringy in nature as 
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compared to row houses, hence they are not 100% distributed. This proves that there are less num-

ber of routes to go from one space to another which increases the segregation and decreases the 

functional efficiency.

Studying the space-type, it is realized that bungalows have less number of c-type and d-type spaces 

as compared to row houses, which proves that there is less number of ways to circulate around the 

layout.

The results of the indicators prove that there is clearly a weakness in the functionality of the house 

and might not be very functionally efficient.

6.3.6 Research question 6:

How can the theory of space syntax evaluate the spatial configuration affecting the functional effi-

ciency of the house layouts?

Answer of research question 6:

The theory and parameters of space syntax is used to analyse the spatial configuration and functional 

efficiency of the house layouts in Ahmedabad.

For the purpose of this research, each space in each layout has been considered as independent with 

some function. Taking each space, it is connected with all the other spaces in one house layout. Each 

space will have its own function and effectiveness in evaluating functional efficiency of the layout as 

a whole. The indicators of Space syntax are applied to test the functionality of the layouts, such as : 

1.	 Mean depth and Integration of space :

The mean depth of the spaces shows the depth and isolation of a space in a house layout. The 

integration of a space shows how connected and integrated a space is with all the other spaces in a 

house layout. By knowing the results of each space using this indicator, we can judge the functional 

efficiency of a house layout.

2.	 Difference factor of a space :

The layouts which have high differentiation of spaces are more efficient and show the level of func-

tional efficiency of the system. It proves that the space is interchangeable with other spaces because 

it has its own function and value.

3.	 Space-link ratio:
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The indicator of space-link ratio deals with distributedness in terms of the structure of the house 

layouts. It shows the ringiness of the house layout which proves the interconnection of the spaces. If 

the house layout is more ringy and less tree-like, the house layout is more functionally efficient.

4.	 Space-type :

The indicator of space-type deals with the proportion of a-ness, b-ness, c-ness and d-ness of the 

house layouts. The functional efficiency increases when the c-ness and d-ness of the layout increas-

es, which suggests that the layout is ringy. It decreases with more amount of a-ness and b-ness of the 

layout, which suggests that the layout is tree-like.

For all the indicators, the results are showing that the row houses are most functionally efficient in 

terms of spatial configuration.
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3. Name : Babukaka house

	

 

 

2. Name : Atul Rana house

1. Name : Dodhia Haveli

	

 

APPENDIX – A

Justified graphs of pol house layouts ( 5 graphs )

4. Name : Yellow house
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5. Name : Modi house
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3. Name : Cosmoville row houses

	

 

 

2. Name : Shyamal row houses1. Name : Jay Sheffali row houses

	

 

 

APPENDIX – B 

Justified graphs of row house layouts ( 5 graphs )

4. Name : Readers quarters, GU
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5. Name : Staff quarters, GU
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3. Name : Vrindavan 7 houses

	

 

 

4. Name : Kartikay Thakkar house

2. Name : Chitrak Shah house1. Name : Padmakant Shah house

	

 

 

APPENDIX – C 

Justified graphs of bungalow layouts ( 5 graphs )
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5. Name : Vishnudhara bungalows
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1. Dodhia haveli

3. Name : Babukaka house

	

 

 

2. Name : Atul Rana house

4. Name : Yellow house 5. Name : Modi house

APPENDIX D

Calculations of A Graph software for pol house layouts
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APPENDIX E

Calculations of A Graph software for row house layouts

1. Jay Sheffali row houses

3. Name : Cosmoville row houses

	

 

 

2. Name : Shyamal row houses

4. Name : Readers quarters GU 5. Name : Staff quarters GU
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APPENDIX F

Calculations of A Graph software for bungalow layouts

1. Padmakant Shah house

3. Name : Vrindavan 7 houses

	

 

 

2. Name : Chitrak Shah house

4. Name : Kartikay Thakkar 

house

5. Name : Vishnudhara houses


