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Abstract 

This thesis investigates physical adaptability of the urban form in the 19th century 

working-class housing scheme of Cité Ouvrière in the city of Mulhouse. The research is 

based on the assumption that other things aside, housing forms that are not sufficiently 

adaptable to effectively accommodate changes over time will eventually disappear as 

they fail to remain fit for their users and to retain their value. To explore this, the study 

examines how streets, plots, and buildings change over time, from 1850 until the present. 

More specifically, it asks how these spatial structures co-evolve in relation to each other 

and to concurrent social conditions, and how their transformations impact on network 

centrality and built density. Such knowledge can arguably be crucial to informing 

architects and planners about factors that may contribute to the social and spatial 

sustainability of the existing and future urban form. 

Founded on the theories and methods of the classical and quantitative urban 

morphology, specifically space syntax and Spacematrix, the study focuses on small-

scale incremental typo-morphological adaptations and their aggregate emergent impact 

over time and across scales. It first explores the evolution, continuity and transformation 

of the street network in the city of Mulhouse, revealing mechanisms of change and their 

impact on centrality patterns. Then, it traces incremental volumetric adaptations of 

single-family houses in the neighbourhood of Cité Ouvrière, and the effect of building 

growth on built density and space consumption. 

Findings are discussed against a set of historical and socio-political conditions to 

construct a comprehensive picture of formal adaptability and understand how this is 

defined and manifested across different spatial scales. The research is innovative for its 

historical depth (165 years), high-resolution approach (in terms of scale, time, and extent 

of study), and the methods used to map and measure the synchronic and diachronic 

processes of physical transformation (including historical and archival research, field 

survey, and diachronic 2d and 3d modelling). 
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Impact Statement 

The present thesis renews attention to the physical adaptability of the urban form and 

its relationship to historical socio-economic conditions, patterns of built density and 

network centrality, and human agency over time. Informed by the literature and 

methodologies of the fields of urban design, architecture, urban morphology, historical 

geography, and space syntax, it draws upon the ‘bottom-up’ dynamics of change and 

seeks to present empirical evidence that can be used by both academics and 

professionals in the above fields. 

From an academic point of view, the work proposes a comprehensive methodological 

approach for mapping and measuring physical changes of streets, buildings, and plots 

in cities and residential areas. It can benefit researchers by opening up possibilities to 

combine two-dimensional and three-dimensional data to the analysis of spatial 

structures. Especially within the field of space syntax, the thesis has contributed to the 

development of an R package that interfaces with the depthmapX software to run space 

syntax analysis in R. A demonstration of the package took place in the “Space syntax 

analysis in R” workshop in the 12th International Space Syntax Symposium (SSS12) in 

China in July 2019. The thesis also developed two methodological workflows to integrate 

and quantify archival and historical data into spatial analysis, which expands current 

methodological possibilities within the fields of urban morphology, historical 

geography, and space syntax. Finally, it explored the rather overlooked housing scheme 

of Cité Ouvrière in Mulhouse, France which has not been adequately featured in the 

English language literature, despite its significant influence on industrial and post-

industrial residential developments in Europe during the twentieth century. 

Preliminary findings of the research have already been disseminated in two journal 

publications in Urban Morphology 21(1) and Design Issues 35(4), and three 

conferences, the 10th and 11th International Space Syntax Symposiums in London and 

Lisbon respectively and the 2016 AMPS Conference “Future Housing: Global Cities and 

Regional Problems” in Melbourne. Besides this, the work has also been presented in 

the occasions of UCL Bartlett Morphology Group in 2019, the Space Syntax Laboratory 

Research Seminar Series 2015-16, the 2017 PhD Research Projects conference and 

exhibition at the Bartlett School of Architecture, the CANactions School for Urban 

Studies public programme in Kiev in 2019, the 2017 LSE seminar ‘Design and the Social: 

Mapping New Approaches To Inequality in Design’, the MIT Forum in Computation 

lecture series in 2017, and the ETH Zürich in 2018. The work has also impacted the 
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teaching curriculum at UCL in the form of series of workshops and seminars in the 

MSc/MRes Space Syntax: Architecture and Cities and the MA Architecture and Historic 

Urban Environments programmes. 

The research can benefit outside academia by informing the currently under revision 

Plan Local d’ Urbanisme (PLU) in the city of Mulhouse, especially the propositions 

submitted by the Conseil Consultatif du Patrimoine Mulhousien (CCPM) on the 

conservation of industrial heritage of the Cité Ouvrière, and provide guidance to the 

municipality’s sustainability agenda with regards to the growth and change of the city in 

the future. Meanwhile, it can also benefit the inhabitants and the local community of Cité 

Ouvrière by highlighting the socio-spatial value and potential of the neighbourhood, 

putting additional pressure for the preservation of its built form and socio-cultural 

activities and the enhancement of its urban landscape. 

In addition, the research could be useful to other European and former industrial cities 

especially in what concerns permitted developments in residential areas and the impact 

of (un)authorised building activities on the image of the cities. Ultimately, this may have 

the influence to inform the decisions of politicians, architects and policy makers 

responsible for the shaping of our built environment.
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Chapter 1 

1. Introduction 

“To study form is to study change.” 
Michael Weinstock (2010) 

 
The first chapter introduces the research subject and questions of the thesis. It explains 

the background to this research, positioning it within current debates regarding the 

present and future of existing mass urban housing projects. It also discusses the 

selected methodological approaches, the case study, and the main objectives that this 

research seeks to achieve. The final two sections highlight the significance of the study 

and outline the thesis structure respectively. 

  



 
28 

1.1.  Overview 

This thesis is concerned with the physical adaptability of the urban form in the mass 

residential neighbourhood of Cité Ouvrière in the city of Mulhouse. At its core, it seeks 

to understand how streets, plots, and buildings change and adapt as they grow, 

alongside which characteristics contribute to their adaptability potential. The emphasis 

is put on the morpho-spatial adaptations in and for themselves, as well as on the 

mechanisms, agents, rhythms, and effects of changes on network centrality patterns 

and built density. The larger objective is to make a foundational contribution to the 

theoretical and methodological shortcomings in the study of change and form within the 

current architectural and urban morphology literature. 

 

Figure 1: From left to right: Department of Haut-Rhin within France; Mulhouse within Haut-Rhin; and 
Cité Ouvrière within Mulhouse. Geographic data source: DIVA-GIS Available at: http://www.diva-
gis.org/datadown 

The research focuses on the working-class settlement of Cité Ouvrière in the city of 

Mulhouse in eastern France (Figure 1). It studies the unusual transformation of the 

housing scheme from a designed industrial housing development to domestic 

vernacular based on greater socio-economic changes and an extensive system of 

bottom-up adaptations over the course of 165 years. Cité Ouvrière was built between 

1853 and 1897 for the workers of the DMC textile factory in one of the most prominent 

industrial cities of Europe at the time. It was the largest and most successful realised 

employer-constructed housing scheme during the second half of the nineteenth 

century. Once an innovative scheme, it functioned as an example for other housing 

schemes, especially in a period that housing demand and the debate about housing 

reform in Europe was at a peak. Its innovations included social benefits and a financial 

model that provided workers with subsidised access to property. 

Since the beginning Cité Ouvrière showed a trajectory of adaptation to changing 

circumstances (Figure 2). Already during the construction, the urban design, building 
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types and built forms became subject to constant revisions and adjustments. Upon 

completion, the individual buildings and plots began receiving a large number of small-

scale modifications that emerged piecemeal from the bottom-up, meaning as a result of 

many small piecemeal actions that take place over an extended period of time. This led 

to the transformation of an initially uniform and standardised mass housing scheme into 

a morphologically and ethnically diverse quarter. The social composition of the 

neighbourhood, the building and planning regulations as well as economic and social 

policies in the area kept changing in order to adjust to the city’s shift from an industrial 

economy to a service-based society. This way the evolution of Cité Ouvrière became 

inextricably linked to the growth of the Mulhouse.  

 

Figure 2: Aerial view of Cité Ouvrière from rue Strasbourg in 1908 (left) and 2017 (right), photographed 
using the same vantage point. Sources: (left) Archives de Mulhouse, (right) Luc Georges, edited by the 
author. 

Unlike many other Western cities that struggled during this transition, that declined or 

perished after de-industrialisation, such as the valleys in South Wales, Cité Ouvrière 

remained a fully functioning area, gradually densifying and diversifying its landscape 

through public-private and private initiatives to respond to the residents’ needs. This 

leads to questions being asked, such as what made this mass housing scheme learn 

and adapt over time remaining fit for its domestic purposes? What can other cities and 

housing developments learn from the Cité to address demands on morphological 

adaptability and spatial sustainability? How can the example of the Cité and its 

transformations over time help us define adaptability, its mechanisms, agents, and 

effects across physical scales? 

So far, theories and research that have dealt with the adaptability of urban form are often 

either focused on the street network of cities (Hillier, 2009; Vaughan et al., 2013), thus 

neglecting the three-dimensional built form, or preoccupied with a flexible interior 

arrangement which again overlooks the embeddedness of these in wider urban contexts 

(Schneider and Till, 2007). Furthermore, most building studies on adaptability tend to 
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focus on the environmental, economic or engineering aspects of buildings (Kincaid, 

2000; Russell and Moffat, 2001; Davison et al., 2006). Legislation, technology, energy 

consumption, economy and land uses are certainly important factors to consider when 

talking about adaptability. But designing buildings to be convertible, flexible, energy 

efficient or re-usable is different from designing them to be adaptable to physical 

changes (Psarra et al., 2012). While the above-mentioned factors can ensure buildings 

to be suitable for adaptation, the capacity of a building to adapt is also specific to the 

design of its form and the possibilities this offers.  

At the same time, the concept of adaptability itself has since the 1960s been rising in 

popularity (Estaji, 2017). However, studies have not yet agreed on a common definition, 

and they provide explanations according to different contexts, scales, and criteria. This 

had led to a loose and rash use of the term by most built environment professionals, 

who often mention adaptability to add value to their delivered projects. 

A study of urban transformation in the context of Cité Ouvrière, Mulhouse and the 

region is therefore a study of a wider purpose aiming to define adaptability and 

understand the dynamics involved in this complex phenomenon that characterises the 

evolution of the city and its neighbourhoods. Specifically, the research will investigate 

the piecemeal typo-morphological transformations of the streets, plots, and buildings 

in terms of their configuration, geometry, and volume respectively through time and 

across different spatial scales, from the city to the individual buildings and plots. The 

thesis will address the following research questions: How do buildings, streets and 

plots change over time? What are the mechanisms and rhythms of change and how 

these are physically manifested? Who is involved in the process of adaptation, why, and 

to what extent? How these transformations relate to each other as well as to concurrent 

legal, social and spatial constraints? And lastly, which is the individual and cumulative 

effect of these changes on the street network centrality and the built density?  

To answer these questions, the thesis will employ a set of analytical methods and field 

observations. Primarily, it will develop two novel workflows for the diachronic modelling 

of the two- and three-dimensional urban form (Chapter 4). It will first model the spatial 

network of the city within its regional context for 17 chronological periods from 1850 up 

to today. This will cover all the stages of urbanisation of the city and the neighbourhood. 

Then, through historical documents, it will construct a three-dimensional model of Cité 

Ouvrière in its original (1853-1897) and current stage. Relying on archival data from 

historical building permits, it will trace the incremental formal growth of buildings and 

plots in between the two stages. Furthermore, the thesis will combine methods from the 
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classical and quantitative urban morphology1 to chart and analyse the changing 

configurations of the street network and the volumetric growth of the built form. 

Regarding the street network (Chapter 5), the analysis will be centred on the usage of 

space syntax theory and tools (Hillier and Hanson, 1984; Hillier, 1996b) to capture 

network centrality patterns in the city of Mulhouse and the neighbourhood of Cité 

Ouvrière, and to understand the influence of local configurational adaptations on the 

wider city scale. For the buildings and plots (Chapter 6), the volumetric analysis will 

employ the method of Spacemate (Berghauser Pont and Haupt, 2002, 2004), which 

investigates the relationship between density and spatial characteristics, linking typo-

morphological developments to open space. Finally, the work will be informed by an in-

depth historical understanding of the social and political ideologies behind the birth of 

Cité Ouvrière, which help to reveal the role of design in accommodating future growth 

and adaptations, and the social dynamics between different agents involved in the 

process (Chapter 3). In that sense, the research will integrate both qualitative and 

quantitative data with historical and spatial analysis to present empirical evidence for an 

understanding of physical adaptability of the urban form in Mulhouse in relation to 

formal and non-formal constraints.  

1.2.  Relevance 

The social significance of the thesis lies in addressing issues of longevity and spatial 

sustainability in mass urban housing amidst critical discussions about the present and 

future of the existing building stock in Europe. Spatial sustainability is here linked to the 

idea of longevity, meaning the ability of residential buildings to endure and survive over 

time. This is not to say that a sustainable building is one that lasts forever, but rather 

one that extends its life capacity and avoids obsolescence and demolition, while 

accepting changes over time. Stewart Brand (1994) argues that for every building that 

has stood the test of time there are seven that have not, and Nicholas Taylor (1967, p. 

344) writes that “So rapid is social change that, whatever the size of our immediate 

housing programme […] we can only avoid having to tear our cities apart yet again in 

thirty years', or even twenty years', time if we can provide built-in possibilities for growth 

and change in the individual dwelling”. It will thus be argued that the adaptability of 

buildings, meaning their capacity to accommodate physical adaptations over time can 

contribute to their longevity and spatial sustainability; and that considering this 

 
1 I adopt here the distinction used by Erin et al. (2017). Classical urban morphology refers to the three schools in 
Italy, Britain, and France. See chapter 4.3 for a more detailed discussion. 
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potential in the original design can ensure they remain fit for their purpose in the long 

run. 

Mass urban housing, either low- or high-rise, has over the last centuries been a typical 

response to recurring housing shortages around the globe, considered to be the most 

repetitive element of the fabric (Firley and Stahl, 2009). Due to its ‘generic-ness’ though, 

it has been often overlooked by built environment professionals despite its large societal 

contribution to offer affordable and accessible housing for the many, rather than the 

few. On top of this, the ideas of modernist architects with their CIAM reformist 

manifesto and charter of habitat (Mumford, 2000), had a significant impact on the design 

of mass urban housing after WWII. Their emphasis on high-rise, high-density blocks 

“effectively paralyzed research into other forms of housing”(Frampton, 1985, p. 270) 

which account for 60% of the total number of dwellings in cities (Eurostat, 2016). Even 

more the controlled implosion of Pruitt-Igoe in 1972 gave mass urban housing a bad 

name and kicked off a series of demolitions, which still continue to this day2.  

This has led today to the paradox that while there is an acute housing demand due to 

urban population growth, many existing housing estates are being demolished annually 

and only a small number of them receive major refurbishments; all in the shadow of 

global economic austerity that has restrained public spending and risen social 

inequalities in the cities. Yet, the debate between demolition and refurbishment has not 

yet confidently tipped in favour of one of the two strategies3 (Crawford et al., 2014). While 

the problem remains, one thing becomes clear, that a large number of buildings, 

especially urban housing, is or will be in the process of physical change in one way or 

another; and there is a fundamental need to understand what this process of change 

and adaptation may entail (agents, mechanisms, and effects) and the factors that may 

contribute to a greater ability of buildings to change and adapt. 

Hence, the primary intention of the thesis is to define adaptability through the study of 

physical changes in Cité Ouvrière of Mulhouse over time and across scales. By doing 

so, fundamental knowledge will be provided to researchers and professionals about the 

spatial and temporal characteristics of bottom-up change in the built environment. This 

 
2 Only in London, some of the recent demolitions include the emblematic Heygate, Aylesbury, and Robin Hood 
Gardens estates, which were built during the 1960s and 1970s. 
3 For example, the poor quality refurbishment of Grenfell tower in London in 2015-16 has been considered by 
experts to be responsible for spreading the fire that killed 72 people (Boycott, 2018). At the same time, 
demolitions under the umbrella of regeneration are failing to deliver equitable living conditions, and instead 
cause the residents’ displacement producing varied forms of gentrification (Campkin, 2013). See section 1.2 for 
detailed discussion on the demolition versus refurbishment debate. 
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knowledge can be beneficial to other contemporary cases, extending the scope of the 

study beyond its single case study. In that sense, the thesis hopes to make a greater 

contribution to the adaptability and sustainability agendas of cities for the foreseeable 

future. 

1.3.  Housing debate 

In the early making of mass housing, urban planning was poorly taken into 

consideration. In the 19th century, industrialised cities in Europe grew at a tremendous 

rate. The main concern was to meet the acute housing shortage, relieve the urban 

overcrowding and improve the insanitary living conditions. Housing was sought to act 

as medium of social control and upgrade for the working-class population. The first 

schemes that qualify as mass housing were private company towns for factory workers. 

They featured low-rise single-family buildings, formulating entire settlements next to the 

industries (Harris, 2009) to minimise costs and boost the production rates.  

The twentieth century saw a major paradigm shift, which started to attach importance to 

the role of design in urban housing. In the 1920s, ideas of providing built utopias that 

can engineer the living habits of the masses began to resurface. Some of these ideas 

advocated for a rigid functional city zoning within which high-rise apartment blocks 

would be spaced widely (Mumford, 2000). Even though subsequent CIAM congresses 

and CIAM’s successors, Team X, denounced this functionalistic approach, housing 

continued to be built with the same design ideology until the 1970s (Frampton, 1985). It 

is widely acknowledged now that these approaches hardly created a built environment 

that was tailored to the cultural and social backgrounds of their inhabitants and that 

could allow for a piecemeal development, satisfying changing social and material needs. 

As Stephen Marshall (2009) puts it, the modernist rational thinking in planning, 

projected mainly onto the design of 30s-70s housing estates, formed a ‘disurbanism’ of 

segregated morphologies. In the following years, Clarence Perry’s (1966) ideal 

‘neighbourhood unit’4 and Oscar Newman’s (1972) theory of ‘defensible space’5 

reinforced the assumption that hierarchical and inward-looking housing designs which 

control social interactions and exclude strangers are better at inciting a sense of 

community among the inhabitants. According to theorists from the space syntax field, 

 
4 Design and planning concept for subdividing metropolitan cities into smaller, functional, self-contained and 
thus more desirable residential neighbourhoods (units). 
5 Theory and design guidelines for creating defensible spaces with low crime rates in residential areas based on 
segregation, zoning, and surveillance.  
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these design decisions—other things aside6—contributed to the socio-spatial 

segregation of post-war housing (Hillier, 1973, 1988; Hanson and Hillier, 1987; Hillier et 

al., 1992; Legeby, 2013). Mainly because hierarchy and territoriality reduced physical 

contact and made neighbours “strangers to one another” (Hanson, 2000, p. 113). All 

these studies added quantitative evidence to Jane Jacobs’ (1961) observation that, it is 

the controlled presence of passing strangers and their direct interface with inhabitants 

that creates urban safety and liveliness in housing. 

Using the socio-spatial segregation brought-up by mass urban housing as an excuse 

for attracting investment, politicians have become increasingly supportive of 

demolitions. They see them as the most efficient way to deal with the problem, change 

the image of housing estates, and boost the construction industry driven by speculation. 

However, built environment professionals7 have been arguing in favour of the 

preservation of the urban housing heritage (Esher, 1981). In more proactive attempts, the 

densification of built forms and the diversification of their built programme in and around 

the housing estates are proposed (Jacobs, 1961; Alexander, 1966; S. Anderson, 1972; 

Frampton, 1985; Jenks, 2000; Power and Rogers, 2000; Campkin, 2013). On the one hand, 

densification, especially a ‘soft’ version (Dunning et al., 2017) can bring environmental 

and social advantages in terms of service provision, transport, public amenities etc, 

while preventing urban sprawl. In the UK after 2008, minor developments such as 

extensions and outbuildings can densify single-dwelling plots without planning 

permission (Knight and Williams, 2012). On the other hand, diversity can contribute to 

socio-spatial sustainability by integrating social groups and cultural practices in an 

equitable fashion, supporting local services, and reinforcing the sense of community 

(Polèse et al., 2000). Perdikogianni and Penn’s research in London (2005) demonstrated 

that it was through the piecemeal development of spatial structures and their 

fragmentated patterns that diversity was possible to emerge. For Jacobs (1961), diversity 

of uses was associated with—but not exclusively—short blocks, mix of buildings that 

vary in age and condition, and population density. Likewise, Anne Moudon (1986, p. 188) 

wrote: “small lots will support resilience because they allow many people to attend 

directly to their needs by designing, building, and maintaining their own environment. 

By ensuring that property remains in many hands, small lots bring important results: 

 
6 Such as poor maintenance and profitability in the real estate market.  
7 In 2008 and 2015, the British Twentieth Century Society mounted campaigns for the listing of Robin Hood 
Gardens based on its architectural heritage value in order to protect it from demolition with the support of 
notable architects like Richard Rogers, Zaha Hadid, and Peter St John, and academics such as Stefan Muthesius 
and Neil Jackson (Croft, 2008). 
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many people make many different decisions, thereby ensuring variety in the resulting 

environment”.  

However, both densification and diversification of urban housing environments rely on 

existing urban forms that can effectively accommodate physical transformations. In that 

sense, adaptability becomes one of the preconditions for socio-spatial sustainability in 

housing. And amid the climate of pressure on building demolitions and the uncertainty 

over the future of the existing building stock discussed below, there is an urgent need 

to provide further evidence on how urban form may receive and anticipate piecemeal 

changes from the bottom-up, and what is the role of design in this process. 

1.3.1. Demolition or refurbishment? 

 

Figure 3: Top: Trend of total number of new build dwellings in the UK. Bottom: Trend of different 
tenures in permanent new build dwellings in the UK. As of March Quarter 2019. Source: Ministry of 
Housing Communities & Local Government (2019, p. 6,9). Available at: 
https://www.gov.uk/government/collections/house-building-statistics#2018  
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It is estimated that the current global housing deficit will reach a total of 565 million by 

2030 (Walley, 2014). In the UK, the total housing shortfall is almost 1.45 million units 

(Barker, 2014) and the government hopes to build 8 million by 2050, should a construction 

rate of 230,000-250,000 new homes per annum (pa) be achieved (Boardman et al., 2005; 

Barker, 2014; Jefferys et al., 2014). However, only around 160,000 homes pa are getting 

built currently (Ministry of Housing Communities & Local Government, 2019). The 

majority of these (82%) are built byprivate enterprises, 17% housing associations, and 

only 1.5% are completed by local authorities (Figure 3). Therefore, most of the new 

housing does not address the population in greatest need.  

Anne Power (2008) summarises the benefits of refurbishments: reduced transport costs 

and landfill disposal, greater reuse of materials, reuse of infill sites and existing 

infrastructure, fewer new buildings on flood plains, local economic development, 

retention of community infrastructure, neighbourhood renewal and management. These 

benefits constitute a cheaper solution and create far lower environmental impact, 

reducing fuel poverty and energy use. They also prevent sprawl, make use of existing 

infrastructure and safeguard existing communities. The 2014 report from the UCL Urban 

Lab and Engineering Exchange (Crawford et al., 2014) concludes that refurbishment of 

social housing can deliver significant improvements in energy, environmental and 

health performance, leading to cost savings and improved living standards for 

residents. Moreover, refurbishments seem to support local economic development, by 

creating jobs and motivation within declining neighbourhoods (Winkler, 2007), while 

making use of local infrastructure and benefitting small to medium businesses 

(Crawford et al., 2014, p. 58). Still, as the UCL report observes, these positive impacts 

can be undermined if the wider surroundings remain in decline. Any upgrading 

approach cannot truly benefit the quality of life of the residents if other area-based 

interventions do not take place alongside. Also, if the buildings’ bearing structure is 

fairly degraded or the refurbishment is executed poorly, this can lead to far worse 

outcomes, such as in the case of Grenfell tower. 

In contrast, demolitions can be detrimental to local services and community facilities, 

due to many of them needing to be relocated or forced to close (Power, 2010).  Power 

(2008, p. 4487) observed that “the full costs of demolition and rebuilding involve higher 

capital costs, higher material wastage, greater embodied carbon inputs, the polluting 

impact of particulates, greater use of lorry transport for materials and waste, greater use 

of aggregates, more noise and disruption”. A number of studies (Perlman, 2004; Power, 

2010; Mason and Kearns, 2012) have also claimed that demolition can lead to reduced 

sociability and sense of safety, to feelings of anxiety, uncertainty, powerlessness, and 

depression, as well as to the fragmentation of previous social relationships and 
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structures within and beyond the local neighbourhood. Of course, these effects also 

depend on the residents’ own ambitions, personality and disposition and on the 

relocation process and their involvement in it (Lawson and Egan, 2012). Yet, it can be 

said that demolitions constitute a more radical approach than refurbishments and in 

great numbers, they could divorce parts of the city from their history. 

1.3.2. Building adaptation and their adaptability potential 

James Douglas (2006) considers refurbishments one form of building adaptation, which 

cover a wider range of physical transformations that allow buildings to respond to the 

changing needs of their users over long periods of time. He notes that existing buildings 

will sooner or later undergo alterations, conversions, extensions, improvements, or 

refurbishments, contributing significantly to the workload of the construction industry 

especially in the developed parts of the world, and goes on to demonstrate general 

principles, techniques, and processes that ensure the potential of buildings to adapt. 

Many scholars (Brand, 1994; Ball, 1999, 2002; Cooper, 2001; Balaras et al., 2004; Bromley 

et al., 2005; Finch and Kurul, 2007; Wilkinson et al., 2009) have already discussed the 

environmental and economic benefits of adaptation, focusing on its significant 

contribution to the sustainability of the built environment. In many cases, adaptations 

cost less than demolitions (Campbell, 1996; Douglas, 2006; Shipley et al., 2006; Bullen, 

2007; Kohler and Yang, 2007; Highfield and Gorse, 2009), while in others the cost of 

adapting a building is greater than building something from scratch due to lack of 

precedents and regulations (Williams, 1984; Arge, 2005). But the truth is that the cost 

can vary widely according to the size, condition, time, complexity, and location of the 

building (Douglas, 2006). This means that given a robust bearing structure, buildings 

are usually cheaper to adapt than being demolished and rebuilt. Evidence (Chau et al., 

2003; Yiu and Leung, 2005) shows that adaptability can also increase the market value of 

the buildings unless the original structure is very complex, in poor quality or under 

specific legislative requirements (Shipley et al., 2006).  Furthermore, scholars 

(Johnstone, 1995; Cooper, 2001; Russell and Moffat, 2001; Ball, 2002; Douglas, 2006; 

Bullen, 2007) agree that this approach is environmentally sustainable because it recycles 

material, reduces energy consumption and pollution during the construction, and saves 
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the embodied energy. Above all, it saves the planet from excessive construction and 

demolition waste, which only within the EU this accounts for 25%-30% of the total waste8.  

Building adaptation though is mainly about revaluing the urban and architectural 

heritage, augmenting its embodied social and cultural capital (Bromley et al., 2005; 

Bullen, 2007). Similar to refurbishment, adapting existing structures allows the existing 

spatial conditions such as fabric, location, accessibility and movement potential to be 

maintained. By exploiting the existing infrastructure, it causes fewer disruptions and 

takes full advantage of the city networks that have been consolidated over time. For 

example, to avoid the demolition of the Bois-le-Prêtre tower in 2004 initially proposed by 

the French government, Druot, Lacaton and Vassal architects counter proposed its 

adaptive transformation that would permit the building to respond more effectively to 

the needs of the users. With the strategy of Plus (Vassal et al., 2007), they managed to 

extend each apartment externally with a type of integrated loggia and winter garden 

without relocating the inhabitants during the construction stage. The residents were 

satisfied to see their built environment upgraded (larger living surface, balconies, 

panoramic views) with minimum cost and disturbance.  

Still, adaptations are occasionally seen as a trivial solution from an architectural or 

ethical point of view; on the one hand, because they lack the creative component of a 

new building (Bullen, 2007) and on the other hand, because they fail to deal with any 

social stigma associated with the previous building (Kucik, 2004). However, Jean-

Philippe Vassal (Ruby et al., 2008) argues that adapting an existing building does not 

translate into reluctance or denial to build anew. Its value lies in the fact that it sincerely 

considers what is there—activities, people, spatial arrangements—and what it lacks, for 

only this should be changed. Architecture is not only about the form but also about the 

social relationships it can sustain and enhance, therefore, “not building can be as vital 

an act of architecture as building”(ibid., p. 254). 

As a result, it can be argued that adaptability can be a viable and desirable solution for 

the future of the existing building stock by extending the life of the buildings and 

contributing to the sustaining of existing spatial and social infrastructures. So the 

question is: how can adaptability be achieved? 

 
8 Based on evidence published on the European Commission website on Construction and Demolition Waste 
(CDW) http://ec.europa.eu/environment/waste/construction_demolition.htm 



 
39 

1.3.3. Emergent bottom-up adaptability 

The research is specifically interested in physical adaptations that emerge organically 

and piecemeal from the bottom-up. In the case of houses, bottom-up adaptations 

translate into building changes initiated by the inhabitants themselves over time as a 

result of their evolving socio-economic needs. The study discusses the incremental 

growth of houses in Mulhouse on an if-and-when-needed basis, where residents take 

the opportunity and power to improve their everyday environment and enhance its 

performance. The implicit assumption is that if the inhabitants are involved in the 

incremental self-improvement of their houses and neighbourhood over time, then these 

are more likely to survive in space and time, while satisfying the social and spatial 

demands of the local community (Alexander, 2002-05). 

Frank Bijdendijk (2005) highlights the emotional value to such process. He argues that 

there is nothing better for the occupants of a building to be able to decide on their own 

about how to use the space. They get attached to their house, identify with it, come to 

love it and thus, want to see it aging well and standing the test of time. As Brand (1994, 

p. 209) says “loved buildings are the ones that work well, that suit the people in them and 

that show their age and history”. Furthermore, Yasu Santo (2012) refers to the 

empowerment behind those ‘advanced building-users’ who have the freedom and 

capacity to appropriate and transform their houses on their own way. He adds that 

allowing users to manipulate as many aspects of their own spaces as possible can be 

beneficial for they realise the implications of their changes and learn how to improve 

them—often via trials and failures (Brand, 1994). If they know how to do-it-themselves, 

then the adaptability potential of spaces is well utilized (Jia, 1995). The easier it is for 

them to make physical changes, the more control they have over their spaces, and the 

better their environment will respond to their needs.  

A piecemeal growth process is innately slow. Jack McLaughlin (1988) points out that 

each individual takes his own time to grow their house. For example, Thomas Jefferson 

took 54 years to build his one house. The more he was adding the more aggregated, 

compact and dense the building was becoming. This is the basic principle of what can 

be considered as incremental housing; one that grows piecemeal over time as the 

income or the household size increases. This gives to—usually less well-off—

households the necessary time to improve the size, structure and functional 

performance of their dwellings. In the meantime, houses may look sloppy and unfinished 

pending a consolidation (Hamid and Mohamed Elhassan, 2014). But, the advantage here 

lies in the process rather than in its final outcome, benefitting mostly small builders and 
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low-income population groups (Chávez and Expert, 2010). In The Nature of Order, 

Christopher Alexander (2002-05) describes how this process of slow evolution through 

a series of small incremental changes tends to actually preserve the structure of the 

buildings and ultimately enhance their performance. Philip Steadman (2014a) provides 

examples from different buildings that change incrementally over time, improving 

significantly their structural or functional performance.  

The implicit assumption is that if users are long-term residents and invest time, money, 

and energy on the incremental improvement of their houses over time, they engage with 

the future of their domestic built environment and houses are more likely to persist in 

space and in time, for they can remain fit for their purpose, maintain their lifetime value 

and can thus, be regarded as socially and spatially sustainable. 

However, homeownership may facilitate this process as owners are genuinely interested 

in the success of adaptation (Jia, 1995). Crawford et al. (2014) reveal that if the 

inhabitants actually own their houses, they tend to invest more time and money in their 

residence than if they were tenants. For if other conditions allow for it, homeowners have 

actually the power to adapt their houses simply because they have full freedom of choice 

and control on them at all times. To the contrary, units for rent or multi-family 

apartments even if they are designed to be technically flexible, rarely adapt to users’ 

needs (Habraken, 2008) due to the status of tenure or the failure of reaching an 

agreement amongst stakeholders. Turner and Fichter (1972) note that privately owned 

houses—when affordable—are far superior than the ones built by the government. The 

main argument is that dwellers know better how to manage their houses in relation to 

the state or companies. The essential difference between privately owned and rented 

properties is the pattern of authority: who decides what? In privately-owned houses, the 

design, financing, building and management are controlled by the owners, while in 

centrally administered projects an institution or government are in charge. 

1.4.  Research approach 

The research is not preoccupied with interior changes of residential buildings; instead, 

it looks at volumetric adaptations, which transform the exterior of the original buildings 

and negotiate with the existing open space and streetscape. This shifts the emphasis 

from a purely building study to one that equally considers the urban components of 

plots and streets. By doing so, built objects are investigated within the wider spatial 

context they are embedded into. The scope is then to understand adaptability in urban 

housing as part of a larger spatial system (the city) and against micro and macro socio-
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economic and political dynamics in continuous flux. Therefore, the thesis adopts an 

urban morphological approach according to which the built environment is researched 

and understood through all of three fundamental elements of urban form, the buildings, 

the plots, and the streets (Moudon, 1994). 

1.4.1. Definitions and methodology 

According to Conzen (1960, p. 5), the street “refers to the open space bounded by street-

lines and reserved for the use of surface traffic of whatever kind. The arrangement of 

these contiguous and interdependent spaces within an urban area, when viewed 

separately from the other elements of the town plan, may be called the street-system”. If 

the street is a primary element of the urban form, then the street network is a more 

complex element that derives from the aggregation and configuration of a number of 

streets into a larger urban entity like the city.  

To investigate the street form and especially the effect of its changes, I resort to the 

space syntax theory and methods. Space syntax theory (Hillier and Hanson, 1984; Hillier, 

1996b; Hanson, 1998) has extensively discussed the configuration of street networks and 

networks of spaces in building interiors as well as their relationship with social life and 

patterns of co-presence and inhabitation. One of its major contributions was the linkage 

of network configuration with centrality patterns (Hillier, 1999a), which sought to 

understand open spaces through their potential to attract movement flows and human 

co-presence. This relation between configuration and movement was found to have 

further implications on other aspects of the built environment such as the distribution 

of land uses and building densities (Hillier, 1996a), issues of social segregation, 

pathologies of housing estates (Hillier and Vaughan, 2007), and most importantly, 

patterns of change and continuity in the urban form (Vaughan et al., 2013; Palaiologou 

and Vaughan, 2014; Törmä et al., 2017). 

Hillier (1989) stressed the importance of historical processes on the morphological  

process  of urban  grid  growth, suggesting that the latter  is  ‘lawful  in  itself’ as a result 

of its effective functioning.  However, recently Hillier (2016) argued that while space 

syntax explains how cities work, it does not explain why. “Cities are not designed things, 

but emergent processes” and in order to understand them “we must understand the 

process of emergence and even more, the structure of emergence, and ask how and why 

the city, defined this way, reflects or shapes human experience and activity, and with 

what outcomes” (ibid., p. 200). Accordingly, this study will attempt to not only 
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understand how historical processes help street form to emerge and adapt while it 

grows, but also what is the outcome of this growth on the centrality patterns of the city. 

The other two elements of urban form are the buildings and plots. In classical 

morphological terms, a building is a loose reference to the block plan of a building, that 

is the area occupied by a building and defined on the ground by the lines of its 

containing walls (Conzen, 1960). This thesis considers not only the block plan of a 

building but also all its three dimensions; an aspect which is often ignored in 

morphological studies. Buildings are then associated with the land of the plot they 

occupy. Following again the Conzenian terminology9, a plot is a parcel of land 

representing a land-use unit physically defined by boundaries on or above ground 

(ibid.). When many plots are arranged contiguously and are bounded wholly or in part 

by streets, they form a street-block or urban block. Both buildings and plots differ widely 

in their types and patterns of aggregation depending on their boundaries; yet, they are 

inseparable components of what we may call, building-plot compounds. A building-plot 

compound includes the building that is associated with the same land use as the plot 

whose boundary lines enclose the block plan of the building. This study will make 

significant reference to the building-plot compound. 

On the definition of built forms and building types, the research adopts Steadman’s 

(2014a) terminology. He argues that built forms are simplified configurations of volume, 

geometry, overall disposition, and massing of the buildings. Equally, building types refer 

to classificatory units by which similar buildings are grouped, based either on activities 

or built forms10 (ibid.). The present thesis concentrates on the second category, the built 

form types, because it only investigates residential buildings and thus, typological 

classification by use is not really meaningful here. Effectively, the adopted classification 

of buildings and plots is based on their spatial arrangement (Figure 4). 

 
9 As Kropf (1997, p. 2) argues, there is no clear consensus on the definition of the plot. He notes that different 
morphologists such as Caniggia, Conzen, and Moudon suggest that “the plot is at once an area of land, an area of 
land with some buildings on it, a land-use unit and a unit of property.”  
10 For a detailed discussion of ‘type’ in architectural research and its various theoretical definitions, see Chapter 
11 of Steadman’s book “Building Types and Built Forms” (2014a). 
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Figure 4: Building and plot types relevant to the study. Bottom figure based on Steadman (2014a, p. 209) 

Since the activity types are not the focus of the study, the thesis chooses to focus on the 

relationship of physical changes to densification rather than to diversity. Berghauser  

Pont and Haupt (2002, 2004, 2009, 2010) introduced Spacemate, a tool and approach that 

sought to understand the relationship between built form and density. This was the first 

time that densification as a process was measured combining a set of different density 

indicators. This is because while densification as a concept and physical intervention 

was easily perceived visually, its measured impact was not; neither were the possibilities 

for future densification. The authors have applied the tool to a number of housing 

estates in the Netherlands, Germany, and Spain, capturing clusters of built forms and 

building types on the nomogram. They also briefly touched upon how Spacemate could 

be used to describe transformation processes (Berghauser Pont and Haupt, 2004); 

however, they never systematically developed this further over extensive periods of time. 

This research will study the relationship between built form types and density, both 

synchronically and diachronically, revealing the morphological limitations of buildings 

and plots, while tracing morphologically the process of densification.  

1.5.  Significance 

The research contributes to the existing knowledge in relation to two areas: the French 

case study, and the methodology. Regarding the case study, the thesis brings to the fore 

a rather overlooked housing scheme which has not been adequately featured in English 

language literature, despite its influence on the evolution of European modern urban 

planning and industrial housing. Research on the Cité Ouvrière in Mulhouse does not 

only provide vital knowledge on the subjects of adaptable housing and industrial city 



 
44 

growth, but it also reveals a set of social, economic, political, and legal conditions that 

helped the city to emerge and the neighbourhood to form and adapt. By following the 

transformation of this particular case study, the thesis provides a deeper understanding 

of small-scale physical adaptations over time and their possible contribution to the 

long-term social and spatial sustainability of the domestic built environment. It studies 

all the elements of the urban form across four spatial scales and over an extensive period 

of time (165 years), and it will be argued that no other piece of research has so far covered 

such spatial and temporal range. By doing so, it seeks to build evidence that can inform 

established political views in favour of demolishing existing housing projects, as well as 

architects and planners decision making with regards to new designs.  

The second area of contribution is methodological. Firstly, the study integrates a 

number of methodologies from the fields of architecture and urban morphology to map 

and measure the synchronic and diachronic processes of physical adaptation. While 

adopting a historical approach, it employs archival and geographical data, analyses 

them with space syntax methods, GIS techniques, and the tool of Spacemate, and uses 

computational programmes for visual and statistical modelling. This way it combines 

qualitative and quantitative data to offer a comprehensive understanding of the multi-

scalar phenomenon of physical adaptability while considering issues of third dimension 

and time. Such approach draws links between different disciplines and their scientific 

approaches. 

Secondly, the thesis proposes a new method for data processing and the diachronic 

modelling of the urban form both in two and three dimensions. Essentially, it overcomes 

limitations of data availability, scale, and precision, while managing comfortably small-

scale and large-scale data. Unlike other studies that only process available information, 

this study creates a unique dataset that has the potential to inform the currently under 

revision Plan Local d’ Urbanisme (PLU), especially the part submitted by the Conseil 

Consultatif du Patrimoine Mulhousien (CCPM) on the conservation of industrial heritage 

in the Cité. Furthermore, the spatial analysis of the city network for the last 17 decades 

can provide guidance to the municipality’s urban agenda with regards to the spatial 

sustainability of the city in the years to come. Already Mulhouse has taken significant 

steps in smart planning, investment, and community efforts to revitalise its historic 

centre and high street, radically altering its previous grim and declining course after 

deindustrialisation (Chrisafis, 2019). So, this will further benefit the local planning. 

Ultimately, the thesis sheds light to the complex and challenging task identified by Batty 

et al. (2006), that of anticipating change which originates from the bottom up. By change, 

he sees three related perspectives: continuity, transformation, and emergence at 
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different temporal rates and spatial scales. Although the focus here is on the spatial 

patterns that generate these processes, the thesis constitutes a significant contribution 

towards that direction. 

1.6.  Thesis structure 

The thesis is structured as follows. Chapter 2 reviews relevant literature to understand 

how scholars have so far defined adaptability in the built environment; what are the 

critical components of change; and discusses relevant findings from previous studies. 

Chapter 3 explains the historical, social, and political context behind the emergence of 

working-class mass housing in the nineteenth century before it introduces the two 

locales under investigation, the neighbourhood of Cité Ouvrière within the city of 

Mulhouse. This chapter makes clear the rationale behind the selection of the case study 

and its significance in the history of mass urban housing. Chapter 4 presents the 

methodology, research scales addressed in the thesis and the main datasets used. It 

reviews methods from classical and non-classical urban morphology, proposing an 

integrated analytical framework. Chapters 4’s part two (section B) presents two 

workflows for the diachronic modelling of the two- and three-dimensional urban form 

that rely on an elaborated archival data collection process. 

The following two chapters constitute the analytical core of the thesis. Each one reviews 

physical adaptability in a different element of the urban form across two spatial scales 

and for the same period of time (1850 up to today). Chapter 5 investigates the evolution 

of the street network in two scales, the city and the neighbourhood, while Chapter 6 

studies the volumetric adaptations performed on individual building-plot compounds, 

and their cumulative effect on the entire neighbourhood. Thus, while Chapter 5 focuses 

on the configurational understanding of street morphology and its relation to network 

centrality and spatial sustainability (both based on space syntax theories), Chapter 6 

deals with housing growth and its effect on the built density and open space 

consumption. Chapter 7 synthesises the results, responding to the research questions 

of the study. It also discusses them in relation to the spatial and social repercussions of 

physical adaptability. This chapter concludes the research, outlining its limitations, 

additional outputs and possibilities for future research. 
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Chapter 2 

2. Literature Review and Theoretical Framework 

“Piecemeal change has been virtually universal.” 
Whitehand and Carr (2001) 

 

The literature review chapter seeks to address the existing knowledge on the topic of 

adaptability. It first gives an overview of the multiple meanings assigned to the concept 

by various authors over the years in order to form a terminological index, on which the 

following chapters can build. It then breaks down the study of adaptability to three key 

elements: the notion of change, layers, and time, exploring their dimensions. The third 

section discusses previous relevant findings from the fields of urban morphology and 

space syntax in relation to how and why buildings, plots, and streets change over time. 

The rationale behind this chapter is to identify gaps in the existing knowledge, to inform 

and refine the research questions, and to demonstrate the potential of the study for a 

contribution. 
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2.1.  Defining adaptability 

Since the 1960s, there has been a rise of interest in ‘adaptability’, ‘flexibility’ and 

‘sustainability’. Estaji (2017) mapped the evolution of the concepts in time based on their 

occurrence in Google Scholar (Figure 5). On the one hand, his graph clearly 

demonstrates the development of a trend after 1975, particularly among the architectural 

discipline, research and practice11. On the other hand, the terms of sustainability and 

flexibility seem more prominent than adaptability; yet, the three are interconnected as 

“to achieve sustainability is to develop the flexibility and adaptability of systems” (ibid., 

p. 38). This is also accepted by Macozoma (2002) who argues that flexible buildings 

enhance their sustainability for remaining desirable, and by Schneider and Till (2005) 

who consider in-built adaptability an important quality for sustainability. 

 

Figure 5: A comparison of the use of terms ‘sustainable’, ‘flexible’, and ‘adaptable’ ‘architecture’ over 
time, based on Google Books Ngram Viewer. Source: Estaji (2017, p. 39) 

While many scholars have explored the concept of adaptability since the 1960s, it has 

been almost impossible to agree on a single definition (Habraken, 2008). Table 1 

presents a list of 13 definition clusters based on the literature review of this study. The 

clustering is a result of bibliographic research, which by no means claims to be 

comprehensive; however, it demonstrates the diversity in the vocabulary employed to 

capture the concept of adaptability. By looking at the list it becomes obvious that the 

definitions are not only tangled and overlapping, but also contradictory. 

 
11 Schneider and Till cite a number of architectural competitions, research projects and government reports of 
the time: ‘Das wachsende Haus’, competition, Germany (1932); ‘The new house 194X’, Architectural Forum, USA 
(1942); ‘Homes for today and tomorrow’, government report, UK (1961); SAR, founding of a research institute 
under Habraken, Netherlands (1961); ‘Flexibler Wohnungsgrundriß’, competition, Germany (1971); ‘Wohnen 
Morgen’, competition, Austria (1971); ‘Fleksible boliger’, competition, Denmark (1986, 1990/91); 
‘Accommodating Change’, competition, UK (2002). 
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Definitions of Adaptability 

Schmidt III et al 2010; Druot, Lacaton & Vassal 
2012; Organization for Economic Co-Operation 
and Development 1976; Engel and Browning 

2008; Li et al 2008; Random House 2010; 
Brown and Steadman, 1991; 

Adjust or modify fittingly to suit new conditions 

Kronengburg 2007; Palani Rajan et al 2003; 
Gibb et al 2007; Wilkinson et al 2009; 

Schneider and Till 2005; Carroll et al 1999; 
Brewerton and Darton 1997; Woetman Nielsen 

and Ambrose 1999; Jia 1995;  

Respond [readily] to changing needs of the users 

Goark 1992; Hasemain 2005; Schmidt III et al 
2010; Bullen and Love 2010; Department of 

Environment Heritage (Australia) 2004; 
Krüger 1981; Li et al 2008; Griffiths et al 2008; 
Vaughan et al 2013; Coelho and Krüger, 2015; 

Receive [long-term] changes of use;  
Reuse, allocate a variety of uses 

Koch and Miranda 2013; Vaughan et al 2013; 
Hanson, 1989; 

Absorb physical changes of configuration 

Canadian Standards Association, 2006; 
Schmidt III et al 2010; Organization for 

Economic Co-Operation and Development 
1976; Ross et al 2008; 

Relocate, move location 

OECD, 1976; Canadian Standards, 2006; 
Graham et al 2011; Gorgolewski, 2005; 

Accommodate and anticipate  
subsequent changes, modifications 

Brand 1994; Kasarda et al 2007; Bon 1972; 
Steadman 2015; 

Evolve; Grow 

Department for children, schools, and 
Family, 2010; Douglas, 2006; Schmidt III et al 
2010; Krüger 1981; Steadman 2015; Leaman 

et al 2004; 

Capable for change  
(size, use, capacity, function, performance) 

Graham 2001; Engel at al 2008; Ellison et al 
2007; Schmidt III and Austin, 2016; Blue 

Mountains City Council, 2005; 
Maximise value through life 

Juneja, 2007; Hanson, 1989; Endure quick transformations 

Pearce, 2004; Bullen and Love, 2010; Brand, 
1994; Pickard, 1996; Cooper, 2001; Balaras et 

al, 2004; Bromley et al, 2005; Kurul, 2007; 
Graham, 2005; Gorgolewski, 2005; 

Avoid decay, obsolescence or demolition; 
Sustainability 

Schmidt III et al 2010; Beadle et al 2008; 
Graham et al 2011; Brand 1994; Kincaid 2000; 

Department for children, schools, and 
Family, 2010; Hanson, 1989; 

Long-term performance, longevity 

Harper 2001; Friedman 2002; Blakstad, 2001; 
Ridder et al 2008; Slaughter 2001; Schmidt III 

et al 2010; Törma et al 2017; 
Remain ‘fit’ for purpose 

Table 1: Thirteen definition clusters of adaptability derived from the literature review and built upon the 
work of Schmidt III et al (2010)  
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The main conclusion is that most sources link adaptability to the possibility of change 

over time of either the form, use, or performance (economic, environmental, social) of 

the built environment. According to Douglas (2006, p. 14), adaptation may include “any 

work to a building over and above maintenance to change its capacity, function or 

performance”. The purpose is to improve some or all of these aspects and ensure that 

the building fits for its users, its purpose, the planet, and the future (Gorgolewski, 2005).  

However, some definitions contradict others in terms of how spatial systems relate to 

change. In some clusters, adaptability is described as the ability of a system to receive 

or respond to changes effectively in order to avoid obsolescence. In other clusters, 

adaptability is related to resilience, expressing the capability of an adaptable system to 

resist or endure changes successfully, improving its performance. This is similar to what 

Marshall (2009) calls an ‘evolutionary paradigm’, that is, resilience to change and 

persistence through time. So, while in the first case, the system changes, in the second, 

it does not. 

Overall, what becomes evident is that the concept remains vague in its meaning, and 

that different disciplines and scholars have used adaptability to express different things. 

The reasons for this discrepancy are the criteria and variables considered, the objects 

and scales of study, and the research scope. For example, while Koch and Miranda 

(2013) focus on the configurational resilience of network structures in the space syntax 

approach, Graham (2005) and Schmidt III et al. (2010) discuss the maximisation of 

buildings’ value and lifespan in the building industry. 

2.1.1. A nuanced concept 

2.1.1.1. Evolution and growth 

Besides longevity and sustainability, adaptability is entangled with the idea of evolution 

and growth, largely through analogies to the natural environment. Scholars (Bon, 1972; 

Kasarda et al., 2007; Steadman, 2008) have long been discussing associations of biology 

with architecture. Darwinian theory asserted that all species adapt to their environment 

and in the long term evolve to new species. Respectively, buildings can grow (increase 

in size) and building types can evolve over time through adaptations and possibly 

mutations. Conzen (1998) calls such an analogy an absurdity, while Steadman (2008) 

considers it equally dangerous, mainly because buildings do not grow in the same way 

as organisms do. He argues that while buildings do grow, they do so non-continuously; 

in a ‘revolutionary’ and not ‘evolutionary’ way—similar to the paradigms used by Kuhn 
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(1962) and Popper (1979) to describe the progress of design knowledge. In other words, 

buildings grow in discrete times, but during the in-between periods they stay fixed in 

size. This approach aligns well with the scope of this research, which explores the 

evolution (formation and transformation) of morphological elements in the city of 

Mulhouse from the mid nineteenth century up to today. In fact, the thesis looks at how 

the buildings, plots, and streets in the French case study inevitably grew during this 

period through discrete physical adaptations, establishing a link between this process 

and what makes the particular urban form sustainable over the longevity of time.   

2.1.1.2. Flexibility and changeability 

One of the concepts that are more frequently tangled with adaptability is flexibility. 

Flexibility appeared in the 1920s and became prominent after the 1950s with Modernism 

(Forty, 2000), when former patterns of habitation were put into question and housing was 

thought to be a machine that was able to adapt over time. Schneider and Till (2007) go 

on to note that buildings were supposed to respond to the users’ demands, maximising 

their choices through the design, hence the weight of responsibility rested upon the 

shoulders of architects. Habraken (2008) states, designs made by the architects had to 

be flexible enough to augment the functionality of the building. So, the concept restricted 

itself to a mere accommodation of different layouts within fixed structural elements 

similar to the archetypical Maison Domino (1914) by Le Corbusier and the proposal of 

Mies van der Rohe for the Wiessenhofsiedlung apartment block (1927). Mies van der 

Rohe famously expressed that apart from perimeter walls and columns, everything else 

should be as free as possible. He would only design the kitchen and bathroom as fixed 

rooms and leave the rest to be arranged according to the activities of the residents. This 

is closer to what Krüger (1981) describes as the ability of the built form to allocate a range 

of activities without any physical transformation and within a prefixed setting.  

Since this research is not interested in changes of function, but only of form, it can be 

argued that there are two main differences between physical adaptability and physical 

flexibility. Firstly, physical flexibility focuses on the arrangement of different physical 

arrangements in the interior of buildings, while physical adaptability corresponds to 

different physical changes in both their interior and exterior. Secondly, flexibility does not 

necessarily involve physical transformations, while adaptability does. This is a 

distinction between a ‘make fit by modification’ process (adaptability) and a ‘remain fit 

for purposes’ process (flexibility). 
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A third difference between the two concepts derives from their formal definitions. 

According to the Oxford dictionary12, flexibility is the ability of something to be easily 

modified, while adaptability describes its capacity to be modified. At this point, the 

differences of flexibility and adaptability come down to the difference between the words 

‘ability’ and ‘capacity’. Repeating the same process, capacity stands for the ability of 

someone to do something, which means that ability is contained in the definition of 

capacity, and in that sense, flexibility is equally contained in adaptability. This 

contradicts what Till and Schneider (2005) have argued, that flexible housing is a wider 

category than that of adaptable housing. Once again, the definitions seem to diverge 

making the idea of a common vocabulary sound rather difficult. 

Conversely, other scholars (Schulz and Fricke, 1999; Fricke and Schulz, 2005) propose 

changeability as the overarching concept, which encompasses both flexibility and 

adaptability as well as robustness and agility. Changeability is then defined as the ability 

of systems to accommodate changes throughout their entire life cycle (Fricke and 

Schulz, 2005). Research on complex systems (Ross, 2006; Ross et al., 2008) also 

recognises that aspects of changeability are—amongst others—flexibility and 

adaptability. They suggest that the main difference between these two depends on the 

instigator and their location in relation to the system. Any change occurring to the 

system by an agent internal to it means that the system can be considered adaptable 

(Ross et al., 2008); otherwise, the type of change is flexible. 

For this research, I consider a spatial system one that includes not only the buildings, 

the plots, and the streets, but also the spatial agents that intervene in the transformation 

of the system at any point in time. Therefore, any change instigated by these agents, like 

inhabitants or builders, is an internal or bottom-up adaptation, while a change that 

comes from top-down, such as the state, is a flexible type. This chimes with the scope 

of this research, which as Chapter 1 described, is the emergent bottom-up adaptability 

of the urban form. 

2.1.1.3. Adaptability and architectural design 

While some scholars have given prominence to the concepts of adaptability and 

flexibility, understanding their value to embrace and anticipate change in the built 

environment, others have expressed concerns against them. For instance, in the early 

 
12 Based on its online version http://www.oxforddictionaries.com/definition/english/ 
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1980s James Stirling stated that “I am sick and tired of the boring, meaningless, non-

committed, faceless flexibility and open-endedness of the present architecture”(quoted 

in Forty (2000, p. 143)). This was due to the tendency in the discipline to confine 

adaptability issues to technical discussions and to perceive technological solutions as 

an end in itself and not as a means to an end. Gradually, construction techniques 

employed to make buildings adaptable led to a certain technical determinism in which 

the design and the social life in it were essentially overlooked (Schneider and Till, 2005). 

Instead of carrying a social meaning, the concept of adaptability limited itself to bald 

engineering, involving state-of-the-art componentry such as moving partitions, drop 

ceilings, raised floors etc.  

In that sense, both adaptability and flexibility were criticised as being one-off 

experimental ideas, an architectural toy (Schneider and Till, 2005); or a ‘false neutrality’, 

which gave architects the illusion they have control over the building into the future 

(Forty, 2000). This was further underlined by Sir Andrew Derbyshire (2004) when he 

claimed that the work of architects is not done as soon as the building is finished, 

implying the control of architects in the usage and change of spaces well beyond their 

occupation. This ideology, associated with Modernism, shifted the prominence of 

adaptable buildings from spaces that create possibilities to engineered solutions that 

offer technological innovations. 

However, an ordinary building with a robust and timeless structure may inherently afford 

more inventiveness and malleability than an avant-garde and predetermined design with 

state-of-the-art technical advancements (MacCreanor, 1998). This is the case with 

buildings that have stood the test of time, like the London terrace houses (Muthesius, 

1982; Steadman, 2014a), the Dutch canal houses or industrial warehouses (Schmidt III 

et al., 2010). These have been well tested housing typologies that proved to be truly 

adaptable. Even the so-called ‘jerry buildings’ of the inter-war British period perceived 

to be of poor quality were found to be standing 50-75 years after their construction 

(Whitehand and Carr, 2001). In these cases, the idea of the control of the architect 

becomes redundant. This is so, because, on the one hand, the architects of the original 

design have not been necessarily involved in their subsequent changes; and on the other 

hand, these buildings have lasted longer than their architects. Thus, the idea of 

adaptability extending the control of architects is no more applicable. Throughout the 

life of these examples, control shifted from the designer to the user. In some cases, such 

as participatory projects, control may have never truly been in the hands of the 

architects. At the topmost rungs of the participation ladder (Arnstein, 1969), users have 

extensive role on the design, building, and management of their built environment. For 

example, in the seminal buildings of Walter Segal their adaptable structure together with 
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their self-build process of construction increased the control of users over not only the 

initial building process but also the future usage period.  

In essence, adaptable buildings favour the affordances over the constraints of the built 

environment, further dissolving the control of designers over time. Jean Renaudie has 

stated that “the important thing is to give everyone the possibility to express that which 

is not determined, but which remains latent vis-à-vis the use of space” (Scalbert, 2004, 

p. 40). If space “generates a field of probabilistic encounters” (Hillier, Burdett, et al., 1987, 

p. 233), an adaptable space may amplify its possibilities regarding for how long and in 

what ways a space can be appropriated. It also “creates an environment which offers far 

more opportunities for people to make their personal markings and identifications” 

(Hertzberger, 1991, p. 47). Arsène-Henri discussed how an adaptable building “fulfils 

each occupant’s expectations [...] providing a space which can accommodate the 

vicissitudes of everyday use over the long term” (Rabeneck et al., 1973, p. 701). In better 

words, Habraken (2008) explained that an adaptable architecture is one that is loved by 

its inhabitants exactly because it brings together high architectural standards with 

quality of everyday environment. It is also an architecture that enables individual control 

in an otherwise collective environment and redefines the role of designers valuing users’ 

long-term feedback. Studies on users’ evaluation (Leaman and Bordass, 1993; Way and 

Bordass, 2005) have further supported this statement.  

Nonetheless, Habraken (2008) admits that adaptability has not sufficiently inspired the 

discipline and as a result it remains marginal even to those practitioners that have 

realised adaptable projects. The truth is that so far architects and contractors have 

shown little interest in learning how their buildings adapt over time and perform after 

their occupancy; or in understanding why they are physically reshaped, what are the 

effects on the design and its context and what can be expected in the future. This thesis 

seeks to fill that gap. 

One of the reasons for that is that conventional architectural education does not 

examine the building as a dynamic process, but emphasises the static finished object 

(Cuff, 1992; Brand, 1994; Kohler and Hassler, 2002; Lawson et al., 2003; Schmidt III et al., 

2010). This leads to architects being much more concerned with the delivered aesthetics 

and programme of a building rather than in its boundless evolution through time, and 

hence, its adaptive capacity (Till, 2009). Another explanation relates to the amount of 

risk and effort involved in the construction of adaptable buildings (Habraken, 2008). 

Perceived uncertainty makes it harder for developers to invest on similar projects 

particularly when land values are negotiated (Shipley et al., 2006). Furthermore, for the 

clients themselves adaptability cannot be immediately recognised for it can only be 
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manifested in the long term when buildings stand the test of time. Also, designing 

buildings that have the capacity to adapt and grow in the future does not necessarily 

mean that they will do so or that they will be used in the predicted ways for architects 

know little about how buildings may change from the bottom-up. Hence not many 

stakeholders are interested in considering this possibility at an early stage.  

A last reason has to do with the idea shared among many architects that users do not 

have sufficient knowledge to make their own design decisions and such freedom would 

defy the architectural profession at large. However, when Le Corbusier found out that 

the houses he had designed at Pessac, France were altered by their inhabitants, he said: 

“You know, it is always life that is right and the architect who is wrong...” (quoted in 

Boudon (1972, p. 2)). In fact, in his study Philippe Boudon argued that Le Corbusier’s 

development was not an ‘architectural failure’, as it would seem by the extensive 

modifications of the houses. Instead, the adaptations were a positive feature because 

they helped to demonstrate that the architecture was adaptable enough to allow 

residents to make changes, realising and satisfying their living needs. Likewise, Turner 

and Fichter (1972) supported that buildings designed by local people sometimes work 

better than those designed by architects since they are the experts on their own needs 

and spatial conditions. Hence, inhabitants should be given—if not the freedom to 

design—at least the freedom to adapt.  

2.2.  Principal components of adaptability  

Eventually, the most complete definition of adaptability adopted so far was the one used 

by Schmidt III et al. (2010) for the research project ‘Adaptable Future’ in Loughborough 

University; mainly because it is systemic in the way it approaches the concept alleviating 

most of the abovementioned contradictions. For the authors, adaptability equals to the 

capacity of a building to accommodate effectively the evolving demands of the users and 

context, maximising its value through life (Schmidt III, Eguchi, et al., 2009). Schmidt III, 

Austin and Brown (2009) look at adaptability as a definable design characteristic with 

two critical dimensions, time and layers (Schmidt III et al., 2010). Time relates to the 

synchronic and diachronic time frames mentioned below but it also refers to the 

continuous changes of space, function, and components over time. Then, layers come 

as a result of the deconstruction of a building—or spatial system—into components, i.e. 

building envelope, according to certain criteria such as their function, life span, and 

hierarchy in the construction chain (Rush, 1986; Brand, 1994; Slaughter, 2001; Leupen et 

al., 2005). The layers correspond to different degrees of adaptability and thus, adaptable 

systems can allow different layers to change independently at different times and 
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speeds. As a result, the capacity of the overall system to accommodate change for a 

longer period of time is increased, reducing the efforts and expenditures to do so.  

It can be argued then, following Schmidt III et al’s work, that change, layers and time are 

key elements for the adaptive capacity of urban form. A study of the three in relation to 

each other is crucial for this work. 

2.2.1. Change: the agent, mechanism and effect 

Change of a spatial system can be defined as its transition to an altered form over time. 

According to Ross et al (2008), this transition can be characterised by three main 

aspects: the agent of change, the mechanism of change and the effect of change. The 

agent of change refers to who triggers the change; the effect of change refers to the 

impact of the changes on the system (in parts or as a whole), while mechanisms include 

on the one hand time, money and infrastructure invested for the change, and on the 

other hand the ways changes were made possible.  

With regards to the agents, I previously discussed the importance of the location of the 

agent in relation to the system. The study focuses on agents who are internal or part of 

the system and can therefore change it from the bottom-up. In their book, Awan, 

Schneider, and Till (2013) adopt Giddens’ take on agency, explaining that spatial agency 

describes the ability of individuals to intervene in the world or influence a specific 

process. They are not entirely free from societal and spatial constraints, but they have 

the power to negotiate these and engage with their spatial environment accordingly. The 

authors distinguish two main features in agents: their intent and context. The former is 

shaped by the agents’ own visions and actions, while the latter refers to the spatial and 

social structures of which they are part of, which they negotiate, and which finally 

determine their intent. 

Jeremy Whitehand (1992) discusses the agents of change involved in the development 

of urban landscapes. Taking as an example the city of Birmingham, he detects the 

agents of local government, individuals and families, religious bodies, societies, and 

private enterprise (Figure 6). In institutional and public areas, the dominant ones are the 

local municipality and business elite, and in residential areas, there are the landowners 

(individual and the municipality), developers (architects, craftsmen, merchants, traders 

etc), and builders. During certain periods of time, such as the inter-war period, decision-

making on all three elements of the urban form is in the same hands, the owners and the 

developer-builders (ibid.). Ultimately, Whitehand makes the distinction of agents based 
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on the role they perform, i.e. owners, architects, builders; the degree of concentration in 

decision-making, associating the concentration of authority with uniformity in the 

design; and last, the type of activities, particularly between corporate or public and 

individual or private (ibid.). The last distinction had been previously identified by 

Michael Robert Günter Conzen (1988) who argued that corporate initiatives formed the 

layout of medieval towns and individual initiatives transformed it later until the late 

nineteenth century. 

 

Figure 6: Agents developing institutional and public areas in Birmingham from 1730 to 1973. Source: 
Whitehand (1992, p. 94) 

Embedded within the idea of agency are also drivers of change, which may include larger 

forces such as changes in the economy, politics, or technology (Whitehand, 1992; 

Steadman, 2014a). These external conditions and their transformations over time, even 

if they do not directly cause physical changes, bear an intimate relation to the evolution 

of urban form. This is why it is important to view the formation and transformation of the 

spatial system, namely, the Cité Ouvrière of Mulhouse, in a historical context (Chapter 

3). 

As far as the mechanisms of physical change are concerned, there are different types 

described by various authors at different scales and levels of application. For example, 

while Moffatt and Russell (2001) focus on additions and expansions of buildings, 

Conzen (1960) is interested in the adaptive redevelopment of plots and blocks, with 

Barthelemy (2018) exploring the formation and transformation of spatial networks. 

Although, these will be reviewed in greater detail in the next section 2.3, what is 
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necessary to be said now is that mechanisms of change can be classified into types. For 

instance, Whitehand and Carr (2001) propose three essential types of change: systemic 

changes which include widespread mechanisms of change found across the urban 

landscape, adoptive changes which are individual implementations of systemic changes, 

and adaptive changes which involve adaptations of existing forms and practices in 

response to changes in the markets for housing and land. Karl Kropf (2001) recognises 

only two types of changes, either formative or transformative, which can be applied either 

to individual units or larger aggregations of them. He makes that distinction using the 

terms ontogenetic and phylogenetic. He argues that ontogenesis concerns the 

mechanism of development of an individual, while phylogenesis refers to the evolution 

of a type and can refer to either single objects (a plot or a building) or complex aggregate 

systems (a block or a city).  

This distinction between an individual change and the aggregation of individual 

changes is crucial in understanding how the effects of physical changes are externalised 

and perceived in the built environment. While changes of single buildings are important 

for they demonstrate the need to respond to the users’ needs, there is equally a value in 

recognising to which extent these changes affect or are affected by each other, 

contributing to the transformation and spatial sustainability of the whole system. Kropf 

(ibid., p. 39) argues that “From the point of view of the larger scale, the choices are 

random and are not made with any idea of the larger pattern to which they may 

contribute.” This becomes pertinent as the spatial system grows and individual 

mechanisms of change have a cumulative effect on the form, function, and performance 

of the system. Whitehand (1992) confirms the considerable effect of piecemeal changes 

in residential areas and the lack of a coherent strategy behind these changes.  

Therefore, a distinction can be made here between the piecemeal adaptability of 

individual formal elements and the impact of their aggregate adaptability on the urban 

context. For example, in her PhD thesis Hanson (1989) makes the distinction between 

the morphological history and the history of events in the street network. She 

understands the first as the aggregate transformation and evolution of the street 

configuration, and the second as the individual localised interventions, such as road 

widenings and encroachments, that contribute to the history of the street form.  

It can be argued that the effects of change can be numerous pertaining to issues of 

health, governance, economy, etc. However, Chapter 1 made clear that this study is 

exclusively preoccupied with the effect of changes on the centrality and densification 

processes of the street and built form respectively. In other words, the impact of formal 

changes is analysed only in relation to their potential contribution to shape urban 
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centralities and movement flows as well as to influence the built intensity and open 

space consumption. Obviously, these effects may have other minor or major 

consequences. While the work might refer to other side effects, especially on the social 

scale, it will not direct its full attention to these for they are deemed outside the scope of 

the research.  

2.2.2. Layers 

The second key element of adaptability defined by Schmidt III et al is layers. It refers to 

the decomposition of complex spatial systems into their constitutive elements and the 

relationships between them in order to better understand how different elements 

change as the system evolves. This study adopts by default a decomposition approach 

by analysing the three elements of urban form, the buildings, plots, and streets. 

Nonetheless, it is of interest here to review the decomposition approaches suggested 

by Francis Duffy (1990) and Stewart Brand (1994), which are fundamental to 

understanding how buildings behave and change over time. 

First, Duffy (1990) distinguishes four layers in buildings according to their rates of 

change: Shell or structure which lasts 50 years in Britain and 35 years in North America, 

Services which are replaced every 15 years, Scenery or layout which changes every five 

to seven years, and Set or furniture arrangement which can change within months or 

weeks. Then, Brand (1994) expands this list to six shearing layers: Site, Structure, Skin, 

Services, Space plan, and Stuff (Figure 7). The value of his approach lies in three 

aspects. Firstly, all layers have different lifespans and forms, and can change almost 

irrespective of each other. This signifies that some layers, like the Structure with a 

lifespan of 30 to 300 years, can maximise the longevity of the entire system more than 

others, i.e. the Stuff which may change radically in the course of one day. Secondly, the 

layers relate to different spatial agents and activities. He writes “The building interacts 

with individuals at the level of Stuff; with the tenant organisation (or family) at the Space 

plan level; with the landlord via the Services which must be maintained; with the public 

via the Skin and entry; and with the whole community through city or county decisions 

about the footprint and volume of the Structure and restrictions on the Site” (ibid., p. 

17). Thirdly, Brand’s decomposition takes into account the wider context surrounding 

the building (Site), meaning the geographical setting, the urban location and the legally 

defined plot. This layer stresses more than the rest the longevity of the entire system. 

Spiro Kostof (1992, p. 251) agrees with this: “In this process of layering, nothing much 

of the beginning may survive in the end, but the city is still there where it started (site), 
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and its present form is the last phase of many major and minor readjustments, each one 

of which had to work with what was there at the time”. 

The introduction of Site significantly broadens the understanding of layers beyond the 

singular building and helps us to integrate into the scheme the other two elements of 

urban form, the plots and the streets. By doing so, Brand essentially draws links between 

the growth of buildings and that of cities in a temporal perspective. Therefore, it can be 

argued that this thesis focuses on two of Brand’s layers, the Skin, seen as volume which 

receives adaptations over time, and the Site, which needs further shearing to address a 

range of physical scales, i.e. from the local to the global context of buildings. 

 

Figure 7: Six shearing layers and their respective rates of change. Highlighted in black the layers 
relevant to this study. Source: Brand (1994, p. 13) 

Integrated within the concept of layers is also the idea that the physical adaptability and 

sustainability of spatial systems depends on the relations between the layers. For 

example, “an adaptive building has to allow slippage between the differently-paced 

systems” (Brand, 1994, p. 20). In reality though, the rhythm and mechanisms of change 

in one layer are not entirely independent of each other. Indeed, Brand confirms that the 

decomposition is hierarchical in the sense that the Site restricts possibilities of change 

in the Structure, which in turn dominates the Skin, which dominates the Services and 

so on (ibid.). Therefore, in order to maximise the degree of adaptability in a system, the 

most dominant layer needs to maximise its capacity to receive alterations that occur in 

other layers. To put it differently, the slowest shearing layer, that is the Site, endures 

individual changes in all other layers as well as their aggregate effects, providing 

continuity to the entire system. Conversely, the same layer imposes physical constraints 

on the potential changes of all other layers, determining the overall spatial affordance of 

the system. 
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2.2.3. Time 

Inherent in both Brand’s decomposition system and the notion of change is time. 

Particularly in the piecemeal growth, emergence, and transformation of spatial systems 

from the bottom-up, the time dimension matters. In fact, Sam Griffiths (2011) explains 

that there is an implicit temporality in both space and society, which is often 

inadequately considered in spatial studies due to the prominence of the synchronic 

mode of analysis. According to the theory of ‘description retrieval’ in space syntax 

(Hillier and Hanson, 1984), at any given time, a space presents itself with synchrony—

the amount of space that is captured in a single frame—and description—the syntactic 

relations that are embodied in the space that is synchronised. Meanwhile, for any given 

description, there are both synchronic and diachronic relations, that can be captured in 

a single frame or over time respectively (Hanson, 1989; Griffiths, 2009). This means that 

apart from the static way of looking at a spatial system, there is also the fundamental 

need to trace its description in time. Looking at the dual temporality of change assists 

the understanding of the ‘historicity’ (Griffiths, 2011) of the morphological processes of 

growth and adaptation in societies (Connerton, 1989), urban environments (Moudon, 

1986; Psarra, 2018), and buildings (Brand, 1994; Steadman, 2008, 2014a), which this 

research is interested in. 

The cyclical nature of formal changes is especially well addressed (Parry Lewis, 1965). 

For example, Whitehand’s study (Whitehand, 1972) on Glasgow revealed four cycles of 

approximately 20-30 years’ duration for housing construction over the past century, each 

made up of a construction boom and slump period. Equally, Sherry Olson’s analysis 

(1979, 1982) on Baltimore showed that the city is renewed and redeveloped every 15 or 20 

years. This agrees with the cycle of 18-year ‘long swings’ identified by a number of 

scholars for the city-making processes in the West (Hoyt, 1960; Isard, 1960; Abramovitz, 

1964). In a nutshell, the growth and change of urban form is rhythmic (Kostof, 1992) and 

rhythm is an important aspect of a diachronic analysis. 

2.3.  The study of change in the urban form 

Most morphologists have considered change as the core of typological and 

morphological thinking (Kropf, 2001). Brenda Case Scheer (2015) explains that the 

development of theories of change in urban form is common across different lines of 

enquiry (Table 2). Despite their differences, they agree on four points: the historicity 

underlying growth and transformation; the similarity in patterns of change across 

different layers (cities, neighbourhoods, streets, buildings, and plots) and over time; the 
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survival of certain forms over others; and the physical constraints imposed by the 

slowest layers. However, most of them do not relate the dynamics and patterns of 

physical change to non-formal conditions and events; neither, do they establish 

convincing links to one another (ibid.).  

British Italian Space syntax North American 

Origin, plot cycles, 
burgage cycle, 

disjunction, repletion 

Typological process, 
diffusion of type in 
space, adaptation, 

persistence. The city as 
organism 

Evolution, 
emergent, 
predictive, 
generative 

Origination, disruption, 
temporal hierarchy, 

evolution, persistence 

Table 2: Theories of change demonstrated in four lines of enquiry. Source: Scheer (2015, p. 8) 

To illustrate the diversity of concepts used to describe physical changes within the field, 

I have compiled a catalogue of mechanisms of change which have been so far observed 

in the English-language literature and based on the ISUF glossary by Andrew Jones 

and Peter Larkham (1991) (Table 3). Attempting to explain each one of these 

mechanisms—and the theories behind them—is beyond the scope of this discussion. 

Instead, the list attempts to demonstrate, first, the vast terminology used to describe 

physical changes; second, their engagement with a series of spatial layers from regions 

to buildings; third, the nexus of concepts and ideas related to adaptability; and last, the 

little common linguistic ground among like-minded scholars. Of course, as Ivor 

Samuels (1990, p. 434) has argued, this “is one of the strengths of morphology. It is open 

to approach by various disciplines with their own methods and any attempts to restrict 

or strait-jacket the discourse could stifle it”. 

It can be observed that most of the concepts in the list have been introduced and 

discussed by Conzen, Whitehand, Larkham, Luffrum, Freeman, and Pain, revealing the 

bias towards the British Conzenian tradition and the historico-geographical approach. 

This approach discusses change either as an additive or transformative process, the 

former being preoccupied with the creation of new forms as part of urban growth and 

evolution, and the latter considering formal operations to existing urban forms. Another 

line of enquiry for example within the field is the Italian process-typological approach. 

This has its origins in the work of Muratori (1959) and Caniggia and Maffei (2001) and 

focuses on building types and their periodical  transformation in relation to historical 

conditions. This approach provides a better understanding of the historic continuity of 

the city, and addresses change as an integral part of an ever-evolving urban tissue. 

Therefore, it sees changes as evolutionary stages of an existing spatial system. 
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Mechanisms of change 
Street 

(Urban) 
Plot Building Authors 

Morphogenesis x x x Whitehand, 1981; 

Accretion x x x Conzen, 1969; 

First-cycle development x x  Pompa, 1988; 

Second-cycle development x x  Pompa, 1988; Jones, 1990; 

Dispersed development x x  Conzen, 1960; 

Augmentative redevelopment x   Conzen, 1969; 

Adaptive redevelopment  x x Conzen, 1960; 

Integument or annexation x x x Conzen, 1960; Slater, 1978; 

Ribbon development x x x Conzen 1960; Hall 1983; 

Amalgamation  x  
Conzen, 1960; Luffrum, 1979; 

Sim, 1976,1982; 

Subdivision  x  
Shiramizu and Matsumoto, 
1986; Luffrum, 1979; Sim, 

1976,1982; M.P. Conzen, 1990; 

Truncation  x  Conzen, 1969; 

Complementary building development  x x Conzen, 1969; 

Tandem development  x x Jones et al., 1988; 

Infill  x  
Whitehand, 1989; Whitehand 

and Larkham 1990; 

Orthomorphic plot pattern  x  Conzen, 1960; 

Metamorphic plot pattern  x  Conzen, 1969; 

Repletive absorption  x  Conzen, 1969; 

Addition   x 

Whitehand, 1983; Whitehand 
and Whitehand 1983; Freeman 

1983,1986; Larkham, 1986; 
Pain, 1980; 

Extension   x 
Pain, 1980; Luffrum,1979; Sim, 

1976,1982; 

Conversion   x Pain, 1980; Cooper, 1984; 

Structural external alteration   x Pain, 1980; Cooper, 1984; 

Interior alteration   x 
Larkham, 1986; Luffrum, 1979; 

Sim, 1976,1982; 

Demolition   x Cooper, 1984; Larkham, 1986; 

Refurbishment   x Larkham, 1986; 

Facade change   x 

Blacker, 1987; Luffrum, 1979; 
Whitehand, 1979, 1983; 

Whitehand and Whitehand, 
1983; Freeman, 1983, 1986; 
Larkham, 1986; Jones, 1987; 

Sim, 1976, 1982; Cooper, 1984; 
Bastian, 1978; Mattson, 1983; 

Pain, 1980; 

Building replacement   x 
Conzen, 1969; Ross, 1979; 
Whitehand, 1979, 1983; 

Luffrum, 1979, 1980, 1981; 

Building redevelopment    
Whitehand, 1978, 1984; 

Freeman, 1983; Sim, 1976, 
1982; Callis, 1986; 

Major rebuilding    Larkham, 1986; 

Repletion   x 

Conzen, 1960; Koter, 1990; 
Whitehand, 1988, 1990; Booth, 
1989; Jones et al., 1988; Jones, 
1990; Pompa, 1988; Whitehand 

and Larkham, 1990; 

Table 3: List of changes in urban morphology based on the glossary of Jones and Larkham (1991) 
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Most importantly, the list verifies the range of scales covered by theories of change— 

especially the historico-geographical approach (Oliveira, 2019). Indeed, the table counts 

eight mechanisms of changes that relate to the urban fabric, particularly the street 

network; 17 mechanisms of changes applicable to individual plots or series of plots; and 

another 17 changes for the building scale. In detail, the mechanisms identify different 

types of (re)development in central and peripheral urban areas, for example alongside 

existing roads (ribbon development); different processes that occur as part of the plot 

cycle, including the possibility of no change (orthomorphic pattern); and different 

mechanisms of building adaptation, such as refurbishment, demolition, and major 

redevelopment.  

Hence, the remaining sections of the chapter discuss a selection of studies and their 

results regarding mechanisms of physical change in streets, buildings, and plots. The 

aim is to gain a better understanding of how previous authors have approached the 

study of change in cities. 

2.3.1. Street network 

The main idea behind the study of street networks is the complexity of their emergent 

structure that grows through both incremental actions of many individual and collective 

agents without central coordination and collective awareness of the aggregate results 

of their actions; and non-incremental street interventions which are longer planned 

infrastructural developments, frequently occurring in modern cities (Serra, 2013).  

More often though, cities and street networks, are typical examples of self-organised 

complexity, as Jacobs (1961) states, claiming for a design culture “that is highly 

decentralized, in tune with the way cities grow and change – from the bottom up”(Batty, 

2007, p. 2). Juval Portugali (2000) agrees with the idea of self-organisation in the urban 

form. He argues that throughout history, cities have spontaneously and non-linearly 

emerged and evolved—and in this process changed and adapted—demonstrating their 

own internal spatial and social logic. This process has been, among other factors, 

affected by individual decision-making, cognitive dissonance, and culture.  

Frank Brown (1985) recognises an ‘internal logic’ already in medieval towns, despite 

their disorganised appearance. Through an analysis of archival documents and 

historical maps of the City of London, Brown follows the piecemeal growth of its urban 

fabric based on local rules defined by various constraints of the space itself. He 

acknowledges the ‘grammars’ of continuity and accessibility in the way buildings are 
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configured in relation to one another, to the property boundaries—or ‘perimeter 

segments’— and to the adjoining open space. He argues that “property boundaries that 

contained building growth not infrequently survived for very much longer than the 

original development. Hence these boundaries constitute an essential element of 

continuity in the landscape, tying together the building patterns of successive periods. 

The constraints did not, in themselves, determine spatial form; they were the framework 

within which the rules were applied. Together, the rules and the constraints form the 

cornerstone of urban generation” (ibid., p. 82). Like Brand’s decomposition approach, 

Brown identifies the hierarchical relationship between the three elements of the urban 

form in the sense that the streets impose constraints to the perimeter segments, which 

in turn restrict the buildings, while each time the former constitute the frameworks in 

which the rules of change of the latter are applied.  

The theories of space syntax theory are well aware of these non-linear emergent 

processes that generate and shape spatial systems, being subject to their own laws 

(Hillier, 2003). Hillier and Hanson (1984) identify one ‘basic generative process’ in street 

networks, the ‘beady-ring’. They argue that the street network is created by more or less 

linear continuous spaces that form intersecting rings and discrete islands of built forms. 

This provides access to buildings and plots and facilitates movement within and 

between cities. Its growth (and subsequent change) is governed by four principles: 

centrality, extension, contiguity, and linearity (Hillier, 2001). Centrality describes the 

tendency to partition streets in their centre; extension refers to the prolongment of 

streets; contiguity refers to the contiguity of partitioned streets; and linearity talks about 

the linear configuration of partitioned streets. These four principles can be summarised 

in two laws: centrality and compactness. The first one proposes that cities grow by 

placing streets as centrally as possible and by conserving longer lines (through 

extension) at the expense of creating new shorter ones. The second law suggests the 

tendency of cities to maintain a compact size and shape during the aggregation of 

buildings and plots (which is basically the opposite process of an urban sprawl).  

It can be deduced that these mechanisms are relevant not only for the emergence and 

growth of streets, but also for their transformation and adaptation. Hillier (1996b, 1999a) 

agrees that street networks self-organise their local grid conditions in the direction of 

greater local intensification and movement-efficient functioning by retaining small-

scale blocks and permeable structures. His ideas seem to be aligned with those of Kropf 

in saying that from the point of view of the larger scale, there is no conscious design and 

that localised interventions occur piecemeal over time without an idea of what the larger 

pattern may look like. “Cities are constructed bottom-up over long periods through 

processes involving large numbers of agents, but function top-down in the sense that 
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the critical relation linking the spatial configuration of the city to its function—a lateral 

relation between kinds of complexity – that is the relation between grid configuration 

and movement—reflects the emergent structure of the grid, and not simply the local 

properties of spaces” (Hillier, 2003, p. 5).  

Similarly, Kostof (1992) supports that while organic plans seem to be cohesive and of 

one piece, they are often grown piecemeal through small planned increments. Miguel 

Serra (2013) identifies these incremental interventions as small private developments for 

commercial or residential purpose, characteristic of organic growth. He argues they can 

be further classified into the conjunctive type which partition the existing grid creating 

new connections between existing streets, and the disjunctive type which simply attach 

to existing individual streets, i.e. cul-de-sacs. 

Albert Levy (1999) further compares traditional organic street networks to modern ones. 

He argues that in the first category one can see either the superimposition or the 

juxtaposition of different fabrics after successive cycles of growth and change. 

However, when it comes to modern cities, he mentions the infrastructure of 

transportation as the “primary tool of urban expansion and the principal agent of urban 

change” (ibid., p. 82). In this second category, the mechanisms of change include 

among others the radical insertion of new street forms, like ring roads, motorways, 

bypasses, and roundabouts, which fragment and disrupt the urban fabric, affecting 

other elements of the urban form, notably the consolidation of plots and the position 

and alignment of buildings in relation to street. 

Another scholar, Marc Barthelemy (2018) is concerned with the idea of city growth as an 

emergent phenomenon ruled by self-organisation. Specifically, he identifies two 

mechanisms of how streets grow and change over time: by densification, increasing the 

number of streets locally around central areas, and by exploration, describing the 

creation of new streets towards non-urbanised areas (ibid.). Accordingly, in the 

evolution of Alamo square in San Francisco, Moudon (1986) affirms the mechanism of 

densification in the street network by noticing insertions of alleys into the blocks’ 

interior. Arnis Siksna (1997, 1998) confirms these observations. On his comparative 

study between four North American and Australian cities, he identifies not only the 

insertion of streets within large blocks, but also the subdivision of larger plots and the 

amalgamation of smaller less orderly plots; as well as the addition and elimination of 

streets leading to changes of block frontages over a longer period of time. In a study of 

street- and plot- development in Melbourne Australia, Ronald Johnston (1968) notes 

that in central areas of high-density, existing streets are less likely to change, unless a 

comprehensive redevelopment takes place, whilst in low-density areas, there is potential 
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for streets to be created, larger plots to be subdivided, and new buildings to settle down. 

Effectively, all these agree with Barthelemy on the two main mechanisms of growth and 

change of the street network in urbanised and non-urbanised areas.  

Furthermore, scholars (Arthur, 1988; Griffiths, 2009; Serra, 2013; Dhanani, 2014) point to 

the path-dependency of street networks during urbanisation. They mention that new 

roads often follow the lines of former historical paths or driveways, which constitute the 

backbone of the urban form. To explain this better, Scheer (2001) decomposes the urban 

form in five morphological layers and studies their evolution according to their resilience 

to change (Figure 8): the site (landform and natural features), the superstructure (paths 

and land boundaries), the infill (fine-grained paths and plots), the buildings, and the 

objects (surfaces, signs etc). In that sense, she introduces another decomposition 

system, which has a spatio-temporal hierarchy and can operate complementarily to that 

of Brand’s for individual buildings. Similarly to Brand, the slower layers, i.e. the site, 

dominate the faster-changing layers, affecting their growth and potential to change.  

 

Figure 8: Five layers of urban form. Source: Scheer (2001, p. 30) 
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Scheer assigns the street network to two layers: the superstructure, which refers to 

large-scale (global) paths that pre-date most urban development, and the infill, which 

are streets locally nested within the superstructure, representing subsequent finer-

grained filling. She argues that the superstructure is far more resistant to changes for it 

requires tremendous social, economic and political power to alter it and no regulations 

or local agency can control it. Infill developments are characterised by low-density and 

subdivision codes; they are largely designed by private land developers, and can form 

static, elastic or campus-like tissues. Static refers to residential areas of single-family 

houses with planned streets and plots, which are less prone to subsequent changes. 

Elastic tissues are intensified parts of the grid without prior planning, which lack spatial 

order and are more susceptible to adaptations over time. These are always linked to the 

pre-urban paths of the superstructure. Finally, the campus tissues are composed of 

large tracts of land without distinct properties featuring dispersed building 

developments. 

The main finding of interest here is that “the overall suburban form is directly 

conditioned by the size and shape of the pre-urban superstructure. No amount of 

subsequent planning or zoning has had close to the impact on patterns of suburban 

development that the original land survey and the division of the land into farms and 

fields have had”(ibid., p. 32). This is similar to Jacqueline Tatom’s (2003) finding on the 

metropolitan region of Lyon. By analysing diachronically two suburban municipalities, 

she argues that the rural landscape structure, which preceded urbanisation has largely 

persisted and subsequent urban transformations had followed the continuity of rural 

plots and streets. Likewise, Stephen Wheeler (2008) on his study of morphological 

growth in six metropolitan areas, explains that the plot size and tenure—what Sheer 

calls superstructure—influence the nature and extent of subsequent developments, 

because they correspond to different time frames and space-making strategies. So, 

once again, the morphological path-dependency of growth and the role of pre-urban 

formal elements is highlighted as the main determinants of emerging spatial 

morphologies. 

Stressing the same idea of overlapping layers in the street system and their differences 

in their behaviour to change and adapt, Stephen Read (1999) highlights the existence of 

two underlining grids in the city: the super-grid that reaches evenly throughout the entire 

system and organises long range movement, and another one that structures movement 

at the very local scale. Read’s finding of a dual movement structure shares similarities 

with the dual form proposed by Hillier (1996b). For Hillier, cities, in spite of their obvious 

differences, are shaped by the same dual process, in which “each side of the duality 

explores the relation between space and movement in a different way. On the one hand, 
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there is a micro-economic driven process that structures space in order to make it 

globally accessible, i.e. to optimize its reach from all other spaces and so maximize 

movement and copresence; this tends to be invariant across cultures, as trade and 

exchange [are]. On the other hand, there is a residential space process, which uses 

space to restrain and structure movement in the image of a residential culture of some 

kind. […] This dual process leads to the emergence of the also dual structure of urban 

grids: a foreground network of highly accessible spaces linking centres at all scales, and 

a more segregated background network of primarily residential space in which the 

foreground network is embedded” (Hillier and Vaughan, 2007, p. 218).  

2.3.2. Plots 

Focusing on plot changes, Conzen (1960) distinguishes three mechanisms of plot 

development: the augmentative, which expands the street and plot system within the 

same geographical area; the adaptive, where plots are redeveloped without the 

introduction of new streets,; and the dispersed, where large plots of land are formed in 

non-urbanised areas. Conzen’s work on English towns provides evidence on the 

redevelopment of one particular type of plot, the burgage (Figure 9). The burgage cycle 

consists of the progressive infilling of the unbuilt tails of the plot in the core of old towns 

(Conzen, 1960). Once the plot is fully occupied, existing built forms are demolished 

followed by a period of ‘urban fallow’ that prepares the ground for a succeeding 

redevelopment cycle. Nicholas Pompa (1988) concludes there are two cycles of 

development: the first cycle refers to the original development and the second cycle 

describes every subsequent intensification of development until the plot is replete. 

In his research on low-density13 detached houses in South-east England, Whitehand 

(1992) narrows down plot (re)development to the plot subdivision, especially the 

truncation of corner plots and the division of frontages. He mentions that longer plots are 

more prone to the cropping of their tails, whereas wider plots tend to be divided 

lengthways. Another study by Whitehand et al (1992) on post-war changes in British 

suburbs adds to the above the plot infill (either towards the front or the back side of the 

main buildings), and particularly the frontage-division plot infill which describes the 

addition of one or more buildings to a newly formed plot that derived from the 

lengthways division of the original plot. 

 
13 Density was measured as the number of dwellings per hectare. 
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Figure 9: Transformation of the Teasdale’s yard burgage from 1774 to 1956. Source: Conzen (1960, p. 
68) 

According to Kostof (1992), such small-scale mechanisms are essentially additive 

processes which differ from the transformative processes brought with the Industrial 

Revolution into modern cities and which have severely affected the design of urban form. 

In essence, as towns and cities grow bigger and building types change (with the 

introduction of blocks of flats, estates, and complexes), another mechanism of change 
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appears: the amalgamation of plots, which results in larger pieces of land for the 

accommodation of larger building blocks (Whitehand, 1992). Now, “The new blocks are 

distinguished by shallower building lots with longer frontages rather than the alignment 

of many short, deep plots, each with its miserly share of the street, as in the standard 

configuration of burgages”(Kostof, 1992, p. 296). This is true in both commercial and 

residential landscapes. For example, Moudon (1986) identifies significant differences 

between the relatively predictable street and plot forms constructed in the 1920s and the 

disordered ones of the 1960s where new buildings were randomly configured within 

larger plots. Previously, I referred to the work of Levy (1999) who observed the same 

radical shift in the evolution of urban form. However, the same thing is confirmed by 

other authors, including Ryan (2006). In his analysis of Detroit’s inner city, 

“redevelopment brought about a process of inner-city suburbanization, where urban 

developments emulated patterns of suburban land use, and lot and street-block design” 

(ibid., p. 19). He describes that buildings were demolished, small blocks were 

amalgamated to superblocks, streets were reconfigured and widened, mega transport 

projects were constructed, and city block frontages were removed. In North America, 

this reverse redevelopment has been attributed to the implementation of new building 

code standards and the increasing need for additional parking and open spaces 

(Moudon, 1986; Scheer and Ferdelman, 2001). 

2.3.3. Buildings 

When we look at studies of the built form, the lifecycles and rates of change increase; 

so does the variance between different cultures and societies. From a historic point of 

view, Kostof (1992) provides a good variety of examples of incremental changes in 

different contexts as a result of citizens seeking their own advantage within a loose 

frame of social and economic forces. He describes that in medieval Rome the self-

centred concern for one’s own family produced a fabric of small single-family houses, 

which was no longer oriented toward the public spaces of streets and squares. These 

houses took their shape from that of their neighbours, and in the following two centuries 

changes were constantly made through additions and the incorporation of contiguous 

structures. In London after the 16th century, changes happened behind the facades. 

Houses were subdivided, rooms altered to suit new functions, whole floors were 

inserted. The interior revisions made by the owners or tenants—knocking down a wall, 

opening or walling up a window—might have not had a fundamental impact on the city 

form, but the conversion of single-family houses into apartments had. This was also 

true for the American and Parisian contexts where houses in central areas were 

subdivided into rental apartments for low-income families.  
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For instance, François Loyer (1988) describes the lifecycle of medieval Parisian houses. 

Initially, houses would sit on the heads of the plots to take advantage of the pedestrian 

flow with opportunities for commerce and craft. They were accompanied by gardens at 

the back, which were gradually built over. First, low-rise accessory constructions were 

built in the middle part of the plots, including sheds, warehouses, and workshops, while 

kitchens were added at the rear side. Then, houses would grow vertically by adding 

storeys first at the street front, and then at the back, reducing the open spaces to tiny 

courts and airshafts. Later, buildings were further heightened by changing their roof, 

transforming its shape from a traditional pitched roof to a mansard, taking advantage of 

the attic as living space. 

In his research on British housing in the post-war period, scholars (Whitehand, 1992; 

Whitehand et al., 1992) notice two mechanisms of change: the refurbishment of older 

dwellings (sometimes entirely at the expense of the local authority) to increase their 

value and compete new constructions, such as estates, and the piecemeal infill and 

redevelopment of middle-class low-density residential areas. Together with studies by 

Whitehand and Larkham (1991a, 1991b) on suburban residential areas, the second 

mechanism is further explained. It entails either the demolition of one or more of the 

existing dwellings and their subsequent redevelopment on site; the construction of 

additional buildings in the garden of existing properties; or the conversion of existing 

houses to flats or maisonettes by means of extension or subdivision. A most recent study 

of Whitehand and Carr (2001) on residential areas in Birmingham and London echoes 

these findings. The authors observe again the mechanisms of infill and redevelopment, 

and refine them into extensions, changes to porches and facades, internal alterations, 

garage constructions, additions, changes of use, plot truncations and amalgamations. 

While these can be considered as large-scale interventions, other physical changes are 

also recorded at the micro scale, which are largely initiated by the households without 

planning permission (Whitehand et al., 1999). They include exterior minor changes 

screened from the public view, such as extensions and changes to windows, front 

doors, roofs, chimneys, front porches, gardens, as well as interior changes like the 

removal of a fireplace and the replacement of a fitment.  “They are on the whole cheaper, 

and therefore less sensitive to household income, more standardized and amenable to 

mass marketing, less enduring and less space demanding” (Whitehand and Carr, 2001, 

p. 153). Despite their small-scale, these changes are contagiously and directly copied 

from neighbours in close proximity, leading to a considerable cumulative impact on the 

visual aspect of the neighbourhood. In conjunction with the larger-scale changes, the 

collectively perceived effect is rather substantial—an idea also supported recently by 

Knight and Williams (2012).  
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In terms of building types, Walsh (1994) observes that single-storey extensions have 

been the most common mechanism of change in non-detached houses, especially for 

properties that feature greatest concentration of retired people and less frequent 

ownership changes. Garages have also been popular, especially between 1946 and 1972. 

Other changes include window replacements, changes to porches and entry doors, 

garden reconfigurations, and interior changes. Meanwhile, Peters’ study (1994) shows 

that extensions in detached houses tend to be greater in number and variety and are 

easily visible from the street for they are located sideways to the main buildings.  

These findings show that the building types may constrain the feasibility and visibility 

of exterior changes. The same applies to the plot types, whose shape and size limit the 

insertion of additional constructions and the demolitions of existing ones. Whitehand 

and Carr  (2001, p. 147) mention that “large plots provide for space-occupying changes” 

and “large houses for such changes as subdivision and change of use”.   

Through the analysis of a database of 300 British house plans, Brown and Steadman 

(1991b) observe there are two principal dimensions in all dwellings independent of their 

type14, the depth and frontage-width, which constrain the internal layout as well as the 

possibilities of buildings to change and grow on the exterior, as the two processes are 

intimately connected. Building depth is restricted by the plot dimensions and the need 

for daylighting and ventilation to all rooms, and thus, remains constant in length (around 

7.5m) and partitioning (maximum two ground-floor rooms) irrespective of the built form. 

The frontage-width varies according to the dwelling type. For instance, in terraces it is 

often inversely proportional to depth, meaning that other things being equal, there is 

greater need to increase the depth (in metres) to compensate for a narrow frontage. 

Then, in relation to depth, the frontage-width is further “constrained, or determined by 

other considerations—practical, social, and above all economic—that applied in the 

particular historical context. Such restrictions on frontage width as those imposed by 

the layout of ‘byelaw’ streets also have profound implications for internal layout” (ibid., 

p. 292). And the internal layout in turn imposes additional restrictions on the access 

pattern and the adaptability or extendability of the buildings. 

On account of treating the plans synchronically, Brown and Steadman do not discuss 

external projections15 as mechanisms of change for it is not known whether these were 

 
14 They looked at detached, semi-detached, terrace houses and flats. 
15 Protrusions from a basic rectangular form. 



 
74 

part of the original design, case in point being the tunnel-back terraces, or later 

additions, like the back or side extensions. Nevertheless, they notice that many terraced 

houses feature back projections due to their old age and the absence of other available 

space for expansion into the plot. Meanwhile, back and side projections are common 

among the interwar semi-detached houses, providing extra space for kitchens, WCs or 

stores, while the larger houses with wide frontages or the detached houses display very 

few projections other than small sheds, stores or garages. Ultimately, besides the laws of 

geometry, the occurrence of changes was found to be dependent on the type of 

ownership and occupancy, with public and shared dwellings (like flats) being more 

restricted due to council tenancy and structural complications. 

Some other studies also discuss the influence of the original density on the number, 

size, and types of change. Whitehand and Carr (2001) note that residential areas with 

high density—which implies smaller plots and houses (Whitehand, 1975)—are less likely 

to receive larger-scale changes of infill and redevelopment, but are dominated by small-

scale permitted developments. In contrast, low-density residential areas are dominated 

by changes that are subject to development control. This tendency is associated with 

issues of cost, durability of materials, social aspirations, and standardisation of 

changes. 

The same study touches upon the impact of development control on the mechanisms of 

change and the timeline of redevelopment processes. For example, additions of new 

buildings are less likely to be approved than other types of change. Moreover, bigger 

developments and applications submitted by private individuals take longer to be 

authorised (Whitehand, 1992). The same applies for building extensions, especially in 

denser areas in central London. 

Additional work has also been conducted with a focus on the interior of buildings such 

as in the case of London terraced houses of the 18th and 19th century (Muthesius, 1982; 

Steadman, 2014a), and the West Village row houses in New York (Palaiologou, 2015). No 

attempt will be made here to address the internal systematics of dwelling layout and the 

influence of the interior plans’ function, geometry, and topology on the built form. Brown 

and Steadman (1991a, 1991b) have already covered this ground concisely in their 

computerised analysis of 303 houses, albeit in a synchronous and ahistorical approach. 

Plus, the study of internal building plans and the mechanisms of internal change over 

time are not the focus of this thesis and would require a separate exercise to tackle in 

detail. 
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What is worth mentioning, though, from the approach of Brown and Steadman, which 

differs in that sense from that of Hillier and Hanson (1984), is their consideration of 

function as one of the fundamental ‘levels’ to analyse and reflect in the morphology of 

buildings. The room functions, together with their configuration, shape and 

dimensions, provide constraints which also influence how building plans are shaped 

and explain why certain forms and configurations have survived over time while others 

not. They write: “As buildings age, it is often the degree to which they constrain present 

functional requirements that is the decisive consideration. […] Some can be adapted 

only with considerable difficulty to modern social needs and expectations. Hence, in 

addition to problems of physical deterioration, thermal inefficiency, and so on, there may 

be a significant mismatch between spatial form and functional requirements. The gulf 

between old and new is typically bridged by physical transformation (additions, 

alterations) to the buildings themselves. The inherited forms are adjusted and 

remodelled to suit modern demands, Alternatively, sections of the building stock may 

survive through changes in patterns of use or occupancy” (Brown and Steadman, 1991b, 

p. 279).  

In this research, the function of forms and the context behind their emergence and 

development are only discussed theoretically to provide some understanding of the 

historical origins and the socio-economic conditions applicable to the particular locus 

during a specific period. They are not the focus of the empirical work, which is instead 

concerned with the ‘levels’ of geometry, configuration, and density. This explains the 

selection of the methodologies presented in Chapter 4. 

2.3.4. The relationship between the three elements 

The final idea that emerges from the literature refers to the relationship of the three 

elements of the urban form, starting from how the street network supports changes in 

the built form. Siksna (1997) suggests that a successful street configuration is one that 

can successfully support the adaptation and redevelopment of buildings over time. 

When looking at the evolution of Cincinnati, Scheer and Ferdelman (2001) notice that 

that the extensions and insertions of streets foster three kinds of redevelopment in the 

built form: the preservation, functional adaptation, and demolition of buildings.  The 

authors then argue that “the original plan guides the subsequent development by 

constraining it [..] or by providing opportunities for specific kinds of redevelopment” 

(ibid., p. 26).  
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The same idea is brought forward by studies (Griffiths et al., 2008; Vaughan et al., 2010; 

Törmä et al., 2017) on successful suburban town centres and adaptable suburbs around 

London. The authors define adaptability at the building scale as “relative ease in 

switching of ownership and function” and adaptability at the street scale as “relative lack 

of dependence on a singular source of activity” (Vaughan et al., 2010, p. 90). Then they 

link the two by suggesting that the resilience of central street formations, like active town 

centres, can maximise the affordance of built-form adaptability (Vaughan et al., 2013) by 

fostering modifications (expansion) and cyclical redevelopments of buildings 

particularly within wide-fronted plots to accommodate a diversity of non-domestic land 

uses (Törmä et al., 2017). Even though the focus is mainly on the continuity and change 

of socio-economic activities, the authors still show that the functional and physical 

ability of buildings to change is dependent on the street network and the flows of 

movement it can sustain over time at different scales and by different social groups 

(Vaughan et al., 2010).  

It can therefore be observed that studies have sought to establish a relationship between 

changes in the different elements of the urban form, notably the street network, plots, 

and buildings. In his dissertation, Törmä (2014) found that residential buildings have 

extended at the front and back with access from back alley but their development has 

been constrained by plot narrowness. Demolitions were primarily influenced by plots 

and the ground-floor dimensions of buildings, while modifications (extensions, 

consolidations, divisions) were encouraged in buildings with larger footprints and a 

history of frequent land use changes, located in streets with higher potential for 

passing-through movement within a radius of 1km (Figure 10).  

The idea that building and plot dimensions influence physical changes in buildings is 

supported by other studies (Conzen, 1960; Brown and Steadman, 1991a; Siksna, 1998; 

Whitehand and Carr, 2001). In fact, buildings’ and plots’ types and sizes reveal a 

reciprocal relationship. Scheer (2010) argues that the building type initially generates 

the plot pattern and the plot pattern thereafter constrains the evolution of the building 

type. Other studies (Whitehand and Larkham, 1991a, 1991b; Whitehand et al., 1992; 

Whitehand and Carr, 2001) claim that the possibilities of buildings to change are 

strongly influenced by the plot and street form of the original development. For example, 

deep plots push for rear infills, whereas wide plots are suitable for frontage-division infill 

and insertion of additional buildings next to the original ones. Brown and Johnson 

(1985) also note that similar plot division patterns can generate similar urban forms, 

while Moudon (1986) illustrates that small plots afford more fine-grained and resilient 

building developments. These above findings are also echoed by Siksna (1997) who 

demonstrates that larger blocks are more prone to modification, while smaller square 
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blocks can produce finer-mesh circulation, more potential lot frontages, and coherent 

and continuous built fabrics. 

 

Figure 10: Section of Victoria road in the Surbiton suburb of London with a high amount of 
modifications from 1880 to 2013. Source: Törmä, Griffiths, and Vaughan (2017, p. 16)  

Boudon (1972) further demonstrates the close relationship between the urban and the 

architectural space as far as building changes are concerned. In the case of Quartiers 

Modernes Frugès designed by Le Corbusier, physical changes included interior 
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alterations, the introduction of annexes, the modification of facades and their apertures, 

the installation of pitched roofs, and the enclosure of arcades and roof terraces. Their 

total number per building was affected by the degree of standardisation in the original 

architecture of that building—the more standardised initially, the less changes observed 

at the time of investigation—and the position of the building in the district—the more 

prominent, the more changes. The criteria for this prominence were determined by the 

type of the house (for example end- or mid-terrace), the access route (located on a street 

corner or not), the number of storeys, and the position of main facade (facing the road 

or away from road). Therefore, by demonstrating how decisions at the level of urban 

design and planning have contributed to the potential of architecture to change and 

adapt by the occupants over time, Boudon revealed the intimate connection between the 

collective space of the neighbourhood and the individual space of the dwellings 

(including both the exterior and the interior). 

2.3.5. Causes of change 

The above review offers an insight on how changes in streets, plots, and buildings occur 

through time and across contexts; however, there has been no discussion yet about the 

possible drivers and causes behind physical changes. Steadman (2014a) provides a 

good summary of these.  

The first cause of change he identifies is functional failure, which he finds instructive as 

it allows designers to learn from their mistakes and avoid them in the future. Brand (1994, 

p. 74) has very pertinently commented that “form follows failure”, suggesting that every 

successful morphological solution to a given problem has been the result of many trials-

and-errors from previous generations. Failure can also be associated with 

obsolescence, even though the second may occur naturally when land values and social 

changes take place. Still, Gorgolewski (2005, p. 2813) explains that “the point at which a 

building becomes obsolete usually arises when the building cannot respond to the 

users’ requirements, and this may be due to legal, social and economic change. Most 

buildings do not reach technological obsolescence. They are replaced due to changing 

needs and fashions, or for economic reasons. Thus, technical solutions are not 

sufficient to deal with building obsolescence.” 

This leads us to the second cause of change: national, even international, socio-economic 

and political changes. Kostof (1992, pp. 292–94) says that “Urban process represents the 

adjustment of the urban fabric to a whole variety of changes that are economic and 

social. These changes are often swifter and more deep-seated than the pace and range 
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of physical change. To be more specific, it is the cadastral framework of building plots 

as it is shaped early on that resists change, while land use undergoes rapid changes. 

When the design or scale of the old premises can no longer meet changing demands, 

the building comes down to make room for another generation of construction.” Social 

and economic changes can happen at a larger geographical scale, affecting the 

economy behind adapting existing houses and building additional ones. For example, 

Whitehand and Carr (2001) found that after the 1960s birth rates dropped, household 

sizes shrunk but incomes grew, and these made widespread extensions and 

redevelopments possible. Differently, Richardson and Aldcroft (1968) linked the overall 

increase in the average household size to alterations and additions in houses, while a 

fall of household size gave rise to the conversion of houses into flats. 

Social factors also include circumstances that affect the decision making of the owners-

occupiers. For instance, Seek (1983) provides evidence that younger households are 

more likely to satisfy ‘need’ requirements, whereas those in the middle and later stages 

tend to make changes in response to their increased affluence. Furthermore, changes 

of redevelopment or infill can be related to the lifecycle of households, such as the death 

or migration of the owner-occupier (Whitehand and Larkham, 1991b, 1991a; Whitehand 

et al., 1992; Whitehand and Carr, 2001).  A change of ownership seems likely to increase 

the susceptibility of a house to change, since the requirements of the incoming 

household may differ. 

This category also includes social ideas and cultures widely spread in the societies. One 

example is given by Warner (1962) whose study claims that the design of houses in late-

nineteenth and early-twentieth centuries in Roxbury, Massachusetts was much guided 

by the ‘rural ideal’. He argues that formal elements such as detached wooden houses, 

front and back yards, and porches were associated with the rural ideal and Boston’ 

residents sought to incorporate these suburban amenities in their houses. From a 

theoretical point of view, Kropf (2001, p. 34) claims that “The interaction between 

humans and their environments is perhaps better described as at least a three-way 

interaction, between humans, their ideas, thoughts and concepts, and the environment. 

[…] In this context, ‘ideas, thoughts, and concepts’ are fundamentally and irreducibly 

social. That is, they only emerge through the continuing interactions of perception and 

communication, and are shared cultural habits.” When thoughts become actions, Hillier 

(1989, p. 6) sees “that human societies order their spatial milieu in order to construct a 

spatial culture, that is, a distinctive way of ordering space so as to produce and 

reproduce not actual social relations [..] but the principles for ordering social relations”. 

And he continues that “Once we understand this critical relation, then we can begin to 



 
80 

understand why it is that cities take on such different forms in different social and 

cultural conditions”. 

Other causes of change mentioned by Steadman (2014a) include technological 

developments and changes of human activities carried on within buildings. Illustrative of 

this is the study of Walsh (1994) who relates technical innovations such as the 

introduction of motor-car and household equipment, to exterior and interior changes 

that modernised houses. Steadman (2014a) also argues that the competition between 

activities as well as between alternative built forms designed for the same activity can 

similarly cause a change. With this, he refers to the phenomena of rivalry between 

traditional and specially architected building types, bringing examples from theatres 

and hospital wards.  

Another cause of change are breakthroughs in architectural ideas and styles, or put it 

differently architectural fashions (Steadman, 2014a). Kincaid (2000) notes that specially 

architected buildings with refined design qualities are more likely to be sustained over 

time, and have their occupants change their activities to fit in them rather than change 

them in any way. Of course, this sounds rather extreme, but Brand (1994) expresses the 

same thing just in different terms. He calls these well-designed buildings ‘high-road’, 

and distinguishes them from the ‘low-road’ ones which “nobody cares about what you 

do in there” (ibid., p. 24). He describes the latter as buildings devoid of aesthetic value 

that users have no regrets altering them for new purposes. However, these issues also 

pertain the spheres of legislation and heritage, calling for a more comprehensive 

understanding. 

The last cause is simply copying (Steadman, 2014a), which often results in similar types 

of changes. Whitehand and Carr (2001) notice that the more visible physical changes 

were in high dwelling density areas, the more susceptible these areas were to imitations 

and contagious diffusion of similar forms. In this case, the reproduction of similar 

mechanisms of change is a result of visual proximity and exposure, which contributes 

to the formation of a spatial culture that relies on the spatio-temporal indicability or 

location of the inhabitants. In other words, it derives from knowledge shared among 

people in the same space—similar to what Hillier and Hanson (1984) call ‘spatial 

solidarity’—or people that possibly share at the same time similar history, culture, way 

of life and customs beyond spatial boundaries—'transpatial solidarity’. 
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2.4.  Critical synthesis 

These studies by no means exhaust the literature on physical change in the urban form; 

yet, they constitute a selection of illustrative approaches relevant to the present 

research. Some studies have been more systematic than others in identifying 

mechanisms and agents of change, and few have looked at the temporal dimension of 

changes at different scales. In fact, the majority of the studies especially as the spatial 

scale decreases have so far focused on limited sample sizes and time periods. The 

emphasis of this study on simultaneously the micro-scale and the macro-scale runs 

counter to this practice for it documents changes across scales and time. It inspects 

streets, buildings, and plots in a range of scales from the region to the individual 

building-plot compound for an extensive period of time from 1850 till today, reviewing 

local decisions within their wider historical, social, and cultural context. 

Still, the contribution of existing studies to this thesis is vital in first, identifying the basic 

mechanisms of change in the urban form in both traditional and contemporary cities, as 

well as their interdependencies and intrinsic relationships. Secondly, they tell us much 

about the impact and constraints that historical morphologies inflict on subsequent 

urban transformations. Such impacts are variable and proportional to the elements’ 

temporal inertia, meaning their resistance to change. The street network, and 

particularly the superstructure, is the most resilient (and therefore the most structuring) 

of all morphological elements. Plots have shorter life cycles but are dominated by 

changes in the street network; yet they dominate the faster-paced changes of buildings. 

In these, larger redevelopments take longer to be realised in relation to micro-scale 

changes without planning permission, but they are more contributive to the visual effect 

of the larger urban landscape. 

Finally, existing literature acknowledges that change is an incremental process, in which 

the mechanisms of change are not randomly or continuously reinvented, but rather 

restricted to a finite set of types. As socio-cultural constructs, mechanisms are systemic 

across different geographical settings, but are physically externalised in different ways 

according to the specificities of the local context, society, and culture. They can also be 

abandoned if they no longer sustain their purpose or replaced by new mechanisms as 

cities grow and evolve. Knowledge of these mechanisms therefore is the first step for 

the understanding of how urban form behaves and changes through time in order to 

devise empirically-based urban policies. 
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To sum up this theoretical discussion, existing literature revealed that the definition of 

adaptability remains elusive, for it means different things for different scales and 

contexts. This makes it difficult to understand the phenomenon deductively through an 

existing theory or definition. Instead, it raises the need to define physical adaptability 

inductively through the study of physical changes over time and across scales. Through 

the literature review, the interrelation between adaptability and change became clear, 

identifying the latter as the principal component of the former together with two critical 

dimensions, time and layers. The chapter also brought about the idea that there is a 

restricted and finite set of types of changes (including additions, demolitions and 

modifications of any sort); that the street network is the most resilient among the three 

elements of urban form, exhibiting a longer cycle of change and resistance to change;  

that the more dominant spatial layers impose constrains on the possibilities of other 

layers to change; and that there are other factors such as technological advances and 

socio-economic transformations that affect physical changes in urban form. Overall, the 

discussion revealed that changes are not only physical, but inherently temporal and 

social, justifying the need for a granular longitudinal study that explores individual 

changes at multiple spatial layers and the impact of the aggregate piecemeal changes in 

the different layers and between them.
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Chapter 3 

3. The (trans-)formation of Cité Ouvrière 

“If we fix our attention on the physical forms of social life, 
it is in order to discover something of the collective psychology lying behind them.”                                                             

Maurice Halbwachs (1960) 

 
This chapter sets the socio-historical scene for the formation and transformation of one 

of the oldest working-class settlements in France, the Cité Ouvrière in Mulhouse. It 

starts by discussing the social and political ideologies of nineteenth century Europe that 

gave rise to the housing reform movement and influenced the development of Cité 

Ouvrière. It then looks at the physical manifestation of these ideas in the model of 

‘company towns’ and how the provision of housing was used as an instrument for social 

reform. The second part focuses on the case study of the thesis, the exemplary housing 

scheme of Cité Ouvrière, outlining the reasons behind its success. Through literature 

and historical records, it traces the project’s conceptualisation, realisation, and 

evolution. The last part presents briefly the current situation of the neighbourhood and 

the city. The aim of the chapter is threefold: first, to contextualise the research both in 

terms of its historical background and local culture; second, to provide evidence that 

supports the selection of the case study; and third, to reveal the different actors involved 

in its making, as well as the role of urban form in the social life of its inhabitants. 



 
84 

3.1.  The housing question in nineteenth century Europe 

By the end of the nineteenth century and the beginning of the twentieth, a general 

concern arose in Europe regarding the living conditions of the working class. A 

systematic survey in 1838 in Brussels drew the entire continent’s attention to the housing 

question (Smets, 1977). Journals of the time, such as the Charity Organisation Review 

and British Medical Journal, addressed the congestion of populations in industrial areas 

and the absence of adequate or proper housing (British Medical Journal, 1905, 1913; 

Gurney, 1907; Osborn, 1918). On the one hand, rents had increased, consuming much of 

the workers’ income. On the other hand, epidemic diseases, like tuberculosis, had 

spread, resulting in high rates of mortality and morbidity (Trélat, 1880). In France, 

Shapiro (Shapiro, 1982) describes that the “sexes mingled indiscriminately in cramped 

quarters, beds were shared, and the numbers of cabarets and wine shops in each block 

continued to grow. Workers paid on Saturday were still sleeping off the effects of wine 

and alcohol on Monday, and these were often the better-paid segments of the working 

class”. The public authorities, health activists, and the middle class (bourgeoisie) 

believed that the workers were living outside the accepted social standards, and that 

their habits had become corrupted (Picot, 1894). 

The supporters of housing reform16 also believed that the root of the problem was the 

poor quality of housing. This was to blame for pushing workers to the margins of the 

contemporary society, forcing them to take on excessive drinking, delinquency, and 

prostitution. While the need for new housing was clear, municipal councils were not 

eager to take over the work because of the additional cost imposed to taxpayers and the 

infringement on the rights of landowners (Bullock and Read, 1985; Honhart, 1990). 

But the circumstances became pressing after the explosion of industrial production. 

Factories relocated to the periphery, and the workers, who were still living in central 

areas, needed more time and resources to commute to work on a daily basis (Harris, 

2009). Soon, many shops and other facilities dependent on the industries started moving 

outside the city and next to the transportation lines, while the centrally located amenities 

like schools and hospitals, were not accessible to the workers due to the extended 

working hours of the latter. In the light of the material deprivation from daily services 

 
16 I mainly refer to social scientists and followers of Frédéric Le Play. Le Play, a French engineer, sociologist and 
economist, founded in 1856 the Société des études pratiques d’ économie sociale whose goal was to empirically 
study and produce evidence for the social behaviours and patterns of the workers in order to inform the housing 
reform agenda. After the revolution, Napoleon III appointed him counsellor of state, Commissioner-General of the 
1867 Exposition Universelle, Senator of the Empire, and Grand Officer of the Légion d'honneur. 
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and goods, workers were forced to abandon their jobs or demand higher wages. This 

added an economic dimension to the existing socio-political problem. 

On these grounds, the Metropolitan Association for Improving the Dwellings of the 

Industrious Classes (MAIDIC) and the Society for Improving the Conditions of the 

Labouring Classes (SICLC) were founded in Britain in 1841 and 1844 respectively (Tarn, 

1973). They helped to promote the reformist agenda, which primarily sought to provide 

workers with improved homes and to assimilate them progressively into the middle 

class, an act of embourgeoisement (Goldthorpe, 1968). It was the first time private 

philanthropic—but not charitable—organisations would fund working-class housing. 

By that time, the reform rhetoric had already gained momentum, which culminated later 

in the passing of the 1850 Melun Law on unsanitary housing in France, and the 1851 Great 

Exhibition of the Works of Industry of All Nations17 in London (Jonas, 2003; Clement, 2018).  

3.1.1. The emergence of company towns 

The systematic response to these challenges came with the introduction of mass factory 

housing, also known as company towns, in the second half of the nineteenth century. In 

Europe, examples can be found in Britain, notably Saltaire (1851), Port Sunlight (1888) 

and Bournville (1895), which paved the way for the Garden City movement (Garner, 1992). 

These models were also popularised and imitated in Germany, Scotland, Belgium, 

France, Spain, the Netherlands and Scandinavia18, and it is no exaggeration to say they 

influenced the evolution of European modern urban planning (Porteous, 1970; Sutcliffe, 

1981; Honhart, 1990). 

Company towns were built next to factories to reduce the commuting time of the 

workforce and to increase the production rates. They differed in size, layout, and 

purpose, depending on their context; however, they often shared common 

characteristics (Church, 1969; Porteous, 1970). From an operational point of view, they 

were funded, constructed, and managed by industries, providing subsidised 

homeownership, social hierarchy, economic and political control, and advanced 

infrastructure. From a morphological perspective, they were large-scale, low-density, 

 
17 The Great Exhibition was only marginally concerned with housing reform, but Prince Albert exhibited designs 
for model workers housing. 
18 Company towns were also built outside Europe in the US, Chile, Argentina and Japan to name a few (Porteous, 
1970; Honhart, 1990).  
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territorially bounded, built on remote locations in the city periphery, and characterised 

by architectural standardisation.  

3.1.1.1. The standardisation of design 

Notably, the standardisation of the house design was one of the most apparent 

characteristics of their urban form. Porteous (1970, p. 133) describes them as “a sea of 

housing peculiar both for its uniformity of style and for its obvious contemporaneous 

character”, at the heart of which often was a significant symbolic building, such as the 

owner’s house. The repetitive layout of company towns pointed to a hierarchical social 

organisation inside the company and in the settlement. It reflected a ‘bonding’ type of 

social capital (Putnam, 2000; Baum and A.M. Ziersch, 2003), that assisted the 

development and strengthening of relationships among people from the same social 

status and favoured horizontal and ‘spatial’ ties based on spatio-temporal association.  

Evidence from other studies on personal communities in working-class 

neighbourhoods support this claim. Specifically, Spencer and Pahl (2006) found that 

social networks and community attachment were rooted in particular locales, especially 

for people who had not been geographically mobile or had been uprooted and had to 

start afresh in a new area; which was mostly the case for the residents of company 

towns. Henning and Lieberg (1996) observed that spatial proximity had a great influence 

on the social life of blue-collar workers, because the spontaneous everyday encounters 

and interactions between the neighbours helped them to feel at home and to count on 

each other for mutual aid. Similarly, a study of Gans (1982) on the suburban North 

American model of Levittown brought to the fore the relationship between architectural 

and social homogeneity. He noted that standardisation was used as a “means for 

creating a unity and cohesion that did not exist in the social system” (ibid., p. 146). 

This was also the case for company towns. The urban and architectural designs were 

deliberately conceived to shape a social future. Their uniform aspect was meant to 

“induce a feeling of unity under one command” (Porteous, 1970, p. 135). It meant to 

enforce community-formation based on geographical self-containment and a shared 

faith in allegiance to the company. Honhart (1990, p. 20) admits that this “may have 

created a greater sense of community on a small scale [..but it..] insulate[d] their 

employees from the influences of a larger urban community”.  
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3.1.2. Social reform follows housing 

Indeed, despite their noble cause, company towns were political and economic 

measures to remedy the social and moral state of the working class. New housing aimed 

to alleviate the tension between the employees and the employers, to silence 

syndicalism, and to discourage potential strikers. This paternalistic character is pointed 

out by the socialist Malon (1894), who argued that paying off a fifteen- to twenty-year 

mortgage prevented workers from going on a strike. In fact, police reports of the time 

demonstrated that employed workers tied to mortgage and property were the least likely 

to get involved in radical activities (Shapiro, 1982; Harris, 2009). 

The second objective was social control. Both employment and housing were becoming 

dependent on the discretion of the industrialists. Turot and Bellamy (1907, p.27–28) 

explain that workers living in company houses and paying rent to their employer were 

automatically placed in an “inferior bargaining position” regarding their working rights. 

Employers had the power to alter and implement restrictions on the number of lodgers, 

the occupation of children, or the period of residence, following employees’ changes of 

employment or participation in unwanted political acts (Honhart, 1990). 

The implications of housing reform became further evident with the provision of home 

ownership, which targeted the social and moral transformation of workers. On the one 

hand, the bourgeoisie aspired to initiate workers into middle-class ways—for instance, 

regarding the consumption of goods, including housing (Simon, 1866; Goldthorpe, 

1968). On the other hand, they wanted to turn the worker “from an uprooted nomad to a 

settled petty proprietor” (Shapiro, 1985, p. 92). By providing a house with a garden, the 

industrialists could tie workers down to one place and worksite (Bellman, 1927). 

In essence, the haute bourgeoisie believed that moral reform would inevitably follow 

domestic reform (Simon, 1866). In 1882 Demolins, editor-in-chief of La Réforme Sociale 

publication, wrote: “The possession of his home creates in him [the worker] a complete 

transformation... With his own small home and garden, the worker becomes the head of 

his family, worthy of this name. He is moral and provident, aware of his roots, and 

exercises authority over his family. He soon forgets the cabaret whose main appeal has 

been to remove him from his miserable hovel [..] It is therefore of immense social 

importance for the worker to possess his own home. Soon it is his home which 

possesses him; it gives him morals, it establishes him, it transforms him” (Demolins, 

1882, p.301-02, quoted in Shapiro (1982)). Similarly, Ambjornsson (1991) used the term 

skötsamhet [well-behaved] to describe the controlled and conscious life of a Swedish 
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worker at the beginning of the twentieth century, and Jonas (2003) referred to the 

reformed worker as an ouvrier rangé [orderly worker] to indicate a well-behaved, 

disciplined, and sober19 family man.  

It can be argued therefore that the provision of housing and property ownership to the 

working-class was perceived differently by the various decision-makers, notably the 

social scientists, the public health activists, the industrialists, the private contractors 

and the state (Shapiro, 1985). To give an example, while Napoleon III and Haussmann 

advocated for a program of public works in France, the hygiene professionals demanded 

tighter health laws, and the socialists lobbied to secure state intervention and limit 

private speculation. However, all the agendas shared the same aim, to rebuild society 

and especially its working-class section, putting housing at the heart of the reform 

campaign. 

3.2.  The exemplary Cité Ouvrière in Mulhouse 

In France, company towns were called cités ouvrières. They were introduced by 

Napoleon III after he came to power in 1848. It was just at that time that the movement of 

catholicisme social, which had been strongly supporting the housing reform since the 

beginning of the century, gained significant ground. Napoleon sponsored low-income 

housing to pacify the masses and to win a favourable reputation for the imperial regime. 

Meanwhile, the bourgeois industrialists embarked on grand worker-improvement 

schemes to portray their paternalistic benevolence as welfare assistance (de Gier, 2014; 

Clement, 2018). 

3.2.1. The Mulhousian model  

Apart from the French capital, Mulhouse was one of the few cities featuring a 

conjunction of favourable conditions that allowed it to respond promptly to the housing 

question. Situated in the Alsatian region of eastern France, close to Switzerland and 

Germany, the city had always a special relationship with its neighbouring countries. It 

was one of the ten free imperial cities of the Holy Roman Empire; then, it became an 

autonomous Calvinist republic in 1347, allied to Swiss cantons from 1515 till its reunion 

to France in 1798 under a rather favourable treaty. This long tradition of the city as a self-

 
19 Skarin Frykman (1990) explains that in the 1880s, a conscientious worker of Gothenburg would express his 
insubordination by getting drunk, linking workers’ alcohol intoxication with social opposition. 
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ruling entity as well as its strategic position between three ‘powers’ helped the city to 

grow richer during the Thirty Years' War between the Protestant and Catholic states 

(1618-1648), and to invest its accumulated capital into industry. In effect, it featured both 

a political and an economic extraterritoriality20, mainly because of the Protestant, liberal, 

and entrepreneurial21 spirit of its local bourgeoisie (Jonas, 1994a). In the words of 

Boissiere (1876, p. 48), Mulhouse was a city of men’s initiative, who handled municipal 

affairs alone without asking anything from the government other than time to do so. 

 

Figure 11: View of Mulhouse in 1756 and in 1836. Lithograph by G. Engelmann indicating the 
geographical location of all the factories and the civic buildings in Mulhouse. The image illustrates the 
radical growth of the city during the First Industrial Revolution. Source: Musée de l’Impression sur 
Etoffe 

This political independence and Reformed theological tradition nourished the city’s 

industrialisation (Stoerkel and Vitoux, 2018). While the Industrial Revolution was timid 

in the rest of the country, Mulhouse experienced a radical and rapid economic growth at 

the end of eighteenth and beginning of nineteenth century based largely on textile 

industries (Figure 11). With 55 factories within and outside its walls in 1830, the city soon 

 
20 Its legal ability to exercise authority beyond the normal boundaries. 
21 In his 1905 book ‘The Protestant Ethic and the Spirit of Capitalism’, the German sociologist Max Weber has 
argued that the entrepreneurial spirit of Protestants, particularly Calvinists, influenced the development of 
European capitalism. 
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became known as ‘the industrial capital of Alsace’, the ‘city of hundred chimneys’22 or 

the ‘French Manchester’23 (Scheurer and Lehni, 1990). Indeed, Mulhousian factories 

were pioneers of textile printing industry (impression sur étoffes) especially in artistic 

calico printing and the development of mechanical cotton spinning and weaving 

(Schmitt and Jenkins, 1982).    

The industrialisation process was launched, designed, and run entirely by a small group 

of Protestants, Freemasons, paternalistic bourgeois manufacturers yet philanthropists, 

who dominated the municipal cabinet and favoured the reformist agenda. Clement 

(2018) explains how the same elite families, such as Dollfus and Koechlin, had ruled the 

city-republic, founded the first factories, and monopolised political posts—until 1871, all 

mayors were Protestants industrialists—perpetuating a strong ‘fabricantocracy’ for 

centuries. Their role was twofold: as individuals, they were interested in the 

accumulation of capital and the expansion of their private businesses; meanwhile, they 

sought to form associations and engage in philanthropic activities to retain the power of 

the bourgeoisie. In 1826, they founded the Société Industrielle de Mulhouse (SIM) to 

advance manufacturing and agricultural industries, to promote scientific research and 

vocational training, and to instil in the working class basic liberal values such as love for 

work, frugality, and education (Jonas, 1994a). Twenty-seven years later, they established 

the Société Mulhousienne des Cités Ouvrières (SOMCO) to meet the demographic 

pressure as a result of the industrial boom. They also undertook charity work for poor 

and malnourished workers by setting up welfare childcare facilities, savings banks, a 

public school—even before the adoption of the Guizot law on compulsory primary 

education—as well as the first National Institution of Higher Learning in Chemistry 

(ENSCMu) in France.  

In that sense, their philanthropy exceeded paternalism for they aimed to improve 

workers’ lives, emancipating them from their supervision and control. Ultimately, this 

resulted in a Mulhousian model that was very distinct and ahead of its time in combining 

public and private initiatives. It relied on three pillars: the entrepreneurial spirit of 

Protestant employers, the involvement of municipal organisations, and the contribution 

of the working-class; all in the search for a better social balance (Figure 12).  

 
22 This is based on the image of Engelmann featuring a panoramic view of Mulhouse in 1836 and covering the 
historical town as well as its peri-urban territory. 
23 The city of Manchester was viewed by the Protestant industrial bourgeoisie as a model to emulate for its 
pioneering path to industralisation. 
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Figure 12: Diagram of the Mulhousian social model, featuring the agents and their relations. Based on a 
diagram by M. Fou. Source: https://commons.wikimedia.org/wiki/File:Modele_mulhousien.png  

3.2.2. The Cité Ouvrière model  

Under those circumstances, Cité Ouvrière was built between 1853 and 1897 for the 

workers of the Dollfus, Mieg & Cie (DMC) textile factory. The project was funded by 

SOMCO on the initiative of Jean Dollfus24—head of DMC and mayor of Mulhouse 

between 1863-69—with contributions from the municipality and the state25. The three-

phased construction lasted 44 years, producing by the end a homogeneous array of 1,253 

low-rise, single-family dwellings with gardens and few collective facilities, such as 

communal baths.  

The philanthropic endeavour was a response to the poor living conditions of the 

working class, surveyed and reported by Dr. Louis René Villermé in 1840, by Dr. Achille 

Penot in 1843, and by Louis Reybaud in 1858 (Jonas, 2003). The objective of the Cité 

Ouvrière project was to offer the workers salutary, comfortable, and affordable housing 

and the opportunity to access homeownership after a period of thirteen to fifteen years. 

The single-family houses aimed at reducing overcrowding by keeping families separate, 

and the communal baths were provided to initiate the workers into the domestic habits 

of the bourgeoisie (Garner, 1992). It was believed that these benefits would enhance the 

production routine and shape the social and cultural capital of the working class (Penot, 

1867; Jonas, 2003).  

 
24 Although Dollfus was credited with leading the work, numerous people were involved in the project.  
25 Only for the first phase of development 
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Besides the unique Mulhousian model that made such endeavour possible, the scheme 

was influenced by previous developments—and seminal publications—in London26, 

Brussels, and Paris. The first city offered inspiration on the formation of associations, 

architectural typologies, and planning laws; the second showed the importance of 

hygienic reports and of municipal participation on residential projects; and the third 

showed the influence of Social Catholicism and the governmental policies on housing 

(Jonas, 2003).  

Specifically, the conservative Mulhousian bourgeoisie of SIM and the architect of Cité 

Ouvrière, Emile Müller, studied the typologies designed and published27 by the British 

architect Henry Roberts for MAIDIC in 1850. They were particularly fond of rural 

cottages, single-family pavilion houses—semi-detached or in a row—with gardens. For 

them and according to the reformers’ ideals, the typology was a fitting choice for the 

physical and moral improvement of working-class families (ibid.). Müller was also aware 

of a few Belgian precedents, such as the cité ouvrière of Grand-Hornu in Boussu (1810-

30) and the cité des Grandes Rames in Verviers (1808-10), via the 1846 publication28 of 

Edouard Ducpétiaux. This was a set of 17 guidelines29 compiled through a review of 

English and Belgian workers’ housing projects. Finally, the municipal relations between 

Mulhouse and Paris allowed the industrialists of the former to know better the 

Bonapartist theses on the question of housing and to discover the initiatives of 

conservative Catholics, such as the establishment of the first Société des Cités ouvrières 

de Paris and the erection of the first working-class scheme in France, the Cité Napoléon 

(1849-51). 

3.2.3. A cité par excellence 

The Mulhousian Cité was considered to be the best example of European reformed 

housing. It was internationally renowned as the largest and most successful realised 

 
26 The entire country of England had served as a model for Mulhouse, especially the city of Manchester which 
was the symbol of industrialisation. 
27 I refer to the catalogue of working-class houses in England, Roberts, H. (1850) The Dwellings of the Labouring 
Classes. London: The Society for Improving the Condition of the Labouring Classes. The French edition was 
published by order of the Emperor. 
28 Ducpétiaux, E. (1846) Projet d’association financière pour l’amélioration des habitations et l’assainissement 
des quartiers habités par la classe Ouvrière. Brussels: Editions Méline et Cans et Cie. 
29 These were: the choice of the location, the extent and exposure of the territory; the disposition of houses; the 
width of streets or passages; the elevation of buildings and floors; the distribution, number, and size of rooms as 
well as separation of households; the gardens, courtyards, and alleys; the foundations and wall thickness as well 
as the construction materials; the soil, cellars, and raised floor; the ceilings and roofs; the openings, doors, and 
windows; the stairs; the chimneys and fireplaces; the ventilation; the establishment of latrines; the water 
distribution; the infrastructural networks; the lodges, alcoves, cabinets, and other architectural elements. 
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example of employer-constructed housing in Europe for the years 1850-70 (Jonas, 2003). 

At the 1856 Exposition d’ économie domestique in Brussels, the scheme was seen as the 

epitome of working-class housing, while in the 1867 Exposition Universelle [d'art et 

d'industrie] in Paris (Figure 13) it won the Golden Medal for presenting a full-scale model 

of a cluster of four quadruplex houses in Groupe X-Classe 9330 (Jonas, 2003; Clement, 

2018).  

 

Figure 13: Housing typologies presented to the visitors of the Exposition Universelle of Paris in 1867 and 
published in Revue Générale de l’Architecture et des Travaux Publics, vol. XXV, Planche 56. Source: 
CRDP http://www.crdp-strasbourg.fr and Archives de Mulhouse 

The project became known in Britain through Henry Roberts, whose original work had 

previously served as a source of inspiration. Both Müller and Dollfus shared the 

scheme’s operational details with Roberts at the Congrès international de bienfaisance in 

Brussels in 1856 and London in 1862 respectively. This was enough to convince Roberts 

of its innovative nature in terms of its social and financial organisation. In his revised 

and enlarged fourth edition of The Dwellings of the Labouring Classes, Roberts (1867, p. 

57) notes that the Mulhousian Cité was done “on a scale more extensive and complete 

than that of any similar establishment in France”. The British Daily News of 1866 also 

 
30 Groupe X was allocated to objects designed to improve the physical and mental condition of people, and one of 
its six classes, Class 93 was dedicated to the working population. 
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recognised it as equivalent to the UK textile workers’ town of Saltaire near Bradford 

(Clement, 2018), while a year later the British magazine Engineering praised its 

effectiveness in “decreasing labour disputes and increasing industrial productivity” 

(Ermenc, 1957, p. 130), referring to the friendly relationships between the employers and 

the employees.  

Anecdotal evidence from visitors to the site added to its reputation, stressing the 

effectiveness of home ownership on transforming the habits of the workers. Boissière 

(1876) recounts the visit of Victor Duruy, the French Minister for Education in Cité 

Ouvrière, during which he asked a woman looking after one of the houses, where she 

and her husband spent their evenings, only to receive the reply: ‘In our house, sir’ 

(instead of a cabaret). Another anecdote tells the story of young soldiers who spent their 

military bonuses on buying and furnishing houses from the Mulhousian Cité for their 

older parents, thinking of it as a lifetime investment. These stories spread around the 

world to demonstrate the transformative power of Cité Ouvrière and the feeling of pride 

deriving from home ownership. Especially the German reformers saw in it an effective 

solution to prevent workers from strikes and to combat socialism (Bullock and Read, 

1985). Hence, the scheme provided an ideal case for the reform discourse of the time. 

Inevitably, there were many attempts to copy the example in other French cities, though 

as Clement (2018, p. 18) argues these efforts had limited success without the favourable 

conditions of the Mulhousian model, especially the “shared desire of the overlapping 

municipal and industrial elites to improve housing”. In France, cities like Lille, Roubaix, 

Bordeaux, and Nancy contacted the local authorities for plans; however, either the 

projects were small-scale, or the social policies were rather paternalistic. For example, 

Garner (1992) discusses one of the first imitations, the Cité Scrive de Marcq-en-Baroeul 

in Lille (1854). He notices that while it was meant to replicate the CO model, the society 

was more closed and subordinate to the company than in Mulhouse, and instead, 

mechanical discipline and social order were imposed.  

Within the Alsatian region, the attempts proved to be more successful because there 

were similar political and religious conditions as well as ties to Mulhousian 

associations. Realised examples include the cité ouvrière Herzog in Colmar (1866), the 

cité Bourcart in Guebwiller (1856) and the Japy’s village at Beaucourt (1864) (Boissière, 

1876; Guerrand, 1967). 

Cité Ouvrière also influenced developments outside France such as the settlements 

built by BASF, Farbwerke Höchst, the Bochumer Verein, and other Ruhr mining and 

chemical companies in Germany (Honhart, 1990). It inspired entire neighbourhoods like 
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the Cité de Linthout in Schaerbeek, Brussels (Smets, 1977; Viane, 1994). Furthermore, 

the typology of quarter-detached houses was copied in workers’ settlements in Küchen, 

Belgium, in Krähnholm, Russia, and in Bubna, Buda, and Pest in the Austro-Hungarian 

Empire, while the idea of providing gardens for cultivation by the household inspired the 

hotel Louise (1872) in Micheroux, Belgium (Müller and Cacheux, 1889a). 

3.3.  The evolution of the concept and design 

The scheme was built from scratch in three development phases: the first being between 

1853-1855, the second between 1856-1870, and the third considered between 1887-1897. 

The three-stage development took more than 44 years to complete and during that time, 

the urban form was subject to constant revision, modification, and adjustment. In each 

stage, SOMCO adapted the architectural and urban design. They also made 

adjustments to their social model and economic policy based on their experience and 

the data gathered from the previous phases. The work of Jonas (2003) is vital here to 

provide detailed historical information on the formal evolution of the case study for the 

period of its construction.  

3.3.1. An ideal project 

Cité Ouvrière started as a projet idéal31 (Jonas, 2003, p. 116); a utopian project imagined 

shaping the moral and spiritual qualities of the working class through its architectural 

and urban design. For example, by providing gardens on each plot, Müller sought to 

provide the ‘jardin ouvrier minimum’ [minimum worker garden](Véron, 1866, p. 16) and 

serve the reformist idea that small gardens would keep the men away from the cabarets 

and the entire household would spend time on growing vegetables to provide daily food 

and improve income (Simon, 1861). In fact, the typology of an open space overlooking 

the street was deliberately chosen over the inner courtyard, because according to the 

architect, the latter would often end up being a space of poor ventilation and a source of 

infections (Müller and Cacheux, 1889a). 

 
31 The term ‘ideal’ is used here as a prefix to describe the attempt to deploy utopian ideals at the local level of 
urban configuration. 
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Figure 14: Ideal plan of first cité by Emile Müller. The orientation is reversed, upside down. Source: 
Jonas (2003, p. 117)  

The ‘ideal’ plan (Figure 14) was conceived by Müller with consultations from SOMCO 

and SIM and represented a comprehensive, uniform, and cogent scheme. It proposed 

320 single-family homes on an area of 8 hectares and 14 linear streets in a regular grid 

(Jonas, 2003). Regarding the street form, it defined two types of streets: the main streets 

of 12m and the secondary ones of 8m wide. Altogether they covered almost a third of the 

total area, and their regular arrangement produced a perfect array of 28 rectangular 

street blocks. The two major roads, oriented North-South and East-West, intersected at 

a central square, which concentrated all the public amenities of the scheme, such as 

communal house with rooms for meeting, reading, and learning, public baths, laundry, 

butchery, bakery, grocery store, etc. 

For the houses, three types32 were proposed: the back-to-back (BtB) and terraced (T) row 

houses, and the quarter-detached (QD) typology, allegedly an invention33 of Emile Müller, 

also known as carré mulhousien. The first two were inspired by the British models of the 

time34; they were attached to each other in a row, sharing three or two party walls 

 
32 Müller was aware of systems of classification from his architectural studies; yet he proposed a different 
categorisation based on the houses’ configurational arrangement. This was not typical in workers’ housing 
publications of the time; traditional criteria included the number of rooms, construction techniques, cost, etc. 
Also, Müller did not copy the British and Belgian typologies; instead, he adapted the dimensions of existing types, 
and created a new one, adding to the reasons why Cité Ouvrière was unique and innovative for its time. 
33 An early experiment of the cluster house format can be seen in the Four Houses in Darley Abbey. This was 
built in 1792 and was later adopted by Charles Bage in Shrewsbury and by William Strutt in Belper. However, it 
is not certain whether Müller knew about these designs. 
34 Jean Dollfus had previously visited and seen the models in the International Exhibition of London in 1851. 
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respectively. The third type was a largely unusual typology where four houses clustered 

together to form a quadruple. Each type was two storey and had further variations—and 

by extension prices35 (see Table 4)—depending on their orientation, location in a row 

(end or middle), and interior layout; for example, having an attic, a toilet (interior or 

exterior), ancillary spaces such as cellar36, pantry or outhouse (incorporated or not), a 

basement for different uses, or different number of rooms in the same floor area. These 

variations were a way for SOMCO to offer different housing options and to expand their 

rental policies and sale prices addressing all sections of the proletariat (Jonas, 2003).  

The plots’ geometries were largely defined by the housing typologies and the open 

space area; resulting in two main types of plots: narrow and shallow plots of six or seven 

metres wide and square plots of 15.5m by 12.5m. The first stemmed from the row house 

typologies (BtB and T), and resembled according to Jonas (ibid.) the historically typical 

plot type of the Rhine region. The second plot type was a formal by-product of the 

quadruplex houses. The buildings and plots that belonged to the same typology, were 

then grouped to form larger but shallow street blocks (Figure 15). These were entirely 

rectangular, either elongated with varying lengths (between 253m and 124m), or square 

ones, such as the block of the BtB typology (52.5x56.5m).  

 

Figure 15: Model of the 1853 plan ideal. The orientation is reversed, looking southeast. Source: 
Bibliothèque nationale et universitaire de Strasbourg (BNU) 

 
35 SOMCO could modulate the house prices by up to 16% of difference for the same built area. 
36 This was a novelty in Mulhouse elevating the house 0.5-0.8m above the ground to protect it from soil moisture. 
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Furthermore, the open space in the form of individual gardens, occupied between 120 m2 

and 130m2 (75-85% of the plot) which according to Müller, was an optimal size for its 

cultivation by one family. The gardens were envisioned to be planted with trees; which 

would be provided and maintained by SOMCO, but would belong to the city (ibid.). This 

was another aspect of the mixing of the public and private domains in the Mulhousian 

model.  

As a result, the ideal project had three design intentions: first, the square constituted 

the spatial and social centre of the scheme; second, the relatively high number of 

streets—also, a result of the typological choice of single-family houses—sought to 

tackle congestion by providing dwellings with direct access to the street, serving the 

hygienic idea of the reformist agenda ; and third, the uniformity of the layout and 

repetition of block geometries mirrored the streamlined layout of the factory, 

announcing the advent of rational town planning. 

3.3.2. The realisation of a utopia: the first cité 

Eventually, the projet idéal was not realised to its full extent. Due to limitations on 

available funds37 and the low number of workers’ expressions of interest (to rent or buy) 

at the time of the construction, SOMCO decided to abandon the idea of building more 

than 200 dwellings (Figure 16). Between 1853 and 1855, a total of 20038 houses were built 

on 5 hectares: 28 terraced and 76 back-to-back houses and 96 quarter-detached houses 

(Figures 17-19 and Table 4). SOMCO also let go of one-third of the original land intended 

for development: three hectares in the southern and most valuable part, closer to the 

historic centre. From an urban design point of view, the North-South axis was 

shortened; the number of streets were reduced to twelve; the cruciform layout was 

replaced by a linear arrangement; the central square was cut down to half; and the 

communal house was dropped.  

 
37 Despite ensuring financial support from the state, the fund was not immediately available by the beginning of 
construction. 
38 Eight of the terraced houses were not built until after 1870 (Jonas, 2003, p. 185). The Conseil consultatif du 
Patrimoine mulhousien (CCPM) notes their construction eventually completes after 1897, forming a fourth type, 
the traditional French typology of R+2+C (ground floor plus two floors and attic) (CCPM, 2017). 
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Figure 16: Top: Realised plan of first cité. The orientation is reversed, upside down. Source: Archives de 
Mulhouse. Bottom: View of the first cité circa 1857. Source: Archives de la SIM 

Housing typology Floor area (m2) Price (Fr. 1853) 

Back-to-back (BtB) 52 1,850 – 2,150 

Terraced (T) 53 3,000 – 3,500 

Quarter-detached (QD) 50 2,425 – 2,900 

Table 4: Area and prices for the first cité. The prices vary according to the orientation, arrangement 
within a row, and interior layout of the houses. Source: Jonas (2003, p. 142) 

Although some of the original ideals were compromised in the pursuit of financial 

practicality, this does not imply that the first cité failed to constitute a pioneering 

workers’ housing scheme. The truth is that most of the qualities of the ideal plan were 

kept, for example the majority of the public amenities, the plot-to-block ratio, the 

generous street area—as ratio, not widths—, the regular block geometries, and the 

variety of housing and plot typologies. In effect, the first cité served as a testbed for 

N 
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partnering the public and private sector39; for developing a financial model to access 

property; for applying advanced hygienic measures; for testing domestic built forms; 

and for promoting an innovative social model and welfare work policy40. 

 

Figure 17: Terraced typology from first cité (Ph01). Left: Drawings from the catalogue of 1867 
International Exposition in Paris. Top right: T house in 13-19 rue Chevreul around 1980. Sources: 
Archives de Mulhouse. Bottom right: Same T house in 2017. Source: Luc Georges. 

 
39 Funds from both SOMCO, the municipality and the state were used to realise the first phase. 
40 Besides the communal facilities, the cité offered a pension scheme, mutual aid provisions, free medical 
services, vocational training school, and cooperative shops (de Gier, 2014, p. 125). 
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Figure 18: Back-to-back typology from first cité (Ph01). Left: Drawings from the catalogue of 1867 
International Exposition in Paris. Top right: BtB house in 29 rue Papin around 1980. Sources: Archives 
de Mulhouse. Bottom right: Same BtB house in 2017. Source: Luc Georges. 

 

Figure 19: Quarter-detached typology from first cité (Ph01). Left: Drawings from the catalogue of 1867 
International Exposition in Paris. Top right: QD house in 14-16 rue Koechlin around 1980. Sources: 
Archives de Mulhouse. Bottom right: Same QD house in 2017. Source: Luc Georges. 
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3.3.3. Inventive pragmatism: the second and third cités 

The two subsequent phases were less ambitious than the first one, both as urban, 

social, and economic models. The extension of the scheme was made possible thanks 

to the newly excavated discharge channel of Ill at the west side of the existing 

development. SOMCO and Jean Dollfus had already bought the land at a cheap price 

due to frequently occurring flood events.  

We can divide the extension period of Cité Ouvrière into three parts (Figure 20): the 

second cité (1855-70), which built 692 houses on 40 hectares (578QD and 114BtB); the mid 

period41 (1871-86) during which 180 QD and 10 T houses were constructed; and the third 

cité (1887-97), which added the last 171 houses (144 QD and 27SD) (see Table 5). Note 

that in this last part, a new housing typology was introduced: the semi-detached house 

(SD), a British model of two mirrored houses sharing a party wall. Before the turn of the 

century, a total of 1,253 houses were completed in the Cité on a total area of 60 hectares. 

 

Figure 20: Realised plan of Cité Ouvrière with indications by the author of the progression of 
construction (black lines) and the development phases (blue dashed lines). Source: Archives de Mulhouse  

The subsequent developments differed from the first cité with regards to the social and 

financial rationale. Soon after the project began, SOMCO struggled to sell or rent 

houses from the first cité because of the economic crisis of 1853-5642. Furthermore, after 

the Franco-Prussian War of 1870, Mulhouse got annexed to the German Empire, which 

 
41 This is a transitional period after the crisis of the textile industry and the annexation of Mulhouse to the 
German Empire (1871-1919). SOMCO suspended the construction of houses for six years between 1871 and 
1876. 
42 Between 1853 and 1856 only 30% of the first cité were sold. Also, some of the housing typologies, like the 
terraced houses, proved to be very expensive to buy for the majority of the workers. 
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saw the abandonment of the previous welfare work policies that favoured the lower 

segments of the working-class. Public funding was no longer available, and SOMCO 

had to pay for the public infrastructure, such as the provision of public squares, the 

expansion and transformation of the public baths and laundries, the installation of 

sewage system, and the construction of new streets (Jonas, 2003). Meanwhile, the 

project attracted other private developers in the area who started to offer workers 

alternative low-cost accommodations (to buy or rent by piece) in nearby locations. 

These goaded SOMCO into making adjustments in the operational model; for example, 

they allowed the subleasing of part of the houses and adapted the housing prices 

according to the changing wages of the workers (ibid.). Jonas (ibid., p. 115) argues that 

these decisions showed the ‘inventive pragmatism’ of SOMCO and Dollfus, meaning an 

empiricism of common sense that led them to adjust the project in response to political 

changes, the city’s industrialisation and growth, and the lessons learned from the 

outcomes of the first experiment. 

In practice, these decisions had little bearing on the street form, but greater on the 

housing. During the second cité, the original rationale and uniform urban layout was 

kept, prolonging the streets and maintaining the generous open spaces and the regular 

block geometries. The East-West main road, rue de Strasbourg, got extended to reach 

directly the entrance of the DMC factory site (Figure 20). According to Jonas (ibid.), this 

became—symbolically as well as functionally—the principal axis of the neighbourhood; 

directly linking the workers’ place-to-work and their place-to-live, thus strengthening the 

interdependence between the two.  

Besides the two main types of streets, a third type was added, the passages. These were 

tertiary streets only 2.5 meters wide (Figure 21). They were inserted to accommodate 

water pumps in case of repair, to uphold the hygienic principles of the entire venture, 

and to allow for lateral connections within the neighbourhood. Müller had previously 

introduced two passages in the first cité, noticing how well frequented they were by the 

inhabitants, and so, he increased their number in the subsequent phases (ibid.). The 

passages eventually formed a third network in addition to those of the gardens and of 

the roads. While the gardens were for the families and the roads for strangers, the role 

of passages was to promote intimate interactions between the residents. They also gave 

Cité Ouvrière its distinctive formal image. 
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Figure 21: Passages of 2.5 meters wide in Cité Ouvrière. Source: Luc Georges 

The third cité followed the traces of the existing development. The streets met the site 

of DMC factory at an angle and the regularity of block geometries was interrupted. A 

new triangular block was formed to accommodate the new semi-detached typology. The 

rest of the formal characteristics, such as the linear streets, the plot-to-block ratio, and 

the arrangement of gardens, were preserved to give an impression of continuity and 

integration in the scheme (ibid.).  

However, in view of the financial struggles and market competition, the association and 

architect decided to shrink and standardise the houses and reduce the variety of 

typologies and the floor area provided in each type. During the second cité, the BtB 

houses shrank from 52m2 to 36m2; the original QD1 houses of 50m2 were scaled down to 

46m2 in 1861 and to 42m2 in 1867; and a new single-storey QD2 type of 32m2 (later 30m2) 

was introduced that became very popular among the workers (ibid.) (Figure 22). The 

terraced types were completely abandoned in 1854. Already at this stage, it was obvious 

that the housing variety was reduced and the image of the Cité was becoming more 

monotonous. 
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Figure 22: The quarter-detached typologies built during the second, mid, and third construction phases. 
Top: QD1 type of second cité. Bottom left: QD2 type of second and mid periods. Bottom right: the QD1 of 
the third cité. Source: Archives de Mulhouse and Jonas (2003, p. 291) 

In 1887 (third cité), the built form changed again, giving priority to cost efficiency. The 

successor to Jean Dollfus as the head of SOMCO, Alfred Dollfus, decided to provide  

taller (from 9m to 11m) and larger quarter-detached houses (with floor area 72-97m2) on 

similar plot sizes and to introduce the new typology of semi-detached houses (92-139m2) 
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in the triangular block opposite the DMC factory. The new houses could accommodate 

three dwellings each and were intended for affluent workers who could sublet parts of 

them to unskilled workers to generate income.  

Jonas (ibid.) brings to the fore another reason why SOMCO stopped building smaller 

houses. The industrialists knew that small houses were susceptible to extensive 

adaptations by the inhabitants to increase living space or to create additional one to rent 

out for profit. However, SOMCO and SIM believed that such changes—described as an 

‘aesthetic of the poor’ or ‘disgraceful’ (de Lacroix, 1901, p. 447)—ruptured the uniformity 

of the Cité and spoiled the homogeneous image that a mass low-cost housing scheme 

should have had. Being unable to prevent this in any other way, they abandoned the 

cheap and small building types. 

3.3.4. The rise and demise of housing forms  

Development Phase Housing typology Launch date 
Floor area 

(m2) 
Number of houses 

Ph01 T 1853 53 28 

(1853-1855) BtB  1853 52 76 

 QD1 1853 50 96 

Ph02 BtB 1855 36 114 

(1856-1870) QD1  1853 50 64 

 QD1 1858 46  264 

 QD1 1867 42 28 

 QD2 1861 32 194 

 QD2  1867 30 28 

mid period QD1 1858 46 38 

(1871-1886) QD2 1861 32 142 

 T 1853 53 10 

Ph03 QD1 1887 72 76 

(1887-1897) QD1 1893 97 68 

 SD 1891 92 6 

 SD 1895 139 21 

Table 5: Breakdown of the evolution of the construction of all housing types and their formal variations 
according to the number of storeys (QD1 is two-storey and QD2 is one-storey), and floor area. Source: A 
synthesis of the author from Jonas (2003) 

This information helps document the rise and demise of the housing forms in Cité 

Ouvrière. Table 5, Figure 23 and Figure 24 (page 108) trace this evolution per 

development phase and building type. The most interesting observation is that already 

during the construction of the scheme some types proved to be more successful than 

others. At the beginning, the terraced houses were built as the biggest types. They  
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Figure 23: Typological development of Cité Ouvrière during construction. 
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offered easily cross-ventilated and generous interior spaces (five rooms plus kitchen). 

Yet, they were expensive and could only be afforded by the better-off employees; hence, 

they were unpopular for sale (ibid.).  

 

Figure 24: Battleship graph for domestic built types in Cité Ouvrière from 1850 till 1900. Time (dates of 
construction) is mentioned on the vertical axis. The widths of bars give absolute numbers of cases built 
in successive years. 

The back-to-back were also typical working-class models. They were the cheapest and 

smallest of the types designed for the financially fragile workers. As a result of their low 

cost, they continued to be constructed till the beginning of the second cité. The truth is 

that SOMCO imposed onto Müller this typology because of the thermal insulation it 

could provide during winter as well as its reduced purchase price. However, Müller 

(1889a) was not convinced about these houses because they provided fewer rooms in 

the interior, shared three out of their four walls and performed poorly in terms of 
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ventilation, light, and sanitation. He also believed their direct adjacency to other houses 

denied the families some level of privacy43.  

Both the terraced and the back-to-back typologies were eventually abandoned, letting 

the third typology, the carré mulhousien, dominate the scheme. What made this typology 

popular was the economy of the layout, the configuration of the built-unbuilt space and 

the hygiene benefits of lighting from two sides. It had a better relation to the street, 

leaving two continuous facades free and offering access to front and side garden and 

the street. The only problem was, according to the architect (Müller and Cacheux, 

1889a), that it was demanding in terms of street frontage, facility and maintenance fees 

(street, cleaning, sewage).  

In a nutshell, in the 44 years of construction, three types were introduced, one of which 

(T) was abandoned right after the first experiment. The two that survived (BtB and QD1) 

got gradually downsized either in floor area or height (QD2) till they reached the 

absolute minimum, like in the cases of the BtB type of 36m2, the QD1 type of 42m2, and 

the QD2 type of 30m2. These minimum living spaces created cramped conditions and 

soon led to obsolescence. At the end, only one typology survived, the original two-

storey quarter-detached house (QD1)—though in much larger size—while a new 

typology was introduced (SD) just to mark the end of the industrialists’ benevolence for 

the working-class. 

3.4.  The evolution of the socio-economic model 

Other than its urban form and design, what really distinguished Cité Ouvrière was a 

combination of three factors: the possibility of access to property, its financial model, 

and the cultural and social capital it promoted. It was these characteristics, as they were 

originally conceived and applied, that led Garner (1992, p. 46) to argue that Cité Ouvrière 

was not a typical company town. 

 
43 Muller and Cacheux (1889a) mention that most of the workers wanted a house completely surrounded by a 
garden, while few others preferred it to be adjacent to others so that they could rely on help from their 
neighbours in case of need. For the authors, this juxtaposition was socially desirable, but admitted it was 
economic in terms of construction, materials, and ancillary services. 
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3.4.1. Home ownership 

Cité Ouvrière offered the workers the opportunity to purchase a dwelling after a period 

of thirteen to fifteen years. Clement (2018) provides an example of its remarkable 

financial model—a precursor to the modern mortgage loan. A qualified worker would 

typically pay an initial deposit of 250-300 Fr. and monthly rent of 20-30 Fr. that included 6-

7 Fr. for the let-to-buy option; his rent was 12-17% of his salary. In another example Jonas 

(2003, p. 138) uses Penot’s 1867 calculations to support that for a house of 3,000 Fr., 

additional charges would be around 1,300 Fr., that is a surplus of 44% in a period of 13 

years and five months (Table 6). 

Cost Francs in 1867 Percentage of the cost (%) 

Sale price 3,000 69.3 

Contract fees 275 6.4 

Total interest (5%) 1,052 24.3 

Total 4,327 100 

Table 6: An example of a cost breakdown by Dr. Penot. Source: Jonas (2003, p. 155) 

More than just an advantageous deal, the model represented the first time in the history 

of social housing that access to property became possible. To preserve its industrial 

character, SOMCO originally gave priority to unskilled workers and artisans, who 

constituted 84% of the first subscribers. The Grand Livre of SOMCO which kept a record 

of the socio-professional composition of the inhabitants, confirms that the majority of 

the first buyers were workers (75%), from which almost 16% were unskilled (ibid.). 

Things changed when the unskilled workers preferred to remain tenants than become 

owners (Raymond, 1966), and skilled employees from the DMC and other nearby 

factories44 (see Figure 85 in page 235) showed interest in accessing property in the area. 

This in conjunction with the financial uncertainty deriving from the economic crisis of 

1850s led to a change in policy in 1865, which opened up ownership to all professional 

categories (Jonas, 2003). A survey in 1876 for the 50th anniversary of SIM45 showed that 

46% of the houses from the first cité and 35% from the subsequent phase had already 

 
44 Many factories opened around the Cité during and after its completion due to the concentration of a large 
workforce in the area. 
45 This was a survey for the 50th anniversary of SIM conducted by the industrialist Frédéric Engel-Dollfus on the 
socio-economic profile of the Cité, which in 1876 counted 920 houses and 6,551 inhabitants (11% of the city’s 
population). 
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changed hands once or twice (ibid.), while the unskilled workers owned now only 35% 

of the houses while representing almost half of the neighbourhood’s population.  

During the third cité, SOMCO strayed even further from its original welfare policy.  

Jonas (ibid., p. 265) writes that the target group of the bourgeois philanthropists shifted 

from the ouvrier rangé [well-behaved worker] to the ouvrier bailleur [worker buy-to-let 

landlord], meaning better-off workers who became owners and rented their houses out 

to usually poorer workers for income. This coincided with firstly, another change in 

policy that allowed the owners of the Cité to sublet their properties or parts of them46 

against the original reformist principles of keeping them separated; and secondly, the 

provision of larger and more expensive houses by SOMCO contrary to the original 

philanthropic idea of providing low-cost housing. It is not fortuitous that after 1881 all 

the houses of the Cité had already been sold even before construction (ibid.). Therefore, 

the last phase saw the transformation of a utopia to a more liberal and finally capitalist 

system driven by private interests and the generation of profit. 

3.4.2. Financial model 

When the project was initiated, Cité Ouvrière was the first scheme outside Paris where 

the state partly subsidised a private enterprise. Following the French housing act of 1852, 

the government contributed 150,000 Fr.47 and the municipality added another 150,000 Fr. 

to cover the public infrastructure of the first cité (ibid., p. 283). Furthermore, the entire 

model was based on the ‘philanthropy of 4 percent’—instead of five, which was the case 

in Britain (Tarn, 1973)—, meaning that SOMCO collected only four percent return on its 

original investment (Jonas, 2003). Meanwhile, the land on which Cité Ouvrière was built 

was cheap, 1 Fr./m2  in comparison to 75 Fr./m2 for the Cité Napoleon in Paris (Bullock 

and Read, 1985); because the land was originally owned by Jean Dollfus who granted it 

to SOMCO at a low price. This helped to keep the average cost of houses low, ranging 

between 1,850 Fr. and 3,500 Fr. depending on the building type (Muller and Cacheux, 

1889b, Planches 1-6).  

What is interesting here is the alliance of the industrialists, the municipality and state in 

the launch of a single project. Each of these actors contributed on their own way to what 

 
46 The owner would occupy one floor and rent the others. 
47 In fact, Napoleon promised a subsidy of 300,000 Fr. in 1853, but only half of the amount was delivered, so the 
municipality ‘saved’ the operation by covering the rest. 



 
112 

we can call, according to modern standards, a public-private partnership (PPP) for a 

social housing scheme, and this more than a century before PPP became popular in 

project finance. However, state and municipal funding did not continue in the 

subsequent phases, and this was when the socio-economic model started to become 

brittle; revealing thus the limitations of liberal philanthropy. 

3.4.3. Socio-cultural identity 

Another distinctive characteristic of the Mulhousian cité was the production and 

maintenance of social and cultural capital in the area through time. The Grand Livre of 

SOMCO and the 1876 survey provide some evidence for the first and second cités. The 

first inhabitants of the scheme were mainly workers of Alsatian origin, arriving from rural 

villages around Mulhouse as well as Germany and Switzerland (Jonas, 2003, p. 144). 

However, after the 1865 ownership policy change, the socio-professional composition 

of the first cité shifted. Among its 200 house owners, only 40% were workers in 1876, 26% 

skilled or senior staff, 22% widowed or retired bourgeois without occupation, and 11% 

artisans or traders (ibid.). Meanwhile, the second and most populated cité (1856-70) 

would keep the industrial and popular character of the neighbourhood intact; 75% of its 

population were workers followed by 14% of craftsmen and traders. 

The public facilities, especially those at the heart of the first development phase, 

contributed to some of the demographic changes by inviting more professions into the 

area, building relationships among the residents, and empowering the community. For 

example, during the first development phase, SOMCO established the Société de 

consommation des cités ouvrières following the liberal philanthropic examples of Belgium 

and Britain. This was meant to be a cooperatively-led business which traded locally 

baked goods, groceries, clothes, etc., and ran the public baths and laundries.  For the 

reformers, this was a way to initiate the workers into the domestic habits of the 

bourgeoisie, shaping their daily practices and habits (Figure 25). In 1861 about 150 

women would visit the communal laundry each day, and more than 120 people would 

take a bath (Georges and Jacqué, 2014).  

But the undertaking closed down after SOMCO refused to accept its co-management by 

the workers-members (Grad, 1879) and the latter boycotted it and instead set up their 

own independent businesses. The industrialists had also every interest to let existing 

residents and newcomers (artisans) develop a network of small businesses, that could 

compete with those already operating in the immediate surroundings of the 
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Figure 25: Top: Public facilities of Cité Ouvrière from the first development phase. The tallest buildings 
accommodate the bakery, restaurant, baths, and laundry. Bottom: Scenes from the daily life in the 
communal laundry (left) and restaurant (right). Source: CRDP http://www.crdp-strasbourg.fr and 
Archives de Mulhouse 

Cité. In less than 20 years the neighbourhood counted 58 businesses in total (one per 

113 residents): ten bakers, nine butchers, 15 dairy farmers, 21 grocers, and seven 

vegetable merchants; as well as 14 restaurateurs, four wine suppliers, and one brewer 

who in order to run their businesses in the neighbourhood, had to buy a house first 

(Jonas, 2003). Hence, the workers’ abstention from using the cooperative controlled 

from the industrialists, encouraged traders and residents to run small shops and 

workshops, and influence the societal disposition of the neighbourhood and the unity 

of its community. 

Up to a point, the various design decisions also affected the everyday life of the 

inhabitants. For instance, the introduction of passages during the second and third 

phases brought an aspect of domestic intimacy into the public realm. According to the 

survey of 1876, these narrow spaces were well-frequented by the neighbours and 

residents (ibid.). Another example is the provision of gardens for the families and the 

two-depth access of all houses from the street. In a comparative socio-spatial study 

(Kostourou and Karimi, 2017, p. 58) of this scheme with its recent extension, Cité 

Manifeste, design decisions like these were found to create “beneficial social conditions 

for a doorstep culture and solidarity among neighbours”, while the overall housing 

layout was street oriented, outward facing, and stranger-friendly. 
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Furthermore, the location of the neighbourhood itself was a powerful lure for the 

settlement of similar socio-economic groups, and the consolidation of a social identity. 

We saw that soon after the project took off, other residential, industrial, and economic 

functions started to settle down in its immediate surroundings, creating competing 

dynamics with it but also contributing to its social idiosyncrasy. At first it was the 

location of the DMC factory that determined the location of the houses for its workers, 

the Cité Ouvrière project, whose size and extent then influenced the land use choices 

and distribution of industrial workplaces, and these in turn generated a multiplier effect 

on the workers’ population with further feedback on land uses and the housing forms as 

these got adapted to accommodate more intensive development. 

Indeed, from the beginning of the twentieth century, foreign workers started to move into 

the area thanks to major public works and factories (Figure 26). First came immigrants 

from Germany and Switzerland (Jonas, 2003); then, Italians arrived during the German 

period. Vitoux (Stoerkel and Vitoux, 2018) explains that because of their competence in 

the tile manufactory and construction industry, they supported the construction of the 

Wilhelmian era (1890-1918), including military barracks, schools, the Grand Canal of 

Alsace, and houses in the popular French typology R+2+C (ground floor plus two floors 

and attic). In the inter-war period, Polish workers came in greater numbers, mainly to 

work in the potash mines (MDPA). After 1945 and the Liberation of France, French 

natives of Northwest Africa immigrated to Mulhouse, followed by workers from Turkey 

and Portugal who joined them to work in the automobile factories.  

By the 1960s, the Cité Ouvrière was one of the anchor points of immigrants’ ‘residential 

parkour’ in the city, relocating from one area to another after their arrival in Mulhouse 

(Meichler et al., 1998, p. 128). It became a reference arrival point and arena for 

intercultural encounters and contacts, and in turn, its ethnic heterogeneity attracted 

other immigrant communities and helped to solidify their social networks. This can be 

seen from the density of socio-cultural associations in the area including the Association 

of the Portuguese (Figure 27), the Centre Socioculturel Lavoisier-Brustlein, or the Centre 

Social & Culturel Papin, and from their objectives which involve social cohesion, 

integration, and cohabitation. Other scholars like Gromark (2008) talk about an 

exceptional solidarity and strong mutual bonds in the neighbourhood, and Georges and 

Jacqué (2014) portray the local community life in a positive light despite the financial 

difficulties.  
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Figure 26: Residents and owners of houses in Cité Ouvrière (origin, years of ownership). a. Madame 
Musch (Alsace, born in this house); b. Aubard family (Alsace, 32 years); c. Erichot family (Martinique, 24 
years); d. Madame de Vasconcelos with partner (Alsace and Martinique, 8 years); e. Thiam family 
(Senegal, 18 years); f. Benhamed family (Algeria, 11 years); g. Marialva family (Portugal, 19 years); h. 
Lopez family (Alsace and Spain, 36 years). Source: Luc Georges 

 

Figure 27: The Association of the Portuguese in Oiseaux street in Cité Ouvrière in Mulhouse. 
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3.5.  The neighbourhood and the city today 

To this day, Cité Ouvrière preserves many of these characteristics. Firstly, it continues 

to accommodate working-class and immigrant populations. Previous research 

(Kostourou, 2014) on its current socio-economic situation verifies the high percentage 

of immigrants and the diachronic presence of low-income employees in the area, even 

if the majority of the residents are no longer factory workers (Figure 28). In fact, there are 

more than 140 nationalities living in Mulhouse today and Cité Ouvrière is among the 

most ethnically diverse parts of it. Furthermore, based on interviews with the local 

residents and maps of the property status and average years of residence in the quarter, 

the majority of the inhabitants are long-term residents (more than 10 years on average) 

while half of them own their houses.  

 

Figure 28: Statistical data projected in the IRIS2000 statistical blocks. Cité Ouvrière is enclosed by two 
quarters, Cité (outlined in magenta - left) and Fridolin (right). Source: Kostourou (2014, p. 52,59) 

This is not surprising considering that a number of studies (for example Peach, 1996; 

Kloosterman, Van Leun and Rath, 1999; Forrest and Kearns, 2001; Vaughan, 2005; 

Werbner, 2005; Talen, 2010; Vaughan and Arbaci, 2011) have revealed that migrants tend 

to cluster spatially, often into low-income areas, where they reside and practice activities 

that are strongly dependent on specific local networks; and that such areas are defined 

not so much by their immigrant constituents, but by their long-standing inhabitants 

either by choice or not.  

Secondly, Cité Ouvrière still constitutes an old industrial city quarter of low-rise single-

family dwellings with small gardens and narrow passages. Besides housing, the 

neighbourhood features two squares, two churches, a few educational buildings and 

some micro businesses. Specifically, a field survey revealed 13 restaurants, four bars 

and cafes, ten workshops and shops, one market, one municipal office, four 

kindergartens, four schools, five community centres, and eight abandoned non-
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domestic uses. These were mostly located at the borders of the cité with its 

neighbouring areas (see Figure 89 in page 240). 

The decline or closure of businesses can be explained by the socio-economic struggle 

of the entire region after its deindustrialisation. Since the 1930 and due to a series of 

local and international economic conjunctures48, industries which previously supported 

the growth of the city and attracted working populations in the area, such as SACM, 

Dentche, and Gluck, progressively ceased their activities. Especially after the 1970s, 

Mulhouse experienced notable population loss due to the emigration of its workforce 

(Figure 29). The DMC factory and main employer of Cité Ouvrière shrunk from 9,000 

employees in 1928 to 150 in 2010 (Villes et Pays d’art et d’histoire, 2010) (Appendix C).  

 

Figure 29: Evolution of population for the city of Mulhouse. Data source: (1600-1800) CRDP Strasbourg 
http://www.crdp-strasbourg.fr/data/patrimoine-industriel/mulhouse-19/croissance.php?parent=25; 
(1800-1999) Ldh/EHESS/Cassini http://cassini.ehess.fr/cassini/fr/html/fiche.php?select_resultat=24395; 
(2006-2016) INSEE 

The working-class quarters were the first to be severely affected. Some of them like 

Briand, Franklin, Vauban, Neppert, and Coteaux are even classified by the authorities as 

Zone Urbaine Sensible (ZUS); in other words, fragile urban areas in need of financial 

and social help. Interestingly, Cité is not one of them. A previous study by the author 

(Kostourou, 2015) explains that although statistical indices may suggest a certain level 

 
48 The Great Depression of 1930, World War II, the oil crisis of 1973, and the decline of textile industry between 
the 50s and 90s. 
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of deprivation, the neighbourhood is actually not one of the most disadvantaged working 

quarters and seems to work well compared to the rest of the city. 

Since the de-industrialisation of Mulhouse, the municipality has proposed a series of 

plans, such as the 1993 Projet Urbain Mulhousien and the 2001 Grand Projet de Ville, which 

among other topics focus on the economic reorientation of the city towards commerce, 

services, and education; the conservation of history and heritage; the provision of new 

social housing; the rehabilitation of derelict industrial building stock; and the 

securement of social and cultural diversity. In particular, the plans recognise the urban 

and cultural value of Cité Ouvrière and suggest the adaptation of the houses to 

contemporary standards within the framework of the Opération programmée 

d’amélioration de l’habitat (OPAH), the activation of existing brownfield sites and the mix 

of housing with non-residential land uses.  

Planning documents like the Plan d’ Occupation des Sols (POS) which used to regulate 

land uses till 2000, identified Cité Ouvrière as a UP3 zone of urban patrimony, the 

integrity of which should be guaranteed by monitoring any transformation, demolition 

or construction within the area. Currently, the Plan Local d'Urbanisme (PLU) which 

replaced POS after 2000, is being revised and the Conseil Consultatif du Patrimoine 

Mulhousien (CCPM) seeks to establish additional rules to safeguard the architectural 

integrity of the site by bringing together both local authorities and the inhabitants 

(CCPM, 2017). 

Stoerkel and Vitoux (2018) explain how revitalising the historical parts of Mulhouse is 

necessary for preserving its industrial identity and for densifying its building stock.  We 

can also add to these the possibility of making a shrinking city attractive again. Such are 

the aims of projects like Motoco, a former DMC building converted into an art space for 

140 artists; Fonderie, a new campus for the University of Haute-Alsace in the former 

SACM site; or Cité Manifeste, the 21st century social housing experiment designed by 

renowned architects. 

To sum up, Cité Ouvrière constitutes the first housing development that provided 

workers with subsidised access to property after a period of approximately 13 years. In 

spite of its demographic consistency (i.e. working-class) over the last 165 years, the 

social composition of the scheme has diversified mainly in terms of the ethnicity and 

occupation of its inhabitants. This has been largely a result of two major socio-

economic changes: first, the quick transformation of a utopian idealism to pragmatic 

capitalism, reflected in the abandonment of central organisation for the small-scale 

bottom-up organisation of retail and services, the early adaptation of housing typologies 
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and built forms by SOMCO and the inhabitants, and the emergence of buy-to-let market 

at the neighbourhood scale; and second, the gradual shift of the city of Mulhouse from 

an industrial economy to a service-based society.  

The combination of these socio-economic characteristics with the highly transformed 

housing forms rendered Cité Ouvrière a fitting case study for the purposes of this 

research. The scheme is not only relevant because of the apparent volumetric 

transformations of the houses, but also for its large sample size (1,253 houses); when 

seen individually, changes might not look impressive but as an aggregate, they allow 

spatial patterns to emerge and formal effects to become significant. With its remarkable 

industrial past, Cité has served as a model for many European company housing 

developments of the Industrial and Post-Industrial periods. By being an innovative 

socio-economic enterprise at that time, it constitutes one of the earliest built examples 

of mass housing for low-income populations in the world—years before the advent of 

prefabrication—not to mention the system for accessing home ownership, which 

inevitably calls to mind modern mortgages—again years before they become popular in 

the 1930s. Therefore, the scheme makes an interesting case to study today. 

At the same time, it is clear that this thesis is an intensive study of one particular case 

study. So even though the research deals with a long period and a range of scales, many 

of its findings will be unavoidably a result of the idiosyncrasies of both the city of 

Mulhouse and the neighbourhood of Cité Ouvrière; and thus, generalisations merit 

careful attention.
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Chapter 4 

4. Data and Methodology 

This chapter discusses the methodologies and datasets used in the study. It begins by 

outlining analytical approaches that are relevant to the core inquiries of this thesis; 

explaining their theories, measures, and the ways they have informed the current 

methodological decisions. It then discusses the availability and comparability of 

existing datasets, the collection of new data, and other pre-processes regarding their 

transformation, cleansing, and modelling. The main contribution of this chapter is the 

process of combining, adapting and integrating existing tools and techniques from the 

fields of spatial analysis, architecture, and urban morphology. This process is utilised 

in addressing the purposes of this research and the spatial, social, and temporal 

dimensions of change. 
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A. Methodological framework 

4.1.  Research scales 

Central to this research is the exploration of adaptability in the urban form over time and 

across scales. Based on the review of existing studies in Chapter 2, there is need for a 

high-resolution analysis of the principal components of change across different spatial 

units. In other words, the remaining of the thesis focuses on the analysis of the agents, 

mechanisms, and effects of changes in streets, blocks, plots and buildings. This is made 

possible by taking Cité Ouvrière in the city of Mulhouse as a case study. The reasons 

why the specific housing scheme constitutes a relevant and interesting case study was 

discussed in the previous chapter. What is important now is to expand on the research 

scales, data, and methodologies used in the following analytical chapters.  

Figure 30 graphically summarises the methodological framework. The first three rows 

dispose information that relate to the three principal components of adaptability 

identified in Chapter 2; specifically, the spatial, social, and temporal dimensions of 

change. Each row features four columns which correspond to four different physical 

scales; namely, spatial structures of descending sizes; social groups which represent 

the most relevant actors at each spatial scale; and periods of time for which the above 

spatial and social entities are studied. The next two rows mention the data available and 

methods employed at each scale. It becomes therefore clear that what glues everything 

together is the spatial structure, as the physical expression of society in time. 

4.1.1. The spatial dimension of change 

The study investigates adaptability across four spatial scales: the city (Mulhouse), the 

neighbourhood (Cité Ouvrière), the urban block, and the building (single-family 

houses).49 While it looks at the evolution of the form of each of these objects, it does not 

omit to draw links between them and their wider context, or else, between the parts and 

the whole. The purpose is to understand and define adaptability through the study of  

 
49 This is slightly different to the four levels of resolution recognised by Moudon (1997) regarding the 
understanding of urban form, corresponding to the building/plot, the street/block, the city, and the region. 



 
123 

 

Figure 30: Research scales, strands, data, and methodologies employed in this thesis.  

how physical changes are manifested in and afforded by the individual object, but also 

how synchronic and diachronic changes of the larger, more complex, aggregate objects 

may have an impact on the adaptive capacity of the individual. This stems from the very 

nature of spatial scales (cities, neighbourhoods, blocks, and buildings), which are 

inextricably interwoven within each other so that changes at the level of the single object 

are neither entirely autonomous nor isolated events. Commenting on this, Kropf (2001, 

p. 39) notices: “The distinction between individual and aggregate entity recognizes that 

a city is composed of, amongst other things, plots, and involves a different form of 
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control than that operating at the level of the individual building or plot. A settlement 

involves an aggregate of relatively autonomous agents acting at the level of the plot in 

addition to numerous forms of limiting controls operating at various other levels, 

including the settlement as a whole.” So, the four spatial objects are seen as relational 

entities, whose processes of change are placed in the context of broader cycles of 

change: the city within the region, the neighbourhood within the city, the urban block 

within the neighbourhood, and the building within the block and plot. This approach 

overcomes problems of decontextualisation (studying parts removed from the whole) 

and attempts to recognise—if they exist—similarities and differences between the 

formation and transformation of these entities.  

4.1.2. The social dimensions of change 

Besides the relations between the spatial structures, there is also an intrinsic link 

between the spatial form and social agency. In the first two chapters, I elaborated on the 

notion of ‘emergent bottom-up adaptability’ as an approach that explains spatial 

transformations as a result of human actions. But the relationship between space and 

society has been extensively debated from a variety of theoretical perspectives 

(Giddens, 1984; Soja, 1985; Lefebvre, 1991; Werlen, 1993; Bourdieu, 1996; Hillier and 

Netto, 2002). This thesis aligns more with the perspective of Hillier and Hanson (1984, p. 

27), according to whom “The most far-reaching changes in the evolution of societies 

have usually either involved or led to profound shifts in spatial form, and in the relation 

of society to its spatial milieu […] Different types of social formation, it would appear, 

require a characteristic spatial order, just as different types of spatial order require a 

particular social formation to sustain them”. It is precisely this contemporaneous 

relation of space and society that the research focuses on. It seeks to identify and 

elaborate on the decisions, intentions, and possibly, lifestyles of particular social 

groups that may have re-produced, inhabited, acted on, and sustained the four spatial 

structures under investigation.  

Hence, the research is also concerned with the involvement of specific agents into the 

formation and transformation of the urban form, whether of the street network in 

Mulhouse or of the plots and buildings in Cité Ouvrière. The main actors can be grouped 

as: the public sector, including the national government or the local municipality; the 

private sector consisting of the industrialists and the workers’ housing association 

Société mulhousienne des cités ouvrières (SOMCO); and finally the citizen sector, that is 

the inhabitants and people of the Cité Ouvrière housing scheme, who are the end users 

of the delivered built forms. The private sector differs from the citizens in that its 
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activities are guided by the motive of financial profit. So, the idea is to understand how 

the decisions made by these main agents have affected the externalisation of physical 

changes at different spatial scales. 

4.1.3. The temporal dimension of change 

The review of both morphological and spatio-analytical approaches (see Chapter 2) 

made clear that spatial structures are emergent, if not planned; they are built over time 

through incremental processes, which are instigated by individual and collective agents 

and which gradually contribute to the formation, growth, and transformation of the 

spatial structures. Studies (Conzen, 1960; Hanson, 1989; Scheer, 2001; Wheeler, 2008) 

have also revealed that spatial structures have ‘memory’, meaning that their current form 

is highly conditioned by historical processes and decisions taken in the past. So, there 

is a strong dependency between past, present, and future as far as processes of change 

and continuity are concerned.  

Two temporal dimensions are considered in this thesis: synchronic, considering single 

moments in time, and diachronic, or differently, through time. Griffiths (2009, p. 037:1) 

writes with regards to this: “the differentiation of urban form is constituted both 

synchronically and diachronically in the description of spatial elements structured at 

different modalities of scale consistent with prevailing patterns of social practice”. 

Thus, in order to fully capture the process of formal adaptation in a single spatial 

structure—a building or town— the study needs to record subsequent states of the 

physical structure itself and analyse them—synchronously as well as sequentially— 

looking at their mechanisms, agents, effects, and rates of change, while considering the 

wider spatial context and the socio-historical conditions of their time. This way the 

methodological approach will respond effectively to the objectives of the research 

questions, allowing for a thorough, systematic, diachronic, and multi-scalar 

understanding of the adaptability degree for different elements of the urban form.  

The time periods presented in Figure 30 specify the range of dates covered by the study 

at each spatial scale. They generally span from the second half of the nineteenth century 

till the present, even though additional historical information for the years before 1850 is 

also incorporated into the main chapters. The 165 years of the core timespan are 

subsequently divided into smaller time slots, which are, in turn, defined by other 

intermediate dates. The number and length of these sub-periods as well as the exact 

intermediate dates vary across the research scales, depending on the availability and 
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resolution of data used for that part of the analysis (see pre-processing section (B) for 

explanation and elaboration). 

The integration of all three research strands into a single methodological framework 

presents significant challenges that need to be tackled. For example, how to ensure the 

same level of detail between datasets of different spatial structures and time periods? 

Which are the most appropriate methods and measures for each of the research scales? 

How to work with different types of data and move between different digital platforms to 

process them? It also raises complex questions relating to the application of the 

selected methodologies at this temporal and historical scale and for such a wide range 

of spatial scales, from the region to the building scale. The following sections of the 

methodology chapter discuss these challenges by presenting the existing as well as 

newly created datasets, the selected methodologies employed in the analytical Chapters 

5 and 6, and the decisions taken to overcome existing limitations in both data and 

methods.  

4.2.  Datasets 

I start by giving a brief overview on the main types of data used across spatial scales, 

their source and resolution, and I explain the rationale behind their use. 

1 · Geographical and morphological data 

Georeferenced two-dimensional data are consistently used across all research scales. 

These are key primary and secondary data, collected either through survey or from 

different but valid sources respectively, and are associated with the location of the case 

study. In this thesis, secondary data include—but are not limited to— (1) contemporary 

cadastral plans in CAD and GIS format for the entire city of Mulhouse acquired by the 

municipality (Ville de Mulhouse), the Institut National de l’ Information Géographique et 

Forestière (IGN), and the Agence d’ Urbanisme de la Région Mulhousienne (AURM); (2) 

GIS census boundary data provided by the IGN, the Mulhouse Alsace Agglomération 

(m2A), and the Institut National de la Statistique et des Études Économiques (INSEE); and 

(3) data on general land uses provided by the municipality. These are complimented by 

primary data, collected from field observations and mapped in GIS by the author, such 

as entry points to houses and detailed land uses within the neighbourhood of Cité 

Ouvrière. Both primary and secondary geographical data are quantitative in the sense 

they have measurable properties, are indexical, and are therefore reliable, verifiable, and 

robust for analytical research. Primary data are also seen to be original, to guarantee 
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better consistency between datasets, and to provide an actual understanding of the site 

conditions, even if the process of their collection was time-consuming and costly. 

2 · Historical data 

Given the timescale of this research, historical data are an integral part of the analysis. 

They are by default secondary and fixed data, that describe past events and 

circumstances of social and spatial structures, which are not anymore subject to 

change. They are both quantitative and qualitative, with the latter translating into non-

numerical information that describe processes of change instead of counting or 

measuring them. This study makes use of old maps or census data, ancient photos, 

plans, and writings found in books, the municipal records (Service des Archives 

municipales), and online services such as the website of the city (mulhouse.fr) or that of 

the agglomeration (mulhouse-alsace.fr). Some historical data come from different 

sources and in different formats; and other are only available in hardcopy form due to 

their age. This necessitated a considerable effort to collect (often in situ) and synthesise 

them before being able to process them. The value of the historical data is unique in this 

study for they enrich and extend the information available to present; provide well-

grounded evidence to support the findings; reveal patterns of continuity and change in 

spatial and social structures; and prove the inherent complexity of the socio-spatial 

issues under investigation, which are hardly vested in a single moment in time.  

3 · Archival data 

Archival data can be considered a sub-category of historical data. They include original 

heritage documents such as maps, planning regulations or building permits, currently 

without use, that have been made, received or maintained by public administration 

organisations, such as they city hall and other municipal or regional institutions. They 

help to preserve the spatial and cultural heritage of the city (historical value), document 

the operations and activities of organisations and individuals, and provide solid 

evidence that can be used for research or even legal purposes (juridical value).  

This study uses maps, planning documents and diagnostic reports produced by the 

municipality, building permits for individual houses and ancient census maps for the 



 
128 

quarter; all dating before 200050. Most of these data cannot be found online51 due to the 

duration of their copyrights. Hence, I had to retrieve them by the local Service des 

Archives de Mulhouse after an extensive and laborious process, including their reading, 

translating (from French and German), and writing down the information in a coded 

format while visiting the service during office hours. Still, this kind of data offer to the 

study a much more vivid understanding of the decisions made by the actors at any 

particular time in history and paint a graphic picture of sociological trends at that point 

(informational value).  

The three types constitute almost entirely available datasets, received by different 

sources, which need to be further processed to make them suitable for analysis. Besides 

these, new datasets were also created by the author in order to respond effectively to the 

particular inquiries of this study. These include two detailed models of the street network 

and of the built form of the houses, both of which form the basis of the analytical work 

presented in Chapters 5 and 6 respectively. The processes of creating these models and 

of preparing them alongside the received data for analysis is a unique methodological 

contribution of this thesis, and it deserves a separate and more elaborate discussion, 

presented in section B of this chapter. In the meantime, the core methodological 

approaches for a granular longitudinal study of physical changes across spatial scales 

and time are described below. 

4.3.  Methodologies 

The field that investigates formal elements (streets, buildings, and plots) is urban 

morphology. In its classical form, there are two dominant schools of thought: the Italian 

(process typological) and the British (historic-geographical). Other schools include the 

French (historiographical), the German (morphogenesis) and the North American 

(geographical). I will make no attempt here to explain the ideas and lines of inquiry 

behind each school, on the one side because excellent summaries have already been 

provided by Cataldi (2003), Marzot (Marzot, 2002), Whitehand (Whitehand, 2001), 

Larkham (2006), Darin (1998), Hofmeister (Hofmeister, 2004) and Conzen (2001), and on 

the other, because a number of papers (e.g., Moudon 1997; Pinho & Oliveira 2009; Kropf 

 
50 Documents produced after 2000 are not kept in the Service des Archives. For the sake of convenience and 
consistency, the analysis only relies on archival data found in this municipal department.  
51 Some data are accessible online in webpages operated by the Ville de Mulhouse, Mulhouse Alsace 
Agglomération (m2A), Bibliothèque nationale de France (BnF), Centre Régional de Documentation Pédagogique 
de l'Académie de Strasbourg (CRDP) etc. 
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2009; Scheer 2015; Gauthier & Gilliland 2006 to name a few) have already discussed the 

differences between them. What is of interest here though is that although the schools’ 

approaches seem to be fragmented and lack a coherent universal systematisation 

(Fleischmann, 2017), they share an epistemological overlap. This is concisely 

summarised by Scheer (2015, p. 3): “Epistemologically, all the urban morphology 

schools of thought share certain methods of acquiring knowledge, analysing it, and 

validating it. These are (1) collection of formal data about the study area; (2) recognition 

of common patterns in the study area and across study areas; (3) developing and testing 

theories of change; and (4) linking the results of the physical analysis to conditions not 

directly related to urban form”. 

In this common epistemological inquiry of classical urban morphology, there are two 

important caveats to note; the first refers to the type, extent, and resolution of formal 

data, and the second to the methods used for recognising patterns. On the one hand, 

classical morphologists gather data from historical maps, surveys, field measurements, 

photographs, and documentary records in a rather laborious and time-consuming way. 

Even though the produced datasets are very detailed and provide a fine-grained 

understanding of the ground conditions (see for example some of the earliest works of 

Muratori 1959, Conzen 1960 and Whitehand et al. 1999), they are limited in volume and 

extent—a problem often identified when dealing with small-scale data. On the other hand, 

analysts rely heavily on visual observations and verbal descriptions to recognise 

patterns from the gathered data; an approach which lacks systematisation and 

quantification, and depends on the resolution of the study and its context (Whitehand, 

2012). Indeed, Serra (2013) flags this is a common and important problem in the classical 

field and calls evidence that stems from visual observation ill-defined, non-

reproducible, and impossible to falsify.  

After the 1970s, technological developments in the field of GIS and the availability of 

larger volumes of geospatial data made it possible to overcome some of these 

limitations. This saw the rise of quantitative urban morphology, which allowed more 

systematic approaches to measuring the topological, dimensional, and geometrical 

relations that define the formal elements in the urban fabric (Erin et al., 2017). Few of the 

most distinctive methods among others include the mathematical models introduced by 

Martin & March (1972); the graph theories of Krüger (1977) and Steadman (1983); the 

Space Syntax theory and methods by Hillier & Hanson (1984); the Shape Grammar by Stiny 

(1980); the fractal geometries by Batty & Longley (1994); the Spacematrix density model 

by Berghauser Pont & Haupt (2004); the street patterns descriptor by Marshall (2005); the 

Multiple Centrality Assessment by Porta et al (2006); the architectural morphospace by 
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Steadman & Mitchell (2010); and the Urban Network Analysis by Sevtsuk & Mekonnen 

(2012).  

From these, two are considered to be more fitting for the research questions of this 

thesis: the space syntax52 theory and methods which focus on street networks and the 

Spacematrix density model tailored for building-plot compounds. These approaches 

(explained in greater detail below) are combined with the standard techniques of the 

classical field such as the observation and description of data obtained from field 

surveys and historical maps. Still, the quantitative aspect of space syntax and 

Spacematrix help to systematically refine these observations and measure the impact of 

formal changes in a verifiable and robust way. Note that each of the two methodologies 

deals with a specific formal element (or combination of those) at a specific spatial scale 

depending on the structural importance and functional relevance of that element at that 

scale. They also quantify the effect of formal changes on different measures: on street 

centrality in the case of space syntax and on built density and open space consumption 

in the case of Spacematrix. 

4.3.1. Street network and Space Syntax 

Following Conzen’s definitions of formal elements at the introductory chapter, the street 

network is understood as the public space between buildings through which people 

move in cities and by doing so, get to interact with other people who use it. In other 

words, it is “the theatre of everyday life and transactions”(Hillier and Hanson, 1984, p. 

21). This claim naturally leads to the consideration of space syntax methodology for the 

analysis of streets at the city and neighbourhood scales.  

For the last 30 years, space syntax theory has been founded on the proposition that 

streets and their configuration, that is, the relationship between spaces that 

accommodate movement and interaction, are intrinsic to human activities. The methods 

that derive from this theory, first, represent street systems as graphs, in which the nodes 

symbolise spaces and the links denote intersections between pairs of spaces (Hillier, 

Hanson, et al., 1987); and second, analyse these graphs in terms of street centrality in 

 
52 Space syntax is regarded here as part of quantitative urban morphology. This is also the view of morphologists 
such as Moudon (1992), Kropf (2009) and Scheer (2015). Others like Berghauser Pont et al. (2015) wish to 
highlight the distinction between the two. They argue that while classical urban morphology deals with individual 
entities, space syntax examines relative, systemic or aggregated phenomena of those entities; that urban 
morphology tends to classify types and quantify their differences, whereas space syntax quantifies differences 
within the same type; and that urban morphology mainly looks at built form while space syntax analyses street 
form and graphs. 
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relation to visual and permeability aspects53. Effectively, space syntax suggests that the 

grid alone—all other things being equal—can provide an insightful understanding of 

how street systems are formed and related, and how their structure affects patterns of 

human movement and co-presence, and by extension cultural and economic functions 

(Hillier, 1996b; Hillier and Vaughan, 2007).  

The two most common modelling methods of street systems in space syntax are the 

axial and segment mappings. The first mapping is drawn as the minimum set of axial 

lines, called the ‘axial map’, which pass through all the spaces of the system, so that 

every space is at least crossed by one line and every line is at least connected to another 

one (Hillier and Hanson, 1984; Turner et al., 2005). Axial lines are defined as the longest 

lines of sight (or of straight movement) extended from any point in space. The rationale 

behind is that at each point in space we have information for how much of the space is 

visible to us. In other words, we can move along spaces we can see, until a new space 

or new part of space becomes visible. This allows street networks to be represented as 

axial lines without losing any cognitive information about the space. The second method  

 

Figure 31: Axial and segment modelling of the street system and their conversion into network graphs. 

 
53 Here space syntax is described only in relation to urban form. However, the theory and methods expand and 
cover a wider spectrum of spatial structures including buildings and their internal configurations. 
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of representation is the segment map, a more recent and important development in the 

field of space syntax both theoretically and methodologically (Hillier and Iida, 2005). 

Axial lines are broken at their intersections and transformed into individual segments. 

Each segment is encoded into a graph in the same way axial lines are; only now the basic 

unit of analysis is not a line of sight, but a line segment between street junctions (Figure 

31).  

Once the street system is represented as an axial or segment map, the configurational 

relations of the lines can be examined by means of graphs. The most significant property 

of an axial map (graph) is the topological distance of each space (node) to all others 

(fewest turns). Topology is not concerned with the physical layout of the street system 

but only with the connections between the spaces (nodes), being 1 for adjacent and 

connected spaces. This topological distance determines both the calculation and the 

scale of analysis, namely the radius (in topological depths) from the root space within 

which a set of spaces is analysed. When all-to-all relations are considered in a network, 

the radius is set at radius infinity, or radius ‘n’. Correspondingly, the most important 

type of analysis in segment maps is angular, which weights each link between segments 

by the angle of their connection (Dalton, 2001; Turner, 2001; Hillier and Iida, 2005). The 

radius of analysis here is defined by a metric distance (in metres) from the midpoint of 

a root segment and can equally set at radius ‘n’ to include all segments in the system.  

It has been found that angular segment analysis with metric distance radii allow for a 

finer-grained understanding of how people navigate in street networks and correlate 

better with real rates of urban movement than axial models (Hillier and Iida, 2005; Turner, 

2007). In this sense, it comes as no surprise that an increasing number of studies rely on 

segment line investigations rather than axial. In fact, axial maps had been previously 

criticised for reducing differentiated morphologies to lines of sight as proxies (Pafka, 

Dovey & Aschwanden, 2018); for having a centralising effect in radius ‘n’ (Dalton, 2001); 

for treating lines as one thing despite crossing different spaces (Steadman, 2004); or for 

relying on topological distances ignoring geometric and metric properties (Ratti, 2004) 

etc. As a result, the shift from axial-to-segment helped to deal with some of these 

concerns (for example the ones of Steadman and Ratti). Meanwhile, recent efforts 

(Dalton et al., 2003; Turner, 2007; Kolovou et al., 2017; Krenz, 2017a) to use road-centre 

lines for the production of segment maps helped to address some of the other issues 

like the one raised by Pafka, Dovey & Aschwanden, while skipping the time-consuming 

process of axial line generation. 

Yet, it is beyond doubt that axial maps are still extremely meaningful and heuristic. Their 

fundamental value is that they encapsulate topological properties of space-movement 
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relation that are lost in the axial-to-segment transformation and are absent from road-

centre line maps; topological properties that are invariant under any continuous 

deformation. Serra (2013, p. 69) argues that the road-centre line method “entails with it 

the total abandonment of precious structural information contained in the axial map 

(such as axial connectivity), together with several analytical parameters (such as 

syntactical intelligibility) which have a profound research interest”. Figueiredo (2015) 

also pinpoints additional advantages of axial maps, such as their small-size graphs, 

faster computation, size-relativisation mechanism, and inherent topological and 

cognitive properties. This study therefore chooses to work with both representations, 

axial and segment maps, and their modellings will be discussed in section B. 

The configurational relations of axial or segment maps are examined using measures 

from graph theory and network analysis. Here I present a list of measures which are used 

in the thesis and the level of representation they are applied to: (1) the topo-geometric 

centrality measures of integration or closeness centrality (applied to both axial and 

segment models) and (2) choice or betweenness centrality (segment only), and (3) the 

metric measure of mean depth (segment only). I also present useful correlations of 

centrality measures, specifically the (4) axial intelligibility and (5) synergy. 

1 · Integration 

Integration or closeness centrality is a normalised54 measure of the average distance 

between spaces (nodes) in the network. It is based on the mean depth of a space from 

all other spaces within the specified topological or metric radius (Hillier and Hanson, 

1984). It is seen as the measure of to-movement, indicating the degree of accessibility of 

a space, or differently, its potential to serve as a destination within the system (Hillier, 

Burdett, et al., 1987). It is sensitive to the spatial distribution and density of the nodes 

(Gil, 2016). Both axial topological and segment angular integration are used in the study. 

2 · Choice 

Choice or betweenness centrality calculates the possibility of a space to be located on 

the shortest routes from all spaces to all others within a specified radius (topological or 

 
54 For axial graphs, the measure of ‘integration HH’, developed by Hillier and Hanson (1984, pp. 109–113), 
results from two normalisation formulas (Hillier, 1996b, pp. 37–38): the first, the relative asymmetry (RA) 
eliminates the effect of the numbers of lines in the axial map; and the second, the real relative asymmetry (RRA) 
allows the comparison of axial maps which differ in size. For segment graphs, only the first normalisation 
applies, so that integration is calculated by the reciprocal of relative asymmetry. 
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metric) (Hillier, Burdett, et al., 1987). In axial maps, the shortest path is defined as the 

route with the least topological turns, while in segment analysis, the shortest path is the 

journey with the lowest angular cost for each possible origin and destination pair of 

segments (Hillier and Iida, 2005). Choice is seen as the measure of through-movement, 

highlighting the likelihood of a space to be passed through on all shortest paths (Hillier, 

Burdett, et al., 1987). As such, it is sensitive to the continuity of the paths (Gil, 2016). In 

Chapter 5, street models are analysed using segment angular choice, weighted by 

segment length (Ch SLW). The weighting overcomes problems of large differences 

between segments based on the idea that longer segments are more likely to have a 

higher number of connections and allow access to more buildings (see further 

explanation in 4.5.3.2 paragraph). According to Turner (2007), weighted choice 

correlates better with movement flows and considers physical and cognitive 

constraints. 

3 · Metric mean depth 

Metric mean depth is the average metric distance from each space to all others. Mean 

depth is calculated by summing the depth value of each space (node) and divide it by 

the number of spaces (nodes) in the system less one, the root (Hillier and Hanson, 1984). 

Unlike the two centrality measures above, this metric measure applies better to the local 

scale.  

The combination of the three measures is able to capture the dual generic form of cities: 

a foreground network of linked centres identified by the two topo-geometric centrality 

measures (especially choice) and a background network of residential patches captured 

by the metric mean depth (Hillier, 1996b; Hillier et al., 2010, 2012). 

4 · Axial intelligibility 

Axial intelligibility indexes the degree to which the number of immediate connections a 

line has is a reliable guide to the importance of that line in the system as a whole; namely, 

it is a correlation between axial connectivity and axial integration at radius ‘n’ (Hillier, 

Burdett, et al., 1987). Axial connectivity is the number of other lines with which an axial 

line intersects. Effectively, a strong correlation, or ‘high intelligibility’, implies that the 

whole can be read from the parts.  
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5 · Axial synergy 

Axial synergy is defined as the correlation between axial integration at ‘local’ radius (for 

example radius-3 which means 3 topological steps away) and radius ‘n’(or ‘global’ scale 

which considers all lines in the system) (Hillier, 1996b). It measures the degree to which 

the internal structure of a smaller area relates to the larger system in which it is 

embedded; in other words, how their potential for human movement and co-presence 

relate as they co-evolve. 

It should be noted here that both intelligibility and synergy are methodologically and 

theoretically rooted in axial mapping, as “there is no commonly agreed upon 

replacement for radius in segmental map (although many proposals have been made)” 

(Dalton, 2010, p. 67). This is one more reason why the use of axial maps is essential for 

this study. 

As previously mentioned, space syntax methods have been quite effectual in finding 

correlations between the syntactical measures and the levels of actual urban activity, 

particularly pedestrian movement flows (Penn et al., 1998; Hillier, 1999b; Turner, 2001). 

They have also been vital in formulating strong theoretical concepts. Some directly 

relate to space, as in the case of the dual generic form of street networks, the part-whole 

relation, the natural area-isation, and spatial sustainability55. Others link the spatial 

structure to other social phenomena such as social segregation, spatial cultures, 

movement economies, and the distribution of land uses (Hanson, 1989; Hillier, 1996b; 

Hillier and Vaughan, 2007; Vaughan and Hillier, 2007). Furthermore, both the theories 

and methods have served as instruments to inform design in a series of real case 

projects (Hillier, 1993). 

Still, there are few limitations in the method that need to be taken into consideration 

when interpreting the results of the analysis. Firstly, syntactic models are concerned 

with the relationship between street spaces, but the numerical values do not mean 

anything by themselves, only in comparison to other values. Secondly, the street 

network is analysed as a collective entity, and thus, all nodes must be connected. The 

tools cannot deal with individual components (or sub-graphs) because, by definition, 

 
55 Natural area-isation is the identification of the background network of space as a patchwork of semi-discrete 
areas at all scales as a function of the placing, shaping and scaling of urban blocks (Hillier et al., 2007). Spatial 
sustainability focuses on the geometric and configurational ordering of space in the city, raising the possibility 
that the dual generic form of the self-organised city in and of itself can contribute to its sustainability (Hillier, 
2009). For a more detailed discussion of these theoretical concepts see Chapter 5. 
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the configuration of a smaller area depends on its embedding in the wider system (see 

model boundary discussion in section B). Thirdly, even though topo-geometric and 

metric properties are determined by the system’s layout, the form may not always be 

relevant to the configurational analysis. In fact, space syntax does not deal with the 

street form as Marshall’s (2005) work for example does. Fourthly, the analysis is 

calculated based on the grid configuration itself, regardless of other parameters that 

possibly affect the ways people move in space, like the familiarity of people with the 

network or “the composition of the population, the locations of houses and jobs and 

services, the economics of the land and property market, the technology and costs of 

the transport system, distinctions between transport modes and their respective 

network and so on” (Steadman, 2004, p. 486). This is why space syntax measures can 

only correlate with patterns of movement instead of predicting or forecasting them (ibid.). 

This needs to be taken into consideration when interpreting the results of the analysis. 

4.3.2. Building-plot compounds and Spacematrix 

The second employed methodology from quantitative urban morphology is 

Spacematrix. It proposes a multi-dimensional model that investigates the relationship 

between built form and density. It is applied at the scale of building-plot compounds 

(plan area), recognising the mutual dependence of the two elements. It uses four 

morphological measures (Figure 32): (1) ground space index (GSI) which indicates the 

built compactness or ground coverage of the plan area, (2) the floor space index (FSI) 

which describes the built intensity of the plan area, (3) the average number of storeys or 

layers (L), and (4) the open space ratio (OSR), which accounts for the spaciousness or 

pressure on the non-built space. These variables are combined in the spacemate chart 

(Figure 33)—diagram FSI(GIS)—giving every building-plot compound a unique spatial 

‘fingerprint’, that is a dot in the chart (Berghauser Pont and Haupt, 2004, p. 30).  

Spacematrix is a multi-dimensional approach because it also takes into consideration 

network density (N), that is the amount of street network per plan area, or simply, the 

street area that corresponds to the building-plot compound. This compensates for the 

usual absence of street variables from density studies, rendering Spacematrix 

comprehensive in its approach. When this is considered, a separate diagram can be 

formed—diagram FSI(N). Berghauser Pont & Haupt (2009) use this to describe the 

performance of parking in different urban environments; but this is not relevant to this 

research, and hence it will not be used. Actually, it makes no difference to consider 

network density in the present study, as no comparison is made between different 

neighbourhoods in the city of Mulhouse and within the neighbourhood of Cité Ouvrière, 
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Figure 32: Density variables used in Space matrix model as modelled by Berghauser Pont and Haupt 
(2009, pp. 95–96) 

 

Figure 33: Spacemate or diagram FSI(GSI) as designed by Berghauser Pont and Haupt (Berghauser Pont 
and Haupt, 2010) 
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streets are standardised in their dimensions following a gridiron-like plan. So, the effect 

of street network on the built density is neutralised. 

The method of Spacematrix is well suited for the objectives of the thesis. It mainly helps 

to capture the impact of housing growth on the built density and the open space 

consumption for different types of building-plot configurations. This is achieved not 

only visually, but also numerically in a reproducible and systematic manner by linking 

the descriptions of morphological changes that derive from visual observation in situ to 

four computable measures. 

Yet, there is great potential in using the method to mathematically and graphically 

represent the morphological trajectory of the built form from its original to its current 

state. In other words, the same modelling space can be used to trace the movement of 

the spatial fingerprint of houses while these grow in volume over time. This dual 

utilisation of Spacematrix model can provide insightful information on past and present 

patterns of building changeability, as well as possible densification patterns in the 

future. 

Of course, it should be noted here that density has been repeatedly56 disputed as a 

descriptive and prescriptive measure of the urban form because it can homogenise 

building types and built forms. Plus, the definitions and calculation methods of density 

have varied across contexts (Churchman, 1999). Before conceiving Spacematrix, 

Berghauser Pont & Haupt (2009) reviewed all the density measures existed throughout 

history such as population and dwelling density, land use intensity, coverage, building 

height and spaciousness, and demonstrated that none of these measures was sufficient 

in isolation to explain the urban form and depict the size, configuration, and scale of 

buildings, plots, and streets. The authors explain that the plan area representations and 

resolutions were generic and simplified due to variations in the forms across scales; that 

the un-built space (or parts of it) such as open space, water and green surfaces, or the 

streets were left unconsidered; and that the calculation methods were not consistent. 

They conclude though that “the concept of density as such cannot be blamed for 

explanatory shortcomings; this is caused more by the formulation of specific definitions 

 
56 Density was initially used to describe crammed urban conditions of nineteenth-century city centres leading to 
high population density, getting associated with poor health conditions and social disorder. This led architects 
and urbanists of the time to redirect their theories towards lower densities propagating in favour of decentralised 
urban models such as the Garden City movement. Modernism followed suit with low densities in high-rise tabula 
rasa developments and suburban spread-overs leading professionals and academics to question the true value of 
the concept. Since then, density gradually became an integral part of debates regarding the future of the cities 
shifting from a descriptive tool to a measurement of prescriptive agendas for compactness, liveability, 
walkability, diversity, and sustainability –environmental, economic and social– in the built environment. 
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and their applications” (ibid., p.18). So, while the conventional density measurements 

alone can only hint at certain qualities of the urban form, their combination within the 

Spacematrix model is capable of relating density measures to the typo-morphology of 

urban blocks and their transformations in time.  

4.4.  An integrated methodological framework 

Apart from combining methods from both the classical and non-classical urban 

morphology, the study also integrates techniques of architectural and urban mapping 

and recording with more advanced tools including geoprocessing, programming, 

statistical computing, and diachronic modelling.  

The first set of tools (classical morphological and mapping tools) aided to gather data 

from field surveys, historical maps, building permits found in the municipal archives, 

photographs, and planning documents by means of visual mapping, drawing, text 

review, and recording. The produced data (small-scale) were limited in volume and 

format, unstructured, and slow to collect, affecting the extent of the study and the 

number of case studies —one of the reasons why the study only looks at Cité Ouvrière. 

The data carried very detailed information, which was easy to comprehend and 

synthesise; and their analysis remained mainly descriptive, identifying categories of 

change, recognising patterns but failing to confirm their accuracy, and understanding 

the legal and social conditions behind any construction or intervention officially 

approved. Without doubt, this rather qualitative approach provided insightful 

information on the French context, specifically how the city, local organisations, 

communities, and individuals operate in real life. It also prepared the ground for the 

following analysis. 

The second set of tools (advanced modelling tools) contributed to the modelling of the 

urban form, the spatial analysis of its properties, and the production of quantifiable 

results. Specialised tools, such as GIS, Rhino and Grasshopper were used to create 

accurate two- and three-dimensional models and visualise the data. The spatial analysis 

software of Space syntax, depthmapX, and the calculation formulae of Spacematrix were 

then integrated into the RStudio software to run analysis on the models, carry further 

statistical computing and produce graphics. Essentially, the R programming language 

was instrumental in handling large sets of categorical and numerical data.  

Two models were produced, one for the street network of the city of Mulhouse and its 

immediate region for 17 time periods from 1850 to 2015, and one for the entire housing 
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scheme of Cité Ouvrière including all 1,253 buildings and plots in their original (circa 

1897) and current state. Due to the inherent size of the two models, the produced 

datasets were extensive in volume. They were also extremely detailed to the point that it 

is fair to say that the two models combine the accuracy of small data with the extent of 

big data. Furthermore, their level of aggregation made it possible to link them to the 

geographic data received from the municipal and national institutions. Overlaying them 

to additional information yielded a rich and complex dataset, which could only be 

processed by computers and required further screening before running an analysis. Yet, 

the large datasets were excellent in revealing hidden patterns of change at a 

macroscopic level and in measuring their impact on street centrality and built density in 

a statistically sound manner.  

It becomes therefore evident that the methodological framework of this research is 

comprehensive, comprising of both qualitative and quantitative analysis, classical and 

non-classical methods, smaller-size and bigger-size data. The former categories make 

sure the socio-cultural aspects of the urban form are not overlooked, and the latter ones 

guarantee the study remains robust. So, in this sense, the seemingly distinct 

approaches complement one another and give birth to an integrated methodological 

framework. 

Integrating different methodologies from urban morphology, especially including space 

syntax is not new. There is a number of authors that have already employed space syntax 

in historical studies of urban transformation (e.g., Hanson, 1989; Karimi, 1998; Griffiths, 

2009; Psarra et al., 2013; Vaughan et al., 2013; Dhanani, 2014). Others went on and 

combined syntactic analysis with either unsupervised classification techniques applied 

at the metropolitan and city scale (Serra, 2013), a micro-morphological interface analysis 

at the neighbourhood and building scale (Palaiologou, 2015) or a Conzenian mapping of 

formal and functional changes at a high street and building scale (Törmä, 2014). 

However, this study goes beyond by looking at both the street network and the built form 

in an equally high level of detail and territorial extent. Furthermore, these studies stayed 

limited in terms of temporal scales and data resolution. For example, Griffiths (2009) 

investigated the development of the city of Sheffield in three historical dates; Serra 

(2013) studied the evolution of the spatial network of Oporto’s metropolitan region in 

four historical dates; Törmä (2014), Dhanani (2014), Palaiologou (2015) looked at both 

changes in the street and built form in London—and Manhattan—at four periods; while 

Psarra et al. (2013) analysed the growth and decline of the city of Detroit in six dates. Yet 

none of these studies mapped street and building changes for each decade from the 

1850s to the 2010s (total 17 periods), combining three-dimensional with two-dimensional 



 
141 

data, whilst setting them both against a background of historical, social, and legal 

conditions. 

Therefore, the current framework contributes to the morphological field by proposing a 

high-resolution multi-scalar quantitative and qualitative analytical approach to study 

formal adaptability over time. To do so, it establishes a smooth workflow between 

different tools, datasets, and representation modes in order to ensure consistency in the 

resolution and precision of data, the coherence and systematisation of the 

methodological steps, and the reproducibility of findings. It also addresses both the 

synchronic and diachronic processes of spatial adaptation and the microscopic and 

macroscopic levels of spatial investigation for all three elements of the urban form. 

4.4.1. Limitations 

Despite its comprehensiveness, the methodological framework features certain 

limitations. On the one hand, the production of the analytical models and large datasets, 

is a slow and laborious process. On the other hand, the approach does not address all 

factors. 

With regards to the social component, the methodology does not measure the actual 

use of space and social activity at the city, neighbourhood, or building level. Neither 

does it analyse the use of the form. At the same time this constitutes a methodological 

limitation, it is also a firm research standpoint of the thesis for it examines formal 

changes beyond any aesthetic and economic dimension. And although socio-economic 

data are not used for statistical correlations, Chapter 3, in particular, identifies changes 

in the socio-political organisation of Cité Ouvrière and their influence on the formation 

and transformation of urban form.  

Moreover, the analysis relies on simplified representations of formal elements, namely 

axial lines for streets, volumes for buildings, and polygons for plots. Geometrical details 

such as street width or architectural details like facades and interior layouts are not 

captured by the models, and subsequently, they are not considered in the analysis. 

However, simplification is a standard part of modelling, and helps to focus on the 

properties of the object under investigation that matter the most according to the 

research questions. 

The next limitation recognises that other important factors that affect the formation and 

transformation of the built environment are not quantified, nor discussed adequately, 
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such as planning controls, zoning, fire codes etc. Interestingly though, the thesis does 

look at building regulations through history, but does not represent them numerically or 

visually as it extends beyond the scope of this thesis. Nonetheless, it does bring them 

to the discussion at various points in the text. 

Lastly, the methods and measures can only capture the effect of changes in relation to 

the built density, open space consumption, and the potential for human movement and 

street centrality. They do not account for other attributes of the built environment which 

are likely to have an impact and/or be affected by morphological changes, such as retail 

economy, population, climate, energy, transportation, and the location of workplaces 

and services.  
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B. Data preprocessing and modelling workflows 

Section B of this chapter expands on the two developed workflows. The first examines 

the process and challenges involved in the diachronic modelling of the street network. 

This exercise is pivotal for the investigation of the first two spatial scales, that of the city 

of Mulhouse and of the neighbourhood of Cité Ouvrière (CO). The findings can be read 

in Chapter 5. The second workflow reviews the diachronic three-dimensional modelling 

of the built form. The final model forms the basis for the building and block level 

analyses, and the results are presented in Chapter 6. 

4.5.  Diachronic modelling of two-dimensional street form 

For the comparative spatio-temporal analysis of the street form at the city and 

neighbourhood levels, 17 axial maps are created covering the entire municipality 

(commune57) of Mulhouse and part of its surrounding territory (Figure 34). Old historical 

maps were retrieved from the Service des Archives, the local municipality and the IGN 

service (professionnels.ign.fr). These were first digitised and georeferenced (where they 

had not already been), and then drawn over using GIS software, following the 

techniques of axial-line generation (Hillier and Hanson, 1984; Turner et al., 2005), map 

regression (Kropf, 2011), and cartographic redrawing (Pinho and Oliveira, 2009; Serra and 

Pinho, 2011). The produced axial lines were subsequently broken into segments and 

both model representations were analysed. 

 

Figure 34: Diagram of administrative boundaries from the country to the commune scale. The street 
network model (highlighted in blue hatch) includes the commune of Mulhouse and part of its 
surrounding territory. Geographic data source: DIVA-GIS Available at: http://www.diva-gis.org/datadown 

 
57 The commune is the lowest level of administrative division in France after the (1) region, (2) department, (3) 
arrondissement, and (4) canton. In the UK, the equivalent division would be that of non-metropolitan (shire) 
district or rural parish (INSEE, 2016b). 
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4.5.1. Constructing the axial models 

Drawing axial maps on top of historical maps and aerial photos is a rather standard 

process among researchers in the Space Syntax community. It requires some manual 

labour, becoming an inevitably slow, laborious, and hardly reproducible process; but 

the size of the current case study (middle-size city) does not prohibit it. However, and 

as with every cartographic exercise, it entails challenges and decision making on what 

to represent, how to represent it, and at what level of detail. 

 

Figure 35: Excerpts of six historical maps of Mulhouse from 1850, 1886, 1919, 1950, 1975, and 1999. 
The first three are the Plan de la Ville et de la Banlieue de Mulhouse by J.H. Hofer, the Plan de la Ville 
de Mulhouse by the Service municipal des Travaux publics, and the Plan de la Ville de Mulhouse by the 
Voirie Municipale. Source: Collection des archives / bibliothèque / musée Historique de la Ville de 
Mulhouse. The rest are the SCAN50® Historique by IGN WMTS- Géoportail, and the maps of 1975 and 
1999 censuses provided by the Service d' Urbanisme, Ville de Mulhouse. Scale 1:19,300 

A first challenge was that the axial-line generation and the criteria that this needs to fulfil 

have not been precisely defined (O’Rourke, 1987; Sanders, 2000; Batty and Rana, 2004). 
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That is to say, there is no unique minimal set of axial lines for a given layout. Turner et 

al. (2005) demonstrated an algorithm—currently integrated in depthmapX—that helps to 

reduce ‘all-line’ maps (Penn et al., 1997) to a minimal set. This overcomes the criticism 

of subjectivity in the generation of axial maps. Yet due to computational limitations, this 

can only be applied to small-size systems and serves more as a proof of the axial line 

concept rather than a practical tool. So, axial lines were drawn manually and Table 7 

indicates the number of axial lines per map (Na). 

A second challenge concerned the historical maps obtained by the municipal archives 

(see Appendix A), which featured different boundaries, resolution, levels of detail and 

cartographic rigour (see an example of six maps in Figure 35). Details such as the 

periphery’s boundary, block subdivisions and sizes, and the graphic language used for 

different spatial elements varied from one date to the next. Furthermore, some of the 

represented elements were never actually built, and this was only evident from posterior 

plans and complementary sources of information. While the absence of a uniform level 

of detail across the maps was fairly expected considering the timespan of the study (165 

years), it was the reason why the initial study plan to map the buildings and plots for all 

the 17 time periods was abandoned. 

In the absence of a fairly consistent cartographic representation for the entirety of the 

area58, the construction of the axial models followed three rules:  

1 · The number of axial lines decrease the further we move in the past. 

2 · The surrounding towns and suburbs as well as the road connections between them 

are present in the maps, should historical texts affirm their existence at that time. 

This by itself was enough to create a configurational ‘weight’ beyond the communal 

boundaries, which helped to identify movement relations between the city and the 

wider region.  

3 · When information is missing for parts of the region59, the line placement relies on 

previous or subsequent maps, leading to a constant seesaw back and forth between 

multiple time periods. Once placed, the line continues to exist for the following dates 

unless there is evidence to justify otherwise. Essentially, this creates two sets of 

lines, those that are accurate in terms of both presence and location, and those 

outside the study area whose location, yet not presence, is always guaranteed. I call 

 
58 This is one of the main reasons why most studies choose significantly fewer historical periods. 
59 This was only the case for areas beyond the extent of the commune for which information was always 
provided. 
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this condition cartographic ‘fidelity’, which corresponds to the ratio of lines whose 

presence and location are absolutely guaranteed over the total number of lines. The 

percentages are shown in Table 7 with visual representation in Figure 36.  

Date Na Nac 
Fidelity 

(%) 
 Date Na Nac 

Fidelity 
(%) 

1850 5,227 6,680 18 (100)  1934 7,550 10,695 38 

1860 5,264 6,841 10  1943 8,618 12,476 66 

1873 5,484 7,256 23  1956 9,253 13,395 45 (100) 

1886 5,620 7,601 25  1968 9,295 13,427 50 

1896 5,936 8,270 24  1975 10,026 14,433 46 

1903 6,039 8,377 26 (100)  1982 11,150 15,847 46 

1911 6,549 9,269 43 (100)  1990 12,550 17,639 31 

1920 7,033 9,919 44  2000 15,229 20,860 21 

     2015 21,169 28,549 100 

Table 7: Summary of the 17 axial maps describing date, number of axial lines or graph nodes (Na), 
number of axial connections or graph edges (Nac), and percentage of fidelity (%). For the maps of 1850, 
1903, 1911, and 1956, fidelity is considered 100% as there are additional maps that cover the entire 
area: the 1820-1866 Carte de l’ Etat Major, the 1900-1918 Mülhausen [Els.] und Umgebung, the 1913 
revised Carte de l’ Etat Major, and the 1950 WMTS- Géoportail - SCAN50 Historique. 

 

Figure 36: Publishing dates and geographic position of 20 historical maps (blue lines) covering the study 
area. The polygons were clustered into 6 main polygons (dashed black) based on spatial proximity. The 
black solid line corresponds to the boundary of Mulhouse commune. Scale 1:135,000 
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4.5.2. Modelling workflow 

To construct manually the axial maps, I employed the cartographic redrawing method 

discussed by Pinho & Oliveira (2009). The method allows for the creation of historical 

vector line maps from accurate contemporary street network data moving backwards in 

time. The first axial map created was the most recent one at the time of the exercise (t 17 

= 2015) using the OpenLayers plugin in QGIS, drawing the longest axial lines in the 

system and increasingly expanding to cover smaller ones. I then produced maps for the 

preceding periods by erasing lines (or sections of lines) that did not exist on the 

underlaid historical maps, shifting lines that were indicated differently, and introducing 

new ones that ceased to exist afterwards. The exercise generated 17 GIS vector layers 

whose visual overlay was already suggestive of urban expansion areas prior to any 

analysis.  

Serra (2014) though notes some limitations in this process. “Firstly, each axial map thus 

produced is independent of one another, i.e. diachronic axial information is not 

integrated into a single spatial database; secondly, as such a method recedes in time, it 

entails the loss of previous axial information; thirdly, information about changes made 

to each axial line between each analysis period is not recorded, or at least not in a 

systematic way; and finally, diachronic axial information is produced only at the overall 

system level, and not at that of additions and transformations made to the street grid 

between each analysis period”(ibid., p. 133). Therefore, he proposes a modelling 

technique in GIS that produces “a single database containing all the axial lines that were 

present, created or altered along a given study’s time span, distinguishing them through 

attributes encoding their period of occurrence and type of transformation” (ibid., p. 134). 

While Serra’s modelling technique is more straightforward and efficient than standard 

line-map drawing processes, the encoding of axial lines’ presence or transformation is 

based on visual inspection and manual recording, and thus, subject to the analyst’s 

critical skills. Not to mention that the process is slower and more laborious as encoding 

happens while drawing. Instead, I propose below a different modelling workflow that 

addresses the points raised by Serra and presents further advantages.  

Upon creating all axial maps and their corresponding unlinks in GIS, I imported the data 

into the R studio software and used this environment to process them and run advanced 

spatial and statistical analysis. Processing included data cleansing, such as the removal 

of extraneous bends, vertices, and duplicates to ensure data integrity; and the 

translation of geometric network models into undirected graphs, which could open up 
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possibilities for implementing tools from other fields like network theory. As the aim was 

to apply the space syntax measures, axial maps were subsequently analysed in R using 

the ‘rdepthmap’ R package (Koutsolampros and Kostourou, 2019) which exposes the 

functionality of depthmapX through its command line interface, namely the 

depthmapXcli (depthmapX development team, 2017). This interface allows R studio to 

remotely interact with depthmapX by calling the latter to operate while using the 

interface of the first. Statistical procedures followed within the same environment.  

The proposed workflow introduces R programming language in diachronic axial 

modelling. It employs the software to process independent maps produced in GIS for a 

number of historical moments and to create links between them in a way that allows for 

spatial information to be systematically tracked. Similar to Serra’s suggestion, a single 

spatial database is created that contains information—in the format of attribute data—

about the topological and geometrical relationship of each pair of lines across maps 

(see for example Table 8). This works as follows: firstly, depthmapX records the 

connections between axial lines and secondly, the ‘Interface to Geometry Engine’— 

Open Source package ‘rgeos’ in R provides functions (algorithms) that compute 

topology operations on geometries (Trac Open Source Project, 2018). Eventually, the 

process relies, on the one hand, on the axial-line mapping which is guided by the analyst 

and is therefore influenced by their knowledge and critical ability, and on the other hand, 

on the classification processes calculated by the software. Thus, the method is a 

combination of manual and automated processes, which is considered to be more 

reliable and comprehensive than a mere manual classification, often used in the field of 

urban morphology.  

Year1 ID1 Year2 ID2 Relation Type 

1850 2809 1873 3003 equal 

1886 2812 1968 5443 rotate 

1903 373 1943 498 rotate 

1903 374 1943 518 overlap 

1934 5749 1968 5743 overlap 

1934 5750 1968 1618 slide 

1934 5751 1968 2304 equal 

1968 5740 1990 1574 slide 

Table 8: Example of the R database that identifies geometrical and topological relationships between 
axial lines of different maps (IDs are random here). The terminology adopted comes from the R package 
‘rgeos’ (Trac Open Source Project, 2018). For a more detailed explanation, see 5.2. 

The workflow is also efficient in replacing current arduous workflows that involve the 

use and constant switching between many different applications for the same task (i.e. 

GIS, Depthmap, GIS, SPSS etc). This is because it integrates various processes 
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(importing, converting, analysing and exporting) into one repeatable and reproducible 

process, leaving raw data—independent axial maps—intact. It removes the need for 

intermediate files, and allows researchers to explore large datasets directly within the 

computing environment of R.  

Altogether, the diachronic modelling exercise carries its own analytical value. Firstly, it 

contributes to “a representation framework of urban-form evolution” (Pinho and 

Oliveira, 2009, p. 122), namely a set of maps that allow the registration, comparison, 

interaction, and rectification of multiple georeferenced data layers for the study of the 

urban form in a city. Secondly, it draws a parallel between historical events or periods 

and the formation and transformation of urban form, while a simple map overlay allows 

for the recognition of certain patterns based on visual observation. For example, it was 

the overlapping of 1975 and 1982 maps of Mulhousian territory that revealed immediately 

the insertion of autoroutes (motorways) in France during that period (see Figure 63 page 

192).  

Therefore, the proposed methodological framework, which capitalises on existing 

methodological advancements in the field of urban morphology and space syntax, 

ensures there is a rich and accurate dataset to proceed with the comparative analysis 

and draw conclusions on the evolution of the street form. 

4.5.3. Challenges of comparative spatial analysis 

A third set of methodological challenges relates to the comparative spatial analysis of 

the city both within its territorial context and across its temporal continuum. The first 

raises questions of boundary and radii selection. For instance, how much of the 

surrounding networks needs to be taken into account and included in the axial model, 

which should be the shape of the boundary, where to place the object of study, how to 

select radii for the space syntax analysis given the diverse size and depth of the maps 

etc. The second addresses issues of numerical comparison of centrality values 

(integration and choice) between the different historical maps. Is it possible to compare 

results between different maps, and if so, do the values share the same scale and mean 

the same thing? These have been for years topics of academic discussion among the 

space syntax researchers, but it is not this thesis’ purpose to discuss them exhaustively. 

Instead, the following paragraphs describe the issues that required resolution during 

the current diachronic modelling and spatial analysis and present the adopted 

solutions. 
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4.5.3.1. Boundary selection 

Regarding the boundary selection, many authors (Krafta, 1994; Ratti, 2004; Park, 2009; 

Sadler et al., 2011; Gil, 2016) have already identified that conditions such as changes in 

the size or position of the boundary affect the network’s centrality measures. Krenz 

(2018) has also explained that a geometrically arbitrary and skewed boundary, i.e. whose 

shape is more linear than circular, may influence the statistical normality of certain 

attributes’ distribution such as street length. The main problem is that boundaries 

eliminate parts of the street network and cut out the onward connections of lines on the 

border. This leads to the so-called ‘edge-effect’ which returns low centrality values of 

segments on the outer edge and to some extent affects the values of the entire network. 

In reply to this, Hillier et al. (1993) and Gil (2016) agreed that one of the most effective 

approaches is to position the area of interest at the centre of an extended convex model 

whose size is much larger than the study area; then, analyse the entire model, but only 

report on the results within the smaller study area. The larger area can be estimated 

using a buffer, the size of which is equal to the longest search path within the smaller 

area (‘catchment area of the catchment area’ in Hillier et al., 1993, p. 36). This solution 

has been found to overcome skewed results for most of the measures, apart from the 

measure of integration for metric distance which is the most sensitive to boundary 

conditions (Gil, 2016). Even with this approach though, the boundary is artificial, 

especially for sites without ‘natural’ limits like coastlines. This is because, as Figure 36 

hints, territorial boundaries are fuzzy and spatial structures overlap and interconnect at 

various scales to form larger polycentric regional morphologies, which are by default 

difficult to trim.  

System Diameter (m) Area (km2) 

Cité Ouvrière (CO) 1,607 2 

Mulhouse 7,461 43.7 

Network model 16,789 221.4 

Table 9: Circular boundaries in numbers. 

Table 9 summarises the characteristics of the selected network model area in relation to 

the two objects of the network analysis study. The boundary of the model was chosen 

to be sufficiently larger than the two subject areas, Cité Ouvrière (~1,600m in diameter) 

or the city of Mulhouse (~7,460m in diameter). It was defined by using a buffer around 

the commune, the size of which equals to the longest search path, when calculating 
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metric step depth from the centroid of the polygon until its limit60 (4,664m) (Figure 37). 

The final buffer shape was further rounded to a circle of ~16,800m diameter, giving a 

study area of 221km2 for which the axial maps were constructed and subsequently 

analysed for 17 historical periods.  

The final model is five times the size of the city of Mulhouse and more than 100 times 

larger than the neighbourhood of Cité Ouvrière. It extends well beyond the 

administrative boundary of the commune and includes neighbouring towns and 

suburbs. Its large size allows for the morphological and spatial properties of both the 

Cité Ouvrière and Mulhouse locales to be examined by themselves and in relation to 

their surroundings; bridging the two scales: one which takes account changes in the city 

as a whole and another that considers network changes at the local level (part). And 

although all 17 models are analysed at their entirety, results in Chapter 5 will only report 

for the area of the commune; avoiding thus any edge-effect. 

 

Figure 37: Boundary area for the network model (221km2 in total) using a buffer of 4,664m around the 
largest object of this study: the commune of Mulhouse (black polygon). Scale 1:135,000 

 
60 Here, the limit of the polygon are defined by the administrative boundaries of the commune of Mulhouse. 
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4.5.3.2. The paradoxes of (non)normalised measures 

In a recent and seminal paper, Hillier et al (2012) proposed a normalisation process of 

integration and choice measures that allow for the direct numerical comparison of 

streets across different systems independently of their size. In her editorial note, Psarra 

(2012, p. xxiii) argued that normalisation is meaningful not only for a synchronic 

comparison of spatial systems of diverse size and context, but also for “a comparative 

analysis of the various stages in the evolution of cities through space-time descriptions, 

so as to reconstruct a retrospective sequence of spatial morphology and self-

organisation”.  

However, in what concerns this study, the use of normalised measures is not relevant or 

necessary. On the one hand, the study deals with one spatial system in different states 

of development, whose map extent and size remain the same—a thought also supported 

by Serra (2013). On the other hand, fine-grain information can be lost after 

normalisation. Studies (Serra, 2013; Krenz et al., 2016; Krenz, 2018) have showed that 

centrality values from different metric radii are highly correlated to each other, and 

pairwise correlations are stronger in normalised than in non-normalised measures 

(Figure 38). This indicates that normalisation practically eradicates differences above a 

certain radius (3,200m). It also demonstrates that values do not change abruptly from 

one radius to the next, and therefore, it takes a series of consecutive radii to capture one 

centrality pattern, which cannot be assigned to one radius only but transcends many. 

 

Figure 38: Correlation matrix for normalised least angle choice (NACH) and angular segment analysis 
for segment length weighted betweenness centrality (ASA SLW BC) on 49 different radii from 100 
metres to 110500 metres for a UK regional model. Source: Krenz (2018, p. 46) 
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Another paradox lies in the behaviour of measures at low radii. In the same seminal 

paper, Hillier et al. (2012, p. 165) observe that there is a “less consistent behaviour of 

systems at a radius of less than a kilometre”. When applying low radius to normalised 

angular analysis, segments in areas of incomplete or low urbanisation give 

mathematically correct but unrealistically high values in relation to the rest of the system 

due to their very long linear formations. The authors offer a rough and visual solution 

around this, “dividing the system into its fully and incompletely urbanised parts” and 

“simply eliminating from the system those segments which have node counts at that a 

radius of less than a fraction of the average for the system at that radius” (ibid., p.190). 

A similar consistent behaviour is found in low radius non-normalised measures, but 

more sophisticated solutions have been found so far. First, Hillier et al. (2010) who note 

that low radius choice is affected by the varying size of the blocks, propose its weighting 

by the product of the segments, or differently the segment length. Second, Krenz (2017b) 

suggests a mathematical formula for the detection of outliers in low radius segment 

angular integration61. It is evident that this paradox affects the present study, for it 

analyses historical maps which feature modest urbanisation and include areas with 

varying block sizes.  

Therefore and following the example of previous longitudinal studies in the field of 

space syntax (Psarra et al., 2013; Vaughan et al., 2013; Dhanani, 2014), the analysis 

presented in Chapter 5 will use the non-normalised measure of segment angular 

integration (SA Integration) eliminating the outliers following Krenz’s formula, and the 

non-normalised but segment length weighted measure of choice (SA Choice (SLW)). 

4.5.3.3. Radii selection 

The next challenge concerns the radii selection for spatial analysis. So far there has 

been no systematic approach to select metric radii in space syntax studies. Their 

translation to spatial scales varies from study to study, especially when it comes to the 

‘local’ and ‘global’ scales. The lack of systematic criteria can be traced back at the 

theoretical foundations of space syntax theory. When Hillier and Hanson (1984) 

translated spatial systems into graphs, they put forward the thesis that syntactic 

analysis is scale-independent and distance-free. They placed the focus on the 

configurational relationship of spaces in topological distance rather than geometric 

 
61 The formula is log(CC+3)/log(TD+3), where CC is closeness centrality (integration) and TD is total depth. The 
segments with values equal or higher than 1 are considered to be outliers. 
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distance and location. At that point, ‘local’ scale referred to spaces (graph nodes) 

directly connected to one space, whereas ‘global’ scale considered all spaces and their 

connections in the system. In real world situations though, spaces carry precise 

geometric properties and the scales they refer to, may relate to entirely different sizes of 

things. 

More recently, Hillier et al. (2012, p. 167) suggested that for any given metric radius, 

normalised centrality values “share the same scale and mean the same thing” across 

systems of different size.  They seem to understand ‘local’ scale as everything that is not 

‘global’ and translate it to all metric radii lower than radius ‘n’. But as Serra (2013) 

argues, radius ‘n’ has a precise distance which equals to the longest shortest distance 

in the network. So, in Hillier et al.’s comparative study, radius ‘n’ means different things 

at the same time: a metric distance of 1,000m in the case of Mytilene and of 64,000m for 

the model of London62. The distance to which radius ‘n’ corresponds, changes 

according to the system, and so do the distances of radii lower than this. In other words, 

‘global’ and ‘local’ scales refer to specific metric distances and ranges of distances 

within the same system; global and local structures emerge at different metric radii for 

different systems; and both scales and radii are sensitive to the size of the network 

model. Furthermore, Hillier et al. (2012) state that across systems “it is safe to use radius 

2000 […for it is…] fairly representative of the mid-range between local and global”. This 

claim was based on ‘day-to-day analysis’, and no further evidence was presented. Yet if 

‘global’ and ‘local’ structures translate into different radii for different systems, it is 

rather debatable whether a single radius may exist to universally mark a mid-range for 

different systems. 

Therefore, to achieve some consistency in this study which investigates one single 

spatial system, all maps were analysed using the same metric and topological radii. The 

numerical distances of metric radii were defined according to the properties of the maps 

(see comparison in Table 10), following guidelines from previous studies (Serra, 2013; 

Krenz, 2018): 

1 · The smallest radius is selected based on the mean segment length of all maps. 

2 · Low radii are higher in number and closer numerically to each other than the larger 

ones due to the greater variance of centrality values at these distances. 

 
62 Numbers are based on the measurements of Krenz (2018). 
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3 · Radius ‘n’ is numerically defined as the mean of the graphs’ diameters (longest 

shortest path).  

4 · The progression of in-between radii needs to follow a power-law equation63, similar 

to the scaling law that dictates the length of axial lines or the rank of segments’ 

length. This imitates the scale-free degree distribution64 of real street networks when 

the majority of streets have fewer connections (and shorter lengths), and a small 

number have a lot of connections (and long lengths). 

5 · The difference of in-between radii is kept steadily smaller than the average maximum 

segment length found across all models. 65  

Date Ns Nsc 
Mean Segment 

Length (m) 
Max Segment 

Length (m) 

Diameter   
Radius ‘n’ 

(m) 
1850 8,533 13,828 86 3,115 23,555 

1860 8,810 14,557 84 3,115 23,549 

1873 9,456 15,922 84 3,012 23,738 

1886 10,009 17,198 82 3,012 23,756 

1896 11,030 19,456 80 3,012 22,755 

1903 11,136 19,565 80 3,012 22,743 

1911 12,459 22,221 79 3,012 21,479 

1920 13,338 23,692 78 3,012 21,479 

1934 14,394 25,625 78 2,023 21,604 

1943 16,980 30,690 76 1,591 21,441 

1956 18,233 32,951 74 1,724 22,327 

1968 18,297 33,037 73 3,137 23,148 

1975 19,850 35,793 69 2,466 23,148 

1982 21,614 38,441 67 2,273 21,346 

1990 24,232 42,767 63 2,273 22,015 

2000 28,809 49,875 57 2,273 23,014 

2015 39,270 67,096 53 2,273 22,254 

Average 16,850 29,571 73 2,608 22,550 

Table 10: Summary of the 17 segment maps, describing number of segments or graph nodes (Ns), 
number of segment connections or graph edges (Nsc), mean and maximum segment length, as well as 
the network diameter which translates into the longest shortest path or in other words, the precise 
distance of radius ‘n’ for each network. 

At the end of the process, all resulting values were rounded to the nearest hundredth to 

obtain more graspable numbers in terms of metric distances. This resulted in a set of 22 

 
63 In his PhD thesis, Krenz (2018) suggests the following formula y = 50R(y)2 , where y is the resulting radius, R(y) 
its rank, 50 a constant and 2 the scaling exponent. 
64 In fact, the degree distribution of axial graphs is scale-free i.e. highly structured and strongly hierarchical 
connection topology, while segment graphs have a trivially normal distribution but their ranks obey to a scaling 
law (Serra, 2013). 
65 It should be noted here that these decisions are mathematically driven based on research by previous authors 
and depend on the research questions of the study, the size of the system, and available computational power. 
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metric radii for the segment angular analysis: 100, 150, 200, 300, 500, 800, 1300, 1800, 2500, 

3200, 4100, 5000, 6100, 7200, 8500, 9800, 11600, 13600, 15800, 18100, 20500, and 22600.; a high 

number of radii, which minimises the risk to overlook emerging patterns and information 

hidden in between spatial scales. 

The next step was to calculate the topological radii for the axial analysis based on their 

value parity with the metric distances and the conversion formula developed by Serra 

(2013). Serra observed the progression rate of the number of graph nodes reached at 

each distance level from a given node to all the others. He noticed that there is a range 

of high linear collinearity between topological and Euclidean distance values which can 

be described with the following regression equation (ibid., p.109):   

y	=	435.77x	–	509.72 

where y is the resulting Euclidean radius and x the topological distance66. Topological 

distances though cannot exist out of the set of natural numbers, so the resulting 

numbers were rounded up to the nearest integer. Since the differences between the 

lower radii are so small, some converge to the same topological distance. For example, 

the equivalent of metric radii 150, 200, 300, and 500 is the topological distance of 2 (turns). 

Table 11 summarises the selected metric radii and their corresponding topological 

values. Figure 39 next demonstrates that the two sets of radii values correlate perfectly, 

and thus, they can be considered as equal. 

Metric Topological  Metric Topological 

150-500 2  7200 18 

800 3  8500 21 

1300 4  9800 24 

1800 5  11600 28 

2500 7  13600 32 

3200 9  15800 37 

4100 11  18100 43 

5000 13  20500 48 

6100 15  22600 53 

Table 11: Numerical radii conversion table for metric and topological distances (rounded). Metric radius 
100 is equivalent to topological distance of 1 turn, which is meaningless and therefore disregarded. 
 
Figure 39: Correlation between the selected distance values for topological and metric radii 

 
66 Serra starts with topological distance whose values are always integers and then converts them to metric. 
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4.5.3.4. Refining radii selection 

In the light of the above, the last methodological step was to check whether the extent 

of the larger object of study, that was the city of Mulhouse, was affected by any edge-

effect given the selected boundary and radii. To do so, I first run metric step depth 

analysis in the most recent network model (t17 = 2015) using as origins the four segments 

that enclose the centroid of the city polygon (Figure 40). I then plotted the progression 

rate of the distance values against their respective ranks67, and compared the results in 

the map.  

The distance/rank plot reveals a short, fast growing start, followed by a long linear 

progression and a sharp exponential-like increase at the end. The last bit indicates that 

while the distance continues to increase, the number of nodes found within each 

distance decreases due to the imposed boundary limit. This is where the edge-effect 

begins to take place, at the transition from the linear to the exponential phase (Serra, 

2013). In our model, this inflection occurs at a bit more than 10,000m, and translates into 

the maximum distance beyond which values are skewed, and analysis is no longer valid. 

 

 

Figure 40: Top right: distance/rank plot, showing the progression of metric distances from the centroid 
of the polygon (cross). Left: The map highlights the three parts of distance progression: the initial power-
law (magenta), the linear progression (grey) and the final exponential phase (blue). Bottom right: log-log 
plot of the initial phase (magenta square) to verify the power-law behaviour of distance progression. 

 
67 Each value from the metric step depth analysis is ranked in descending order from the smallest to the largest, 
using fractional statistical ranking to deal with the tied values (equals). 
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This conclusion helped redefine the meaningful maximum metric radius for the study 

(metric 11600). Interestingly, this was less than the radius ‘n’ (metric 22600) calculated 

by the diameter of the graphs, which the plot shows it is prone to edge-effect. Therefore, 

the initial selection was further narrowed down to a total of 17 metric radii: 100, 150, 200, 

300, 500, 800, 1300, 1800, 2500, 3200, 4100, 5000, 6100, 7200, 8500, 9800, and 1160068.  

By plotting the progression of distances directly on the segment map (Figure 40), few 

observations became obvious. Firstly, the segments of the exponential phase (coloured 

in blue) are located far beyond the study areas of CO and the commune of Mulhouse. In 

other words, none of them is subject to edge-effect, and the boundary selection is 

sufficiently large. Secondly, certain areas close to the boundary, such as in the north do 

not seem to be affected by the edge-effect. These are dense and highly connected parts 

of the network which are reached long before distance progression meets the model 

boundary. On the contrary, there are parts where the edge-effect penetrates deeper in 

the network, like in the north-west and north-east, featuring lesser node density and 

connectivity. Indeed, these are areas that are harder to reach due to real physical 

barriers, in this case a motorway in the east and two large green areas in the west. 

4.5.4. Outputs 

The first expected output of the entire process was the production of 17 axial line maps 

(and subsequently 17 segment maps) covering the city of Mulhouse within its 

surrounding region for each decade between t1 = 1850 and t17 = 2015 (Figure 41). These 

maps cover a large timespan and territorial extent and form the basis of the street 

network analysis. A second output was the assemblage of a large dataset, of more than 

245,000,000 values in total. The combined modelling in GIS and R yielded 17 combined 

databases in R, one for each historical model (see a truncated data structure in Figure 

42). Each database has 6 sub-lists counting 297 attributes per axial line; 690 attributes 

per street segment; the number of axial-line and segment connections; and two lists of 

the X,Y coordinates for both axial and segment graph nodes.  

 
68 The remaining six metric radii (13600, 15800, 18100, 20500, and 22600) were used in the angular and metric 
segment analysis for reasons of comparison but they were not included in the subsequent statistical analysis. 
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Figure 41: Axial maps for all time periods t1=1850 to t17=2015. 
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Figure 42: Excerpt from the structure of the R combined databases.  

4.5.4.1. Principal Component Analysis 

The resulting dataset with approximately 20,500,000 values raised a new operational 

problem with regards to how to manage, explore, and represent it. This created the need 

to use principal component analysis (PCA) that reduces the data’s dimensionality to 

fewer variables (principal components). These components contain most of the 

information in the original dataset and can explain much of their variability.  

Essentially, PCA is an exploratory statistical method69 which manipulates data to reveal 

underlying—latent—structures in complex datasets (Tan et al., 2005)  without losing, or 

losing very little of, the original information. The principal components are ordered 

(PC1, PC2 etc) according to their correlation with the original variables, or else the 

proportion of data variance they can explain. By default, the method is applied on highly 

correlated variables (just like centrality measures) and produces variables that are 

naturally dissociated with each other so that they can account for something entirely 

 
69 The most important advantage of PCA is that it is an entirely unsupervised, semi-automatically computed, and 
fully reproducible method. It deals with large datasets and enhances the scientific rigour of research. It secures 
that the results of the analysis are not based on mere visual observations but in statistically significant methods 
that examine closely data variations. 
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different from each other. Previous space syntax studies (Serra, 2013; Krenz et al., 2016) 

have already applied the method to integration and choice measures, reducing centrality 

structures to three or four principal components, which corresponded to ranges of 

metric radii. In this study, PCA is essential to visualise the data and their patterns across 

scales and through time in a succinct and meaningful way, without compromising the 

meticulousness of the modelling approach. The final results are presented in Chapter 

5. 

4.6.  Diachronic modelling of three-dimensional built form 

The second part proposes a new workflow for the modelling of morphological 

adaptations in buildings and plots over time. It focuses on the three-dimensional aspect 

of the built form, and how it can be mapped and measured in a rigorous and systematic 

way, yet at a large scale. The resulting model and dataset form the basis of the analysis 

at the level of building-plot compounds and urban blocks, which is presented in Chapter 

6. 

4.6.1. The problem of existing large-scale data 

The need to produce a detailed three-dimensional model of the Cité Ouvrière 

neighbourhood derived from the deficit of the existing large-scale data to capture the 

actual built form at the micro level. Data like the one received by the local municipality 

or agglomeration (BD TOPO ®70) covered only 95% of the building information. This 

was because of the way the data had been collected from photogrammetric71 restitution 

from an aerial photography (precision between 0.5-1.5m). Figure 43 summarises the 

modelling constraints in a graphic way. 

Firstly, according to the descriptions provided by IGN (2014, pp. 70–72), buildings 

smaller than 20m2 were missing from the dataset, while buildings between 20m2 and 50m2 

were disregarded depending on their location and appearance. This meant that volumes 

such as small annexes, workshops or garages were excluded. Secondly, inner 

courtyards with a width of less than 10m were not represented as a hole in the built-up 

 
70 BD TOPO® is a 3D vectorial geographic description of territorial objects and infrastructural elements, in metric 
precision and at scales ranging from 1: 2,000 to 1: 50,000. The edition referred here is from April 2016. 
71 Science and art whose subject of study is photography in the intention to collect data leading to dimensional 
restitutions and to determine the shape and position of an object in space. 
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area; affecting thus any typological understanding of the built form. Thirdly, adjacent or 

superimposed buildings with the same land use were generally considered as one and 

the same object (having only the outer contour marked), if their height difference was 

less than 10m (or 3 storeys) and the surface area of each building was smaller than 

400m2. Last, the building geometries did not match the geometries of the plots (BD 

PARCELLAIRE ®), whose outlines were directly obtained from the cadastre. So, 

without a complete integration of the two data sources, the formal elements were not 

superimposable in the GIS platform.  

 

Figure 43: Modelling constraints as presented by IGN (2014, pp. 71–2) and edited by the author. 

In terms of buildings’ height, micro differences and roof details were lost, despite the 

fact that the received dataset covered the entire city. The height of the buildings was 

calculated as the difference between Zmax (altitude of the contour, that is the upper 

edge of the buildings, usually the height of gutters) and the ground level elevation. Zmax 

was calculated by interpolation as the median roof altitudes, taking into account the 

altitudes of the contours of the directly contiguous buildings. So, heights between 
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adjacent buildings with small height difference were averaged and unified, and buildings 

lower than 3m (Zmin) were not captured at all. 

4.6.2. Modelling the volume of built form 

The objective of the new model was to overcome all the above limitations and create a 

very detailed three-dimensional model for the entire neighbourhood of Cité Ouvrière. To 

produce that, I started with the building and plot geometries (BD PARCELLAIRE ®) 

provided by the cadastre. I imported the plan in Rhino software and constructed a 3d 

model of the original layout as it was designed by the architect Emile Müller between 

1853 and 1897. With the help of archival sources (Figure 44), namely the drawings of the 

original typologies found in the catalogue of the Exposition Universelle of 1889 (Müller 

and Cacheux, 1889b), and historical studies like the one conducted by sociologist Jonas 

(2003), I was able to retrieve the original three-dimensional description of Cité Ouvrière 

 

Figure 44: Top: Catalogue of working-class housing typologies from the 1867 International Exposition in 
Paris. Bottom: General plan of Cité Ouvrière in 1897. Source: Archives de Mulhouse 
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at the time of its completion in 1897. The first model included 1,253 buildings and plots, 

their exact dimensions, and roof details. It was composed of four main typologies 

arrayed in a repetitive layout: 38 terraced (T), 190 back-to-back row houses (BtB), 998 

quarter-detached (QD) and 27 semi-detached (SD).72 

I then used this model as a basis to build the second 3d model of the current situation 

(~2018) by adding volumes to (or subtracting them from) the exterior of buildings based 

on the cadastral outlines, and heights estimated from 3D Google View. It should be 

noted here that no facade details were mapped as they have zero volumetric cost and 

are thus not relevant for the purposes of this research. Also, while the dimensions, 

heights, and roof details of the new volumes were recorded, this was done approximately 

in relation to the original measured buildings. However, the 3D version of Google Maps 

provides effective zoom-in73 and orbit capabilities that allow an unobstructed view of the 

geometrical and configurational relations of the volumes and ensure a similar precision 

range between 0.5-1.5m. 

Figure 45 presents the four available representations: (a) the initial model which can be 

generated from the data received by IGN, the national GIS service; (b) the Google 3D 

view of the same area; (c) the first Rhino 3d model created by the author for the original 

Cité Ouvrière in 1897; and (d) the second model where both the original envelopes and 

their adaptations exist—and can be analysed—separately. Now more than ever, it 

becomes evident the striking difference between the initial and the final model; and how 

essential was the construction of a more detailed model that carries detailed building-

plot information at two chronological dates and responds to the core inquiries of the 

study.   

 
72 These numbers are based on the three-dimensional modelling constructed by the author. Jonas (2003, p. 289) 
counts 28 terraced (T), 190 back-to-back row houses (BtB), 998 quarter-detached (QD) and 27 semi-detached 
(SD). 
73 Google Maps allow for a zoom-in range from 3a (equivalent to street view), to 1125a (zoom enough to fit the 
entire neighbourhood of Cité Ouvrière) and 14634631a (for the entire planet in a standard desktop screen). 
Visual estimations took place around 23a-35a, which is at a distance close enough to the ground. Example: 
https://www.google.fr/maps/place/Mulhouse,+France/@47.7517493,7.3247112,30a,35y,39.46t/data=!3m1!1e3!4
m5!3m4!1s0x47919b6c1d88946b:0x40a5fb99a393360!8m2!3d47.750839!4d7.335888 
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Figure 45: Four representations of the same part of Cité Ouvrière: (a) built volumes extruded according 
to the heights obtained by the photogrammetry, (b) Google 3D View, (c) built volumes of the area in 
1897; and (d) final model integrating the original CO built volumes and their subsequent densifications. 

As a final step, I used Rhino’s plugin, Grasshopper, to perform a series of actions: 

identify the new projected geometries; link the volumes of adaptations to the source 

building and plot geometries; label the formal objects and add new attributes (typology, 

date of construction, height, area, volume, etc); join these with the initial IGN attributes; 

and export the entire dataset as georeferenced polygons that could be re-imported to 

GIS and analysed in R studio. These are only the minimum actions required to complete 

the modelling task. However, once the Rhino model is created, the processing 

possibilities within Grasshopper are endless, and include but do not stay limited to 

descriptive statistics, unsupervised classification based on rules, composite mapping, 

and generative modelling. Figure 46 is a screenshot of the Grasshopper 3D canvas, 

showing the basic interrelated components and their functions.  

The proposed modelling workflow integrates Rhino and Grasshopper with GIS and R 

studio for a three-dimensional description of the built form. The different software 

(design, mapping, and visual programming) are combined to create a rich and extensive 

dataset from the aggregation of many small and fine-grained data. So, the workflow 

takes advantage of both the extent of the former and the accuracy of the latter. 

Specifically, the final output, both in 2d, 3d, and tabular data, is a unique dataset of 
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approximately 9,700 entries, covering the original and current geometries of plots, 

buildings, and their adaptations. It is also important to note that the digital model itself 

can be regarded as a research outcome without further processing. For it visualises 

morphological adaptations in a simple and straightforward way and makes formal 

patterns easy to recognise through observation.  

 

Figure 46: Excerpt of Grasshopper 3D canvas, showing the necessary (highlighted in red and blue) and 
few possible (green and yellow squares) processing functions for the two 3d models. 

Similar to the diachronic modelling of the street form, this process has its own 

methodological value. It enlarges upon the “representation framework of urban-form 

evolution” described in 4.5.2, by offering a set of three-dimensional models that can 

interact with the rest of the georeferenced plane data layers, and allow the registration, 

comparison, and interaction of non-aggregated building information at the level of the 

household.  
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4.6.3. Collecting data for the interim period 

The abovementioned procedure helped to create a space-time description for the 

analysis of the built form. However, it stayed limited to two chronological periods, the 

original (1897) and the current one (2018). What happened between these two dates still 

remained unknown, obscuring any understanding of the emergence and historical 

evolution of the phenomenon of formal adaptability in the built environment. Hence, the 

next step focused on the collection of formal data for the intervening period.  

The process of collecting these data was divided into three methodological steps: (1) 

field survey, (2) sampling, and (3) content review and analysis. I started by conducting a 

field survey on the site of Cité Ouvrière. I observed physical adaptations on the exterior 

of the houses, their distribution and configuration around the plot. I recorded entry 

points to the plot and buildings (Figure 47) and detected some initial mechanisms of 

change. Field survey was meaningful because it offered familiarity with the context and 

the spatial culture of the neighbourhood. It also helped to understand the exact type of 

information needed for the subsequent steps, as well as direct the archival research. 

 

Figure 47: Field survey on site: recording the entrances to buildings and plots. 
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The next step was to test and refine these observations by collecting further evidence. 

While some of the historical maps that were used for the diachronic modelling of the 

street form, had the footprints of some adaptations (mainly horizontal extensions) 

mapped, they did not provide any information about the third dimension. Nor were they 

illuminating for the types, motives, and agents of physical adaptations happening over 

time. Therefore, the solution found was to look at the Permis de Construire (building 

permits) issued for individual properties between the end of 19th century and 2000. 

4.6.3.1. Sampling 

The challenge at this stage was that there were more than 1,240 addresses and each 

address had multiple files to review. The files of building permits were split into ancient 

(JIIE) covering the period 1900-1970; and post-war (1257W) for the period 1970-2000 with 

another sub-division for the period 1947-1979 (1132W); all of which were held by the 

Service des Archives. There were also permits granted after 2000, stored in a totally 

different location, the most recently constituted Service Permis de Construire. In addition 

to this, no archival file could be taken out of the building so the reviewing had to be done 

during office hours.  

All these challenges led to the idea of sampling, namely selecting a subset of individual 

building-plot compounds to focus on instead of going through the files of all the houses 

in Cité Ouvrière. This sample had to be representative of the wider population in terms 

of building typologies and built forms, and large enough to ensure that the results would 

be reliable estimates of the true characteristics of the population as a whole.  

The sample was determined through a standard statistical sampling method called 

quota sampling. This is a non-probability sampling technique that relies on the ability of 

the researcher to select elements depending on the existence of sub-groups among the 

data and the size of these sub-groups so that the sample remains representative of the 

population proportions within the sub-groups. With regards to the built landscape of 

Cité Ouvrière, there were several sub-groups: 4 building typologies (terraced, back-to-

back, semi-detached, quarter-detached), 64 statistical blocks in terms of census data 

(îlots) 74, 102 urban blocks, and 3 construction phases (Figure 48 top).  

 
74 For the time period 1900-2000, there are archived census data only for the following dates: 1968, 1975, 1982, 
1990, and 1999. However, they present different statistical boundaries. For the Cité Ouvrière neighbourhood, the 
1968 data feature 2 quarters and 65 îlots; the 1975 and 1982 feature 2 quarters and 64 îlots grouped into 8 
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Figure 48: Top: Sub-groups among the data in Cité Ouvrière. Bottom: Overlay of different census 
boundaries, their geometries and code names. The selected statistical sample (highlighted in black) is 
based on the smallest available aggregated units for statistical information, the îlots 1990 / 1999. Base 
map and data source: INSEE and Archives de Mulhouse 

Sampling was also based on four additional criteria: first, to collect information for 

houses that fall within the same statistical block (îlot 1990/1999) so that subsequent data 

aggregation to census boundaries could be possible; second, to select statistical blocks 

that overlook streets with similar syntactic values, so that centrality could be somehow 

cancelled out as a parameter that may affect the degree of adaptability at the building 

scale; third, to distribute the sample across the neighbourhood so that it covers both 

the periphery as well as its centre; and fourth, to assure adjacent blocks are selected in 

 
larger units; and the 1990 and 1999 censuses use 64 îlots aggregated into three IRIS2000 boundaries, which 
were developed by INSEE to divide the country into units of equal size with roughly 2000 residents per basic unit 
(INSEE, 2016c). I selected the smallest unit available across all data, the îlot 1990/1999. However, the analysis 
on census data is not presented here. 
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order to test the impact of visual and spatial proximity of neighbours on their decisions 

to carry out adaptations. Figure 48 (bottom) illustrates all the sub-groups within Cité 

Ouvrière, the overlay of different statistical boundaries (see footnote) and highlights the 

selected sample in black.  

Sub-groups 
Population 
 size (%OB) 

Sample  
size (%OB) 

Confidence 
level 

Margin of 
error 

Proportion 
percentage 

Original building-plot 
compounds (OB) 

1,253 520 95% ±3% 41.5% 

Current building-plot 
compounds (AB) 

1,234 498 95% ±3% 40.4% 

Urban blocks 102 46 95% ±11% 45.1% 

Ilots 64 27 95% ±14% 42.2% 

Phase 1 (%OB) 200 (16%) 91 (18%) 95% ±8% 45.5% 

Phase 2 (%OB) 692 (55%) 302 (58%) 95% ±4% 43.6% 

Phase 2.5 (%OB) 190 (15%) 76 (15%) 95% ±9% 40% 

Phase 3 (%OB) 171 (14%) 51 (10%) 95% ±12% 29.8% 

Terraced (%OB) 38 (3%) 28 (5%) 95% ±10% 73.7% * 

Back-to-Back (%OB) 190 (15%) 77 (15%) 95% ±9% 40.5% 

Quarter-detached (%OB) 998 (80%) 388 (75%) 95% ±4% 38.9% 

Semi-detached (%OB) 27 (2%) 27 (5%) 95% ±0% 100% ** 

* Terraced houses were only built during the first development phase. Their population was very 
limited, and information was scarcer than usual. So, additional sample was required. 
** There are only 27 instances of this typology in the entire scheme, built during the third phase. Their 
population is too small to sample and their addresses belong to one statistical block.  
 
Table 12: Sample sizes per sub-populations. The final sample comprises of 520 non-merged addresses. 

From a total of 64 îlots, 27 were selected for the archival research. The sample contained 

520 original building-plot compounds—or 498 current ones—and 46 street blocks. Table 

12 sums up the sample sizes for different populations, indicating the confidence interval, 

margin of error75, and proportion percentage. The numbers demonstrate that the sample 

is large enough to ensure that we can be 95% sure that the findings will lie within a low 

margin of error (3% for the total population of CO houses). As expected, the margin of 

error increases when the sample size decreases, and this explains why for the 

population of îlots, the margin of error reaches 14.3%. This does not really affect the 

results of the analysis which deals with individual houses.  

What should be noted is that the proportions of different sub-groups (%OB) within the 

wider population (OB population size) are almost entirely preserved. The percentages 

 
75 The margin of error is a plus-or-minus figure that specifies the range within which the results of the analysis 
are reliable. In other words, how ‘close’ the selected sample is to the true characteristics of the entire population. 
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in the sample do not deviate more than 5% from those for the entire population. This 

proves that quota sampling was effective in selecting a subset of addresses to focus on, 

and that this subset is representative of the building-plot compounds’ population in Cité 

Ouvrière. 

4.6.3.2. Content review and analysis 

The third step was to review the folders of the 520 selected addresses, wading through 

official documents and taking photos of any plans attached (Figure 49). The publicly 

accessible legal documents found therein including building control applications, 

photos and formal complaints, consisted of extensive and descriptive texts that had to 

be analysed while reading them. Content analysis is an organisational and analytical 

approach to evaluate and code textual material in order to extract the essence of its 

information and help to interpret the meaning of its content (Hsieh and Shannon, 2005). 

While it is normally used by sociologists to interpret theoretical texts or interviews, here 

it was employed during the fieldwork as a way to facilitate the data collection. Actually, 

content analysis describes a broad family of methods and practices (Cavanagh, 1997) 

and their use is rather flexible in the sense that it depends on the research questions 

and objectives, the data, the researcher, and the boundaries of the analysis. 

The content analysis of the archival folders was directed by the initial findings of the 

earlier field survey. Before visiting the municipal archives, I had already defined a list of 

volumetric changes that needed validation and refinement. While reviewing the archival 

material, I would first scan through each document, search for terms related to formal 

adaptations, and then write down the information as labels so that once I was off-site 

these could be categorised and turned into processable data. The information recorded 

for each transformation comprised of the year, the owner, the mechanism of change, the 

reason or context behind it, the dimensions of the volume, its use, the number of 

prescriptions the construction had to follow, its cost (or level of fine in case of 

unauthorised changes), any relevant regulations, and the outcome of application—

whether successful, executed, or not. Additional information was mentioned too, such 

as the status of ownership, the condition of the building i.e. inhabitable, and 

transactions like sales or rents. The documents also included informal stories, personal 

testimonies, complaints, and other anecdotal information, which even if they were not 

considered as hard facts, provided a rich background for the study. They were 

transferred as short notes (instead of codes) to shed light on the relationships between 

neighbours, the spatial cultures, political regimes, and prevailing societal opinions. 
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Figure 49: Top left: Archival research: wading through the folders of house addresses in the Service des 
Archives. Rest: found objects in the archives, including applications, fines, drawings, photos, surveys etc.  

There are several limitations in this process. Firstly, the data collection was not always 

possible, either because some house addresses had no records or because some of the 

above-mentioned information were missing. Indeed, the level of detail was not the same 

among all applications. Secondly, many of the documents were handwritten in stylised 

letters in French or German, since Mulhouse had been twice under the German 

occupation; and the terminology was changing from one year to the next, arousing doubt 

regarding the original meaning. Especially in the ancient building permits, one could 

find archaic words, which are no longer in everyday use or have lost their particular 

meaning in current usage. For instance, the German word Wirtschaft could mean a range 

of things, from restaurant, bar, pub, bistro, business, café, farm to guesthouse, and the 

French gloriette could be translated to summerhouse, kiosk, gazebo or garden house. 
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Meanwhile, content analysis as a process is extremely time consuming and laborious. It 

is not reproducible nor automated with regards to archival documents, and hence, the 

collected data cannot be falsified. Instead, it is based on human labour, and is therefore 

subject to error, particularly when interpreting foreign terms or coding textual material. 

This was minimised by consulting the archivists and online translation services, and by 

maintaining consistency in the labelling, predefining most of the categories, and looking 

at many different types of data in order to synthesise a broader perspective on the topic. 

Still, the coding is inherently reductive, and a certain loss of information compared to 

the original content needs to be acknowledged.  

On the whole, the archival work was vital in collecting data for the intermediate period 

between the original and current date. It allowed a closeness to data, which in 

combination with evidence from photos and plans, helped to define a language of formal 

adaptations and offer valuable historical and cultural insights into the Mulhousian 

housing landscape. Furthermore, the content analysis was very useful, for it translated 

textual material into qualitative data of categorical variables, which were in turn 

converted into statistically analysable data (see next section). Basically, all three steps, 

the field survey, sampling, and content analysis, were effective in researching historical 

material and documenting trends over time. In fact, only conducting the field survey and 

doing the archival deskwork were valuable for gaining an in-depth knowledge of the case 

study, for recognising the emergence of bottom-up adaptability, and for understanding 

the transformative agency of different actors. 

4.6.4. Joining datasets 

The last challenge concerned the combination of data collected from the archival 

research and the data produced by the three-dimensional modelling. The first were 

paper-based notes, while the second were vector-based spatial data, featuring 

categorical and numerical values. The task was to convert the notes into attributes, 

which can be counted, and join them to the geo-referenced geometries. 

This was carried out by shortening the notes to single words, such as extension, 

extrusion, roof etc, entering them manually into Excel, and organising them into a tabular 

form (Figure 50). Each row corresponded to one house address, the first columns 

contained information from the spatial dataset, such as the code of the statistical block 

or the ID of the building geometry, while the following columns covered each year from 

1853 to 2000. Strings (character-based data) were inserted into the cells, describing all 

the formal changes taking place in a particular address on a specific date. Border styles 
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were used to indicate the status of ownership, while drop shadows were added to 

indicate the condition of the building or financial transaction. 

 

Figure 50: Top: Screenshot from the Excel spreadsheet. The cells highlighted in colour track physical 
changes in time, showing different statuses of ownership. The cells in black indicate the period of time 
for which we have no information because either the building had not been built yet or there was no 
record of physical change in the archives. Bottom: Zoom into one decade for one statistical block. Each 
column represents one year from 1951 to 1960, and each row one house/address from the block. 

The table was then imported to R studio. The text and styles were converted to a 

canonical data frame, which had one row for every single type of change. The new 

‘molten’ data frame was further widened by attaching to it the rest of the gathered 

information, like the construction cost or the owner’s profession. The final dataset was 

mostly consisted of nominal data, namely qualitative labels which could not be ordered 

or measured, but could be statistically analysed in terms of clustering, frequency, 

counts, or percentages. Eventually, the table was joined to the vector-based spatial 
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dataset based on the matching fields—the ID of the various building and plot 

geometries—and statistically analysed in R. The final dataset was extensive enough to 

draw conclusions for four different building types, 1,253 building-plot compounds, 27 

îlots, and 10 decades. 

4.6.5. Outputs 

This section presented a research methodology and workflow for the collection of 

detailed information at the building scale and their conversion to qualitative data that 

could be further combined and processed using advanced statistical methods. 

Reflecting on the process, it revealed the complexities of the micro morphology which 

would have been otherwise missed should available large-scale data and quantitative 

experiments have been used. By doing so, it provided an insightful understanding of the 

subjects and objects under investigation. 

The main output of the whole process was the production of an entirely new dataset, 

which records the three-dimensional description of the built form through time. Firstly, 

a realistic model of the entire housing scheme was built to capture two chronological 

stages of its formal evolution, the original and the current states (Figure 51). This was 

made in a way that the original volumes are separated from the subsequent additions 

and adaptations attached to them, and that each structure is an independent object 

whose area and volume can be measured. Secondly, the archival work contributed to the 

creation of a comprehensive set of qualitative data for a sample of 520 houses and a 

period of 147 years. By looking at drawings and photos, it was possible to re-trace the 

trajectory of growth between the original and the current form.  
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Figure 51: Three-dimensional model of the entire Cité Ouvrière in 1897 and 2018. 
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Chapter 5 

5. Network Endurance and Transformation 

“The city is a mode of human adaptation to                                                                                      
needs born from the progressive conquest of nature by man”                                                             

Marcel Poëte (1931) 

 

This chapter traces the transformations of Mulhouse’s street network over time through 

the morphological and spatial analysis of 17 historical network models. It seeks to 

understand how streets transform from 1850 to 2015; where and why changes occur 

within the urban grid; what is the rate of change for different types of formal operations; 

and what is the impact of changes in the street form on network centrality. Two spatial 

scales are investigated, the city as a whole within its wider region (section A) and the 

neighbourhood as a part of the city (section B), exploring how the part fits within the 

whole. The results help first to decode patterns of network endurance and 

transformation at different scales; second, to reveal the dynamic relationship between 

urban formal growth and socio-economic processes; and third, to identify network 

characteristics that contribute to a greater degree of spatial sustainability.   
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5.1.  Dynamics of historical urban growth 

Chapter 2 showed that the process of urban formation is path-dependent and that cities 

(as well as regions) are emerging and networked territories; “where urbanization exists 

at many levels of centrality, density and functional interdependence, usually within 

fragmented administrative contexts” (Serra, 2013, pp. 49–50). On the one hand, this 

agrees with Mulhouse being part of a larger territory with overlapping networked spatial 

structures and fragmented administrative contexts. Indeed,  the city is the principal 

commune of the Mulhouse Alsace Agglomération76 (M2A), the arrondissement, the aire 

urbaine, and the zone d’ emploi of Mulhouse77; and sits at the heart of the Europe rhénane 

[Rhenish Europe]78, a loosely defined cross-country territory that stretches from London 

to Milan along the Rhine river. On the other hand, in the literature review it was argued 

that inherited territorial patterns and pre-urban structures define subsequent 

developments. In that sense, the chapter begins by tracing the growth of Mulhouse from 

its medieval iteration till today in order to reveal pre-urban structures and to relate their 

subsequent urban transformations to the specific historical and geographical context.  

5.1.1. Before 1850 

The first cartographic evidence of the region dates from 1567 (Figure 52). It is more of a 

naive pictorial representation than an actual map; yet it clearly highlights three localities: 

Mulhouse with its medieval walls, Illzach, and Rixheim, as well as the connecting paths 

between them. A better perspective is gained when looking at the 1710 map by Jean 

Zetter (Figure 53). Apart from Mulhouse, the map features a number of villages, castles 

such as these of Brunstatt, Pfastatt, or Dornach; and other elements like roads, forests, 

water streams, and defensive trenches.  

 
76 Following the Chevènement law of 1999, a communauté d'agglomération is the third most integrated form of 
intercommunal structure in France among public corporations with pooled tax revenues (EPCI). Other structures 
include the (1) metropole for major cities (2) communauté urbaine around large cities and (3) communauté de 
communes mainly for rural areas (INSEE, 2018). The agglomeration community groups together a central 
middle-sized city of at least 15,000 to 250,000 inhabitants and its surrounding suburbs (INSEE, 2016a). 
77 The last three are geographical concepts. Aire urbaine groups an urban pole that provides > 10,000 jobs 
together with its periphery, meaning its neighbouring municipalities whose inhabitants work in the pole. Unité 
urbaine only considers the urban pole and its surrounding suburbs (banlieues) for as long as the land is 
continuously built-up. Zone d’ emploi is another concept to describe the boundaries of an area within which most 
of the local labour force lives and works (INSEE, 2018). 
78 According to Brunet (2002, p.15), this is a European ‘backbone’ of high population density, net productivity 
and traffic (dorsale européen); a structure that has historically been a trade path between the Mediterranean and 
North Sea. 
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Figure 52: Historical map of Mulhouse and its surroundings in 1567. The orientation is reversed, upside 
down. Source: https://www.mulhouse.fr/bouger-sortir/culture/archives/ 

 

Figure 53: Historical map of Mulhouse and its surroundings in 1710. Similarly, the orientation is 
reversed. Source: https://www.mulhouse.fr/bouger-sortir/culture/archives/ 

Figure 54 (next page, top) retraces the 1710 Zetter map to highlight morphological 

information that already existed at that time in the region, namely the territorial 

boundaries of Mulhouse and Dornach, the gates of medieval wall, the villages, and road 

network. Firstly, we can observe that there are four gates (marked with black circles), 

Porte Jeune (northeast), Porte de Bâle (southeast), Porte du Miroir (southwest), and Porte 

Haute (northwest). These are the only ways into and out of the historic centre and thus, 

act as movement ‘bottlenecks’ determining largely the accessibility of the city. 

Furthermore, the names of 20 villages and towns are mentioned: Basel, Colmar, Rixheim, 

Riedisheim, Bruebach, Brunstatt, Didenheim, Dornach, Morschwiller, Pfastatt, 

Reiningue, Lutterbach, Richwiller, Wittelsheim, Kingersheim, Illzach, Modenheim, 

Sausheim, Baldersheim, and Breisach. From the ones falling within the territorial extent  
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Figure 54: Top: The 1710 Zetter map retraced, indicating the villages, major network connections 
classified in international (black), regional (blue) and intercommunal (magenta), and the four wall gates 
(black circles). Bottom: The same features overlaid on the axial map of 1850 reconstructed by the 
author. Scale 1:200,000. Notice the orientation of maps differs, with the one on top being reversed. 

N 

N 
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covered by the map, most are concentrated in the north part (bottom part of the map), 

which clearly takes up most of the cartographic space and signals the direction of 

regional development at the time. 

I retraced the network of Figure 54 (top) with the help of the map’s annotations, 

classifying roads into three categories: international routes (in black) that connect 

France to Germany and Switzerland; regional or access routes (in blue) that originate 

from the four gates reaching the surrounding banlieues; and intercommunal routes (in 

magenta) that link the banlieues directly with each other without passing through 

Mulhouse. Specifically, the two international routes connect Basel (Switzerland) with 

Breisach (Germany) on the one side, and Bar-le-Duc (France) on the other, both passing 

through Colmar. The former bypasses the historic centre of Mulhouse on the eastern 

side, whereas the latter traverses it centrally through the gates Porte de Bâle and Porte 

Jeune, and forms part of the historic Basel-Bar-le-Duc royal axis (black thick line 

crossing Mulhouse). Then, 16 regional and 19 intercommunal roads are highlighted. 

Most of the regional routes commence from Porte Haute and its diametrically opposite 

Porte Bâle. The two are the most urbanised gateways and as we will see, have been 

essential building blocks in the evolution of the street network’s morphology.  

Evidently, the two historical maps provide proof of the existence of a web-like networked 

morphology in the region already from the 16th century. Particularly, the 1710 map is 

indicative of the image of that morphology prior to the first industrial take-off (1746-1798) 

and the urbanisation that followed. In other words, it shows historic traces of a pre-

urban network superstructure (Scheer, 2001) which on the one hand, joins spatial 

fragments together to form a regional whole, and on the other hand, pre-dates and 

structures urban growth. 

In order to investigate the dynamic relationship between stable and transformed 

elements of that morphology in 1850 when this study takes off, I repeated the same 

tracing exercise for the axial map of that year (t1=1850) (Figure 54 bottom). Of course, the 

orientation, distances, and shapes of most features in this map differ from the historic 

1710 due to the representational techniques and cartography79. Yet, a closer look reveals 

that in 1850 there are still traces of the 1710 pre-urban configurational structure for the 

region, yet certain elements have changed to either a lesser or greater degree.  

 
79 This map was created through the cartographic redrawing process explained in 4.5.1 and 4.5.2 based on the 
historic Plan of Mulhouse and its suburbs (faubourgs) in 1850 by J.H. Hofer. 



 

182 

Particularly, the three types of roads continue to exist, preserving the pre-urban 

superstructure and extending it to a larger, denser, and more complex network. The 

configuration of the two international routes endures. In fact, the part of the Basel-Bar-

le-Duc royal axis inside the walled town, becomes a main artery for the city (and to the 

present day the main commercial street, rue du Sauvage (Appendix C)). The regional 

routes retain their function, but their distribution shows now more clearly the radial 

pattern at the centre of which is still the historic centre of Mulhouse. Then, the 

intercommunal routes keep on serving as lateral structures and help create smaller-

scale network rings, making villages accessible to each other. In a sense, the overall 

morphology resembles the ideal axial geometry presented by Hillier et al. (2012, p. 181), 

which sought to approximate the global structure of urban systems in terms of 

accessibility, that is how their parts connect to each other (Figure 55). Even though the 

authors only discussed this in relation to the effective functioning of cities, it seems 

applicable to regions too. 

 

Figure 55: The idealised geometric diagram of urban systems by Hillier et al. (2012, p. 181). 

Moreover, the four wall gates, although demolished since the Napoleonic era together 

with the city wall (~1810), remain points of arrival for most access routes in 1850, 

determining to- and through- movement at the regional scale. Jonas (1994b) affirms that 

the gates were nodal in the connection of Mulhouse with the rest of the region with 

regards to the distribution of goods, accessibility and urban development.  

It can also be noted that the retraced 1850 map gives a better overview of the regional 

articulation, as it provides information on the exact geometric distance and location of 

the surrounding villages, including additional ones (27 in total): Basel, Colmar, Rixheim, 

Riedisheim, Habsheim, Zimmersheim, Eschentzwiller, Bruebach, Brunstatt, Didenheim, 

Flaxlanden, Zillisheim, Froeningen and Hochstatt (both outside M2A), Dornach, 

Morschwiller-le-Bas, Heimsbrunn, Pfastatt, Reiningue, Lutterbach, Richwiller, 

Kingersheim, Illzach, Wittenheim, Ruelisheim, Sausheim, and Baldersheim.  
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Figure 56: Segment angular integration for metric 500 (top) and segment length weighted choice metric 
9800 (bottom) overlaid on the network superstructure—international (grey), regional (blue) and 
intercommunal (magenta) routes—and the suburbs (white circles). The thicker the line, the higher the 
centrality value. Scale 1: 235,000 
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The overlay of space syntax analysis on the network superstructure asserts the strongly 

articulated centre-edge movement through the region. Figure 56 presents indicative 

topo-geometric measures of segment angular integration metric r500 and choice metric 

r9800, which for this exercise could be seen as local and global scales respectively. The 

two maps clearly highlight the location of the surrounding suburbs and the network 

routes. On the one hand, integration establishes the configurational distinctiveness of 

the numerous villages and towns as concentrated areas of grid development and the 

most accessible elements in the system. On the other hand, the highest values of choice 

almost replicate the linear pre-urban superstructure of 1710. Even though neither of the 

maps comes as a surprise, they provide evidence that by 1850 there was a large-scale 

web-like network of street connections that linked multiple local grid intensifications 

functioning as origins and destinations for regional movement. Perhaps the most 

striking finding at this point is that the network’s most movement-effective form 

(superstructure) was spatially present since at least the 1710s, and strongly influenced 

the subsequent urbanisation process concentrating grid intensifications at its 

intersections and lateral connections. It remained a synchronically and diachronically 

identifiable spatial description in the system. Griffiths (2009) connects the persistence 

of this configurational structure to the enhancement of the intelligibility of urban-rural 

space.  

5.1.1.1. First cycle of urbanisation 1800-1850 

The first year of this study (t1=1850)—right after the Revolution of 1848—sees the end of 

a long cycle of urbanisation for Mulhouse. During the last 60 years, the city had a 

tremendous economic and demographic development, growing out of a small craft 

village into a medium-sized town. The flourishing textile, tanning, chemical and 

mechanical industries began to abandon the historic centre which in 1850 was left with 

only three operating factories intra-muros out of the 29 in 1815 (ibid.). The city had 

expanded rapidly following the economic activities (Scheurer and Lehni, 1990): towards 

the north along the royal axis; towards the south-east and the hill of Rebberg with the 

construction of a bourgeois district, Nouveau Quartier (1826-41); and towards the north-

west up to the suburb (faubourg) of Dornach where some of the world’s leading 

companies had settled down along the Steinbächlein canal, such as the DMC factory 

(1800) (Figure 57). The focus had started to shift from the city centre to the banlieues and 

the peri-urban space had grown in an unplanned and disordered way.  
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Figure 57: Diagrammatic maps of the evolution of the city from medieval times. Source: 
https://www.mulhouse.fr/fr/plans-anciens-de-mulhouse/ 

 

Figure 58: The systems that define the territorial landscape of Mulhouse superimposed on the 1850 
historic map presented in the next figure. Scale 1:200,000 
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Major operations had already transformed the territory. Jonas’ work (1994b) is 

particularly useful here as he paints a detailed portrait of the evolution of the city 

morphology from 1740 to 1850. He argues that despite the first industrial revolution, the 

geographical setting in Mulhouse had mostly remained unaffected, dominated by three 

systems: infrastructure, medieval fortification, and urban common spaces. For example, 

the excavation of Rhone-Rhine canal (1830) and the Ill discharge channel (1849), the 

coverage of Steinbächlein canal in strategic locations, and the operation of two railway 

lines (1841-42) helped the industrialisation and urbanisation of the city and divided its 

landscape (Figure 58). Waterways and railway had developed in parallel and competitive, 

yet complementary ways both functionally and geographically (ibid.). Common spaces 

such as the squares and public buildings like the city hall, municipal hospice, or 

cemeteries, had also been strategically placed in the urban fabric. According to the 

author, the three systems had strongly conditioned and structured the urbanisation 

process in the city. 

With regards to the city morphology, Jonas provides further insight. He counts 155 

streets in total in Mulhouse in 1850, 55 of which are situated in the historic centre and 100 

beyond the medieval walls (Table 13). Eighty percent of these have been added after 1798, 

mainly during the liberal period of July Monarchy (1830-1848), because the royal regime 

of the Restoration period (1815-1830) was not politically aligned to the local municipality, 

consisted of bourgeois republicans and Freemasons. 

Site 
1798 

Revolution 

1798-1815 
First 

Empire 

1815-1830 
Restoration 

1830-1844 
July 

Monarchy 

1844-1850 
Monarchy & 
Revolution 

1850 

Historic centre 32 1 2 20 - 55 

Suburbs* - 20 20 49 11 100 

Total 32 21 22 69 11 155 

* Including Nouveau Quartier and Rebberg 
 
Table 13: The evolution of number of streets before 1850. Source: Jonas (1994) 

Figure 59 maps the new and transformed streets (dashed lines with white and black 

background respectively) in the historic centre, adopting the classification described by 

Jonas (ibid.). He identifies five types of streets: winding or irregular, curved, straight, 

passages, and dead-ends. Irregular streets were the oldest ones, and more prone to 

transformations. They were also narrow and meandering, remnants of the medieval 

times. Curved streets often lay on top of historic traces of the division of the medieval 

city into Oberstadt and Unterstadt or the medieval ramparts. The two morphologies can 

be seen as “the result of adaptation to the specific circumstances of the site, piecemeal 
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Figure 59: Jonas’ classification of streets within the historic centre using the 1850 axial map produced 
by the author. Dashed lines with black background indicate streets that have been adapted, while 
dashed lines with white background, new additions. Scale 1:20,000. Background: Plan of Mulhouse and 
its suburbs (faubourgs) in 1850 by J.H. Hofer. This is the territorial extent that Jonas refers to as 
‘agglomeration’. Source: https://www.mulhouse.fr/fr/plans-anciens-de-mulhouse/ 

development, inaccuracy in planning or execution, or deficient enforcement” (Boerefijn, 

2016, p. 945). Straight streets, which differed in form and function from the former two, 

were introduced during the Holy Roman Empire period in the 18th century and the first 

industrial take-off. In fact, from the beginning of 19th century onwards, they were the 

only type being built in the city. Then, passages were the result of strategic perforations 

of the dense fabric to improve through-movement; whereas, dead-ends were created by 

irregular subdivisions of land without formal planning.  

Furthermore, new streets were built in the northwest side of the centre for the new 

industrial zone, and in the south towards the hill of Rebberg. In the rest of the historic 

centre, street form was shaped by acupunctural adaptations of enlargement or alignment  

(Jonas, 1994b). Figure 59 pinpoints nine streets (dashed lines with black background) 

that were mentioned to be widened or straightened at the time. It can be observed that 

their location seems pivotal in the structuring of movement. For example, six of them, 

rue de l’ Arsenal, des Bons Enfants, des Trois Rois, des Boulangers, du Sauvage, and 

de la Justice lead to the three main squares, Place de la Concorde, de la Réunion and 

des Victoires, while four of them, Grand Rue, rue de l’ Arsenal, des Trois Rois, and du 

Sauvage (also part of the royal axis) are connected to the wall gates, and hence, serve 
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as entrances to the city. Effectively, adaptations could have been part of a political 

agenda for the achievement of beauty, facilitation of trade traffic, and spatial order if not 

increased surveyability (Boerefijn, 2016). 

5.1.2. After 1850 

The next and main analytic part commences the year Jonas’ work ends. In the years 

following 1850, the urban development focus shifts from the historic centre of Mulhouse 

to its agglomeration80. It is the urban hinterland that is intensively developed ex nihilo, 

receiving residential, tertiary, and industrial activities. On the one hand, the first 

sawtooth81 factory buildings appear, changing radically the scale of industrial 

developments, especially in the north and east parts of the city. On the other hand, the 

city begins to sprawl, absorbing older villages, like Dornach in 1914. Hueber (1970a) 

notes this movement is driven by land speculation, and suburban built structures 

emerge linearly along the access routes due to land clearance and existing anti-flooding 

infrastructure.  

Figure 60 plots the development between 1850 and 2015, comparing city-building (top) 

and street-building (bottom) processes within the administrative boundary of Mulhouse 

commune. A first immediate observation confirms what was discussed above, that by 

the 1850, the city had already spilled over its medieval boundaries in the north, south, 

and west. Then, as the city expanded, it grew towards all four corners of the horizon, in 

a cross-like formation. It first spread towards the north (t2 = 1860), followed by 

extensions in the east and west (approx.82 t4 = 1886), and last, to the south (approx. 

t5=1911).  Likewise, street network expansion began in the north (t2 = 1860), dispersed in 

the east and west, and finally south (t4 = 1886 - t5=1911). From the 1920s and onwards, 

developments took place pretty much everywhere, with the most recent ones being 

concentrated in the west. 

 
80 This further strengthens why there was the need to include a larger part of the region into the network model. 
81 The sawtooth built forms—an English invention—are large-scale ground floor workshops topped with a 
sawtooth roof, ideal for large and heavy machinery. They were widely adopted for industrial purposes due to the 
low cost of construction, easy installation and stable operation of machines, good light distribution, and low risk 
of fire. 
82 The dates of the plans of evolution as these were produced by the municipal Service d’ Urbanisme do not 
completely coincide with the time periods of this study; nevertheless, there are quite similar. 
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Figure 60: Top: Urban built growth of Mulhouse within its communal boundary since 1200. Highlighted 
in white outline is the extent of the city at the beginning of this study in 1850. Map based on three plans 
of evolution by the Service d’ Urbanisme, Ville de Mulhouse in 1947, 1969, 1983, and 2015. Bottom: 
Street network growth within the same administrative boundaries from 1850 (white lines). Map based 
on the time of creation of axial lines and aggregated to match the time periods of the map above. Scale 
1: 60,000 
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When comparing the city-building and street-building processes, it is worth noting their 

spatio-temporal synchronicities. In the first case, the street network evolves concurrently 

with the buildings, which implies there is formal planning and development of an area 

all-at-once. In the second indent, the construction of streets precedes land occupation 

by buildings, which hints at a slower and piecemeal process of urbanisation that takes 

advantage of existing infrastructure. For example, Nouveau Quartier was entirely 

planned and built from scratch on the southeast entrance of the city within a period of 

15 years. Similarly, the construction of Cité Ouvrière demanded the parallel layout of 

buildings, plots and streets in three development phases collapsed to 30 years 

altogether83. Contrariwise, other districts grew organically over a longer period of time 

by infilling the existing grid, like Rebberg in the south between 1885 and 1940s. 

 

Figure 61: Growth in network length and built area between 1850 and 2015. 

Looking further along the timeline of growth, three periods can be distinguished after 

1850: a steadily prolific urbanisation process until 1940, followed by a halt of thirty years 

(network growth stagnated particularly), and finally, a slight increase past the 1970s, 

occuring at a higher rate for the streets than for the city (Figure 61). These trends can be 

explained historically. Around 1850, the city grows and expands into its peri-urban 

space. Industries move out of the historic centre and their economic prosperity is 

boosting the development of the city beyond its past limits. Housing and infrastructure 

(for example vocational schools) are gradually filling in the territory between factories, 

establishing industrial zones par excellence and improving the connection of the city 

with the suburbs. The Social Housing Act of 1894 in particular stimulates the building 

of affordable and collective housing under the HLM scheme (Habitation à Loyer Modéré). 

Growth continues despite WWI for it has little or no negative consequence on city 

development. Many social housing units are being built in the inter-war period initiated 

either by the municipality, such as the cités of Wolf, Brustlein, Haut-Poirier, and Drouot; 

 
83 Actually, CO construction began in 1853 and finished in 1897 but there was a gap between 1871 and 1885. 
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or sponsored by the private sector and the industrialists. By contrast, the end of WWII 

finds many districts destroyed by the bombings. The post-war reconstruction lasts for 

fifteen years, finally transitioning to a second wave of urban expansion especially 

towards the north (Bourtzwiller, Wagner) and the west (Dornach) with the construction 

of Grands Ensembles. This was the post-war state-subsidised programme of high-rise 

mass housing typically located on the outskirts of major French cities. Such an example 

is the district of Les Coteaux built in 1962 on the western edge of Mulhouse (Appendix 

C). Gradually, industrial activities start to shrink, and the city turns to new forms of trade, 

and tertiary activities. Facilities are abandoned, and instead of new constructions, the 

building industry now focuses on the re-use and renovation of existing shells—mostly 

military and industrial—the progressive densification of the urban fabric by land 

subdivisions and built insertions, as well as the beautification of the historic centre. For 

example, the former site of SACM -Textile industry which closed in 1986, was 

rehabilitated by the University of Upper Alsace.  

With regards to the street network, the most impactful moment is the introduction of 

motorised road vehicles into the Mulhousien territory, which shifts the focus of urban 

planning to transportation and infrastructure. By 1946, there was already a shortage of 

parking spots, and in 1962 Peugeot opens its PSA car plant in Sausheim, at the north-

eastern side of Mulhouse. At that time, Hueber (1970b), the director of Service d’ 

Urbanisme in the city, sees non-hierarchy in the street system, where few routes serve 

all kinds of circulation: rapid transit, intercommunal and interdistrict traffic, leading to 

problems of confusion and congestion. As a response, the Plan d’Urbanisme Directeur	
(PUD) proposes the arrangement of a hierarchical and latticelike system84, which 

separates heavy and light, local and regional traffic for the creation of a pedestrian-

friendly and walkable city centre (Figure 63). The ambitious plan was never fully realised. 

Yet it led to the most significant transformation of the street form in the region after the 

1970s, the insertion of A36 and A35 autoroutes through and next to Mulhouse (Figure 

63). The autoroutes reduced commuting time, bypassing the historic centre, and 

established alternative international routes to the historic royal axis Basel-Bar-le-Duc. 

 
84 Approved by experts and adopted in other cities like London and Stuttgart 
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Figure 62: Networks of water, bus, tram, and railway within the commune of Mulhouse. Highlighted in 
black outline are the two administrative boundaries, Cité (west) and Fridolin (east), that enclose Cité 
Ouvrière. Source data from www.solea.info. 

 

Figure 63: Overlay of 1975 (dark grey) and 1982 (blue) axial maps that reveals the insertion of 
autoroutes in the region and the change of international routes. The black thick arrows indicate the 
historic international routes, and the blue the current ones.  
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A. Network adaptability and growth at the city scale (whole) 

5.2.  Formal operations 

Having laid out the historical background, this section explores how the streets of 

Mulhouse and its wider context have grown and changed over time, and where and why 

adaptations have occurred within the urban grid. I start by mapping different types of 

individual interventions made to the street network between 1850 and 2015. By individual 

intervention, I mean every operation that altered the topological or geometrical 

relationship of an axial line (street) in two consecutive time periods (t[x, x+1]). I then 

discuss the rhythms of formal changes and their relationships to planning, historical, 

and socio-economic parameters. Finally, I identify six distinctive time periods, map 

patterns of centrality at these periods, and compute the impact of growth and 

adaptations on street centrality. These steps help define and understand network 

adaptability at the city scale, as the ability of the street network to accommodate changes 

over time. 

5.2.1. Classifying operations 

 

Figure 64: Classification of axial line operations between any two successive time periods (t[x, x+1]) 
including their rules of computation (in italics). Note the blue text specifies the numerical thresholds for 
this study which are particular to the specific network. Max Length equals to the length of the longest 
line in the pair. 
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In his diachronic modelling exercise, Serra (2014) manually encoded the axial-line 

transformations while producing the axial maps. He predefined four categories, creation, 

demolition, extension and trimming, and relied on mere visual inspection, to decide on 

their classification on a case by case basis, ‘guiding’ thus the entire process. 

Furthermore, while the first two categories are binary in the sense that the intervention 

either occurs or not as a whole, the other two can be considered as variants of the same 

thing: a partial change or adaptation of an axial line that existed before and continues to 

exist even after the intervention. I hereby attempt to refine the classification (four levels 

in total) by resorting to the algorithmic functions of R and establishing few rules of 

computation (Figure 64). The aim is to set up a fully reproducible and almost entirely 

unbiased classification process (besides the numerical thresholds), where the only 

things defined by the analyst are the numerical thresholds of the rules depending on the 

characteristics of the network, but irrespective of its size.  

The first algorithms allow to single out axial lines that have remained intact or endured 

between two successive time periods (t[x, x+1]) under investigation (see code in Appendix 

B). Computationally, these are lines that either are geometrically equivalent (perfect 

superimposition at all points), or ‘touch’, ‘cross’ or are in very close proximity85, and 

satisfy three criteria about their angle, length difference and centroids’ distance. By 

elimination, the remaining lines can be considered individual interventions. I distinguish 

them into three main categories: creation, demolition, and adaptation. The first two are 

rather obvious, but the third needs further categorisation based on how adaptations 

manifest themselves formally (considering topology and geometry). I identify three 

types of adaptations, and their repercussions are shown in Figure 65: 

1 · Axial lines that remain tangent (overlap) and share at least one of their end points. 

Figure 64 lists all the rules and numerical thresholds for the three criteria taken into 

consideration in this study. Overlapping lines can eventually describe lines that have 

split, joined, extended or trimmed over the years.  

2 · Axial lines that have rotated around one of their interior points. This is particularly 

tricky in its inception, since the entire conception of segment angular analysis (used 

to test the effect of adaptations on network centrality) is based on the angular 

change of intersecting segments, and hence, a considerable rotation can mean an 

entirely new configuration rather than an adaptation. This is why I narrowed this 

 
85 The terminology comes from the R package ‘rgeos’ (Trac Open Source Project, 2018), where gEquals tests the 
equivalence between given geometries, gTouches tests if the geometries have at least one boundary point in 
common, but no interior points, gCrosses tests whether geometries share some but not all interior points, and 
gWithinDistance, tests geometries that are located within a specified distance. 
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category down to lines that have rotated between 1º and 10º, assuming these retain 

a certain degree of continuity in configuration even after their change. 

3 · Axial lines that have slid from their original position within a specified distance. 

 

Figure 65: Representation of types of axial-line adaptation between two successive time periods tx and 
tx+1 based on topological and geometric relationships 

Eventually, these relationships describe six possible transformations made to the street 

network over time: split, join, extension, trimming, rotation and—for lack of a better 

word—sliding. Before proceeding with the mapping of individual interventions, I should 

mention that three numerical thresholds were applied to the computational rules of this 

analysis: a maximum angle difference of 10º, a maximum length difference of 10m, and a 

maximum distance of centroids of 1m. Although these values suited well the purposes 

of this study, they cannot be considered definitive across systems and further tests need 

to be done on a variety of networks. I should also repeat that the results of this process 

will only be reported for the smaller area (the commune of Mulhouse), due to the 

cartographic fidelity limitation described in 4.5.1.  

5.2.2. Mapping and measuring interventions 

I start the mapping exercise by highlighting axial lines that belong to first and second 

levels of classification, in other words, lines that have been created (3,920 in total), 

demolished (1,001) and adapted (676) over time divided in sixteen time intervals. 

Inherently, lines that are not visually depicted constitute the enduring structure (26,837), 

which showcases a capability to persist in space and time.  

To begin with, Figure 66 confirms some of the above-mentioned findings. The network 

expansion started from the north (t[1,2]), continued in the east and west (t[3,4,5]) and slowly 

extended towards the south (t[6,7]). Secondly, it affirms that by the beginning of the 

twentieth century (t7 = 1911) most of the street network within the commune has been 

formed. Especially, after the WWII no substantial additions are being made—besides 

the most recent time interval (t[16,17]) which looks rather skewed ought to the great length 

of the period (16 years) and the increased level of detail in the 2015 axial map. At the  
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Figure 66: Mapping street network transformations identifying sub-sets of axial lines that have been 
created, demolished and adapted during each time interval. Axial lines that endured are shown in grey. 

same time, demolitions are mainly happening in a tactical fashion, and are therefore 

presented scattered across the system. An exception to that is the concentration of 

demolitions in the west during t[11,12] due to the mass clearance of Les Coteaux site to 

prepare the ground for the succeeding Zone à urbaniser en priorité (ZUP) (t[11,12]).  

Equally, adaptations seem to occur acupuncturally over the years. Figure 67 spatially 

clusters the centroids of these lines and generates hotspot maps using kernel density 

estimation (KDE). Unlike individual line mapping, KDE aggregates the points into 

surfaces and highlights areas which have higher than average incidence of adaptations. 

The higher the density of incidents, the darker the colour (black). I isolate the surfaces 

with the highest density score and tint them according to their relative position on the 

map, meaning north, south, west or east of the historic centre.   
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Figure 67: Kernel Density surfaces produced with the sub-set of axial lines that have been adapted 
within the commune of Mulhouse during each time interval. The tinting indicates the relative position of 
areas with highest density score. 

The figure shows that quite a few adaptations have taken place in or nearby the historic 

centre, an area which is highlighted in 10 out of the 16 maps. As the oldest part of the 

system, central streets and their configuration had to be constantly adjusted to respond 

successfully to wider movement patterns and changes that were happening at the edges 

of the city. Even before 1850, Jonas (1994b) mentions that acupunctural adaptations of 

enlargement or alignment took place in the medieval centre. The east and west appear the 

second most intervened sides of the city in terms of street adaptations. In the east, 

interventions mainly focus on the urbanisation of areas associated with industrial poles 

such as the Laederich thread mill industry (1883-1962 and currently La Filature theatre), 

infrastructural projects like the Nouveau Bassin (1872-76), and tramway d’ Ensisheim (red 

tint in t[4,5] map) that affected the street layout; or former military barracks, for instance, 

the 1906 Drouot base which got surrounded by the garden city Ancien Drouot in the 1930s 
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(t[8,9]), and the Nouveau Drouot in the 1950s (t[10,11]). In the west, adaptations peaked their 

occurrence in the twentieth century due to a series of events: the extension of Dornach 

after its annexation to Mulhouse in 1914 (t[8,9]), the establishment of facilities like the 

Stade Nautique and the University of Upper Alsace in the area of Illberg, and the 

development of the Bel Air and Les Coteaux sites in the 1960s and 70s (t[10,11,12]). North of 

the historic centre, significant is the extension of the city at the end of nineteenth century 

following the construction of Cité Ouvrière and Gare du Nord railway station (1884) 

(t[2,3,4]) (Figure 58 page 185), and after the 1950s with the infill of Bourtzwiller quarter with 

housing schemes (t[10,11]) and other major developments such as the Lefebvre district 

(t[12,13]). Finally, the quarter of Rebberg which occupies the south part of the city, has 

been under a densification process since 1885. In fact, Figure 67 shows that most of the 

changes in the hill occurred during the World Wars (t[6,7], t[7,8]), which may also relate to 

the establishment and expansion of Hasenrain hospital in the area.  

The third and fourth levels of classification are visually depicted in Figure 68. The 

analysis identifies types of adaptations, namely axial lines that have been split, joined, 

extended, trimmed, slightly rotated or slid over the years. I recognise a total of 345 

extensions, 308 trimmings, 23 slidings, 10 joins, 6 splits, and 3 rotations. The last four 

types account only for the 6% of total adaptations, and therefore, their presence and 

effect can be considered negligible for the rest of the analysis.  

When looking at the spatial distribution of these categories, it seems there is no clear 

emergent pattern since the highlighted lines are scattered in the territory. A closer look 

though suggests that at the beginning of this study’s timespan adaptations occurred in 

or close to the historic centre and as the city grew, they were pushed towards the 

periphery. There, existing and new parts of the network had to be (re)adjusted to serve 

the greater whole, hinting at the adaptive capacity of the street network to sustain its 

movement-efficient functioning at the city scale. Especially after 1900s, extensions and 

trimmings are prevalently located towards non-urbanised areas to allow for the 

expansion or densification of the urban tissue.  
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Figure 68: Mapping six types of axial line adaptations: split, join, extension, trimming, rotation and 
sliding. Besides extension and trimming, the other categories have minimal intervention impact. Axial 
lines that endured are shown in grey. 

5.3. The rhythm of change 

Overall, it is observed that as the network size increases, the majority of lines persist 

throughout the years (Figure 69). In fact, while the number of enduring lines seems to 

increase, their percentage in the entire system, as we can see in Figure 70, remains stable 

and above 75%. An exception to that is the 2015 map where permanent structure 

accounts for 61% of the total system because many lines suddenly appear due to the 

refined cartographic detail. Figure 69 also shows that creations and adaptations 

constitute only a very small portion of the system. This is expected to occur in a network 

that builds on its historical traces. When looking at the breakdown of adaptations, 

extensions and trimmings seem to dominate. Interestingly enough, the two also seem 

to work complementarily; when extensions prevail the numbers of trimmed lines are 
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lower. This means that the city adapts either by extending to non-urbanised areas, or by 

trimming and adding more connections to existing paths and directions of urbanisation. 

 

Figure 69: Stacked barplots of axial lines operations between 1850 and 2015 within the commune of 
Mulhouse; Left: Total number of axial lines per time interval organised into the categories of adaptation, 
creation, and endurance; Right: Total number of adaptations per time interval organised into the 
categories of extension, trimming, and the remaining four (other).  

 

Figure 70: Scatterplots of rates of change (ROC), showing number of incidents normalised by the total 
number of lines or adaptations in the system for each time interval. The percentages of smoothing 
splines marked in grey are indicated in the secondary axes, while those marked in black in the primary 
axes. The blue shadows in the left chart highlight the highest rates of change and suggest the order of 
change in time. 

Furthermore, Figure 70 is a telling comment on the rates of change (ROC) for the 

different network operations. ROC refers to the speed at which each operation occurs 

over a specific time interval. Mathematically, it describes the percentage change in 

20%

30%

40%

50%

60%

70%

80%

90%

100%

0%

5%

10%

15%

20%

25%

30%

35%

40%

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Creation Demolition
Adaptation Endurance

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

19
90

20
00

20
10

20
20

Extension Trimming Split
Join Rotation Sliding



 

201 

number of incidents, and graphically is represented by the slope of the line. The general 

trend is that individual interventions—creations [c], demolitions [d], and adaptations 

[a]—decrease at a steady rate, with peaks and troughs happening in interim time 

intervals. On the one hand, the descending trend hints once again at the network’s 

diminishing need and capacity to grow, because there is increasingly less available 

space for expansion within or towards the gradually urbanised parts of the city. On the 

other hand, their plots’ fluctuations help to understand the order of change for certain 

periods of time. For example, before the 20th century, there is a sequence of intervening 

cycles or momentums (highlighted in blue): at first new lines are created, then their 

performance and endurance is tested, and if successful, the rate of permanent lines 

increases; otherwise, adaptations take over adjusting the existing network, until the 

system is solidified into a movement-effective networked morphology. Although it is 

difficult to generalise from a single case, it seems that networks reach a level of self-

organisation as they evolve, which persists in time until a radical set of interventions 

(creations [c], adaptations [a] and/or demolitions [d]) pushes the system to its next 

cycle.  

These peaks and troughs also help distinguish certain sub-periods in the timeline which 

may relate to changes in the social, economic and political state of affairs. I identify the 

following based on the Figure 68 (page 199): 

1 · 1850-1873  t[1,2,3]   common peak for [c], [d], and [a] 

A period of economic prosperity, remarkable industrial growth, and city development. 

Factories and railway lines are being built. New streets are drawn, and old ones are 

widened on the industrialists’ initiative. The greatest achievement of this period is the 

construction of Cité Ouvrière. The period ends with the 1870-71 Franco-Prussian war 

which decided the end of Second French Empire under the regime of Napoleon III, and 

the annexation of Mulhouse by Germany.  

2 · 1873-1896  t[3,4,5]  [c,d,a] 

Immediately after the war, network growth slows down. Yet, the administration and 

industrial activities continue their operation, allowing for construction to resume soon. 

Schools multiply after the introduction of compulsory education, and cemeteries move 

to the north giving up centrally located space for redevelopment. The focus shifts to 

transport infrastructure to enable the supply and export of manufactured products. 
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3 · 1896-1911   t[5,6,7]   [c,d] 

The German occupation continues, and several military barracks are built at the edges 

of the city to house imperial troops. Potash mines and aircraft companies are 

established in the region, contributing to further network expansion. At the turn of the 

century, the planning department of the city plans the construction of new streets, the 

zoning of non-industrial activities, and the delineation of the historic centre.  

4 · 1911-1934   t[7,8,9]   [c] 

Important events of this period include the integration of Dornach suburb in the city and 

the end of the German occupation in 1918, which result in an acute demand for housing. 

The HLM social housing programme is introduced at a national level, boosting the 

formation of new residential schemes and working-class districts in less urbanised 

parts of the city. The development halts with the economic crisis and 1932 bankruptcy. 

The textile industry is hit hard by the global crisis and the threat of another war 

discourages investments. 

5 · 1934-1956   t[9,10,11]   [c,a] 

During the WWII, there are no substantial network operations. Instead, a lot of effort is 

put on the reconstruction of the city post war, and the accommodation of the struggling 

population. In 1947, Bourtzwiller suburb is integrated into the city and three years later, 

a special financing arrangement enables the city to provide more housing.  

6 · 1956-1982   t[11,12,13,14]   [c,d,a] 

In the 1960s, reconstruction reaches its highest point under the administration of the 

mayor Emile Müller—also nicknamed maire bâtisseur (mayor-builder) (Société d’Histoire 

et de Géographie de Mulhouse (S.H.G.M.), 2016). Changes in the national housing and 

urban planning policy introduce the Grands Ensembles86 programme, which upshifts 

housing production amidst the Trente Glorieuses87. High-rise tower blocks modernise 

the outdated housing stock of the city and replace derelict industrial facilities; for 

 
86 A publicly funded programme of large-scale mass housing featuring high-rise buildings with at least 1,000 
dwellings. Similar to the British New Towns, the aim was to accommodate the overspill population in the 
outskirts of existing French cities providing new all-inclusive centres. 
87 This refers to the glorious thirty years of economic prosperity from 1945 to 1975 following the end of the 
WWII in France. 
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example, the conversion of centrally located Dentsche to Place de l’ Europe (Appendix 

C). The development interest switches over the outskirts, preparing the ground for the 

new Zones à Urbaniser par Priorité (ZUP), and spawning the process of rural 

transformation (rurbanisation). Furthermore, high-speed motorways are built around the 

city in order to decongest the historic centre. In spite of everything, the explosive growth 

holds back once again after the 1973 and 1979 oil crises, and the double-dip recessions 

of 1974-75 and 1980-82. Some of the most prolific industries, like DMC and SACM, begin 

to shrink, and the city focuses instead on developing its knowledge economy. 

7 · 1982-2015   t[14,15,16,17]   [c,d,a] 

By this time, most of the city network is already mature. Interventions mainly seek to 

intensify the density of roads around central axes and local points, as well as prioritise 

the pedestrian movement in the urban core. Textile factories, mines and diesel plants 

close down, and the rehabilitation of brownfield sites becomes a major challenge. The 

city struggles to redefine itself as an artisanal city. The Projet Urbain Mulhousien of 1993 

proposes among others the economic reorientation of the city towards commerce and 

services. A series of territorial reforms reshuffle spatial boundaries, and national urban 

policies and committees intensify discussions about the future of the shrinking city.  

5.3.1. Rhythmanalysis 

Each time interval features a number of axial line operations happening simultaneously, 

yet at different rates of change. These operations are meaningfully related to other 

historical, socio-economic and political events; however, they occur without explicit or 

direct causal relationship. In other words, the non-formal events alone do not cause the 

physical changes in the street network. This can argue for the existence of an acausal 

synchronisation in an otherwise diachronic process, which holds that regular and 

meaningful interventions occur at the same time and are repeated through time in 

different order and sequence.  

In that sense, it is necessary to examine both the synchronic and the diachronic 

descriptions of network adaptability. The diachronic description helps acquire spatial 

information about how street adaptations are created piece by piece by those operating 

in the city, and the synchronic description synchronises that into an ‘all-at-once’ picture, 

mediating street form and adaptation patterns in both dimensions (Hillier, 2003) 
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To capture the single temporal dimension (synchronicity) in the network evolution, I 

identify the rhythms of different types of interventions, and then plot them against the 

timeline of this study. I adopt Lefebvre’s (2004) concept of ‘rhythm’ who saw it as the 

repetition of a measure at a frequency. I graphically represent this by analogy with 

musical notation. I display the timeline of study as a vertical stave, the 17 dates as bars, 

and the individual interventions as beats contained between bars (Figure 71). For every 

street that appears, obliterates, or changes its topology/geometry, I draw a horizontal 

line at the corresponding time bar. The number of lines per bar is calculated as a 

percentage of the network and lines are spaced out evenly along the length of the bar.  

Synchronically, each of the four operations (endurance, creation, demolition, and 

adaptation) demonstrate alternating rhythms. The rhythms thin or thicken from one 

decade to the next but do not necessarily repeat the same cyclical pattern. During the 

second (t[2,3]), fourth (t[4,5]), sixth (t[6,7]), as well as the tenth (t[10,11]), thirteen (t[13,14]), and 

sixteenth (t[16,17]) time bars, interventions seem to compress, which also coincides with 

the thinning of the frequency of enduring lines (in relation to the preceding bar). These 

are time periods that repeatedly stick out as the most vigorous years in the evolution of 

the city. 

Additionally, the rhythms of changes are nested within each other. For example, when 

adaptations are happening in one part of the city, demolitions and creations take place 

in another (see for example t[1,2] in Figure 66); and while the former may take weeks to 

complete, the latter might take years (for example in the case of Cité Ouvrière). In fact, 

for every adaptation occurring in the 1890s, three streets are added and fifteen persist; 

but in the 1990s these numbers triple and quintuple respectively. Such counterpoint 

indicates that adaptations play a greater part in the network evolution at the end of 

nineteenth century.  

5.3.2. Adaptation score 

To test the degree to which the street network has adapted over time, I propose the 

calculation of an adaptation score, that is the ratio of actually altered versus theoretically 

possible-to-change lines. The premise here is that theoretically, it is possible to change 

every line in the system at any moment in time. However, in reality, some streets have 

been adapted while others have not, and certain changes have been more difficult to 

make than others as there are issues of property and management—autoroutes are 

operated and maintained by mixed companies held in part by private interests and in part  
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Figure 71: Rhythmanalysis of axial-line interventions from 1850 to 2015, plotting the frequency of 
interventions per time interval (normalised by the number of years). The blue line traces the adaptation 
score. The numbers indicate the percentages of enduring, created, and adapted lines per time interval.  
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by the state—of cost effectiveness, transport engineering—surfaces, topography, 

safety—or legislation. Also, certain paths have been in place for a longer period of time 

than others which means that the chances that these paths may change in the future are 

much lower i.e. the pre-urban superstructure. Of course, as technology advances, 

changes in the street network are easier to make without much disruption in the system. 

Yet, it is difficult to take into consideration all these parameters for the calculation of the 

adaptation score within the scope of this thesis.  Therefore, I consider all lines in the 

system with the same original potential to adapt and proceed with the calculations for 

each time interval. The blue line in Figure 71 traces the fluctuations of this score along 

the timeline of this study.  

One remark is that the score better illustrates the previously mentioned seven sub-

periods that will be more relevant to the analysis that follows. These are the periods that 

the degree of adaptation increases and are marked by the years 1850,1873,1896,1956,1982, 

and 2015. Half of these dates belong to the second half of 19th century and the other half 

to the second half of 20th century and beginning of the 21st. And while the first half of 

the 20th century is marked by two world wars and the Great Depression of 1929-39, the 

degrees of adaptation during that time are higher than almost all periods after that (1960-

2015). Also, the two peaks of 1956 and 1982 are only such because of two exceptional 

events:  the reconstruction period after WWII and the establishment of the country’s 

national road system. Confident conclusions cannot really be drawn for the peak of 2015 

as the model contains far more details than the rest of the maps, and the results appear 

slightly skewed.  

In a nutshell, beyond the year 1900 the adaptation score seems to decline (overall 

negative gradient of blue line in Figure 71). Street modifications are not significant in 

number and extent in relation to the size of the city. I can argue that the main reason for 

that is the network’s diminishing capacity, which makes it harder for the system to 

receive changes after its wider configuration has been rendered solid. Thus, the 

emerging pattern, that of the gradual abandonment of ‘adapting the existing’ over time, 

comes as a backdrop of network maturity. It is hard to say whether this pattern has 

anything to do with the size of the network or whether ‘adapting the existing’ is a strategy 

that responds better to certain intentions more than others, for example in scenarios of 

urbanisation where the street form is still being shaped.  

This type of analysis (rhythmanalysis) has not been used before in previous longitudinal 

studies which look at morphological changes of street networks over time (see e.g. 

Karimi, 1998; Griffiths, 2009; Psarra et al., 2013; Serra, 2013; Vaughan et al., 2013; Dhanani, 

2014; Törmä, 2014). Nonetheless, it stresses the innately temporal character of physical 
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adaptability in the street network, capturing both its synchronic and diachronic 

dimensions. It also reveals that the evolution of the Mulhousian street network has 

proceeded in cycles of alternating booms and slumps (Figure 70); specifically, four 

cycles of approximately 40 years’ duration at least until 2000 marked by the years 1860, 

1900, 1940, and 1980. 

5.4.  The effect of change on network centrality 

What I have discussed up to this point has been vital in laying the groundwork for the 

spatial analysis that follows. I first ascertained the validation of the network model 

addressing issues of axial-line generation, model boundary, radii selection and 

appropriateness of syntactic measures. I then traced the evolution of the street form 

while unravelling the historic background of the region; and I looked closely at the typo-

morphological and spatio-temporal patterns of street adaptations. This exercise helped 

identify seven time periods (t1, t3, t5, t7, t11, t14 and t17) that are most relevant to the specific 

type of intervention. Next, I explore the impact of these interventions on network 

centrality at the city scale, focusing on these seven sub-periods. 

Of course, street adaptations entail other effects too, such as on the length of axial lines; 

yet this all comes down to the relationship between the space with other spaces, and 

how the configuration shapes movement flows patterns. For example, the three 

categories of split, trimming and sliding led to the shortening of lines of sight, while 

extensions and joins—as expected—increased the final line length and contributed to 

longer lines of sight in the system88. Changes in length though lead to changes in the 

visibility and accessibility potential of individual spaces, which in turn governs their role 

in the network as movement attractors. Hillier (2001) has already argued that as a city 

grows, it does that by conserving longer lines at the expense of creating shorter ones, 

minimising its ‘depth gain’ and preserving its inter-accessibility (‘the principle of 

extension’). The same applies to other topological and geometrical effects, and 

therefore, it makes sense that I approach the effect of changes from a centrality point of 

view. 

 
88 Rotation did not alter the length. 
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5.4.1. Identifying centrality scales 

The following paragraphs discuss network centrality across spatial scales and time. 

Specifically, I use the two measures of integration and choice to describe the proximity 

and accessibility of each street to all the others within increasingly larger radii. The 

street network is analysed for 17 different radii from metric distance 100 to 11600. As 

explained in 5.1.5, in order to reduce the multidimensionality of data and overcome 

potential bias, a principal component analysis (PCA) is applied to the dataset. Below, I 

briefly present the processes necessary for a PCA before discussing its results89.  

The first process concerns the number of components (PCs) I need to retain in order to 

explain the largest possible proportion of the original data. The selected components 

should account for more variance than that of the original variables otherwise the 

reduction of data does not really make sense. This can be visually detected by plotting 

scree plots (one for integration and one for choice variables at all radii and for all 

historical models). In these plots (Figure 72) the horizontal axis represents the ordinal 

numbers of principal components and the vertical axis their corresponding 

eigenvalues90. As a rule of thumb, every PC with an eigenvalue larger than 1 can be 

retained91. Interestingly, I identify a consistency of results through time, which leads to 

the extraction of three principal components for each measure. In essence, these three 

principal components can explain a significant share of variance of the original data (see 

the percentages of these shares in Table 14). 

 
89 For a detailed overview of PCA on space syntax studies, please see Serra (2013). 
90 Eigenvalue is a scalar factor which measures the distortion of a non-zero vector (eigenvector) during its linear 
transformation in PCA. 
91 This is mainly because original variables have a variance equal to 1, so a principal component explaining less 
variance than a single variable may be considered of marginal importance. 
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Figure 72: PCA scree plots for the measures of integration and segment length weighted choice at all 17 
radii and for each time period t = {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17} all represented by a black 
line. The circles are principal components. 

  Integration  Choice [SLW] 

Date  RC1 RC2 RC3 Total  RC1 RC2 RC3 Total 

1850  51.9% 25.2% 14.3% 91.4%  43.2% 26.2% 23.7% 93.1% 

1860  50.4% 25.3% 18.5% 94.2%  43.9% 25.8% 24.1% 93.8% 

1873  53.4% 23.5% 23.1% 100.0%  43.9% 25.5% 24.9% 94.3% 

1886  53.7% 24.8% 21.5% 100.0%  43.9% 25.8% 24.7% 94.4% 

1896  48.0% 25.4% 18.3% 91.7%  42.8% 25.7% 25.6% 94.1% 

1903  48.2% 26.6% 17.2% 92.0%  43.8% 26.4% 23.9% 94.1% 

1911  49.3% 24.0% 16.8% 90.1%  46.5% 26.4% 21.5% 94.4% 

1920  49.8% 23.4% 16.2% 89.4%  46.2% 26.2% 21.7% 94.1% 

1934  48.9% 23.9% 15.3% 88.1%  45.0% 26.1% 22.5% 93.6% 

1943  51.7% 21.9% 14.0% 87.6%  45.3% 25.6% 22.3% 93.2% 

1956  51.8% 21.9% 12.8% 86.5%  45.3% 25.7% 22.7% 93.7% 

1968  51.7% 22.1% 12.6% 86.4%  45.9% 25.6% 22.1% 93.6% 

1975  51.8% 23.7% 10.4% 85.9%  45.8% 25.7% 22.1% 93.6% 

1982  51.0% 24.8% 10.5% 86.3%  47.2% 25.4% 21.3% 93.9% 

1990  50.5% 24.4% 13.0% 87.9%  47.0% 25.6% 21.5% 94.1% 

2000  51.4% 25.0% 9.5% 85.9%  46.8% 25.7% 21.8% 94.3% 

2015  53.2% 25.0% 9.9% 88.1%  47.1% 25.2% 22.2% 94.5% 

Average  51% 24% 15% 90%  45% 26% 23% 94% 

Table 14: Proportion of variance of the original data explained by the rotated components. 

The second process is the rotation of the PCs in order to achieve a simpler and easier 

way to interpret data structure, without altering it. The rotation (following the Varimax 

method92) simply changes the coordinates of the derived components to maximise the 

 
92 The Varimax method guarantees that the resulting components will remain uncorrelated, carrying intrinsically 
different information from each other. 
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proportion of variance explained by them. Table 16 shows the variance explained by each 

rotated component (RC), as a proportion of the original variable. We notice that the 

three identified components can explain on average 90% of the original variance for 

integration, and 94% for choice. Particularly for the measure of integration, the first 

component accounts on average for 51% of the original data variance, the second for 

24% and the third for 15%. In the case of choice, these percentages are 45%, 26% and 23% 

respectively. The results are quite stable among all time periods with only a narrow 

deviation of up to 8%. The above prove a minimal loss of information during the PCA 

and certify the validity of any results that follow. 

 

Figure 73: Distribution of loadings for integration and choice for each time period. Annotated is the 
metric radii corresponding to the dominant highest loading within each rotated component’s range. 

The last step informs on the relation of the derived components to the original metric 

radii. This is examined through the components’ ‘loadings’, namely their correlations 

with the original fields. Figure 73 plots the loadings of each RC against the 17 metric radii 

in ascending order for both integration and choice measures. Typically, correlations 

above 0.6 are considered to be significant. Dashed lines are used to denote the parts of 

curves with high loadings (>= 0.6) and the range of metric radii these correspond to. In 

both measures, the first rotated component (RC1) features high loadings at longer 

distance radii (4100-11600), the second (RC2) correlates more with medium range radii 

(800-3200), while the third (RC3) explains better low radii (100-500) (Figure 73). This 

means that each derived component represents a different range of spatial scales, and 

all together cover the entire spectrum. This partitioning should not be seen as a precise 
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division but rather a nested transitional pattern of interconnected centralities which 

blend into each other in spatial systems.  

Furthermore, this partitioning of radii in three ranges is more or less persistent among 

the 17 time periods, despite the growth of the system. This not only confirms the 

persistence of spatial structures historically like in the case of the regional 

superstructure, but also concretises the intuitive dissection of urban systems to smaller 

entities of different extent, size and resolution traditionally used by architects, urbanists 

and planners to study and understand complex urban phenomena. Nevertheless, within 

that consistent pattern, a few temporal inconsistencies can be observed; especially, with 

regards to the higher loadings of the second and third rotated components of 

integration. Figure 73 shows that some of the curves deviate from what seems to be the 

most dominant pattern, affecting the radius that correlates best with the highest loading: 

RC2 highest loading fluctuates between 500, 800 and 1300, while that of RC3 varies from 

100 to 200. Practically, this implies the tendency of the system at certain moments of its 

evolution to act as more ‘global’ or ‘local’ (Serra, 2013). For example, both curves of RC2 

and RC3 of 1850 [t1] lose loading values at middle scales, and thus, the system behaves 

as more local. Still, these minor discrepancies do not follow a clear temporal pattern and 

for the scope of this analysis, can be considered marginal. 

Eventually, PCA reduces the seventeen original fields of both centrality measures to 

three components, each of which pertains to a different spatial scale, what Serra (ibid., 

p. 133) calls ‘centrality regime’. He identifies three regimes corresponding to the scales 

of region, city and neighbourhood. However, his timespan was shorter and his model 

much larger than the present ones (60 years versus 165, and a radius of 30km instead of 

8.4). Therefore, it seems legitimate that this study reveals a more refined partitioning of 

scales especially towards the more local radii. Indeed, the analysis indicates the 

existence of three natural scales: a city scale (PC1 - between 4100 and 11600 metres), a 

neighbourhood (or banlieue) scale (PC2 - between 800 and 3200 metres), and an urban 

block scale (PC3 - between 100 and 500 metres). Figure 74 confirms that the new score 

values derived from the PCA are visually comparable to the original centrality values at 

the radius with the highest loading for the specific component. In other words, the three 

principal components depict most of the informational content of the original maps 

(especially the set of lines with high scores) with a minimum loss of information. Thus, 

the three components will form the basis for the coming exploration. 
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Figure 74: Spatial distribution of the three principal components’ scores in comparison to the original 
centrality values for the metric radii (r) loading higher in each component at t17 = 2015  

5.4.2. Tracing the evolution of centrality 

The first task hereby is to visualise the centrality patterns produced by segment angular 

integration and choice analysis throughout time at the three centrality scales derived 

from PCA. These patterns are depicted in Figure 75 (page 214) and Figure 76 (page 215). 

The aim is to provide a general reading of the temporal evolution of the structures 
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occurring under the three centrality regimes, looking for variability trends over time. This 

will help to capture, first, how network centrality has changed over time, and second, in 

what ways street transformations, specifically adaptations previously identified in 

particular areas, have contributed to these changes.  

In particular, the two measures of integration and choice are used to identify different 

but not mutually exclusive centrality patterns of the network. Angular integration 

measures the proximity of a street to other streets (in terms of the sum of angular 

changes), accounting for its potential to act as a destination and be easily accessed. 

Angular choice explains the propensity of a street to be part of longer-range movement 

routes (least angular paths between any pair of spaces in the city), channelling through-

movement in the system (Hillier and Iida, 2005). In the following visualisations, centrality 

values are translated into colour scales with the warmer colour highlighting higher 

values. 

5.4.2.1. Emerging patterns  

Figure 75 shows the degree street segments have been integrated within the city of 

Mulhouse93 throughout the years. Due to limitations of space, only maps from seven 

identified time periods (t1, t3, t5, t7, t11, t14 and t17) are shown in the following two figures: 

those which, according to 5.3.1, have been found to be more relevant to axial-line 

adaptations. Albeit, centrality values do not change abruptly from one time period to the 

next, and therefore no information is lost as a result of this representational economy. 

In fact, a consistency in centrality patterns across all scales and times, particularly 

regarding the historic centre, can be observed; meaning that the medieval part of the city 

which features commercial and everyday activities, could and can be easily reached from 

every other point in the city and region. Also, Nouveau Quartier located just outside the 

southeast gate of the medieval walls, supplements the integration core at all scales 

throughout the years, being the area where most of the services can be found. Together 

with the historic centre, they comprise a ‘hub’ of integrated lines which persists over 

time despite transformations or growth. Sustained by the history and geographic 

location, they sustain their function as the commercial, cultural, political, and leisure 

heart of the city.  

 
93 While only results from the administrative boundary of the commune are presented here to avoid edge effect, 
the analysis run using the entire model (see Figure 13 for the centrality patterns of the region). 
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Figure 75: Segment angular integration at three scales (PC1 or r8500, PC2 or r800, and PC3 or r200) for 
the seven identified time periods t = {1,3,5,7,11,14,17} within the commune of Mulhouse.  
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Figure 76: Segment angular choice (SLW) at three scales (PC1 or r8500, PC2 or r1300, and PC3 or r200) 
for the seven identified time periods t = {1,3,5,7,11,14,17} within the commune of Mulhouse. 
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Figure 77: Integration core pattern of the city with the names of the most integrated street segments. 
Linewidth represents the centrality values at the global scale for t17 = 2015. Blue crosses frame the four 
medieval gateways of the historic centre (the southeast one has currently moved towards the right). 

Specifically, in the city-wide scale (PC1 or metric radius 8500) higher values of 

integration concentrate in a cross-like pattern (t1). The royal axis and the street parallel 

to the canal Rhone-Rhine meet almost perpendicularly, at the intersection of which, the 

central railway station lies (Appendix C), symbolically representing a third system of 

transportation. This pattern changes over the years, with the importance of the canal 

and subsequently its parallel route abating.  Global accessibility is gradually enhanced 

in the north (t5-) where most interventions take place during the 165 years of study. As 

the industrial zone and Cité Ouvrière settle in this part, movement patterns redistribute 

themselves to accommodate these activities. Lateral connections, particularly rue de 

Strasbourg and rue Franklin (extended as Avenue Aristide Briand), knit together the two 

main thoroughfares of Avenue de Colmar (previously rue du Faubourg de Colmar part 

of the historic Basel-Bar-le-Duc royal axis—international route) and Boulevard du 

Président Roosevelt (previously rue du Faubourg de Belfort connecting Mulhouse to 

Belfort—regional route) as they spurt out of the north gates. All together they form a 

multiple-ring network (Figure 77). By 2015, the integration ‘hub’ expands with ‘spokes’ 

linking the centre94 to the edges, especially the northern one. This creates a continuity 

 
94 “Typically, a centre would be marked by a focal 'live centre' of markets and retail, with quieter zones of 
administration, business and religion in close spatial proximity defining the limits of the central area.” (Hillier, 1999a, p. 
108) 
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from the regional centre-edge movement pattern identified in section 5.2.1. It also feeds 

Hueber’s (1970a, p. 17) description of Mulhouse upon urbanisation as ‘ville tentaculaire’,  

where access routes pierce the enclosure of historic centre and spread to the region, 

ultimately advocating for the pivotal role of Mulhouse within the agglomeration. 

The results at the intermediate centrality regime (PC2 or metric radius 800) capture the 

accessibility potential from and to the historic centre through the four medieval 

gateways (Figure 75). From the mid nineteenth century to the present day, these 

continue to constitute nodal points; confirming Jonas’ statement in his 1994 book. In 

1850, three out of four gates seem able to accommodate most of the movement, namely 

Porte Jeune (northeast), Porte de Bâle (southeast), and Porte du Miroir (southwest). Over 

time this accessibility potential is sustained, even enhanced in the northern part 

including Porte Haute (northwest), and contracted in the south, especially for Porte du 

Miroir (southwest).  

The north-south accessibility inequality becomes increasingly apparent across the 

scales and observation periods. Two facts are important to mention here that provide 

an explanation for the poor performance of the southern-east part (t17). Firstly, the steep 

topography of Rebberg hill and its villa-based block layout contribute to a loose block 

arrangement and meandering street layout, and secondly, the west-east railway tracks 

cut off the integration ‘hub’ from its immediate network, thus segregating the most 

affluent southern part of the city.  

The integration measure at the local scale (PC3 or metric 200) depicts a few segments 

with high values clustered amidst a majority of grid which cannot be reached easily 

within the specified radius. This produces a patchwork of local centres made up of grid 

intensifications, whose extent may range from small neighbourhoods to the entire 

historic centre of the city. 

What needs to be taken into consideration here is that the results of integration for this 

low radius were originally unrealistic due to a high number of outliers, namely segments 

in areas of incomplete or low urbanisation levels. This was a common phenomenon in 

this study which considers many time periods when urbanisation was modest. However, 

instead of eliminating them which is usually the norm—see suggestion by Hillier et al. 

(2012, p. 190)—I used Krenz’s (2017b) formula to detect them and assigned them a value 
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of -195. Even though this does not properly solve the problem, it was essential in order to 

visualise and reflect upon the scores of PC3. Yet, the limitation of the methodology is to 

be acknowledged and a mathematical solution needs to be found for future studies. 

 

Figure 78: Web-like structure highlighted by angular betweenness centrality values at the global scale 
for t17 = 2015, against the boundaries of the city quarters. 

Figure 76 presents the results from the second centrality measure, angular betweenness 

centrality (choice). At the city (PC1 or r8500) and neighbourhood (PC2 or r1300) scales, 

movement flows between parts of the city tend to form web-like structures (Figure 78). 

The north-south connection appears dominant between 1850 and 1890 because the city 

had not yet expanded in the west and east. But gradually the grid provides alternative 

routes in all directions, passing through more neighbourhoods. As the scale decreases, 

betweenness centrality tends to highlight nodal points of through movement in the city, 

such as the four gateways as well as the perimeter of the historic centre. It seems 

therefore, that choice measure with its web-like pattern captures the linear pre-urban 

superstructure mapped in 5.2.1. This leads to the conclusion that through-movement 

tends to follow the historical traces of the pre-urban grid, with the older lines of the 

system featuring higher choice values. 

 
95 This is also the number that Depthmap assigns to long segments whose centre is more than the specified 
metric distance (here 200m) away from the centre of any adjacent line.  
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5.4.2.2. Observing trends of the past 

The above exercise captures centrality patterns that have emerged in the street network 

of Mulhouse from 1850 till today. Mapping centralities, though, is not sufficient to 

discuss how they change in time. Figure 79 and Figure 80 trace the evolution of values, 

by plotting their distribution for each of the seventeen maps using violin plots, overlaid 

with the line graph of their medians96. The violin plot is a synergistic combination of a 

boxplot and a kernel density distribution (smoothed histogram) on each side (Hintze 

and Nelson, 1998). It consists of (from inside to outside): a blue dot for the median of the 

data, a black bar (box) representing the interquartile range, a black line indicating the 

upper and lower adjacent values, and a black violin-like line whose mirrored curviness 

visualises the probability distribution of the full dataset. Hence, the maximum, minimum, 

and median values may fluctuate independently of each other in time, leading to three 

dissimilar trends. In general, violin plots help to reveal the structure found within the 

data, namely their clustering, mode of distribution, and outliers97.   

A common observation for both figures concerns the density trace, or else, the 

probability distribution curve. All violin plots show a clear shape of a single peak around 

the median value. In the case of integration, the curve reveals that there are many lines 

with middle-range values, and fewer ones with higher or lower values. For choice, the 

unimodal distribution (one peak) is slightly different. Particularly, the value distributions 

of metric radii 8500 and 1300 are skewed to the right, meaning there are several very low 

values, and a ‘tail’ of few high values stretching toward the top. Implying that for any 

statistical process that follows, betweenness centrality values need to be logarithmically 

transformed to normality to improve the interpretability and appearance of graphs.  

In more detail, the violin plot of segment angular integration for the city scale (r8500) 

presents a purely upward trend from decade to decade.  The increase of the maximum, 

minimum, and median values in parallel reveals that as the city grows, the overall 

accessibility of the network improves; without shifting the focus of centrality from the 

historic centre (see Figure 75) but spreading degrees of integration across the network.  

 
96 The middle value in a set of ordered numbers. It separated the higher half from the lower half of the values. 
97 This refers to statistical outliers, meaning values that are numerically distant from the rest of the data, outside 
the upper and lower quartiles. 
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Figure 79: Violin plots of integration values for metric radii 8500 (PC1), 800 (PC2), and 200 (PC3) over 
time. The blue dashed line is a line graph of the medians. Both the outliers of the integration measure 
for low radii (r200) and the statistical outliers that fall outside the upper and lower quartiles have been 
removed to improve the appearance of the graphs. 

At the neighbourhood scale (r800), higher and median values increase until the end of 

nineteenth century and remain almost unchanged after 1900 (Figure 79). At the local 

scale98 (r200), any transformation leaves the system average performance intact, while 

maximum values drop over time with a fast rate between 1860 and 1896. In both these 

scales, new values feed equally into the upper and lower numerical quantiles. Network 

growth creates spatial pressure locally, the grid intensifies, spaces become closer to  

 
98 All outliers have been removed from the dataset. 
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Figure 80: Violin plots of choice values for metric radii 8500 (PC1), 1300 (PC2), and 200 (PC3) over time. 
The blue dashed line connects the median values. The observations that are outside the upper and lower 
quartiles (statistical outliers) have been removed to improve the appearance of the graphs. 

each other and thus, easier to get to, and movement inequalities are balanced out. One 

is never far from an intensified part of the grid (local centre) and can easily reach the 

historic centre using the strong integrators (spokes or access routes) at the global 

scale. 

Looking at the violin plots of choice (Figure 80), fluctuations are harder to grasp, mainly 

at the city scale (r8500). With the majority of lines scoring low, the uptrend of the median 

is imperceptible. Still, there is an increasing trend especially for the first fifty years (1850-

1896) across all scales. At the city scale, the median value increases by 26% during this 

time period, at the neighbourhood scale by 92%, and at the block scale by 41%. After 

1900, the distribution midpoints remain stable at the two more local scales and increase 
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subtly at the city scale (17%); while the maximum values (upper adjacent values) 

continue to rise at the two more global scales (62% for metric 8500 and 29% for metric 

1300) and decrease slightly at the very local scale (3%). The fact is that since choice relies 

on the existing superstructure, any subsequent growth will, first, benefit the reach of 

spaces that maximise movement and co-presence (superstructure or foreground 

network), and secondarily, support the background residential network (infill) which 

uses space to restrain and structure movement between inhabitants and strangers. So 

as the city grows, this dual process reproduces itself, expanding the superstructure and 

densifying the infill. This explains the steady rates. New streets are part of either the 

foreground or background network but never far from the foreground, and hence, they 

can either intensify or expand existing patterns of through-movement, but never change 

them dramatically.  

5.4.2.3. The centrality fingerprints of streets 

With the visual and statistical descriptions of centrality evolution in place, the next task 

is to understand the configurational role of formal operations in this process. To explore 

that, I distinguish the interventions (creations and adaptations) from the rest of the lines 

(enduring) and plot two-dimensional scatterplots visualising the combination of the two 

centrality values for each line in the three categories (Figure 81). The final outcome is a 

collection of dots (‘centrality fingerprints‘99), each having an integration value (x 

attribute) determining its position on the horizontal axis, and a log choice100 value (y 

attribute) determining its position on the vertical axis. This way, every created or adapted 

street is represented by a dot, whose position on the scatterplot indicates its movement 

propensity to serve as a destination and a passing through route within the network. The 

plot area is also divided into four regions, separated by one horizontal and one vertical 

line. The quadrant lines are positioned at the medians of the two variables and notate 

the border between the higher half and the lower half of values. In essence, the 

scatterplots are snapshots of city network at different times and scales. The positioning 

of the plots in the figure allows for the inspection of the evolution of centrality values in 

 
99 The term appears in the work of Gurfinkel et al. (2015) signifying a tool for probing the behaviour of different 
power grid growth models. However, this terminology has never been used before in space syntax studies. 
100 As explained before, the distributions of choice values are highly right skewed as opposed to the normal 
distributions of integration values (usually normal). For the maps and descriptive statistics shown so far, this was 
not a problem. However, to be able to compare the two centrality values in one common plot, choice values are 
transformed logarithmically. This greatly improved the appearance of scatterplots and their ability to be 
interpreted. 
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created and adapted lines across time (six time periods101 per row) and across scales at 

the same time interval (three scales per column).  

 

Figure 81: Scatterplots of integration (x axis) against log choice (y axis) representing with dots the 
networks’ enduring lines (grey), added lines (black), and adapted lines (blue). The polygons outline the 
convex hulls of the sets of dots for the two categories of creations and adaptations. Median lines divide 
the plot planes in four regions. 

There is an immediate pattern emerging from the sequence of the scatterplots. As time 

progresses and scale decreases, centrality fingerprints appear to huddle together in a 

point cloud around the intersection of the median lines. On the one hand, values tend to 

be less spread at the local scale (third row), which affirms the unimodality of their 

distributions—a single peak around the middle value. Interestingly enough, most of the 

segments feature low integration and low log choice (bottom left quadrant) or high log 

choice and high integration values (top right quadrant); and almost no lines display high 

integration and low log choice values (bottom right quadrant). This means that the 

streets that are consistently central across the local radii (PC3) are part of both local 

centralities and passing through routes; and that most of the lines that are part of the 

background residential network are more segregated spaces. In this scale, enduring 

streets (highlighted in grey) and added ones (in black) follow the same pattern in each 

time interval, while the fingerprints of the adapted streets102 (in blue) cluster in the top 

 
101 This selection is based on the seven previously identified time periods t = {1,3,5,7,11,14,17} and their 
previous dates. Categories of interventions, such as creation and adaptations, are identified in relation to the 
previous map. So, the time intervals are 1860-1873, 1886-1896, 1903-1911, 1943-1956, 1975-1982, and 2000-
2015. 
102 By means of join, split, extension, trimming, rotation or sliding. 
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50% of the log choice values and feature a wider range of integration values (see for 

example t[10,11]). In other words, most adaptations are streets with high choice values 

along the shortest paths between local centres, while new streets (creations) are mostly 

explorations towards the edges of the system or in purely residential areas with low 

probability for movement and co-presence. 

On the other hand, centrality fingerprints at the city scale (first row) spread, covering all 

four regions of the scatterplots. Adaptations and creations mainly fall within the two 

right quadrants, pointing to streets with high values of integration and more or less a 

middle-range of log choice values. The pattern is consistent across all time periods 

independent of the number of lines. Basically, after their addition or adaptation, streets 

become more integrated within the city, which translates into their increasing proximity 

to either the networks’ integration core or the spokes that link the historic centre to the 

city edges.   

Then, the neighbourhood scale (second row) paints an intermediate picture between 

the other two scales. Centrality fingerprints are less spread and tend to concentrate on 

the top right corner. Adaptations and creations cluster towards mid-range log choice 

values and the 50% higher integration values. So, interventions within neighbourhoods 

represent street segments that are well integrated in the system and can potentially 

accommodate a fair amount of through-movement.  

The above analysis of the evolution of the city of Mulhouse revealed two main centrality 

structures at the global scale: an integrated core originally comprised of the historic 

centre, which expanded over time to allow for additional local centres to emerge extra-

muros and mainly towards the North; and a web-like through-movement structure 

following the traces of the pre-urban superstructure that gradually eased centre-to-

centre and centre-to-edge connections. Throughout the years, the overall accessibility 

of the network (integration) improved while the inter-accessibility of its parts (choice) 

remained stable. Even though new streets were created, and others were demolished or 

adapted, the two main centrality structures matured and have grown in size. Specifically, 

the new streets consistently covered a wide range of centrality values at the two more 

local scales and were fairly integrated parts of the street network at the global scale, 

which showed that they mainly helped to expand the integration core; while the adapted 

streets displayed repeatedly high choice values in the two local scales and high 

integration values at the global scale, contributing to the enhancement of both centrality 

structures at different scales. 
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5.4.3. Capturing the impact of adaptations 

Yet, none of the graphs so far explains the effect of interventions, especially adaptations, 

on the individual streets themselves and the city network as a whole. To address this, 

the final step of this analytical strand aims at quantifying this impact in terms of 

centrality values and illustrating its distribution throughout time.  

In this exercise, I compute the differences in the integration and choice values of street 

segments that have changed (adaptations) against those that remained unchanged 

(enduring lines) between two consecutive time periods. I then plot their value 

differences on relative frequency histograms (Figure 82 and maps in Figure 83). While a 

simple frequency histogram would count the number of times value differences occur 

and plot them in equal intervals, the relative frequency histograms use the same 

information but compare each time interval to the total number of incidents, thus 

expressing the frequency of values as a proportion. This is necessary when comparing 

two sets of streets with substantially different lengths.  

We can now see the relative variations of integration and log choice values for the 

enduring (grey) and adapted (blue) street segments at six time intervals:103 t[2,3] = 1860-

1873, t[4,5] = 1886-1896, t[6,7] = 1903-1911, t[10,11] = 1943-1956, t[13,14] = 1975-1982, and t[16,17] = 2000-

2015. Notice that the taller the bars, the higher the relative frequency of that variation. 

Also, if the bars are positioned on the right side of the dashed black line (at a value of 

zero), they express positive change, while the opposite implies a drop of value. 

A first common trend across all graphs is the density of variations around zero. No huge 

differences are to be seen before and after the occurrence of changes for the majority of 

streets that change as well as those which remain physically unaffected. The analysis 

so far proved that evolution is a slow process and network centralities pervade each 

other in both scale and time. Therefore, it is not surprising to witness minimal variations 

at time windows of an average 11 years. A second trend concerns the comparison 

between enduring lines presented in grey bars, and adaptations highlighted in blue 

hatched bars. Whereas the former often peaks in few (one to three) high bars around 

zero accompanied by much lower bars on both sides, the latter shows a much more 

 
103 Again, in the interest of illustration brevity, six out of the sixteen time intervals are shown here. The selection 
is based on previous analysis which identified these six intervals to be most meaningful for the category of 
adaptations. 
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Figure 82: Centrality impact distribution for both integration (left column) and choice (right column) at 
the three scales for the seven selected periods t[2,3] = 1860-1873, t[4,5] = 1886-1896, t[6,7] = 1903-1911, 
t[10,11] = 1943-1956, t[13,14] = 1975-1982, and t[16,17] = 2000-2015. 
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Figure 83: Street network interventions for seven selected periods t[2,3] = 1860-1873, t[4,5] = 1886-1896, 
t[6,7] = 1903-1911, t[10,11] = 1943-1956, t[13,14] = 1975-1982, and t[16,17] = 2000-2015. 
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spread distribution of lower bars that covers a good extent of positive and negative 

regions. This suggests that individual interventions do not have a major effect on the 

persisting part of the network which in fact tests its resilience against changes; but they 

do affect their own role and configurational relationship with the rest of the network.  

The last general observation recognises that most variations for the measure of 

integration are positive, meaning bars positioned on the right side of value zero. In the 

case of the log choice measure though, value differences are equally distributed to both 

positive and negative plot regions.  Obviously, it is important to know to which centrality 

bands the segment belongs in its previous state to draw conclusions of its value’s shift. 

However, there are four possible impact scenarios to deduce from this. The first is a 

decrease in a segment’s choice value. It indicates that the segment falls less often on 

randomly selected shortest paths linking any pair of spaces in the city. Most likely, 

interventions have led to the creation of alternative routes, increasing the number of 

shortest paths and rings somewhere else in the network. Conversely, when the choice 

value rises, it is more probable for the segment to be naturally passed through on all 

shortest routes; the street now lies on more than one network ring, enhancing thus its 

configurational role in the network. The third scenario sees the increase of integration 

value. Seemingly, the intervention(s) brought the segment closer to others within the 

specified radius, linking it to more spaces, decreasing its depth in the system, and 

making it easier to reach. Last is the decrease of the integration value. In this case, 

streets may become further remote in the system. Their accessibility from the rest of the 

city is reduced as one would need to go through more intervening spaces to get there.  

These calculations isolate each adaptation and present the distribution of relative 

variations as stand-alone incidents. The core inquiry though is to identify the 

aggregative effect of the individual adaptations on the network per time interval. This is 

why I aggregate all individual positive scores, calculate their percentage for each time 

window, and divide the results into three class intervals based on the median of the 

acquired percentages104. If more than 70% of the total variations are positive, then the 

overall centrality impact of adaptations is positive too; if it is less than 50%, the impact 

is negative. For results falling within the in-between range (51-69%) I consider them to 

represent a very mild overall impact, almost insignificant. Table 15 summarises all 

calculations for the six selected time periods.  

 
104 This was necessary as results were not equally distributed across the scale 0 to 100. 
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Time 
period 

Time 
Interval 

Dominant 
Intervention 

Mechanism of 
Growth 

Location of 
Intervention 

Centrality Impact 
(only adaptations) 

1860-1873 t [2,3] 
Adaptation 

Creation 
Demolition 

Exploration 
(adjustments) 

Existing 
urbanised parts 

INT city scale + 
neighbourhood scale + 

block scale ± 
 

CH city scale ± 
neighbourhood scale + 

block scale ± 

1886-1896 t [4,5] 
Adaptation 
Demolition 
Creation 

Exploration 
(extensions) 

Outside 
integration 

core 

INT city scale + 
neighbourhood scale + 

block scale ± 
 

CH city scale ± 
neighbourhood scale ± 

block scale ± 

1903-1911 t [6,7] 
Demolition 
Adaptation 

Creation  

Exploration 
(creations) 

Rural areas 
adjacent to 

urbanised parts 

INT city scale + 
neighbourhood scale + 

block scale ± 
 

CH city scale ± 
neighbourhood scale ± 

block scale ± 

1943-1956 t [10,11] Creation Densification Periphery 

INT city scale + 
neighbourhood scale + 

block scale ± 
 

CH city scale ± 
neighbourhood scale + 

block scale ± 

1975-1982 t [13,14] Demolition Invention 
Urban vacant 

land 

INT city scale + 
Neighbourhood scale ± 

block scale - 
 

CH city scale ± 
neighbourhood scale - 

block scale - 

2000-2015 t[16,17] Creation Densification 
Less urbanised 

city edges 

INT city scale + 
neighbourhood scale + 

block scale ± 
 

CH city scale ± 
neighbourhood scale ± 

block scale ± 

Summary for all periods 

INT city scale +  
neighbourhood scale ± 

block scale ± 
 

CH city scale ±  
neighbourhood scale ± 

block scale ± 

Table 15: Summary of findings for the six identified time intervals. Types of interventions are ordered 
according to their proportional dominance. The overall positive centrality impact is demarcated in green 
(above 70%), and the negative in red (below 50%). The rest imply a non-substantial impact. 
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The main finding is the overall positive impact of adaptations on the centrality 

performance of the city network at the city and neighbourhood scales. Transformations 

have consistently contributed to the configurational capacity of the network to facilitate 

access from and to the city but also in the quarters. A second trend is that for the case 

of choice the impact of adaptations is found marginal across all scales. Changes have 

more or less perpetuated the same movement dynamics as those of the preceding 

period. A similarly negligible impact pattern is evident for the integration values at the 

local scale. It can be said that in a time window of 11 years (on average), adaptations 

seem to have little impact at the formation of local centralities.  

An exception to these findings is the time period of 1975-1982 (t[13,14]). Among others, this 

is when the Plan d’ Urbanisme Directeur	(PUD) with the construction of the motorway 

network in the agenda, begins implementation. The pattern deviation is a direct 

consequence of the abrupt insertion of this new type of infrastructure on the territory of 

Mulhouse within a short time interval. The new autoroutes help redistribute the 

centrality patterns; they start to concentrate higher integration and choice values, 

undermining the role of the older infrastructure in shaping movement flows. This is 

apparent in the dominance of negative variations during this time period, becoming 

more explicit at the scale of the region. Figure 84 shows the centrality pattern 

transformation across the entire region before and after the introduction of motorways. 

Notice how the parsimonious development of the motorways network towards the north 

and east side of the city further segregate the south from the rest of the region. Instead, 

the centrality pattern produced by choice grows spreading in a quite uniform way across 

the region. 

So, comparing the histograms of the six time intervals to their respective maps (Figure 

82 and Figure 83 in pages 226 and 227 respectively), conclusive links can be drawn 

between the numerical and spatial incidents of adaptations and their impact on 

centrality patterns. Some findings are particularly illuminating on the main types of 

intervention, their location in the city as well as the ‘mechanisms’ behind growth at that 

time. Mechanisms are understood as the ways in which street form evolves. Again, 

Table 15 presents a synopsis of these findings for the six time periods.  

The years after 1850 and the first cycle of urbanisation for Mulhouse (t[2,3]) leave the 

region with plenty of room for expansion. There is a considerable amount of adaptations 

(77) in existing parts of the city as well as incidents of creations (325) and demolitions 

(112) nested within them. The street form evolves mainly through local adjustments and 

extensions (see for example the case of Cité Ouvrière). Most changes contribute to the 
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Figure 84: Comparison of global centrality patterns (top: integration and bottom: choice) in the region 
before and after the introduction of the motorway network. 

embeddedness of old and newly built streets into the network at the larger scales, with 

a notable impact on the through movement between the city quarters. At the end of the 

nineteenth century (t[4,5]), the network grows mainly through extensions (88) that reach 

out to non-urbanised parts of the city. All interventions take place outside the 

integration core, that consists of the historic centre and the main thoroughfares in the 

north side of it (see Figure 83 page 227). Adaptations (114 in total) positively affect 

integration at the wider scales but do not influence choice patterns created by all 

possible shortest paths. At the beginning of the twentieth century (t[6,7]), demolitions 

(188) and additions (409) continue to occur in non-urbanised areas adjacent to 

urbanised ones, while adaptations are found closer to the city centre still outside the 

integration core. As a result, the effect on centrality remains the same as the preceding 

time period. In the middle of the twentieth century (t[10,11]), new streets (407) fill the gaps 

of the urban grid in peripheral parts of the city. Fewer adaptations (85) are scattered here 

and there, contributing to the increase of the network’s accessibility at the global and 

intermediate scales and the enhancement of the role of passing through routes at the 

neighbourhood level. Years later, the introduction of the motorway network (t[13,14]) sees 
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the demolition (113 streets in total) and emergence of new road infrastructure (270 

streets in total) at the edges of the commune. Previously vacant pieces of land are 

subdivided from scratch for the exact purpose of creating through-movement 

alternatives, which have a negative effect on the betweenness centrality values. In this 

time window, adaptations (only 55) are not the main drivers of change and apart from 

global integration, the impact for the majority of the measures is negative, hinting at the 

segregation of certain streets and the proliferation of network rings somewhere else in 

the system. More recently (t[16,17]), the city acquires greater grid consistency by 

multiplying street interventions, mainly additions (1700 in total), close to the least 

urbanised edges of the city. At the neighbourhood and city scales, adaptations (94) 

increase considerably the proximity of streets to all others but do not strengthen their 

influence on through movement as a whole. 

5.5.  The mechanisms of network growth 

Summarising, network evolution entails all three operations: creations, demolitions, and 

adaptations. Yet, it is only through additions of new and transformations of existing 

roads that street form may grow. In the case of entirely new roads (creations), growth 

occurs by means of densification and exploration—terms adopted by Barthelemy (2018). 

The first mechanism refers to the addition of in-between connections (infill) resulting in 

the increase of street density. One such situation arises from the subdivision of former 

industrial sites upon the abandonment of the activity and the removal of the large-scale 

sawtooth factory buildings and plants. The second mechanism, exploration, describes 

the creation of new networks adjacent to non-urbanised parts of the city slowly or all-at-

once. For example, with the expansion of the water supply network in vineyards, 

nonurban territories are explored. Both processes may operate in either peripheral parts 

of the city or central areas, taking into consideration traces of historic configurational 

structures. However, this is not necessary. Hence, when older infrastructure is not close 

by or present, there is little intention of integrating the new grid into the old. This points 

to a third ‘mechanism’ of street formation, that of invention, where new and different 

types of infrastructure emerge, often ending up competing with the established 

movement patterns. Such is the example of the motorway network inserted in gaps of 

the urban grid in the 1980s.  

In the case of growth by adaptation, street form is highly dependent on the existing 

infrastructure. Two main mechanisms can be identified then: extension and revision. The 

former implies the continuation of the grid to reach non-urbanised areas following the 

previous layout. During the second and third development phases of Cité Ouvrière, for 
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instance, neighbouring streets extend to accommodate the planned sequel scheme. The 

second mechanism, revision, refers to subtle in situ interventions on already laid-out 

roads through enlargement, alignment, trimming etc. in order to facilitate subsequent 

growth and enhance existing patterns of movement. Especially, during the twentieth 

century entire parts of the city are built according to this process. The northeast part of 

the city comprising of the quartiers of Europe Nouveau Bassin, Nordfeld, Wolf Wagner, 

and Drouot Barbanegre attract movement as a result of their grid transformation. 

Finally, the effects of these mechanisms can be either direct or indirect. When a new 

grid is created, the intention and impact to the existing network are direct: more nodes 

and links are added to the network increasing its depth and potential shortest paths. 

When existing streets are adapted, the impact is indirect in the sense that nodes change 

their role in the network to enhance movement flows in nearby but previously movement-

unsaturated areas. Since both mechanisms are present in settlements that evolve in an 

ad hoc bottom-up fashion, both these effects are expected to be found. 

The first section of this chapter (section A) sought to study how the street network of 

Mulhouse changed over time and understand the rhythms, effects, and mechanisms of 

these physical changes at the city scale. The next and final part of this chapter will focus 

on the residential area of Cité Ouvrière (CO) in an attempt to explore network evolution 

and change at the neighbourhood scale. The two provide insightful information about 

the understanding and definition of physical adaptability in the first element of urban 

form, the street network.  
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B. Network adaptability at the neighbourhood scale (part) 

For this part of the research, there are three main questions: how street form changes at 

this level, how it contributes to the ‘spatial sustainability’ of the area, and what is the 

spatial relation of the neighbourhood (part) with the city (whole). It is necessary to be 

reminded of two theoretical notions here: spatial sustainability and axial intelligibility 

(including synergy) introduced by Hillier (2009) and Hillier et al. (1987) respectively. 

Spatial sustainability raises the ability of a system to maintain its dual form as a 

foreground network of linked centres at all scales set into a background network of 

largely residential space as a result of its spatial form. This allows the system to be easily 

accessible from all spaces to all others. Axial intelligibility measures the degree to which 

a whole system can be read from its parts. In combination with synergy, which is simply 

a different kind of intelligibility, they identify correlations between local structures and 

the larger networks in which they are embedded. 

5.6.  The natural processes of network evolution 

5.6.1. Natural embeddedness within the whole 

The entire Cité Ouvrière was built in the first suburban ring of the city, at the northern 

periphery of the historic centre. It was bordered in the east by the rue du Faubourg de 

Colmar (part of the historic Basel-Bar-le-Duc royal axis and currently Avenue de 

Colmar); in the west by the rue de Pfastatt; and traversed in the middle along the Ill 

channel by the rue du Faubourg de Belfort, the regional route connecting Mulhouse to 

the town of Belfort (Figure 85). Its location between important industrial poles105 extra-

muros was strategic and offered the workers an immediate proximity to a large number 

of employment opportunities. In Chapter 3, I discussed the multiplier effect of how the 

scheme attracted further developments in the area. 

 
105 I mean the Dreyfus et Cie, Vaneber et Cie, and Engel et Cie factories in the north, the Thorens et Hartmann 
mechanic industry in the south, and the Faubourg de la Chaussée de Dornach in the west which features the 
Dollfus, Mieg et Cie (DMC) textile factory. The Faubourg de la Chaussée de Dornach should not be confused with 
the neighbouring village of Dornach. Instead, it is formerly agricultural land that was urbanised at the beginning 
of nineteenth century to receive some of the most well-known textile industries of the time. By 1830, the area 
concentrated half of the textile printing factories in Mulhouse, forming the centre of industrial productivity in the 
city (Jonas, 2003, p. 162). 
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Figure 85: The gradual development of Cité Ouvrière for the time periods t={1,2,3,4,5,6}. The white 
polygons indicate the location of industries. Source of background historical maps: Ville de Mulhouse. 

 

Figure 86: Street network transformations around Cité Ouvrière (white polygon). Circle radius ~950m. 
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During its construction, the form of the cité’s street network kept transforming. Figure 

86 shows the axial lines that have been created, demolished, and adapted over time for 

the 16 time intervals106. To identify these operations, I employ the same classification 

and detection method as in the larger scale study (see for reference Figure 65 and Figure 

66 in pages 195 and 196 respectively). The present figure clearly shows that within the 

limits of Cité Ouvrière interventions concern street additions when the first cité was 

being built (t[1,2]), and a combination of adaptations and creations in the subsequent 

phases (t[2,3,4,5]). Also, streets are mainly adapted through extensions of existing roads. 

However, after the completion of the scheme at the end of nineteenth century, the street 

network of the neighbourhood receives nearly zero interventions. If an axial line is 

highlighted by the analysis, this only occurs because of changes in the immediate 

surroundings of the area; and as axial lines represent ‘lines of sight’ instead of actual 

street segments, these lines may extend beyond the narrower limits of the project. The 

important observation here is that for the good duration of one century the configuration 

of the streets remains unchanged. This is the case until the 2000s (t[16,17]) where three 

roads are extended and a new one is added due to the recent expansion of the old 

scheme with the social housing experiment of Cité Manifeste on the upper east side. 

Meanwhile, while the local layout does not change throughout the years, its 

neighbouring grid continues to expand. Naturally, as the city grows, its urban 

boundaries shift; and subsequent densifications and explorations that happen in the 

city network as a result of its urbanisation mainly towards the north, encircle the area. 

What used to be the edge of a medieval historical centre once, ends up being an 

embedded part of the city over time. In other words, without receiving any changes in its 

street form, Cité Ouvrière transforms from a suburban settlement to a centrally located 

urban quarter107. I call this a slow ‘natural embeddedness’ process, according to which a 

part of the city succeeds gradually in being integrated into the larger urban grid (whole) 

without any particular local planning, but as a result of the incremental growth of the 

urban grid itself over time.  

To test the ‘natural embeddedness’ of Cité Ouvrière (part), I run segment angular 

analysis for the topo-geometric measures of integration and choice through time and 

 
106 These are the same time intervals used in the previous analytical part, namely 
t={1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17}. 
107 In fact, the scheme is very close to the historical and economic centre—21 minutes by foot or 6.5 minutes by 
car on average—where daily services, goods and public facilities are; but it is also adjacent to the quarter of 
Briand in the south, which is the second best served part of the city. 
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across scales. For a diachronic overview, I use the street network maps of each of the 17 

time periods at the global scale ‘n’ (radius metric 22600); while for the multi-scalar 

synchronic understanding, I take the most recent map (t[17]) and plot its centrality 

performance for 18 consecutive metric radii, from metric 100 to 11600 plus the global ‘n’ 

(r22600) (Figure 87 and Figure 88 for integration and choice measures respectively).  

Figure 87 supports the statement that Cité Ouvrière has over the years become part of 

the central core (‘hub’) of the city. The measure of integration highlights the progressive 

surrounding of the area by strong integrators at the global scale. These are major 

thoroughfares that link the core to the edge of the city (‘spokes’), while they gradually 

over time penetrate the area of the cité, facilitating its local-to-global connection. This 

translates into the potential of the Cité Ouvrière’s local grid to decrease its overall depth 

from all other spaces in the system, and hence, increase its degree of accessibility. So, 

while the streets do not physically change over time, their role and influence in the 

system does, affecting the spatial relationship of the neighbourhood with the city. 

At very close distances (r100-r500), the area forms a local centrality, which is limited to 

the internal part of the grid (see next section for explanation and discussion). Then, from 

the metric distance of 800 meters onwards, the accessibility potential gravitates towards 

the external part of the neighbourhood, and the main streets of the scheme (those with 

12 meters width). By the time radius ‘n’ (distance from all spaces to all others) is reached, 

long range movement lies at the interface of Cité Ouvrière with its surrounding quarters. 

While it separates the cité from its neighbouring areas spatially and functionally, it 

assists in the development of a sub-centre that benefits both. 

A similar inner-to-outer pattern arises from the segment analysis of choice (Figure 88). 

In the progression of metric radii, the through-movement structure ‘moves’ from the 

interior to the peripheral roads of the scheme. Specifically, within the middle-range radii 

(r800-r4100), streets with the highest values envelop Cité Ouvrière from the west, south 

and east sides, and also traverse it alongside the Ill canal (see for example map of r2500). 

Then, at the global scale ‘n’ (r22600) only two of the seven previously highlighted streets 

sustain their prominent centrality role. This is because these two form part of the long-

standing network superstructure of the entire region. Indeed, the diachronic analysis of 

the global choice pattern exposes the adjacency of the pre-urban superstructure to the 

site of Cité Ouvrière in the east in 1850; and its modest accretion ever since through the 

annexation of additional streets.  
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Figure 87: Evolution of integration values around Cité Ouvrière (highlighted in white) through time for 
radius ‘n’ (top) and across scales for t17 = 2015 (bottom). 
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Figure 88: Evolution of choice [SLW] values within the area of Cité Ouvrière (highlighted in white) 
through time for radius ‘n’ (top) and across scales for t17 = 2015 (bottom). 
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It seems therefore that Cité Ouvrière, consistently through time, features spokes of 

strong to- and through-movement that concentrate at the perimeter of the scheme but 

become more marginal inside it. The spokes establish then propitious edge-to-centre 

links at the global scale (foreground structure), in between which larger but less 

integrated residential areas are nested (background structure).  

This dual form can also be explained functionally. The peripheral main roads are prone 

to receive higher pedestrian movement flows and therefore, attract non-domestic land 

uses that rely on footfall. Meanwhile, the interior roads of the background network that 

have the potential to attract a lower degree of movement, make it harder for passers-by 

with no intention to reach them, to naturally find their way in; and thus, they remain 

purely residential areas.  

 

Figure 89: Land uses around Cité Ouvrière (white background) against a combined segment map of 
choice (black) and integration measures (greyscale colour palette). The thicker the segment line weight, 
the higher its centrality value. Source of base map: BDU Mulhouse. 

To test this, I recorded the non-domestic land uses inside and—just—around the area 

of Cité Ouvrière (Figure 89). Especially shops, restaurants, cafes, and micro-businesses 

seem to have settled along the perimeter of the neighbourhood—and foreground 
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structure—where streets with high global choice values can be found. Thinking of the 

street form as ‘movement economy’ (Hillier, 1996b, p. 126), locations that are more likely 

to concentrate movement in the city, tend to accommodate higher densities of non-

residential uses; and, in turn, attract more functions and movement, maximising social 

encounters and interactions in space over time. In contrast, the interstitial grid itself, 

whose configuration does not encourage moving through, remains purely residential 

and further restrains the co-presence of inhabitants and strangers. 

5.6.2. Natural area-isation of the part 

What the analysis showed so far is that Cité Ouvrière is located adjacent to the 

integration core of the system and is focally linked to strong integrators that facilitate 

longer range movement from and to the area. Yet as a primarily residential area, it forms 

mostly part of the background network of the city of Mulhouse. The syntactic analysis 

also touched upon the fact that at more localised scales, the Cité has the spatial makings 

of a centrality (see choice maps for local radii). In this section, I argue that this is not 

only a mere result of the street configuration, but also of its morphology. I use the metric 

measure of mean depth to provide evidence for the natural ‘area-isation’ of the Cité’s 

street form at different scales, meaning its identification as a morphologically distinctive 

area as a function of the placing, shaping and scaling of urban blocks (Hillier et al., 2007). 

By introducing the metric measures at this point, I shed further light on the form of the 

background network, which is important when studying residential areas.   

Figure 90 and Figure 91 display the outcome of metric analysis for five historic maps (t5, 

t7, t11, t14, and t17)108. I only plot the outcomes of four middle-range radii (equivalent to PC2 

and the neighbourhood centrality regime, as PCA analysis showed in 5.4.1). The maps 

clearly capture a ‘patchwork’ of semi-discrete morphologies of varying sizes, 

proportional to the radius of the analysis (Dalton, 2007). Metric mean depth picks up 

local distortions of the network as a result of the urban blocks’ placing, shaping, and 

scaling (Hillier et al., 2010). Ought to its intensified grid, Cité Ouvrière (marked in blue) 

is constantly spotted in the analysis as a distinctive local area. This is because the close 

physical vicinity of its network lines and their meetings at a right or near right angles 

contribute to a morphologically identifiable pattern. In fact, its ‘area-isation’ is a  

 
108 From the seven time periods identified in the previous section, these five are the ones that include the entirety 
of Cité Ouvrière. 
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Figure 90: Diachronic sequence of metric mean depth analyses for consecutive metric radii (800 
and1300). The maps overlay the global choice pattern (foreground structure highlighted in red) on top of 
the depicted local metric patchwork (black lines). The scattergrams on the right columns illustrate the 
‘metric signature’ of Cité Ouvrière. They plot the mean metric distance values at radius ‘n’ (x axis) 
against the mean metric distance values at the corresponding local radius (y-axis). The figure continues 
on next page. 

by-product of the original plan, which featured a dense and grid-like layout. These 

design characteristics spatially differentiate this from other areas in the city. 

When the global metric mean values are plotted (x axis) against the metric mean values  
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Figure 91: Diachronic sequence of metric mean depth analyses for consecutive metric radii (1800 and 
2500). The figure continues from previous page. 

for local radii, a series of scattergrams is produced, forming the ‘metric signature’ of the 

city (ibid., p.268). These graphs reveal a ‘pattern of peaks and troughs’ induced by the 

discontinuities of the grid (Turner et al., 2013, p. 86). The smaller the local metric radius, 

the sharper the peaks and troughs appear. Cité Ouvrière is consistently represented as 

a thin peak on the left side of the graphs, either clearly shaping the edge or being	hidden 

by higher peaks, like that of the historic centre. This indicates a metrically integrated 
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area across scales, which features low metric mean depth as a function of its grid 

structure and block size. Interestingly, throughout the years, the sub-peak of Cité 

Ouvrière ‘moves’ further towards the left, a trend which is common among the most 

historic parts of the network. Then, as the radii increase, the identified ‘patch’ of the area 

converges with neighbouring ones, forming larger morphologically distinct metric 

shapes. Eventually, at long distances, the differentiation between peaks and troughs 

disappears and the entire urbanised network ends up being read as a single formal entity 

within the region. 

Two more observations are made here. The first concerns the persistence of natural 

‘area-isation’ over time. Cité Ouvrière has been depicted as an urban patch since 1896, 

nearly the date of its completion (t5). This reveals that not only has the original layout 

been diachronically endured in form, which is expected since no transformations have 

taken place over the years; but also, that the particularity of its form has made it a 

diachronically identifiable local area regardless of how much the city expanded during 

the twentieth and twenty-first centuries. Hence, the notion of endurance underpinning 

this chapter, extends beyond the sole understanding of street network’s formation and 

growth, and pertains to the spatial identity of an area within its wider system. 

The second observation addresses the role of design in the process of natural ‘area-

isation’ of Cité Ouvrière. The small block size and generous street-to-block ratio—

conscious design decisions of the architect Müller—led to an intensified grid, which 

reduces travel distances from all spaces in the area. While it maximises the inter-

accessibility of the houses and thus, the intimacy between inhabitants, it does not do so 

at the expense of a domestic spatial culture that seeks to restrain the co-presence 

between inhabitants and strangers. Furthermore, the small buildings and blocks are 

incapable of accommodating a number of non-residential uses which normally demand 

larger areas, such as public, health, or educational services. This is another design 

decision which contributes to the same spatial culture. 

5.7.  The part-whole relationship 

By combining the topo-geometric and metric measures, I identified the spatial identity 

of Cité Ouvrière and its embeddedness in the larger city. Indeed, the neighbourhood 

forms a local patch of distinctive intensified morphology that supports a domestic 

spatial culture; and is marginally connected to the wider movement network through 

local-to-global elements that allow for micro-economic activities to settle down.  
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This structuring of movement, businesses, and co-presence along the edges of the grid 

reveals an area that is outward-looking and seeks to establish a good ‘integration 

interface’ with other parts of the city and the wider city itself. Hillier (1996b, p. 127) 

explains that a good ‘integration interface’ of city parts requires a well-defined 

relationship between localised and globalised scales of movement, especially in terms 

of integration. If so, then the assemblage of the parts does not lose its sense of the whole 

and the entire system can, therefore, be perceived as a functional city. In our case, such 

a well-defined relationship can occur if the internal structure of Cité Ouvrière is married 

to the larger-scale structure of the city grid in a way that ensures a simultaneous grasp 

of the local neighbourhood and of the system as a whole; namely, the movement 

structure inside the area, the connection of the local streets with their immediate 

globalised routes, and the relationship of these routes with the centre of the city. This 

part-whole relationship is fundamental for “linking the local ‘place’ to the global 

structure and [..for..] achieving that compression of scales—the sense of being in a 

locally identifiable ‘place’ and part of a much larger ‘city’ at one and the same time and 

by the same spatial means—which is the distinctive excellence of good urban design” 

(Hillier, 1996b, p. 179).  

Hillier uses two correlations to address this part-whole relationship: ‘axial intelligibility’ 

and ‘axial synergy’. These translate into the extent to which the global integration value 

of an axial line relates to the number of its immediate connections and its local value 

respectively. The higher the former correlation is, the more intelligible the system is, and 

one does not lose his or her sense of the whole while seeing and experiencing the space 

locally. The better the synergy correlation is, the better the integration interface between 

global and local movement is, confirming a well-defined part-whole relationship and a 

successful urban design. In fact, Hillier (1996b, p. 127) says that “the linearity [of the 

synergy scattergram] implies a good relation between local and global integration, the 

steeper slope across the regression line implies that the most integrated lines within the 

city, which are the lines from the outside towards the centre, are more locally than 

globally integrated”. Figure 92 plots the scatters, their regression lines, and coefficients 

of determination (R squared). Note that for this part of the analysis, I use the axial line 

maps and the measures of connectivity and integration109 at the topological distances of 

 
109 I refer to integration HH initially developed by Hillier and Hanson (1984, pp. 109–113) to allow for 
comparisons across axial maps which differ in size. In effect, they calculate the values based on the reciprocal of 
the RRA which in turn is the quotient of the RA value and the RA value of the root line in a diamond-shaped 
pattern. 
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radius 3 (three turns away from the root line) and ‘n’ (whose distance equals to 54 turns 

away). 

 

Figure 92: Axial intelligibility and synergy scatter grams to study the relationship between the part and 
the whole, namely Cité Ouvrière (blue) and the city of Mulhouse (grey). 

The first column of scattergrams compares axial connectivity against global integration, 

featuring points that represent the lines of Cité Ouvrière highlighted in blue and those 

of the rest of the city in grey. In a perfect correlation scenario, the points would form a 

straight regression line rising at 45 degrees, meaning that as axial lines get connected 

to more lines, they also become more integrated in the system. However, I notice that 

across all graphs the correlation for the entire city of Mulhouse is low. Lines that are 

more integrated in the system do not necessarily have more connections. In fact, the R 

squared value drops over the years, revealing that while the city has always been 

unintelligible, as the street network expands further during its urbanisation, it becomes 
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three times as hard to navigate through it110. In contrast, the intelligibility of Cité Ouvrière 

scores higher; not to overlook that it improves over time by twice the original coefficient. 

Again, this proclaims that the main streets at the periphery of the local area become 

increasingly part of the globalised movement, and through them, other spaces in the city 

become directly available. Expressly, once you are in the area, you are never really far 

from the globalised edge-to-centre structures. 

In the synergy scattergrams, the blue points of Cité Ouvrière form a nearly perfect linear 

scatter about the blue regression line, while they cross the main regression line (black) 

at a steep angle. Also, they cluster in almost a vertical pattern in higher integration 

values than the rest of the city. On the one hand, the linearity of the blue scatter implies 

a good relation between the local and global integration. On the other hand, the steep 

angle between the two regression lines indicate a distinctive sub-area that is more 

locally than globally integrated. The almost vertical arrangement of Cité’s scatter points 

suggests that while the globalised integration potential remains constant, the urban 

space in the Cité covers a wide range of local integration values, which works well for 

achieving different levels of privacy in a residential area and mediating the interaction 

between inhabitants and strangers.  

I can now draw the simple conclusion that Cité Ouvrière constitutes a small 

morphologically distinctive area with a good integration interface, namely a close 

relation to different scales of movement. Specifically, a great part of the movement 

within the area seems to be structured along the syntactically strongest streets at the 

perimeter of the scheme, which in turn seem to determine movement in and out of the 

area, from and to the entire city.  This is an important finding which echoes Hillier’s 

(2009, p. 01:8) words, that “the relative segregation of the residential area is in fact quite 

marginal, and does not generate the catastrophic fall in movement rates found, for 

example, in many housing estates”. 

To conclude, the analysis highlighted two main configurational characteristics of the 

street network of Cité Ouvrière. Firstly, its close proximity to the historic centre 

(integration core) and its adjacency to spokes of strong to- and through-movement 

helped the local network become gradually integrated into the larger urban grid during 

the incremental growth of the latter. In this process, both the localised (inside the area) 

and globalised (peripheral) scales of movement, especially in terms of integration, kept 

 
110 Dalton (2010, p. 118) admits that Hillier’s notion of intelligibility captures the effects of both the size and 
configuration of the system. 
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readjusting to shape movement flow patterns in and out of the area, from and to the 

entire city, and mediate the interaction between inhabitants and strangers within the 

purely residential area. This way the sense of being in a quieter residential area and part 

of a larger and busier urban system at the same time was achieved. Secondly, the local 

intensification of Cité’s network through the design of smaller scale urban blocks led to 

the formation of a morphologically identifiable local area, which managed to sustain the 

trip-efficiency and permeability of its structure over time. These two configurational 

characteristics enabled the local network of Cité Ouvrière to respond well to physical 

changes initiated outside the settlement layout and in the wider city network. 

In fact, the two locales under investigation, the city of Mulhouse and the neighbourhood 

of Cité Ouvrière, displayed different behaviours in terms of network evolution and 

adaptability. The former accommodated physical changes to ease movement at different 

scales, while the latter resisted changes to preserve and strengthen its spatial 

relationship with the former. In essence, as the network of the city grew and changed 

over time, that of the neighbourhood remained unchanged after its construction.  

The way the street network of the city of Mulhouse grew was by means of densification 

(infill), exploration (new grid following the traces of the old), and invention (new grid 

unrelated to the existing). It also changed and adapted by means of extension 

(expanding on the existing) and revision (refining the existing tactically). These 

mechanisms were externalised in three main formal operations: creations, demolitions, 

and adaptations, these are acupunctural changes resulting from splits, joints, 

extensions, trimmings, rotations, and slidings. The formal operations were affected by 

a set of social and economic conditions and affected the historical process of the 

formation of urban centres in Mulhouse. Specifically, creations and adaptations, 

irrespective of their location in the system, had a positive effect on network centrality at 

both the city and the neighbourhood scales. They contributed to configurational 

changes that in turn enhanced the accessibility potential in these two spatial scales, as 

well the structuring of movement from the one to the other.
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Chapter 6 

6. Growing Houses 

“Building and dwelling are essentially related. Man dwells if he builds.”                                                                                                                                                  
Martin Heidegger (1971) 

 

This chapter focuses on the residential scheme of Cité Ouvrière and looks at the typo-

morphological volumetric adaptations of the single-family houses from 1853 till today. 

By exploring the operations of change and their impact on built density and space 

consumption, the study seeks to understand how and why buildings change over time; 

what is the cumulative impact of individual adaptations on the larger scale; and what 

kind of constraints affect the degree of their adaptation. Implicit within this work is the 

idea that piecemeal transformations by the owners and long-term residents engage 

them with the future of their house and their neighbourhood, addressing in this way the 

urgent societal challenge of greater sustainability in the built environment. By looking at 

which formal conditions are more amenable to adaptations by users, architects can 

learn how to design housing that has the potential to be more adaptable. 

In detail, the chapter starts with a description of the transformative process after the 

completion of the scheme in 1897, understanding its origins. Then, it identifies different 
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formal operations, focusing only on those that have contributed to the exterior 

volumetric growth of buildings. The next part traces the morphological trajectory of 

housing growth based on historical building permits reviewed for a sample of houses. 

A combination of quantitative and qualitative analysis is used to measure the volumetric 

growth afforded by different building types, while shedding light into the agents that 

helped to shape it. The last part investigates the effect of formal operations and current 

regulations on the built density of individual building-plot compounds and of the entire 

neighbourhood. The goal of the chapter is to construct a comprehensive picture of built 

form adaptability as this unfolded in time, and to relate it to the co-evolving socio-

economic, legal, and physical constraints, embedded in the original design of different 

building types from different periods. 

6.1.  The making of a phenomenon 

In 1897, Cité Ouvrière comprised a total of 1,253 houses in four types: 38 terraced houses 

(T); 190 back-to-back houses (BtB) from the first and the second cités; 998 quarter-

detached houses in two variations, QD1 with two storeys and QD2 with one storey; and 

27 semi-detached houses (SD) from the last period.  

 

Figure 93: Figure ground plan of Cité Ouvrière as it is today, making the distinction between original 
footprints (white) and built-up areas (black). 

The delivery of the project ushered in a new ‘development’ period, one that was not 

planned by SOMCO, the industrialists, or the municipality. Soon after the completion of 

the scheme (but also during its construction), architectural uniformity started to get 

ruptured by the transformations made by the inhabitants and owners. A comparison 
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between the original and the current plan (Figure 93) demonstrates an average change 

in the covered surface area from 24% to 44%; an 82% increase within 120 years. 

Meanwhile, the three-dimensional model of Cité Ouvrière at its current state counts 

today a total number of 3,477 volumes added to the original houses, that is an increase 

of 68% in the total built volume. 

Date Type No 
Or. / Cr. 

Area 
(m2) 

Area  
(± %) 

Or. / Cr. 
GSI (%) 

GSI  
(± %) 

Or. / Cr. 
Volume (m3) 

Volume  
(± %) 

Ph01 T 28 46 / 85 +85 26 / 48 +85 369 / 545 +48 

(1853-55) BtB 76 39 / 62 +59 24 / 37 +54 274 / 366 +34 

 QD1 96 41 / 73 +78 24 / 44 +83 329 / 542 +65 

 Average 41 / 71 +73 24 / 41 +70 314 / 477 +52 

Ph02 BtB 114 28 / 56 +100 25 / 45 +80 193 / 320 +66 

(1856-70) QD1 356 34 / 69 +103 19 / 42 +121 274 / 466 +70 

 QD2 222 41 / 81 +98 25 / 47 +88 238 / 544 +129 

 Average 35 / 71 +103 22 / 44 +100 249 / 466 +87 

Mid QD1 38 41 / 83 +102 26 / 44 +69 224 / 595 +166 

(1871-86) QD2 142 44 / 76 +73 28 / 46 +64 241 / 483 +100 

 T* 10 104 / 157 +51 36 / 55 +53 1071 / 1410 +32 

 Average 47 / 82 +74 28 / 47 +68 282 / 552 +96 

Ph03 QD1 144 45 / 74 +64 28 / 46 +64 389 / 495 +27 

(1887-97) SD 27 65 / 82 +26 33 / 47 +42 545 / 713 +31 

 Average 49 / 75 +53 29 / 46 +59 414 / 530 +28 

*These terraced houses were added later in front of the central square of the first cité. They are much 
larger than the original 200 buildings and CCPM (2017) recognises them as R+2+C types (ground floor 
plus two floors and attic); however this analysis treats them as terraced. 
 
Table 16: Descriptive statistics of housing growth based on the three-dimensional model of Cité Ouvrière 
built by the author. Including the number of houses (No), original (Or.) and current (Cr.) footprint area, 
ground coverage (GSI), and built volume per housing type for each development phase, and their 
percentage change (± %).  

While these indicate a substantial growth, they do not recognise possible differences 

between the various sub-parts of the neighbourhood and between the various 

typologies. This is why Table 16 breaks down the built form of Cité Ouvrière into 

construction phases and house types, and calculates their average original and current 

footprint area, ground coverage, and built volume values as well as their percentage 

change.  

The first obvious observation is that all houses have been densified in time (positive 

percentage change), but they have done so in different degrees. Based on the 

chronological period of construction, the houses of the second and mid periods are the 

ones that exhibit the greatest growth; the ones of the last period are the least affected 

(only 28% increase); and those of the first cité range between the two (52%). Specifically, 

buildings from phase two, especially the BtB and QD1, have on average doubled their 
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footprint and plot coverage, while the two numerically dominant types of the 1871-86 

period (QD1 and QD2) have doubled their volume but not quite their area; meaning that 

the first have extended more in the direction of the ground floor (horizontally) whereas 

the second have been extended vertically.  

In fact, the types that now seem to score the highest percentages of change are those 

that used to be small—if not the smallest—in the original project. I refer to the reduced 

BtB houses of phase two; the new single-storey QD2 type introduced in the second cité; 

and the two smaller QD versions of the second and mid period. Chapter 3 discusses the 

evolution of the project’s construction and how increasingly smaller typologies were 

introduced by SOMCO as cheap solutions for the less well-off workers. This was not 

the case for the third and last period, which built the largest and most expensive 

buildings. Today these big houses have only been moderately altered (+53% and +28% 

in area and volume), while the above-mentioned small houses have grown to a much 

greater extent (+95% and +106% in area and volume).  

A second observation relates to the differences between housing typologies. The three 

British inspired typologies of semi-detached and row houses (BtB and T) demonstrate 

a modest percentage increase in relation to the French carré mulhousien. With regards 

to the plot coverage percentage increase, terraced houses range on average between 

53% and 85%; back-to-back houses between 54% and 80%; and the semi-detached 

houses have been densified only by 42%. In contrast, quarter-detached typologies cover 

a wider variety of built intensities, from 64% for buildings dated from the last period to 

121% for houses of the second cité.  

This becomes more evident if we look at the numerical values of volume. The bigger 

houses, the terraced houses and semi-detached ones, display an increase of 31%-48% 

in volume, and among them the bigger ones in the mid and third period score the least. 

The back-to-back typologies belonging to the first and second cité have expanded their 

volume by 34% and 66% respectively, with the latter starting with a significantly smaller 

area.  However, by far the most impressive growth can be seen in the quarter-detached 

houses. Especially the carrés mulhousiens from the second and mid period have 

doubled, affording at some instances an excess part of more than twice the size of the 

original building.  

These observations lead to two main findings. First, the quarter-detached houses have 

on average changed the most over time. This may give away that there is something in 

their particular design that make them more amenable than others, in the sense they are 

capable of affording greater physical growth over time. The second finding is that the 
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larger houses of the third period present a lesser degree of densification. For example, 

if we focus on the same type (QD1), we can see that there is a difference in the 

performance of its forms built in different construction phases. Specifically, those of the 

first cité have received an increase of 78% and 65% in area and volume; those from the 

second period an increase of 103% and 70%; the next ones an increase of 102% and 166%; 

and the last ones built only an increase of 64% and 27% respectively. What mainly 

differed across the four periods was the size of the original building. Therefore, it seems 

that besides the type, physical adaptability also relates to the size of the house; arguing 

that the smaller the houses, the greater the potential and need for subsequent 

adaptations and, design permitting, the greater their tendency for volumetric growth. 

 

 

Figure 94: Top: Number of added volumes (adaptations) per original plot, indicating the counts per 
class. Bottom: Percentage change of volume per original plot. Intervals are specified in quantiles. 

The next exercise tests these findings by mapping the number of volumetric adaptations 

and the percentage of volume change for each individual plot in the original scheme 

(Figure 94). The two maps are not only informative for understanding different degrees 

of adaptability among construction phases and building typologies, but they are also 

indicative of the distribution of these degrees within the scheme. 
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The first cité (Ph01) is characterised by few adaptations and low percentage of change. 

While the terraced houses in this part seem to accommodate a number of adaptations, 

their volume is hardly altered; in contrast, the quarter-detached houses have fewer 

adaptations, but their volume increase is substantial, in some cases equalling to that of 

an original house (more than 100% change). In contrast, there is clearly a vigorous 

volumetric growth of the houses from the second and mid period. In fact, the highest 

percentages of volume increase are achieved by the small QD2 types, especially those 

situated on the internal part of the scheme rather than the houses at the edges. This may 

be for reasons of visual inspection, meaning that the houses at the centre of the scheme 

are less visible from the passers-by along the wide and peripheral roads and thus, more 

prone to physical exterior changes—especially illegal; however, this is not a definitive 

conclusion. Meanwhile many back-to-back houses of the second phase appear to have 

more than 3 adaptations per plot; yet, the volumetric difference between their current 

and their original state is minor. This pattern is similar to that described above for the 

terraced houses, validly inferring that the row houses in Cité Ouvrière have mainly 

afforded small changes that occur on the ground level (justified by the sharp increase in 

the GSI percentages). It can be argued that it is easier for these types to extend 

horizontally than vertically, given there is available open space on the plot. Indeed, the 

geometrical dimensions of the original plots offer a possible explanation. The BtB 

houses of the second phase are located on plots of 23m deep and 5m wide, while the 

terraced houses of the first phase are on 30m by 6m plots, which leave around 100-140m2 

of land available to occupy between the building and the street. 

This mapping exercise confirms the second of our previous findings; that the larger 

houses of the third period have only undergone few modifications and a minor 

volumetric growth, partly because they did not have so much pressure to do so. The only 

exception to this are the houses on the west side of the scheme at the intersection of the 

two peripheral and main roads (rue Madeleine and rue Pfastatt), which, Chapter 5 

showed, form part of the city’s edge-to-centre globalised movement and are thus prone 

to receive pedestrian natural movement. Finally, at first sight changes seem to be 

randomly distributed in space; yet, percentages of change tend to be clustered over 

space, demonstrating the strong influence of the original built forms’ type and size. 

6.1.1. The causes 

The above already hint at some of the reasons behind the making and the extent of this 

phenomenon. As previously explained, one of the major drivers of physical adaptability 

was the small size of the originally provided houses (cause 1); particularly those built 
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during the second and mid development phases. The drastic cuts in living space were 

part of SOMCO’s experiments to test cheaper housing solutions for poorer workers 

amidst economic recessions. These types were more affordable and thus, popular 

among the workers; however, they did not provide sufficient space and eventually, 

underwent extensive modifications (Figure 95h). In fact, some of them had already been 

found inefficient and were withdrawn from production during the construction period. 

Jonas (2003) notes that the QD1 type of 42m2 and the QD2 of 30m2 were considered as 

failures and were both abandoned after 28 instances.  

It was after the survey of 1867 that the industrialists realised the justifiable need of 

workers to add new spaces or appropriate existing ones, like stores and attics—which 

were not designed for immediate occupation but were available for use if required— in 

order to accommodate extending family structures. Indicative of this is that in their 

collection of working-class houses Müller and Cacheux (1889, Planche 2) discuss how 

the ground-floor houses of QD2 type were built to provide a larger footprint area as well 

as to allow for a vertical expansion by raising an additional floor(Figure 95h). SOMCO 

thought the possibility to physically adapt one’s own house was innate in a ‘do-it-

yourself’ approach which was common practice in low-income working populations 

with scarce resources (Jonas, 2003). And so, providing the workers with small houses 

was an implicit invitation for them to physically adapt them. 

A second reason for the rise of the phenomenon is given by the Comité d'utilité publique 

[public service committee] of SIM in 1888: “the dwellers, under the pressure of paying 

off the mortgage loan debt, wanted very often to generate a source of income by renting 

out a room or even a small flat, which gave birth to all these extravagant additions of 

gables and of annexes”(ibid., p. 239) . In view of this, SOMCO eventually turned to larger 

houses during the third and last development phase; but even there, minor 

modifications have been recorded. So, while this motive does not explain the whole 

reality, it sheds lights on the internal logic of household finance as one of the reasons 

behind housing growth (cause 2). 

Furthermore, through the archival research of historical building permit applications for 

520 original addresses, I was able to identify additional causes that contributed one way 

or another to the process of extensive transformation of the houses in Cité Ouvrière: 

3 · Physical damage, maintenance, or poor condition. These could be either isolated 

events such as in the case of the BtB house of 31 Passage Bleu which got destroyed 

in 1988 after a gas explosion (Figure 95a); or collective incidents. For example, after 

the WWII bombings we see numerous applications for restorations (often targeting 
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the roof). Also, many temporary structures like sheds, were built without 

authorisation during the wars and were tolerated for their duration. In other 

occasions, surveyed houses were found to be unsafe or inappropriate for 

inhabitation and extensive reparations took place. Works of maintenance, including 

painting or plastering exterior walls and renovating or replacing older annexes and 

fences, were common practices. 

4 · Advancements and breakthroughs in technical and infrastructural developments. 

Domestic supplies such as sewage and drainage systems, drinking water, and toilet 

facilities were initially placed outside the house and were gradually integrated to the 

interior after the beginning of the twentieth century. In 1898, the owner of 26 Passage 

des Alouettes, asked to create a ditch for sewage purposes, and in 1901 the owner 

of 43 rue de Strasbourg, wished to remove an existing well at the corner of his plot 

(Figure 95b). Even more, after the decision of the municipal council in 1925 the site 

of the former pit at the corner of the plot was given for free back to the owner of 27 

Passage des Acacias and the infill had to be completed at his own expenses. 

5 · Similarly, the evolution of motorised transportation triggered a demand for parking 

and circulation which led to additional changes. On the one hand, due to the narrow 

width of the streets and passages, shacks for bicycles, bikes, carts, and motors 

started to spring up within the properties. On the other hand, the popularisation of 

cars for the supply of the workers and of the market necessitated the municipality 

cutting off the street blocks’ corners (Figure 95c) to facilitate the turning of vehicles. 

Meanwhile, sheds with a prior different use were converted into garages (Figure 95e) 

and fences were adapted to accommodate car entrances. A similar technological 

evolution affected construction materials too, and the first wooden sheds were 

slowly replaced by new ones made of more durable materials like concrete blocks or 

bricks. 

6 · Changes in human activities deriving from the opening of micro businesses in the area. 

Upon the closure of the Société de consommation des cités ouvrières, residents and 

artisans installed non-residential uses within their houses like workshops, bars, and 

market gardens; or converted entire buildings into hostels and restaurants. In some 

cases, the activities perpetuated for years, like the bistro bar in 28 rue Louise which 

ran from 1908 till 1966 when it was converted back to housing. Therefore, adaptations 

were required to provide the spatial and infrastructural conditions needed for the 

operation of the businesses. A few examples include the installation of special 

machinery, like the meat processing device and refrigerator in 1909  and 1928 in 1 

Passage des Lauriers (Figure 95d); the expansion of kitchen and washrooms in the 

diner of 15 rue Madeleine; and the modification of the facade with new openings, like 

vitrines, usually accompanied by the attachment of advertisement signs. Some of 

these signs would announce a grocery shop (later a tobacco shop) in 17 rue Gustave 
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Doré, a business that sells charcoal and wood for heating purposes in 1-3 rue des 

Faisans, a 1898 locksmith and plumber workshop in 27 Passage des Alouettes, a 

brasserie dated from 1921 in 1 rue Lavoisier, a funeral office in 31 rue Dollfus in 1914, 

or a boulangerie from 1928 in 60 rue de Strasbourg (Figure 95i). 

 

Figure 95: Submitted documents for building permit applications. a. 1988 explosion in 31 Passage Bleu; 
b. 1901 removal of well in 43 rue de Strasbourg; c. 1932 cut-off corner of 22 rue Lavoisier; d. 1908 
installation of a bistro in 28 rue Louise; e. 1960 conversion of a workshop to garage in 32 rue des 
Faisans; f. 1996 aesthetic improvement of added volumes in 1 Passage Bleu; g. 1976 modification of the 
facade in 118-120 rue de Strasbourg; h. 1943 horizontal and later 1945 vertical extension of a QD2 type 
in 17 rue Louise; i. establishment of public facing for a bakery in 60 rue de Strasbourg. Source: Archives 
de Mulhouse.  



 

258 

7 · Conservation of the architectural and aesthetic aspect of the neighbourhood established 

by the 1910 municipal Ordonnance de la Police du Bâtiment111. Of course, most of these 

changes hardly contributed to the volumetric growth of the houses; yet they focused 

on the alignment of volumes and heights (Figure 95f), on the visual permeability of 

fences, on the maintenance of the garden system, and on the rhythmic perforation 

of the facades (Figure 95g). This was the rationale behind the houses in 5 Passage 

des Lauriers and 18 Passage des Alouettes, whose roofs were raised by 80cm in 1949 

and 50cm in 1931 respectively to comply with the existing volumetric landscape. In 

fact, the articles 10 and 11 of the POS regulation suggested the alignment of new 

structures with existing ones—even if the latter were illegally built within the setback 

zone from the street—for the harmonisation of the end result. The objective was to 

promote visual continuity and consistency across the physical transformations. 

8 · Ownership, especially the succession of multiple owners and tenants through time. 

Chapter 3 chronicled the settlement of factory employees, skilled and unskilled 

workers in Cité Ouvrière; the subsequent intrusion of traders, artisans, and retired 

or widowed bourgeois; the addition of managers and foremen in the third cité; the 

arrival of rural and foreign populations in search for employment to nearby 

industries; and the recent dominance—after Mulhouse’s deindustrialisation—of 

people working in intermediate professions, the construction industry, and support 

services. These successive changes contributed to houses changing hands many 

times, even though residents used to stay there for a long time. Based on the archival 

data collection for 529 addresses, houses were owned on average by three different 

families over a period of 100 years. The residents, who had different cultural 

backgrounds and thus, different traditions and needs, helped to ensure a diversity 

of formal transformations and outcomes. 

9 · Visual exposure, inspection, and negotiation to formal possibilities. On the one hand, 

built forms were shaped through trial and error, and well tested solutions were 

replicated should they be seen by local neighbours. Changes that were highly visible 

from neighbours were susceptible to contagious diffusion particularly to residents 

living nearby—the 'neighbour effect' (Whitehand and Carr, 2001, p. 167). For 

instance, there was a building permit submitted in 1975 for a vertical expansion of a 

house in 43 Passage Montebello, where the applicant had included photographic 

documentation of existing extrusions in the Cité so as to ‘normalise’ their request 

and be granted the authorisation after the initial rejection. On the other hand, prying 

 
111 Or §1 Verordnung zum Schutze des Ortsbildes von Mülhausen in German. 



 

259 

neighbours could report illegal constructions to local authorities, similar to what 

happened in 1900 in 6b rue Lavoisier for a shed in the garden.  

10 · So besides inspection, negotiation was the other side of the coin; for the building 

permit applications to be approved, the residents needed the written consent of the 

immediate neighbours. On occasion, adaptations could be fairly contested, like in 

the case of the BtB house of 8 rue Lavoisier, whose balcony’s protrusion in 1992 led 

the neighbours of 8b rue Lavoisier to make a formal complaint in 2001 because the 

terrace directly overlooked their garden and deprived them of their privacy.  

6.2.  The chronicle of growth 

6.2.1. Formal operations 

It has now become clear that since the end of the nineteenth century the inhabitants of 

Cité Ouvrière have made extensive modifications to their houses. They have expanded 

and demolished their houses; have changed the roofs, facades, fences, doors, windows 

and gardens; have opened and closed down local shops and workshops; have rented 

out and sold entire buildings or parts of them. Furthermore, it has become obvious that 

the same types of transformations have occurred in more than one type of house, forcing 

us to ask whether there are specific patterns of adaptations that can be captured in the 

housing growth phenomenon. Are there certain common formal operations, and if so, 

which are they; how and why did they emerge?  

The field survey and the archival research of municipal records shed light on the formal 

operations that the old industrial houses have afforded so far and the reasons for their 

occurrence. Here I only focus on those physical adaptations that impact the exterior 

volumetric articulation of the built form. Despite any micro-variations that might exist 

due to the system of individual property, eight categories of operations are 

distinguished and illustrated in Figure 96 for three housing types:  

1 · Join.  

This operation occurs after one or more units are joined together to form a larger unit. 

It is more common for the quarter-detached type to be combined with adjacent buildings 

next or behind it. Sometimes, houses were joined and occupied by a single family since 

their construction. This operation has created typological mutations: quarter-detached 

houses turned into semi-detached, terraced, or back-to-back; semi-detached to 

terraced; and back-to-back to terraced types. For example, since its construction, the 
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property of 60 Passage de la Salle d’Asile has been combined with the property behind 

it, 72 rue de Strasbourg, forming one terrace plot from the outset. Equally, the houses of 

15- 17 rue Madeleine and 17-19 Passage des Acacias have been joined in one detached 

mixed-use building in 15 rue Madeleine. 

 

Figure 96: Formal operations of the three main building types in Cité Ouvrière. 

2 · Subdivide.  

This is the opposite operation from the previous one. Upon becoming owners, the 

inhabitants not only rented out or sold part of the houses, but they also sold part of the 

land. It was easier, and thus more common, for the squared plots of the quarter-
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detached types because their lengthwise or frontage division could allow both 

subdivided plots to maintain street access. From the 397 surveyed QD properties, seven 

have been split into two parts. One example is the owner of the 74 rue de Strasbourg 

who in 1898 doubled their original QD house and then divided both the building and the 

plot into the 74 and 74b rue de Strasbourg. 

3 · Extrude.  

This operation refers to the increase of a building’s height, usually by adding one or 

more storeys. The Règlement du Police du Bâtiment (RPB) of 1892 provided that the 

houses of the Cité shall have R+1+C112, ground floor plus one floor and an attic. The 

minimum height of the main floors was 2.8m, and that of the attic was 2.5m. The 

regulations originally limited the height of principal buildings to 7.5m featuring a raised 

ground floor of at least 0.7m. However, the recent revised PLU (Ville de Mulhouse, 2019) 

defines the maximum height of buildings in the UP3 zone to 11m (to the ridge), unless 

this has already been surpassed in which case volumetric alignment is preferred. 

Besides the main building, extensions and outbuildings were also extruded. 

4 · Extend.  

This operation mainly refers to horizontal extensions at the ground level, either through 

the addition of habitable rooms with interior connection or the elongation of existing 

ones. Predominantly, the quarter-detached houses extended sideways, mutating to 

back-to-back types. It is indicative that from the original 998 QD houses, only 572 survive 

today. The row houses could only extend towards the front, and back for terraced. In 

less than 35 years, six out of the first ten terraced houses in rue Chevreul featured 

extensions in their backyards. The direction of extension was very much defined by the 

building-plot configuration and the regulations, namely the building line, the distance 

from neighbouring property, and the setback zone from the street (6m and 2m for QD 

and row houses respectively). 

5 · Add shed.  

This operation considers solely detached annexations within the plots. Common 

annexations in the front or side yards include garages, gloriettes [garden houses], 

 
112 Apart from the terraced houses that were built in the mid period in the first cité; these are R+2+C with a 
maximum height of 18m (CCPM, 2017). 
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shacks for domestic activities like storage and laundry, and outhouses for non-domestic 

uses; 22 of those uses were recorded in the archives, describing workshops, shops, and 

livestock farms. Some sheds housed pigs, goats, or hens like the one which got 

demolished in 1893 in 28 Boulevard du President Roosevelt. Annexations have always 

been subject to a number of regulations with regards to the building line, setback zone, 

accessibility, dimensions, distance from the main building, the street, and the 

neighbouring limits. From 1892 to 1957, the RPB dictated a minimum distance of 4m from 

the street, 3m from the principal house, and a maximum height of 2.8m. In 1958 the local 

authorities decided to limit the construction of annexations, imposing a maximum area 

of 17m2—or 22m2 if there was no other construction in the plot—and a height of 2.6m. 

Since the POS of 1977, the minimum distance of the sheds from the property limit has 

been 3m, while the distance from the street varies from 2m to 6m depending on the plot 

dimensions. 

One in five recorded houses had a gloriette, and at least two-thirds had a garage 

structure unincorporated into the main building. According to the RPB, gloriettes had 

to have standardised dimensions: a length of 3.5m, a height of 3.2m, and a footprint area 

of 8m2. These built forms used to decorate imperial gardens, and in smaller sizes they 

could accommodate birds and climbing plants. Even though their purpose in the Cité is 

not entirely clear, they could not be used as warehouses, depots, or similar purposes. 

So, both their forms and functions seem incongruous at first in such a working-class 

settlement; but it makes more sense if we consider the reformist social model and the 

embourgeoisement the Mulhousian industrialists sought to achieve through housing. 

Garages were even more popular than gloriettes. They could be either integrated into 

the principal building or form an independent structure. To distinguish the two, I 

consider the first an ‘extension’, and the second a ‘shed’. For the latter, building permits 

were only granted on a provisional and revocable basis. Also, garages could not have 

their entrance directly on the street. At first, the setback distance was defined as 2m for 

QD and 6m for T and BtB houses. In 1958, the area, height, and distance from the main 

house were restricted to 17m2, 2.6m, and 4m. Then, the Règlement de la Cité of 1964 set 

the maximum dimensions of width (3m), length (6m), and ramp slope (20%); the 

minimum setback from the street (6m); and the possibility to access from the bevelled 

plot edge, which was later withdrawn. Since the 1970s, the POS regulations for the Hb 

sector have changed the minimum distance from the main building to 3m. 
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6 · Change entrance.  

This operation results in covered extensions adjoining the entrances to the houses—

allowing one for each house. They were almost enforced by the laying of sewage and 

drainage pipe networks in the 1910s and 1920s. At that time, contemporary technical 

advancements transformed the toilet system from septic tanks to WCs attached to the 

houses in the form of entrance porches as the most straightforward and economical 

solution—similar to the ground-floor back extensions of Victorian terrace houses in 

Britain (Brown and Steadman, 1991b). Basically, an infrastructural condition gave birth 

to a formal element that has been stamped on the architectural image of the 

neighbourhood ever since. Later, the Règlement de la Cité of 1964 controlled further 

extensions of these porches by limiting their size to 3m (or less than the half of the 

facade’s length) by 2m, and a maximum area of 8m2. Today, the permitted surface area 

has been decreased to 7m2. 

7 · Alter roof.  

This operation summarises every possible transformation of the roof structure, such as 

changes of inclination, the construction of dormer windows and skylights, roof rotations 

and divisions. At the beginning, residents were not allowed to inhabit the attic space; 

but alterations of the gable created mansard and gamble roofs that maximised 

headroom and allowed the installation of bedrooms. The RPB of 1892 established a 

minimum height of 2.5m and a maximum inclination of 60°. Furthermore, the width of the 

dormer windows had to be smaller than half of the roof’s width and placed at least 60cm 

from the roof edge. 

8 · Chamfer the plot.  

This operation applies to plots. It was very common for corner parcels after the 

introduction of cars as a means of transportation. The clipping followed the street line 

rules, and the cut-off corner was granted to the municipality for free113. The width of the 

cutaway ranged from 2m to 5m, depending on the plot type and the historic period. 

Indeed, the archival records illustrate an increase from 2m to 3.8m in the plots of QD 

types from 1912 to 1996; an increase from 3m to 5m in the plots of BtB types from 1932 to 

1973; and a steady 5m cutaway for the plots of T types. The function of the bevelled edge 

 
113 If more (than a corner) plot area was expropriated by the city, this was done against payment (100Fr./m2 in 
1932). 
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was to improve visibility at the crossroads; to enlarge previously narrow streets, and to 

facilitate the circulation of the cars. For example, in 1977 the owner of the quadruplex in 

15 rue Sainte-Thérèse was obliged to truncate both corners of their amalgamated plot 

for the widening of Lavoisier street, that was 5m cutaway from the North side and 3m 

from the South. During certain periods of time, the regulations allowed car access to 

take place from the clipped-off corner of the plot. 

The building permit applications reveal another ten types of changes, but these are not 

included in the formal operations because they do not contribute to volumetric or areal 

additions that affect built density and open space consumption. These are: demolition, 

painting/plastering, changes in the facade, drainage, interior, fencing, 

reparation/refurbishment, signage, changes in the land use, and in the ownership 

(mostly sales); a total of 18 types of changes included in the archival documents. 

The most prevalent of these additional types are the fencing and demolition. Fencing 

refers to the activity of putting up or renew the upright structure enclosing the plot area. 

All plots were obliged to have see-through fences made either of greenery or materials 

that allow perforation. Originally, their maximum authorised height was 1.8m, according 

to the RPB of 1892; gradually though, this was reduced to 1.5m in the 1960s until it 

stabilised at 1.6m with a plinth of max 0.4m in the 1990s. Regarding demolition, it is a 

volumetric operation with a subtractive effect on the building, which explains why this 

is not included in the above classification. It refers to the removal of a part of or an entire 

volume, be it the main house or an annexation. I observed that demolitions often 

preceded other operations to make room for them, for example, in the replacement of 

sheds, roofs, and entrances; and therefore, it is a common feature in all houses’ records. 

Nevertheless, it is worth mentioning that three out of the original 1,253 houses are now 

completely demolished, the QD buildings of 44 and 46 rue Louise and of 16 rue Sainte-

Thérèse. The original plots of the last two addresses have been absorbed by the 

adjacent properties, but it is not clear whether the first one will remain torn down or not. 

6.2.2. Mapping growth in time 

All of these formal operations have been recorded in detail for each house of Cité 

Ouvrière in the three-dimensional model. Figure 97 shows close up views of three parts 

of the scheme, the row houses of the first cité, the back-to-back houses, and the quarter-

detached houses of the second cité. The images make evident the volumetric difference 

between the original and the current built landscape. They also illustrate how the 

operations and their materialised forms have been combined and articulated around the 
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original houses; as well as the ways the designed building-plot compounds have 

physically afforded these changes. 

 

Figure 97: Isometrics of the three-dimensional model of Cité Ouvrière before and after the adaptations. 
Each snapshot corresponds to a different building type: terraced (1st row), back-to-back (2nd row), and 
quarter-detached (3rd row). 

Most importantly, the mapping exercise reveals many phenotypical variations that 

emerge from the application of a limited set of formal operations to the original 

standardised house types; because while these eight formal operations have been 

common across the entire neighbourhood, they have been externalised in different 

shapes and dimensions. In this sense, the original and unchanged houses are seen as 
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the genotypes and the individual houses with their changes are the phenotypes whose 

actual final form is shaped by spatial, financial and legal constraints, cultural norms, and 

local practices. It is then understood that on the one hand, there are fewer genotypical 

variations than phenotypical variations, for no situated phenotype looks the same 

(Figure 98). This has the advantage of producing a variety of formal outcomes and 

transforming an originally homogeneous settlement into a morphologically diverse 

scheme. On the other hand, the original uniform genotype and the repetition of the same 

formal operations—and their rules of being—bring rhythm to the scheme, ensuring a 

degree of consistency behind the ostensibly morphological disparity; yet, not at the 

expense of diversity. Hence, it can be argued Cité Ouvrière embodies now both (1) formal 

unity—instead of uniformity—thanks to the original genotype and the formal operations 

of its subsequent adaptations, and (2) formal plurality as a result of these adaptations all 

of which are phenotypical expressions of the same pattern language (Figure 99). 

 

Figure 98: Elevations of the three-dimensional model of Cité Ouvrière before and after the adaptations. 
Highlighted are the different building types: terraced (red), back-to-back (green), quarter-detached 
(blue), and semi-detached (orange). 

 

Figure 99: Formal unity and plurality in Cité Ouvrière. Left: Aerial view of quarter-detached houses. 
Source: F. Zvardon © Région Alsace – Service de l’Inventaire et du Patrimoine, 2007. Right: View from 
the first floor of a quarter-detached house in rue Salle d’Asile. 

It can also be argued that the three-dimensional mapping hints at the likely aggregate 

pattern of local and individual changes in mass housing projects like this. The 
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cumulative visual effect of all the physical adaptations can be easily recognised at first 

sight. The accommodation of some or all of the eight formal operations for each of the 

1,253 houses of the scheme creates a multiplier effect of physical adaptations. 

Effectively, what seems to be a local modification of a single building turns into an urban 

intervention and what seems to be an incremental growth at the level of the building 

leads to a “recognizable but not consciously planned” (Kropf, 2001, p. 39) densification 

at the neighbourhood scale, which brings a range of benefits to the city, including: 

shorter commutes, better access to private services (such as restaurants), cheaper 

provision of public services, and a lower carbon footprint (Ahlfeldt and Pietrostefani, 

2019). 

6.2.2.1. Tracing morphological trajectories 

While modelling makes it possible to compare the original and current stages of Cité 

Ouvrière, the archival research of historical building permits helps to trace the 

piecemeal evolution from the beginning till the present. Figure 100 maps the successive 

adaptations of one îlot (the statistical block of LI06) which features 16 QD1 houses and 

12 QD2 houses constructed during the second development period.  

The figure shows that soon after the completion of the houses (1870-99), the residents 

started to transform their houses, mainly the shorter QD2 types. The properties of 9-11 

rue Louise as well as those of 21-23 Passage des Alouettes were amalgamated. In fact, 

the owner of the second duplex built an extra floor with mansard roof and an extension 

with kitchen and workshop; so did the QD2 house in 27 Passage des Alouettes three 

years later. From the larger two-storey QD1 houses, two grew significantly with 

extensions on the side to make room for a larger kitchen and for a carpentry workshop 

respectively, doubling their original footprint area. Meanwhile, the owners of 13 rue 

Louise and of 7 Passage des Alouettes put up a goat shed and a gloriette respectively. 

The next fifty years (1900-49) were the most prolific in terms of transformations. First, 

entrance porches appeared in front of the houses; small at first (circa 1914) but bigger 

in size later (around 1922-23). Furthermore, almost all the QD1 houses in the middle of 

the block doubled their plot coverage through house extensions. And all but one of the 

small QD2 houses grew vertically, by adding floors and changing their roof structures. 

Meanwhile, the owner of 1 rue Louise built a shop overlooking the main road of Jean 

Jaurès; the owner of 17 Passage des Alouettes put up a sign for a charcoal, fuel, and 

brick selling firm; and the house of 15 rue Louise installed a vitrine in the facade for the 

bakery operating in the building. Another noticeable transformation in this period was 
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the split of 5 Passage des Alouettes to two properties (5 and 5b). On the plot of 5b an 

entirely independent building was erected. Last, all the corner plots, 12 in total, were 

chamfered for motors and carriages after the turn of century. It was in 1946 that the first 

garage appeared in this block, by transforming a gloriette on the land of 7 Passage des 

Alouettes to a parking spot. However, it was without authorisation and the authorities 

asked the owner to remove it; seven years later the garage was still there. In a similar 

spirit, the shed that owner of 1 Passage Alouettes built was also without permit but was 

tolerated for the duration of the war on the condition that it would be removed after its 

end. 

 

Figure 100: Housing growth of 28 quarter-detached houses from 1868 till 2018 (150 years). Descriptions 
of the transformations were retrieved from building permits in the Archives de Mulhouse. 
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The following decades (1950-99) saw the consolidation of the housing growth process. 

The main formal operation was the accommodation of parking spaces either within the 

principal building’s extension, or as garage sheds on the gardens. Ten properties added 

independent structures in the 60s and 70s; ten other integrated parking spaces—often 

semi-buried— into the horizontal extensions in the 70s and 80s; and three simply used 

the open space of the plot to park their vehicles. Beside this, the next most popular 

operations in this time period were the vertical additions on top of the already extended 

QD1 types, and the horizontal extensions of the already extruded QD2 types; namely, the 

inverse pattern of the previous period. This confirms our earlier finding that the larger 

QD houses extended first horizontally then vertically, whereas the shorter ones did the 

opposite: they first added a second floor and then extended towards the side or front. 

By now, the quarter-detached houses in the middle were fully extended on the side and 

got converted to back-to-back types. Also, some new formal elements, such as terraces 

and verandas, made their appearance and got copied from one house to another. Only 

within the LI06 îlot, terraces are to be found in nine buildings (3, 5, 7, 13, and 25 rue Louise 

and 5, 7, 9, and 11 Passage des Alouettes), most likely after neighbours of adjacent 

properties were visually exposed to that formal possibility. 

In this period, there were significant ownership changes, which coincides with the large 

influx of immigrants into the neighbourhood. For example, the amalgamated plots of 21-

23 Passage des Alouettes were divided, forcing the new owner of the 21 address to add 

more living space (78m2). Indeed, three sales were recorded on paper. Specifically, the 

property of 9 Passage des Alouettes was sold in 1997 for 180,000Fr., while the property 

of 21 rue Louise was sold six years earlier for 300,000Fr. At the time of the sale the two 

houses had more or less equivalent sizes and similar number of adaptations. Even 

though many factors might have influenced this value difference, one of the possible 

causes could be that the second property is located on a wider and more centrally 

located street; a street which, as Chapter 5 shows, has since its creation presented a 

high potential for passing-through movement, and an above average configurational 

propensity to support a local sub-centre at the neighbourhood scale. However, the 

relation between the value of houses, the centrality value of the streets, and the number 

of adaptations is not statistically tested; there is not sufficient data and it extends 

beyond the purposes of this study. 

6.2.2.2. Quantifying the archival data 

Recreating the physical adaptations in chronological order is vital in building a narrative 

description of formal growth over time. First, it sheds light on the temporality of the 
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phenomenon like the sequence or duration of events; second, it exposes relations 

between spatial forms and cultural norms, as in the case of garages or terraces; and 

third, it points out differences between the two variations of the same QD typology.  

From this microscopic and detailed account of the incremental growth of 28 houses in 

three street blocks, the next step is to trace this process at a more macroscopic level, 

relying on the archival data gathered for the representative sample (520 original houses 

in 46 street blocks). The aim is to draw firmer conclusions on the synchronic and 

diachronic processes of housing growth. 

Table 17 summarises the findings for the 27 îlots (Figure 101). The îlots with the quarter-

detached houses are the ones with the larger number of houses (24 on average), 

followed by the back-to-back (15 houses on average) and the terraced with 6 houses on 

average per statistical block. Furthermore, the most prevalent formal operations across 

all cases are horizontal extensions (operation No. 4 or [04]), installations of sheds [05], 

and changes in the entrance [06], often expressed as additions of entrance porches.  

The highest number of physical changes is observed in the QD houses, especially in 

those of the second and mid development phases: a total average of 132 operations. 

Fourteen out of the sixteen QD blocks have so far accommodated more than 117 formal 

operations featuring on average four changes per house114. The exceptions are the LI13 

and LI14 truncated blocks on the north side of the scheme, and the LH17 and MB09 

blocks of the third and first period respectively, despite their houses having 36 years of 

difference on average. Interestingly, the houses of LH17 were originally built much 

larger, so there was less pressure to make changes, while the houses of MB09 were 

intended for occupation by the poorest of the workers with the least means to afford 

changes. In any case, the QD typologies have sustained all types of formal operations, 

apart from plot subdivisions [02] which are not encountered in seven of the sixteen 

blocks. 

Regarding the îlots constituted by BtB houses, there is a clear difference between those 

of the second period (LB12 and LB11), and those of the first (LY09, LZ14, and MB10). 

While the former display a high number of recorded adaptations—equivalent to that of 

the QD houses of the second and mid phases—the latter exhibit an average of 40 

 
114 The numbers are normalised and represent changes per house per 100 years instead of per year to decrease 
the number of decimals and express the numerical differences more clearly. 
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Phase Age Type Nh Nc C/H/Y 

Missing 
Changes 

Prevalent 
 Changes 

No O/H/Y Y/O/H 

LH04 3 105 SD 27 61 2.2 2.2 6;8 5;7 55 1.9 1.9 38 

LH17 3 110 QD 24 83 3.1 3.1 1;2 5;4 63 2.4 2.4 39 

LH09 2.5 123 QD 16 87 4.4 

4 

– 4;5;6 46 2.3 

1.9 

39 

LI12 2.5 124 QD 28 153 4.4 2 4;5;6 72 2.1 32 

LI13 2.5 125 QD 8 34 3.3 2 5;6 15 1.5 47 

LI14 2.5 126 QD 12 49 3.2 2 5;4 24 1.6 37 

LI10 2/2.5 127 QD 28 164 4.6 2 4;5 74 2.1 35 

LI09 2 128 QD 28 143 4 

4.3 

2 4;5 79 2.2 

2.2 

33 

LI08 2 129 QD 28 157 4.3 – 4;5 82 2.3 38 

LI07 2 131 QD 28 164 4.5 – 4;5 87 2.4 29 

LI06 2 133 QD 28 177 4.8 – 4;5 93 2.5 34 

LI05 2 134 QD 28 143 3.8 – 4;5 82 2.2 37 

LE07 2 141 QD 28 158 4 – 4;6;5 92 2.3 30 

LK12 2 142 QD 20 117 4.1 – 4;5 67 2.4 32 

LK01 2 142 QD 24 142 4.2 – 4;5 53 1.6 35 

LK06 2 143 QD 24 160 4.7 – 4;5 76 2.2 31 

LB12 2 144 BtB 20 100 3.5 
4 

1;2 6;4;5 55 1.9 
2.2 

32 

LB11 2 144 BtB 20 128 4.4 2 6;4;5 70 2.4 28 

LY11 2 130 T 5 28 4.3 
4 

2;6;8 5 12 1.8 
2.2 

47 

LY12 2 130 T 5 24 3.7 1;2;3 5 16 2.5 36 

LY08 1 145 T 4 12 2.1 

2.2 

1;2;3;7;8 5 7 1.2 

1.6 

66 

LY17 1 145 T 4 8 1.4 1;2;3;8 5 9 1.6 53 

LZ12 1 146 T 10 45 3.1 1;2 5;4 28 1.9 36 

LY09 1 145 BtB 10 41 2.8 

2.3 

1;2 5 38 2.6 

2.1 

28 

LZ14 1 146 BtB 17 42 1.7 3 5 49 2 35 

MB10 1 147 BtB 10 37 2.5 – 5 25 1.7 38 

MB09 1 146 QD 36 142 2.7 2.7 2 5;4 108 2.1 2.1 35 

 
Table 17: Descriptive statistics for 27 statistical blocks (îlot), including the construction phase (Ph), average house age (Age) 
based on Figure 20 (page 102), building typology (Type), number of houses per block (Nh), number of volumetric changes per 
block (Nc) including demolitions [09], number of changes per house normalised for 100 years* and averaged per type and 
phase (C/H/Y), types of changes that did not occur (Missing Changes), frequent types of changes (Prevalent Changes), number 
of owners (No), number of owners per house and 100 years* and averaged per type and phase (O/H/Y), and number of years 
per owner per house (Y/O/H). * The numbers are normalised by the average house age and multiplied by 100 for clarity. 

 

Figure 101: The representative sample of archival research, 27 selected îlots and 520 houses. 
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changes for 37 houses, meaning a normalised average of 2.3 formal operations per 

house—just above the half of those observed in the blocks of the second period. Herein, 

plot subdivisions are again the least frequent types of changes.  

A similar low ratio of changes per house (2.2 in C/H/Y) is demonstrated by the three 

blocks of the first cité containing terraced houses (LY08, LY17, and LZ12). These were 

the house types seen as ‘market failures’ by SOMCO (see 3.3.3-4), who ceased their 

(re)production after 1855. The ‘failure’ cannot be attributed to the low number of 

adaptations but rather to the fact that they were expensive to build and sell. Besides, the 

terraced houses completed after 1870 (LY11, LY12) alongside rue de Strasbourg and 

opposite of the main square of the first cité (Appendix C) feature a much higher ratio of 

changes (4) , equalling that of the smaller QD houses (Ph02).  

Interestingly, the same discrepancy in the degree of transformation is observed between 

the BtB houses of the first and the second period; a difference of 1.7 physical changes 

per house in favour of the most recent dwellings (Ph02). One—but not the only—factor 

for this is the reduction of the dwellings’ physical dimensions. Specifically, the building 

depth decreased from 6.7m to 4.7m on average and the frontage-width shrank from 5.6m 

to 5.4m, which, as Brown and Steadman (1991b) have previously found, increase the 

need for extensions to provide for extra living space.  

In both the T and BtB houses, the most prevalent operations are the horizontal 

extensions [04] and the sheds [05] erected in the front and/or back yards owing to the 

availability of land on the plot. Notice that both the blocks of SD and T houses have 

fewer changes in the entrance [06], amalgamations, subdivisions, and chamfers of plots 

[01,02, and 08] because they were built very close to or exactly at the plot edge, i.e. LH04, 

LY11, LY08, and LY17. 

Now in order to measure changes in ownership, I relied on the family names of 

applicants (and owners) for each address. It should be noted that the numbers provided 

in Table 17 are only to be treated as proxies rather than precise data. This is because 

they were retrieved from the building permit applications, meaning that if owners did not 

wish or were not able to make changes or made them informally, their proprietorship 

was not recorded. Nevertheless, there is still some consistency among the numbers, 

which implies that a certain level of trustworthiness in the data exists. 

Overall, there is little variation in the (normalised) average number of owners per house, 

from the lowest 1.2 to the highest 2.6. Particularly, the QD and BtB houses, and the T 

houses of the second period, demonstrate the highest ratio of owners per house—more 
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than 2.1 O/H/Y—with the LI13 and LI14 truncated blocks being once again the outliers of 

this trend. Meanwhile, the terrace houses of the first cité seem to have changed the 

fewest hands. 

Perhaps, the most striking comment to be made here is that the majority of the blocks 

with a high ratio of owners (O/H/Y) demonstrate a high ratio of physical changes 

(C/H/Y) independent of the period of ownership (Y/O/H). Nine out of the thirteen blocks 

with the highest ratio of adaptations (above 4) have an average of more than 2.2 owners 

per house. Evidence for the reverse appears to have a substance as well, meaning blocks 

with fewer adaptations had fewer owners that lived in the house for a longer period of 

time. More than half of the remaining fourteen blocks present an average of less than 1.9 

owners per house. Essentially, the recorded data seem to tell that the first part of this 

thesis’ assumption, namely that the inhabitants who reside longer in their houses are 

more likely to have materialised more changes over time, cannot be supported. A 

possible reason could be the socio-demographics, notably as the houses age and 

residents tend to stay put, their average age rises too. Mature households are less likely 

to instigate changes. 

A last comment can be made about whether there is any relation between the location 

of the houses and their extent of adaptation. While Figure 51 (page 176) shows some 

intriguing differences across the entire scheme—for example an intense vertical growth 

of QD houses in the north part of the settlement (LI07-12 of Ph02 and mid periods)—no 

clear conclusion can be drawn, as Figure 94 (page 253) implies, neither for the properties 

located towards the edges of Cité Ouvrière nor for those placed in-between. One reason 

is that the above level of data aggregation does not let us differentiate between end and 

mid properties within a statistical block. Furthermore, individual distances between the 

properties are very small and the entire neighbourhood has been naturally embedded as 

a whole into the city, which means that all houses have roughly the same potential for 

adaptation in terms of their accessibility (and transportation links). Yet, it can be 

observed a slight tendency of properties to feature changes of use alongside streets 

with higher movement propensity like the peripheral roads and the main East-West axis 

(see Figure 89 in page 240); but this will not be explored in greater detail here. 

6.2.3. The rhythm of change 

The above can be used to observe the evolution of housing growth over time from 1860 

to 2000. Figure 102 plots the total number of physical adaptations per year (only those 

whose exact date was recorded), and same as in Chapter 5, the slope of the line 
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graphically represents the rate of change (ROC), meaning percentages of change from 

one year to the next.  

 

Figure 102: Line graph of number of physical adaptations per year for the houses in the sample. The 
dashed black lines indicate the annexation of Mulhouse to Germany 1871- 1918, and 1940-45. 

Although peaks and troughs fluctuate greatly from one year to next, a smoothing curve 

can be used (dashed blue line) to distinguish that housing construction proceeds in 

cycles of alternating booms and slumps of approximately 30-40 years. I identify four main 

sub-periods within the century: 

1 · 1860-1922  

During this period, there is a gradual increase of the total number of morphological 

transformations from 0 in 1860 to 59 in 1922. Two peaks stand out, one in 1914 and one in 

1922 when many infrastructural works and thus, obligatory changes take place, such as 

the creation or enlargement of entrance porches to accommodate the WCs which can 

now be connected to the city’s sewage network. This period is marked by the 1870-71 

Franco-Prussian war which resulted in the annexation of Mulhouse to Germany. While 

the city’s network growth slows down after that, the physical transformations of the 

houses in Cité Ouvrière take off; tentatively during the first fifteen years (1870-1885), but 

more prolifically in the next 37 years, featuring 552 changes in total. In fact, the decade 

of the 1920s sees the highest number of transformations in the whole century (301). Such 

increase is helped by the industrial growth which brings economic prosperity to the city 

and encourages individual home owners to expand their living spaces. Meanwhile, the 

end of WWI—and of the German occupation—in 1918 generates greater demand for 

living space especially among the low-income populations. 
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2 · 1923-1945 

The rate of housing growth slows down during this period from 59 recorded operations 

in 1922 to only 5 in 1945. This decrease can be explained by the 1932 bankruptcy and 

WWII. The textile industry, of which DMC is part, suffered from the economic crisis of 

1929 and the inhabitants with a working-class background struggled to invest in making 

changes to their houses. The sharp drop is then followed by a five-year period of almost 

complete inactivity where transformations occur to very few individual cases and for very 

specific reasons related to the war. For example, while there are 88 adaptations between 

1935-40, only 29 are recorded between 1940-45. And in most of the building permit 

applications, residents ask to repair parts of their houses, and to repaint or recoat the 

walls. 

3 · 1946-1958 

After the war, the 30 years of unprecedented growth of France, known as the Trente 

Glorieuses begin. Among other national developments, building adaptations in Cité 

Ouvrière resume, reaching another peak in 1958 with an annual total of 39 operations. 

This is the year the first Code de l’Urbanisme is launched, being “characterized by a 

proactive approach rather than just regulatory and reactive” (Versaci, 2016, p. 8). It 

introduces the system of zoning in housing and divides the domestic building stock of 

the city into different sectors depending on their built density (Hueber, 1970a). Cité is 

classified under the sector of housing and commerce in high density (zone Hb). 

Meanwhile, the post-war technological advancements in architectural engineering and 

construction industry affect the number, type, and structural composition of formal 

operations. Among other things, the first prefabricated garages are introduced, with 36 

erected in 13 years. 

4 · 1958-2000 

This period starts with the second most prolific decade of the century, the 1960s, with 

268 operations in total, but ends with the gradual decrease of housing growth, from 28 

operations in 1969 to only 3 in 2000. Firstly, the 1973 and 1979 oil crises and the recessions 

of 1974-75 and 1980-82 do not encourage the worse off residents to invest in growing their 

houses. The DMC factory begins to shrink, and many workers are forced to look for 

another job, or even leave the Cité. Secondly, at this point, almost a century after the 

construction of Cité Ouvrière most of the houses are already built up, meaning there is 

increasingly less room for expansion. Extrusions and outbuildings like garages have 

filled most of the available open space, making the plots and buildings progressively 
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less amenable to further additions. Meanwhile, a more rigid regulatory framework is 

implemented. After the code of 1958, the first local plan of land uses (POS) is introduced 

in 1977 with the aim to determine the development of the commune. Cité is thus 

classified as a UP zone, a heritage area where new constructions are allowed but growth 

needs to be moderated in order to preserve its character. Mostly as a reaction to France’s 

history of demolitions115, this is part of national efforts to designate sites of historic or 

aesthetic value in order to conserve, restore, and enhance the contained built heritage 

(Versaci, 2016). All three reasons contribute to the deceleration of the development 

towards the end of the century. 

Figure 103 aggregates the data of executed physical transformations for each decade 

from 1860 till 2000. The width of the vertical bars represents the timespan of ten years; 

their height indicates the total amount of formal operations recorded in each period; and 

the segments in the bars represent different categories of formal operation116. In 

essence, the chart breaks down and compares the prevalence of individual operations 

per decade. 

Property joins [01] mostly happened in the 1880s and 1890s before the construction of 

Cité Ouvrière had finished. From the 21 original plots that amalgamated, 7 did that in a 

single year (1897). Few of these changes were also realised in the 1920s. Plot divisions 

[02] were the least popular operations (only 9). While a third of them took place in the 

1890s, the rest are scattered in time. Next are buildings’ extrusions [03], which were 

recorded in all but one decade (1860s). Once again, changes began before the 

completion of the project, and continued soon after it. For example, 45 vertical 

extensions appeared in the course of 20 years from 1890 to 1910, when Mulhouse was 

part of the German Empire. Yet, the popularity of extrusions (162 in total) cannot 

compare with that of horizontal extensions [04] including entrance porches [06] (860 in 

total). They occurred frequently after 1873 but gained particular momentum in the 1920s 

(187) because of the attachment of WCs right by the entrance. Quite a few horizontal 

extensions were realised in the 1960s (92) and 1980s (84). Next, sheds [05] were the 

second most popular physical adaptation. In the 520 of the representative sample, there 

were 640 recorded sheds with an accurate date, and another 153 which were discovered 

from drawings; more than one shed per house on average.  Whereas sheds had always 

been present on the land of Cité Ouvrière, they were particularly common in the 50s and 

 
115 See for example, the grands travaux implemented by the Baron Haussmann in Paris in the mid nineteenth 
century, and the grands ensembles of the post-war period. 
116 Extensions and entrances are merged into one for they are both considered as horizontal extensions. 
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60s due to the rise of car ownership. Then, roof alterations [07] were almost evenly 

spread from the 1880s and onwards. In eight out of the fourteen decades, residents 

changed their roofs around 14 to 20 times. Finally, plots chamfers [08] were made for the 

first time in 1901 but spread in the 1920s (14). Although this is theoretically a one-off 

alteration, in reality plots had to be re-bevelled after the 1950s and every time regulations 

defined larger width for the clipped-off edge. 

 

Figure 103: Stacked barplots of formal operations in Cité Ouvrière for each decade between 1860 and 
2000. The dashed blue line indicates the completion of the Cité Ouvrière scheme. 

6.2.3.1. Rhythmanalysis 

Two things therefore become obvious. Firstly, similar to the street network operations, 

formal ones are also meaningfully related to historical, economic and political events. 

Of course, the relationship remains acausal in the sense that none of the events 

occurred to affect or regulate constructions in Cité Ouvrière; besides perhaps from the 

policies at the local and national level. Secondly, different operations happen at different 

times, for different reasons, and may happen either concurrently and in combination 

with others or not. For example, the amalgamation and subdivision of one plot are 

chronologically mutually exclusive transformations and cannot have effect 

simultaneously.  

To better understand the rhythmic order and temporal relationship between individual 

formal operations through time, I plot their occurrence against the timeline of the study  
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Figure 104: Rhythmanalysis of formal operations from 1860 to 2000, plotting the number of 
interventions per time interval (using the same timeline as in the street network analysis of Chapter 5 so 
that the two are visually comparable). The numbers indicate the percentages of each formal operation 
in relation to the total number of physical changes recorded per time interval. 
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(Figure 104). For comparability purposes, I use the same graphic representation and 

time intervals as in Chapter 5. Each formal operation uses one vertical stave, which splits 

into fourteen time periods (bars), and the recorded operations are represented as 

horizontal lines spaced out evenly along the length of the bars.  

The figure communicates housing changes in a synchronic way as these occur 

piecemeal over the years. Densities increase and decrease from one time interval to the 

next indicating higher and lower frequencies of events respectively. During the first 20 

years of the project, adaptations were almost inexistent. The explanation would be that 

residents had not yet become owners of the houses. Only sheds emerged at that time in 

BtB and T houses of the first cité. After 1873, extensions, additions, and roof 

modifications began mainly in QD houses to create more liveable space within the 

buildings. Growth was accelerated afterwards, specifically between the 1903-11, 1920-34, 

and 1943-2000. Indeed, physical interventions compressed in these time intervals more 

than others. In descending order, first comes the period 1920-34 (t[8,9]), followed by the 

1956-68 (t[11,12]) and the 1943-56 (t[10,11]). Less but nevertheless significant transformative 

activity was observed in the 1982-90 (t[14,15]), the 1990-2000 (t[15,16]), the 1975-82 (t[13,14]), and 

the 1903-11 (t[6,7]). Three of these periods, 1903-11 (t[6,7]), 1943-56 (t[10-11]), and 1975-82 (t[13,14]) 

also stacked out as the most vigorous time periods in the analysis of the network 

evolution (see Figure 71 page 205). This in itself suggests there is a tendency for building 

changes to cluster over both time and space. 

Yet, the general observed trend is that physical adaptation of houses in Cité Ouvrière 

began after the physical adaptations of the streets in Mulhouse. This is an expected 

outcome considering the historical presence and persistence of the city since the 

medieval times. Furthermore, Cité did not even exist or had not been completed during 

the first four time intervals t[1-4] that from 1850 to 1896. Even then though, adaptations 

began quickly after the completion; not to forget that as Chapter 3 showed, adaptations 

had already taken place in the design stage during the 44 years of construction. 

As Chapter 5 indicated, when comparing the rhythms of the network and building 

growth, two patterns can be observed: either the layout of streets is concurrent to that 

of buildings, which is the case of Cité Ouvrière, an area formally planned and developed 

all-at-once; or the street network precedes the building construction—at least in spaces 

beyond the historic centre of the city117—, taking advantage of existing road 

 
117 There, as in many historical towns, the aggregation of buildings shaped the open space of circulation and 
movement.  
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infrastructure and movement connections. In what concerns adaptations, these follow 

the construction of both buildings and by extension of streets, for an adaptation to be 

applied it requires an existing form. This is the case at least in the context of a European 

housing scheme that this study deals with. 

6.2.4. Measuring growth 

6.2.4.1. Open space volume (OSV) and affordance (Abp) 

One of the most interesting points to make is that the adaptation score as it was defined 

in the previous chapter, meaning the ratio of the actual versus the theoretically possible 

number of adaptations, cannot be calculated the same way in the case of buildings. This 

is because the classified formal operations can happen more than once in one building-

plot compound and thus, the exact enumeration of all theoretical combinatorial 

possibilities is fairly complicated, if not impossible. 

Instead, what I propose is an alternative to compute the adaptation score of building-

plot compounds and their degree of affordance118 in receiving transformations in the 

future. For this I use the concept of three-dimensional spaciousness or the open space 

volume (OSV). I define OSV as the volumetric difference between the volume of the 

maximum bounding box or polyhedron (Vbb) which can be afforded in a plot according 

to the applicable building regulations119, and the volume of the actual building (Vb) 

(Figure 105). This represents the volumetric open space of a plot that is left unoccupied 

by any construction, but that could be potentially built in the future should formal 

operations occur. With the OSV defined, the affordance (Abp) then equals to the ratio of 

the actual OSV to the theoretical Vbb. The formula is:  

A = 
OSV 
Vbb

 

 
118 The term was first developed by James J. Gibson (1979), but has been adopted and adapted by various other 
scholars like Norman (1988) for user-centered design or Gaver (1991) for technology. Gibson initially applied the 
concept to the natural environment, arguing that “the affordance of anything is a specific combination of the 
properties of its substance and its surfaces”, while adding that “graspable detached objects afford manipulation” 
(Gibson, 1977, pp. 67, 74). 
119 In order to simplify the calculations, regulations regarding distances from neighbouring plots and the street 
are not taking into consideration. However, it should be acknowledged that they further limit the theoretically 
maximum building space based on the need to preserve daylight to all rooms. 
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where OSV is the open space volume and Vbb the volume of the authorised bounding 

polyhedron. In a perfectly rectangular plot, the bounding polyhedron is a cuboid 

bounding box. 

 

Figure 105: Variables of open space volume (OSV) and affordance (Abp) that define the degree of 
adaptability in building-plot compounds. 

The first variable, open space volume (OSV) describes the amount of three-dimensional 

space that could be filled by adaptations. Prior to any construction, OSV is equal to Vbb, 

showing that the site is entirely available for construction and there is 100% space to 

build. When a building is erected, then OSV becomes smaller. For example, a plot of 

150m2 for which a maximum building height of 10m and a maximum plot coverage of 60% 

have been fixed, has a buildable volumetric capacity, Vbb, of 900m3. If a house of 50m2 is 

built, it consumes part of that original capacity, leaving 850m3 left for future expansions. 

As the house grows larger, the OSV decreases. When the authorised geometrical 

constraints are reached, the building has maximised its volume (Vb = Vbb), and OSV is 

zero. This implies that if a house covers the maximum volume construction from the 

beginning, it leaves no room for future additions and extensions. 

The second variable, affordance (Abp) describes the adaptability degree of a building in 

relation to the open space of the plot; in other words, how much mass is dimensionally 

and topologically (theoretically) feasible to build in the future within the available open 

space. In that sense, it is inversely proportional to the actual extent the buildings have 

already been adapted, that is their adaptation score. The parameter of affordance varies 

from 0 to 1, with 0 accounting for a maximised volumetric growth and 1 for complete 

absence of building. Returning to the example given earlier, before the house is built on 
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the plot, Abp is 1, and once the construction takes place, Abp drops to 0.94. If the house 

starts to expand, then its affordance will gradually fall to 0. Hence, the lower the 

affordance degree, the greater the morphological operations the building-plot 

compound has already accommodated, and the smaller the open space volume left for 

expansion. In that sense, providing maximised built volume right from the beginning 

minimises the potential of a house to grow significantly over time, eliminating its 

chances to extend in the future. A negative percentage of change in the affordance 

shows that more volumetric adaptations have taken place over time. 

6.2.4.2. Building regulations 

In order to calculate the OSV and Abp for the original and current state of the houses in 

Cité Ouvrière, it is necessary to briefly present the building legislation that applies to the 

area. Regulations had already been introduced to the Cité few years after construction, 

such as the Plan d’Alignement des anciennes Cités Ouvrières of 1862, the Règlement du 

Police du Bâtiment (RPB) of 1892, or the Ortstatut zum Schutze des Ortsbildes von 

Mülhausen of  1910 for the conservation of the aspect of the city and the local character.  

 

Figure 106: Building guidelines for UP3 zone from POS ‘95. Source: Service d’ Urbanisme (1995, p. 29) 

Throughout the years, legislation covered different parts of the construction activities. 

Among other things, there were rules established by the local authorities for land uses, 

networks’ usage, exterior modifications, distances and dimensions, structural elements, 

colours, styles, materials, decoration, outbuildings, and green spaces. To illustrate that, 

Figure 106 shows an excerpt from the POS of 1995, which articulates a set of guidelines 

for future transformations in the Cité. The guidelines contain a short text and sketches 
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with dimensions showing the right or wrong way to apply modifications. Interestingly, 

adaptations of the rules were and still are possible in cases where the suggestion is an 

amelioration of the existing.  

Nevertheless, what needs to be clarified for the next step is that according to the latest 

PLU, that dates from 2016 but is currently under revision, Cité Ouvrière belongs to the 

UP3 zone of architectural heritage. This means that the maximum permitted height is 

11m, unless this has already been exceeded due to existing operations, in which case 

the new height is kept. An exception to this is the terraced houses of the mid period 

which were built as R+2+C with a limitation of 12.5m height. The authorised maximum 

footprint area is 60% of the plot area.   

6.2.4.3. The affordance of different building types 

Table 18 summarises the calculations of the proposed variables for the original and 

current state of the houses in Cité Ouvrière. An immediate observation concerns the 

general upward and downward trends of the averages for each building type and 

development phase. For example, all building types have increased their built volumes 

(Vb) and have decreased their open space volume (OSV) and affordances (Abp), 

featuring negative percentages of change in time. These is expected since growing 

houses gradually consumes part of the three-dimensional spaciousness of the plot and 

plots are able to afford less and less changes.  

Date Type No 
Or.         Cr.  

Vb (m3) 
Or.          Cr.  

Vbb (m3) 
Or.         Cr.   

OSV (m3) 
Or.       Cr.   

Abp 
(±%) 

Ph01 T 28 369 545 1,171 1,253 802 708 0.68 0.56 -18 

(1853-55) BtB 76 274 366 1,076 1,127 801 761 0.74 0.68 -9 

 QD1 96 329 542 1,136 1,138 808 597 0.71 0.52 -27 

   314 477 1,118 1,140 805 662 0.72 0.58 -2 

Ph02 BtB 114 193 314 797 851 604 536 0.73 0.62 -16 

& Mid QD1 394 273 494 1,146 1,128 873 634 0.76 0.56 -26 

(1856-86) QD2 364 236 448 1,092 1,055 856 607 0.78 0.57 -27 

 T 10 1,071 1,410 2,261 2,323 1,190 913 0.51 0.37 -27 

   256 484 1,088 1,095 831 611 0.76 0.56 -27 

Ph03 QD1 144 389 495 1,067 1,078 679 583 0.63 0.54 -15 

(1887-97) SD 27 545 713 1,417 1,196 872 520* 0.58 0.42* -27 

   414 530 1,124 1,087 710 557 0.62 0.51 -18 

 
Table 18: Summary of building volume (Vb), volume of bounding polyhedron (Vbb), open space volume 
(OSV), Abp (affordance), and percentage of change of Abp or of consumption of open space (±%) per 
building type for each development phase of the original (Or.) and current (Cr.) scheme. 
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Meanwhile, the volumes of their bounding polyhedra (Vbb) in some cases have been 

amplified and in others have been reduced due to changes to the existing plot area and 

maximum height (i.e. more than 11m). Specifically, the quarter-detached houses (both 

QD1 and QD2) of the second and mid periods, and the semi-detached buildings of the 

third cité present a Vbb decrease of 2, 3, and 16 per cent. The main reason is the shrinkage 

of the original plots. In the triangular block of SD houses, plots have been reduced by 

an average of 18% and three out of the 24 original plots have been divided into six smaller. 

In QD2 houses, the plot area has been reduced by 5% but extrusions have increased the 

building height above the legal threshold of 11m, alleviating the decrease of Vbb by 2%. 

In these cases, the shrinkage of plots has put additional pressure to the affordance of 

the building-plot compounds. 

The table also recounts the evolution of space consumption and affordance degree over 

time. In particular, the original built volumes of the first cité occupied 28% of the three-

dimensional permitted building space. Subsequently, the abandonment of the 

typological variety and the reduction of the houses pushed this percentage down to 23%; 

but at the end, the larger houses of the last ten years occupied more than the one third 

of the authorised Vbb (36%). Over time, possibilities were physically realised, and the 

building-plot compounds started to accommodate adaptations, extensions, and 

additions. Houses demonstrated a highly adaptable ability which in turn reduced the 

capacity of the plot to afford additional adaptations. 

Finally, it can be said that the houses that have grown more, meaning the QD houses of 

the first, second, and mid periods and the BtB houses of the second period, still feature 

an affordance percentage of more than 50%. This means that while they have already 

expanded significantly (consuming open space by 16-27%), there is still room for further 

expansion. In fact, both typologies irrespective of their period of construction have now 

the greatest potential for future adaptations in the whole settlement. QD currently 

display an affordance of 0.52 to 0.57, and BtB houses a score of 0.62-0.68. This leads to 

the conclusion that these types are the most expected to receive alterations in the future. 

In contrast, the terraced and semi-detached houses of the late periods are the least 

amenable to future volumetric changes.  

6.2.5. The agents 

The last component in the chronicle of growth concerns the main agents that have 

regulated, controlled, and affected the extent that buildings and plots have afforded 
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adaptations so far. These are the inhabitants, the local authorities, and the original 

design. 

6.2.5.1. The inhabitants 

Firstly, the inhabitants of the Cité Ouvrière have been responsible for a bottom-up 

approach in housing growth. Through the investment of their time, money, and energy; 

the constant expression of their evolving needs and everyday practices; their ownership 

status; and their local social networks and negotiations with neighbours, they ensured 

the longevity of the domestic built forms. In an informal, self-motivated, and self-

regulated way, they advanced a piecemeal building culture that promotes the slow 

(re)production of domestic built environment through many small anonymous actions. 

While the inhabitants were initially excluded from the design and construction of the 

original scheme, they managed throughout the years to grow into active agents of 

change, involved in the present and future of their neighbourhood. By this, I do not mean 

that they built the extensions and additions themselves, but rather that the decisions 

they took in terms of ownership, activities, and everyday practices, were vital in shaping 

the urban form. Specifically, there is a handful of cases where residents bought two or 

more adjacent properties which they either combined to increase the surface area of 

their house or turned into a multi-apartment building to generate income. For example, 

J.R. was the owner of three QD2 houses in 1-3-5 rue Louise between 1903 and 1923. Also, 

in 1929 E.B. extended his terraced property to 56 and 58 rue de Strasbourg and used it as 

a hostel, while in 1897 after the construction of the large semi-detached types of the third 

cité, L.S. bought jointly the houses of 31 rue Gustave Doré and 60 rue Madeleine to open 

a restaurant.  

Sometimes the owners did not live in the house but had themselves moved to one of the 

nearby suburbs and the house rented out to tenants, like the owner of 126-126b 

Strasbourg who was based in Wittenheim. At other times, the inhabitants operated as 

developers, by buying multiple properties, investing in building work, and then selling 

or renting parts of them for profit. One example is B.G. who in 1966 bought 17 Passage 

des Lauriers and within two years he demolished, rebuilt, and sold it, while residing in a 

house in 29 rue Madeleine.  

Physical changes have been very much related to the socio-economic logic of 

households including issues of kinship, widowhood, inheritance, family growth or 

shrinkage, migration etc. For instance, I observed that residents living in nearby houses, 
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were often relatives or friends. During the first half of the twentieth century, C. Colombé 

owned a house in 30 Passage des Acacias and L. Colombé lived in a quadruplex in 15 

rue Sainte-Thérèse; they were 4 minutes away on foot. More recently in 1991, following 

the death of her husband, the widowed Charlotte sold half of the property in 14-16 rue de 

l’ Orme to A. Stanisavljevic, and five years later G. Stanisavljevic bought the house next 

door in 18 rue de l’ Orme; they both rebuilt the old structures. 

The possibility of growing houses has also been ideal for multigenerational 

households, extended families, and the operation of microbusinesses.  On the one hand, 

growing families demand the expansion of space. The Lopez family who bought the QD 

duplex in 10-12 rue de l’Arbre in 1982, has made significant extensions to accommodate 

their adult children and grandchildren under the same roof. On the other hand, the 

combination of live-work requires the retrofitting of domestic space to fit for other 

purposes. In 1930s, the son of the Stich family in 7 rue Sainte-Thérèse, who drove a cab 

as a job, built an open shed for a garage without authorisation; and the owner of 15 rue 

Sainte-Thérèse installed in 1988 a pergola for the pizzeria, which got dismantled after 

the restaurant shut down in 1997. In a working-class community like the one of Cité 

Ouvrière, building practices are being shared. The knowledge about how to adapt and 

grow one’s house is disseminated from one generation to another, and eventually 

perpetuated in time. In 1928, the son of the Schaeffer family wished to continue the dry 

cleaning business in the property 15 Passage des Rossignols and applied for the 

erection of a shed.  

This way residents have been encouraged to spend energy, time, and resources on 

adapting the built form of their houses. Although, the length of ownership does not 

affect alone the amount of adaptations they have made to their houses (Table 17 page 

271), frequent ownership changes are a possible factor impacting adaptations. The 

contagion and perpetuation of adaptation practices suggests that inhabitants may 

ensure houses remain fit for their purpose, maintain their lifetime value, while they 

themselves can sustain their social networks, economic activities, and pass on the 

culture to the next generation. 

6.2.5.2. The local authorities 

The second main agent that influenced the making of housing growth was the 

municipality. Building permit applications were reviewed, approved or rejected, by the 

local authorities, be it the mayor, the delegated assistants, or the planning service, who 

operated within a framework of legal constraints. Their decisions had the power to 
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control whether alterations would take place; how many and what kind of changes were 

possible; when and how these would materialise. In other words, through regulations 

and formal procedures the authorities could affect the degree of physical adaptability 

and by extension, the architectural image of the entire neighbourhood.  

However, regulations have not always preceded the construction and application 

processes. At the beginning SOMCO, SIM, and Müller had predicted that adaptations 

would take place, especially after the residents became owners; still, they could never 

anticipate that degree of growth. This is why sometimes there were building rules 

ensuring the preservation of the original character of the scheme and the reformist 

aspirations of the industrialists; and other times, laws were only formally enacted after 

residents had raised specific issues due to unauthorised constructions or 

unprecedented requests. Archival research showed that from the 259 unsuccessful 

building applications, 126 complied with the negative decision and 133 went on realising 

the development without approval; from these, 44 were legalised afterwards by paying 

fines that ranged from 1M. to 30 M. and 2Fr. to 30Fr. In the 1890s J.B. extended and 

extruded his house in 33 rue Sainte-Thérèse for 10M., in the 1930s, L.K. built a garden 

house (gloriette) in his 2 Passage des Lauriers property without authorisation, getting a 

fine of 10 Fr., and in 1940s J.F. converted the gloriette of 22 Passage de l’Orme into a 

shed and paid 30RM.. In some cases, constructions were never legalised, like in the case 

of a shed in 26-28 alouettes which existed for at least 25 years without authorisation.  

Interestingly, the research also showed that within this legal frame, there was enough 

flexibility and a considerable room for interpretation by the decision makers. Indeed, 

regulations were customised or revised on a case-by-case basis. For example, the 

municipality agreed on the extension and changes of facade, roof, and entrance of 33 

rue Madeleine by amending the article UC7 of the POS ’86 considering the existing 

conditions, the nature of the project, and the improvement this would bring in terms of 

visual cohesion. On a different occasion, J-P. B. sought to build a prefab garage at a 

distance less than 3m from the property limit, as indicated by POS ’77, but the authorities 

were willing to disregard this if the neighbours had given their consent. In that sense, 

building regulations were also adapted on an if-and-when-needed basis to respond to 

the ever-changing demands of the residents and the architectural image of the Cité.  In 

2000, the municipality allowed the height of the BtB house in 26 rue Lavoisier to be 

extended up to 8.6m (authorised maximum 7m) so as to fit better with its neighbouring 

already extruded buildings. And in 1999 a roof terrace was allowed in 13 Passage Bleu 

because the neighbour had one too, despite terraces being prohibited by the POS 1995. 
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Hence, adaptability did not only characterise the physical world but was also seen in the 

immaterial world. It did not only depend on the socio-economic constraints of the 

individuals and residents, but was also subject to legal constraints and enablers 

imposed by the local authorities. 

6.2.5.3. The original design 

The last agent which conditioned the subsequent evolution of Cité Ouvrière was the 

original design of the houses, and by that, I mean the decisions that the architect Emile 

Müller took at the design stage. The constructed building and plot types imposed 

geometrical and formal constraints that allowed certain possibilities to occur and 

inhibited others. Plot dimension was a key factor that determined the direction of 

growth. The narrow and deep plots of row houses encouraged frontal extensions. The 

squared plots allowed for double adjacency, prioritising beside extensions; they also 

enabled plot and house accessibility from multiple points. This is evident for example in 

1963 when the owner of 27 rue des Lys requested to change the entrance point from the 

front to the side of the house. 

Most importantly, the original low built intensity (small coverage area) which did not 

maximise plot coverage offered the possibility to residents to extend their houses 

vertically by raising additional floors. Especially in the cheap single-storey type of QD2 

house, this was an expected response. Furthermore, the front gardens left considerable 

open space between the house and the street for annexes, workshops, and garages to 

emerge. In fact, evidence demonstrated that the surplus open space was a key enabler 

for individual building-plot compounds to accommodate future growth, and a 

precondition for densification. Taking into consideration that the current ground 

coverage (43%) is still below the authorised 60% for this zone (UP3), there is still at least 

a 17% margin for densification (if needed) in the following years. If the height of houses 

is restricted, the pressure will be put on the open space. In other words, the original 

design and urban layout in conjunction with the past and current legislation have 

allowed and still allow for the houses to grow.  

6.3.  Effects of growth 

The last part of this chapter examines the impact of housing growth and changes on the 

built density by applying the Spacematrix model to the aggregation area of individual 

building-plot compounds. The Spacematrix density tool helps to explain how the 

density of urban form changes as a combination of four morphological variables: the 
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floor space index (FSI), the ground space index (GSI), the number of floors (L) and the 

open space ratio (OSR). None of these variables alone describes the urban form, but 

their combination within the Spacemate chart helps specifying morphologies and 

reveals the pressure densification puts on the non-built space. In the following sections, 

a series of charts are used to discuss the evolution of Cité Ouvrière scheme as a whole; 

the evolution of different housing typologies; and the effect of each formal operation 

independently of each other. 

6.3.1. The effect of formal operations 

I start by investigating the effect of formal operations—all other things aside—on the 

built density. The formulas are applied to a hypothetical building-plot compound with 

the same—on average—original dimensions and characteristics found in the Cité 

(building footprint of 40m2, plot area of 166m2, and three floors). The calculations trace 

the extent to which each operation affects the original built form. The results are mapped 

as dots on the Spacemate chart (Figure 107), indicating the unique ‘spatial fingerprint’ 

of the original and the eight altered states of the compound (as many as the classified 

formal operations). The intention is to capture the morphological movement of this 

fingerprint on the chart and demarcate the area of potential growth according to the 

current regulations described above (see notes below the figure). This is an area in 

Spacemate within which the dot could potentially move, should the building expand in 

the future. It can be mentioned here that the following charts were constructed in R 

using the formulas developed by Berghauser Pont and Haupt (2009). The only difference 

is that while the authors begin with a given GFA (gross floor area) and GSI to calculate 

the FSI, L, and OSR, this analysis calculates the FSI, L, and OSR based on the GSI and 

heights retrieved from the archival drawings, the 3d model, and the municipal cadastral 

plans. 

To begin with, Figure 107 (page 291) reveals that all formal operations apart from join 

[01] increase the floor space index (FSI) and ground space index (GSI) values and 

decrease the open space ratio (OSR). This is a rather obvious finding considering that 

the total floor area increases with each formal operation or that the plot area decreases 

due to, for example, plot chamfering [08] or subdivision [02]. This main tendency of the 

dots to move more upwards and to the right suggests that as the built space expands 

over time, it puts pressure on the non-built space.  

In the case of join, calculations used the double of the original footprint and plot area. 

So, the ratio between the variables remains the same and the modified fingerprint 
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coincides with that of the original building (filled half black half white). This is expected 

to happen in cases of absolute homogeneity when building-plot compounds are purely 

repeated, and thus every single compound has the same value as the average of a larger 

aggregation of the same compounds, be it a block (ibid.). However, if the second 

compound joining the original one has the same built footprint but a larger plot area 

than that of the original (150m2), then the operation [01] decreases both FSI and GSI and 

the dot moves towards the origin of the diagram along the L=3 line. The same movement 

is observed if the adjoining property has the same plot area but a smaller built footprint.  

In contrast, if the second compound merging with the first has either a smaller plot area 

than 150m2 or a larger building footprint than 50m2, then the dot moves towards the right 

side of the chart along the same L line. This behaviour indicates the reverse effect that 

plot and building growth have on density. With a fixed building footprint, an increase in 

the plot area decreases density, and vice versa, a growing building in a fixed plot size 

increases it.  

The calculations for the remaining operations were very much affected by the building 

regulations in force. For instance, in the case of extrusion [03] there is an authorised 

maximum height of 11m which roughly corresponds to an upper limit of 4 levels (L=4). 

Extensions [04] are constrained by the authorised maximum plot coverage of 60 per cent. 

Sheds [05] only contribute once to the gross floor area (GFA) because they are single-

storey buildings. The formula calculates the number of floors based on the FSI and GSI, 

and thus, after the addition of sheds, the average L of the building-plot compound drops; 

however, the principal building still features three levels. Moreover, sheds should have 

by law a maximum surface of 22m2, if they are first instalments, otherwise they cannot 

exceed 17m2 (this scenario can be seen in Figure 107 in grey fonts). Equally, entrance 

porches [06] are allowed to have a maximum footprint area of 6m2. And finally, changes 

in the roof structure [07] most likely lead to the liberation of more floor area at the attic 

level, which explains the mild increase of 15m2 in the GFA calculations. 

Based on the length of the movement of the dots on the chart, we can observe a 

restrained effect on density by the operations [03], [07], [06], and [08]; a moderate effect 

by operation [05], and a significant one by operations [02] and [04]. The first two dots 

which represent operations of extrusion [03] and roof alteration [07] appear to be 

vertically crammed just above the original fingerprint. This is due to the height 

restriction. The other two dots of plot chamfering [08] and addition of entrance porches 

or verandas [06] shift the original dot slightly to the right along the L=3 line but do not 

cause a major displacement due to restrictions of area. In operation [08], cut-off angles 

decrease the size of plots by approximately 2-10m2, and in operation [06], the footprint 
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i. authorised maximum height = 11m which translates to maximum L = 4. 
ii. authorised maximum footprint = 60% of the plot area. 
iii. sheds are one-storey buildings. 
iv. authorised maximum area of the first shed = 22m2 and of the second shed (in grey) = 17m2. 
v. L is calculated by FSI / GSI. In reality though, the main building has still three floors.  
vi. authorised maximum area of entrance porch = 6m2.  
vii. alterations of the roof make part of the floor area in the attic available. 
 
Figure 107: Spacemate chart, showing the transformation of density description for every formal 
operation. Calculations are tested on a building-plot compound with the average dimensions found in 
the original Cité Ouvrière (building footprint area of 40m2, plot area of 150m2, and three floors). The 
blue hatch indicates the Spacemate area where dots can move and still comply with the applicable 
building regulations. Base diagram and formula by Berghauser Pont and Haupt (2010). 

area increases at the ground level by a maximum of 6m2. Both modifications are minor 

in relation to the plot’s and building’s sizes, therefore the effect on the built density is 

not very substantial. The next operation [05] moves the spatial fingerprint of the original 

building-plot compound further to the right, affecting more the GSI rather than the FSI. 
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So, while the footprint area increases, the gross floor area remains almost unchanged. 

This is because outbuildings put pressure on the non-built space at the ground level 

instead of the upper floors. The last two operations of plot divisions [02] and horizontal 

extensions [04] cause the larger transposition of the fingerprint (and thus affect 

density), forcing the compound to reach its maximum permitted GSI (0.6) from an 

original 0.24. This occurs for the same reasons as explained above: divisions decrease 

the plot area, while retaining the same footprint area, while extensions increase the plot 

coverage while maintaining the plot size. 

In essence, the spatial fingerprints of all adapted forms fall within the same quadrilateral 

(blue hatch) but differ in their trajectories of growth (blue lines). The operations [03] and 

[07] lead to an increase in the number of storeys, and therefore their trajectory follows a 

vertical path parallel to y-axis. If no building regulations were taken into consideration, 

this vertical movement could appear to be more substantial, resulting in a sharp rise of 

built intensity (FSI) without changing the figure-ground plan. In turn, the fingerprints of 

the operations [02], [04], [06], and [08] retain the original height, but grow the built form 

by occupying part of the open space. They lead to an increase of the built intensity (FSI) 

and compactness (GSI) while following the same L line. The only operation that slightly 

deviates from the two previous directions of density growth is operation [05]. In fact, the 

addition of lower outbuildings brings down the average height of the entire compound, 

pushing its fingerprint below the line of 3 levels. So, while the FSI, GSI, and OSR values 

increase, the L decreases. This is a behaviour that does not fully represent what 

happens to the main building (which retains its number of floors), but it makes evident 

the impact of using building-plot compounds as aggregation areas in the analysis. What 

it is important to note here is that this is a methodological solution to identify the extent 

of potential housing growth given any original design and according to the applicable 

building regulations. 

6.3.2. The effect of physical adaptations on building typologies 

The same method is further used to describe the actual evolution of the four building 

typologies in Cité Ouvrière, namely the terraced (T), back-to-back (BtB), quarter-

detached (QD), and semi-detached (SD) houses in Figure 108. The tool is applied 

separately for all the buildings falling under the same type and at two discreet 

chronological dates: the original state (graphically represented by diamonds) and the 

current state (circles). Moreover, three different colours (black, blue, and magenta) are 

adopted to indicate differences between the development phases that houses belong to 

(Ph01, Ph02, and Ph03 respectively), so as to capture any differences between their  
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Figure 108: Spacemate charts for four building typologies (top to bottom: T, BtB, QD, SD) highlighting in 
different symbols the original and current states and in different colours the development phases. Lines 
are also used to trace the movement between the dots, and their width represents the total number of 
operations observed. 
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densification patterns. Dashed lines are also added to trace the movement from the 

original to the current spatial fingerprints of the building-plot compounds. Their width 

is proportional to the total number of physical adaptations that were found in each 

compound over the years. It should be stated here that even though the volume and 

exterior articulation were known for every house in the scheme, the gross floor area 

(GFA) was not; neither was the number of floors120. This is why calculations were based 

on an approximation of L by dividing the height of the building by an average floor height 

of 2.7m. Equally, the distinction of outbuildings as single-floor surface areas was 

impossible to make when processing the data because adaptations were only classified 

for the representative sample and not for the entire population of 1,253 houses. 

The first chart maps the evolution of terraced types. The original houses differ in their 

spatial fingerprint, ranging in GSI and FSI values between an average of 0.27 and 0.8 for 

houses built in Ph01 and 0.36 and 1.42 for houses from Ph02. This is understandable in 

the sense that the terraced houses of the second period (highlighted in blue) were 

substantially larger (4 levels) than the others. But also, among houses of the same 

period, original fingerprints vary. For example, the original dots of Ph01 span from a 

minimum coordinate of (0.22, 0.66) to a maximum one of (0.38,1.13). This happens 

because despite the uniformity and standardisation of the layout, the blocks and plots 

in the plans deviate slightly in their dimensions, creating variations in their fingerprints 

on the Spacemate chart.  Still the majority of the original terraced houses from the first 

cité (Ph01) concentrates around the position (0.22, 0.67), which proves the low density 

of the planned scheme.   

At the current stage, terraced houses demonstrate an average of 4.36 operations of 

physical change per house, showing a preference for horizontal growth through sheds 

[05] and extensions [04]. On average, the density variables of the houses from the first 

period have almost doubled and those of the second period have increased by 70-80%.  

This translates into a movement towards the upper right side of the chart and hints at 

more compact building-plot compounds that pack more volumes in their original plot 

space. However, most of the dots seem to have spread between the L=3 and L=5 lines 

and 0.35 to 0.6 GSI. Notably, one can detect few outliers outside this area; all of which 

are end plots whose significant clipping (5m cutaway) reduces their plot area and 

increases their density. For example, the dot at position (0.83, 2.96) corresponds to the 

 
120 These could be retrieved from archival drawings for the representative sample of 520 houses. 
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end terrace121 property of 1 rue Chevreul, which had since 1971 extended its built 

footprint by 69m2 for a workshop space (today accommodating a trattoria) due to the 

possibility of access from the side of the plot (Figure 109). 

 

Figure 109: Example of significant densification in the end-terrace of property 1 rue Chevreul. Unlike 
mid-terraces, it can have access from the side of the plot, which is why it can accommodate a trattoria 
at the front. Left: South elevation from 1988. Source: Archives de Mulhouse. 

The second diagram from Figure 108 (page 293) maps the evolution of back-to-back 

houses. Here, the spatial fingerprints of the original houses (diamond shapes) 

concentrate along the L=2 line, since the pitched angle of the attic, as it was designed, 

did not permit inhabitable space at the third level. The dots that belong to Ph01 (black 

diamonds) concentrate to two main GSI positions, at 0.22 and 0.26, whereas the ones of 

the second cité (blue diamonds) stretch from 0.19 to 0.71. Especially, the 17 dots with a 

GSI greater than 0.3 capture those houses at the right ‘leg’ of the second development 

and facing East, whose plots were severely truncated since the beginning due to the 

street alignment. Interestingly though, all BtB houses from both developments present 

a starting average of 0.24 GSI and 0.48 FSI, which is substantially less dense than the 

previous row typology. 

However, as opposed to terraced, BtB houses have managed to grow more intensively 

over time. Compounds from Ph01 have well doubled their floor space, while buildings 

from Ph02 have tripled it. The increase in ground coverage is less significant, shifting 

from an average of 0.24 to 0.37 for phase one and 0.45 for phase two. This disproportional 

growth between the two density variables (FSI and GSI) is graphically depicted by the 

slightly upward trajectory of most dots, which after overstepping the boundary of two 

 
121 It should be noted that mid-terrace and end-terrace units are classed together to facilitate the analysis. 
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levels high, have conglomerated between the L=3 and L=4 lines. This is a 70% steeper 

trajectory path (or regression line) than that of terraced houses. And even though BtB 

have received greater densification, their average number of formal operations is smaller 

than that of T houses (2.39); indicating a tendency for fewer but more significant 

modifications in terms of volume. Practically, the narrow and elongated parcels with a 

limited street front in combination with buildings that are restricted from three sides, 

have precluded these built forms from few possibilities of being physically adapted in 

certain ways in the long run. It is characteristic that the most popular operations (221 in 

total) are extensions [04], entrance spaces [06], and sheds [05], all of which have been 

accommodated in the open space at the front of the houses, between the building and 

the street; a space with an initial average size of 123m2 for Ph01 and 93m2 for Ph02. The 

last remark concerns the outliers of the current state (blue circles with GSI larger than 

0.61). From the ten dots, eight belong to the same truncated plots in the right ‘leg’ of the 

second cité, which have extended their footprint area despite their limited open space. 

The next chart describes the evolution of quarter-detached houses. This diagram is 

rather crammed since more than 850 dots are mapped in there; and that is why I reprint 

it in Figure 110, separating the dots by development phase and by the two typological 

variations (QD1 and QD2).  When constructed, the larger QD1 houses had three floors 

and hence, their original spatial fingerprints are located on the L=3 line, while the shorter 

QD2 types had only two levels (L=2) and are placed at lower positions on the chart.  

The first observation is that although the ground space index appears to be more or less 

the same (that is low) among the variations, the floor space index differs, ranging from 

0.55 to 0.85 on average. This ranks the designed QD houses as denser than the BtB 

types, but less compact than the T ones in the Cité. As expected, the smallest QD2 

typology provided the least floor area; yet its interior spaces were wide enough to cover 

almost one third of the original plot. Interestingly, they feature a similar degree of 

compactness to the larger QD types of the last period (Ph03). 

Table 19 also highlights the differences between the QD1 types of Ph01, Ph02, and Ph03. 

The first present an average of 0.24 (GSI) and 0.72 (FSI), the second 0.2 and 0.6, and the 

last 0.28 and 0.85 respectively, which equals the original average of terraced types built 

in Ph01. This indicates that the adaptations that SOMCO, Jean Dollfus, and Emile Müller 

made to the housing designs during the 44 years of construction in order to respond to 

different societal and financial demands, had an impact on the built density of the 

scheme (whether positive or negative); and that despite reducing building dimensions 

in the second and mid periods, they eventually returned to constructing houses with the 

same built density as the one featured by the first terraced houses. But unlike those  
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Figure 110: Spacemate charts for the quarter-detached typologies, tracing the evolution of its four 
different variations.  

Variation Phase 
   Or.          Cr. 

FSI (±%) 
   Or.          Cr. 

GSI (±%) 
SD  Or.  

FSI    GSI 
SD  Cr.  

FSI    GSI 

QD1  01 0.72 1.6 +122 0.24 0.44 +83 .12 .02 .41 .09 

QD1  02 0.6 1.49 +148 0.2 0.42 +110 .05 .02 .32 .08 

QD2  02 0.55 1.83 +233 0.28 0.49 +75 .09 .04 .57 .1 

QD1 03 0.85 1.74 +105 0.28 0.46 +64 .24 .05 .39 .09 

 
Table 19: Evolution of the average density values (FSI and GSI) in different QD variations built in Cité 
Ouvrière, their percentage of change (±%), and standard deviation (SD). 
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which were quickly abandoned because they were expensive and thus hard to sale to the 

unskilled workers, these of Ph03 were intended for more affluent employees. 

Nonetheless, the charts reveal some variance in the spatial fingerprints of the original 

building-plot compounds and Table 19 calculates this variability numerically through 

the standard deviation (SD). SD quantifies the amount of variation or dispersion of the 

values from their mean. The higher the number, the more spread out the values are, 

covering a wider range. This is particularly the case for the QD1 types of the first and 

third cités, where the standard deviation for the FSI is 0.12 and 0.24 respectively.  By 

visual inspection of the Spacemate chart, few dots (diamond shaped) can be seen at the 

bottom left corner. For example, there are four houses in Ph01 built in larger (than the 

average) plots (two of which are visible on the top right map of Figure 109) and their GSI 

values is below 0.2. Similarly, four properties in Ph03 have low GSI values because the 

street and block layout left only room for two semi-detached buildings in narrow 

elongated plots (Figure 111). On the contrary, the truncated plots of the second period 

at the northern tip of the scheme start with high GSI values (more than 0.8), which are 

not only above the average but also above the permitted threshold according to the 

current regulations. 

 

Figure 111: Four outliers of quarter-detached group, whose plots were truncated due to the alignment 
of rue Madeleine. Left: Detailed plan from 1895. The orientation is rotated. Source: Archives de 
Mulhouse. 

Back in Figure 108 (page 293) and Figure 110 (page 297), the diagrams prove that the 

quarter-detached typologies have experienced the most intense densification process. 

The calculations note a remarkable increase of the FSI (at times three-fold) and a 

considerable increase of the GSI (at times two-fold). Indeed, the houses have 

accommodated a high number of extensions [04]—including additions of entrance 

porches—, sheds [05], plot chamfers [08], and extrusions [03]. All typological variations 

have accommodated at least 2 physical transformations, having the smallest QD2 type 
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receiving the most (on average 3.4 formal operations per compound). The extent of this 

growth becomes evident from the spread of the current spatial fingerprints to various 

different positions between the L=3 and L=5 lines. The only dots below L=3 are few QD2 

houses which have not yet reached the height of three levels. Especially, in the case of 

QD1 types from Ph01 and Ph03, the morphological trajectories are almost entirely linear 

along the L=3.65 and L=3.8 lines respectively. It is also worth commenting on the five 

outliers from the last period: one at the bottom left towards the origin of the chart which 

corresponds to a currently empty plot; and three with a GSI value of more than 0.64, 

which correspond to three adjacent properties in rue Madeleine (next to the four 

highlighted in Figure 111),  two of which feature truncated plots. 

 

Figure 112: Plot zones in a squared terrace plot of a quarter-detached building, where physical 
adaptations can potentially take place. 

The evolution of QD houses has benefitted the compactness (or GSI) of the original 

built forms and boosted the amount of built programme (or FSI) mainly by adding more 

floors (one or two) and consuming the open space at the front, lateral, and cross sides 

(Figure 112). The 3d model provides evidence for the preference to locate adaptations 

on different zones. From a total of 2,470 volumes added in QD types, 1,101 are located on 

the front zone, 577 on top of the building, 511 besides, and 258 on the diagonal part. 

Essentially, the positioning of the building on the squared plot provides two additional 

plot areas—the besides and cross—where physical adaptations can potential take 

place. This expands the topologically feasible arrangements within the plot in relation 

to other building-plot compounds. 

There are further repercussions of this on the built form and living conditions. Firstly, 

the densification of QD types can happen in multiple directions, alleviating thus the 

pressure on the open space exactly in front of the house between the street and the 

building. Secondly, there is twice as much as plot width in direct contact with the street, 
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increasing thus the amount of space which is immediately accessible and visible from 

it. This further ensures safety by means of natural surveillance (Jacob’s concept of ‘eyes 

on the street’), meanwhile creating opportunities for social interaction between the 

inhabitants and the strangers. Thirdly, the added volumes, especially those besides the 

principal building, can accommodate openings and separate entrances, and possibly 

one or two unobstructed facades overlooking the garden and street (especially in the 

case of corner plots). This way the light in the interior of the house is maximised and the 

depth of the rooms from the entrance decreases. Fourthly, the combination of different 

formal operations, like amalgamating or dividing properties while extending, and the 

dimensionality of physical transformations, such as full coverage of one plot zone, can 

lead to typological mutations. Indeed, from the original QD types, 426 or 57% have 

already mutated to different types: 368 have turned into back-to-back, 33 have become L-

shape, 17 are semi-detached, 7 terraced, and one detached. 

The last chart from Figure 108 (page 293) concerns the evolution of the semi-detached 

houses. These refer to the 27 large houses built during the last period of the Cité in the 

triangular block at its northwest side. All of them have a different original spatial 

fingerprint on the Spacemate chart. This is understandable due to the very nature of the 

block layout, which makes each plot geometrically distinctive, especially in terms of its 

depth. With regards to the current state, the calculations and the morphological 

trajectories reveal a mild densification process. The original coverage has increased 

from 0.33 to 0.45 and the original built intensity has grown from 0.99 to 1.49. This change 

is almost entirely due to operations at the ground level [05] and few alterations at the 

roof structure [07], such as the installation of dormer windows. Figure 108 demonstrates 

that almost all dots have moved along the L=3 line; which basically translates into an 

absence of vertical growth. The truth is that these types were already big when 

constructed, so no dramatic changes have been observed. 

6.3.3. The effect on the neighbourhood as a whole 

By superimposing the current spatial fingerprints of all types (Figure 113), the overall 

built density performance of Cité Ouvrière is made visible. The top chart uses colours 

to highlight the four different building typologies (circles) and their average original 

values (filled circles); while the bottom chart detects distinct clusters based on 

hierarchical cluster analysis. Hierarchical clustering is an agglomerative or bottom-up  
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Figure 113: Top: Spacemate chart mapping all the building-plot compounds of Cité Ouvrière at its 
current state. Bottom: Hierarchical clustering of data points overlaid on top of four reference areas with 
different degrees of urbanisation defined by Berghauser Pont and Haupt (2004, pp. 76–77). The black 
arrow indicates the shift of the density average for the entire scheme over time. 

 

Figure 114: Dendrogram of the hierarchical clustering and the cut point at 3.3 resulting in three 
clusters.  
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clustering method122, which begins with individual observations123 and successively 

merges them based on certain similarity measures until a meaningful number of clusters 

is reached. For the similarity, I have used the average Euclidean distance between the 

data points and have decided on the number of clusters (three) based on the 

dendrogram (Figure 114). This shows that a further division in four clusters would result 

in the subdivision of Cluster 3 (light magenta) into two separate clusters which does not 

make much sense for the particular distribution of data.  

The analysis detected three clusters, indicative of three different degrees of adaptation: 

low (Cluster 1) representing houses that have not received many changes or whose 

changes have kept the ratio between the four morphological variables almost 

unchanged; moderate (Cluster 2) reflecting the course of the majority of the houses, 

which have intensified their built programme and increased their compactness; and high 

(Cluster 3) grouping the most adapted cases which feature rather high values both in 

terms of FSI and GSI and fall outside the Spacemate boundaries defined by the current 

building regulations—not to forget that most of them constitute non-standardised 

cases, i.e. truncated plots. On average, Cluster 1 is characterised by low density (FSI = 

1, GSI = 0.3), a height of just above three levels, and an OSR which ranges from 0.5 to 1. 

All four building typologies except the terraced houses of the second period, can be 

found in this group featuring similar counts. For instance, there are 54 QD2 and 40 QD1 

types from the second period, and 33 BtB from the first cité. Cluster two is the biggest 

of the three groups, and spreads between an OSR of 0.15 and 0.75, and 3 to 5 floors. On 

average, the built intensity (FSI) is 1.63 and its compactness (GSI) 0.46. From the 1,018 

points in the cluster, 774 belong to QD types, mainly of the second, mid, and last periods. 

Cluster 3 contains eight small QD2 types and six BtB of the second period, which have 

been remarkably expanded over the years. The remaining 12 dots belong to the rest of 

the types, all apart from the BtB types of the first cité. The points of this cluster seem to 

be more dispersed in relation to the other two, but they can still be framed by the OSR 

lines of 0.1 and 0.15 and the L lines of 3 and 5 levels. Its average GSI and FSI values are 

0.71 and 2.72 respectively. It is interesting to observe that the average points of all three 

clusters (filled circles) form an imaginary straight line parallel to L=3; an alignment 

which shows a clear morphological trajectory for the past and present growth of built 

 
122 Berghauser Pont and Olsson (2017) have already tested the statistical method on three-dimensional 
Spacematrix, while also considering Network density (N), and found that it is more convincing than centroid-
based clustering in distinguishing differences in both building type and street pattern.  
123 Note that the outlier of the empty plot, whose dot lies at the origin of the charts, was left out of the cluster 
analysis because its extreme low values disturbed the clustering by forming a separate cluster. 
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density in the Cité, while indicating a prevailing direction for the future—at least for 

those built forms that can still afford changes—, should all other things remain equal. 

The bottom chart of Figure 113 (page 301) also demarcates four reference areas with 

different degrees of urbanisation (highly urban, urban, garden city, and suburban) as 

these were defined in Spacemate by Berghauser Pont and Haupt (2004) based on 

combinations of FSI, GIS, OSR, and L values. The authors consider ‘urban’ 

environment “an environment with a mix of functions, with good connectivity and 

collective open spaces within the building blocks” and a suburban one, “an environment 

consisting of mainly (attached) single-family houses, private gardens and employment 

opportunities within the residences” (Berghauser Pont and Haupt, 2009, p. 180). These 

demarcations are helpful to draw further conclusions on the performance of the entire 

neighbourhood regarding built density in both its planned and current states (black 

circles).  

Cité Ouvrière was designed to be a low-rise suburban development (below 3 floors) with 

low density (GSI 0.24, FSI 0.61) and generous gardens (OSR 1.33). Within 165 years and 

owing to numerous, individual, and bottom-up adaptations the settlement has turned 

into a more compact and intense built environment by means of consuming the open 

space in all its three dimensions. Cité has densified its ground coverage (GSI) by 84%, 

increased its land intensity (FSI) by 155%, and decreased the amount of open space 

(OSR) by 70%. According to Berghauser Pont and Haupt (2004), it is this ratio between 

non-built and built space and the pressure that the latter puts on the former  that reveals 

the degree of urbanisation in an area. And in the case of Cité Ouvrière, it can be argued 

that the model (and density characteristics) has gradually shifted from a garden city 

(OSR>0.6 and L=2-10) to a more urban (GSI>0.2, OSR>0.4 and L>3) and a highly urban 

area (OSR<0.5) for the most part.  

Implications of this urbanisation process are visually manifested in the diversification 

of the volume geometry. Cité has changed its image from an array of uniform single-

family houses to a morphologically heterogeneous neighbourhood where each house 

looks different from each other (see 3d model in Figure 51 page 176 and Figure 97 page 

265). I am talking about the plurality of phenotypical variations generated from few 

typical formal operations, which can be confirmed by the spread of the spatial 

fingerprints on the Spacemate chart without any noticeable gaps in between or any pair 

of dots being identical. So, despite the apparent standardisation of the original building 

types and subsequently the enactment of common building and zoning regulations at 

the neighbourhood and city level, a variety of formal and typological outcomes (often 
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hybrid) have emerged as a result of the spatial affordance of the original design to 

accommodate changes at the level of the individual block-plot compound. 

Regarding the mechanisms of growth and change in the built form, I argue that the 

houses of the Cité Ouvrière neighbourhood in Mulhouse have grown through the 

increase of the built volume and the consumption of the plot area. They have done so by 

creating new horizontal and vertical extensions, amalgamating and dividing properties, 

and adapting existing spaces such as entrances, plot corners, and roofs.  

6.3.4. The role of design and building regulations 

In this process, the original design of the houses and the flexibility of the building 

regulations have played a significant role. Growth (as well as volumetric adaptability) 

has been spatially determined by restricting the dimensions of the houses; by ordering 

the configuration of buildings within the plots and in relation to the street; and by 

defining the limits of applied operations. First, the analysis showed that houses with 

smaller size, particularly number of floors, were prone to vertical extensions, in an effort 

to meet the same building bulk as that of bigger houses belonging to the same type. 

Then, regulations fixing the maximum height at a rather low level (7.5m and then 11m), 

forced houses to extend horizontally, while negotiating the amount of open and green 

space at the disposal of their residents. Indicative of this is that as the provided gardens 

began being consumed by piecemeal additions, the local authorities set out a minimum 

limit of one third of the plot area (30%) designated for green space, which was 10% less 

than the authorised 60% built footprint area. This left a 10% margin for negotiation and 

plenty of room for adaptation of the regulations on a case-by-case basis.  

Furthermore, the introduction of the quarter-detached (carré mulhousien) as the 

dominant typology of the original scheme (998 houses out of the 1,253) had the biggest 

share on the cumulative change of the area as a whole. This was the typology that was 

mostly changed over the years, providing alternatives for the direction of horizontal 

growth, namely to the front, side, and diagonal parts of the plots. Not only the shallow 

relationship of each house to the street (two steps away) was not obstructed, but it was 

also enhanced by affording multiple entrances and transforming previously ‘single-

entry’ plots to ‘multiple-entry plans’ (Hanson, 1998, p. 67,69) (Figure 115). To illustrate 

this, almost 300 corner plots of QD houses established diagonal links to street 

intersections. 
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Figure 115: Survey of two quarter-detached houses in their original (around 1861) and current state. 
Dots indicate the spaces and the lines the possibility to access them from other spaces. The blue colour 
highlights the transformations. 

To sum up, this chapter explored the morphological adaptability of Cité Ouvrière 

through the study of the individual changes of its buildings and plots and the aggregate 

changes of the neighbourhood as a whole. By looking at the causes, agents, rhythms, 

and effects of these changes on built density and open space consumption, it 

demonstrated that physical adaptations constitute a dynamic phenomenon that 

changes with time and depends on a number of physical, legal, and socio-economic 

constraints that evolve over time. 

Specifically, the houses of Cité Ouvrière changed through eight formal operations, 

mainly horizontal and vertical extensions and the addition of sheds and entrance 

porches. The degree of their change was constrained by the original design, particularly 

the typology and size of buildings and plots. Quarter-detached houses demonstrated 

the greatest capacity to adapt among all four typologies due to their configuration within 

the plot and the generous open space originally provided in the plot; both of which made 

it dimensionally and topologically feasible to expand in multiple directions. 

Furthermore, smaller houses with low built intensity like single-storey back-to-back and 
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quarter-detached houses, were able to afford greater volumetric changes, while houses 

on truncated plots had fewer possibilities to grow. 

The analysis also highlighted that physical changes were affected by non-physical 

conditions such as building regulations, historic economic and political events, 

technological breakthroughs, neighbourliness, and frequent ownership changes. For 

example, the majority of changes occurred during the 1920s-30s and 1950s-60s after the 

introduction of sewer pipelines and cars. Changes in legislation were equally significant 

because they allowed for certain physical adaptations to take place, like entrance 

porches, while they enabled to establish others such as the chamfered plot corners. 

Meanwhile, frequent ownership changes contributed to a higher number of physical 

changes, whereas the proximity of houses and neighbours as well as the operation of 

micro-businesses in the area helped the diffusion and perpetuation of physical changes 

through time.  

Eventually, localised changes produced a variety of formal and typological outcomes at 

the neighbourhood scale. This led to the transformation of a low-rise uniform suburban 

settlement to a denser morphologically heterogeneous city quarter. It was an aggregate 

change effected over a long period of time that emerged from small incremental actions 

of many individual and collective agents without prior central coordination from the local 

authorities and the architect or collective awareness from the inhabitants.
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Chapter 7 

7. Discussion: Adaptability a relative concept 

This chapter provides the general discussion and conclusions of the thesis. The first 

part recapitulates the core issues addressed in previous chapters and discusses them 

in the light of this research’s main questions and objectives. The second part 

synthesises the empirical findings of the work across spatial scales, from the city to the 

individual building-plot compound, and through time, considering both its diachronic 

and synchronic dimension. The chapter concludes with the contribution of the thesis to 

the field of urban morphology and space syntax, and the possibilities it opens up for 

further research and potential applications. 
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7.1.  An overview 

The thesis investigated the adaptability of the urban form in the 19th century working-

class housing scheme of Cité Ouvrière in the city of Mulhouse. It focused, on the one 

hand, on the development and combination of a set of methods for the diachronic 

analysis of urban form in multiple scales, and on the other hand, on the presentation of 

empirical evidence for understanding historical processes of physical adaptability in 

relation to formal and non-formal conditions.  

The theoretical and conceptual background of this thesis were extensively discussed in 

the first two chapters. Chapter 1 introduced the main issue driving this work, notably the 

socio-spatial sustainability of our domestic built environment at a time when there is an 

acute housing demand and mass demolitions of existing residential blocks are being 

carried out. It elaborated on the differences between the two currently prevailing top-

down strategies in dealing with housing, refurbishment versus demolition; and 

discussed the bottom-up approach of emergent adaptability, which refers to the 

capability of built forms to adapt and change piecemeal over time in response to the 

evolving socio-economic conditions of the people who use them. By focusing on this 

approach, I made explicit the underlying assumption of the entire work: that individuals 

who invest time, money, and energy on the incremental self-improvement of their 

houses over the years, engage with the present and future of their built environment, be 

it the house, neighbourhood or city, making sure it remains fit for its purpose, maintains 

its value, and avoids functional and physical obsolescence. This made clear the 

intention of the thesis, which was to study adaptability that emerges piecemeal from the 

bottom-up over time and at different physical scales in the context of Cité Ouvrière in 

Mulhouse which has over the course of 165 years demonstrated a trajectory of 

adaptation to changing circumstances.  

Chapter 2 then embarked on a comprehensive review of the concept of adaptability in 

architecture and urban morphology studies, with a particular focus on housing forms. 

The first problem was that adaptability is a rather complex term, for it has been used 

loosely in different disciplines and research projects; it has meant different things at 

different times and for different purposes; it has often been used interchangeably with 

words such as flexibility or changeability, considered to be one and the same thing; and 

due to its connection to the concept of sustainability, it has emerged as an architectural 

and urban trend over the last few years. In essence, I demonstrated there is an 

abundance of definitions, some of which converge while others do not, making it almost 

impossible to agree on a single definition. Concluding this was due to the diverse 
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criteria and variables considered, objects and scales of studies, and their research 

scopes. The literature review also identified that any study of adaptability essentially 

requires the study of ‘change’ and its key elements, namely the layers (or scales) that 

change, the agents, effects, and mechanisms of change, and time. However, the current 

methodological and analytical approaches were fragmented and deficient in addressing 

change across many scales and explaining how the urban form emerges, evolves, and 

changes from the bottom-up. The fact that there was no clear definition of physical 

adaptability and that no single study had so far explored changes of the street network 

and the built volume from the city to the housing scale through an extensive period of 

time, defined the theoretical and methodological gaps that the thesis sought to fill.  

The difficulty in arriving at a definition created the need to define adaptability inductively 

through the analysis of physical changes in the French neighbourhood and city over 

time. The study addressed both individual localised changes of formal elements and 

their cumulative changes at the aggregate level of the neighbourhood and the city 

scales; as well as the impact of changes across formal elements and across scales. 

Having established the shift from the study of adaptability to the study of change, the 

research questions then focused on how do streets, buildings, and plots in Cité 

Ouvrière of Mulhouse change over time; what are the mechanisms and rhythms of 

change and how are these physically manifested; who is involved in the process of 

adaptation, why, and to what extent; how these changes relate to each other as well as 

to concurrent legal, social and spatial constraints; and what is the individual and 

cumulative effect of these changes on the street network centrality and the built density.  

To answer these, Chapter 4 set out to provide a methodological framework that first 

synthesises analytical approaches from various disciplines and second, integrates new 

methodologies in order to map and measure physical changes over time and across 

scales. Analytical approaches were combined from the fields of architectural and urban 

morphology, historical/archival research, design computation, and statistical 

programming. I particularly elaborated on the value in selecting two main analytical tools 

from quantitative urban morphology, i.e. space syntax and Spacematrix, that could help 

to examine the macroscopic and microscopic patterns of change in the three elements 

of urban form (streets, plots, and buildings) and four spatial scales (city, 

neighbourhood, blocks, and building-plot compounds). For the temporal dimension of 

the analysis, it was important to choose a significantly long period of time (i.e. 165 years) 

that would allow me to observe the processes of formation and transformation at the 

local scale, and their cumulative emergent outcomes at the global scale. Such an 

endeavour demanded an in-depth historical research through which I could (re)create a 

rich dataset that did not exist, and which could be comparable to the same extent and 
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level of precision as the existing datasets. Therefore, the second part of this chapter 

proposed two methodologies for the diachronic modelling of the street form in two 

dimensions and that of the built form in three dimensions, based on map regression 

techniques and archival documents. These methodologies resulted in the systematic 

mapping of the street network of a medium-sized region from 1850, and of the buildings 

and plots of an entire neighbourhood for two chronological dates—part of which was 

fully reconstructed from 1853 to today. While doing so, a series of methodological issues 

for the analysis of historical networks and three-dimensional models were raised and 

addressed. These side issues were related to the validation of the street network models 

and the quantification of qualitative archival data, and they included additional 

fundamental methodological steps without which further investigations would be 

undermined. Nonetheless, they are not part of the thesis’ main objective nor its main 

contribution, and thus, are only discussed in the contribution section of this chapter. 

Overall, the proposed methodological approach provided fundamental insights into the 

significance of historical research in urban morphology and spatial analytics. It also 

offered solutions for the preparation and integration of small-scale and large-scale data, 

of qualitative and quantitative data into the study of change from the bottom-up. Finally, 

it added to the growing number of studies (Serra, 2013; Gil et al., 2015; Krenz, 2018) using 

advanced analytical technologies in space syntax but it was the first study in the field to 

use R to run space syntax analysis at the urban scale (axial/segment). 

The remaining chapters presented the analytical explorations of the thesis with a focus 

on the particular social and spatial milieu: the working-class housing settlement of Cité 

Ouvrière in the city of Mulhouse. Chapter 3 offered the reasoning for the selection of this 

extraordinary case study. However, its scope was greater for it synthesised and 

discussed the historical evidence for the formation and transformation of Cité Ouvrière; 

it traced changes of the urban form during the construction and before the delivery of 

the project; and it focused on the social forms that drove and supported changes in the 

physical forms. Hence, it discussed adaptability as part of the design and construction 

process. Finally, Chapter 5 analysed the morphological and configurational changes of 

the street network at the scale of the city (embedded within a region) and the 

neighbourhood (within the city), while Chapter 6 looked at the volumetric growth of 

individual buildings on plots and their adaptation patterns at the level of blocks and of 

the entire neighbourhood. The findings of these three chapters are further discussed 

below, structured around the research questions described earlier. 
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7.2.  Synthesis 

7.2.1. Formal operations 

In general, it was observed that urban form grows and evolves through the creation, 

demolition, and adaptation of streets and buildings. In response to the research’s 

question, how streets, buildings, and plots in Cité Ouvrière of Mulhouse change over 

time, the analytical explorations led to the compilation of a list of all possible 

transformations that urban form may undergo. In street networks, six operations were 

observed based on the angular change, the length and centroid distance differences: 

1 · Join 

2 · Split 

3 · Extend 

4 · Trim 

5 · Rotate 

6 · Slide 

These operations altered the topological or geometrical properties of streets from their 

original to their current state and resulted in changes in the configuration of the wider 

network, by changing their role and relationships with adjacent streets within the 

system. The main reasons for change were (1) the planning agenda of the city, (2) its 

piecemeal development, (3) the inaccuracy of its planning or execution, (4) the deficient 

enforcement of local plans, (4) the accessibility of the network, (5) the ordering of 

pedestrian and vehicular movement, and by extension (6) the regulation of traffic.  

Extensions and trimmings were the most dominant formal operations and they were 

found to work synergistically, meaning the city network either adapted by extending to 

non-urbanised areas or by trimming and adding more connections to existing paths and 

directions of urbanisation. Jonas (1994b) in his historical research of pre-1850 Mulhouse 

mentions two operations, enlargement and alignment, popular in the medieval times. 

However, they are not included in the list as the first focuses on the width rather than 

the configuration of streets, while the other is actually a by-product of any of the six 

aforementioned adaptations.  

In the case of buildings and plots, seven main operations were observed: 

1 · Join 
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2 · Subdivide 

3 · Extrude 

4 · Extend 

5 · Add outbuildings 

6 · Alter roof 

7 · Chamfer corner plot 

These operations altered the geometry of buildings and plots and the configurational 

relationship of the former with the latter. The main drivers for adaptations were reasons 

like (1) physical damage or poor maintenance, (2) infrastructural developments such as 

the installation of sewage and drainage networks, (3) technological advancements i.e. 

the introduction of cars, (4) changes in the use of the building or part of it, (5) the 

conservation or individualisation of the architecture and its aesthetic aspect including 

passing fashions, (6) the reproduction of formal solutions through copying by 

inhabitants and neighbours (neighbour effect); and (7) the internal logics of their 

households. This list shares common elements with the reasons for change previously 

suggested by Boudon (1972), i.e. reasons 1,4,5,6, Steadman (2014a), i.e. reasons 2,3,4, 

and 6, Walsh (1994), i.e. reason 3, and Whitehand and Carr (2001), i.e. reasons 2,4,5,6 and 

7, but also expands their interpretations. 

The dominant operations were the extensions and the addition of outbuildings because 

of the provision of larger plots and the fact that they could take place more than once in 

each compound. The analysis showed that the single-storey houses (R+C) would first 

change vertically by adding floors in an effort to maximise the permitted height (R+1+C), 

and then, they would expand horizontally by consuming the open space of the plots. 

Also, it was commonplace for corner plots to have their corners truncated after the 

introduction of cars; a finding that has been previously mentioned by Whitehand (1992).  

Although the formal operations differ between the elements of the urban form, there are 

three common gestures shared by both lists. The gestures of (1) adding something to 

the existing form or extending, in both cases to make it larger (operations 1,3,7,9,10,11); 

(2) subtracting something from the existing form or fragmenting it, both of which result 

in making it smaller (operations 2,4,8); and (3) reshaping it without much affecting its 

size (operations 5,6,12,13).  
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7.2.2. Mechanisms of growth 

Mechanisms of growth are understood as the ways in which streets and houses grow 

and evolve in time. In general, it can be argued that even though demolitions make room 

for possibilities to emerge, it is only through the addition of new forms and the 

transformation of existing ones that urban form may grow.  

Chapter 5 identified three main mechanisms of growth in the street network of 

Mulhouse: (1) exploration, (2) densification, and (3) invention. While the first two have 

already been discussed by Barthelemy  (2018), the third is a suggestion of this study even 

though it has been previously implied by Levy (1999) and Serra (2013). Exploration in 

particular, describes the creation of new streets and the adaptation of existing ones 

slowly or all-at-once. Creations occurred in non-urbanised spaces at the edge of the city 

or in purely residential areas like Cité Ouvrière, during the industrial revolution and the 

rapid growth of the city. Adaptations included the extension and revision of streets. 

Extensions continued the existing grid to reach non-urbanised areas, following the 

previous street layout. They were the usual modus operandi during the nineteenth 

century and the beginning of the twentieth when the city network was still formulating. 

Meanwhile, revisions were subtle in situ interventions on laid-out roads by means of 

enlargement, alignment, trimming etc. to allow for subsequent developments to take 

place and to improve existing patterns of movement. They occurred primarily in central 

areas of Mulhouse during the twentieth century.  

The second mechanism, densification, accounts for the addition of in-between 

connections (infill) which led to the increase of network density. It postdated the 

previous mechanism for it required an already explored territory, where the main street 

connections had been established but there was still space for street insertions and land 

subdivisions. Thus, densifications mainly took place during the twentieth century.  

These two mechanisms, exploration and densification, were found to be dependent on 

the existing network, as they either built on or between it. Their ultimate goal was to 

integrate the new parts of the grid into the old. However, the historical analysis showed 

that there is also a third mechanism of growth, that of invention, where an entirely new 

and almost autonomous network was superimposed onto the existing network in a top-

down way. Similar to the tabula rasa planning approach of Modernism, invented parts 

of the grid, like the national motorway network, were not planned to form constituent 

parts of the existing network, but rather compete with it, while relieving traffic 

congestion in the historic centre by diverting the established movement flows.  
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I made the point earlier that explorations and densification necessitate the existence of 

some sort of structure. In Chapter 5 I illustrated that especially at the beginning of city 

growth this was possible ought to the existence and persistence of a pre-urban 

superstructure at the regional scale. I showed that the process of urban network 

formation is path-dependent and follows pre-urban traces; a finding which agrees with 

Scheer  (2001). With the specific context in mind, I divided these traces into international, 

regional and intercommunal routes according to their places of origin and destination, 

namely what they connect and why. Space syntax analysis confirmed that these routes 

formed a web-like structure that linked grid intensifications (where towns existed) 

together. Most importantly though, the superstructure conditioned the subsequent 

growth of the entire region.  

The revelation of the pre-urban superstructure at the regional scale made very clear that 

cities and towns do not emerge on their own, but that they are part of a wider networked 

morphology; and that any pattern of growth, continuity, and change depend on these 

larger morphologies and the superstructures that connect them (Serra, 2013). To 

illustrate this in the case of Mulhouse, I focused on the medieval placement of gateways 

which largely determined the accessibility of the city from the 18th century. They were 

always generous convex spaces and points of arrival for the majority of routes in the 

region, configuring its pre-urban and urban movement distribution. Moreover, the 

historic Basel-Bar-le-Duc royal axis, which had persisted from the medieval era, 

strongly determined the direction of urbanisation towards the northern part of the city. 

Therefore, this finding concerning the presence and continuity of a pre-urban 

superstructure builds on the argument already made by Psarra et al. (2013) and Griffiths 

(2009) that the process of urban transformation can also be described through the 

persistence of pre-urban networks. 

In the case of buildings and plots in Cité Ouvrière, I identified two mechanisms of 

growth: (1) intensification (similar to densification and infill), and (2) land union or 

subdivision. The first describes the volumetric increase of buildings within plots, which 

results in the maximisation of floor area independently of its programmatic composition. 

From the point of view of plots, the same mechanism can be understood as the 

consumption of the available open space due to infills. In fact, the two are not necessarily 

mutually exclusive. If built intensity increases only through extrusions and plan area 

remains constant, then the actual amount of non-built space at ground level is not 

reduced; instead, it is the amount of open space allocated to each resident that 

decreases. In contrast, if intensification occurs merely through horizontal extensions, 

then space consumption is inversely proportional to the first.  
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The second mechanism applies to plots, and their potential to increase their area 

through the merging of adjacent properties. The opposite is true too, shrinking the plot 

through land subdivision. Chapter 6 detected the reciprocal effect that plot and building 

growth have on density. With a fixed building footprint, plot area growth decreases 

density, while a growing building in a fixed plot increases it. In the case of Cité Ouvrière, 

the analysis found that both mechanisms of building and plot growth could happen at 

the same time, even though the first was far more common than the second. Indeed, the 

buildings were in most cases the ones to intensify, consuming part of the three-

dimensional spaciousness of the plot, gradually rendering them less capable to receive 

further densification. Interestingly, while buildings were intensified, and plot areas were 

consumed, streets remained almost unchanged, showcasing an exceptional resistance, 

which Rutte (2004) calls inertia.  

7.2.3. Rhythms of change 

The rhythm of change referring to the temporal dimension of physical adaptability, was 

investigated in the study in two dimensions: synchronically and diachronically. The first 

focused on an all-at-once picture of the urban form as this existed at any given moment. 

The second concentrated on providing spatial information about how adaptations were 

made piece by piece over time. 

In terms of the diachronic dimension, the thesis covered an extended period of time and 

presented a mapping technique to capture the rates and frequencies of formal 

operations throughout the years. In the case of the Mulhousian street network, it 

revealed an increasing rate until the end of nineteenth century, and a slower descending 

rate during the twentieth century as a result of first, the network’s diminishing capacity 

to spread further, and second, a series of economic and political events that slowed 

down its previously rapid population and city growth. The analysis also revealed a 

rhythmic cyclical pattern of approximately 40 years among the interventions (Figure 70 

page 200): first new streets were created, and their performance was tested in terms of 

movement, and if successful, the size of the persisting structure increased; otherwise, 

adaptations occurred, until the system reached its movement-effective functioning, and 

start all over again.  

In the case of buildings and plots in Cité Ouvrière, more fluctuations were observed in 

the rates of change during the period of 140 years, but building applications tended to 

cluster. Starting from 1860, there were two clusters peaking in the 1920s and 1960s 

respectively (Figure 102 page 274). What really characterised the first peak were changes 
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in the urban infrastructure like the piping network, and in the second peak, there were 

changes of technology and lifestyle like the popularisation of cars. After that and similar 

to the street network, housing growth slowed down due to the plot’s diminishing 

capacity to continue receiving more infills. Meanwhile, more rigid building regulations 

about the conservation of architectural heritage were enacted and houses kept changing 

hands ought to the grand influx of immigrants in the area. Again a cyclical pattern is 

observed of approximately 30-40 years, which is a lengthier time-lag than the ones 

previously identified by other authors (Parry Lewis, 1965; Whitehand, 1972; Olson, 1979, 

1982). 

From this it can be concluded, that diachronic processes are quite site-specific and 

meaningfully related to historical, social, economic and political events. I called this an 

acausal synchronisation in an otherwise constantly diachronic process;  acausal in the 

sense that none of the events occurred to cause physical changes in the urban form 

apart from the local building regulations, and synchronisation because the degree of 

adaptations synchronised to the processes that were taking place at the upper level of 

the whole gestalt. 

In terms of synchronicity, the analysis brought to the fore two main spatio-temporal 

modes. In the first case, the construction of streets preceded land occupation by 

buildings—at least in spaces beyond the historical centre of the city—, whose settling 

took advantage of existing road infrastructure and historical traces. In the second case, 

the street network was laid out concurrently with the buildings, which implied there was 

formal planning and development of an area all-at-once. That was the case of Cité 

Ouvrière. In what concerns adaptations, these always followed the construction of both 

buildings, plots, and streets, for an adaptation to be applied it required an existing form. 

Another main finding of the research in terms of its temporal dimension is that streets 

changed more slowly than buildings. In other words, it took a longer period of time for 

significant changes to be noticed. This had to do with how rates of change were 

perceived, which depended on the spatial scale and the time period under investigation. 

Batty (2007) recognises that as the scale increases, the rate of change drops. Indeed, 

after the beginning of the twentieth century when Mulhouse had already expanded 

sufficiently, the degree of change in the street network declined. Street modifications 

were not significant in number and extent in relation to the size of the city. Equally, after 

the 1950s and the massive introduction of garages in the plots, changes in buildings are 

limited in number due to the limited capacity of plots. In all cases, it was noticed that the 

repletion of the urban form reduced its affordance to receive additional changes.  
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If the city growth is to be compared with that of a single neighbourhood, it is clear that 

Mulhouse had started to form and transform earlier than Cité Ouvrière. This is 

understandable in the sense that the city existed way before the neighbourhood. The 

only exceptions to this were first, the historical centre which existed from the medieval 

period and second, formal network changes that were derived from the mechanism of 

invention, could happen at any moment in time, before or after the formation of any 

neighbourhood. 

7.2.4. Effects of change 

The thesis also focused on the impact of physical adaptations of streets, buildings, and 

plots on the network centrality and the built density. The findings are presented below 

for each spatial scale. 

At the city and neighbourhood scales, the analysis addressed the question of the impact 

of network interventions, and more specifically adaptations, on the formation and 

transformation of centrality patterns.  

Space syntax analysis highlighted one integration core at all radii, constituted by the 

historic centre (hub) and the routes commencing from the gates of the medieval walls 

(spokes) (Figure 75 and Figure 77 pages 214 and 216 respectively). This created a strong 

centre-to-edge movement potential at the regional and city levels which confirmed the 

pivotal role of Mulhouse within the agglomeration. Almost the same integration core 

persisted over time despite transformations and subsequent network growth. Over time 

and as a result of network densification, higher integration values spread slightly beyond 

the core. Spaces became gradually closer to each other and one was never far from an 

intensified part of the grid (local centre), while they could reach the historic centre using 

the strong integrators (spokes or access routes at the global scale).  

The same topo-geometric analysis also identified the web-like structure of through-

movement, which was found to follow the historical traces of the pre-urban 

superstructure (Figure 76 and Figure 78 pages 215 and 218 respectively). Subsequent 

network growth modestly benefited the values of the same structure, whose potential for 

maximising movement and co-presence was already high. An exception to this was once 

again the top-down superimposition of high-speed routes in the 1970s. The new 

autoroutes fit to serve vehicular traffic helped to redistribute through-movement flows, 

slightly undermining the role of the older pre-urban superstructure in the territory. The 

two measures, integration and choice, identified the foreground network of the city, 
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which emerged naturally alongside the growth of the system and was mainly driven by 

micro-economic activities. 

Then, the metric analysis of mean depth captured clusters of semi-discrete 

morphologies as a result of their blocks’ placing, shaping, and scaling (Figure 90 and 

Figure 91 pages 242 and 243 respectively). These were areas that were morphologically 

distinctive, belonging to the background network. They were mainly driven by residential 

processes, and typically sought to diffuse and structure movement in the image of 

cultural ideas expressed through residence. 

Then, the three measures were able to identify the dual structure of the city, formed by 

a patchwork of local areas (background network) linked together into a whole through 

local-to-global elements (foreground network). Hillier (2009, 2016) argues this is the 

generic underlying form of every city, which helps them to spatially sustain themselves 

in the long term. In essence, as cities evolve, they do so in a way that spaces can remain 

accessible from all other spaces and structure the movement and contacts of people. 

Then this study demonstrated that as the city of Mulhouse continued to grow and adapt, 

it expanded its foreground network and densified its background network.  

Chapter 5 identified an overall positive impact of adaptations on the accessibility 

(integration) of the city network at the city scale (Table 15 page 229). Transformations 

consistently contributed to the configurational capacity of the network to facilitate 

access from and to the city but also in the quarters. Adapted streets were mainly located 

on the shortest paths between local centres, and upon their formal transformation they 

became gradually integrated into the city’s integration core. However, the impact at the 

local scale was often negligible, if not positive. The same applies to the case of choice, 

where the impact of adaptations was found marginal across all scales, because the 

measure was able to highlight the more persisting parts of the network. Hence, formal 

adaptations in the street network either intensified or perpetuated its existing patterns 

of centrality, but never really changed them in a significant or negative way—apart from 

when considering the impact of mechanisms of invention which showed that it could 

lead to bigger ruptures. 

Furthermore, Chapter 5 illustrated that the centrality potential at the level of the 

neighbourhood was born out of two processes: natural area-isation and natural 

embeddedness. The first was related to the persistence of Cité’s distinctive morphology 

across scales and through time, and the second described the gradual strengthening of 

its configurational relationship to the larger street system as a result of the adaptations 

of the wider urban grid over time. 
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On the one hand, the ‘area-isation’ was a by-product of the original plan. The small block 

size, regular layout, and generous street-to-block ratio—conscious design decisions of 

the architect Müller— created an intensified local grid. Streets were close to each other, 

meeting at a right or near right angles, reducing essentially distances from all spaces to 

all others within the neighbourhood. This distinctive morphology was repeatedly 

captured by the metric analysis across different radii and time periods, regardless of 

formal operations outside the area and of the system growth. So, the street form of the 

neighbourhood as a whole contributed to a diachronically consistent spatial image. 

On the other hand, despite its resistance to changes, the street network of Cité Ouvrière 

became increasingly embedded into the whole city as the latter grew. This was due to 

its central location and the fact that subsequent network extensions and adaptations in 

its surroundings affected the way this was spatially connected to the rest of the city. 

Space syntax analysis highlighted the progressive encircling and penetration of the area 

by strong integrators at the global scale, which facilitated its local-to-global connection, 

decreasing its overall depth and increasing its accessibility potential over time. In fact, 

the highest global values of both to- and through-movement were found at the perimeter 

of the scheme but moving towards its interior as the scale dropped. This makes sense 

given that Cité Ouvrière is primarily a residential area. 

The above led to the recognition that the scheme is located adjacent to the integration 

core of the city; is perimetrically surrounded—and traversed focally—by local-to-global 

elements that accommodate longer range movement; and presents in the interior low 

movement potential. This compartmentalisation of Cité to smaller ‘donut’-shaped 

centrality patterns allowed the vast housing area to structure movement at its edges, 

preserve a domestic culture in its interior, and favour the development of micro-

economic activities right at its interface with the rest of the city.  

Eventually, the street form of the Cité Ouvrière evidenced a favourable disposition 

towards spatial sustainability as a result of certain characteristics it inherited from its 

original design. Firstly, its morphologically distinctive layout with small and dense 

blocks eased the accessibility of the houses maximising the probability for residents’ 

co-presence in space. Secondly, the grid was pierced by highly inter-accessible 

structures that linked the local to the global movement in the rest of the city, attracting 

non-residential activities and generating encounters between inhabitants and 

strangers.  

From these two characteristics I drew the conclusion that the grid by itself has over time 

exhibited spatial efficiency in structuring movement and social interactions at both the 
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foreground and the background network. The organisation of this grid within the context 

of the city and the way it endured changes that happened around it demonstrates its 

natural ability to sustain this spatial efficiency over time. The local grid has managed to 

maintain its spatial and functional role in the system ought to its original formal design, 

contributing to the long-term spatial viability of the neighbourhood. This finding agrees 

with Jacobs (1961), Brown (1985), Hillier (2009), Alexander (2002-05), and Batty and 

Longley (1994) who viewed the process of incremental development of the city as being 

‘optimal’ so as to ensure the resilience, efficiency, effectiveness and attractiveness of 

urban areas. This ‘internal logic’ which determines the spatial relation between the parts 

and the whole provides a first hint at the extent to which the street networks of the city 

and the plots and buildings of separate urban areas are connected, other things like land 

uses and transport networks aside. 

Furthermore, the analysis addressed the question of the impact of volumetric operations 

on the built density at the levels of both the individual building-plot compound and the 

entire neighbourhood. 

Chapter 6 detected three different degrees of change: low, moderate, and high based on 

the extent the built intensity and ground coverage put pressure on the non-built space. 

These degrees were dependent upon (1) the original building typology, (2) size, and (3) 

the configuration of the building on the plot. These were the key physical determinants 

of growth and adaptation; a finding which partly endorses previous research (Brown and 

Steadman, 1991a, 1991b; Whitehand, 1992; Whitehand and Carr, 2001).  

In terms of size, the main finding was that the smallest houses (in area and number of 

storeys) exhibited the greatest degree of adaptation, while the largest received the least 

volumetric adaptations. Furthermore, the building typologies in combination with the 

plot size affected their formal possibilities. For example, the narrow and elongated plots 

of back-to-back and terraced houses were not appropriate for subdivision due to their 

limited street front width. And the sharing of three or two facades respectively forced 

buildings to extend merely horizontally either to the front (BtB) or both the front and the 

back sides (T). However, BtB houses managed to grow more intensively than the 

terraced types because of their original smaller size. Then, the larger semi-detached and 

terraced houses displayed the lowest degrees of adaptation. These types were already 

among the largest when constructed, so no dramatic densification was observed. They 

were also built right to the plot line, leaving no room for extensions towards the front. 

Essentially, the plot pattern constrained the evolution of building types (Scheer, 2010). 



 

321 

The typologies that were most amenable to physical adaptations and growth were the 

quarter-detached, which increased their built intensity by consuming the open space at 

the ground level in three directions: the front, lateral, and diagonal (Figure 112 page 299). 

The calculations noted a remarkable increase of their FSI and a considerable increase 

of their GSI. Their original design and placement within the plot allowed for a high 

number of formal operations, including lengthways divisions and the insertion of an 

additional house alongside the original one—frontage-division infill suggested by 

Whitehand et al (1992). While row houses extended almost exclusively in the direction 

of the ground floor (horizontally), the larger QD houses extended first horizontally and 

then vertically, whereas the shorter QD houses first maximised their building height and 

then continued extending horizontally. 

The analytical explorations of Chapter 6 also managed to roughly predict—and thus, 

anticipate—change in the future. Based on the measure of three-dimensional 

affordance, it was shown that the QD houses of the first, second, and mid periods and 

the BtB houses of the second period, are the most likely to receive future alterations, 

although they have already expanded significantly. 

Overall, it was argued that physical exterior additions and adaptations had a positive 

effect on the entire neighbourhood for they intensified the open space consumption at 

the plot level and increased the compactness of the built form. They also constituted a 

positive feature of the architecture itself because they showed in a practical way that the 

houses were “capable of being altered and were in fact altered”, an observation made 

already by Boudon (1972, p. 114) for both Le Corbusier’s villas as well as the traditional 

lean-to houses in the Bordeaux region. In fact, as Boudon says, “it is preferable for a 

house to be adapted to its occupants than for the occupants to have to adapt to their 

house” (ibid., p. 117), and in that sense the dwellings of the cité have been successful. 

As a result, the scheme has gradually shifted from a garden city to a highly urban area 

for the most part. This has affected the image of the neighbourhood by turning an 

initially uniform settlement to a formally diverse urban quarter. This was possible ought 

to the multiplier effect of many small local changes at the level of individual building-

plot compounds, which led to the emergence of a variety of formal and typological (often 

hybrid) outcomes at the larger scale. 

This transformation from uniformity to formal diversity provides an empirical comment 

on certain questions that arise in the design process such as uniformity versus 

individuality, urban planning and architecture, liberty or constraint in occupants’ spatial 

agency. Similar to Le Corbusier’s Quartiers Modernes Frugès, the original urban 
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composition of Cité Ouvrière in Mulhouse conceived by Emile Müller and built all-at-

once by SOMCO, was uniform and the geometries, types, forms, and configurations 

were standardised for financial and ideological reasons as well as for an economy of 

means and time. The houses (at least of the same type), the gardens, and the streets (of 

the same type like passages) were all the same, and there was no scope in the design to 

cater for the individual needs of the workers and their families. Yet, after the incremental 

changes (exterior as well as interior) of the buildings were carried out by the successive 

occupants and the municipality, no two houses were or looked the same.  

This ‘process of individuation’ (Boudon, 1972, p. 107) in Cité Ouvrière points out to three 

things. Firstly, physical changes have achieved a synthesis of uniformity and 

individuality in the design, by having the architect and the industrialists deliver a plain, 

regular, and functional layout, and the inhabitants add their personal note to the 

architecture. In other words, the former provided the basic infrastructure for the latter to 

appropriate it. Secondly, physical adaptations and extensions that take place on the 

exterior of the buildings have affected both the architecture of individual houses as well 

as the urban image of the whole settlement. Rather than a uniform composition, Cité 

Ouvrière is now a conglomeration of individual built forms, whose processes of 

transformation have been governed by the same rules and constraints to help the 

individual parts integrate into the whole. This leads us to the third argument. The 

external space which encompasses volumetric changes at the exterior of houses, 

constitutes the unifying factor and control mechanism of the transformation process 

reconciling the architecture of individual houses with the rational urban planning of the 

wider settlement-neighbourhood. That is because the external space, and by extension, 

the volumetric changes are part of the (semi-)public realm and so, are visually exposed 

to, and restricted by, the collective. In other words, the standardisation and the collective 

character of a settlement like Cité Ouvrière impose constraints on the individual 

behaviours of the residents with regards to the morphology of their dwellings (see 

7.3.1.2-3 for further discussion on constraints) 

In addition, in Chapter 6, I made the distinction between the original standardised built 

forms and the resulting variety of individual formal outcomes. Following the reasoning 

of Hillier and Hanson (1984), I argued that the original unchanged houses were the 

genotypes, and the actual volumetric forms met on the ground were their phenotypical 

variations, which emerged from the combination of the same formal operations in 

different configurations and dimensions. While the genotypes were mainly subject to 

spatial and financial possibilities and ideologies of SOMCO and Müller, their 

phenotypes were further determined by the financial and legal constraints, cultural 

norms, and local practices of their hundreds of occupants for over 100 years. This is why 
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there were fewer genotypical than phenotypical variations. The existence of a limited set 

of formal operations (and shared reasons for change) ensured a degree of consistency 

behind the ostensibly morphological heterogeneity. So that the neighbourhood 

eventually embodied both (1) formal unity as a result of the same transpatial types of 

operations, and (2) formal plurality as a result of the spatial phenotypical expressions of 

these operations on the original genotypes. This pattern reflects Alexander’s (1996), 

Batty and Longley’s (1994), and Hillier and Hanson’s (1984) views that there is a ‘genetic 

code’ that allows different variations of similar physical structures to grow. 

Lastly, the research found there was a random distribution of building applications over 

space, but a relative clustering of dwellings with similar degrees of adaptation (Figure 

94 page 253). This was related to the type and size of buildings, strongly influenced by 

their development phases. However, this clustering did not seem to have any direct 

relation to the centrality patterns in the street network. 

It should be stated here that physical adaptations entail other effects too, beyond the 

network centrality and built densification. It is not hard to imagine for example that the 

formal operations of streets may affect their length and width, and by extension lead to 

changes in the visibility and cognitive perception of the city. Equally, formal operations 

in buildings and plots can change the energy consumption, light, and ventilation 

properties of houses while also affecting the accessibility potential of individual plots. 

Yet, these effects were not measured in the thesis for they extended beyond the 

objectives set out at the beginning. 

7.2.5. Agents of change 

While mapping and measuring physical adaptability, the research also discussed the 

agents involved at each stage of the process. I understood this agency as the ability of 

individual and social entities “to intervene in the world, or to refrain from such 

intervention, with the effect of influencing a specific process or state of affairs” 

(Giddens, 1984, p. 14). 

The historical research presented in Chapter 3 and the analytical explorations in 

Chapters 5 and 6, recognised combinations of different agents acting, and thus 

influencing things, at different scales. At the level of city, the principal agents were 

public, namely the local authorities and the state. At the level of the neighbourhood, 

agents were both public and private, ranging from the state, the municipality, the 

SOMCO, especially Jean Dollfus and the architect Emile Müller, and the workers–
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inhabitants. And at the level of buildings and plots, the main agents were the 

inhabitants, the architect and SOMCO, as well as the local authorities. The agency of 

these actors was primarily effected through their visions and decisions, and also 

through their actions and resulting spatial outcomes.  

First, the state represented by its emperor Napoleon III in the mid nineteenth century 

supported a program of public housing in France. With Frederic Le Play as counsellor 

of state, housing initiatives were directed towards the reformist agenda informed by Le 

Play’s study on the social and economic condition of the European working classes. 

This culminated in subsidising private enterprises. Cité Ouvrière was the first scheme 

outside Paris financially supported by the government.  Funding was delayed; was not 

deposited in its full promised amount; and did not continue in the subsequent 

development phases; yet, it was an important political decision that established a 

welfare approach to working-class housing. In Chapter 3, I argued that the involvement 

of the state in this particular case study was one of the earliest examples of public-

private partnerships (PPP). The state also influenced the top-down development of the 

city, by imposing the major highway network in the Mulhousian region in the 1970s. 

Secondly, the municipality of Mulhouse and other organisations, such as the SOC Civile 

Habitat et Loisirs Mulhouse and the Société Anonyme Immobilière d'Economie Mixte 

des Coteaux, played a major role in the process of city growth and adaptation. 

Especially, the municipality was responsible for planning, expanding, and maintaining 

the street network, structuring its movement potential, enacting land policies, and 

setting out the strategic priorities for development within its quarters. At the 

neighbourhood scale, the municipality in collaboration with the private association of 

SOMCO (run entirely by a small group of Protestants and bourgeois entrepreneurs) 

were instrumental in the development and subsequent evolution of Cité Ouvrière. They 

supported the industrial production, undertook charity work for the poor and 

disadvantaged employees, set up welfare and public facilities, and offered the workers 

salutary and affordable housing with the possibility to access homeownership. 

Although their ultimate goal was to reform the social and moral state of the working 

class, the 19th century Mulhousian model was ahead of its time, providing favourable 

political conditions for the emergence of an exemplary Cité Ouvrière. 

In the years that followed, SOMCO and the municipality were closely involved in shaping 

the architectural and urban design of the scheme as well as its social and economic 

operation always in response to wider socio-economic and political events. Through 

their visions and actions in securing land, providing public infrastructure, and 

introducing an innovative financial model and new building typology (the carré 
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mulhousien), they were pioneers in providing a European large-scale working-class 

settlement.  

Over time though, some of their original visions were compromised, while others were 

subverted. For example, the provision of public amenities shrunk, and private property 

became an instrument to generate profit, allowing workers to move out and to act 

without any paternalistic interferences. The socially enlightened capitalist approach 

directed by the Calvinist industrial manufacturers of Mulhouse gave way to a more 

liberal economic model, where design decisions were driven more by speculation than 

utility. This transition became evident aesthetically and spatially, in the urban form of a 

single housing scheme. 

Upon the completion of the scheme, the municipality, represented by the mayor, the 

delegated assistants, and the planning service, was forced to take action by establishing 

and implementing building regulations. Among other things, these focused on the 

regulation of functions, the conservation of the urban patrimony, and the mitigation of 

the effect of physical adaptations. The municipal decisions helped to formulate a 

framework of legal constraints, which affected the degree of physical adaptability in the 

buildings and plots of the neighbourhood. To this day, local planning documents are 

being revised to respond to the contemporary needs and living habits of the local 

community. 

The third agent of change was the architect Emile Müller, whose design decisions had 

a major influence on the physical adaptability of the built form. In essence, by selecting 

specific built forms, he imposed geometrical and formal constraints that allowed certain 

possibilities to occur while inhibiting others. These were related to the building 

typology, the size of buildings and shape of plots, as well as the configuration of the 

former on the latter. Evidence in Chapter 6 demonstrated that the surplus open space 

embedded in the original design was a key enabler for individual building-plot 

compounds to accommodate future growth, and a precondition for densification. 

Conscious urban decisions also included the provision of large front gardens for the 

cultivation of vegetables and generation of income for the household; and of passages 

to uphold the hygienic principles of the scheme, while offering intimate spaces for the 

daily interaction of the inhabitants. In fact, both the urban and the architectural designs 

facilitated, and to a certain extent, even encouraged subsequent alterations and additions 

at the building and block level; a finding which agrees with Boudon (1972). 

The last and admittedly the hardest to predict agent of change was the workers and more 

general, the inhabitants residing in the housing scheme from the beginning. The first 
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residents who accessed ownership took an interest in investing both physical capital 

(houses) and human capital (community) in the area. They took part in common 

activities, organised community groups, and developed networks within the same or 

across different ethnic minorities, thus boosting feelings of belonging and identity. 

They also transformed their houses piecemeal, claiming their right to the housing 

landscape and advocating for a new and slow participatory design that has persisted on 

site for more than 160 years. Their agency was mainly affected by the internal logic of 

households, namely the relations, growth, shrinkage, migration of their families, the 

integration of micro-businesses in the same premises, and the frequent changes in the 

land ownership; which previous authors (Boudon, 1972; Kostof, 1991; Whitehand and 

Carr, 2001) found exerts an instrumental influence on the evolution of urban form.  

Effectively, by investing time, money, and energy on maintaining and modifying their 

properties, the inhabitants unconsciously contributed to a ‘do-it-yourself’ spatial 

culture, which is a common practice among low-income and disadvantaged populations 

with scarce resources (Jonas, 2003). For them, the provided houses were not seen as 

finite objects, but rather as modifiable entities subject to a continuous ‘bricolage’ (Lévi-

Strauss, 1966) responding to their users’ needs. In that sense, physical changes were 

essentially social and spatial expressions of active citizenship, enabling the inhabitants 

to shift from being—according to the words of Turner (1979)—‘passive consumers’ of 

housing goods and services to ‘active participants’ in the aging of their homes and 

neighbourhood.  

And through their close involvement in the process, the inhabitants ensured the long-

term viability of their domestic built environment. By initiating and repeating formal 

adaptations (exterior and interior as well) on the particular dwelling types, they largely 

determined their successful survival through time. As Alexander (1996) believed, “local 

adaptation can happen successfully only if people (who are locally knowledgeable) do it 

for themselves”. 

7.3.  Contribution 

The contribution of this thesis can be divided in both the areas of theory and application. 

The first is related to the need for a more precise definition of physical adaptability seen 

through the historical patterns of transformation and growth of different spatial 

systems. The second refers to the proposition of a new methodological approach to 

record, visualise, analyse, and evaluate dynamic change and adaptation in 2D but mainly 

in 3D at the microlevel and over an exceptionally long period of time. This can provide 
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an important reference for the creation of longitudinal microsimulation models looking 

to forecast dynamic behaviour in street networks and the building stock, should the 

above patterns be combined with other factors not considered here like land uses, 

transportation networks, internal layouts, and energy flows. 

7.3.1. Towards a theory of dynamic change and adaptation 

7.3.1.1. Defining adaptability 

Through the study of physical changes in Cité Ouvrière in Mulhouse across different 

scales and through time, the thesis is able to refine the definition of formal adaptability 

as a relative and dynamic concept. Adaptability means different things depending on 

the spatial scale and the object under investigation, and thus, is interpreted differently 

between the three elements of the urban form. It is also related to a set of affordances 

and constraints which impact possibilities of change from one scale to another. There 

are mechanisms under which it takes place and agents contributing to its occurrence. 

At the scale of the city and region, adaptability corresponds better to the first and fourth 

definition cluster identified from the literature review (see clusters in Table 1 page 49). 

Specifically, the street system received physical changes, and adjusted or modified 

fittingly to suit the new conditions. Chapter 5 showed that the street network of 

Mulhouse had the capacity to self-regulate its configurational changes to facilitate 

movement from, to, and within an expanding city, in order to sustain its effective 

functioning in the long-term in terms of accessibility and according to population 

growth. This is similar to what Jacobs (1961), Brown (1985), Hillier (1996b, 1999a), and 

Portugali (2000) refer to as the self-organisation of street networks as cities evolve. 

Interventions in Mulhouse included the addition of new streets, the demolition and the 

transformation of existing roads. These occurred in a slow and acupunctural fashion 

over a long period of time and were dependent on the socio-economic conditions of the 

city, the direction of its expansion, the land subdivision, and the existing ordering of 

movement flows.  

At the level of the neighbourhood (planned), adaptability proved to be the ability of the 

street system to withstand and endure formal interventions, while enhancing its 

configurational performance and increasing its longevity (definition clusters 10 and 11).  

While the local layout of Cité Ouvrière did not change throughout the years, the grid of 

its immediate surroundings continued to expand and adapt and encompassed the area. 

What used to be once a suburban settlement of a medieval town is now a centrally 
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located old city quarter; a residential area that is close to the historic centre and served 

by economic activities at its periphery. In this context, the adaptability of the street form 

was found to be dependent on three factors: first, the original regular and intensified 

local grid; second, the location of the neighbourhood adjacent to main city 

thoroughfares (part of the pre-urban superstructure); and third, the self-regulating and 

enduring spatial relationship of the local grid to the city network, a pattern which has 

been previously noticed by other authors (Batty and Longley, 1994; Alexander, 1996; 

Griffiths, 2009; Hillier, 2009; Scheer, 2010; Stanilov and Batty, 2011).  

Regarding the built form, adaptability was found to be the capacity of building-plot 

compounds to accommodate volumetric changes mainly as a response to the changing 

needs of the users over time (definition clusters 2 and 6). In the case of Cité’s houses, it 

became evident that additions, demolitions, and adaptations, affected the size, capacity, 

and performance of the buildings (definition cluster 8), ensuring they remain fit for their 

purpose, maintain their value, and avoid obsolescence (definition cluster 11 and 13). 

They also helped to receive a variety of non-domestic uses (definition cluster 3). Even 

though changes took place at the level of individual buildings, their aggregate effect 

densified the blocks and transformed an initially uniform factory settlement into a 

formally diverse highly urban area. The analysis indicated that three main morphological 

characteristics inherent in the original design contributed to the adaptability of the built 

form: the original low built intensity, the provision of larger plots with high ratio of open 

space, and a generous street area per building-plot compound.  

The research acknowledges that the ability of certain formal entities to change and adapt 

can only be understood in relation to other entities that remain unchanged. In the case 

of the street network, these persisting parts were mostly historically established routes 

i.e. the pre-urban superstructure, while in the case of houses, the benchmark was the 

originally constructed built form. In the case of the buildings, these were the original 

and unchanged house types whose architectural and urban design facilitated future 

alterations in the course of time. These are the infrastructural conditions upon which 

adaptability can be exercised and externalised, leading to the idea that all urban form 

needs to evolve and adapt is found infrastructure and time. If the two conditions are met, 

then growth may happen piecemeal by those who operate, manage, and use the formal 

entities. 
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7.3.1.2. Rules and constraints 

Overall, in all three scales, the degree of adaptability was found to be conditioned by a 

set of three constraints: (1) the socio-economic constraints established by international 

events, by the national or local authorities and by the households, (2) the physical 

constraints imposed by the territory or the original building and plot layout, and (3) the 

legal constraints of building regulations. Examples of socio-economic constraints 

included but were not limited to economic recessions, world wars, the decline of textile 

industry, the power of bourgeoisie, or the working-class population that the housing 

scheme targeted. Physical constraints had to do with the topography of the land, the 

natural or infrastructural boundaries, the geometry of the streets (i.e. length and width), 

the dimensions and shape of plots and buildings, the configuration of the building 

within the plot et al (Brown and Steadman, 1987). The legal constraints related to the 

theoretically possible transformations which were never actually materialised because 

they did not abide by the official regulations. Such examples were acts, ordinances, and 

decrees that specified minimum and maximum standards for design, construction, and 

alterations to the buildings in the area, like the plot coverage, garden area, or height; in 

other words, regulations were used as a tool for building adaptability (Talen, 2011). In 

fact, a secondary finding was brought to the fore here. Chapter 6 demonstrated that 

adaptability is not only a property of the physical world, but it also applies to legal 

constraints. Based on a number of archival cases, rules were bent, and regulations were 

adapted on an if-and-when-needed and a case-by-case basis, considering the existing 

conditions, the nature of the building proposal, and its contribution to the visual aspect 

of the area. 

The above findings reinforce the idea that there are local rules and constraints that drive 

and underpin the dynamic change of urban form, impacting the development and 

optimisation of spatial structures like cities and settlements. Such understanding 

upholds and helps advance existing rule-based theories in the science of urban and 

architectural form (Mitchell et al., 1976; Hillier and Hanson, 1984; Brown and Johnson, 

1985; Batty and Longley, 1994; Hillier, 1996b; Batty and Xie, 1997; Stanilov, 2002; Stanilov 

and Batty, 2011). 

7.3.1.3. Interdependence of spatial scales and units 

Chapter 2, particularly section 2.3.4, illustrated that there is a risk of losing sight of the 

interdependence of the three elements of the urban form, should the patterns of their 

dynamic change at different scales be discussed in isolation—an idea also put forward 
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by Jacobs (1961) and Brown and Steadman (1991a) among others. In this research, such 

interdependence has been manifested in two ways: (1) the emergence of patterns of 

growth and adaptation at the larger scale through the aggregation and incremental 

association of individual changes at the smaller scale, and (2) the formation of spatial 

boundaries at different levels, each of which is governed by different local rules of 

change and imposes different constraints to the others. 

Both Chapters 5 and 6 showcased that the degree to which urban form has changed and 

adapted, can be better grasped when seen at its totality through the larger patterns to 

which many small and local transformative acts seem to contribute. This was first 

theoretically noted by Kropf (2001), but this research confirms his suggestion. In fact, 

individual interventions, especially at the scale of the city, seem to go unnoticed, 

meaning that the extension of one street has only moderate impact on its immediate 

connections and leaves the majority of the network unaffected. The higher the number 

of connections, the more considerable the impact at a longer distance. This is slightly 

different at the scale of a single building where even minor changes seem to have a more 

significant effect. Still given the size of the entire housing scheme (low-rise mass 

housing), a multiplication of singular changes by the number of possible cases i.e. 1,253 

made obvious that the effect of change is multiplied as well, turning a local building 

modification to an urban intervention.  

The order and structure perceived on a large scale has its origins in decisions taken at 

the local level, an idea also expressed by Brown (1985). In the case of Mulhouse, local 

decisions taken by industrialists and the municipality on the displacement of factories, 

the change of land uses and the expansion of transport network, contributed to the 

shaping of its current street—and block—form by affecting the accessibility of certain 

urban areas and, as a result, the spatial patterns of growth and adaptation at both the 

city and regional scale; a finding which agrees with Stanilov and Batty (2011). Examples 

of these kinds of local decisions include the introduction of the motorway network and 

the shift from industrial to cultural, service-based, and educational uses after the 

deindustrialisation of the city (see 3.5). For instance, since the 1990s the brownfield of 

Société Alsacienne de Constructions Mécaniques (SACM) has been rehabilitated to 

include an extension of the University of Haute-Alsace, creating 26 new streets,124 whilst 

 
124 Measured in axial lines 
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the former DMC site has been partially redeveloped to accommodate art and service 

spaces, inserting 30 new streets and eliminating 9 (Figure 116). 

 

Figure 116: Sites of former industrial use redeveloped between 1990 and 2015. Street network is 
represented by axial lines. 

At the scale of the neighbourhood, local decisions refer to the ways the inhabitants of 

Cité Ouvrière made living denser and more compact at the (sub-)plot and (sub-)building 

level, design and regulations permitting. Here, the configuration of all three formal 

elements in the original layout of the Cité had implications for the degree of their 

adaptability. In detail, the scheme was originally built outside the old medieval centre 

and was designed to be relatively dense. The streets, especially the passages, were 

several and narrow, and were not designed for much vehicular traffic; yet the peripheral 

roads ended up being major thoroughfares, connecting the neighbourhood straight to 

the historic centre and other urban areas. The houses were very small to be affordable. 

The plots were also small to accommodate single-family houses with individual gardens 

and direct access to the street. In general, there was an intimate connection between the 

chosen dwelling types and the sizes and shapes of blocks—small and shallow125—to 

provide access and daylighting to the houses from opposite sides as well as for 

economy.  

Essentially, the original design presented characteristics of ‘static tissue’ as it was 

defined by Scheer (2001, 2010): a homogeneous and orderly tissue of residential area, 

often suburban, built at the same time and composed of small plots of uniform size and 

 
125 The deepest block is 59m formed by two back-to-back plots. 
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regular spacing, which displays a high connectivity to the surrounding fabric and fills 

the space between major roads. These tissues, according to Scheer, are usually 

dominated by single-family houses, like terraces and semi-detached, and display a 

remarkable stability and persistence over time that allows the houses to adapt and 

extend over their plots if-and-when required. In the case of Cité Ouvrière, the high 

granularity (also in terms of ownership) and the initial low built intensity of the building-

plot compounds (in terms of ground coverage) in association with their immediate 

adjacency and access to flows of movements contributed to the resilience of its tissue, 

allowing for dynamic changes both at the level of separate as well as of aggregate 

entities (Moudon, 1986; Siksna, 1997). 

So, the interdependence of physical units and scales implies a hierarchy between them, 

in the sense that changes at one level or part affect the others as well as the whole. As 

discussed by Brand (1994) and Brown (1985), streets, plots, and buildings dominate each 

other to the extent that, first, they impose spatial constraints to each other, and second, 

constitute boundaries to which certain local rules of change are applied. In the 

formation and transformation of Cité Ouvrière in Mulhouse, the streets imposed 

constraints of accessibility, orientation, and continuity on the plots’ and blocks’ division 

for purposes of hygiene and public interface, whilst the plots restricted the physical 

dimensions of the building extensions and alterations by the need for natural daylighting 

and ventilation. In particular, the original layout of the settlement with its gridiron system 

defined the laws of geometry and topology which determined the land development of 

the entire area and the possibilities of dwellings’ volumetric growth in the successive 

periods. To ensure access to individual properties, access to natural light and 

ventilation, and continuity of street edges, private gardens formed part of each property 

boundary; the system of narrow passages was introduced; and the configuration and 

dimensions of the plots and buildings, like frontage-width and depth, were defined. 

These in turn determined which types of formal adaptations were feasible and what 

kinds of building regulations were essential to add to the existing legal framework to 

further control these adaptations. In the end, such rules and constraints form “the 

cornerstone of urban generation”, as Brown (1985, p. 82) said, and of urban change, as 

this study may add; and they constitute key elements to spatially relate different scales 

and units during this dynamic process. 

Eventually, the above argue that physical adaptability, the ability of urban form to change 

and adapt, considers both systemic changes that operate globally for instance at the 

level of a region or a city, and piecemeal localised changes of individual buildings, plots, 

and property boundaries which are mainly grasped through their aggregation and their 

incremental association at different scales. And as Alexander (2002-05) and Mehaffy 
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(2017) argue, it is exactly this process, by which piecemeal local changes are brought 

together, that matters for generating coherence in the urban form as a whole and 

optimising its efficiency and effectiveness.  

7.3.2. Methodological outcomes 

The research made a foundational contribution by joining historical research, spatial 

analytics, and architectural modelling, while creating and processing both high 

resolution and aggregate data, exposing the inadequacy of current frameworks and 

datasets. It developed a robust methodology to collect and combine information from 

available online sources, archival documents, and field work, and proposed a pre-

processing methodology that makes data comparable in terms of their level of detail and 

size. This overcame limitations of previous studies and opened up the possibility for 

integrating methodological approaches from the fields of urban morphology, historical 

geography and space syntax. 

Its main methodological contribution was the production and analysis of detailed 

longitudinal data spanning over 150 years in different scales, from the city to the building 

level, able to systematically document the changes in the built environment and explain 

how local processes contribute to the formation and transformation of the whole. By 

doing so, it addressed critical points identified by authors such as Batty and Xie (1997), 

Stanilov and Batty (2011) and Stanilov (2002) regarding the access, vectorisation, and 

verification of historical data. As Stanilov (2002, p. 174) argued, “documentation on 

historical development patterns is scarce and sporadic yet it is an invaluable tool in 

reconstructing our past and predicting our future. […] a detailed set of historical records 

of past development patterns can be used as a powerful educational and analytical tool 

for visualizing the dynamics of growth and the identification of development trends.”  

There were also a few individual outcomes concerning methodological advancements 

and solutions adopted. The first relates to the production of historic axial maps which 

did not stay limited to the boundaries of urbanised territories but in fact extended to 

cover the entire boundary selection. Some space syntax studies (e.g. Karimi, 1998; 

Psarra et al., 2013; Khan, 2015; Dino et al., 2017; Hachi and Lagesse, 2017; O’Brien and 

Griffiths, 2017) that sought to cover extensive time periods (before the twentieth century) 

appeared to compare street networks of different sizes due to limitations of historical 

cartographic methods and representation. This study overcame this problem by 

collecting evidence from multiple sources and shifting the problem of the non-existence 

of lines to that of their cartographic fidelity (meaning the confidence that streets existed 
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in the exact location). Hence, it put forward the argument that cities are never islands, 

but instead they are since their emergence part of larger polycentric networked regions. 

What the thesis then produced was a set of 17 maps of the same extent and size that 

were fully comparable across any radius selected.  

The second contribution concerns data mining and space syntax analysis in R, which is 

a powerful programming language and a free software environment (Rstudio) for 

statistical computing and graphics, producing two outcomes. The first was a process 

of classifying network alterations with the use of algorithmic functions in R and the 

establishment of basic thresholds of rules (Appendix B). This set up a reproducible and 

almost entirely unbiased classification process, irrespective of the size of the object 

under investigation and the visual inspection skills of the analyst. The second proposed 

a workflow for working with spatial data at the urban scale (axial and segment maps) in 

R. Specifically, the analytical work contributed to the development of an R package 

(Koutsolampros and Kostourou, 2019) to interface with the depthmapXcli, a command-

line interface of depthmapX software, which is the most widely used tool in space syntax 

research and practice.  

The third methodological contribution refers to the quantitative measurement of the 

degree that urban form has grown and adapted over time. In the case of street network, 

this was calculated by the ratio of actually altered streets versus those which could 

theoretically change in the system, considering that all roads have the same latent 

potential to adapt and change at any given time (see 5.3.2; also 7.3.3 for a discussion on 

latent potential for adaptation). In the case of buildings, this was calculated in relation 

to the open space of the plot, introducing the metrics of open space volume (OSV) and 

affordance (A) (see 6.2.4.1). The first metric described the amount of space that could be 

filled by adaptations, whereas the second metric described how much mass is still 

possible to build within an available open space. Based on the concept of ‘affordance’ 

(Gibson, 1977), I was able to predict where possible changes may happen in the future; 

and based on historical data, I was able to illustrate the morphological trajectory 

between the original and the current density of the Cité Ouvrière, while indicating its 

prevailing direction for the future. In that sense, the proposed techniques were capable 

of assessing the degree of adaptation in urban form, illustrating the potential to include 

this measurement in official planning documents and building regulations for existing 

and future housing projects. 

A fourth methodological outcome that extended beyond the research scope of the 

thesis is the identification of centrality regimes in the street network models through the 

PCA analysis. This is not unprecedented, yet the result confirmed previous findings by 
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Serra (2013) and Krenz et al. (2016), while contributing to a more refined understanding 

of spatial scales especially at the local level. While Serra’s study applied PCA at the 

regional scale and identified three natural scales, this research added a fourth one, that 

of the urban block (100-500 metres). This was ought to the size of the model used here, 

which was more elaborate and confined than the one used by Serra for regional analysis. 

7.3.3. Limitations and future work 

The limitations of this study and the decisions taken by the author during the course of 

the research were explained at various points in the previous chapters. Still, there is a 

need to discuss some of them here in greater detail, reflecting critically on how they may 

have affected the above theoretical and methodological outcomes. These limitations 

can also form the basis for future work. 

The first point concerns the distinction between the notions of adaptation and potential 

for adaptation, the former referring to the actual physical modification of the street or 

built form and the latter describing the theoretical possibility of this form to change, 

either in its configuration, geometry, or volume. While buildings, plots, and streets that 

have undergone change are certainly adaptable, there may be some that have not 

changed, but are nevertheless adaptable—or else, they have a latent potential to adapt.  

Through the literature review in Chapter 2, the thesis demonstrated the need to 

approach the definition of physical adaptability inductively through the study of actual 

physical changes over time and across scales. And so, the following chapters focused 

on capturing adaptability by developing methodological processes that map and 

measure actual physical transformations at the micro-scale, instead of explicitly 

addressing the unrealised potential of formal elements for adaptation. The exception 

was Chapter 6 (see 6.2.4.1), which drew the distinction between adaptation score—the 

actual extent to which buildings have already been changed—and affordance—the extent 

to which a building is dimensionally and topologically (theoretically) possible to change 

and grow in the future. It was stated there that the second was found to be inversely 

proportional to the first. By introducing Gibson’s concept of ‘affordance’ to the study of 

building change, the thesis sought to differentiate between the two notions and shed 

light to the harder-to-measure latent potential for adaptation. However, it did not carry 

through with its empirical measurement, nor it attempted to examine it at the level of the 

street network. These are separate exercises, which can be tackled in detail in the future.  
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There are also other possibilities that were not explored in this work with regards to the 

same limitation, which could stimulate future studies. First, the possibility to define the 

notional prismatic volume into which different housing typologies can theoretically 

expand or the fullest extent of adaptation that can actually be achieved by these 

typologies, considering physical, topological, structural, and legal constraints as well 

as additional factors like building age, internal layout, function, daylighting, and natural 

ventilation. Second, to enumerate all the theoretically possible adaptations and their 

compatible combinations (Steadman, 1983), and plot them on an architectural 

‘morphospace’, namely a space of possible forms for building types (Steadman and 

Mitchell, 2010). Or last, to map trajectories of growth and adaptation on the 

morphospace by tracing the sequence in which actual volumetric changes were made 

over time. These are fascinating studies, which can reveal the differences between what 

is theoretically or physically possible and what actually happens on the ground, and help 

better understand the dynamic change of the domestic building stock, informing urban 

planning policies and architectural design decisions. 

The second limitation refers to the selection of the case study, discussed in detail in 

Chapter 3. It needs to be said that this research is explicitly contextual. The working-

class settlement of Cité Ouvrière in the city of Mulhouse constitutes an extraordinary 

case to study physical adaptability across different spatial scales and time. This is why 

it would be unwise to deduce general concepts and principles from the particular 

findings of this study. Especially with regards to the effects, agents, and rhythms of 

change, different contexts would result in different empirical outcomes.  

Nonetheless, there is a general conclusion that can be drawn: physical adaptations 

happen simultaneously, in no specific order, for multiple reasons, and at conflicting 

temporal rates and pervasive spatial scales. Furthermore, their agents, mechanisms, 

and effects of change share commonalities with previous studies in the UK and abroad 

(Brown, 1985; Moudon, 1986; Brown and Steadman, 1991b; Whitehand et al., 1992; Walsh, 

1994; Siksna, 1997; Levy, 1999; Whitehand and Carr, 2001; Scheer, 2010; Serra, 2013; 

Barthelemy, 2018). As such, the thesis contributes to existing knowledge by confirming 

other scholars’ results, bringing evidence from a different context, and opening up the 

possibilities to analyse spatio-temporal dynamics of physical adaptability with new 

methods. It also provides a reference point for future research that would set out to 

refine the proposed workflows and test new cases in France, Europe, or abroad. 

The third critical limitation of the study has its roots in its purely morphological and 

syntactic approach, which examined physical changes in urban form irrespective of land 

values and uses, patterns of activities, transport modes and other equally influential 
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factors. This is important to note since, for example, studies like Levy(1999) and Stanilov 

and Batty (2011) have pointed out that transport modes and networks of activity, such as 

central business districts, have a decisive external influence on the spatial patterns of 

land use and are principal agents of growth and change in cities. Similarly, Brown (1985) 

and Stanilov (2002) have argued that changes in the physical form of the city are likely to 

be provoked by changes in land use, which have their own patterns and rules of 

attraction and repulsion. And studies like Brown and Steadman (1991a, 1991b) have 

stressed that function, geometry, and topology are intimately related and all-important 

in shaping the plan of domestic buildings, and that changes at one of these levels affect 

all others. 

With due allowance for its limitation, the thesis did not omit to provide a theoretical 

discussion about the local and global forces driving the changes in the urban form. In 

Chapter 5 for example, the narration of the historical evolution of Mulhouse reviewed 

network adaptations and, by extension, changes in land parcellation and property 

boundaries in light of changing land uses, densities, and different modes of 

transportation (see 5.1-3). For instance, before 1850, the amalgamation and subdivision 

of blocks was mainly a result of the displacement and proliferation of industries and the 

appearance of the railways and waterways. An example was the installation of the DMC 

factory outside the medieval town and next to Steinbächlein canal. After 1850, a number 

of derelict sites was redeveloped as a result of the decline of the industrial activities, 

shifting the focus towards education, commerce, and services. This led mostly to the 

insertion of streets and the subdivision of plots (see Figure 116 in page 331). Another 

example was the redevelopment of Porte Jeune, the area just outside one of the medieval 

gates, which used to accommodate the Dentsche factory and was converted to Place de 

l’ Europe in the 1960s, featuring a shopping centre, a high-rise residential tower, and a 

transportation hub (Appendix C). 

However, a lack of historical plans for street blocks and of socioeconomic and land use 

data for the whole period of study (1850-today) and extent of geographical area limited 

the degree to which empirical evidence could be gathered and analysed to address the 

abovementioned limitation. Meanwhile, the more laborious manual processes that 

stood in for the collection and vectorisation of existing data removed the possibility of 

investigating, on the one hand, the functional dimension of urban form over time, and 

on the other hand, the patterns of adaptation of street blocks at the city scale.  

Nonetheless, a closer examination of the relationship between the physical changes of 

the street network and the changing socioeconomic, environmental, and cultural 

conditions would reveal how these other factors influence network changes and the 
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reasons why certain changes have occurred in certain areas and not in others. This can 

be a point of departure for future research, seeking to measure the actual use of urban 

form or to link morphological changes to other attributes of the built environment which 

are likely to affect and be affected by them, such as retail economy, population, climate, 

energy, car travel, road capacities, accessibility to waterways, and the location of 

workplaces and services. Such project could be informed by the findings of this study 

and benefit from a cross-disciplinary team of researchers with the appropriate specialist 

skills required to address the most complex entanglements between urban morphology, 

urban economics, geography, transport planning, sociology, and anthropology. 

That being said, the thesis’ purely morpho-spatial approach was from the outset a clear 

research stance, also reflected in the selection of the employed methodologies. While 

space syntax and Spacematrix were used to measure the effect of physical changes on 

the built density, open space consumption, and street centrality, they carry certain 

caveats (see 4.3-4). Firstly, they both disregard the function of spaces whether external 

or internal. Secondly, they are based on simplified representations of the urban fabric 

and thus, overlook some of its geometric attributes. Specifically, space syntax does not 

account for the physical dimensions of streets—instead it focuses on their 

configuration—and Spacematrix ignores some of the dimensions of houses,  namely 

the frontage-width, building depth, and cut-off angles (Steadman, 2014b). Thirdly, none 

of the two approaches is explicitly addressing the morphology of street blocks—at least 

in single-family house arrangements. And finally, although they are able to measure 

individual effects of morphological adaptations, namely the built density and network 

centrality, they fall short in measuring or predicting the potential of urban form for 

adaptation. 

The main difference between the two methods is the fact that Spacematrix adopts 

fundamentally a morphological approach, whilst space syntax has a syntactic one, being 

preoccupied with the configuration of space itself.  However, given the abovementioned 

lack of data at the level of street blocks for the period and area under investigation, space 

syntax was seen as the most effectual method to identify network changes, capture their 

effect on accessibility patterns, and do this comfortably at multiple scales, locally as well 

as globally. As a result, the method allowed to link—at least topologically—some of the 

patterns, rules, and constraints of dynamic change at the micro level to the ‘internal 

logic’ of self-regulating and enduring networks at the macro level. It also helped 

demonstrate that the way a spatial structure adapts, changes depending on the scale of 

investigation and the relative position of that structure in the system (see the difference 

between the city and neighbourhood in 7.3.1.1); and that the laws of accessibility and 

continuity impose constraints on the process of adaptation of buildings and plots. 



 

339 

Yet it needs to be acknowledged that space syntax analysed the streets of Mulhouse 

stripped of their non-topological characteristics, such as width, steepness, or traffic 

capacity. As a consequence, alleyways were treated the same as motorways. Also, the 

network models ignored waterways, tramways, or railways despite their critical 

importance in the development of the street network and their role in structuring and 

directing the growth of suburbs. Not to mention, that no land use data were used to 

weigh the presence of specific attractors in the system. Meanwhile, it was found that 

space syntax measures, especially integration, fail to deal with the application of low 

radii in non-urbanised areas and present segments with unrealistically high values (see 

5.4.2.1). This problem had been previously identified by Hillier (2012) and Krenz (2017b) 

but no solution had been given other than the identification and elimination of these 

segments from the model. Here, the problem was dealt by replacing the values of the 

segments with -1, which is equally experimental and imperfect.  

That is to say that there is a great need for an advanced urban network analysis model 

that integrates space syntax values with properties from transport network and 

infrastructure, land uses and land values. Such model would account for factors such 

as the distances between work places and residential areas, the densities of 

development, and the demand for car access to retail and services—especially after the 

introduction of motorways—in relation to patterns of to- and through-movement. It 

would also provide a more convincing explanation on how and why the city of Mulhouse 

grew and expanded that way.  

The next limitation is the fact that the research did not look at the interior plans of the 

houses of Cité Ouvrière. This means that it did not explore the relationship of the 

internal layouts to the additions made to the exteriors and it did not analyse the influence 

of the house plans’ function, geometry, and topology on the patterns of growth and 

change. The first reason is that the emphasis was put on the external space, outside the 

domestic and private sphere, where volumetric changes form part of a collective realm 

and thus, pertain to additional rules and constraints defined by the urban layout and the 

local residents. The second reason is that although during my archival research, I 

scanned the drawings attached in the planning applications of the 520 selected 

addresses, it was an impossible task to manually redraw the plans (and their 

amendments over a century), going through 3,000-4,000 items, and develop a 

computational workflow to analyse them; in addition to the datasets that had already 

been created.  

Nevertheless, it should be recognised that the internal systematics of dwelling layouts 

are intimately connected with their exterior extensions and alterations (Brown and 
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Steadman, 1991b). This is because the exterior alterations—where they are not 

completely detached from the original house—are critically constrained by the plan of 

the interior and by the requirements of the rooms to have continued access to daylight 

and natural ventilation. For instance, it can be safely assumed that the horizontal 

extensions of the houses in Cité Ouvrière were made in such a way as to continue to 

allow some natural light to the rooms of the original houses, and to allow those rooms 

still to have views out. In fact, the study showed that the exposed facades of the original 

housing typologies—their number, orientation, and relation to the street—affected the 

extendability of the houses (see 6.3.2). 

It becomes, therefore, evident that there is potential for future research to further explore 

the relationship of building adaptations to the interior layouts, starting with the plans of 

a small selection of houses in Cité Ouvrière. Relying on the material already collected 

from the archives, the new study can expand on the work of Brown and Steadman (ibid.), 

addressing the temporal dimension which they left unexplored. At the same time, a 

systematic analysis of the house plans can also benefit the current study, first, from 

mapping the topological relations between the buildings, the plots, and the streets (see 

an attempt in Figure 115 in page 305); and second, from providing precise figures for the 

buildings’ footprint area, gross floor area (GFA), and number of floors (L), which are 

essential for the calculations of the Spacematrix model. This latter step would allow to 

plot the morphological trajectory, that is the sequence in which houses have been 

transformed over time, on the Spacemate chart, providing a deeper understanding of the 

incremental densification process of single-family houses. 

In view of the above limitations, it should be said that urban systems in all their scales 

and forms are in fact very complex dynamic entities that architects, planners, and spatial 

scientists cannot merely explain by simple spatial processes of growth and change 

(Batty et al., 2006). For once because cities and housing schemes are not just 

synonymous with their physical form; they are equally defined by their economic, 

political, and social dynamics that, while in continual flux, shape the urban form. And 

even from a spatial point of view, they are far more than the sum of their physical parts. 

In fact, they are “very different from the sum of the parts” (P. W. Anderson, 1972), and 

any attempt to explain them by putting together the physical elements will simply fail 

when trying to understand their complexity.  

This is a critical point because despite the modelling and analysis of one extraordinary 

case study ought to its innovations and level of uninterrupted longevity and adaptation, 

changes could not have been fully predicted as spatial structures evolve both from the 

top-down and the bottom-up. The more cities spread and technology advances, 
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networks expand terrestrially, as well as underground and over-ground, well beyond the 

urban, regional, and national boundaries, negotiating with other found networks in 

difficult to predict ways. Meanwhile, global economic crises, the growing wave of 

immigration and refugees’ displacement, the real estate debt and new shared living 

habits increase logarithmically the dynamics at play in the future of our domestic 

building stock. Still, despite its limitations, the research makes obvious the need for the 

science of urban form and modelling to combine and integrate both the top-down 

approach interested in design structures, generalised built form and aggregated 

attribute data of land uses and transportation models as well as the bottom-up approach 

which focuses on emerging processes, individual forms and complex pattern 

interpretations at the microlevel (Batty et al., 2006). 

Finally, regarding the immediate developments of this work, there are two main ideas. 

The first and potentially most valuable step would be to make this research available to 

researchers, urbanists, and designers, by disseminating its various aspects either 

through a series of peer-reviewed articles targeted to the disciplines included in the 

research or through two volumes, one on Mulhouse and the street network analysis, and 

another on Cité Ouvrière and the transformation of the houses. A second step would be 

to collaborate with experts in the field of urban morphology and spatial analytics to 

identify ways to automate the process of vectorising historical data and to eventually 

generate a longitudinal simulation model that will be able to analyse and predict long-

term dynamic behaviour within the domestic (and non-domestic) building stock in terms 

of rates of demolition and adaptation. Such model would open up more possibilities in 

the science of urban form and support work in energy reduction, sustainable planning, 

stock resilience, and housing supply. 

7.4. Conclusion 

In conclusion, the thesis provided a fundamental contribution to the theory and study of 

adaptability and change in the field of urban morphology (and space syntax). It not only 

revealed the relativity behind the concept of adaptability, but it also offered a systematic 

package for mapping and measuring its critical dimensions, namely its operations, 

mechanisms, agents, rhythms, and effects. Furthermore, it demonstrated social, spatial, 

and legal conditions that can support adaptability in the built environment, bringing 

critical insights into the demolition and refurbishment debate.  

Even though the thesis did not try to provide solutions for the housing shortage in the 

UK, France or Europe, it produced results that can inform architects, urban planners, 
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and policymakers of housing alternatives that have proved to be socially and spatially 

viable in time. Particularly, it provided evidence on the lifetime and performance of 

buildings and cities and the parameters that affect their long-term social life and spatial 

sustainability. It also revealed the interdependence of decisions, visions, and actions of 

different agents in the context of mass low-income housing, and the significance of 

design in the achievement of these. 

The thesis set out from the argument that adaptable forms can significantly benefit the 

sustainability agenda of the built environment for the next 20 years. Results from this 

research can be used in energy and economic studies of national building stocks as well 

as in national policies that seek to address and regulate the provision and design of 

affordable housing. These lessons are important in times of rising inequalities in the 

real estate market that antagonise the public and private sectors, challenge the 

architect’s role, and exclude low-income and displaced populations from the design and 

building process, calling for a radical restructuring of the system. 
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Appendix A: Historical maps of Mulhouse 

 

Plan Hofer, 1830. Source: Ville de Mulhouse (https://mulhouse.fr/bouger-sortir/culture/archives/) 

 
Regional map of Mulhouse, 1833. Source: Gallica Bibliothèque nationale de France (https://gallica.bnf.fr) 
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Plan de Mulhouse et sa banlieue, 1850. Source: Ville de Mulhouse 

 

Plan d’ alignement de la Ville de Mulhouse, 1860. Source: Ville de Mulhouse 

Ill canal 

rue du Sauvage 

DMC 

Rhone-Rhine canal 
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Steinbächlein canal 
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Plan de Mulhouse et sa banlieue, 1873. Source: Ville de Mulhouse 

 

Plan de Mulhouse, 1886. Source: Ville de Mulhouse 

Gare du Nord 

Nouveau Bassin 

Laederich thread mill  
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Plan de Mulhouse, 1896. Source: Ville de Mulhouse 

 

Cité Ouvrière 



 

371 

 

Plan de Mulhouse, 1903. Source: Ville de Mulhouse 

 
Excerpt from Mülhausen [Els.] und Umgebung, 1900-1918. Source: Gallica Bibliothèque nationale de 
France 
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Mulhouse (West), 1908. Source: Archives de Mulhouse 

 
Plan de Mulhouse et environs, 1911. Source: Ville de Mulhouse 
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Excerpt from Carte de l' Etat-Major, 101, Mulhouse. 1913. Source: Gallica Bibliothèque nationale de 
France 
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Plan de Mulhouse, 1919. Source: Ville de Mulhouse 

 

Plan de Mulhouse, 1934. Source: Ville de Mulhouse 

Wolf Wagner 
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DMC 

Ancien Drouot 
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Plan de Mulhouse et ses quartiers, 1943. Source: Ville de Mulhouse 

 

Hasenrain hospital 

In Rebberg 
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Aerial view of Mulhouse, 1956. Source: Ville de Mulhouse 
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Coefficient of comfort map from census 1968. Source: Archives de Mulhouse 

 

Nouveau Drouot 
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Plan de Mulhouse, 1974. Source: Archives de Mulhouse 

 

Population variation 1968-75 map from census 1975. Source: Archives de Mulhouse 

Bel Air  Les Coteaux 
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Census boundary map, 1982. Source: Archives de Mulhouse 

 

Population density map from census 1982. Source: Archives de Mulhouse 

Illberg campus 

University of Upper Alsace 

Stade Nautique 
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Census data and boundary map, 1990. Source: Archives de Mulhouse 

 

Lefebvre 
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Census boundary map, 1999. Source: Archives de Mulhouse
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Appendix B: R code for network operations 

getDirectionDifferences = function(AxialMap1, AxialMap2, linePairs) { 
  coordAtan = function(crd) { 

atan2(crd[[1]][2,2] - crd[[1]][1,2], crd[[1]][2,1] - crd[[1]][1,1])*180/pi 
   } 

angle1 = unlist(lapply(coordinates(AxialMap1[linePairs[,1],]), coordAtan)) 
   angle1 = ifelse(angle1 < 0, 180+angle1, angle1); 
   angle2 = unlist(lapply(coordinates(AxialMap2[linePairs[,2],]), coordAtan)) 
   angle2 = ifelse(angle2 < 0, 180+angle2, angle2); 
   return(angle1 - angle2) 
} 
 
 
getCentroidDistances = function(AxialMap1, AxialMap2, linePairs) { 
   coordCent = function(crd) { 
     return(c((crd[[1]][2,2] + crd[[1]][1,2])*0.5, (crd[[1]][2,1] + crd[[1]][1,1]))*0.5) 
   } 

cent1 = do.call("rbind",lapply(coordinates(AxialMap1[linePairs[,1],]), 
coordCent)) 
cent2 = do.call("rbind",lapply(coordinates(AxialMap2[linePairs[,2],]), 
coordCent)) 

   return(sqrt((cent1[,1] - cent2[,1])^2 + (cent1[,2] - cent2[,2])^2)) 
} 
 
 
getLengthDifferences = function(AxialMap1, AxialMap2, linePairs) { 

return(gLength(AxialMap1[linePairs[,1],],byid=T) -
gLength(AxialMap2[linePairs[,2],],byid=T)) 

} 
 
 
getMaxLength = function(AxialMap1, AxialMap2, linePairs) { 

return(max(gLength(AxialMap1[linePairs[,1],],byid=T),gLength(AxialMap2[lin
ePairs[,2],],byid=T))) 

} 
 
 
getPairs = function(listoflists, listids) { 
   listoflists = listoflists[!(unlist(lapply(listoflists, is.null)))] 

return(unlist(lapply(names(listoflists), 
FUN=function(id){paste(id,listids[listoflists[[id]]])}))); 

} 
 
 
map1i = 16 
map2i = map1i+1 
AxialMap1 = axialmaps.list[[map1i]] 
AxialMap2 = axialmaps.list[[map2i]] 
AxialMap1year = mapsnames.list[[map1i]] 
AxialMap2year = mapsnames.list[[map2i]] 
maxAngle = 10 
maxDist = 1 
 
 



 

384 

IdentifyAxialLinesRelationship = function (AxialMap1, AxialMap2, AxialMap1year, 
AxialMap2year, maxAngle, maxDist){ 
   

PersistingLines = gEquals(AxialMap1, AxialMap2, byid=TRUE, returnDense = 
FALSE) 

   PersistingLines = getPairs(PersistingLines,rownames(AxialMap2@data)); 
   PersistingLinePairs = do.call("rbind", strsplit(PersistingLines, " ")) 
   

TouchingLines = gTouches(AxialMap1, AxialMap2, byid=TRUE, returnDense 
= FALSE, checkValidity=TRUE) 

   TouchingLines = getPairs(TouchingLines, rownames(AxialMap2@data)); 
   TouchingLines = TouchingLines[!(TouchingLines %in% PersistingLines)] 
   
   TouchingLinePairs = do.call("rbind", strsplit(TouchingLines, " ")) 

   TouchingLines = TouchingLines[!(TouchingLinePairs[,1] %in% 
PersistingLinePairs[,1]) & !(TouchingLinePairs[,2] %in% 
PersistingLinePairs[,2])] 
TouchingLinePairs = TouchingLinePairs[!(TouchingLinePairs[,1] %in% 
PersistingLinePairs[,1]) & !(TouchingLinePairs[,2] %in% 
PersistingLinePairs[,2]),] 

   
TouchingAngleDifferences = abs(getDirectionDifferences(AxialMap1, 
AxialMap2, TouchingLinePairs)); 
TouchingCentroidDistances = getCentroidDistances(AxialMap1, AxialMap2, 
TouchingLinePairs); 
TouchingLengthDifferences = abs(getLengthDifferences(AxialMap1, 
AxialMap2, TouchingLinePairs)); 

   
CrossingLines = gCrosses(AxialMap1, AxialMap2, byid=TRUE, returnDense = 
FALSE) 

   CrossingLines = getPairs(CrossingLines,rownames(AxialMap2@data)); 
   CrossingLines = CrossingLines[!(CrossingLines %in% PersistingLines)] 
   
   CrossingLinePairs = do.call("rbind", strsplit(CrossingLines, " ")) 

CrossingLines = CrossingLines[!(CrossingLinePairs[,1] %in% 
PersistingLinePairs[,1]) & !(CrossingLinePairs[,2] %in% 
PersistingLinePairs[,2])] 
CrossingLinePairs = CrossingLinePairs[!(CrossingLinePairs[,1] %in% 
PersistingLinePairs[,1]) & !(CrossingLinePairs[,2] %in% 
PersistingLinePairs[,2]),] 

   
CrossingAngleDifferences = abs(getDirectionDifferences(AxialMap1, 
AxialMap2, CrossingLinePairs)); 
CrossingCentroidDistances = getCentroidDistances(AxialMap1, AxialMap2, 
CrossingLinePairs); 
CrossingLengthDifferences = abs(getLengthDifferences(AxialMap1, 
AxialMap2, CrossingLinePairs)); 
CrossingMaxLength = getMaxLength(AxialMap1, AxialMap2, 
CrossingLinePairs); 

   
withinDistance.matrix = gWithinDistance(AxialMap1, AxialMap2, byid=TRUE, 
dist = maxDist) 
withinDistance = withinDistance.matrix & lower.tri(withinDistance.matrix, 
diag = TRUE) 

   withinDistance = melt(withinDistance) 
   withinDistance = withinDistance[withinDistance$value,] 
   withinDistance = paste(withinDistance$Var2, withinDistance$Var1) 

CloseLines = withinDistance[!(withinDistance %in% c(PersistingLines, 
TouchingLines, CrossingLines))] 
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   CloseLinePairs = do.call("rbind", strsplit(CloseLines, " ")) 

CloseLines = CloseLines[!(CloseLinePairs[,1] %in% PersistingLinePairs[,1]) 
& !(CloseLinePairs[,2] %in% PersistingLinePairs[,2])] 
CloseLinePairs = CloseLinePairs[!(CloseLinePairs[,1] %in% 
PersistingLinePairs[,1]) & !(CloseLinePairs[,2] %in% PersistingLinePairs[,2]),] 

   
CloseAngleDifferences = abs(getDirectionDifferences(AxialMap1, AxialMap2, 
CloseLinePairs)); 
CloseCentroidDistances = getCentroidDistances(AxialMap1, AxialMap2, 
CloseLinePairs); 
CloseLengthDifferences = abs(getLengthDifferences(AxialMap1, AxialMap2, 
CloseLinePairs)); 

   CloseMaxLength = getMaxLength(AxialMap1, AxialMap2, CloseLinePairs); 
   
   PersistingLines  = c(PersistingLines, 
                         TouchingLines[TouchingAngleDifferences <= 1 & 
                                        TouchingCentroidDistances < 1 & 
                                        TouchingLengthDifferences < 1], 
                         CrossingLines[CrossingAngleDifferences <= 1 & 
                                        CrossingCentroidDistances < 1 & 
                                        CrossingLengthDifferences < 1], 
                         CloseLines[CloseAngleDifferences <= 1 & 
                                     CloseCentroidDistances < 1 & 
                                     CloseLengthDifferences < 1]); 
   
   OverlappingLines = c(TouchingLines[TouchingAngleDifferences <= 1], 
                         CrossingLines[CrossingAngleDifferences <= 1 & 
                                        CrossingCentroidDistances < CrossingMaxLength/2], 
                         CloseLines[CloseAngleDifferences <= 1 & 
                                     CloseCentroidDistances < CloseMaxLength/2]); 
    

OverlappingLines = OverlappingLines[!(OverlappingLines %in% 
PersistingLines)] 

   
   RotatedLines  = c(TouchingLines[TouchingAngleDifferences > 1 & 
                                        TouchingAngleDifferences < 10 & 
                                        TouchingCentroidDistances < 10 & 
                                        TouchingLengthDifferences < 10], 
                         CrossingLines[CrossingAngleDifferences > 1 & 
                                        CrossingAngleDifferences < 10 & 
                                        CrossingCentroidDistances < 10 & 
                                        CrossingLengthDifferences < 10], 
                         CloseLines[CloseAngleDifferences > 1 & 
                                     CloseAngleDifferences < 10 & 
                                     CloseCentroidDistances < 10 & 
                                     CloseLengthDifferences < 10]);  
   

SlightlyShiftedLines = CloseLines[!(CloseLines %in% c(PersistingLines, 
OverlappingLines, RotatedLines))] 

   
   
   
 
 

AxialLinesRelations = data.frame(do.call("rbind", strsplit(PersistingLines, " 
")), 

                                     RelationType="equal", 
                                     stringsAsFactors = F) 
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   if(length(OverlappingLines) > 0) { 
      AxialLinesRelations = rbind(AxialLinesRelations, 

data.frame(do.call("rbind", 
strsplit(OverlappingLines, " ")), 

                                              RelationType="overlap", 
                                              stringsAsFactors = F)) 
   } 
   if(length(RotatedLines) > 0) { 
      AxialLinesRelations = rbind(AxialLinesRelations, 

data.frame(do.call("rbind", 
strsplit(RotatedLines, " ")), 

                                              RelationType="rotate", 
                                              stringsAsFactors = F)) 
   } 
   if(length(SlightlyShiftedLines) > 0) { 
      AxialLinesRelations = rbind(AxialLinesRelations, 

data.frame(do.call("rbind", 
strsplit(SlightlyShiftedLines, " ")), 

                                              RelationType="shift", 
                                              stringsAsFactors = F)) 
   } 
    

AxialLinesRelations$Year1 = AxialMap1year 
   AxialLinesRelations$Year2 = AxialMap2year 
   AxialLinesRelations$Idx1 = AxialLinesRelations$X1 
   AxialLinesRelations$Idx2 = AxialLinesRelations$X2 
   

AxialLinesRelations = 
AxialLinesRelations[,c("Year1","Idx1","Year2","Idx2","RelationType")] 

   
   return(AxialLinesRelations) 
} 
 
 
AxialLinesRelations = do.call("rbind", rels) 
write.csv (AxialLinesRelations, file = "AxialLines_Relations.csv") 
saveRDS(AxialLinesRelations, file = "AxialLines_Relations.rds") 
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Appendix C: Photographic material 

 

 
Panoramic view of five urban blocks consisted of quarter-detached houses along rue de la Comète. 
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Place de la Réunion in Mulhouse’s historic centre today. 

 

Place de Bourse in the Nouveau Quartier, where the industrialists moved for the first time outside the 
city walls. 
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The canal Rhone-Rhine connecting France to Switzerland opens in 1830. 

 

The central train station and railway line, one of the first in France that traversed Mulhouse in 1837. 
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Rue Sauvage, main commercial street of Mulhouse and part of the historic Basel-Bar-le-Duc royal axis. 

 

Porte Jeune one of the medieval gates which during the industrialisation of Mulhouse accommodated 
the Dentsche factory and after the de-industrialisation it was converted to Place de l’ Europe. The 
picture shows the shopping centre and Tour de l’Europe. 
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DMC factory and its derelict buildings. 

 

Les Coteaux housing estate built during the Trente Glorieuses period. 

 



 

392 

 

Market in the intersection of rue Strasbourg with the canal d’ Ill. 

 

Adolphe-May or Strasbourg square in the first cité. 
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Local shops on Sunday in rue Strasbourg. 

 

View of the northern part of Mulhouse from Tour de l’ Europe, indicating the east-west span of Cité 
Ouvrière (black arrow). 
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New constructions in Cité Ouvrière. 

 


