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Abstract 
 

The principal outcome of this doctoral thesis is a historical mechanism which describes a flow process for 

technical design and its application to construction, as well as associated attributes of the key specialist 

professionals who were involved in the use of a novel materials-system more than a century ago. The 

mechanism is designed to help describe the influence of innovative reinforced concrete and cement systems 

on the design and construction of non-monumental, urban buildings during the final decades of the Belle 

Époque, in and near the major francophone cities of Paris, Lille and Brussels. 

The change in construction technology is interpreted as the second stage of a metallic building design 

revolution that took place between 1892 and 1914, derived from the increased use of iron and then steel in 

nineteenth-century urban construction in France, particularly its capital city. The first stage of this metallic 

building design ǊŜǾƻƭǳǘƛƻƴ ƘŀŘ ŎǳƭƳƛƴŀǘŜŘ ƛƴ ǘƘŜ ƳƻƴǳƳŜƴǘŀƭ ΨǘŜƳǇƻǊŀǊȅΩ ǿƻǊƪǎ ƻŦ ǘƘŜ ǎǘŜŜƭ ŀƴŘ Ǝƭŀǎǎ Galerie 

des Machines built for the triumphant 1889 Exposition Universelle in Paris. Then, in the early 1890s, a 

transition took place into the second stage of the revolution. The French inventor François Hennebique (1842-

1921) was an adopted Belgian whose béton armé system of reinforced concrete was technically codified 

between 1892 and 1897 in a series of more sophisticated industrial patents ς this was in parallel with other 

innovative approaches that together contributed to the creation of early industrial standards for the novel 

materials-system. Belle Époque architects, engineers and contractors became receptive to the use of new 

reinforced concrete and cement systems in their works, converting building commissioner needs into key 

structural requirements for the design and construction of non-monumental, urban buildings. The novel 

materials-system would be used to construct fire-resistant and structurally efficient manufacturing premises, 

warehouses, banks and apartment blocks. Many of these buildings allowed more natural daylight to penetrate 

inside by a more widespread and effective use of glazing, through large windows, skylights and, in one case, a 

cupola. ! CǊŜƴŎƘ ŦƻǊƳ ƻŦ ǘƘŜ bƻǊǘƘ !ƳŜǊƛŎŀƴ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ conventionally ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ IŜƴǊȅ CƻǊŘΩǎ 

massive car plant near Detroit could be distinguished. A number of buildings also displayed new forms of 

highly decorative ceramic cladding on their street facades, both to protect and to hide the less aesthetically 

pleasing concrete structure behind them. Residential housing became cleaner and more affordable, moving 

away from the crowded, disease-ridden city slums of old. 
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During the second stage of the metallic building design revolution, architects and engineers developed their 

confidence and abilities in envisioning the novel materials-system through the technical design aspects of their 

work. Together with contractors, they acquired the specialist skills needed to apply this to building projects, 

ensuring that the completed structures reflected the original design intentions, in an acceptable balance 

between technology and aesthetics. Specialist contractors managed the risks associated with using an 

innovative technical approach to urban construction.  

The creative design freedoms expressed in the Art Nouveau genre of the eclectic approach that dominated 

Belle Époque architecture came to an end with the outbreak of the First World War. Once peace had been 

reinstated after the extensive human and material devastation experienced in Northern France and Belgium, 

the postwar period saw an increasing dominance of a plainer industrial approach to urban architecture; this 

was evangelised by the Swiss architect Charles-Édouard Jeanneret, better known as Le Corbusier (1887-1965), 

the German architect Walter Gropius (1883-1969), and their International Modernist peers around the globe. 

***  

 L'aboutissement principal de cette thèse de doctorat est un processus historique  (« historical mechanism ») 

qui décrit la conception technique et son application à la construction, ainsi que les caractéristiques des 

principaux professionnels spécialisés iƳǇƭƛǉǳŞǎ Řŀƴǎ ƭΩǳǘƛƭƛǎŀǘƛƻƴ ŘΩǳƴ ǎȅǎǘŝƳŜ ŘŜ ƳŀǘŞǊƛŀǳȄ ƴƻǾŀǘŜǳǊ ƛƭ ȅ ŀ Ǉƭǳǎ 

ŘΩǳƴ ǎƛŝŎƭŜΦ 

[Ŝ ǇǊƻŎŜǎǎǳǎ Ŝǎǘ Ŏƻƴœǳ ǇƻǳǊ ŀƛŘŜǊ Ł ŘŞŎǊƛǊŜ ƭϥƛƴŦƭǳŜƴŎŜ ŘΩŀǇǇǊƻŎƘŜǎ ƛƴƴƻǾŀƴǘŜǎ ǳǘƛƭƛǎŀƴǘ ƭŜ ōŞǘƻƴ Ŝǘ ƭŜ ŎƛƳŜƴǘ 

armé  dans la conception et la construction de bâtiments urbains non monumentaux au cours des dernières 

décennies de la Belle Époque, dans et à proximité des grandes villes francophones de Paris, Lille et Bruxelles. 

[Ŝ ŎƘŀƴƎŜƳŜƴǘ ŘŜ ǘŜŎƘƴƻƭƻƎƛŜ ŘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ Ŝǎǘ ƛƴǘŜǊǇǊŞǘŞ ŎƻƳƳŜ ƭŀ ŘŜǳȄƛŝƳŜ ŞǘŀǇŜ ŘΩǳƴŜ ǊŞǾƻƭǳǘƛƻƴ Řŀƴǎ 

la conception d'un bâtiment métallique qui a eu lieu entre 1892 et 1914, découlant de l'utilisation accrue du 

fer puis de l'acier dans la construction urbaine du XIXe siècle en France (la première étape de cette révolution), 

en particulier sa capitale. 

[ŀ ǇǊŜƳƛŝǊŜ ŞǘŀǇŜ ŘŜ ŎŜǘǘŜ ǊŞǾƻƭǳǘƛƻƴ ŀ ŎǳƭƳƛƴŞ Řŀƴǎ ƭΩǆǳǾǊŜ ƳƻƴǳƳŜƴǘŀƭŜ ζ ǘŜƳǇƻǊŀƛǊŜ η ŘŜ ƭŀ DŀƭŜǊƛŜ ŘŜǎ 

Machines construite pour l'Exposition Universelle de 1889  à Paris. Puis, au début des années 1890, une 

transition s'est déroulée dans la deuxième étape de la révolution.  L'inventeur français François Hennebique 
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(1842-1921) était un Belge d'adoption dont le système de béton armé a été techniquement codifié entre 1892 

et 1897 dans une série de brevets industriels plus sophistiqués ς parallèlement à d'autres approches qui, 

ensemble, ont contribué à la création des premières normes industrielles pour le nouveau système de 

matériaux.  Les architectes, les ingénieurs et les entrepreneurs de la Belle Époque sont devenus réceptifs à 

l'utilisation de nouveaux systèmes de béton et de ciment armé dans leurs travaux, transformant les besoins 

des clients en exigences pour la conception et la construction de bâtiments urbains non monumentaux. 

Le nouveau système de matériaux est utilisé pour construire des locaux de fabrication résistants au feu et 

structurellement efficaces, entrepôts, banques et immeubles d'habitation. Beaucoup de ces bâtiments 

permettaient à plus de lumière naturelle de pénétrer à l'intérieur par une utilisation plus généralisée et plus 

efficace du vitrage, grâce à de grandes fenêtres, des lucarnes et, dans un cas, une coupole . Une forme 

française du « daylight factory » nord-américaine conventionnellement associée à une énorme usine Ford   

ŘΩŀǳǘƻƳƻōƛƭŜǎ ǇǊŝǎ ŘŜ 5ŜǘǊƻƛǘ Ŝǎǘ ŀǇǇŀǊǳŜΦ  ¦ƴ ŎŜǊǘŀƛƴ ƴƻƳōǊŜ ŘŜ ōŃǘƛƳŜƴǘǎ ŞƎŀƭŜƳŜƴǘ ǇǊŞǎŜƴǘŜƴǘ ŘŜ 

nouvelles formes de revêtements céramiques très décoratifs sur leurs façades de rue, à la fois pour protéger et 

pour cacher les structures moins esthétiques en béton armé. Le logement résidentiel est devenu plus propre 

et plus abordable, en déménageant loin des bidonvilles surpeuplés et infestés de maladies. Les architectes et 

ƭŜǎ ƛƴƎŞƴƛŜǳǊǎ ƻƴǘ ŀǇǇǊƛǎ Ł ŦŀƛǊŜ ŎƻƴŦƛŀƴŎŜ Ł ƭŜǳǊǎ ŎŀǇŀŎƛǘŞǎ ŘΩƛƳŀƎiner le nouveau système de matériaux à 

travers les aspects techniques de leur travail. En collaboration avec les entrepreneurs, ils ont acquis les 

compétences spécialisées nécessaires pour les appliquer aux projets de construction, s'assurer que les 

structures terminées reflétaient les intentions de conception originale, dans un équilibre acceptable entre 

technologie et esthétique. Ces entrepreneurs ont géré les risques liés à l'utilisation d'une approche technique 

innovante de la construction urbaine.  

Les libertés de conception créative exprimées dans le genre Art nouveau de l'approche éclectique qui a 

dominé l'architecture de la Belle Époque ont pris fin avec le déclenchement de la Première Guerre mondiale. 

Une fois la paix revenue  après les importantes destructions humaines et matérielles qu'a connues le Nord de 

la France et la Belgique, la période d'après-guerre se caractérise par la domination croissante d'une approche 

industrielle plus simple de l'architecture ; ceci a été évangélisé par l'architecte suisse Charles-Édouard 

Jeanneret, plus connu sous le nom de Le Corbusier (1887-1965), l'architecte allemand Walter Gropius (1883-

1969) et leurs contemporains modernistes internationaux dans le monde entier. 
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Introduction 
 

Because, unlike literature, architecture is by necessity an art of luxury, it is in this latter domain that it 

will produce a difference. Let us leave aside the subtle nuances between architectural styles, depending 

on whether to attach oneself to the opulent character of an openly nouveau riche taste, more or less 

distinguished from Art Nouveau, or affirming a greater attachment to Louis XVI, much more fitting and 

probably better ǊŀƛǎŜŘ Χ The art of the Belle Époque is that of the parade of money - emphatic 

solemnity around a few shared ceremonies, such as horse racing, a walk in the Bois de Boulogne or 

expeditions to the countryside ...1 

The historic setting 

The French Third Republic (1870-1940) saw major artistic, technological and political changes encompassed 

within a largely peaceful period of the late nineteenth and early twentieth centuries that ended abruptly in 

1914 with the outbreak of the devastating First World War. The optimistic label applied to this period 

retrospectively was the Belle Époque. As François Loyer indicates in the above quotation from Le Siècle de 

[ΩLƴŘǳǎǘǊƛŜ, this was a time associated with free expression in architecture and the decorative arts, in turn 

connected to the rise of Impressionism and even more avant-garde derivatives in the fine arts. The period saw 

the emergence in the 1890s of an Art Nouveau genre of architecture within a broader flourishing of 

contrasting styles, many derived from historical examples, collectively termed Éclectisme. The Belgian architect 

Victor Horta (1861-1947) completed Hôtel Solvay in Brussels in 1894 (Figure 0.1), an urban building whose 

interior in particular represented many aspects of the more radical approach, expanded on by French architect 

Hector Guimard (1867-1942) for his distinctive Castel Béranger in Paris completed the following year.  

 
1 François Loyer, [Ŝ {ƛŝŎƭŜ ŘŜ [ΩLƴŘǳǎǘǊƛŜ ό;Řƛǘƛƻƴǎ ŘΩ!Ǌǘ !ƭōŜǊǘ {ƪƛǊŀΣ мфуоύΣ нмсΦ « Parce que, contrairement à la 
littérature, l'architecture est par nécessité un art du luxe, c'est dans ce domaine qu'elle va cultiver la 
différence. Laissons de côté les nuances subtiles entre styles de référence, selon qu'on s'attache au caractère 
cossu d'un goût ouvertement nouveau riche, plus ou moins démarqué de l'Art Nouveau, ou qu'on affirme la 
ōƻƴƴŜ ǘŜƴǳŜ Řϥǳƴ [ƻǳƛǎ ·±LΣ ƴŜǘǘŜƳŜƴǘ Ǉƭǳǎ ŎƻƴǾŜƴŀōƭŜ Ŝǘ ǎŀƴǎ ŘƻǳǘŜ ƳƛŜǳȄ ŞƭŜǾŞ Χ [ϥŀǊǘ ŘŜ ƭŀ .ŜƭƭŜ Époque 
est celui de la parade de l'argent - solennité emphatique autour de quelques cérémonies mondaines, comme 
le retour des courses, la promenade au Bois de Boulogne ou les parties de campagne ... ». 
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Figure 0.1. Hôtel Solvay, Brussels today (Horta, 1894). (Nick von Behr) It was an example of Art Nouveau architecture with 
organic iron decoration on the facade and in the interior, one facet of creative expression during the Belle Époque. 

There was much debate during the Belle Époque about the significance of these artistic developments, 

together with associated technological change, for the design and construction of buildings, and this is 

captured within the final section of the thesis.  The second stage of a metallic building design revolution 

ΨstartedΩ in 1892-3 with the lodging in Belgium and France of key industrial patents, exemplified in the design 

and construction in and near the three Belle Époque cities that were Paris, Lille and Brussels of non-

monumental, urban buildings employing a novel materials-system. This was reinforced concrete, in effect 

formed concrete or cement with iron or steel internal reinforcement. The specialist designers and constructors 

of these buildings were architects, engineers and contractors, sometimes combined into a single person or 
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organisation, with a sufficient confidence and expertise in the novel materials-system. The ǇǊƻŦŜǎǎƛƻƴŀƭ ŀŎǘƻǊǎΩ 

inter-relationship was one of both ΨǎƛōƭƛƴƎΩ rivalry and cooperation, since they needed to work as a co-

ordinated design and construction team with those who commissioned these new buildings; in some cases, a 

design and construction specialist was either the commissioner or a close relative of his. 

The unique contribution of the thesis to existing research 

The approach of the thesis is novel, principally, in that it produces systematically across technical, societal and 

building design contexts, a new historical mechanism that is used on a significant non-monumental urban Belle 

Époque building (the immeuble at 25b rue Benjamin Franklin in Paris (1904) by the Perret brothers); this helps 

us to understand better the relationship between technology and aesthetics when designing and constructing 

with the novel materials-system that was reinforced concrete and cement, at a critical stage in its initial 

development.     

The conception of the thesis derived from ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ project for a Masters in the History of Technology 

at the University of Bath ƻƴ ǘƘŜ ΨŘƻŎƪƛǎŀǘƛƻƴΩ ƻŦ ǘƘŜ wƛǾŜǊ !Ǿƻƴ ƛƴ .Ǌƛǎǘƻƭ, which examined the 

professionalisation of Victorian dock engineers when operating in a technically challenging estuarine 

environment.2 Further thinking since then developed into the skills progression of nineteenth-century design 

and construction professionals, exemplified by outstanding figures such as the British civil engineers Sir John 

Wolfe Barry (1836-1918) and Henry Marc Brunel (1842-1903), both sons of famous fathers. The core research 

question for this thesis transitioned from a focus on the role of key British individuals, to a systems-based 

approach that sought to better understand historical events shaping wider materials and processes within the 

field of international construction history. The core research question is therefore stated as follows: ΨWhat was 

the influence of novel reinforced concrete and cement systems on non-monumental, urban building design in 

and near three Belle Époque cities?Ω 

The historical construction activity described in the thesis was set within a framework of codifying technical 

knowledge that included industrial patents, structural specifications and technical guidance, together forming 

what are ǘŜǊƳŜŘ ΨŜŀǊƭȅ ƛƴŘǳǎǘǊƛŀƭ ǎǘŀƴŘŀǊŘǎΩ ŦƻǊ ǘƘŜ ƴƻǾŜƭ ƳŀǘŜǊƛŀƭǎ-system ς an original approach taken in this 

thesis to describing the gradual normalisation of an emerging metallic construction technology that 

 
2 bƛŎƘƻƭŀǎ Ǿƻƴ .ŜƘǊΣ Ψ¢ƘŜ άŘƻŎƪƛǎŀǘƛƻƴέ ƻŦ ǘƘŜ tƻǊǘ ƻŦ .ǊƛǎǘƻƭΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ŀǘƘΣ мффрύΦ 
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constituted more than one building material. Of these three components of early industrial standards, 

industrial patents encapsulated the state of technical knowledge, at a given point in time, of the key inventors 

of new reinforced concrete and cement systems. François Hennebique was the ΨƳŀǎǘŜǊΩ amongst these, whose 

life story captured flows of technical innovation between Belgium and France that accompanied parallel 

aesthetic exchanges about Art Nouveau architecture. 

Hennebique was born in Northern France in 1842 and moved to Belgium as a young adult, where he set up his 

contracting business and sought clients for his novel béton armé system back in his home territory; he finally 

settled in Paris where his global headquarters were based from the mid-1890s onwards. Hennebique, his 

béton armé system and his business have been much studied since the 1980s, after the surviving 

ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ŀǊŎƘƛǾŜǎ ǿŜǊŜ ŘƻƴŀǘŜŘ ǘƻ ǘƘŜ CǊŜƴŎƘ {ǘŀǘŜ.3 The present research, while building on these firm 

foundations, extends to other new reinforced concrete and cement systems; it also uses the lens of technical 

(Section 1), societal (Section 2) and building design (Section 3) contexts for the collective novel materials-

system, connecting it to a network of French and Belgian actors who were involved with its development and 

maturation as a generic body of technical knowledge in the construction of new buildings.  

The research highlights new perspectives on evidence about historic buildings in the northern part of France, 

and to a lesser extent in neighbouring Belgium. A case study in Chapter 1 of the since-demolished Bossut-

Masurel textile factory warehouse in Roubaix, near Lille completed in 1892, indicates that it was probably one 

of the first buildings to use a truly innovative version of Françƻƛǎ IŜƴƴŜōƛǉǳŜΩǎ béton armé system, patented in 

both Belgium and France during 1892-93. This indicated an emerging link between new building design 

approaches and early industrial standards for the novel materials-system. The key document evidencing this is 

the original technical workbook for the structural design calculations of the warehouse, signed by Hennebique 

himself in 1892 and still held at the /ŜƴǘǊŜ ŘΩŀǊŎƘƛǾŜǎ ŘΩŀǊŎƘƛǘŜŎǘǳǊŜ ŎƻƴǘŜƳǇƻǊŀƛƴŜ (CAAC) in Paris. We know 

that the French inventor only made this document available for others to peruse several years later, probably 

 
3 tŀǘǊƛŎƛŀ /ǳǎŀŎƪΣ ΨCǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΥ ¢ƘŜ {ǇŜŎƛŀƭƛǎǘ hǊƎŀƴƛǎŀǘƛƻƴ ŀƴŘ ǘƘŜ {ǳŎŎŜǎǎ ƻŦ CŜǊǊƻ-Concrete: 1892-
мфлфΩΣ Transactions of the Newcomen Society 56, no. 1 (1984): 71ςусΤ tŀǘǊƛŎƛŀ /ǳǎŀŎƪΣ Ψ!ƎŜƴǘǎ ƻŦ /ƘŀƴƎŜΥ 
Hennebique, Mouchel and Ferro-Concrete in Britain, 1897-мфлуΩΣ Construction History 3 (1987): 61ς74; 
Gwenael Delhumeau et al., [Ŝ .Şǘƻƴ 9ƴ wŞǇǊŜǎŜƴǘŀǘƛƻƴΦ [ŀ aŞƳƻƛǊŜ tƘƻǘƻƎǊŀǇƘƛǉǳŜ ŘŜ ƭΩŜƴǘǊŜǇǊƛǎŜ 
Hennebique 1890-1930 (Éditions Hazan, 1993); Gwenael Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ 
1890-1914 όbƻǊƳŀΣ мфффύΤ {ǘŜǇƘŀƴƛŜ Ǿŀƴ ŘŜ ±ƻƻǊŘŜΣ Ψ.ƻǳǿŜƴ ƛƴ .Ŝǘƻƴ ƛƴ .ŜƭƎƛš όмуфл-1975) Samenspel van 
YŜƴƴƛǎΣ 9ȄǇŜǊƛƳŜƴǘ 9ƴ LƴƴƻǾŀǘƛŜΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ DƘŜƴǘΣ нлммύΤ !ǊƳŀƴŘŜ IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 
9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩ ό¦niversite Libre de Bruxelles, 2013). 
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after he felt secure enough about the technical and commercial advantages he had acquired over his growing 

competitors, though he would never be entirely satisfied about this. 

The research also illuminates an expanding knowledge base in the history of nineteenth- and twentieth-

century construction technology and associated architectural facets. Hence, an investigation of the North 

!ƳŜǊƛŎŀƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǘȅǇƻƭƻƎȅ ƻŦ ǘƘŜ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩΣ ǿƘƛŎƘ Ƴŀȅ ƘŀǾŜ ŀǘ ƭŜŀǎǘ ǇŀǊǘƭȅ 

originated in Northern France. A case study provides an insight into the connection between the employment 

of the novel materials-ǎȅǎǘŜƳ ƛƴ Ǿŀǎǘ ƎƭŀȊŜŘΣ ƳƻƴƻƭƛǘƘƛŎ ŦŀŎǘƻǊƛŜǎΣ ǎǳŎƘ ŀǎ IŜƴǊȅ CƻǊŘΩǎ ƎƛƎŀƴǘƛŎ IƛƎƘƭŀnd Park 

complex near Detroit, and what was being observed first-hand from primary sources about historic industrial 

ōǳƛƭŘƛƴƎǎ ƛƴ bƻǊǘƘŜǊƴ CǊŀƴŎŜΦ !ǎ ŦƻǊ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ǘǊƻǇŜ ǘƘŀǘ ŜƳŜǊƎŜŘ ŦǊƻƳ ǘƘŜ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ 

architectural typology, this was associated with Le Corbusier, Gropius and their International Modernist peers; 

the ideas behind it flitted back and forth across the Atlantic until it became part of a wider myth associated 

with the broader merits of an urban industrial architecture that took hold globally in the interwar years. 

A historical mechanism 

A key output of the thesis is a historical mechanism designed to help answer the core research question, ΨWhat 

was the influence of novel reinforced concrete and cement systems on non-monumental, urban building 

design in and near three Belle Époque cities?Ω  Rather than appearing at the start of the thesis as a hypothetical 

framework to be tested against evidence, the historical mechanism is produced gradually across the three 

sections of the thesis, beginning with the technical context, supplemented by the societal context and finalised 

within the building design context. Subsidiary research questions frame all three sections of the thesis and 

connect them, and therefore also the production of the historical mechanism, to the core research question 

which is answered in the Conclusion. This appeared to the researcher to represent the most effective 

methodological approach to the thesis. 

The historical mechanism is produced by testing the potential significance of a wide range of mainly 

nineteenth-century historic example buildings, all designed and constructed using metallic systems that 

included wrought and cast iron, steel and reinforced concrete and cement (see the full list in the Appendices). 

Process tracing, a social scientific approach to identifying causation described in the research methodology, 

was thus applied through the analysis, including by using case studies, of historic example buildings within: a 
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technical context for Belle Époque construction (see Section 1); then a societal context for Belle Époque 

construction (see Section 2); and finally a building design context for Belle Époque construction (see Section 3). 

As part of finalising the historical mechanism, two typologies of non-monumental, urban building are created 

and compared: firstly, an Urban Industrial typology that captures the industrial aspects of six historic example 

buildings from the case studies in the thesis; and secondly, an Urban Housing typology that captures the 

housing aspects of a further six historic example buildings from the same case studies. The historical 

mechanism therefore contains components and sub-parts that relate to key information blocks and their 

details in the three sections of the thesis ς at the end of Section 1 these are visualised using a schematic for 

the technical context, which is then expanded at the end of Section 2 to include both technical and societal 

contexts, suggesting a possible flow process. Section 3 contributes the final details of the historical mechanism 

from a building design context and confirms the arrangement of the flow process and the key components. As 

with any knowledge (re)codification process, indeed very much like the creation and review of technical 

standards and their key components that continues to this day, the historical mechanism is created by 

processing new, as well as existing evidence, from which an improved output is produced. 

The historical ƳŜŎƘŀƴƛǎƳΩǎ ŀōƛƭƛǘȅ ǘƻ help answer, even at least partially, the core research question is 

validated after using it with a further non-monumental, urban building not included in the case studies or the 

two typologies: this is the much cited immeuble at 25b rue Benjamin Franklin in Paris, completed by the Perret 

brothers in 1904 using a derivation of Edmond /ƻƛƎƴŜǘΩǎ ǊŜƛƴŦƻǊŎŜŘ ŎŜƳŜƴǘ ǎȅǎǘŜƳ. This application of the 

historical mechanism to this immeuble confirms that the professional attributes of the architect-engineer-

contractor teams involved was a key factor determining the extent of influence of the novel materials-system 

on Belle Époque building design and construction. These specialist professionals designed and constructed 

using the new reinforced concrete and cement systems with growing levels of technical confidence and skill, 

ensuring that the final building reflected the original design intentions. Related to this last professional 

attribute was the need for contractors to perform the role of an intermediary between the ΨǎƛōƭƛƴƎΩ specialist 

professionals, by managing acceptable levels of project risk given the challenges of the technical approach 

associated with the novel materials-system. 



7 
 

The modern day relevance of the thesis 

The thesis indicates how the historical research described within it may have a bearing on contemporary 

technical building design, connected as this is to global environmental concerns that were never present 

during the period of the Belle Époque. It also points to possible further investigations into the influence of 

twentieth-century regulations on technical building design after the First World War; during the interwar years 

these regulations and linked codes of building practice developed into technical standards and guidance as we 

currently know them, not just for construction materials, products and processes, but with a greater focus on 

the expanding global professionalisation of the construction industry. All of this system currently operates 

through a network of international professional bodies, national and international Standards Bodies (with ISO 

ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ {ǘŀƴŘŀǊŘǎ .ƻŘȅύΣ ŀǎ ǿŜƭƭ ŀǎ ǊŜŎƻƎƴƛǎŜŘ global ǉǳŀƭƛǘȅ ƳŀǊƪǎ ǎǳŎƘ ŀǎ ǘƘŜ ΨYƛǘŜƳŀǊƪΩ ƻǊ Ψ/9 ƳŀǊƪΩ. 

Any further research in this area would build on not only this thesis, but also on earlier doctoral research by, 

for example, van de Voorde on the historical use of concrete in Belgian construction, Angelino on developing 

better design standards for the construction industry and Melsens on twentieth-century Indian architects, 

engineers and builders.4 

Terminology 

The thesis contributes to a broader research debate about the historic role of innovative materials and 

systems for building design and construction, and novel combinations of these into materials-systems; all of 

this with specific reference to the early use of reinforced concrete and cement in more fire-resistant and 

structurally efficient non-monumental, urban buildings. Reinforced concrete and cement systems were 

composites of separate metallic and lithic materials, exploiting their combined strengths in a single materials-

system ς concrete is of a much more granular composition than cement, including a range of aggregates that 

ŀǊŜ ŎƻŀǊǎŜǊ ǘƘŀƴ ǎŀƴŘ ŀƴŘ ǎƛƳƛƭŀǊ ΨŦƛƴŜǎΩΣ ŀǎ ǘƘŜȅ ŀǊŜ ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ. A materials-system is more than 

Antoine tƛŎƻƴΩǎ ǇŜǊŦŜŎǘƭȅ ǊŜŀǎƻƴŀōƭŜ ŀǎǎŜǊǘƛƻƴ ƴƻǘŜŘ in the Historiographic Framework, that reinforced 

 
4 ±ƻƻǊŘŜΣ Ψ.ƻǳǿŜƴ ƛƴ .Ŝǘƻƴ ƛƴ .ŜƭƎƛš όмуфл-мфтрύ {ŀƳŜƴǎǇŜƭ Ǿŀƴ YŜƴƴƛǎΣ 9ȄǇŜǊƛƳŜƴǘ 9ƴ LƴƴƻǾŀǘƛŜΩΤ aŀǊƛŀǇƛŀ 
!ƴƎŜƭƛƴƻΣ Ψ5ŜǾŜƭƻǇƛƴƎ .ŜǘǘŜǊ 5ŜǎƛƎƴ {ǘŀƴŘŀǊŘǎ ŦƻǊ ǘƘŜ /ƻƴǎǘǊǳŎǘƛƻƴ LƴŘǳǎǘǊȅΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ .ǊƛǎǘƻƭΣ нлмфύΤ 
{ŀǊŀƘ aŜƭǎŜƴǎΣ Ψ!ǊŎƘƛǘŜŎǘΣ 9ƴƎƛƴŜŜǊ ƻǊ .ǳƛƭŘer? A History of Professional Demarcation through Practice and 
Discourse, Pune (India) 1930-мффнΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƴǘǿŜǊǇΣ нлнлύΦ Future research could even connect to 
relevant lessons from the current revision of structural Eurocodes. https://eurocodes.jrc.ec.europa.eu/ 
(accessed 9/4/2024). See also {ǘŜǾŜ 5Ŝƴǘƻƴ Ŝǘ ŀƭΦΣ Ψ9ǳǊƻŎƻŘŜǎ 9ǾƻƭǳǘƛƻƴΥ [ŀǘŜǎǘ 5ŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ ¦Y 
!ǇǇǊƻŀŎƘΩΣ The Structural Engineer, March 2024, 12ς14. 
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concrete and cement transitioned from a structural system into a single building material. However, for ease 

of language, the word ΨsystemΩ is used when referring specifically to reinforced concrete or cement as a form 

of materials-system, or very occasionally the expression ΨŎƻƳōƛƴŜŘ ƳŀǘŜǊƛŀƭǎΩ if this helps to better describe 

the interrelationship between the different metallic and lithic components. The specific systems examined in 

the thesis are described fully in Chapter 1; the most significant one was the béton armé system invented by 

François Hennebique, in which specially-shaped steel rebars were incorporated within an externally formed 

concrete mass to create columns, beams and floors, all in an increasingly monolithic approach to design and 

construction. 

Early industrial standards were a codified form of technical knowledge about a novel materials-system, such as 

reinforced concrete or cement systems. The term Ψearly industrial standardsΩ includes three key components: 

a) industrial patents for the novel materials-system; b) structural specifications; and c) technical guidance. 

Industrial patents for the béton armé system were lodged by Hennebique at state offices in Belgium, where he 

was based until the mid-1890s, as well as in France, from whence he had originated and where he had 

identified important early users within the thriving Lille-Roubaix-Tourcoing textile industry, known as the 

ΨaŀƴŎƘŜǎǘŜǊ ƻŦ CǊŀƴŎŜΩ. Hennebique claimed not to be a great believer in patents, seeing them as necessary 

evils, but on the other hand he was more than willing to undertake expensive legal action to protect his 

intellectual property rights (described further in Chapter 1). The French inventor saw another key component 

of early industrial standards, structural specifications, as a part of the technical information about his béton 

armé system; hence the importance of the technical workbook for the Bossut-Masurel textile factory 

warehouse built in Roubaix in 1892, one of the earliest buildings to use IŜƴƴŜōƛǉǳŜΩǎ ǇŀǘŜƴǘǎ (see the case 

study in Chapter 1). These structural specifications exemplified solutions to structural requirements (see 

Chapter 2), which were technical design responses to the building commissionerΩǎ need for a fire-resistant, 

structurally efficient and naturally lit structure at the heart of their combined industrial and commercial 

building. Structural specifications would have been used by an architect or engineer and the contracting team 

responsible for delivering the completed build to fit the original technical design intentions. Both structural 

specifications, as well as the remaining key component of early industrial standards, technical guidance, 

helped Hennebique and other interpreters of the novel reinforced concrete and cement systems explain the 
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required specialist technical knowledge and skills to a wider network of construction professionals ς this 

process is examined further in Chapters 4 and 6. 

The influence of the novel materials-system on Belle Époque non-monumental, urban building design in France 

and Belgium is connected to the concept of the reception of architecture within its specific technological and 

cultural setting.5 The time period of the Belle Époque spanned a metallic building design revolution, as the 

increasingly accepted employment of iron and steel in monumental urban settings transitioned towards the 

greater use of reinforced concrete and cement systems in non-monumental urban settings. It also saw a move 

away from a dominant eclectic approach to architecture, with its radically decorative Art Nouveau genre 

flourishing and then disappearing almost as quickly within the space of two decades, to an industrial-based 

approach that would later become associated with interwar International Modernism.  

 
5 In a more recent example of architectural reception, a debate on emerging postmodernist architecture was 
catalysed by a 1975 New York Museum of Modern Arts Exhibition on French Beaux-Arts technical and artistic 
virtuosity. !ƭƛŎŜ ¢ƘƻƳƛƴŜΣ Ψ[Ŝǎ .ŜŀǳȄ-!Ǌǘǎ ŀǳ aha!ΩΣ ƛƴ [ΩŀǊŎƘƛǘŜŎǘǳǊŜ : la réception immédiate et la réception 
différée, ed. Gérard Monnier (Éditions de la Sorbonne, 2006), 123ς38. 
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Historiographic Framework 
 

The historiographic review undertaken for the thesis showed how different disciplinary approaches to 

interpreting the history of buildings, ranging from the more technological to the more architectural, could be 

combined in research on the influence of reinforced concrete and cement systems on historic technical 

building design. A review of relevant secondary literature began in 2020 while the researcher was based at the 

University of Kent and continued throughout the research, analysis and drafting stages. A broad selection of 

research outputs in the UK and France provided valuable evidence for the technical, societal and design 

context for the thesis and helped rationalise an appropriate historiographic approach to the research. This is 

explained firstly by highlighting some key technological and engineering aspects of construction 

historiography; and subsequently by combining these with some key approaches from architectural 

historiography. The objective is to establish a suitable historiographic framework that, through relevant 

context and use of historic examples, ultimately produces a historical mechanism to help answer the core 

research question: ΨWhat was the influence of novel reinforced concrete and cement systems on non-

monumental, urban building design in and near three Belle Époque cities?Ω 

The technological and engineering aspects of construction historiography 

The thesis follows an interdisciplinary research approach within the broad field of construction history, which 

brings a number of academic disciplines together with professional and amateur interest around specific 

historic structures, building materials and construction systems.6 Since construction history is both a relatively 

new ŀƴŘ ΨƭƻƻǎŜΩ interdisciplinary field, the academic constructs and theoretical models within it are still being 

developed. In his opening to the inaugural issue of Construction History in 1985, the respected architectural 

historian John Summerson described a key aspect of construction historiography relevant to a focus on a single 

materials-system ς this was that the history of structural design could be separated into the study of 

consecutive innovations and their impact on practice (italics added for emphasis): 

 
6 During the first year of research an open database of international publications in construction history (IFCH 
Construction History Bibliography, accessible at https://www.constructionhistorybibliography.org/) was co-
populated, reflecting the very broader interdisciplinary nature of the field. These disciplines include 
architecture, civil and structural engineering, the history of technological systems and the environment, 
historic building preservation, economic and social history, as well as some elements of business and legal 
history. 

https://www.constructionhistorybibliography.org/
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You can study, for instance, the emergence of rational carpentry design in the seventeenth century, the 

entry of iron construction in the eighteenth or the adoption of reinforced concrete at the end of the 

nineteenth. These are episodes involving theoretical development which found their way into building 

from out-side. They are usually concerned with one material.7 

A subsequent paper by Dunkeld in the same key journal within the field explained more substantially the state 

of play of the emerging interdisciplinary approach.8 Somewhat unsurprisingly, he concluded that it defied any 

neat theoretical descriptions, but more helpfully referred to Groak and Ive on the implications of historical 

economic and technological changes in the building industry. They had outlined a wide range of theoretical 

approaches to analysing this topic, linked to their discipline of the economics of construction.9 As will be seen, 

others have since added to these starting points10, but any historiographic framework needs to operate within 

the context of an interdisciplinary corpus that centres on the past of the built environment, with possible 

implications for the present and future. 

Looking specifically from the perspective of the historiography of technology, ǘƘƛǎ ǊŜǎŜŀǊŎƘŜǊΩǎ disciplinary 

background, Picon ŀƳǇƭƛŦƛŜŘ {ǳƳƳŜǊǎƻƴΩǎ ŘŜǎŎǊƛǇǘƛƻƴ ŀƴŘ suggested a gradual standardisation of reinforced 

concrete or cement as a building material: 

What does it mean to be hard, waterproof or durable? Each of these terms implies experiments, 

negotiation on the results of these experiments, normalization processes. It is through that kind of 

process that reinforced concrete, having at first been interpreted as a series of structural systems 

became gradually a material.11 

 
7 WƻƘƴ {ǳƳƳŜǊǎƻƴΣ Ψ²Ƙŀǘ Lǎ ǘƘŜ IƛǎǘƻǊȅ ƻŦ /ƻƴǎǘǊǳŎǘƛƻƴΚΩΣ Construction History 1 (1985): 1. 
8 aŀƭŎƻƭƳ 5ǳƴƪŜƭŘΣ Ψ!ǇǇǊƻŀŎƘŜǎ ǘƻ /ƻƴǎǘǊǳŎǘƛƻƴ IƛǎǘƻǊȅΩΣ Construction History 3 (1987): 3ς15. 
9 For example: άOn the other side of this particular coin were the architectural theorists of ΨmodernismΩ, who 
(by and large) were inclined to believe what they were told about this [building] industry Ψfrozen in timeΩ but to 
promise that, with the utterance of the right formulae over the body of the unfortunate sleeping princess, all 
would be changed at once into the very epitome of progressive and radiant modernity.έ Steven Groak and 
DǊŀƘŀƳ LǾŜΣ Ψ9ŎƻƴƻƳƛŎǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ /ƘŀƴƎŜΥ {ƻƳŜ LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ {ǘǳŘȅ ƻŦ ǘƘŜ .ǳƛƭŘƛƴƎ LƴŘǳǎǘǊȅΩΣ 
Habitat International 10, no. 4 (1986): 125. 
10 ! ǳǎŜŦǳƭ ǎǳƳƳŀǊȅ ƻŦ ŎƻƴǎǘǊǳŎǘƛƻƴ ƘƛǎǘƻǊȅ ŀǎ ŀ ΨfieldΩ ƛǎ ǘƻ ōŜ ŦƻǳƴŘ ƻƴ ǘƘŜ ǿŜōǎƛǘŜ ƻŦ ǘƘŜ /ƻƴǎǘǊǳŎǘƛƻƴ 
History Society: https://www.constructionhistory.co.uk/about-construction-history-society/construction-
history/ (accessed 04/04/2024). 
11 !ƴǘƻƛƴŜ tƛŎƻƴΣ Ψ/ƻƴǎǘǊǳŎǘƛƻƴ IƛǎǘƻǊȅΥ .ŜǘǿŜŜƴ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ŀƴŘ /ǳƭǘǳǊŀƭ IƛǎǘƻǊȅΩΣ Construction History 21 
(2005): 15. 

https://www.constructionhistory.co.uk/about-construction-history-society/construction-history/
https://www.constructionhistory.co.uk/about-construction-history-society/construction-history/


12 
 

In the rest of his paper Picon touched on the wider process by which novel building materials had emerged 

through invention, innovation and testing of new scientific and technical concepts. He highlighted the 

significance of historiography of technology that either explored the notion of structure as a cultural concept, 

or that took a social scientific technical systems approach when analysing past construction processes. This 

approach is more familiarly known as ΨǎƻŎƛŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘŜŎƘƴƻƭƻƎȅΩ (SCOT) and had been undertaken by 

Amy Slaton in her doctoral thesis and subsequent publication on the history of the early twentieth-century 

reinforced concrete factory building in the United States.12 {ƭŀǘƻƴΩǎ approach was to relate a socially-oriented 

story of how the novel materials-system acquired a scientific and management status at the expense of the 

traditional craft skills in construction. This happened through: a standardisation process; the circulation of 

competing technical specifications; and the use of quality control associated with the developing specialist 

engineering profession. She saw this all reflected in the demand for plain, ΨmodernΩ industrial buildings that 

were replicated throughout the United States during the period of her study. In a similar SCOT vein, Deuten 

later used the development of reinforced cement and concrete in construction as one of a small number of, 

mainly European, industrial case studies illustrating a systematic social transition from localised to 

ŎƻǎƳƻǇƻƭƛǘŀƴ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜΤ ŀŎŎƻǊŘƛƴƎ ǘƻ 5ŜǳǘŜƴΩǎ ƘȅǇƻǘƘŜǎƛǎΣ CǊŜƴŎƘ ƛƴǾŜƴǘƻǊǎ ƻŦ ǘƘŜǎŜ ƴŜǿ 

materials and systems, such as Paul Cottancin and François Hennebique, extended their business models using 

more explicit descriptions of their systems in patents.13 

Turning to the historiography of engineering, Addis speculated on the historical nature of engineering design 

within construction in a conference paper summarising his original doctoral thesis of three decades before.14 

Addis had proposed a theoretical model adapted from the concept of major scientific paradigm shifts or 

revolutions put forward in the early 1960s by American philosopher of science Thomas Kuhn.15 Addis assumed 

 
12 !Ƴȅ 9Φ {ƭŀǘƻƴΣ ΨhǊƛƎƛƴǎ ƻŦ ŀ aƻŘŜǊƴ CƻǊƳΥ ¢ƘŜ wŜƛƴŦƻǊŎŜŘ-Concrete Factory Building in America, 1900-мфолΩ 
(University of Pennsylvania, 1995); Amy E. Slaton, Reinforced Concrete and the Modernization of American 
Building, 1900ς1930, Kindle edition (Johns Hopkins University Press, 2001). 
13 WƻƘŀƴƴŜǎ WŀǎǇŜǊ 5ŜǳǘŜƴΣ Ψ/ƻǎƳƻǇƻƭƛǘŀƴƛǎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ Υ ! {ǘǳŘȅ ƻŦ CƻǳǊ 9ƳŜǊƎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 
wŜƎƛƳŜǎΩ ό¢ǿŜƴǘŜ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нллоύΣ ŎƘŀǇΦ пΦ 
14 ²ƛƭƭƛŀƳ !ŘŘƛǎΣ Ψ¢ƘŜƻǊȅ ŀƴŘ 5ŜǎƛƎƴ ƛƴ /ƛǾƛƭ ŀƴŘ {ǘǊǳŎǘǳǊŀƭ 9ƴƎƛƴŜŜǊƛƴƎΦ ! {ǘǳŘȅ ƛƴ ǘƘŜ IƛǎǘƻǊȅ ϧ tƘƛƭƻǎƻǇƘȅ ƻŦ 
9ƴƎƛƴŜŜǊƛƴƎΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ wŜŀŘƛƴƎΣ мфусύΤ .ƛƭƭ !ŘŘƛǎΣ Ψ¢ƘŜ 9ǇƛǎǘŜƳƻƭƻƎȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǎƛƎƴ ŀǎ ŀ 
/ƻƴǘǊƛōǳǘƛƻƴ ǘƻ /ƻƴǎǘǊǳŎǘƛƻƴ IƛǎǘƻǊȅΩΣ ƛƴ Studies in Construction History: The Proceedings of the Second 
Conference of the Construction History Society, ed. James W.P. Campbell et al. (Construction History Society, 
2015), 3ς10. 
15 !ŘŘƛǎ ƛǎ ƴƻǘ ǘƘŜ ŦƛǊǎǘ ǘƻ ŀǇǇƭȅ YǳƘƴΩǎ ǘƘŜƻǊȅ ǘƻ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ technology, but his approach is distinctive and 
very much connected to both the history of engineering and the broader field of construction history: another 
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that an external crisis tripped an engineering building design community into a paradigm shift, amplified by an 

inability to respond sufficiently to changing inputs, influences and constraints. He outlined an engineering 

building design process that according to him had been used for centuries in construction and which was 

influenced by a range of external factors: the design climate; calculation techniques; building science; codes of 

design practice; construction methods; regulations and costs. Addis maintained, quite sensibly, that good 

building design engineers needed to be confident that their planned structures perform as specified, hence 

they employed a building design process to ensure this happens ς he called this the ΨDesign ProcedureΩ and 

further noted that it was defined by the knowledge and experience designers had, the specifications they 

passed to the builder or contractor, and the άnature of the justification they provide to ensure that the level of 

confidence in the proposed design is sufficient to commence building (the output of the Design Procedure)έ.16 

Addis has drawn a systems diagram which encapsulates this Design Procedure (Figure 0.2). 

 

Figure 0.2: The Design Procedure highlighting influences and constraints. (Addis, 2015, p.4) 

The systems diagram shows the inputs to and outputs from this process, as well as the previously mentioned 

influences and constraints that impact on any design freedoms (highlighted in the red box). TƘŜ ǘŜǊƳ Ψearly 

 
more recent application of paradigm shifts in the subject area of this thesis is a collection of historical case 
studies (national, local and business) of the European development of Portland Cement and reinforced 
concrete. See: João Mascarenhas-Mateus, Changing Cultures: European Perspectives on the History of Portland 
Cement and Reinforced Concrete, 19th and 20th Centuries, 1st ed. (London: CRC Press, 2023). 
16 !ŘŘƛǎΣ Ψ¢ƘŜ 9ǇƛǎǘŜƳƻƭƻƎȅ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǎƛƎƴ ŀǎ ŀ /ƻƴǘǊƛōǳǘƛƻƴ ǘƻ /ƻƴǎǘǊǳŎǘƛƻƴ IƛǎǘƻǊȅΩΣ сΦ 
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industrial ǎǘŀƴŘŀǊŘΩ ƛǎ noǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛŘŜƴǘƛŦƛŜŘ ƛƴ !ŘŘƛǎΩǎ Design Procedure model. The initial focus on the 

technical context of Belle Époque construction within Section 1 is on the role of early industrial standards, a 

more precise historical term for a technical standard during this period. It is composed of tightened 

ŘŜǎŎǊƛǇǘƛƻƴǎ ƻŦ ǘƘǊŜŜ ƻŦ !ŘŘƛǎΩǎ extraneous factors that influence or constrain the Design Procedure: industrial 

patents for the novel materials-system, structural specifications and technical guidance. Addis includes 

ΨōǳƛƭŘƛƴƎ ǎŎƛŜƴŎŜΩ within these factors, but to my mind this is an inadequate description of the physical 

components of a building, hence my preference for the term ΨǎǘǊǳŎǘǳǊŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΩ. 

Using his Design Procedure, Addis goes on to explain how an analogous model for the emergence of new 

paradigms for engineering design might be postulated. Hence ŀ ŎƻƳƳǳƴƛǘȅ ƻŦ ΨnormalΩ Design Procedures 

transforms into one of ΨƴŜǿ ƴƻǊƳŀƭΩ Design Procedures under the heading Ψ5ŜǎƛƎƴ wŜǾƻƭǳǘƛƻƴǎΩ ƻƴ ǘƘŜ ǊƛƎƘǘ 

side of Figure 0.3 below. 

 

Figure 0.3: Diagram illustrating the analogous structures of scientific and engineering design revolutions. (Addis, 2015, p.8) 

!ŘŘƛǎΩǎ approach assumes that a type of intellectual crisis for which there is no satisfactory explanation, shifts 

the community of normal Design Procedures towards an abrupt transition or revolution; this crisis is therefore 

caused by the collective inability of building design engineers to respond sufficiently to multiple changing 

inputs, influences and constraints, all outlined in the Design Procedure diagram. 
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Traisnel had focused his own French-based doctoral research on an environmental history of buildings 

perspective, though with important architectural and building science elements to it.17 The final thesis 

examined the role of non-load-bearing walls and transparent envelopes in French urban architecture, 

following the introduction of metal and glass framing in the nineteenth century. Traisnel analysed the different 

combinations of materials and types of architectural component he had researched ς he followed both a 

thematic and chronological pattern. The examples he used to support his arguments referenced the key 

French architects and engineers who employed iron, steel and glass in their building design and construction 

during the nineteenth and twentieth centuries, as well as prior French thinking about these. In this way he 

successfully built threads of technical advance centred around the shift from traditional walls as structural and 

decorative support to buildings, to transparent envelopes designed to display the functional aspects of urban 

ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ŀǊǘŦǳƭƭȅ ΨŎŀǇǘǳǊŜΩ ǘƘŜ ŀƛǊ ǎǇŀŎŜ ƛƴǎƛŘŜ ōǳƛƭŘƛƴƎǎ ŦƻǊ ŀŜǎǘƘŜǘƛŎ ŀƴŘ ŎƭƛƳŀǘƛŎ ǇǳǊǇƻǎŜǎΦ 

These technological and engineering approaches to construction historiography are potentially helpful in 

trying to answer the question posed about determining the influence of a novel materials-system on Belle 

Époque building design in three cities and their surrounding urbanised regions ς however, they first need to 

absorb certain aspects of architectural historiography. 

Combining construction and architectural historiography 

Returning to SlatonΩǎ work on the first reinforced concrete North American factories, she had referenced 

earlier history of science and technology doctoral research by .ƛƎƎǎΣ ǿƘƻ ƘŀŘ ǳǎŜŘ ǘƘŜ ǘŜǊƳ ΨǊŀǘƛƻƴŀƭ ŦŀŎǘƻǊƛŜǎΩ 

for SCOT artefacts with architectural aspects to them.18 By contrast, and in 1986, ŀ ȅŜŀǊ ōŜŦƻǊŜ .ƛƎƎΩǎ doctoral 

research was completed, Banham had placed the same industrial buildings into an architectural typology he 

ŎŀƭƭŜŘ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ, which is considered further in a case study in Chapter 2.19 Legault completed his own 

doctoral research a decade later on new materials and architectural modernity in France between 1889-

 
17 Jean-tƛŜǊǊŜ ¢ǊŀƛǎƴŜƭΣ Ψ[Ŝ aŞǘŀƭ Ŝǘ [Ŝ ±ŜǊǊŜ 5ŀƴǎ ƭΩŀǊŎƘƛǘŜŎǘǳǊŜ 9ƴ CǊŀƴŎŜΦ 5ǳ aǳǊ Ł [ŀ CŀœŀŘŜ [ŜƎŝǊŜΦΩ 
όLƴǎǘƛǘǳǘ CǊŀƴœŀƛǎ ŘΩ¦ǊōŀƴƛǎƳŜΣ мффтύΦ 
18 [ƛƴŘȅ .ƛƎƎǎΣ ΨLƴŘǳǎǘǊȅΩǎ aŀǎǘŜǊ aŀŎƘƛƴŜΥ CŀŎǘƻǊȅ tƭŀƴƴƛƴƎ ŀƴŘ 5ŜǎƛƎƴ ƛƴ ǘƘŜ !ƎŜ ƻŦ aŀǎǎ tǊƻŘǳŎǘƛƻƴΣ мфлл ǘƻ 
мфолΩ όaL¢Σ мфутύΤ [ƛƴŘȅ .ƛƎƎǎΣ ¢ƘŜ wŀǘƛƻƴŀƭ CŀŎǘƻǊȅΦ !ǊŎƘƛǘŜŎǘǳǊŜΣ ¢ŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ²ƻǊƪ ƛƴ !ƳŜǊƛŎŀΩǎ !ƎŜ ƻŦ 
Mass Production (Johns Hopkins University Press, 1996). 
19 Reyner Banham, A Concrete Atlantis. US Industrial Building and European Modern Architecture. (MIT Press, 
1986). 
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1934.20 He was attempting at the time, in what he perceived to be a ground-breaking approach to traditional 

architectural history, to provide a wider perspective on a topic that had acquired renewed historical interest in 

the 1990s ς the story of late nineteenth-century reinforced concrete as a new combined construction material, 

technique and architectural system.21 Extending beyond the thinking of Biggs, Banham, Slaton and Traisnel, 

Legault identified reinforced concrete and cement as more than a novel construction technology, rather it was 

ŀƴ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŎƻƴǎǘǊǳŎǘ ǎƘŀǇŜŘ ōȅ ŀ ǊŀƴƎŜ ƻŦ ŜȄǘŜǊƴŀƭ ŦŀŎǘƻǊǎΦ [ŜƎŀǳƭǘΩǎ ǎǘǳŘȅΣ ŀǎ ǿƛǘƘ Ƴŀƴȅ ƻǘƘŜǊǎΣ ōǊƛŘƎŜŘ 

the First World War, since he was keen to make the connection across to interwar International Modernist 

architectural genres. His research objective was to emphasise the interplay between materials and means in 

architecture, such that a material (or in this thesis, materials-system) acquired άa character in which the 

technical and the metaphorical coalesce. My analysis may help in deciphering this Ψrhetoric of materialsΩ in the 

practice and interpretation of modern architectureέ.22 Hence [ŜƎŀǳƭǘΩǎ thesis also covered the technical-based 

origins of French rationalist architecture, echoing very much the work of Hans Straub in engineering history 

half a century earlier (considered further in Chapter 4), as well as contributions in the 1950s and 1960s from 

anglophone scholars of French architectural history such as Collins, Banham and Middleton.23 

Another key reference work is a comprehensive doctoral thesis by Stephanie van de Voorde on the history of 

(reinforced) concrete in the Belgian construction industry.24 Van de Voorde described the relevance of her 

historiographical approach: rather than concentrating simply on reinforced concrete as a novel construction 

material, she decided to focus on those Belgian actors associated with it, looking at their intentions, their 

 
20 wŜƧŜŀƴ [ŜƎŀǳƭǘΣ Ψ[Ω!ǇǇŀǊŜƛƭ ŘŜ [Ω!ǊŎƘƛǘŜŎǘǳǊŜ aƻŘŜǊƴŜΥ bŜǿ aŀǘŜǊƛŀƭǎ ŀƴŘ !ǊŎƘƛǘŜŎǘǳǊŀƭ aƻŘŜǊƴƛǘȅ ƛƴ 
France, 1889-мфопΩ όaL¢Σ мффтύΦ 
21 Legault had worked in collaboration with academic colleagues Jacques Gubler, Gwenaël Delhumeau and 
/ȅǊƛƭƭŜ {ƛƳƻƴƴŜǘ ƻƴ ƛƴǘŜǊǇǊŜǘƛƴƎ ǘƘŜ IŜƴƴŜōƛǉǳŜ ŎƻƳǇŀƴȅΩǎ Ǿŀǎǘ ōǳǎƛƴŜǎǎ ǊŜŎƻǊŘǎ ŀŎǉǳƛǊŜŘ ōȅ ǘƘŜ Institut 
CǊŀƴœŀƛǎ ŘΩ!ǊŎƘƛǘŜŎǘǳǊŜ in 1989. Delhumeau et al., Le Béton En Répresentation. La Mémoire Photographique de 
ƭΩŜƴǘǊŜǇǊƛǎŜ IŜƴƴŜōƛǉǳŜ муфл-1930. 
22 [ŜƎŀǳƭǘΣ Ψ[Ω!ǇǇŀǊŜƛƭ ŘŜ [Ω!ǊŎƘƛǘŜŎǘǳǊŜ aƻŘŜǊƴŜΥ bŜǿ aŀǘŜǊƛŀƭǎ ŀƴŘ !ǊŎƘƛǘŜŎǘǳǊŀƭ aƻŘŜǊƴƛǘȅ ƛƴ CǊŀƴŎŜΣ мууф-
мфопΩΣ мтς18. 
23 Hans Straub, A History of Civil Engineering: An Outline from Ancient to Modern Times, 1st publ ed. 
(Cambridge, Massachussets: MIT Press, 1964); Peter Collins, Concrete. The Vision of a New Architecture, 2nd 
ed. (McGill-vǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ tǊŜǎǎΣ нллпύΤ tŜǘŜǊ /ƻƭƭƛƴǎΣ Changing Ideals in Modern Architecture 1750-1950 
όCŀōŜǊ ϧ CŀōŜǊΣ мфсрύΤ wŜȅƴŜǊ όtŜǘŜǊύ .ŀƴƘŀƳΣ Ψ¢ƘŜ ¢ƘŜƻǊȅ ƻŦ aƻŘŜǊƴ !ǊŎƘƛǘŜŎǘǳǊŜ мфлт-мфнтΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
London, 1958); Reyner Banham, Theory and Design in the First Machine Age, Paperback (1972) (Architectural 
tǊŜǎǎΣ мфслύΤ wƻōƛƴ 5Φ aƛŘŘƭŜǘƻƴΣ Ψ¢ƘŜ !ōōŞ ŘŜ /ƻǊŘŜƳƻȅ ŀƴŘ ǘƘŜ DǊŀŜŎƻ-Gothic Ideal: A Prelude to Romantic 
/ƭŀǎǎƛŎƛǎƳΩΣ Journal of the Warburg and Courtauld Institutes 25, no. 4 (1962): 278ς320; Robin D. Middleton, 
Ψ¢ƘŜ !ōōŜ ŘŜ /ƻǊŘŜƳƻȅ ŀƴŘ ǘƘŜ DǊŀŜŎƻ-DƻǘƘƛŎ LŘŜŀƭΦ tŀǊǘ LLΦΩΣ Journal of the Warburg and Courtauld Institutes 
26, no. 1/2 (1963): 90ς123. 
24 ±ƻƻǊŘŜΣ Ψ.ƻǳǿŜƴ ƛƴ .Ŝǘƻƴ ƛƴ .ŜƭƎƛš όмуфл-мфтрύ {ŀƳŜƴǎǇŜƭ Ǿŀƴ YŜƴƴƛǎΣ 9ȄǇŜǊƛƳŜƴǘ 9ƴ LƴƴƻǾŀǘƛŜΩΦ 
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knowledge and their achievements, so picking up aspects of the SCOT approach used by others in the history 

of technology. She was interested in the circles in which these actors moved, which interactions were 

encouraged by these networks, and how these contributed to increased knowledge and experience of the 

material. Van de Voorde used historical case studies to illustrate her overall concept, including one about the 

experimental use of different concrete systems in Belgian interwar social housing, a category which is included 

within the Urban Housing typology described in Chapter 6; indeed, one of the historic example buildings 

associated with this category is still fulfilling its original purpose in modern day Brussels (see the case study of 

Habitations à Bon Marché or HBMs in Chapter 3, particularly the HBM at 32 rue Marconi). Van de Voorde 

observed that the contribution of certain actors had been undervalued, even though they had an important 

influence on the practical and technical aspects of experimental social housing using concrete. She re-assessed 

the interaction between the main actors as she saw them (architects, commissioners and contractors ς not 

specifically engineers) within a relationship between three key building history dimensions she labelled as 

ΨŘŜǎƛƎƴκaestheticsΩΣ Ψeconomy/ technƻƭƻƎȅΩ ŀƴŘ ΨǘƘŜƻǊȅκǎǘǊǳŎǘǳǊŜΩ. Van de Voorde singled out the principal 

research focus of others on the first of these dimensions, whereas άthe question of whether a project was 

structurally sound, theoretically possible, economically advantageous and technically feasible is much less 

asked.έ25 In a later case study in her thesis, van de Voorde outlined the development of thin shell concrete 

construction in post-Second World War Belgium led by architect André Paduart, who had succeeded in 

combining the separate professional roles of engineer, architect and contractor, and hence in her view had 

permitted the three key building history dimensions to function together effectively.26 Van de Voorde had 

originally hoped to answer a similar question to that posed by this researcher in this thesis, though much 

broader in terms of its definition and time scope: to what extent had the adoption of (reinforced) concrete as a 

building material influenced Belgian architecture? In her conclusion she conceded that the question would not 

have a straightforward answer. She therefore focused on the role of previously-unrecognised actors and their 

networks within the story of twentieth-century Belgian building industry.27 In this way van de Voorde included 

 
25 Voorde, 583. άΦΦ ŘŜ ǾǊŀŀƎ ƻŦ ŜŜƴ ǇǊƻƧŜŎǘ ǎǘǊǳŎǘǳǊŜŜƭ ǾŜǊŀƴǘǿƻƻǊŘΣ ǘƘŜƻǊŜǘƛǎŎƘ ƘŀŀƭōŀŀǊΣ ŜŎƻƴƻƳƛǎŎƘ 
voordelig Ŝƴ ǘŜŎƘƴƛǎŎƘ ǊŜŀƭƛǎŜŜǊōŀŀǊ ǿŀǎΣ ǿƻǊŘǘ ǾŜŜƭ ƳƛƴŘŜǊ ƎŜǎǘŜƭŘΦέ 
26 Voorde, chap. 8. 
27 Voorde, 580ς88. 
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not just the three main building professions, but also clients, concrete pre-manufacturers, housing companies, 

authors, research centres, associations, commentators and professional organisations. 

¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ŦŜŀǘǳǊŜǎ ǿƛǘƘƛƴ Ǿŀƴ ŘŜǊ ±ƻƻǊŘŜΩǎ ŀǇǇǊƻŀŎƘ ǘƘŀǘ were also drawn on by Melsens in her more 

recent doctoral research on twentieth-century Indian architects, engineers and builders.28 Melsens sees 

political and social change in a newly emancipating nation as a pivotal factor influencing a developing native 

architectural corps, with consequences for its professionalisation and that of the other key actors. She 

examines the historical context within which divergent notions of architectsΩ professional identity developed in 

India, including their role in the proliferation of urban buildings, which άdraws attention to the fact that the 

meaning of being an architect or engineer varies not only across geographies, but also that multiple notions of 

professional identity co-exist and compete even within a singular temporal and spatial context.έ29 

Peter Collins had much earlier used his extensive understanding of historical buildings, including those 

designed using reinforced concrete by the Perret brothers in France, to conclude an overall strand of thinking 

about a logical process for architectural decision-making.30 While this stands in contrast to the recent 

historiographic approaches in construction history already referenced, it does nonetheless connect to their 

focus on the role of key actors. The concept of an architectural precedent appeared in /ƻƭƭƛƴǎΩ ŀǇǇǊƻŀŎƘΣ linked 

as it seemed to be to him with the study of legal precedents. He also considered the related concept of 

architectural judgement, which had a more socially-contrived quality but clearly linked to the professional role 

of individual architects. Martin Bressani, once a student of Collins, lauded his ŦƻǊƳŜǊ ǘŜŀŎƘŜǊΩǎ endeavour over 

thirty years later for providing a heuristic value to the confrontation between two disciplines that each need 

their followers to be able to make judgements:  

It does not seek so much to defend a thesis, as to open new perspectives for architecture which, in his 

opinion, is in a theoretical impasse.31 

 
28 aŜƭǎŜƴǎΣ Ψ!ǊŎƘƛǘŜŎǘΣ 9ƴƎƛƴŜŜǊ ƻǊ .ǳƛƭŘŜǊΚ ! IƛǎǘƻǊȅ ƻŦ tǊƻŦŜǎǎƛƻƴŀƭ 5ŜƳŀǊŎŀǘƛƻƴ ǘƘǊƻǳƎƘ tǊŀŎǘƛŎŜ ŀƴŘ 
Discourse, Pune (India) 1930-мффнΩΦ 
29 Melsens, 409ς10. 
30 Peter Collins, Architectural Judgement (Faber and Faber Limited, 1971). 
31 aŀǊǘƛƴ .ǊŜǎǎŀƴƛΣ Ψ±ŜǊǎ ¦ƴŜ tƻƭƛǘƛǉǳŜ 5ǳ DƻǳǘΥ wŜŦƭŜȄƛƻƴǎ {ǳǊ !ǊŎƘƛǘŜŎǘǳǊŀƭ WǳŘƎŜƳŜƴǘΩΣ ƛƴ Peter Collins and 
the Critical History of Modern ArchitectureΣ ŜŘΦ LǊŜƴŀ [ŀǘŜƪ όƭƴǎǘƛǘǳǘ ŘŜ wŜŎƘŜǊŎƘŜ Ŝƴ ƘƛǎǘƻƛǊŜ ŘŜ ƭΩŀǊŎƘƛǘŜŎǘǳǊŜ 
(IRHA), 2002), 110. 
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To Collins, architecture relied on principles or concepts, which were more than a simple analogue to legal 

precedents. The original architectural concepts were clearly connected to the works of the ancients, most 

famously of all the Roman engineer-architect Vitruvius, whose three core principles for designing and 

constructing buildings (strength, utility and beauty) have remained with us for millennia. Regulation has an 

obvious legal aspect to it ς otherwise it would be impossible to ensure that individuals comply with the agreed 

set of rules applying to their particular field. This does not necessarily mean that they fully agree with the 

rules, it merely implies that someone has to be the arbiter of them, and that incentives and penalties need to 

be enacted in order to create a compliance framework. Within the field of construction and its associated 

professional disciplines of architecture, engineering and contracting, such rules need to take account of 

specialist nuances in what might be considered a reasonable and fair way. This is why there are individuals 

who control the regulatory system and permit occasional exceptions with good reason, without recourse to 

the law courts as the final judgement on right and wrong, or even to question the extent of appropriateness to 

the times. As Collins put it: 

Few aspects of architectural design have a more obvious relationship with law than that which concerns 

the political control of urban and rural environments Χ few specialists in urban design have any doubt 

that legislative sanctions of some kind are essential if their work is to be effective.32 

Collins subsequently made an interesting distinction between law and equity, as two separate judicial fields 

which gradually converged over time, irrespective of the different common law and codified systems that 

distinguished Anglo-Saxon from European approaches to legal matters. For him equity was ǘƘŜ άmeans either 

of limiting the literal interpretation of laws when their strict application would be manifestly unjust, or of 

providing a remedy for injustice when no legal remedy could be found.έ33 The obligations of those judging 

equity are therefore to look to their moral consciences rather than employing legal technicalities. Collins went 

on to interpret French architectural thinker Eugène-Emmanuel Viollet-le-5ǳŎΩǎ (1814-1879) nineteenth century 

rules of architecture as following the spirit rather than the letter of law, referencing Viollet-le-5ǳŎΩǎ compatriot 

Julien Guadet (1834-1908), who declared in 1904 that these rules cannot be violated easily. Collins made the 

following forceful statement: 

 
32 Collins, Architectural Judgement, 64. 
33 Collins, 161. 
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Χ it is obvious, from all that has been written on architectural theory during the last century, that 

insofar as architectural judgement concerns the relationship of the architect to society, its most 

relevant equivalent in law is to that branch of the Rights of Property which in Roman Law is termed 

ΨhōƭƛƎŀǘƛƻƴǎΩΦ34 

He saw minimal social obligations of architects in the original Vitruvian principles for judging architecture, 

allowing a better assessment of the lowest expectations for the design of a building; importantly, Collins also 

permitted a higher level of optimal outcomes for society from architectural design, which he distinguished 

from a rose-tinted nostalgia about the past, sometimes associated with Historicism or Eclecticism: 

!ƴ ŀǊŎƘƛǘŜŎǘΩǎ ƻōƭƛƎŀǘƛƻƴǎ ǘƻ ǘǿŜƴǘƛŜǘƘ-century society can no longer be based on conjectural romantic 

interpretations of Antique or Medieval life Χ the fact remains that even if we could actually see these 

buildings in their entirety, and fully comprehend the emotions of these remote peoples for whom they 

were built, those emotions would have little relevance to architectural criticism today.35 

In this way a legally-inspired reflection on architectural judgement finished with a focus on the nature of 

professional ideals and how architects of the 1970s needed to aspire to these, even though some of these 

might appear unattainable to them. This strand of thinking was echoed later by Sutcliffe, who specifically 

referenced Belle Époque Eclecticism and it most artistically creative genre, which is considered more fully in 

Chapter 5: 

The architectural debate over Art Nouveau and other, less alien styles took place within a broader 

context which influenced much artistic discussion: the idea of a single aesthetic system which would be 

guaranteed to produce beauty. This was of course the claim of the classicists, but the new system was 

seen as less a matter of rule and proportions than one of individual expression fired by a common 

spirit.36 

Addressing the knowledge gap 

The historiographic review began by highlighting the technological and engineering aspects of construction 

historiography, with a focus on relevant SCOT doctoral research by Slaton on early North American reinforced 

 
34 Collins, 162. 
35 Collins, 166. 
36 Anthony Sutcliffe, Paris: An Architectural History. (Yale University Press, 1993), 117. 
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concrete factories and 5ŜǳǘŜƴ ƻƴ ƘƛǎǘƻǊƛŎ ƛƴƴƻǾŀǘƛƻƴ ƛƴ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ŀƴŘ ŎŜƳŜƴǘ ǎȅǎǘŜƳǎΦ !ŘŘƛǎΩǎ 

models for the engineering design process and associated Design Revolutions were introduced and adapted, as 

well as referencing research by Traisnel on the development of metal and glass walls in historic French 

buildings. While Addis wanted his description of those who have been responsible for shifting communal 

Design Procedures in construction over time to be inclusive, inevitably his argument veered towards his 

familiar ground of the highly technical and specialised roles of civil and structural engineers. To this extent, a 

modern civil engineering definition of structural (building) design is helpful at this stage: 

The creation of a structure starting with an idea and vision of what may be required and finishing with 

the physical reality of a structure. In the past this was a term used only to refer to the proportioning of 

structural members to carry loads - that is now quite inadequate as structural engineers need to be 

involved in the whole concept from the start, working within the design team.37 

But the Design Procedure and Design Revolutions models also require an additional layer that encompasses all 

those who were engaged in the building design and construction process, including not just architects and 

engineers, but also contractors. To some extent Andrew Saint laid the groundwork for this in his examination 

ƻŦ ǘƘŜ ƘƛǎǘƻǊƛŎ ΨǎƛōƭƛƴƎ ǊƛǾŀƭǊȅΩ ōŜǘǿŜŜƴ ǘƘŜ ƪŜȅ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜǎƛƎƴ ǇǊƻŦŜǎǎƛƻƴŀƭǎΣ ŘƛǎŎǳǎǎŜŘ ƛƴ /ƘŀǇǘŜǊ п ǿƛǘƘ a 

ǇǊƻǇƻǎŀƭ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ǘŜǊƳ ǘƻ ΨǎƛōƭƛƴƎ ǊƛǾŀƭǊȅ and cooperationΩ.38 Such an additional layer needs to capture 

structural requirements as direct responses to a ōǳƛƭŘƛƴƎ ŎƻƳƳƛǎǎƛƻƴŜǊΩǎ needs ς for example, as seen in an 

architectΩǎ ƻǊ ŜƴƎƛƴŜŜǊΩǎ technical building design using their full expressive freedoms to provide a finished 

structure within the normality of a localised context. Contractors have also been encouraged by project and 

operations managers to seek cost-efficient, low-maintenance construction approaches, sometimes being 

pushed to cut corners on aesthetics, longevity and safety, despite any precautionary regulatory measures that 

may be in place. This all implies the need for building commissioners, architects, engineers and contractors, 

 
37 David Blockley, The New Penguin Dictionary of Civil Engineering (Penguin, 2005), 452ς53. 
38 !ƴŘǊŜǿ {ŀƛƴǘΣ Ψ!ǊŎƘƛǘŜŎǘ ŀƴŘ 9ƴƎƛƴŜŜǊΥ ! {ǘǳŘȅ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴ IƛǎǘƻǊȅΩΣ Construction History 21 (2005): 21ς
30; Andrew Saint, Architect and Engineer: A Study in Sibling Rivalry (Yale University Press, 2008). 
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perhaps other actors as well, to rely on someone to take on a mediating role when it comes to differences of 

opinion and levels of risk.39 

The historiographic review noted separate but parallel research by Biggs (a historian of science and 

technology) and Banham (an architectural historian) in the 1980s on under-studied early North American 

ΨǊŀǘƛƻƴŀƭΩ ƻǊ ΨŘŀȅƭƛƎƘǘΩ factories, prior to SlatonΩǎ technical analysis of the typology as it developed after the 

First World War. As also seen, two later doctoral theses have each attempted to combine technological and 

architectural historiographical approaches to analyses of reinforced concrete, in what could be termed 

exercises in closing knowledge gaps: the first by Legault (1997) focused on the early history of reinforced 

concrete and cement in French building design, so not solely technical design and with less study of the 

construction process compared to this thesis; and the second by van de Voorde (2011) examined the history of 

concrete in Belgian building design and construction over a much longer span ǘƘŀƴ [ŜƎŀǳƭǘΩǎ ƻǊ ǘƘƛǎ ǘƘŜǎƛǎ. 

Both the theses by Legault and van de Voorde covered the period of the Belle Époque and used different 

conceptual approaches to describe the relationship between the new systems and associated aesthetic design 

outcomes. The examination in this thesis of the influence of innovative reinforced concrete and cement 

systems on Belle Époque ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ƛǎ ŀ ǊŜǎǘŀǘŜƳŜƴǘ ƻŦ [ŜƎŀǳƭǘΩǎ ƻǊƛƎƛƴŀƭ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ŎƻƴǎǘǊǳŎǘΣ ōǊƛƴƎƛƴƎ 

ǘƻƎŜǘƘŜǊ ŀǎ ƛǘ ŘƻŜǎ ǘƘŜ ΨǘŜŎƘƴƛŎŀƭ ŀƴŘ ǘƘŜ ƳŜǘŀǇƘƻǊƛŎŀƭΩΣ ōǳǘ ŜƳǇƭƻȅƛƴƎ ŀ greater technological perspective to 

it. Within this approach, ǘƘŜ ǘŜǊƳ ΨƴƻǾŜƭ ƳŀǘŜǊƛŀƭǎ-ǎȅǎǘŜƳΩ ƛǎ ǳǎŜŘ ǊŀǘƘŜǊ ǘƘŀƴ tƛŎƻƴΩǎ ƳƻǊŜ ǘǊŀƴǎƛǘƻǊȅ ΨǎȅǎǘŜƳ-

into-ƳŀǘŜǊƛŀƭΩΤ in this way the term describes a unified technical concept for a number of constituent materials 

that to this day still express their separate physical properties, as it happens, often in a mutually compatible 

manner. The novel materials-system is then plaŎŜŘ ǿƛǘƘƛƴ ŀƴ ŀŘŀǇǘƛƻƴ ƻŦ !ŘŘƛǎΩǎ ƳƻŘŜƭ ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ ŘŜǎƛƎƴ 

processes and paradigms, so that it is more closely associated with two separate but related stages of a 

metallic building design revolution; these saw a transition from the monumental employment of iron and steel 

in and near Paris (1864-1889), to the use of reinforced concrete and cement systems in Belle Époque non-

monumental urban buildings in and near Paris, Lille and Brussels (1892-1914), all of which is fully described in 

 
39 The historical and modern tension between innovative technical design and its satisfactory application in 
building construction parallels a biological explanation for risk-taking; it is seen as a by-product of the conflict 
between paternal and maternal genes, each trying to improve their own chances of reproduction. The 
biological science is described by Isles, Winstanley, and Humby. Anthony R. Isles, Catharine A. Winstanley, and 
¢ǊŜǾƻǊ IǳƳōȅΣ Ψwƛǎƪ ¢ŀƪƛƴƎ ŀƴŘ LƳǇǳƭǎƛǾŜ .ŜƘŀǾƛƻǳǊΥ CǳƴŘŀƳŜƴǘŀƭ 5ƛǎŎƻǾŜǊƛŜǎΣ ¢ƘŜƻǊŜǘƛŎŀƭ tŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ 
/ƭƛƴƛŎŀƭ LƳǇƭƛŎŀǘƛƻƴǎΩΣ Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences 
(NLM (Medline), February 2019). 
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Chapter 5. Neither thesis by Legault nor van de Voorde looked at ŀ ΨƴƻǾŜƭ ƳŀǘŜǊƛŀƭǎ-ǎȅǎǘŜƳΩ as it is defined in 

this thesis, nor did they adapt !ŘŘƛǎΩ ƳƻŘŜƭǎ into stages of a metallic design revolution, as is also done in this 

thesis; neither did they employ {ŀƛƴǘΩǎ ΨǎƛōƭƛƴƎ ǊƛǾŀƭǊȅΩ ŀǇǇǊƻŀŎƘ, nor the suggested adjustment in this thesis to 

ΨǎƛōƭƛƴƎ ǊƛǾŀƭǊȅ ŀƴŘ ŎƻƻǇŜǊŀǘƛƻƴΩ that is more inclusive of the role of contractors ς admittedly van de Voorde did 

include a vast range of actors within construction, as did Melsens afterwards with her multiple notions of 

professional identity.  

tŜǘŜǊ /ƻƭƭƛƴǎΩ much earlier study of architectural judgement brought the historiographic review to an end, by 

introducing the historic role of legally-derived principles and precedents and their relationship with decision-

making in technical and aesthetic design, connecting this to the shared societal obligations of architects (and 

by implication other construction professionals) over time. Sutcliffe subsequently made the link from Collins to 

Belle Époque creative expression, particularly radical Art Nouveau approaches, that was attempting to unify 

architectural aestheticism across a landscape of Eclecticism. There is a direct connection from Sutcliffe to a 

recent doctoral thesis by Gillet (2020) that examined the employment of tiles in the facades of five Art 

Nouveau immeubles completed in Paris before 1914 using reinforced concrete skeletons; two of these 

buildings are used in in Chapter 5 of this thesis as historic examples in a case study of Parisian immeubles with 

decorative ceramic facade cladding.40 ²ƘƛƭŜ DƛƭƭŜǘΩǎ ǊŜǎŜŀǊŎƘ ƛƴǘŜǊŜǎǘ ǿŀǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ǳǎŜ ƻŦ ŎŜǊŀƳƛŎ ǘƛƭŜǎ 

as a cladding material, he did reference prior works that had attempted to describe the tectonic relationship 

between the innovative reinforced concrete or cement framing that was hidden behind the tiles, and Belle 

Époque architecture.41 This thesis is a step beyond Gillet, with a remit that is materially, geographically and 

structurally wider, and with a greater focus on filling the knowledge gap about the influence of the novel 

materials-system on technical aspects of building design in the period.  

 
40 ±ŀƭŜƴǘƛƴ DƛƭƭŜǘΣ Ψ/ƻƴŎŜǇǘƛƻƴ Ŝǘ /ƻƴŦŜŎǘƛƻƴΦ ¦ƴŜ IƛǎǘƻƛǊŜ aŀǘŞǊƛŜƭƭŜ 5ǳ wŜǾşǘŜƳŜƴǘ /ŞǊŀƳƛǉǳŜ 5Ŝǎ 
Immeubles Parisiens (1900-мфмпύΩ ό9¢I ½ǳǊƛŎƘΣ нлнлύΦ 
41 Gillet. See particularly pp. 29-32. 
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Research Methodology 
 

It became clear from producing the historiographic framework and through analysis of available secondary and 

primary evidence that finding an answer to the question, ΨWhat was the influence of novel reinforced concrete 

and cement systems on non-monumental, urban building design in and near three Belle Époque cities?Ω, would 

require a suitable tool to substantiate and describe any historical causation. The researcher turned to ΨǇǊƻŎŜǎǎ 

ǘǊŀŎƛƴƎΩ literature, which revealed the potential for employing a historical mechanism. 

Process tracing 

Lƴ нлмп ŀ ƎǊƻǳǇ ƻŦ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƘǳƳŀƴ ŀƴŘ ǎƻŎƛŀƭ ǎŎƛŜƴǘƛǎǘǎ ǇǳōƭƛǎƘŜŘ ŀ ŎƻƳǇŜƴŘƛǳƳ ƻŦ ǇŀǇŜǊǎ ŀōƻǳǘ ΨǇǊƻŎŜǎǎ 

ǘǊŀŎƛƴƎΩΣ ŀ ǊŜƭŀǘƛǾŜƭȅ ƴŜǿ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜƛǊ ƻǿƴ ŘƛǎŎƛǇƭƛƴŜǎΦ Two of the groups described 

process tracing as άthe employment of evidence from a case to infer its causal explanationsέ.42 They defined a 

case as a socially-contrived instance of a class of events. Mahoney described in a related paper of the same 

year process tracing practice and a method for creating a mechanism (a factor that intervenes between a 

cause and outcome) for historical causation. This required that the historical analyst had good knowledge of 

the history of the case and relevant pre-existing theories, as well as a good ability to undertake sound logical 

reasoning by combining facts about the case with more general knowledge.43 This doctoral researcher has: a) 

collected both contextual and direct evidence about historical buildings defined by the key parameter that 

they used a novel materials-system in a specific period and geography; b) operated as a logical historian who 

has read broadly around his topic; and c) used a) and b) to describe a historical mechanism indicating a 

relationship between cause and outcome for this particular doctoral research.  

Mahoney went on to describe how ΨhƻƻǇΩ ǘŜǎǘǎ were used to confirm the significance of either unique events, 

or historical mechanisms as a combination of inter-related individual events. The outcomes of these ΨƘƻƻǇΩ 

tests might potentially contribute to the verification or negation of an existing hypothesis. But this depended 

on the difficulty of the ΨhoopΩ tests, as they required observations that were άrare, abnormal, or unusualέ to 

 
42 !ƴŘǊŜǿ .ŜƴƴŜǘǘ ŀƴŘ WŜŦŦǊŜȅ ¢Φ /ƘŜŎƪŜƭΣ ΨtǊƻŎŜǎǎ ¢ǊŀŎƛƴƎ CǊƻƳ tƘƛƭƻǎƻǇƘƛŎŀƭ wƻƻǘǎ ǘƻ .Ŝǎǘ tǊŀŎǘƛŎŜǎΩΣ ƛƴ 
Process Tracing: From Metaphor to Analytic Tool, ed. Colin Elman, John Gerring, and James Mahoney 
(Cambridge University Press, 2015), 4. 
43 WŀƳŜǎ aŀƘƻƴŜȅΣ ΨtǊƻŎŜǎǎ ¢ǊŀŎƛƴƎ ŀƴŘ IƛǎǘƻǊƛŎŀƭ 9ȄǇƭŀƴŀǘƛƻƴΩΣ Security Studies 24, no. 2 (April 2015): 202, 
206. 
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the case being studied. Too easy ΨhoopΩ tests made use of observations that were άordinary, common, or 

expected.έ44 In this way, while failing a ΨhoopΩ test negated a hypothesis, passing a ΨhoopΩ test did not 

necessarily confirm the hypothesis. According to Mahoney, ΨǎƳƻƪƛƴƎ ƎǳƴΩ tests are less definitive than ΨƘoopΩ 

tests and work in the opposite logical direction i.e. inductive versus deductive reasoning. An analogy would be 

to compare Ψsmoking gunΩ tests with the use of counterfactuals to explain the causes and outcomes of 

historical cases, where for example alternative explanations from the same or a different time period can 

ŎƻƴǾŜȅ ΨǿƘŀǘ ƛŦΩ ǎŎŜƴŀǊƛƻǎΦ Research by Levy illustrates historical process tracing through a major Ψsmoking gǳƴΩ 

test: an oft-cited cause of the First World War was the assassination in 1914 in Sarajevo of the Austrian 

Archduke Franz Ferdinand by a Serbian extremist.45 The evidence for the significance of the single, momentous 

event was tested by Levy to see how it impacted on the subsequent declaration of war by Austria on 

neighbouring Serbia, and in turn to the next events in a chain or historical mechanism that led to a European-

wide conflict. 

The same logic can be applied to other historical scenarios to identify a historical mechanism and contribute 

towards the beginnings of a possible new approach to research in a field. Hence, this doctoral research has 

ŀǇǇƭƛŜŘ ƳƻǊŜ ƻǊ ƭŜǎǎ ŘƛŦŦƛŎǳƭǘ ΨhƻƻǇΩ ŀƴŘ ΨǎƳƻƪƛƴƎ ƎǳƴΩ tests to contextual, direct and indirect observations 

about a range of potential historic example buildings. The observations were treated as being ΨǘȅǇƛŎŀƭΩ ǊŀǘƘŜǊ 

ǘƘŀƴ ΨŀǘȅǇƛŎŀƭΩ and multiple approaches were used to categorizing differing and shared features across these 

buildings within different technical, societal and building design contexts and, ultimately, illustrated through 

six case studies and categorised into two typologiesΣ Ψ¦Ǌōŀƴ LƴŘǳǎǘǊƛŀƭΩ ŀƴŘ Ψ¦Ǌōŀƴ IƻǳǎƛƴƎΩ.  

Research boundaries 

Both the historiographic review and the process tracing tools suggested the potential value of an inclusive 

approach, capturing both cross-disciplinary and discipline-specific issues within the history of construction, 

including historiographical perspectives from technology, engineering and architecture. A key objective was to 

produce through technical, societal and building design contexts for, as well as actual evidence of, historic 

example buildings, a suitable historical mechanism to help describe a broader causal effect. The premise for 

 
44 Mahoney, 207ς8. 
45 WŀŎƪ {Φ [ŜǾȅΣ ΨtǊŜŦŜǊŜƴŎŜǎΣ /ƻƴǎǘǊŀƛƴǘǎΣ ŀƴŘ /ƘƻƛŎŜǎ ƛƴ Wǳƭȅ мфмпΩΣ International Security 15, no. 3 (1991): 
151ς86. 
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this historical mechanism is also ŘŜǊƛǾŜŘ ŦǊƻƳ !ŘŘƛǎΩs Design Procedures and Revolutions models, which lead 

to the description of the second stage of a metallic building design revolution in Chapter 5 ς and immediately 

implies there was a first stage, also described. However, clear boundaries needed to be set within the research 

and these have limited, for good reason, how much might be covered. 

In terms of the geographical coverage of the research, Paris, Lille (now known as Métropole Européenne de 

Lille which includes the former industrial cities of Roubaix and Tourcoing) and Brussels, were cities within a 

swathe of northern France and southern Belgium connected by francophone language and culture (Figure 0.4).  

 

Figure 0.4. Map showing the geography of the thesis, with Paris, Lille and Brussels all circled in red. The extensive Western 
Front of 1914 captures the dramatic end of the Belle Époque.  

(Creative Commons. The History Department of the US Military Academy West Point) 

They had many non-monumental, urban buildings during the Belle Époque, including what were once, and in 

some cases still are residential blocks, factories, warehouses, banks and communal archives. The three cities 

and their environs map well onto the initial sales territory of Françƻƛǎ IŜƴƴŜōƛǉǳŜΩǎ ƴƻǾŜƭ béton armé system 
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developed and extended during the Belle Époque ς the inventor had been born in a village near Arras in the 

Département du Pas de Calais, of which Lille was the administrative capital, but his first operational 

headquarters were in Brussels and he moved them subsequently to Paris in the 1890s, where they became a 

global design office for a major new reinforced concrete system. 

The focus of the thesis remains on the evidence from and context for historic example buildings that illustrated 

well the use of new reinforced concrete and cement systems in urban building design. Since it was not at first 

considered acceptable to display the novel materials-system overtly on a typical urban street, given its plain 

engineering and industrial connotations, the research parameters minimised examples of monumental urban 

architecture completed during the Belle Époque. Iron and steel skeleton buildings were filtered out during the 

selection process for the historic example buildings in the case studies, though some are still used to describe 

the broader context of building design during the Belle Époque in Chapter 5. The thesis therefore has three 

subsidiary research questions, which individually set the framework for each of the three sections on technical, 

societal and building design context: 

1. Section 1 on the technical context: Ψ²Ƙŀǘ ǿŜǊŜ ǘƘŜ ƪŜȅ ǘŜŎƘƴƛŎŀƭ demands of the new reinforced 

concrete and cement systems and how did these manifest themselves within building design and 

ŎƻƴǎǘǊǳŎǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘΚΩ 

2. Section 2 on the societal context: ΨIƻǿ ŘƛŘ ǘƘŜ ŜƳǇƭƻȅƳŜƴǘ ƻŦ ƴŜǿ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ŀƴŘ ŎŜƳŜƴǘ 

systems reflect societal expectations and in what ways did these manifest themselves within building 

ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘΚΩ 

3. Section 3 on the building design context: Ψ²ƘƛŎƘ ŦŀŎǘƻǊǎ ǎƘŀǇŜŘ Belle Époque urban building design 

and how did they interact with key technical demands and societal expectations for the novel 

materials-ǎȅǎǘŜƳΚΩ 

The answers to these three questions (of which those to 1 and 2 are represented through schematics with key 

information blocks and associated details in their respective section summaries) collectively contribute to 

formulation of the historical mechanism designed to help answer the core research question, ΨWhat was the 

influence of novel reinforced concrete and cement systems on non-monumental, urban building design in and 

near three Belle Époque cities?Ω The core research question is answered in the Conclusion to the thesis. 
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The choice of the final thirteen historic example buildings in the six case studies, and the allocation of specific 

examples to specific cases studies, depended on the wider context of each section of the thesis in which they 

sat. A case study for the purposes of this thesis is therefore not a study of a single exemplary building, the 

approach taken by Gillet in his thesis, rather a vehicle or lens by which one or more historic examples are used 

to illustrate a key aspect within the context. These ŜȄŀƳǇƭŜǎ ŀǊŜƴΩǘ ŜǾŜƴƭȅ ǎǇǊŜŀŘ ōŜǘǿŜŜƴ ŎŀǎŜ ǎǘǳŘƛŜǎΣ but 

instead range from single historic buildings to a maximum of four buildings in one case study. In Section 1 

there are two cases studies comprising three example buildings that illustrate well key aspects of the technical 

context for the use of the novel materials-system. The first case study illustrates well structural specifications, 

which are a component of early industrial standards for the novel materials-system (see Chapter 1). The 

second case study illustrates well a key structural requirement of greater daylight admission into buildings that 

was sought particularly by aspiring ƻǿƴŜǊǎ ƻŦ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ, and for which there are two historic 

examples (see Chapter 2). In Section 2 there are a further two case studies comprising four example buildings 

that illustrate well aspects of the societal context for the use of the novel materials-system. The first case 

study illustrates well social housing through three historic examples that used the novel materials-system, not 

commonplace before 1914 (see Chapter 3). The second case study illustrates well the relationship between 

use of the novel materials-system and the gradual easing of post-Haussmannian street regulations in Belle 

Époque Paris, through the example of a unique immeuble designed and built for François Hennebique using his 

béton armé system (see Chapter 4). Finally, in Section 3 there are two further case studies comprising six 

example buildings that illustrate well aspects of the building design context for the use of the novel materials-

system. The first case study illustrates well the use of novel street decor for two historic buildings with an Art 

Nouveau facade hiding a reinforced concrete or cement skeleton (see Chapter 5). The second case study 

illustrates well new approaches to urban design in four commercial and administrative historic buildings that 

employed the novel materials-system (see Chapter 5). 

The key initial task was to produce and then filter from a list of more than fifty Belle Époque urban buildings in 

or near Paris, Lille and Brussels for which (combinations of) iron, steel, cement and concrete were used in their 

construction (see Appendices). Buildings were added or removed from the list according to the clarity and 

relevance of any evidence about their use of iron, steel and reinforce concrete or cement. Chapter 6 divides 

twelve of the final thirteen historic example buildings used in the case studies into two groups of six that each 
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form typologies called Urban Industrial and Urban Housing. Each typology is defined and then compared with 

the other; in this way contributing towards the production of the historical mechanism that is fully described 

subsequently in the chapter. A number of the other historic example buildings in the larger list were 

referenced within the text and the historical mechanism was used on one of them, the immeuble at 25b rue 

Benjamin Franklin in Paris by the Perret brothers (1904). 

The influence of a novel materials-system on historical building design is therefore a key focus of the research. 

aƻǊŜ ǇǊŜŎƛǎŜƭȅΣ ŀƴŘ ƘŜǊŜ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ !ŘŘƛǎΩǎ ΨDesign ProcedureΩ model is important, the things being 

assessed for how much they were influenced were the technically oriented aspects of the building design 

process and the constraining environment, all set within wider contexts. There is more in the subsequent 

summaries of Sections 1 and 2, and specifically in Chapter 6 about what this means in terms of the details of 

the historical mechanism ς but for the purpose here of describing the research boundaries, the use of a 

systematised technical design process for these historic example buildings was bound to include a more 

subjective appreciation of the new materials and how they contributed to the shape,form and decorative 

aspects of a structure ς the use of the ǘŜǊƳ ΨŀǊŎƘƛǘŜŎǘƻƴƛŎsΩ to describe this relationship is to my mind 

insufficient, even though it has some facets which are helpful to the discussion.46 

Evidence sources 

Specialist databases and catalogues were initially suggested by my supervisors, Kent and Lille University 

librarians and other researchers, for which their assistance was greatly appreciated. Primary sources have 

included contemporaneous specialist publications freely accessible online and/or physically at key national 

libraries in Paris and Brussels. While the researcher was based in the UK during Year 1 which coincided with 

the ongoing COVID pandemic, if there was no electronic text available through specialist catalogues, and other 

generalist catalogues could not provide an easily accessible copy, then this ended with a request to the British 

Library and the RIBA library (once lockdown rules had been eased) to view onsite a print copy or restricted e-

version. If a part of a document or a whole text was found to be downloadable or could be scanned or 

photographed electronically, a PDF version of the text was saved and its contents organised, searched and 

 
46 Maulden, who was also not keen on using ǘƘŜ ǘŜǊƳ ΨŀǊŎƘƛǘŜŎǘƻƴƛŎǎΩ in his thesis on tectonics in architecture, 
defined the latter ŀǎ άǘƘŜ ƴŀǊǊŀǘƛǾŜ ŎŀǇŀŎƛǘȅ ƻŦ ŀǊŎƘƛǘŜŎǘǳǊŜΤ ŀƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ƛƴǎŜǇŀǊŀōƭŜ ŦǊƻƳ ŎƻƴǎǘǊǳŎǘƛƻƴΦ Lǘ ƛǎ 
the modelling of the physical things of a building τ the structure, the enclosure, materials, organization τ 
bringing it into the meta-physical world.έ wƻōŜǊǘ aŀǳƭŘŜƴΣ Ψ¢ŜŎǘƻƴƛŎǎ ƛƴ !ǊŎƘƛǘŜŎǘǳǊŜΩ όaL¢Σ мфусύΣ умΦ 
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annotated using Adobe Acrobat. Year 2 of the project saw me able to access directly while based in Lille, 

French and Belgian libraries and national and local physical repositories of original historic documents, 

allowing for continuing COVID-19 visit restrictions. Visits were made to the sites of many historic buildings that 

still existed, though entry to most was restricted. See the Bibliography for full details of archival sources, as 

well as  primary and secondary literature, and the Appendices for tables of additional data and a list of 

example historic buildings considered for further research and analysis in the thesis.  
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Section 1. The technical context of Belle Époque construction using 

the novel materials-system 
 

Section introduction 

Section 1 describes the technical context of Belle Époque construction using a novel materials-system, setting 

the scene across two connected chapters. The section contains two case studies comprising three historic 

example buildings that, together with the remaining text, ŀƴǎǿŜǊ ǘƘŜ ǎǳōǎƛŘƛŀǊȅ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΥ ΨWhat 

were the key technical demands of the new reinforced concrete and cement systems and how did these 

manifest themselves ǿƛǘƘƛƴ ōǳƛƭŘƛƴƎ ŘŜǎƛƎƴ ŀƴŘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘΚΩ 

Chapter 1 covers the emergence of industry standards for engineering, as well as innovation and construction 

industry design standards more generally. The three key components of early industrial standards for the 

novel materials-system are then examined: a) industrial patents for new reinforced concrete and cement 

systems; b) structural specifications, with a case study of a historic building illustrating these well; and c) 

technical guidance. The chapter finishes with an analysis of the influence of voluntary French national 

guidance published in 1906 on the novel materials-system. 

Chapter 2 examines the economics of building, as well as four key structural requirements associated with 

specific commissioner needs for new Belle Époque buildings that employed novel reinforced concrete and 

cement systems: fire resistance, structural efficiency, daylight admission and street decor. The third of these 

structural requirements connects to ŀ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǘȅǇƻƭƻƎȅ, derived from pre-First World 

War North American reinforced concrete factories with an associated interwar International Modernist trope; 

this is exemplified in a case study of two historic example buildings from the Belle Époque that fit the 

architectural typology well, indeed the first of them precedes it by about five years. 

The section concludes with a simplified schematic connecting key information blocks within the two chapters 

in the section, as well as indicating the most significant details linked to them, in the form of answer to the 

subsidiary research question.  
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Chapter 1: Early industrial standards for innovative construction systems 

This opening chapter considers the historical development and significance of voluntary standards for 

engineering, where the shared codification of knowledge still acts as a stabilising process in what would 

otherwise be a highly disparate landscape. Attention is then paid to the key relationship between innovation 

and industrial (design) standards for construction. Research by a modern expert describes in detail the 

purpose of construction industry design standards. Three types of role are identified for these: a) meeting the 

high-level objectives of standardisation; b) providing quality content ŦƻǊ ŀ ΨƎƻƻŘΩ construction industry design 

standard; and c) aiding with the actual design of the planned work. The chapter outlines three key components 

of early industrial standards for novel reinforced concrete and cement systems: industrial patents, structural 

specifications and technical guidance. The novel reinforced concrete and cement systems featured in the 

historic example buildings are then described. The chapter examines the legal aspects of the competitive 

environment that François Hennebique and Armand Considère, as French inventors of the béton armé and 

béton fretté systems, had created within a construction industry that began to adopt the novel materials-

system. The chapter then considers structural specifications for the design and construction of urban buildings, 

with a case study of an industrial building that was one of the first to use the béton armé system. Technical 

guidance for the novel materials-system is described, together with an examination  of voluntary French 

national guidance on reinforce concrete and cement systems for state-commissioned construction projects, 

produced in 1906. 

1a. The emergence of industrial standards for engineering 

Yates and Murphy have examined the history of engineering standards in a comprehensive work, in which they 

place the historical role of ǘƘŜǎŜ ǘȅǇŜǎ ƻŦ ǾƻƭǳƴǘŀǊȅ ǘŜŎƘƴƛŎŀƭ ǎǘŀƴŘŀǊŘǎ ǿƛǘƘƛƴ ǘƘŜ ƳŀƛƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 

developing economies over time.47 They observe that these engineering standards have shaped industrial 

development by fixing the technological platforms on which further innovation occur: 

 
47 JoAnne Yates and Craig N. Murphy, Engineering Rules. Global Standard Setting since 1880 (John Hopkins 
University Press, 2019). 
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Without such standards, most of what we buy would be more difficult to produce, and conflicts 

ōŜǘǿŜŜƴ ƳŜǊŎƘŀƴǘǎ ŀƴŘ ŎǳǎǘƻƳŜǊǎ ǿƻǳƭŘ ƭƛƪŜƭȅ ōŜ ƳƻǊŜ ƛƴǘŜƴǎŜ Χ ǘƘƛǎ ƪƛƴŘ ƻŦ ǇǊƛǾŀǘŜ ǎǘŀƴŘŀǊŘƛȊŀǘƛƻƴ 

has come to provide a critical infrastructure for the global economy.48 

But applying technical standards to the real world takes time; Yates and Murphy observe that France had to 

wait until 1840 to fully adopt the physical standards of the metric system introduced in 1799 by Napoléon 

Bonaparte. Hence they single out a consensus-based approach, involving voluntary industrial participation, as 

being essential to the long-term adoption of engineering industry standards in the twentieth century. 

According to Sir John Wolfe Barry, a former President of the Institution of Civil Engineers (ICE) and the 

recoƎƴƛǎŜŘ ΨŦŀǘƘŜǊΩ ƻŦ .ǊƛǘƛǎƘ {ǘŀƴŘŀǊŘǎΣ ǘƘŜ ŦŀƳƻǳǎ ƭŜȄƛŎƻƎǊŀǇƘŜǊ 5Ǌ WƻƘƴǎƻƴ ƘŀŘ ŘŜŦƛƴŜŘ ŀ ǎǘŀƴŘŀǊŘ ŀǎ ŦŀǊ 

ōŀŎƪ ŀǎ мтур ŀǎ άǘƘŀǘ ǿƘƛŎƘ ƛǎ ƻŦ ǳƴŘƻǳōǘŜŘ ŀǳǘƘƻǊƛǘȅΤ ǘƘŀǘ ǿƘƛŎƘ ƛǎ ǘƘŜ ǘŜǎǘ ƻŦ ƻǘƘŜǊ ǘƘƛƴƎǎ ƻŦ ǘƘŜ ǎŀƳŜ ƪƛƴŘέΤ 

while Webster had refined this in 1853 ǘƻ άǘƘŀǘ ǿƘƛŎƘ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ ŀǎ ŀ ǊǳƭŜ ƻǊ ƳƻŘŜƭ ōȅ ǘƘŜ ŀǳǘƘƻǊƛǘȅ ƻŦ 

public opinion or by respectable opinions, or by custom or general consent.έ49 Over time engineering-based 

and other voluntary national standards, including those set by the Association Française de Normalisation 

(AFNOR) established in 1926, and in the subsequent year the precursor to the current Bureau de 

Normalisation (NBN) in Belgium, were integrated into a worldwide set overseen by the International Standards 

Organisation (ISO) after the Second World War. All these national and international standards bodies have 

worked and continue to collaborate closely with governmental physical laboratories, originally set up in the 

nineteenth century to standardise scientific and engineering measurements for the benefit of military and 

industrial needs. 

Sir John Wolfe Barry had reinforced the merits of early voluntary standardisation in engineering, highlighting 

the campaign by Sir Joseph Whitworth begun in 1841 to adopt his innovative screw thread as a norm for all 

other similar components ς which had faƛƭŜŘΦ wŜǎǇƻƴŘƛƴƎ ŦŀǾƻǳǊŀōƭȅ ƛƴ мфмт ǘƻ ²ƻƭŦŜ .ŀǊǊȅΩǎ ǎǇŜŜŎƘ ǿŀǎ ǘƘŜ 

then British wartime Minister for Labour, John Hodge MP, who singled out his own pre-war experience 

working in a rolling-mill, producing a plethora of non-standardised iron and steel sections and parts for 

ŘŜƳŀƴŘƛƴƎ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ΨŦŀŘŘƛǎƘΩ ŀǊŎƘƛǘŜŎǘǎΣ ŀǎ ƘŜ ǊŜŦŜǊǊŜŘ ǘƻ ǘƘŜƳ ǎƻƳŜǿƘŀǘ ŘƛǎƳƛǎǎƛǾŜƭȅ.50 However, it 

 
48 Yates and Murphy, 2. 
49 WƻƘƴ ²ƻƭŦŜ .ŀǊǊȅΣ Ψ¢ƘŜ {ǘŀƴŘŀǊŘƛȊŀǘƛƻƴ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ aŀǘŜǊƛŀƭǎΣ ŀƴŘ Lǘǎ LƴŦƭǳŜƴŎŜ ƻƴ ǘƘŜ tǊƻǎǇŜǊƛǘȅ ƻŦ ǘƘŜ 
/ƻǳƴǘǊȅΦ ¢ƘŜ WŀƳŜǎ CƻǊǊŜǎǘ [ŜŎǘǳǊŜ мфмтΩ όL/9Σ мфмтύΣ оонΦ 
50 Barry, 349. 
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would still take time for the role of industrial standards to be fully recognised by every part of British industry 

or indeed other government ministers, with the devastation of two World Wars and an intermediate global 

economic depression providing useful impetus.51 Schmidt and Werle had, prior to Yates and Murphy, 

examined the historical standardisation of processes and interactions for the global telecommunications 

industry.52 They generalised the role that engineering industry standards played in codifying knowledge 

elements used by people and organisations. {ŎƘƳƛŘǘ ŀƴŘ ²ŜǊƭŜΩǎ ǿƻǊƪ has proved helpful for this researcher 

by providing a different discussion of the relationship between technical knowledge and technical standards 

(italics added for emphasis): 

Χ standards are often regarded as specific codified knowledge elements with high normative 

significance Χ ǘƘŜȅ ǊŜǎǳƭǘ ς precisely because of their presumed stabilizing effects ς from contentious 

processes of standardization, involving actors from different social groups holding diverging values and 

interests and different knowledge bases.53 

1b. Innovation and construction design standards 

Lambert and Temple fully analysed the relationship over time between standards and innovation, producing 

the complex diagram shown in Figure 1.1 below which reflects the many different science and technology 

networks that have sprung up since the early twentieth century.54 

 

 

 
51 As McWilliam noted in his thorough research on the evolution of British Standards, the Indian part of the 
vast British Empire was much more receptive to new steel industry standards. Perhaps ironically, more than a 
century later the Indian conglomerate Tata Steel acquired British Steel. wƻōŜǊǘ /Φ aŎ²ƛƭƭƛŀƳΣ Ψ¢ƘŜ 9Ǿƻƭǳǘƛƻƴ ƻŦ 
.ǊƛǘƛǎƘ {ǘŀƴŘŀǊŘǎΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ wŜŀŘƛƴƎΣ нллнύΤ wƻōŜǊǘ /Φ aŎ²ƛƭƭƛŀƳΣ Ψ¢ƘŜ CƛǊǎǘ .ǊƛǘƛǎƘ {ǘŀƴŘŀǊŘǎΥ 
Specifications and Tests Published by the Engineering Standards Committee, 1903-муΩΣ Transactions of the 
Newcomen Society 75 (2005): 261ς87. 
52 Susanne K. Schmidt and Raymund Werle, Coordinating Technology. Studies in the International 
Standardization of Telecommunications (MIT Press, 1998). 
53 Schmidt and Werle, 41. 
54 wŀȅ [ŀƳōŜǊǘ ŀƴŘ tŀǳƭ ¢ŜƳǇƭŜΣ Ψ¢ƘŜ wŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ {ǘŀƴŘŀǊŘǎΣ {ǘŀƴŘŀǊŘǎ 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ 
LƴǘŜƭƭŜŎǘǳŀƭ tǊƻǇŜǊǘȅΩ ό[ƻƴŘƻƴΥ .{LΣ нлмрύΦ 
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Figure 1.1: Diagram of standards in an innovation and growth system. (Lambert and Temple, 2015, p.19. Permission to 
reproduce extracts from British Standards is granted by BSI.  British Standards can be obtained in PDF or hard copy formats 
from BSI Knowledge: https://knowledge.bsigroup.com or by contacting BSI Customer Services for hardcopies only: Tel: +44 

(0)20 8996 9001, Email: cservices@bsigroup.com.) 

Interestingly, the very ōǳǎȅ ŘƛŀƎǊŀƳ ƛƴŎƭǳŘŜǎ ΨƛƴǘŜƭƭŜŎǘǳŀƭ ǇǊƻǇŜǊǘȅΩ as a product of creative thinking 

encapsulated in patents and copyright, specific components of a now intricate system of technical standards 

and innovation interrelationships. The United Kingdom had produced voluntary industrial standards for new 

building materials which were published and subsequently (at least partially) adopted by the construction 

industry before the First World War. This was done firstly in 1903 (for steel), and then in 1904 (for Portland 

Cement), under the voluntary aegis of the Ψ9ƴƎƛƴŜŜǊƛƴƎ {ǘŀƴŘŀǊŘǎ /ƻƳƳƛǘǘŜŜΩ (ESC) formed by key 

professional and trade bodies; ESC was a precursor to the still extant British Standards Institution (BSI) and was 

established in 1901 under the leadership of the ICE to help serve the supply needs of the global British 

Empire.55 

David Yeomans examined in considerable detail the key innovative materials and systems of the British 

construction industry from 1900 onwards, with the accompanying tensions that arose, giving him the 

impression that new scientific understanding had been forced upon that industry as an unplanned reaction to 

specific extraneous factors: 

 
55 aŎ²ƛƭƭƛŀƳΣ Ψ¢ƘŜ CƛǊǎǘ .ǊƛǘƛǎƘ {ǘŀƴŘŀǊŘǎΥ {ǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ¢Ŝǎǘǎ tǳōƭƛǎƘŜŘ ōȅ ǘƘŜ 9ƴƎƛƴŜŜǊƛƴƎ {ǘŀƴŘŀǊŘǎ 
Committee, 1903-муΩΣ нсфΣ нтпΦ 
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This may have been because of failures of various methods of construction, because the industry was 

seen to be failing adequately to serve social needs, or when changes within the industry demonstrated 

that existing craft practices were inadequate.56 

Specifically on voluntary national industrial standards for the construction industry, Yeomans chronicles key 

ŘŜǾŜƭƻǇƳŜƴǘǎ ǎǳŎƘ ŀǎ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ǘƘŜ мфпн ǿŀǊǘƛƳŜ Ψ/ƻŘŜǎ ƻŦ tǊŀŎǘƛŎŜ ŦƻǊ .ǳƛƭŘƛƴƎǎΩ ǘƻ .{L ŀƴŘ ƘŜƴŎŜ ǘƘŜƛǊ 

incorporation into British Standards for construction. Civil engineer Mariapia Angelino undertook practice-

based doctoral research on the complexity of the current generation of construction industry standards, with a 

focus within these on the building design process, though with no specifiŎ ǊŜŦŜǊŜƴŎŜ ǘƻ !ŘŘƛǎΩ 5ŜǎƛƎƴ 

Procedure approach outlined earlier in the historiographic review.57 !ƴƎŜƭƛƴƻΩǎ ƳŜǘƘƻŘƻƭƻƎȅ ŜŎƘƻes aspects of 

research by Deuten also referenced earlier ς using a similar, but more finessed SCOT methodological approach 

to that of Schmidt and Werle for engineering industry standards as a means of codifying technical knowledge, 

Deuten had shown that the development of reinforced cement and concrete systems was an example of the 

transition from a localised to a cosmopolitan (e.g. global) technical knowledge system; this was achieved 

through more and more explicit descriptions of patents and associated technical information.58 While Schmidt 

and Werle and then Deuten did not specifically single out the design process as a key aspect of a developing 

technical knowledge system, by contrast, Angelino did focus on industrial design standards for construction. 

She first indicated that there are six historical purposes for construction industry standards: control of the built 

environment by public authorities; safety; cost-efficiencies; consistency; allowing shared stakeholder 

communication; and competitiveness.59 Angelino then provided a helpful diagram of a knowledge encoding 

and decoding process for creating new construction industry design standards which connects back to Schmidt 

ŀƴŘ ²ŜǊƭŜΩǎ earlier approach (Figure 1.2). 

 

 
56 David Yeomans, Construction Since 1900: Materials (BT Batsford Ltd, 1997), 14. 
57 !ƴƎŜƭƛƴƻΣ Ψ5ŜǾŜƭƻǇƛƴƎ .ŜǘǘŜǊ 5ŜǎƛƎƴ {ǘŀƴŘŀǊŘǎ ŦƻǊ ǘƘŜ /ƻƴǎǘǊǳŎǘƛƻƴ LƴŘǳǎǘǊȅΩΦ 
58 5ŜǳǘŜƴΣ Ψ/ƻǎƳƻǇƻƭƛǘŀƴƛǎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ Υ ! {ǘǳŘȅ ƻŦ CƻǳǊ 9ƳŜǊƎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ wŜƎƛƳŜǎΩΣ ŎƘŀǇΦ пΦ 
59 !ƴƎŜƭƛƴƻΣ Ψ5ŜǾŜƭƻǇƛƴƎ .ŜǘǘŜǊ 5ŜǎƛƎƴ {ǘŀƴŘŀǊŘǎ ŦƻǊ ǘƘŜ /ƻƴǎǘǊǳŎǘƛƻƴ LƴŘǳǎǘǊȅΩΣ туς80. 
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Figure 1.2: Flow process for the codification of construction industry design standards. (Angelino, 2019, p.112, Creative 
Commons Attribution - NonCommercial-No Derivatives 4.0 International Public License)  

!ƴƎŜƭƛƴƻΩǎ flow process starts with a block of new technical knowledge within the construction industry, 

highlighted by me on the far left of the diagram; and then it ends with new civil and structural engineering 

works, highlighted again by me on the far right of the diagram. Each stage of the knowledge codification and 

application process from left to right has inputs from a range of key stakeholders, which build on the existing 

knowledge base, while the whole construction industry design standard process also reacts to external 

constraints, as does !ŘŘƛǎΩǎ 5ŜǎƛƎƴ tǊƻŎŜŘǳǊŜ of which it appears she was not aware. The output at the mid-

point of the process is a construction industry design standard, highlighted in the centre of the diagram, which 

then needs to be fully interpreted and applied in order to produce a ΨǎǘŀƴŘŀǊŘΩ structure that reflects, 

satisfactorily, the new technical requirements for the innovation. Angelino goes on to show that there are 

three key historical purposes for construction industry design standards, that condense the original six 

purposes for more general industrial standards: enabling the adequacy of construction design to be verified; 

supporting both common and innovative design solutions; and managing risk and uncertainty in 

construction.60 This produces a matrix of modern-day roles for construction industry design standards 

categorised by the following three key features: 

a) those related to high level objectives of standardisation e.g. controlling the built environment and 

enabling the adequacy of building design to be verified; 

b) those related to the content of a design standard e.g. codifying technical knowledge in a user-

orientated fashion and ensuring consistency of design approaches; 

 
60 Angelino, 88ς89. 
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c) those related to the actual design of the constructed product e.g. supporting the design of a 

desirable, safe, cost-effective and (environmentally) sustainable civil and structural engineering 

work.61 

Modern construction designers believe that there is value in focusing on the standardised use of industry-

prevalent materials (or materials-systems) rather than simply on individual structures. Hence, the main benefit 

to them of structure-type design codes is the availability of all information they need for a specific structure in 

a single document. But equally there is a downside to this: 

On the other hand, [it was argued by them that] the behaviour of a material does not change from 

application to application and [that] organisation according to structure type [as opposed to material 

type] leads to the duplication of information and possibly inconsistent terminology and design 

philosophy.62 

This last point is very much set in the context of the modern era with its plethora of step-shift and incremental 

product innovations, presenting all kinds of complexity to both the producers and end users within the 

construction industry. 

Returning to the historical context of technical innovation within the construction industry, Deuten 

emphasised that knowledge was transferred between individuals and between organisations in the industry, 

often in parallel, though this might be at different rates and with varying levels of detail. The image of the 

solitary construction systems inventor would gradually change over time as professional technical networks 

expanded and technical education about novel materials-systems improved and became more accessible and 

formalised. In the case study Deuten used of reinforced concrete, this had begun ŀǎ ŀ άŘŜŜǇƭȅ ƳȅǎǘŜǊƛƻǳǎέ 

local nineteenth-century technology, without sufficient collective technical knowledge: 

Indeed, patentees resisted to reveal knowledge of their proprietary systems. In the twentieth century, 

reinforced concrete became a cosmopolitan technology with an institutionalised knowledge base, a 

local-cosmopolitan division of labour, and an elaborate infrastructure for circulation and aggregation.63 

 
61 Angelino, 103ς5. 
62 Angelino, 111. 
63 5ŜǳǘŜƴΣ Ψ/ƻǎƳƻǇƻƭƛǘŀƴƛǎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŜǎ Υ ! {ǘǳŘȅ ƻŦ CƻǳǊ 9ƳŜǊƎƛƴƎ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ wŜƎƛƳŜǎΩΣ уфΦ 
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Hence François Hennebique was proud to proclaim in 1899 to his organisational congress and through the 

readership in his communications network, that he and his family had formalised their intellectual ownership 

of the béton armé system, even though he had initially questioned the legal value of patents in protecting his 

rights as an inventor:  

I researched the background to the reinforced cement issue; having ensured that no prior invention 

destroyed the value of my discovery, I lodged my patents which are intended to protect my 

[intellectual] property. By the way, such property is the most poorly protected in existence. The law 

under which patents are granted to us seems to be much more a trap to bring down and destroy 

industrial property than a palladium intended to protect it. Be that as it may, good or bad, I proposed to 

leave my son in charge of exploiting my previous [patents] and I decided to continue to manage my 

construction sites.64 

As we will see later in this chapter, seven years after this speech, when the time came for Armand Considère 

to earn fees from his 1901 patent for béton fretté system after relinquishing state service in 1906, Hennebique 

was fighting a rear-guard action against a flourishing of competing reinforced concrete and cement systems, 

often taken forward by the very same people who had initially collaborated with him. Iǘ ǿŀǎ ƛƴ IŜƴƴŜōƛǉǳŜΩǎ 

interest to turn from poacher into gamekeeper: the financial returns to his centralised design studio were 

being threatened as his patents expired and his former professional clients decided they could now operate at 

an equal or better level of expertise without losing a cut of their revenues to an outsider. There was a risk that 

they might be proved wrong, but they were more prepared to take it than they had been a decade earlier; the 

wider issue of professional risk-taking associated with the novel materials-system is considered in Chapter 6, 

but next we move on to the patented reinforced concrete and cement systems themselves. 

 
64 CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΣ Ψ¢ǊƻƛǎƛŝƳŜ /ƻƴƎǊŝǎ 5ǳ .Şǘƻƴ ŘŜ /ƛƳŜƴǘ !ǊƳŞΦ {ŞŀƴŎŜ 5ǳ aŀǊŘƛ {ƻƛǊ нп WŀƴǾƛŜǊ муффΦΩΣ 
Le Béton Armé 1, no. 11 (April 1899): 2ς3. « Je fis des recherches sur les antécédents de la question du Ciment 
ŀǊƳŞΤ ƳΩŞǘŀƴǘ ŀǎǎǳǊŞ ǉǳϥŀǳŎǳƴŜ ŀƴǘŞǊƛƻǊƛǘŞ ŘϥƛƴǾŜƴǘƛƻƴ ƴŜ ŘŞǘǊǳƛǎŀƛǘ ƭŀ ǾŀƭŜǳǊ ŘŜ Ƴŀ ŘŞŎƻǳǾŜǊǘŜΣ ƧŜ ǇǊƛǎ ƳŜǎ 
brevets qui sont sensés des titres de protection de propriété. Soit dit en passant que cette propriété est bien la 
plus mal assurée qui existe. La loi en vertu de laquelle on nous délivre les brevets, parait être beaucoup plus un 
traquenard pour faire tomber et détruire la propriété industrielle qu'un palladium destiné à la protéger. 
Quoiqu'il en soit, bons ou mauvais, je me proposais de laisser mon fils à la tète de cette exploitation de mes 
précèdes et je pensais continuer à diriger mes chantiers de construction. » 
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1c. The novel reinforced concrete and cement systems 

Early industrial standards for the novel materials-system were linked to the ǊŜǾƻƭǳǘƛƻƴŀǊȅ ǘǊŀƴǎƛǘƛƻƴ ƻŦ !ŘŘƛǎΩǎ 

ŎƻƳƳǳƴƛǘȅ ƻŦ ΨƴƻǊƳŀƭΩ ǘƻ ΨƴŜǿ ƴƻǊƳŀƭΩ Design Procedure, described in the historiographic review and which 

will be developed further in Chapter 5. Architects, engineers and contractors had started to use a metal and 

cement or concrete combination to replace traditional timber, bricks and masonry, as well as the separate 

application of cement or concrete to iron or steel internal members; with various, oft-ŎƭŀƛƳŜŘ ΨŦƛǊŜ-ǇǊƻƻŦΩ 

features, in effect meaning an improved fire resistance of buildings. Initially, all types of system included iron 

girders or rebars, but over time the iron was replaced by thinner and stronger steel elements; by the first 

decade of the twentieth century it appears that steel predominated in Belgian (due to its vibrant steel 

industry) and probably in neighbouring France as well.65 Reinforced concrete and cement systems both 

required liquid cement, a fluid, lithic material produced by combining a mineral powder with water. It was 

invented by the Romans using water-resistant Neapolitan volcanic ash (Pozzolana) and then rediscovered and 

developed centuries later by Western Europeans. The state-of-the-art was and still is finer Portland Cement, 

first employed in Britain during the nineteenth; in the construction industry the first patents for reinforced 

cement and concrete systems had been registered in the second half of the nineteenth century in and outside 

France. By the start of the 1890s, rapidly maturing reinforced concrete and cement systems had begun to 

assert themselves in Belle Époque construction as improved alternatives to pure metallic systems with only 

iron or steel components.66  

This was in part attributable to the combined mechanism of energetic patenting and commercial promotion by 

François Hennebique. 67 A key series of technical innovations led to the lodging over the period 1892-3 of four 

IŜƴƴŜōƛǉǳŜ CǊŜƴŎƘ ŀƴŘ .ŜƭƎƛŀƴ ǇŀǘŜƴǘǎ ŦƻǊ ŀ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ΨŦƛǊŜ-ǇǊƻƻŦΩ ǇƛƭƭŀǊ-beam combination, the 

beginnings of what would become a fire-resistant, structurally efficient béton armé monolithic system. In 1897 

Hennebique updated his original patents with a more sophisticated technical description and added a new 

patent for a foundation piling system. His initial technical-based business development was soon followed by a 

marketing-led one, typified by the publication of a specialist trade journal in 1898, Le Béton Armé, with rapidly 

 
65 IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩΣ млпς6. 
66 Cyrille Simonnet, [Ŝ .ŞǘƻƴΦ IƛǎǘƻƛǊŜ ŘΩǳƴ aŀǘŞǊƛŀǳΣ 9ŎƻƴƻƳƛŜΣ ¢ŜŎƘƴƛǉǳŜΣ !ǊŎƘƛǘŜŎǘǳǊŜΦ (Éditions 
Parentheses, 2005), chaps 1ς2. 
67 Delhumeau covers the full story of the growing Hennebique business thoroughly. Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ 
.Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ муфл-1914. 
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increasing readership amongst architects, engineers and contractors. There were of course other inventors 

and innovators operating in this market, not least Frenchmen Paul Cottancin (1865-1928), whose ciment armé 

system was first patented in 1889), Edmond Coignet (1856-1915), whose ciment armé system was first 

patented in 1893, and Armand Considère (1841-1914), whose béton fretté system was first patented in 1901; 

and other reinforced concrete or cement systems, similar to if not derived from béton or ciment armé.68 The 

Monierbau system was imported from Germany and Austria having been developed abroad using the original 

French Monier patent of 1877 for an iron and cement combination.69 

Table 1.1 in the Appendices shows the reinforced concrete and cement systems used in the thirteen historic 

example buildings in the case studies in this thesis. The evolving systems patented by François Hennebique in 

1892-3 and 1897 in France and Belgium feature in more than half of these, with an unconfirmed possibility 

that it was also used in an HBM in Brussels. This reflects both the prevalence of the béton armé system in 

France and Belgium at this time, but equally the greater availability of archival and other sources of evidence 

about structures that used it. Of the remaining four historic example buildings that definitely did not employ 

IŜƴƴŜōƛǉǳŜΩǎ ǎȅǎǘŜƳΣ there are individual instances of the Coularou system, the béton fretté system, the 

Cottancin system (or what was probably an adaption of it) and an as yet unknown system. This provides a 

sufficient range of individual systems within the novel materials-system over a period starting with the 

completion of the since-demolished Bossut-Masurel textile factory warehouse in in 1892 in Roubaix near Lille 

(see the case study in Chapter 1), to the completion in 1914 of two sets of blocks in the still extant HBM 

complex at rue de la Saïda in Paris (see the case study of HBMs in Chapter 3). As noted, HennebiqueΩǎ béton 

armé system was employed the most in the thirteen historic example buildings; this reflects the dominance of 

the technical and organisational systems and promotional powerhouse that was based at 1 rue Danton, Paris 

from 1900 onwards ς indeed, François Hennebique owned one of the three apartments in his new Head Office 

building, as if to maintain a close personal control over the design operations on the floors above him (see the 

 
68 In addition to covering IŜƴƴŜōƛǉǳŜΩǎ béton armé system, Christophe, van de Voorde and Hellebois all 
provide useful information on these other reinforced concrete and cement systems. See: ±ƻƻǊŘŜΣ Ψ.ƻǳǿŜƴ ƛƴ 
Beton in België (1890-мфтрύ {ŀƳŜƴǎǇŜƭ Ǿŀƴ YŜƴƴƛǎΣ 9ȄǇŜǊƛƳŜƴǘ 9ƴ LƴƴƻǾŀǘƛŜΩΤ IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 
9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩΤ tŀǳƭ /ƘǊƛǎǘƻǇƘŜΣ Le Béton Armé et Ses 
Applications, 2nd ed. (Beranger, 1902). 
69 {ŀōƛƴŜ YǳōŀƴΣ ΨLƴƴƻǾŀǘƛƻƴ ŀƴŘ {ǘŀƴŘǎǘƛƭƭ - 9ŀǊƭȅ !ǇǇƭƛŎŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ άaƻƴƛŜǊ {ȅǎǘŜƳέ ƛƴ 
.ŜǊƭƛƴΩΣ ƛƴ Proceedings of the 5th International Congress on Construction History, Chicago, Illinois. Vol 2., ed. B. 
Bowen et al. (The Construction History Society of America, 2015), 431ς38. 
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case study of this building in Chapter 4). Patents for the novel materials-system were a vital part of 

technological innovation, giving French inventors up to fifteen years in which to exploit their new products and 

processes before competitors could copy them. But more important than the date of their recognition by the 

state, was whether new patents were truly different from predecessors, and whether they were actually 

applied in industry within the two years allowed ς if not, they ceased to exist. François Hennebique lodged his 

first Belgian patent in 1886 ŦƻǊ ΨŦire-ǇǊƻƻŦΩ ŦƭƻƻǊs made from iron and cement or concrete.70 In 1892-3 his 

Belgian and French patents for an emerging béton armé system, as he called it, started to make a significant 

impact on construction, initially in the north of France. This novel materials-system employed concrete and 

metal in a monolithic manner for pillars, beams and slabs with flanges. The Belgian patents of 1892 are 

described succinctly by Hellebois with key features of steel formwork and metallic reinforcing rods and U-

shaped stirrups:  

A continuous metal surface simultaneously forming the floor and ceiling is proposed in February 1892. 

There is now a system of concrete slab poured over a corrugated steel sheet serving as formwork. The 

lower part of the beam is additionally reinforced with rods. The patent of July 1892 contains all the 

elements of the future typical Hennebique system but at a preliminary stage. Indeed, the beam 

including the slab is made of concrete, the main longitudinal rebars present a round section, and 

transversal reinforcement is provided by the insertion of stirrups, as flat U-shape sections.71 (Figure 1.3) 

 

 

Figure 1.3: Section showing the monolithic beam-slab approach and use of U-shaped stirrups in Hennebique's 8 July 1892 
Belgian patent. (Hellebois, 2013, p.71) 

 
70 Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ муфл-1914, 46. 
71 IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩΣ сфΦ 
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Two French patents were lodged after the two Belgian ones, in 8 August 1892 and 7 August 1893 respectively 

and all these steps were the start of IŜƴƴŜōƛǉǳŜΩǎ ƻǿƴ ŘƛǎǘƛƴŎǘƛǾŜ ŜƳŜǊƎƛƴƎ approach. In 1897 updated 

patents were lodged to capture the ongoing improvements to a monolithic approach, as well as for new pre-

cast piling.72 The major changes to the beams since the original patents was the addition of extra (inverted) 

stirrups as well as bent-up rebars with fish-tail endings (see Figure 1.4); these are examined further in the case 

ǎǘǳŘȅ ƻŦ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ƛƴ /ƘŀǇǘŜǊ н ǿƛǘƘ ǎǇŜŎƛŦƛŎ ǊŜŦŜǊŜƴŎŜ ǘƻ /ƘŀǊƭŜǎ {ƛȄΩǎ ǿƻƻƭ-combing mill in Tourcoing 

near Lille. Hellebois illustrated well the key technical components of interest in the 1897 Hennebique French 

patent diagram for an integrated T-beam supporting a floor slab in the béton armé system.73 

 

Figure 1.4: Elements of the béǘƻƴ ŀǊƳŞ ǎȅǎǘŜƳΩǎ ¢-beam in updated French Hennebique patent of 18 December 1897 with 
extra (inverted) stirrups as well as bent-up rebars with fish-tail endings.  

(1994 035 4192, Pelnard-Considère-Caquot files, Archives Nationales du Monde de Travail) 

 
72 Hellebois, 68ς70. 
73 άFrom December 1897, the continuous T-beam is composed of straight and bent-up rebars, round and 

smooth with fish-tail ends, and hoop stirrups along the span. Moreover, reversed flat stirrups are added on the 
intermediary supports. In this last patent, Hennebique explains that the adequate combination of steel and 
concrete results in structural elements resistant to bending and shear solicitations [a better translation is 
ΨƳƻǾŜƳŜƴǘǎΩϐΦ ¢ƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƛƴǎƛǎǘǎ ƻƴ ǘƘŜ ǊƻƭŜ ƻŦ ŜŀŎƘ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ōŜŀƳΦ ¢ƘŜ ƭƻngitudinal rebars 
ǎǳǇǇƻǊǘ ǘŜƴǎƛƭŜ ǎǘǊŜǎǎŜǎ ŀƴŘ ǘƘŜƛǊ Ǉƻǎƛǘƛƻƴ Ŧƻƭƭƻǿǎ ǘƘŜ ōŜƴŘƛƴƎ ƳƻƳŜƴǘ Χ¢ƘŜ ώƘƻƻǇϐ ǎǘƛǊǊǳǇǎ ŎƻǳƴǘŜǊŀŎǘ 
ŘƛŀƎƻƴŀƭ ǘŜƴǎƛƻƴ ŀƴŘ ŎƻƴƴŜŎǘ ǘƘŜ ŎƻƳǇǊŜǎǎƛƻƴ ŀƴŘ ǘŜƴǎƛƻƴ ȊƻƴŜǎ ƻŦ ǘƘŜ ōŜŀƳ Χ aƻǊŜƻǾŜǊΣ ǘƘŜ ƛƴǾŜǊǘŜŘ 
stirrups on the supports keep the bent-up rebars in place and strengthen the building-in of the beam on the 
column.έ Hellebois, 70. 
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All of the improvements to the emerging béton armé system were aimed at making a building more robust in 

resisting a range of different forces produced by structural and wind loading, as well as integrating it all into 

what had by 1897, if not earlier, become a truly monolithic system. The French architect Louis-Charles Boileau 

(1837-1914)74, who was a proponent of the Hennebique system, had already referred to the bent-up rebars in 

an 1895 [Ω!ǊŎƘƛǘŜŎǘǳǊŜ article on the béton armé system, which would seem to confirm their general 

employment prior to the 1897 patent. Boileau introduced the metallic bars as being employed in beams and 

slabs, providing specific technical details verbatim from the inventor of the system: 

Mr Hennebique says on this subject: 'The function of the bent-up rebars is double: a. Together with the 

horizontal rebars and the stirrups, they form a solid triangle whose resistance to tensile forces increases 

as they advance towards the support, where these forces are at their maximum. b. They follow and 

meet exactly the bending force of a continuous beam with several spans.75 (Figure 1.5) 

 

Figure 1.5: Section of béton armé system beam with bent-up rebars in 1895. (L'Architecture, 1895, 46, p.389) 

The start of iron and cement as a combined materials-system in France originated with Joseph Monier (1823-

1906) at the end of the 1870s, when he patented beams made from both materials. The most significant 

ŜȄǇƭƻƛǘŀǘƛƻƴ ƻŦ ǘƘƛǎ ƛƴǾŜƴǘƛƻƴ ƘŀǇǇŜƴŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘŜŎŀŘŜ ǳƴŘŜǊ aƻƴƛŜǊΩǎ DŜǊƳŀƴ ǇŀǘŜƴǘ (Monierbau), 

through non-French engineer-contractors Matthias Koenen and Gustav Adolf Wayss.76 The French then 

ǊŜŀǎǎŜǊǘŜŘ ǘƘŜƳǎŜƭǾŜǎ ǘƘǊƻǳƎƘ tŀǳƭ /ƻǘǘŀƴŎƛƴΩǎ ƛƴǾŜƴǘƛƻƴ ƻŦ ŀ ƴŜǿ ciment armé system first patented in 1889 

 
74 Boileau was the son and father, respectively, of the more famous French architects Louis-Auguste and Louis-
Hippolyte Boileau, but a respected architect and rationalist thinker in his own right. 
75 Louis-/ƘŀǊƭŜǎ .ƻƛƭŜŀǳΣ Ψ[Ŝ /ƛƳŜƴǘ !ǊƳŞΦ bƻǳǾŜƭƭŜ aŜǘƘƻŘŜ ŘΩ!ǇǇƭƛŎŀǘƛƻƴΦ {ǳƛǘŜΦΩΣ [Ω!ǊŎƘƛǘŜŎǘǳǊŜ 8, no. 46 
(November 1895): 389. « M. Hennebique dit à ce sujet: ΨLa fonction des barres pliées est double a. Elles 
forment avec les barres restées horizontales et les étriers un triangle indéformable dont la résistance à l'effort 
tranchant croit en s'avançant vers l'appui, où cet effort est maximum. b. Elles suivent et rencontrent 
exactement l'effort fléchissant d'une poutre continue à plusieurs travées.Ω » 
76 YǳōŀƴΣ ΨLƴƴƻǾŀǘƛƻƴ ŀƴŘ {ǘŀƴŘǎǘƛƭƭ - 9ŀǊƭȅ !ǇǇƭƛŎŀǘƛƻƴ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ άaƻƴƛŜǊ {ȅǎǘŜƳέ ƛƴ .ŜǊƭƛƴΩΣ 
432ς33. 
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with eighteen further French patents until 1901, of which 1892 and 1896 are the most relevant ones (Figure 

1.6). /ƻǘǘŀƴŎƛƴΩǎ ǎȅǎǘŜƳ used pre-made concrete bricks for the building framing, with connected surfaces 

made of metal meshes of about 36cm2 with 4-5mm diameter iron wires and thin layers of cement (4-7cm), 

which could produce delicate vaulting effects. 77 

  

 

Figure 1.6: Cottancin system metal cross-mesh and a beam-slab employing it, in plan and section.  
(Christophe, 1902, p.20 and p.40) 

A key problem with the ciment armé system was its slow and intricate application, hence experiencing higher 

labour costs, which Louis-Charles Boileau had already identified as its major weakness; this was well before 

/ƻǘǘŀƴŎƛƴΩǎ ǇǊƛƴŎƛǇŀƭ ǎǳǇǇƻǊǘŜǊ ŀƴŘ .ƻƛƭŜŀǳΩǎ ǊƛǾŀƭΣ the French architect Anatole de Baudot (1834-1915), finally 

admitted as much himself in 1904.78 

 
77 9ƭƛǎŀōŜǘǘŀ tǊƻŎƛŘŀΣ Ψtŀǳƭ /ƻǘǘŀƴŎƛƴΣ LƴƎŞƴƛŜǳǊΣ LƴǾŜƴǘŜǳǊ Ŝǘ /ƻƴǎǘǊǳŎǘŜǳǊΩΣ ƛƴ Édifice et Artifice. Histoires 
/ƻƴǎǘǊǳŎǘƛǾŜǎΦ !ŎǘŜǎ 5ǳ мŜǊ /ƻƴƎǊŝǎ CǊŀƴŎƻǇƘƻƴŜ ŘΩƘƛǎǘƻƛǊŜ ŘŜ [ŀ /ƻƴǎǘǊǳŎǘƛƻƴ, ed. A. R. Carvais et al. (Picard, 
2010), 600. Cottancin had participated alongside the French architect Charles-Louis Ferdinand Dutert (1845-
1906) in the construction of the Galerie des Machines at the 1889 Exposition Universelle in Paris. Gillet, 
Ψ/ƻƴŎŜǇǘƛƻƴ Ŝǘ /ƻƴŦŜŎǘƛƻƴΦ ¦ƴŜ IƛǎǘƻƛǊŜ aŀǘŞǊƛŜƭƭŜ 5ǳ wŜǾşǘŜƳŜƴǘ /ŞǊŀƳƛǉǳŜ 5Ŝǎ LƳƳŜǳōƭŜǎ tŀǊƛǎƛŜƴǎ όмфлл-
мфмпύΩΣ ннмς22.  
78 DƛƭƭŜǘΣ Ψ/ƻƴŎŜǇǘƛƻƴ Ŝǘ /ƻƴŦŜŎǘƛƻƴΦ ¦ƴŜ IƛǎǘƻƛǊŜ aŀǘŞǊƛŜƭƭŜ 5ǳ wŜǾşǘŜƳŜƴǘ /ŞǊŀƳƛǉǳŜ 5Ŝǎ LƳƳŜǳōƭŜǎ 
Parisiens (1900-мфмпύΩΣ ннсΦ 
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Armand /ƻƴǎƛŘŝǊŜΩǎ ǇŀǘŜƴǘ ƻŦ мфлм όǳǇŘŀǘŜŘ ƛƴ мфлпύ ŦƻǊ the béton fretté system announced his entry into the 

field with a reinforced concrete system employing in its columns a circle of steel rebars connected by a 

spiralling metal wire; the French term fretté ƛǎ ƭƛǘŜǊŀƭƭȅ ǘǊŀƴǎƭŀǘŜŘ ŀǎ ΨǎƘǊƛƴƪ-ŦƛǘΩΣ ǎƻ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ŘŜǎŎǊƛōŜǎ 

more the effect of the concrete rather than the internal structure.79 The contrast between the technical design 

of /ƻƴǎƛŘŝǊŜΩǎ and IŜƴƴŜōƛǉǳŜΩǎ columns in their béton fretté and béton armé systems is shown in Figure 1.7 

taken from an original drawing in the Pelnard-Considère-Caquot files held at the Archives Nationales du Monde 

de Travail (1994 035 4192). 

 

Figure 1.7: Comparison of columns, including cross-sections, using the cylindrical béton fretté system with spiral reinforcing 
(extreme left and centre right) and the contrasting béton armé system (centre left and extreme right).  

(1994 035 4192, Pelnard-Considère-Caquot files, Archives Nationales du Monde de Travail).  

In essence, the béton fretté system, on the far left and centre right of the diagram, had circular (initially 

octagonal) finished columns with more longitudinal metal bars; but most critically, because of the continuous 

spiral tie, it was more resistant to shear forces than the separated transversal ties connecting the rectangular 

cross-section of the béton armé system, centre left and far right. The use of a spiral tie was not a completely 

original idea; however /ƻƴǎƛŘŝǊŜΩǎ 1901 patent for the béton fretté system had developed the concept into a 

novel system using soft steel that was ŘƛǎǘƛƴŎǘ ŦǊƻƳ IŜƴƴŜōƛǉǳŜΩǎ. This was certainly contested for foundation 

piles, which employed the same principles as columns. It seems that the use of the béton fretté system spread 

 
79 IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩΣ ррΦ 
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rapidly, perhaps linked to the fact that as a public servant Considère was not initially allowed to profit from his 

patent (see the examination of the patent disputes between Hennebique and competitors later in the 

chapter). Collins even makes an intriguing reference to the possible use of the béton fretté system (or an 

adaption of it) in Ernest wŀƴǎƻƳŜΩǎ (1844-1917) first ΨŘŀȅƭƛƎƘǘ factoryΩ in North America.80 It seems Considère, 

in partnership with a little-know inventor called Viennot, combined the béton fretté ǎȅǎǘŜƳ ǿƛǘƘ ǘƘŜ ƭŀǘǘŜǊΩǎ 

reinforced cement slab system to produce monolithic buildings. These included La Cathédrale at the Menier 

factory in Noisiel-sur-Marne (completed in 1908, see the case study ƻŦ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ in Chapter 2), as well 

as the Maison des Dames des Postes, Télégraphes et Téléphones completed in Paris in 1907.81 

1893 saw Edmond /ƻƛƎƴŜǘΩǎ first French patent for a reinforced cement system. His father François (1814-88) 

began experimenting with concrete construction in 1848, initially successfully, though he went bankrupt in 

1875 as a repercussion of the Franco-Prussian War.82 Coignet senior filed new patents for what he term béton 

agglomeré in 1879 and his son Edmond joined the business in 1887, not long after which his father died. 

Edmond built administrative buildings for the Suez Canal Company ǳǎƛƴƎ ǘƘŜ ŦŀƳƛƭȅΩǎ ǳƴǊŜƛƴŦƻǊŎŜŘ ƳŀǘŜǊƛŀƭǎ-

system, but then moved on to a new reinforced cement approach in the 1890s with the technical aid of his 

engineer compatriot Napoléon de Tedesco. The Belgian state civil engineer Paul Christophe (1870-1957) 

explained 9ŘƳƻƴŘ /ƻƛƎƴŜǘΩǎ ǎȅǎǘŜƳ ƛƴ ŘŜǘŀƛƭ in his comprehensive technical guide of 1902. He noted that the 

thin slabs were the result of a network of straight criss-crossing rebars similar to those used by the Monier 

system. The beams were generally molded in advance independently of the slabs and set up as ordinary joists. 

 
80 /ƻƭƭƛƴǎΩ ǎǘŀǘŜƳŜƴǘ ƛǎ ȅŜǘ ǘƻ ōŜ substantiated by subsequent researchers: άFrom 1900 to 1902, however, 

[Ransome] developed a system of construction which constituted the American prototype of the reinforced 
concrete frame, whereby the mass wall disappeared entirely in favour of a basic structure consisting merely of 
a series of columns and floors, between which thin concrete curtain walling could subsequently be cast in situ 
as required. This system, patented in 1902, was first put into effect in the Kelly and Jones machine shop at 
Greensburg, Pennsylvania (now the Walworth company); a four-storey factory 300 ft. by 60 ft. constructed 
with spirally reinforced columns based on a new system recommended by the French engineer, Armand 
Considère.έ Collins, Concrete. The Vision of a New Architecture, 63. An adaption from the béton fretté system 
may also have been used in the columns of ǘƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ǎƪȅǎŎǊŀǇŜǊΣ ǘƘŜ LƴƎŀƭƭǎ 
Building, completed in Cincinnati in 1903. /ŀǊƭ ²Φ /ƻƴŘƛǘΣ Ψ¢ƘŜ CƛǊǎǘ wŜƛƴŦƻǊŎŜŘ-Concrete Skyscraper: The 
LƴƎŀƭƭǎ .ǳƛƭŘƛƴƎ ƛƴ /ƛƴŎƛƴƴŀǘƛ ŀƴŘ Lǘǎ tƭŀŎŜ ƛƴ {ǘǊǳŎǘǳǊŀƭ IƛǎǘƻǊȅΩΣ Technology and Culture 9, no. 1 (January 1968): 
18ς19. 
81 Ψ[ŀ aŀƛǎƻƴ 5Ŝǎ 5ŀƳŜǎ 5Ŝǎ tƻǎǘŜǎΣ ¢ŞƭŞƎǊŀǇƘŜǎ Ŝǘ ¢ŞƭŞǇƘƻƴŜǎΩΣ La Construction Moderne 22, no. 15 (January 
1907): 173ςтрΤ ±ƛŜƴƴƻǘΣ Ψ[ŜǘǘǊŜ ŘŜ ±ƛŜƴƴƻǘΩΣ [Ω!ǊŎƘƛǘŜŎǘǳǊŜ 20, no. 19 (May 1907): 149. 
82 DƛƭōŜǊǘ wƛŎƘŀǳŘΣ ΨCǊŀƴœƻƛǎ /ƻƛƎƴŜǘ όмумп-88) and the Industrial Development of the First Modern Concretes 
ƛƴ CǊŀƴŎŜΩΣ ƛƴ Building Knowledge, Constructing Histories. Proceedings of the 6th International Congress on 
Construction History, ed. Ina Wouters et al., 2018, 1121ς28. 
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The metal core of the beam was made of round iron stirrups, which went round the lower bar and came out of 

the beam and fold up to tie themselves onto the metal mesh of the slab (Figure 1.8).83 

 

CƛƎǳǊŜ мΦуΥ 9ŘƳƻƴŘ /ƻƛƎƴŜǘΩǎ ¢-beam system (right) showing the strapping connecting its rebars. (Christophe, 1902, p.36) 

There are no patent records for the Coularou system, which was used in a single example historic building, the 

former wool conditioning premises now La Condition Publique, completed in Roubaix, Lille Metropole in 1901 

(see the case study of four buildings in a new urban design approach in Chapter 5 and Figure 1.9). It appeared 

to use concrete rather than cement, with connecting internal flanges inside the beams that were angled at 45 

degrees much like the stirrups of the American ¢ǊǳǎǎŜŘ /ƻƴŎǊŜǘŜ {ǘŜŜƭ /ƻƳǇŀƴȅΩǎ ǎȅǎǘŜƳ.84 Richaud notes 

that the French architect Tony Garnier employed the Coularou system for the first floor of a dairy building 

completed in Lyon in 1905.85 

 
83 Christophe, Le Béton Armé et Ses Applications, 36ς37. 
84 Christophe, 47. 
85 DƛƭōŜǊǘ wƛŎƘŀǳŘΣ Ψ¢ƘŜ CƛǊǎǘ aƻŘŜǊƴ /ƻƴŎǊŜǘŜǎ ŀƴŘ ǘƘŜ wƛǎŜ ƻŦ bŜǿ !ŜǎǘƘŜǘƛŎ tŀǊŀŘƛƎƳǎ ƛƴ мфǘƘ-Century 
CǊŀƴŎŜΩΣ /ƘŀƴƎƛƴƎ /ǳƭǘǳǊŜǎΦ 9ǳǊƻǇŜŀƴ tŜǊǎǇŜŎǘƛǾŜǎ ƻƴ ǘƘŜ IƛǎǘƻǊȅ ƻŦ tƻǊǘƭŀƴŘ /ŜƳŜƴǘ ŀƴŘ wŜƛƴŦƻǊŎŜŘ 
Concrete, 19th and 20th Centuries (London: CRC Press, 2023), 99. 
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Figure 1.9: Coularou reinforced concrete system beam sections showing the 45 degree internal flanges. (Coularou, n.d., p.6) 

While not employed for the thirteen historic example buildings in the case studies in the thesis, the maison à 

gradins system for a new set-back building type invented by French architects Henri Sauvage (1873-1932) and 

Charles Sarazin (1873-1950) was patented in France in 1912 (No 439292, see Figure 1.10). The system was 

employed by them for the first time a year later at the immeuble at 26-8 rue Vavin in Paris, referenced in the 

application of the historical mechanism in Chapter 6; tŀǳƭ tƛƪŜǘǘȅΩǎ ciment armé system was used for the 

construction of that building framing and a 1911 patent for the system (No 426863) records it as using soft 

steel in the rebars. 

Edmond Coignet and a colleague Coisseau had patented a new system in 1894 for reinforced concrete pre-cast 

piles, but they did not apply it, hence François IŜƴƴŜōƛǉǳŜΩǎ ƻǿƴ ǇŀǘŜƴǘ ŦƻǊ ǇƛƭƛƴƎ ƛƴ муфт ōŜŎŀƳŜ ǘƘŜ 

predominant one in the industry.86 This approach changed when at some point before 1902 an engineer 

 
86 !ǊƳŀƴŘ /ƻƴǎƛŘŝǊŜΣ Ψ[ŀ {ƻŎƛŞǘŞ ŘŜ CƻƴŘŀǘƛƻƴ tŀǊ /ƻƳǇǊŜǎǎƛƻƴ aŞŎŀƴƛǉǳŜ 5ǳ {ƻƭ /ƻƴǘǊŜ [Ŝ .Şǘƻƴ CǊŜǘǘŞΩ 
(Considère, 1911). 
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named Dulac patented the use of specially shaped weights to create moulded holes into which liquid concrete 

was then poured and metal framing could be inserted as required ς the concrete would, once set, form a solid 

bloom at the base, providing even more stability in the softest ground where there was little hope of reaching 

any type of firm anchor ς riverine settings would be a typical location.87 The Société Anonyme des Fondations 

par Compression Mécanique du Sol (Compressol) was established separately by Hennebique to exploit the 

Dulac patent.88  

 

CƛƎǳǊŜ мΦмлΥ {ŀǳǾŀƎŜ ϧ {ŀǊŀȊƛƴΩǎ мфмн CǊŜƴŎƘ ǇŀǘŜƴǘ ŦƻǊ ǘƘŜ Ƴŀƛǎƻƴ à gradins system. (439292, INPI) 

 

 
87 Armande Hellebois, Yves Rammer, and Jean-/ƭŀǳŘŜ ±ŜǊōǊǳƎƎŜΣ Ψ/ƻƴŎǊŜǘŜ tƛƭƛƴƎΥ aŀƧƻǊ 5ŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘŜ 
IƛǎǘƻǊƛŎŀƭ tǊŀŎǘƛŎŜ ƻŦ tƛƭŜ CƻǳƴŘŀǘƛƻƴǎΩΣ ƛƴ Nuts and Bolts of Construction History, Proceedings of the Fourth 
International Congress on Construction History, ed. R. Carvais et al. (Editions Picard, 2012), 5. 
88 /ƻƳǇǊŜǎǎƻƭΣ ΨtǊƻōƭŝƳŜǎ 5Ŝǎ CƻƴŘŀǘƛƻƴǎΩ ό[ŀ {ƻŎƛŞǘŞ ŘŜ CƻƴŘŀǘƛƻƴ ǇŀǊ /ƻƳǇǊŜǎǎƛƻƴ aŞŎŀƴƛǉǳŜ Řǳ {ƻƭΣ ƴΦŘΦύΦ 
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Patent disputes89 

Disputes between the inventors of industrial patents for the novel materials-system are another source of 

information to the researcher examining this key component of early industrial standards.  Table 1.2 lists ten 

French legal cases involving François Hennebique or Compressol during the period 1902-14, either as plaintiff, 

accused or appellant and the majority connected to the use of reinforced concrete piling systems.  

Table 1.2: Legal cases involving Hennebique or Compressol, 1902-14 

Decision 

year 

Litigants Outcomes for Hennebique/Compressol 

1902 Cottancin vs Hennebique Cleared his name against accused breach of 

/ƻǘǘŀƴŎƛƴΩǎ мууф ǇŀǘŜƴǘ ŦƻǊ ciment armé. 

1903 Hennebique vs Mollet & Boussiron, Boussiron 

& Garrix et Piketty 

His general patents for béton armé no longer 

applicable in France. 

1909 Hennebique vs Piketty & Gittard 

Coignet & Coiseau vs Hennebique 

Lost his case for alleged breach of his 1897 

piling patent.  

His breach of their 1894 piling patent 

recognised by the court. 

1911 Hennebique vs Piketty & Gittard, Coignet & 

Coiseau. 

Considère vs Compressol 

Hennebique vs Ministère de la Marine 

(Toulon) 

Won his appeal against both 1909 judgements. 

Compressol cleared of defamation charges. 

Won his case for breach of his 1897 piling 

patent. 

1912 Hennebique vs Considère, Menier, Combe, 

Société Générale ŘΩ9ƴǘǊŜǇǊƛǎŜǎ 

Won his case for breaches of his 1897 piling 

patent. 

1913 Ministère de la Marine (Toulon) vs 

Hennebique 

Lost in an appeal against 1911 judgement. 

1914 Considère, Menier, Combe, Société Générale 

ŘΩ9ƴǘǊŜǇǊƛǎŜǎ Ǿǎ IŜƴƴŜōƛǉǳŜ 

Lost in an appeal against 1912 judgement. 

 

The principal source information is from legal correspondence and related materials in the Pelnard-Considère-

Caquot files held at the Archives Nationales du Monde de Travail in Roubaix (1994 035 4192 and 1994 035 

 
89 This sub-section is a synopsis of the researcherΩǎ conference paper: bƛŎƪ Ǿƻƴ .ŜƘǊΣ Ψ¢ƘŜ tŀǘŜƴǘ ²ŀǊ ōŜǘǿŜŜƴ 
CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜ ŀƴŘ !ǊƳŀƴŘ /ƻƴǎƛŘŝǊŜΥ /ƻƳǇŜǘƛƴƎ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ȅǎǘŜƳǎ ƛƴ άŦƛƴ ŘŜ .ŜƭƭŜ ;ǇƻǉǳŜέ 
CǊŀƴŎŜΩΣ ƛƴ Timber and Construction: Proceedings of the Ninth Conference of the Construction History Society, 
ed. James W.P. Campbell et al. (Construction History Society, 2022), 373ς85. 
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4193). What was the rationale for bringing these cases to court and appeal? It appears there were three main 

reasons for undertaking what could become time-consuming and expensive legal action against a commercial 

competitor: the terms of a patent; defamation; politics. The first reason was because the terms of an existing 

French patent for reinforced concrete was either being breached or was coming to the end of its 15 year life, 

hence the commercial protection it offered would cease ς in certain cases it might be beneficial to accrue as 

much financially from competitors through the threat of legal action, or if ignored, by following through with, 

hopefully, court-imposed compensation. This would seem to have been a key reason behind most of the 

original cases, whether initiated by Hennebique or others. Once Hennebique led the way, reinforced concrete 

systems had become a highly competitive section of the French construction market from the 1890s onwards. 

As an illustration, the famous Menier Chocolate Factory in Noisiel-sur-Marne near Paris ŜƳǇƭƻȅŜŘ /ƻƴǎƛŘŝǊŜΩǎ 

béton fretté system for a new mill building, La Cathédrale, and its passerelle across the River Marne completed 

in 1908 (see ǘƘŜ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ case study in Chapter 2). These works became the subject of the main legal 

dispute between François Hennebique and Armand Considère between 1911 and 1914. In 1906 Hennebique 

had written to the head of the chocolate empire, Henri Menier (1853-1913), alleging that he was planning to 

use a piling system based on his own 1897 patent. Menier sought the advice of Considère, who reassured him 

that the piling used was not in breach of the patent, and so he replied to this effect ς nothing was heard about 

the matter until five years later, when Henri Menier received a further letter from Hennebique demanding 

compensation equivalent to 10% of the project cost, with the threat of legal action if this was not resolved 

amicably (see Figure 1.11). 

[ƛƴƪŜŘ ǘƻ ǘƘŜ ŦƛǊǎǘ ǊŜŀǎƻƴΣ ǇŀǊǘ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ ǾŀƭǳŜ ǿŀǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ƛǘǎ ǇǊƻŘǳŎŜǊΩǎ ǊŜǇǳǘŀǘƛƻƴΣ ŀƴŘ ƭƛǘƛƎŀǘƻǊǎ 

knew that they could employ (the threat of) legal suits as a weapon to undermine those of their competitors. 

Hence the second reason, defamatioƴΣ ŀǇǇƭƛŜŘ ǘƻ /ƻƴǎƛŘŝǊŜΩǎ ŎŀǎŜ ŀƎŀƛƴǎǘ La Societe de Fondation par 

Compression Mecanique du Sol (which owned the Compressol mechanised piling system). This reinforced 

concrete foundation company was run by Hennebique from his Paris headquarters and had published a 

pamphlet, probably in 1908 or earlier, with text and photographs criticising the béton fretté system, to which 

Considère had responded with his own publication. He lost his defamation case in 1911 because the judges 

were convinced that he had not sufficiently applied his system at the time Compressol had published their 
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pamphlet. However, he and Menier, together with other parties, won their combined case against Hennebique 

on appeal in 1914. 

 

Figure 1.11: 10 May 1911 letter from Henri Menier to Armand Considère ŀōƻǳǘ IŜƴƴŜōƛǉǳŜΩǎ ŎƻƳǇŜƴǎŀǘƛƻƴ ŎƭŀƛƳ ŦƻǊ 
breach of his 1897 piling patent. (1994 035 4192, Procès Hennebique, Pelnard-Considère-Caquot files, Archives Nationales 

du Monde de Travail) 

Politics was also an impetus for legal action. This encapsulated the personal clashes between the main 

competitors, but also between their networks and alliances in industry and the ruling echelons of French 

society. When Hennebique threatened to sue such a highly respectable Frenchmen as Henri Menier, he was 

taking on more than just Considère as a business rival. The influence of the political factor broadened as cases 

entered the appeals system, but also as the prospect of war with Germany became more likely; it focused on 

the supremacy of French invention and innovation over foreign competition. In these circumstances it is 

difficult to understand why Hennebique, a Frenchman, who even though he always claimed to be a Belgian at 

heart, should have risked pursuing the French Ministère de la Marine in a breach of patent case which he 

ultimately lost on appeal in 1913 just before war broke out. 

1d. Structural specifications 

ΨStructural specificationǎΩ were a key component of early industrial standards during the Belle Époque. What is 

meant by this term is that they encapsulated the structural aspects of written building specifications and 
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accompanying drawings that described the planned technical design, materials and workmanship for a 

construction project. All of this might be supplemented by pricing schedules and contractual obligations, which 

would collectively comprise the main legal paperwork for a construction project. For public commissions, the 

written and drawn building specifications and an attached price schedule could provide a necessary minimum 

of detail for competitive contractor tendering, based as it usually was on the lowest overall price offered for 

the job; this assumed that there was pre-vetting of trusted bidders and subsequent adjustments to bids to 

ensure genuine comparability. 

A conference paper by Bertels and de Jonge studied the evolution of tenders for public construction in 

nineteenth-century Belgium at various governmental levels.90 The authors referenced the ΨHandbook of 

Specifications or Practical guide to the Architect, Engineer, Surveyor and Builder, in drawing up Specifications 

and Contracts for Works and ConstructionsΩ by the British architect Thomas Leverton Donaldson (1795-1885), 

who had co-established RIBA as the professional body for his peers, and was appointed the first British 

professor of architecture in 1841.91 5ƻƴŀƭŘǎƻƴΩǎ ōƻƻƪ described in detail guidelines for drafting written 

building specifications and contracts, as well as 46 examples from building projects in England, Ireland, 

Scotland and France; these include substantial details of the structural requirements for the construction of 

the New Palace of Westminster under British architect Sir Charles Barry (1795-1860). Donaldson asserted, 

quite rightly, that written building specifications were not sufficient to understand the technical design of a 

building, for which detailed design drawings were required from the architect (and, one assumes, for more 

complex structures, from an engineer) ς a copy of these last would be used by the selected contractor, with 

reference to the building specifications finally agreed and employing his on-site working knowledge and 

communication of this to his workforce (whether in writing, sketched or via spoken instructions). Some of the 

historic example buildings illustrate the importance of structural specifications as the technical aspects of 

these documents, accompanied by formal drawings or even quick sketches of the structure as it was being 

 
90 LƴƎŜ .ŜǊǘŜƭǎ ŀƴŘ YǊƛǎǘŀ 5Ŝ WƻƴƎŜΣ Ψ.ǳƛƭŘƛƴƎ {ǇŜŎƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ǘƘŜ DǊƻǿƛƴƎ {ǘŀƴŘŀǊŘƛȊƛƴƎ ƻŦ tǳōƭƛŎ wŜƎǳƭŀǘƛƻƴ 
in Nineteenth-/ŜƴǘǳǊȅ .ŜƭƎƛǳƳΩΣ ƛƴ Proceedings of the Third International Congress on Construction History, ed. 
Karl-Eugen Kurrer, Werner Lorenz, and Volker Vetzk (Brandenburg University of Technology Cottbus, 2009), 
197ς204. 
91 Thomas Leverton Donaldson and W. Cunningham Glen, Handbook of Specifications: Or, Practical Guide to 
the Architect, Engineer, Surveyor, and Builder, in Drawing up Specifications and Contracts for Works and 
Constructions. Illustrated by Precedents of Buildings Actually Executed ... Preceded by a Preliminary Essay, 
Forms of Specifications and Contracts, &c. ... (Atchley and Co., 1860). 
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designed and built. It is important to stress that this initial process of collating and applying technical 

information about the structural aspects of a building formed a key component of early industrial standards 

for reinforced concrete and cement systems. Evidence of structural specifications can be particularly sketchy 

for non-procured construction projects and for this reason, as well as others, they are not as significant in the 

story of early industrial standards as the emergence of industrial patents for the novel systems. We do, 

however, have access to a unique historical document for the Bossut-Masurel textile factory warehouse in 

Roubaix near Lille which is examined in the following case study. 

Case study: The Bossut-Masurel textile factory warehouse, Roubaix near Lille (1892) 

This since-demolished textile factory warehouse was commissioned in 1892 by the Roubaix-based textile 

tradesman Émile Bossut-Masurel (Figure 1.12). While Maury had posited that a mill completed in 1893 at Don-

Saighin in the Nord region was the first significant building to employ the béton armé system in that area of 

France, he noted as Cusack and then Delhumeau before him, the pre-existence of the Bossut-Masurel textile 

factory warehouse.92 The building had first featured on the cover of the fifth edition of Le Béton Armé in 1898  

when it was described as ά1892. Shipping hall and store of MM. Bossut father and son, in Roubaix.  First 

application of beams of long span (10m).έ93  

Hennebique confirmed the following year, in an annual conference address to his growing network of agents 

and other professionals, that he had used the finished warehouse to help promote his béton armé system in 

the northern region of France in which Roubaix is to be found: 

Mr. Bossut's stores in Roubaix. This is the first industrialist who entrusted me with post-fire work in 

Roubaix.  It is a hall of 20m < 10m.  The floors are calculated for 500 kilos per square metre.  It was 

 
92 DƛƭƭŜǎ aŀǳǊȅΣ Ψ9ŦŦŜǘ tƘŜƴƛȄΦ [Ŝǎ !ǊŎƘƛǘŜŎǘŜǎ 5ǳ bƻǊŘ ŘŜ [ŀ CǊŀƴŎŜ !ǳ ·L·Ŝ {ƛŝŎƭŜ Ŝǘ ƭΩƛƴŎŜƴŘƛŜ LƴŘǳǎǘǊƛŜƭΣ ¦ƴ 
9ƴƧŜǳ tǊƻŦŜǎǎƛƻƴŜƭΚΩΣ ƛƴ wƛǎǉǳŜǎ LƴŘǳǎǘǊƛŜƭǎΦ {ŀǾƻƛǊǎΣ wŞƎǳƭŀǘƛƻƴǎΣ tƻƭƛǘƛǉǳŜǎ ŘΩŀǎǎƛǎǘŀƴŎŜ Cƛƴ ·±LLŜ-Debut XXe 
SiècleΣ ŜŘΦ ¢ƘƻƳŀǎ [Ŝ wƻǳȄ όtǊŜǎǎŜǎ ¦ƴƛǾŜǊǎƛǘŀƛǊŜǎ ŘŜ wŜƴƴŜǎΣ нлмсύΣ соΤ tŀǘǊƛŎƛŀ /ǳǎŀŎƪΣ ΨwŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ 
in Britain: 1897-мфлуΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ 9ŘƛƴōǳǊƎƘΣ мфумύΣ ммлΤ 5ŜƭƘǳƳŜŀǳΣ [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ 
Hennebique, 1890-1914, 33. 
93 Ψ5Ŝǎ ±ǳŜǎ tƘƻǘƻƎǊŀǇƘƛǉǳŜǎ ŘŜ [ŀ /ƻǳǾŜǊǘǳǊŜ 5ǳ .Şǘƻƴ !ǊƳŞΩΣ Le Béton Armé 1, no. 5 (October 1898): 6. 
« 1892. Halle d'expédition et magasin de MM. Bossut père et fils, à Roubaix. Première application des poutres 
de grande portée (10m ). » 
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these tests that were attended by the Engineers and Architects who were interested in me in the 

North.94 

 

Figure 1.12: Undated photograph of Bossut-Masurel textile warehouse, Roubaix (unknown architect, 1892), showing the 
architectural features behind which sat a béton armé system building framing. (Le Béton Armé, 12, 1899, plates) 

The 20m length of the building seems to have been an underestimate as according to the building 

specifications it was planned to reach 28.8m, and this would seem to match the proportions of the photograph 

shown in Figure 1.12, as well as tying in better with the final number of windows. A subsequent 1899 tribute in 

Le Béton Armé to the deceased eldest son of François Hennebique, Édouard, noted ǘƘŜ ƭŀǘǘŜǊΩǎ key role in 

ŎƻƴǎǘǊǳŎǘƛƴƎ ǘƘŜ ǿŀǊŜƘƻǳǎŜ ŀǎ ƭŜŀŘ ŎƻƴǘǊŀŎǘƻǊΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜΩǎ ōǳƛƭŘƛƴƎ ŦǊŀƳƛƴƎ 

and floors as an early example for the expanding business: 

 
94 IŜƴƴŜōƛǉǳŜΣ Ψ¢ǊƻƛǎƛŝƳŜ /ƻƴƎǊŝǎ 5ǳ .Şǘƻƴ ŘŜ /ƛƳŜƴǘ !ǊƳŞΦ {ŞŀƴŎŜ 5ǳ aŀǊŘƛ {ƻƛǊ нп WŀƴǾƛŜǊ муффΦΩΣ сΦ 
« Magasins de M. Bossut à Roubaix. Voilà le premier industriel qui m'a confié des travaux après incendie, à 
Roubaix.  C'est un hall de 20m < 10m.  Les planchers sont calculés pour 500 kilos par mètre carré.  C'est à ces 
essais qu'assistaient les Ingénieurs et Architectes qui m'ont porté intérêt dans le Nord. » 



57 
 

[Édouard Hennebique] personally directed as a contractor the first works entrusted to his father, in 

Roubaix, at the end of 92-93. It is therefore to him that belongs the honor of having been the first to 

build reinforced concrete frames.95 

Hennebique senior spoke about the building a year later at the Quatrième Congrès du Béton Armé held to 

coincide with the 1900 Exposition Universelle in Paris.96 Once more, the significant load-bearing capacity of the 

structure was emphasised by the French inventor, as well as the fact that it was their first project for 

reinforced concrete floors and worth 23,000 francs. In a footnote to the record of this address published in Le 

Béton Armé, Hennebique added that he made the cahier des calculs (technical workbook) for the building 

available to the 1900 Exposition Universelle jury, the first time he had publicised these so openly, though 

admittedly still to a limited audience.97 The technical workbook containing calculations for the original 

structural specifications for the Bossut-Masurel textile factory warehouse, signed by François Hennebique on 

21 September 1892 in Brussels, is held at the /ŜƴǘǊŜ ŘΩŀǊŎƘƛǾŜǎ ŘΩŀǊŎƘƛǘŜŎǘǳǊŜ ŎƻƴǘŜƳǇƻǊŀƛƴŜ in Paris (CAAC 

076 Ifa 2933/4, Figure 1.13). The unique document includes a plan for the basement of the building (expanded 

in Figure 1.14) showing the grid-like structure of béton armé columns and beams referred to in the Le Béton 

Armé articles. 

 
95 CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΣ ΨbŞŎǊƻƭƻƎƛŜ tƻǳǊ ;ŘƻǳŀǊŘ IŜƴƴŜōƛǉǳŜΩΣ Le Béton Armé 2, no. 15 (August 1899): 1. 
« [Il] dirigea personnellement et comme entrepreneur les premiers travaux confiés à  son père, à  Roubaix,  fin 
92-93. C'est donc à lui que revient l'honneur d'avoir le premier construit des charpentes en béton armé. » 
96 CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΣ ΨvǳŀǘǊƛŝƳŜ /ƻƴƎǊŝǎ 5ǳ .Şǘƻƴ !ǊƳŞΦ {ŞŀƴŎŜ 5ǳ 5ƛƳŀƴŎƘŜ мф !ƻǶǘ мфллΦΩΣ Le Béton 
Armé 3, no. 28 (September 1900): 4. 
97 Hennebique, 4. 
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Figure 1.13: Cover of technical workbook, the Bossut-Masurel textile warehouse, Roubaix (unknown architect, 1892).  
(076 Ifa 2933/4. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 

 

Figure 1.14: Expanded basement plan for Bossut-Masurel textile warehouse, Roubaix (unknown architect, 1892),  
showing the grid pattern for the béton armé system columns and beams.  

(076 Ifa 2933/4. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 
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The basement plan shows that there are two rows of columns between the longitudinal side walls at A and B; 

wall A was to be newly built from brick and wall B was to be a party wall with an existing building in the 

Bossut-Masurel textile factory complex (seen to the right in the photograph of the building in Figure 1.12). Ten 

мрƳ ǘǊŀƴǎǾŜǊǎŀƭ ōŜŀƳǎ ǿƻǳƭŘ ǎǇŀƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǿƛŘǘƘ ŀǘ ƎǊƻǳƴŘ ŦƭƻƻǊ ƭŜǾŜƭΤ ŜŀŎƘ ƻŦ ǘƘŜǎŜ ǿƻǳƭŘ ōŜ ƘŜƭŘ ŀǘ 

its end by the brick walls D and C and with support from additional intersecting pillars along the lines AB and 

FRFRF. The ten transversal beams were designed to interconnect with further cross-beams, and all of this 

reinforced concrete building framing would support an integrated ground floor made of reinforced concrete 

beam-slabs with a load-bearing capacity of 1000 kilograms per square metre; so in fact twice as much as the 

500 kilos quoted by Hennebique for the subsequent floors of the building. The open arrangement of the hall 

permitted greater freedom of movement for delivery and pick-up vehicles in and out of the space. The plan 

and accompanying calculations make clear that only the basement columns at AB would continue above the 

ground floor level; this explains why the row of beams supporting the first floor slabs would span the 10m 

overall width of the building, compared to the extended 15m width at ground floor level. It appears that a 

ƎƭŀȊŜŘ ǊƻƻŦ ǿƻǳƭŘ ŎƻǾŜǊ ǘƘŜ ΨƳƛǎǎƛƴƎΩ рƳ ŜȄǘŜƴǎƛƻƴΦ ¢ƘŜ ǿƘƻƭŜ ōǳƛƭŘƛƴƎ ǿƻǳƭŘ ƘŀǾŜ ŀƴ ŀǘǘƛŎ ǿƛǘƘƛƴ ŀ 

traditional vaulted roof which may have provided additional structural support. 

Lǘ ƛǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǘŜƭƭ ŦǊƻƳ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŜǾƛŘŜƴŎŜ Ƙƻǿ ǇǊŜŎƛǎŜƭȅ ǘƘŜ ǿŀǊŜƘƻǳǎŜΩǎ ŘŜǎƛƎƴ όŀƴŘ ōǳƛƭŘύ ŀƭƛƎƴŜŘ ǿƛǘƘ 

the béton armé system as it was being developed by Hennebique at the time ς sight of the actual building 

today might have helped, or at least interior photographs during and/or after construction. According to 

Hellebois, ŀƴŘ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŜŀǊƭƛŜǊ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ IŜƴƴŜōƛǉǳŜΩǎ ǇŀǘŜƴǘǎ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΣ the following were 

the key features of the béton armé system at the initial stage in its development in 1892-3: a continuous metal 

surface forming both the floor and ceiling; a concrete slab poured over a corrugated steel sheet used as 

formwork; and reinforcement bars for the lower parts of beams which also had flat U-shape stirrups to provide 

additional sheer resistance. ¢ƘŜǊŜ ŀǊŜ ΨŎǳǘ ŀƴŘ ǇŀǎǘŜΩ ŘƛŀƎǊŀƳǎ ƻŦ ƪŜȅ ōŜŀƳ ŀƴŘ ǎƭŀō ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜ 

original technical workbook for the Bossut-Masurel textile warehouse which are accompanied by engineering 

design details (Figure 1.15). 
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Figure 1.15: Components for Bossut-Masurel textile warehouse, Roubaix (unknown architect, 1892), showing variations in 
the metallic reinforcing for integrated béton armé system beams and slabs. 

(076 Ifa 2933/4. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 

These collectively appear to show a more complex set of integrated beam and slabs than in the 1892-3 Belgian 

and French patents, which allow a greater number of metallic rods or bars and U-shaped stirrups for increased 

loading requirements, so supporting the weight of moving lorries with up to 4000 kilos of textiles being loaded 

on them in the ground floor hall. All of tƘƛǎ ǿƻǳƭŘ ǎŜŜƳ ǘƻ ǎǳǇǇƻǊǘ ŀ ǾƛŜǿ ǘƘŀǘ ǘƘŜ ǿŀǊŜƘƻǳǎŜΩǎ ōǳƛƭŘƛƴƎ 

framing and floors were constructed at an important transitional stage in the béton armé system, more 

developed than described in the 1892-3 patents, but prior to the completion of the first ΨtrulyΩ monolithic 

building amongst all thirteen historic example buildings in the thesis: this was Charles SixΩǎ wool-combing mill 

in nearby Tourcoing (1897) (see ǘƘŜ ΩdŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ŎŀǎŜ ǎǘǳŘȅ ƛƴ Chapter 2). 

hƴ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŀŜǎǘƘŜǘƛŎΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǎǘǊǳŎǘǳǊŀƭ ŦŜŀǘǳǊŜǎΣ ǘƘŜ technical workbook includes an interesting 

detail from Françƻƛǎ IŜƴƴŜōƛǉǳŜ ŀǎ ǘƘŜ ŘƻŎǳƳŜƴǘΩǎ ŀǳǘƘƻǊ; in effect he was what we would term nowadays as 



61 
 

the lead technical designer or specialist, despite his son receiving the public credit for the overall success of 

the project (we do not yet know who the architect was):  

Without seeking a costly luxury, the importance of the commercial house and the artistic richness of its 

offices make it necessary to take care in the construction of this hall and to harmonize it with those 

buildings that surround it. Our construction system will lead us to this result quite easily, while allowing 

us to make considerable savings.98 

¢ƘŜ ǎŀƳŜ ŦƛƭŜ ŦƻǊ ǘƘŜ ōǳƛƭŘƛƴƎ ƘŜƭŘ ŀǘ /!!/ ƛƴŎƭǳŘŜǎ ǿƘŀǘ ǎŜŜƳǎ ǘƻ ōŜ ŀƴ ŀǊŎƘƛǘŜŎǘΩǎ ŘǊŀǿƛƴƎ ƻŦ ŀ ǿƛƴŘƻǿ 

(Figure 1.16), which matches the built windows shown in the photograph Hennebique presented to his 1900 

audience (see Figure 1.12). 

 

Figure 1.16: !ǊŎƘƛǘŜŎǘΩǎ Řrawing of a window for the Bossut-Masurel textile warehouse, Roubaix (unknown architect, 1892) 
showing the arched brick canopy effect. (076 Ifa 2933/4. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives 

d'architecture contemporaine) 

There are fourteen first floor windows shown in the photograph of the completed building, four more than the 

ten windows outlined in the basement plan (see Figure 1.14); this could imply that the finished beams for the 

floor-slabs may have ended up being more closely spaced than the design had originally intended. However, 

 
98 « {ŀƴǎ ŎƘŜǊŎƘŜǊ ǳƴ ƭǳȄŜ ŎƻǶǘŜǳȄΣ ƭΩƛƳǇƻǊǘŀƴŎŜ ŘŜ ƭŀ Ƴŀƛǎƻƴ ŘŜ /ƻƳƳŜǊŎŜΣ ƭŀ ǊƛŎƘŜǎǎŜ ǘƻǳǘŜ ŀǊǘƛǎǘƛǉǳŜ ŘŜ ǎŜǎ 
ōǳǊŜŀǳȄ ƻōƭƛƎŜƴǘ Ł ǎƻƛƎƴŜǊ ƭŀ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜ ŎŜ Iŀƭƭ Ŝǘ Ł ƭΩƘŀǊƳƻƴƛǎŜǊ ŀǾŜŎ ŎŜǳȄ ǉǳƛ ƭΩŜƴǘƻǳǊŜnt. Notre 
système de construction nous conduira assez facilement à ce résultat, tout en nous permettant de réaliser des 
économies considérables. » 
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the ground floor windows, one floor above the basement level, seem to be irregularly spaced, creating an 

architectural illusion that distinguishes the two levels from each other, one more functional than the other. 

The verticality of the building framing iǎ ƳŀŘŜ ΨǾƛǎƛōƭŜΩ ōŜǘǿŜŜƴ ǘƘŜ ǳǇǇŜǊ ŦƭƻƻǊ ǿƛƴŘƻǿǎ ŀƴŘ ƳŀǘŎƘŜǎ ǘƘŜ 

arched brick canopy effect above those windows and below the roof; a pronounced horizontal aspect to the 

building framing can be seen in the form of a long white line matching the first floor level. One can only 

assume that this was all the work of the unknown architect, perhaps in response to a desire for elegant office 

space; but there is no record of the Bossut-Masurel textile factory warehouse in local Roubaix archives, so it is 

currently not possible to establish a connection with any design professional. As already noted, other features 

of the building would have been the greater space in the delivery hall and the large windows at first floor level, 

which all served to create a greater daylit ambience for staff and clients ς this would be of relevance to 

subsequent structural requirements for buildings using the novel materials-system (see Chapter 2). 

1e. Technical guidance 

A paper about the comparative international state of technical guidance, the third component of early 

industrial standards for the new materials-system, has compared the first regulations and technical guidance 

for reinforced concrete and cement systems in a number of European Countries at the start of the twentieth 

Century.99 The authors noted that the speed of technological advance in the novel materials-system meant 

that the formalisation of shared technical information often lagged well behind. Of the six European countries 

they examine, Switzerland and Germany were early starters having adopted (quasi)national guidance for 

reinforced concrete and cement systems by 1904, followed by France and Belgium in 1906, the Netherlands in 

1906, and the United Kingdom in 1915.  

The Swiss Engineer and Architect Society was a voluntary membership organisation that published in January 

1904 tentative rules for using reinforced concrete, with added technical explanations; these were the first 

voluntary technical guidelines for the new materials-system published in Europe (including the UK).100 Rauhut  

examined the detailed structural analysis of a Zurich administrative building completed in 1900, before the 

 
99 Chapter 4 looks in more detail at the role of legally-enforceable regulations using this same paper: Stephanie 
Ǿŀƴ ŘŜ ±ƻƻǊŘŜΣ {ŀōƛƴŜ YǳōŀƴΣ ŀƴŘ 5ŀǾƛŘ ¸ŜƻƳŀƴǎΣ Ψ9ŀǊƭȅ wŜƎǳƭŀǘƛƻƴǎ ŀƴŘ DǳƛŘŜƭƛƴŜǎ ƻƴ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ 
in Europe (1900-мфрлύΦ ¢ƻǿŀǊŘǎ ŀƴ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƳǇŀǊƛǎƻƴΦΩΣ ƛƴ Building Histories: The Proceedings of the 
Fourth Annual Conference of the Construction History Society, ed. James W.P. Campbell et al. (Construction 
History Society, 2017), 345ς56. 
100 Voorde, Kuban, and Yeomans, 3. 
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guidance had been completed ς of particular interest is the fact that its builders had, in part, employed the 

béton armé system, but used their own technical knowledge to apply it in a local context.101 The architect for 

the building had deferred to a local civil engineer (who worked for the local Hennebique concessionaire or 

concessionary) on those structural aspects which employed the novel materials-system. The engineer in turn 

had consulted with a Zurich professor he knew well, and then adjusted the Hennebique central design office 

calculations, adding new physical features to allow for a higher load-bearing capacity in the roofing structure. 

It is worth adding to the above observation that such an independent-minded approach was replicated in 

German-occupied Strasbourg, where a remarkable reinforced concrete vaulted public swimming pool was 

completed in 1908 by the local Hennebique concessionnaire, the Swiss civil engineer Eduard Züblin (1850-

1916) ς he had from the very start made clear to Paris Headquarters that he was more than competent in 

adapting the béton armé system to his own technical designs for buildings.102 As for the rest of Germany, in 

1907 the German Committee on Reinforced Concrete was established by the Prussian Government to 

determine technical guidance and potential regulations that might be applied across the whole nation.103 In 

the Netherlands it appears that technical guidance for reinforced concrete and cement systems was published 

in 1912 by the Royal Institute of Engineers, and this seems to have continued well into the twentieth century 

without state involvement; even though the British had, as already mentioned, led the way in Europe on new 

voluntary industrial standards for steel and Portland Cement, they were behind on the regulatory aspects.104  

The joint paper also covered both French and Belgian approaches to formulating technical guidance, first 

referencing the 1906 French state guidelines, and then focusing on compulsory regulations specifically 

connected with the new materials-system, which only properly started in both countries after the First World 

War.105 Modern industrial standards as we now know them only became prevalent in France and Belgium from 

 
101 /ƘǊƛǎǘƻǇƘ wŀǳƘǳǘΣ Ψ.ŀǳǇƭŀǘȊǎǘŀǘƛƪ ς How Structural Theory Altered Average Building Processes And How 
5ŀƛƭȅ wƻǳǘƛƴŜ LƴŦƭǳŜƴŎŜŘ {ǘǊǳŎǘǳǊŀƭ !ƴŀƭȅǎƛǎΩΣ ƛƴ Proceedings of the 5th International Congress on Construction 
History, Chicago, Illinois. Vol 3., ed. B. Bowen et al. (Construction History Society of America, 2015), 163ς70. 
102 /ƘǊƛǎǘƛŀƴŜ ²ŜōŜǊΣ Ψ[Ŝǎ .ŀƛƴǎ aǳƴƛŎƛǇŀǳȄ ŀǘ {ǘǊŀǎōƻǳǊƎ όмфлр-1908) - an Example of Cultural and Technical 
¢ǊŀƴǎŦŜǊ ōŜǘǿŜŜƴ CǊŀƴŎŜ ŀƴŘ DŜǊƳŀƴȅΩΣ ƛƴ Studies in Construction History: The Proceedings of the Second 
Construction History Society Conference, ed. James W.P. Campbell et al. (Construction History Society, 2015), 
199ς208. 
103 9Řǿƛƴ !Φ wΦ ¢ǊƻǳǘΣ Ψ¢ƘŜ 5ŜǳǘǎŎƘŜǊ !ǳǎǎŎƘǳʲ CǸǊ 9ƛǎŜƴōŜǘƻƴ όDŜǊƳŀƴ /ƻƳƳƛǘǘŜŜ ŦƻǊ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜύ 
1907-мфпрΦ tŀǊǘ мΥ .ŜŦƻǊŜ ²ƻǊƭŘ ²ŀǊ LΩΣ Construction History 29, no. 2 (2014): 51ς71. 
104 ±ƻƻǊŘŜΣ YǳōŀƴΣ ŀƴŘ ¸ŜƻƳŀƴǎΣ Ψ9ŀǊƭȅ wŜƎǳƭŀǘƛƻƴǎ ŀƴŘ DǳƛŘŜƭƛƴŜǎ ƻƴ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ ƛƴ 9ǳǊƻǇŜ όмфлл-
мфрлύΦ ¢ƻǿŀǊŘǎ ŀƴ LƴǘŜǊƴŀǘƛƻƴŀƭ /ƻƳǇŀǊƛǎƻƴΦΩΣ сΦ 
105 Voorde, Kuban, and Yeomans, 5,7. 
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the 1920s onwards  ᵄ  there were more pressing national planning reasons for this development, supported by 

national governments transitioning from a centralised military command to a civil market economy. 

The French Commission on ciment armé106 

At the start of the twentieth ŎŜƴǘǳǊȅ ǘƘŜ CǊŜƴŎƘ ǎǘŀǘŜ ƘŀŘΣ ǎƻƳŜ ƳƛƎƘǘ ǎŀȅ Ψŀǘ ƭŀǎǘΩΣ ōŜƎǳƴ ǘƻ ǘŀƪŜ ŀƴ ŀŎǘƛǾŜ 

interest in the burgeoning new reinforced concrete and cement systems used for day-to-day building 

construction in Paris and elsewhere. This had been spurred by French architect ÉŘƻǳŀǊŘ !ǊƴŀǳŘΩǎ (1864-1953) 

ŎƻƳǇƭŜǘƛƻƴ ƛƴ мфлл ƻŦ IŜƴƴŜōƛǉǳŜΩǎ ƴŜǿ ŎŜƴǘǊŀƭ ŘŜǎƛƎƴ ƻŦŦƛŎŜ and apartments in the French capital, using the 

ƭŀǘǘŜǊΩǎ béton armé system for the monolithic skeleton (see the case study of the building in Chapter 4); the 

immeuble was constructed with a facade made from moulded cement rather than masonry or ceramic 

cladding, as would have been the norm. Municipal interest was also influenced in the same year by the 

prominence of the new materials-system at the 1900 Exposition Universelle in Paris, and by a public relations 

disaster at this global showpiece: a pedestrian bridge using the Matrai system collapsed killing some workmen, 

though fortunately before it was open to the public. The French Commission on ciment armé was formally 

established in 1901 and after lengthy deliberations it produced draft standards for the production and use of 

the new material-systems, including béton armé and béton fretté. 

In 1901 Armand Considère, who first patented his own béton fretté system that year, joined a majority of 

other eminent French civil engineers and theoreticians on the French Commission  ᵄ  ǘƘŜǎŜ ƛƴŎƭǳŘŜŘ /ƻƴǎƛŘŝǊŜΩǎ 

mentee the state engineer Louis Harel de la Noë (1852-1931)107, while François Hennebique and Edmond 

Coignet were the only other reinforced concrete and cement systems inventors present, with the architects 

Charles Albert Gautier (1846-1915) and Jacques Hermant (1855-1930) attending meetings as well. Considère 

led a sub-ǎǘǊŀƴŘ ƻŦ ǘƘŜ /ƻƳƳƛǎǎƛƻƴΩǎ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎΣ ŎƻƳƳƛǎǎƛƻƴƛƴƎ ƭŀōƻǊŀǘƻǊȅ ǘŜǎǘƛƴƎ ƻŦ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ 

samples both in France and abroad, and focusing on the difference between his own newly-patented system, 

béton fretté ŀƴŘ IŜƴƴŜōƛǉǳŜΩǎΣ béton armé. He would eventually take over the main secretarial duties of the 

 
106 The principal source for this sub-section ƛǎ  5ŜƭƘǳƳŜŀǳΩǎ concise account of the work of the commission: 
Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ муфл-1914, 279ς94. 
107 The close professional relationship between Harel de la Noë and Considère is covered in: Francoise 
{ƛƻŎΩƘŀƴΣ Ψ5Ŝǎ 9ŦŦŜǘǎ ŘŜ [ŀ IƻǳƭŜ {ǳǊ [Ŝǎ hǳǾǊŀƎŜǎ ŘΩŀǊǘΥ !ǇǇƭƛŎŀǘƛƻƴ 5Ŝǎ aƻƭŜǎ 5ǳ ¢ȅǇŜ ά/ƻƴǎƛŘŝǊŜέ 5ŀƴǎ [ŀ 
tǊƻǘŜŎǘƛƻƴ 5Ŝǎ tƻǊǘǎΩΣ ƛƴ /ƻƴǎǘǊǳƛǊŜ Η Υ 9ƴǘǊŜ !ƴǘƛǉǳƛǘŞ Ŝǘ ;ǇƻǉǳŜ /ƻƴǘŜƳǇƻǊŀƛƴŜ Υ !ŎǘŜǎ 5ǳ оŜ /ƻƴƎǊŝǎ 
CǊŀƴŎƻǇƘƻƴŜ ŘΩƘƛǎǘƻƛǊŜ ŘŜ [ŀ /ƻƴǎǘǊǳŎǘƛƻƴΣ bŀƴǘŜǎΣ нм-23 Juin 2017, ed. Gilles Bienvenu et al. (Picard, 2019), 
325ς34. 
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Commission after his promotion to Inspecteur Général des Ponts et Chaussées in 1902, and was the author of 

the final report to the Minister in 1905; it would seem that he fulfilled this role with his usual diligence as a 

leading state civil engineer, though given his close personal interest in his béton fretté system it would be 

reasonable to question how objectively he operated. However, Hennebique and Coignet would naturally have 

been expected to advance the merits of their own systems for commercial motives, so perhaps Considère saw 

this as a means of balancing things out between the inventors. 

The state-appointed group produced what it had thought were final recommendations to the responsible 

Minister in 1905 on the use of reinforced concrete and cement systems in France. These were, however, 

independently reviewed by a special panel of the French Académie des Sciences, which produced its own set of 

recommendations, and it was these that were then signed off by the Minister. There was some subsequent 

controversy about the over-conservative mathematical calculations used by the special panel to determine 

acceptable stress limits for the new materials-systems ς these would eventually be relaxed in the 1920s. The 

published guidance for reinforced concrete and cement, based as it was on the latest scientific and technical 

understanding, came into force in 1906 in France (adopted at the same time by Belgium), though only for 

tenders for public sector civil engineering projects. They were therefore not legally compliant regulations as 

we normally understand them, such as were developed in parts of Germany and in Switzerland (described in 

Chapter 4), but were rather a form of early industry standard for architect-engineers to follow if they wished 

to compete for state-funded construction proposals using the new materials-system. 

Unlike Considère, Hennebique was sceptical about the dominant approach taken by the engineer-theoreticians 

on the French Commission. To some extent this reflected a general view of the contracting industry, which had 

relied on years of practical experience to develop new approaches, backed by the emergence of iron as a key 

building material in nineteenth-ŎŜƴǘǳǊȅ CǊŀƴŎŜΦ aƻǊŜ ƛƳǇƻǊǘŀƴǘƭȅΣ ǎƛƴŎŜ IŜƴƴŜōƛǉǳŜΩǎ Ǝƻŀƭ ǿŀǎ ǘƻ ƳŀǊƪŜǘ Ƙƛǎ 

own béton armé as superior to other construction systems, his focus was much more on emphasising better 

economy, greater fire resistance and structural efficiency when compared to his competitors. A mouthpiece 

ŦƻǊ IŜƴƴŜōƛǉǳŜΩǎ ōǳǎƛƴŜǎǎ ǿŀǎ ǘƘŜ ŜŘƛǘƻǊ ƻŦ Ƙƛǎ ƛƴ-house magazine, who later maintained that a new 

freestanding 100m span reinforced concrete bridge in Rome built in 1912, the Ponte del Risorgimento, was 

άthe living apotheosis of reinforced concrete Hennebique system and the reduction to nothing of all the 
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quibbles about it hidden under the cover of science.έ108 As already seen, and in parallel with his membership 

of the Commission, Hennebique had also begun to defend his expiring patents for béton armé in legal suits 

about alleged breaches by others. 

Chapter summary 

The chapter emphasised the historical importance of industrial standards for engineering when considering 

issues related to the development of novel construction techniques. This reflected in part an initial attempt to 

determine whether a consensual approach to the early adoption of technical standards for new reinforced 

concrete and cement systems took place in France and Belgium during the Belle Époque, as a precursor to the 

global voluntary industrial participation coordinated by national and international standards bodies in the 

modern era. There is in fact little hard evidence that such a process, as we know it nowadays, happened in 

France and Belgium before the outbreak of the First World War, whereas there are stronger indications of a 

growing similarity with modern-day approaches after 1918. However, this process of examining technical 

standards for engineering and construction during the Belle Époque moved the research focus of the thesis 

towards an emergent form of these technical standards, described as early industrial standards. Hence three 

components, industrial patents, structural specifications and technical guidance, represented collectively early 

industrial standards for novel reinforced concrete and cement systems. Of these three components, industrial 

patents stood out as the key one, involving the formal codification of new technical information in a range of 

innovative approaches to what was becoming a novel and generic materials-system. The relationship between 

innovation in construction technology and the role of technical design standards was then considered with 

reference to recent doctoral research in this area by Angelino, based partly on an examination of historical 

developments as well as views sought from modern-day users.  

In terms of the key industrial patents for the emerging novel materials-ǎȅǎǘŜƳΣ ǿƘƛƭŜ CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΩǎ 

Belgian and French patents for his béton armé system predominated, there were alternative technical 

approaches that challenged his industry leadership and gradually resulted in legal disputes, as Hennebique 

fought back against other innovators to protect his intellectual property rights and market share. While not 

 
108 tΦ DŀƭƭƻǘǘƛΣ Ψ¢ƘŞƻǊƛŜ Ŝǘ .ƭǳŦŦΩΣ Le Béton Armé 15, no. 165ς166 (February 1912): 42. « Χ apothéose vivante du 
béton armé système Hennebique et réduction à néant de toutes les arguties cachées sous le couvert 
de la science. » 



67 
 

statutory legal instruments in themselves, patents had a commercial leverage that could be backed by expert 

argument in front of relatively inexperienced judges, and if this was successful, could lead to punitive 

measures against those who imitated the proprietary systems without permission or making offers of 

sufficient financial compensation. Such legal measures were adopted by Hennebique from 1903 onwards as 

the first of his béton armé system patents started to reach their expiration in France; he reacted to a legal suit 

raised against him by Paul Cottancin accusing him of infringing ǘƘŜ ƭŀǘǘŜǊΩǎ ƻǿƴ ǇŀǘŜƴǘǎ ŦƻǊ his ciment armé 

system. War was declared by Hennebique on competitive reinforced concrete and cement systems, but 

particularly on the béton fretté system, the invention of his former collaborator, the French civil engineer 

Armand Considère. 

The other two components within early industrial standards were structural specifications and technical 

guidance. Structural specifications comprised the main paperwork for the technical design aspects of a 

construction project and their relevance is illustrated through a case study of a what may have been one of the 

ŦƛǊǎǘ ōǳƛƭŘƛƴƎǎ ǘƻ ǳǎŜ IŜƴƴŜōƛǉǳŜΩǎ béton armé system during the key period 1892-3 when it was patented in 

Belgium and France. The other component of early industrial standards, technical guidance, was expressed 

through technical manuals, text books and to a lesser extent the work of the French Commission on ciment 

armé. The last-mentioned body published voluntary guidance in 1906, but it does not appear to have had a 

major impact on structural developments in the non-monumental, urban Belle Époque buildings that are the 

focus of this thesis. /ƻƴǎƛŘŝǊŜ ƘŀŘ ōŜŎƻƳŜ ŀƴ ΨŜƴŜƳȅ partyΩ to Hennebique because of his stringent 

theoretical approach to the work of the French Commission, although he had questioned the final state-

sanctioned methodology for the coefficient of elasticity of the novel materials-system. Perhaps more 

impoǊǘŀƴǘƭȅ ŦǊƻƳ IŜƴƴŜōƛǉǳŜΩǎ ǇŜǊǎǇŜŎǘƛǾŜ, Considère was a government man who had given away freely his 

intellectual property rights until he resigned from public office in 1906; though this was conveniently after he 

had just written his own béton fretté system into the published French national guidance for state-

commissioned civil engineering projects.  
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Chapter 2: Building economics and structural requirements 

Chapter 2 considers briefly the building economics of the Belle Époque, showing the significance of key 

industrialising factors, as well as the overall appetite for investment in more structurally efficient buildings 

constructed from the novel materials-system. The chapter goes on to examine in more depth key structural 

requirements associated with specific commissioner needs for new non-monumental, urban Belle Époque 

buildings employing the novel materials-system: fire resistance, structural efficiency, daylight admission and 

street decor. ¢ƘŜ ŎƘŀǇǘŜǊ ƛƴŎƭǳŘŜǎ ŀ ŎŀǎŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǘȅǇƻƭƻƎȅ ƻŦ bƻǊǘƘ !ƳŜǊƛŎŀƴ ΨŘŀȅƭƛƎƘǘ 

ŦŀŎǘƻǊƛŜǎΩ ŀƴŘ ƛǘǎ ǎǳōǎŜǉǳŜƴǘ ƛƴǘŜǊǿŀǊ ǘǊƻǇŜΣ ƛƴŎƭǳŘƛƴƎ ǘǿƻ ƘƛǎǘƻǊƛŎ ŜȄŀƳǇƭŜ ŦŀŎǘƻǊȅ ōǳƛƭŘƛƴƎǎ ƴŜŀǊ [ƛƭƭŜ ŀƴŘ 

near Paris. 

2a. The economics of building 

Belle Époque France operated under the influence of a range of economic factors.109 While by 1880 the nation 

ƘŀŘ Ŧƛƴŀƭƭȅ ōŜŎƻƳŜ ŀ ǘǊǳŜ ƛƴŘǳǎǘǊƛŀƭ ŜŎƻƴƻƳȅ ŀƭƻƴƎ ǘƘŜ ƭƛƴŜǎ ƻŦ ǿƻǊƭŘΩǎ ŦƻǊŜǊǳƴƴŜǊΣ .ǊƛǘŀƛƴΣ ŘǳǊƛƴƎ ǘƘŜ 

ǎǳōǎŜǉǳŜƴǘ ǇŜǊƛƻŘ ǘƻ ǘƘŜ ƻǳǘōǊŜŀƪ ƻŦ ǘƘŜ CƛǊǎǘ ²ƻǊƭŘ ²ŀǊ ƛǘ ǘƘŜƴ ŜȄǇŜǊƛŜƴŎŜŘΣ ƭƛƪŜ Ƴŀƴȅ ƻǘƘŜǊ ΨŎŀǘŎƘ-ǳǇΩ 

industrialising nations, the vagaries of international competition for the sale of more and more manufactured 

goods in ever-expanding global markets. The French agricultural sector dominated, with 45% of the total 

population still living from it in 1891. A post 1870s industrial slump was rectified to some extent by the mid-

1890s with increasing investment in new industrial plant and machinery, though the full impact of this mini-

boom is debatable.110 

The historic cities of Lille, and neighbouring Roubaix and Tourcoing, specialised at the time in textile 

manufacturing and were on the fringes of a major coal-producing region of northern France, from which the 

output could fuel a cheap source of steam power for expanding factories. The French textile industry had been 

 
109 These are described in: Roger Price, An Economic History of Modern France, 1730-1914, 2nd ed. (The 
Macmillan Press Ltd, 1981); Clive Trebilcock, The Industrialization of the Continental Powers 1780-1914 
(Longman, 1981); François Crouzet, The Economic Development of France since 1870, vol. 1 (Edward Elgar 
Publishing Ltd, 1993). 
110 Trebilcock pinned the down-turn precisely to the year 1882, a result of the impact of a French wine-growing 
disaster attributed to a new voracious aphid. He then gave reasons for French laggardly economic growth 
during the Belle Époque when compared to its European competitors, including a lack of sufficient French 
entrepreneurship. Trebilcock used a successful textile family from Roubaix, near Lille as an example of this, 
which connects to two historic example buildings in Roubaix and neighbouring Tourcoing in the cases studies, 
as well as LandesΩ commentary about their local manufacturer building commissioners in Chapter 4.  
Trebilcock, The Industrialization of the Continental Powers 1780-1914, 189. 
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the second largest national employer until the late nineteenth century, when it overtook construction and 

took the lead; in 1906 this workforce totalled 2.6m persons overall, despite labour-saving measures achieved 

by introducing new manufacturing technology.111 Roubaix and Tourcoing had a competitive advantage 

compared to nearby Lille, now all within the same regional metropolis, with easier access to a cheaper rural 

labour-force from their Flanders neighbour, particularly after that part of the Netherlands became 

independent Belgium in 1830; but the French Nord region was also capable of switching more fluidly than 

other textile centres between manufacturing the different fibres, whether wool, cotton or linen (flax) and 

depending on respective market booms and busts. By the start of the twentieth century, Roubaix-Tourcoing 

had become the dominant wool processing centre in France with a resultant reputation for manufacturing fine 

cloths.112 Further south, Bullock and Read examined the Paris housing market prior to the First World War and 

ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ Ƴŀƛƴ ŜŎƻƴƻƳƛŎ ƛƳǇǳƭǎŜǎ ŎŀƳŜ ŦǊƻƳ ǘƘŜ ǎŜǘǘƭŜŘ ƛƴŘǳǎǘǊƛŀƭ ǿƻǊƪŜǊǎ ƛƴ ǘƘŜ ŎŀǇƛǘŀƭΩǎ ƎǊƻǿƛƴƎ 

suburbs after the post-war depression of the 1870s. However, there was a further sudden depression in the 

early 1880s which marked the end of a dynamic stage for the housing market and led to a subsequent decline 

in construction until 1910, when a new recovery was stopped by the outbreak of yet another war ς it had also 

been accompanied by a steep rise in rents.113 

The demand for both the metallic-based and then the novel reinforced concrete and cement systems for Belle 

Époque construction was inevitably dependent on the end user. The initial impetus for metallic building 

framing systems in France came from state-sanctioned works, exemplified in the capital, Paris by railway 

stations, libraries, markets and exhibition spaces (see Chapter 5 on the first stage of a metallic building design 

revolution). The economic driver in the adoption of new reinforced concrete and cement systems for non-

monumental, urban buildings was demand from private industry. Hennebique had initially moved from 

northern France to Brussels to operate as a building contractor. While his early inventions took place in 

Belgium, the business only expanded once textile manufacturers in the north of France took an interest in the 

greater fire resistance and structural efficiency of buildings using the novel materials-system; key structural 

requirements that had important economic aspects to them for the enterprises commissioning the béton armé 

 
111 Price, An Economic History of Modern France, 1730-1914, 99. 
112 Jean-Claude Daumas, [Ŝǎ ¢ŜǊǊƛǘƻƛǊŜǎ ŘŜ [ŀ [ŀƛƴŜΦ IƛǎǘƻƛǊŜ ŘŜ ƭΩƛƴŘǳǎǘǊƛŜ [ŀƛƴƛŝǊŜ 9ƴ CǊŀƴŎŜ !ǳ ·L· {ƛŜŎƭŜΦ 
ό±ƛƭƭŜƴŜǳǾŜ ŘΩ!ǎŎǉΥ tǊŜǎǎŜǎ ¦ƴƛǾŜǊǎƛǘŀƛǊŜǎ Řǳ {ŜǇǘŜƴǘǊƛƻƴΣ нллпύΣ онуς29, 366. 
113 Nick Bullock and James Read, The Movement for Housing Reform in Germany and France 1840-1914 (CUP, 
1985), 298ς99. 
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system.114 Bowley, when analysing the economic history of the British construction industry, focused on the 

development of iron-framed skyscrapers in 1880s Chicago as a significant transition point which gradually 

percolated across the Atlantic: the new structures allowed greater efficiency and returns on investment due to 

lighter foundations (in a locality with big sub-soil issues), more and wider floors, increased daylight (hence 

reduced cost of artificial lighting) and faster speed of construction. All of this made commissioners and 

builders of structures think twice about using traditional construction methods ς British building contractors 

such as Thomas Cubitt (1788-1855) had already introduced at the start of the nineteenth century the concept 

of employing a standing corps of labourers, which meant that new construction projects had to be found to 

cover larger fixed costs from their wages.115 

It would be reasonable to assume that the same fundamental economic principles began to operate in France 

and Belgium prior to the First World War for the new reinforced concrete and cement systems. Hellebois notes 

that at this time reinforced concrete was an economical construction material when compared with 

ΨtraditionalΩ materials such as timber, masonry or even steel, though one wonders whether the last could 

really be classified as such: 

The price of 1 m³ of in-place concrete depended on the raw materials (the attractive price of cement, 

etc., but the high cost of the steel rebars), the technology, industrial and automation processes, the 

cost of labour, the means of transportation... However, the factors were too numerous and variable to 

allow an accurate comparison, although the authors [various professionals of the period] estimated a 

saving of around 25%.116 

Initial innovation costs transitioned into satisfactory economic returns - IŜƴƴŜōƛǉǳŜΩǎ Ǝƻŀƭ ǿŀǎ ǘƻ ƳŀǊƪŜǘ Ƙƛǎ 

own reinforced concrete system as superior to other construction systems, hence his focus was much more on 

emphasising better economy, particularly in savings due to greater fire resistance and the use of less building 

material volume through improved structural efficiency. Finally, as seen in the examination of patent disputes 

in Chapter 1Σ ǘƻǿŀǊŘǎ ǘƘŜ ŜƴŘ ƻŦ ŀ ǇŀǘŜƴǘΩǎ ƭƛŦŜ it might be beneficial to accrue as much financially from 

 
114 Delhumeau et al., [Ŝ .Şǘƻƴ 9ƴ wŞǇǊŜǎŜƴǘŀǘƛƻƴΦ [ŀ aŞƳƻƛǊŜ tƘƻǘƻƎǊŀǇƘƛǉǳŜ ŘŜ ƭΩŜƴǘǊŜǇǊƛǎŜ IŜƴƴŜōƛǉǳŜ 
1890-1930, 84ς98. 
115 Marian Bowley, The British Building Industry. Four Studies in Response and Resistance to Change 
(Cambridge University Press, 1966), 9ς12, 335. 
116 IŜƭƭŜōƻƛǎΣ Ψ¢ƘŜƻǊŜǘƛŎŀƭ ŀƴŘ 9ȄǇŜǊƛƳŜƴǘŀƭ {ǘǳŘƛŜǎ ƻƴ 9ŀǊƭȅ wŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ {ǘǊǳŎǘǳǊŜǎΩΣ туΦ 



71 
 

competitors through the threat of legal action, or if ignored, by following through with court-imposed 

compensation for loss of earnings. 

Economic, as well as societal imperatives (see Section 2), fed into the demand for new Belle Époque buildings 

that could satisfy the needs of their commissioners. Such needs had to be converted into structural 

requirements that informed the building design process using the novel materials-system. ¢ƘŜ ǘŜǊƳ Ψōuilding 

scienceΩ is used by Addis as an extraneous factor in his Design Procedure model (see the Historiographic 

Framework), but nowadays this is associated with principally the internal environment of a building, rather 

than the whole physical structure. Four key Ψstructural requirementsΩ associated with the novel materials-

system and derived from corresponding commissioner needs were evident in the historical example buildings 

in the cases studies: fire resistance, structural efficiency (including within it building framing, floors and 

foundations), daylight admission and street decor. 

2b. Fire resistance as a structural requirement 

One of the biggest societal fears remains until today uncontrolled fire within urban buildings, evidenced by 

raging infernos in global cities of the past, or harrowing stories of death in the flames ς the 1897 Paris Charity 

Bazaar fire killed 127 high-ranking French women and was singled out at the first world congress on fire 

prevention in London six years later.117 Fire-resistant structures were highly valued in nineteenth century 

industrial and urban contexts, where the risks and resulting costs of conflagration could be considerable ς an 

added benefit would have been a reduction or even removal altogether of insurance premiums, assuming the 

value of the new materials used was sufficiently recognised by actuaries.118 One of the historic example 

buildings, the Entrepot Royal B Warehouse in Brussels (completed in 1906, see the case study in Chapter 5 of 

four buildings in a new urban design approach), was a commercial structure for storing large volumes of 

valuable goods, and hence the costly risk of fire damage required that special measures had to be employed. 

 
117 LΦ IΦ ²ƻƻƭǎƻƴΣ ΨwŜǇƻǊǘ ƻŦ ǘƘŜ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ CƛǊŜ tǊŜǾŜƴǘƛƻƴ /ƻƴƎǊŜǎǎ мфлоΩ ό/ƛǘȅ ƻŦ bŜǿ 
York, 1904). 
118 Wermiel has researched building fire resistance in this period in the United Kingdom and North America. 
See: {ŀǊŀ 9Φ ²ŜǊƳƛŜƭΣ Ψ¢ƘŜ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ CƛǊŜǇǊƻƻŦ /ƻƴǎǘǊǳŎǘƛƻƴ ƛƴ DǊŜŀǘ .Ǌƛǘŀƛƴ ŀƴŘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛƴ ǘƘŜ 
bƛƴŜǘŜŜƴǘƘ /ŜƴǘǳǊȅΩΣ Construction History 9 (1993): 3ςнсΤ {ŀǊŀ 9Φ ²ŜǊƳƛŜƭΣ Ψ!ƳŜǊƛŎŀΩǎ мфǘƘ-Century British-
Style Fireproof Factories Background: Fireproof and Slow-.ǳǊƴƛƴƎ /ƻƴǎǘǊǳŎǘƛƻƴΩΣ Industrial Archaeology 27, no. 
2 (2001): 23ς36. 
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Maury examined industrial fires in nineteenth-century Northern France, including a major 1866 conflagration 

ŀǘ Ψ[Ŝ aƻƴǎǘǊŜΩΣ ŀ Ǿŀǎǘ ǘŜȄǘƛƭŜ ŦŀŎǘƻǊȅ owned by the Motte-Bossut family in Roubaix near Lille, and which was 

replaced by an iron-framed structure to prevent further such catastrophes.119 The architect had completed the 

original structure using wooden building framing and this was accepted as normal practice, even though we 

know iron was being used in factories outside of France well before that time. The replacement building was 

much more in tune with such leading edge construction, though the architect is unknown. There did eventually 

ŜȄƛǎǘ ŀ ƭƻŎŀƭ ŜȄǇŜǊǘ ƛƴ ΨŦƛǊŜǇǊƻƻŦΩ ǘŜŎƘƴƛǉǳŜǎ ǿƘƻ ŎƻǳƭŘ ŀǘ ƭŜŀǎǘ ŀŘǾƛǎŜ ŀǊŎƘƛǘŜŎǘǎ ŀƴŘ ŎƻƴǘǊŀŎǘƻǊǎ ƻƴ ǿƘŀǘ 

ǎƘƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǘŜǊƳŜŘ ΨŦƛǊŜ-ǊŜǎƛǎǘŀƴǘΩ ŎƻƴǎǘǊǳŎǘion ½ fireproofing was not technically possible as all 

contemporaneous construction materials combusted eventually as temperatures increase, including concrete, 

with more or less serious repercussions depending on a range of factors. Maury tells us that Ernest-Maxime 

Meunier was active in Lille between 1867 and 1910 as the general manager of the insurance company Union 

du Nord, liaising with the largest local industrialists and their architects. Meunier wrote several books in his 

specialist area, including a key report on the causes of industrial fires that was published in 1864.120 Another 

example in Lille, the printing premises of Louis Danel were completed in 1875 by a leading local architect, 

Émile Vandenbergh (1827-1909), who had studied under Henri Labrouste at l'École des Beaux-Arts in Paris. 

This impressive building had a novel iron and glass roof structure hung above non-loadbearing walls. Maury 

also makes due reference to the first works using IŜƴƴŜōƛǉǳŜΩǎ béton armé ΨŦƛǊŜǇǊƻƻŦΩ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ƴƻǊǘƘŜǊƴ 

region of France, particularly a mill near Douai, and the Bossut-Masurel textile factory warehouse in Roubaix 

(see the case study in Chapter 1). 

There is an earlier academic piece by ²ƻǳǘŜǊǎ ŀƴŘ ŘŜ .ƻǳǿ ƻƴ ΨŦƛǊŜǇǊƻƻŦΩ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ōǳǘ ǘƘƛǎ ǘƛƳŜ ƛƴ 

Brussels between 1840-70.121 This incorporated prior research by British experts on the introduction in the UK 

of fire-resistant industrial buildings (mainly textile) from the end of the eighteenth century onwards. Six 

example structures in Brussels completed in the mid-nineteenth century used various forms of iron. Individual 

 
119 aŀǳǊȅΣ Ψ9ŦŦŜǘ tƘŜƴƛȄΦ [Ŝǎ !ǊŎƘƛǘŜŎǘŜǎ 5ǳ bƻǊŘ ŘŜ [ŀ CǊŀƴŎŜ !ǳ ·L·Ŝ {ƛŝŎƭŜ Ŝǘ ƭΩƛƴŎŜƴŘƛŜ LƴŘǳǎǘǊƛŜƭΣ ¦ƴ 9ƴƧŜǳ 
tǊƻŦŜǎǎƛƻƴŜƭΚΩ aŀǳǊȅΩǎ ŎƘŀǇǘŜǊ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ŀ ōƻƻƪ ƻƴ ƛƴŘǳǎǘǊƛŀƭ Ǌƛǎƪǎ ƛƴ ŜƴŘ ǎŜǾŜƴǘŜŜƴǘƘ- to start 
twentieth-century France, examines the role of architects in responding structurally to the fire resistance 
needs of factory owners in the Département du Nord. The Motte-Bossut factory still stands, was extensively 
renovated in the 1980s and is currently the home of the French Archives Nationales du Monde de Travail. 
120 Maury, 52. 
121 LƴŜ ²ƻǳǘŜǊǎ ŀƴŘ aƛŎƘŀŜƭ 5Ŝ .ƻǳǿΣ Ψ¢ƘŜ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ CƛǊŜǇǊƻƻŦ /ƻƴǎǘǊǳŎǘƛƻƴ ƛƴ .ǊǳǎǎŜƭǎ ōŜǘǿŜŜƴ мупл-
мутлΩΣ Industrial Archaeology Review 28, no. 1 (July 2006): 17ς31. 
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architects decided on the use of materials and this was exemplified by the first of these structures completed 

in the Brussels docks in 1847 ς like the Entrepôt Royal B constructed more than 60 years later (see the case 

study in Chapter 5 of four buildings in a new urban design approach), it was a commercial warehouse for 

storing large volumes of valuable goods, and hence the risk of fire damage required appropriate measures; a 

Brussels pawnshop completed in 1867 is of similar interest as the architect decided to clad all exposed iron 

with plaster, brick or masonry and ŜȄŎƭǳŘŜ ŀƭƭ ǿƻƻŘΣ ƘŜƴŎŜ ƛƴŎǊŜŀǎƛƴƎ ƛǘǎ ΨŦƛǊŜǇǊƻƻŦƛƴƎΩΣ while a piano factory 

built in 1870 employed non-reinforced concrete for its roof vaulting, a singular occurrence from this period.122 

Following in the footsteps of these first metallic approaches, François Hennebique promoted his beton armé 

system to potential customers as a means of preventing commercially disastrous fires; these were particularly 

prevalent in those industrial sectors which used highly flammable raw materials, of which the textile 

manufacturing centre of Lille, Roubaix and Tourcoing ǿŀǎ ŀƴ ƻōǾƛƻǳǎ ŀƴŘ ƴŜŀǊōȅ ŎŀǎŜ ŦƻǊ Ƙƛǎ ōǳǎƛƴŜǎǎΩǎ 

expansion out of Brussels. As timber and unprotected iron were replaced by reinforced concrete and cement 

and the external walls required less load-bearing structural support in a truly monolithic system, this permitted 

the use of much larger continuous window spacing ς which also lessened the potential fire hazard of using 

artificial lighting. IŜƴƴŜōƛǉǳŜ ƛƭƭǳǎǘǊŀǘŜŘ Ƙƛǎ ǎȅǎǘŜƳΩǎ ŦƛǊŜ-resistant properties by circulating photographs of the 

satisfactory outcoƳŜǎ ƻŦ Ƙƛǎ ŎƻƴǘǊƻƭƭŜŘ ōǳǊƴƛƴƎ ǘŜǎǘǎΣ ƻǊ ǳǎƛƴƎ ŜȄŀƳǇƭŜǎ ǿƘŜǊŜ Ƙƛǎ ŎƻƳǇŜǘƛǘƻǊǎΩ ǎȅǎǘŜƳǎ ƘŀŘ 

ŦŀƛƭŜŘ ǘƻ ǊŜǎƛǎǘ ǎǳŦŦƛŎƛŜƴǘƭȅ ǘƘŜ ŘŀƳŀƎŜ ƻŦ ǘƘŜ ŦƭŀƳŜǎΦ ¢ƘŜǊŜ ǿŀǎ ōƻǘƘ ŀ ΨŦŜŀǊΩ ŀƴŘ ŀƴ ŜŎƻƴƻƳƛŎǎ ŀƴƎƭŜ ǘƻ Ƙƛǎ 

approach which was appreciated by the Northern mill owners.123 

Taking the historic example buildings in the case studies in this thesis, the original specification for the wool-

conditioning complex in Roubaix (completed in 1901, see the case study in Chapter 5 of four buildings in a new 

urban design approach) included the design of a béton armé system precisely for fire resistance reasons, 

though it would be replaced by the Coularou system for the extensive roof-terracing. The same fire-resistant 

principles would have applied to the use of a reinforced concrete system in Charles SixΩǎ new wool-combing 

building in Tourcoing and La Cathédrale at the Menier factory in Nosiel-sur-Marne (see the case study of 

ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ later in this chapter), and the extension to Banque Brunner in Brussels and the annex to the 

Archives Départementales du Nord in Lille (see the case study of four buildings in a new urban design approach 

 
122 Wouters and Bouw. 
123 Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ муфл-1914. 



74 
 

in Chapter 5). All these premises had building commissioners who were keen to minimise fire damage to 

valuable contents, as well as any knock-on impact to end users of the interruption to production, sales and 

service processes; indeed any potential rises in insurance premiums would force the owners to increase their 

sales and service charges or reduce their profit margins, depending on market conditions. 

2c. Structural efficiency as a structural requirement 

The use of metal in construction had started to change approaches when it was fully understood that greater 

height of structures and wider spans (at less cost) could be achieved by using cast iron, then wrought iron and 

steel components, exemplified in a monumental form at the 1889 Paris Exposition Universelle by the Eiffel 

Tower and the Galerie des Machines (see the first stage of a metallic building design revolution in Chapter 5). 

The introduction of reinforced concrete and cement systems permitted even more economical and lightweight 

monolithic structures where the building framing could be fully integrated with the floors and the foundations. 

There was similarly an impact on the building plan and layout such that redans (tooth-like projections towards 

the street, derived from defensive fortifications) and other unconventional plot-shapes could be facilitated 

more easily. Three key components of structural efficiency are next considered, followed by an examination of 

how they worked together to create a monolithic structure in buildings that employed the novel materials-

system. 

Building framing 

Building framing has been around since the first ancient structures were built from a basic 3-D supporting grid 

of pillars and beams with vaulting and arches added over time. Masonry and brick, even some cement or 

concrete, might have replaced timber in this simple structure and all would be treated as load-bearing 

materials wherever they were situated, supporting vast edifices such as temples and churches, or smaller 

private residences. Building framing needed to address any lateral or vertical load paths in the whole structure, 

particularly in industrial and commercial premises where vibrating machinery may be in continuous operation, 

in locations subject to strong winds or earth tremors, or even just large temporary or permanent live loadings 

due to human occupancy. Of the thirteen historic example buildings in the case studies in the thesis, nine 

employed reinforced concrete or cement systems for their building framing, in chronological order: 

¶ The wool-combing mill ŀǘ /ƘŀǊƭŜǎ {ƛȄΩǎ ŦŀŎǘƻǊȅ ƛƴ ¢ƻǳǊŎƻƛƴƎ όмуфтύ which used the béton armé system. 

¶ The extension to Banque Brunner in Brussels (1900) which also used the béton armé system. 
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¶ The immeuble at 1 rue Danton in Paris (1900) which employed the béton armé system. 

¶ The immeuble  at 9 rue Claude-Chahu in Paris (1903) which used the béton armé system. 

¶ The HBM at 7 rue de Trétaigne in Paris (1904) which used an unknown reinforced concrete system. 

¶ The La Cathédrale cocoa and sugar processing building at the Menier Chocolate Factory in Noisiel-sur-

Marne (1908) which used the béton fretté and Viennot systems. 

¶ The annex to the Archives Départementales du Nord in Lille (1910) which employed the béton armé 

system. 

¶ The immeuble at 185 rue Belliard in Paris (1913) which used the Cottancin system. 

¶ The HBM complex at rue de la Saïda in Paris (1914) which employed the béton armé system. 

Floors 

In many of the historic example buildings, the floors (and terrace-roofing if present) were made from 

reinforced concrete or cement systems. The béton armé system was used in floors with cantilevered galleries 

in the very similar approaches of the Entrepôt Royal B import warehouse in Brussels (1906) and the annex to 

the Archives Départmentales du Nord (1910) in Lille;124 and the sheer scale and ambition of the 3000 m2 

reinforced concrete terrace-roofing for the former wool-conditioning complex, now La Condition Publique, in 

Roubaix near Lille (1901) is also impressive for its time and was supported by a unique set of 39 iron matrix 

pillars (these three examples are in the case study of four buildings in a new urban design approach in Chapter 

5). One could speculate that local architect Auguste Bouvy (1857-1938) may have learned lessons for his 

approach to the flat terrace-roofing of the last historic example building from a viewing of Charles SixΩǎ wool-

combing mill in neighbouring Tourcoing (ǎŜŜ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ƻŦ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ later in this chapter). The 

HBM at 32 rue Marconi in Brussels (1902) is an interesting example of a hybrid form that was employed to 

seemingly transfer the load paths from the reinforced concrete floors to a mainly brick building framing (see 

the case study of HBMs in Chapter 3). There is a multiplicity of archival evidence on the construction and 

renovation of this building, which may have been the first HBM in France or Belgium to employ either a 

 
124 We know from the Hennebique archives at the CAAC that the design plans for the Lille building were later 
requested by a Hennebique agent in Italy. Chapter 4 considers how the business was keen to exchange its 
centralised technical knowledge between its agents and concessionnaires, so one could imagine that the same 
principle applied to these two Brussels and Lille example historic buildings. Delhumeau, 112ς34. 
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reinforced concrete or cement system, but unfortunately no evidence has yet fully confirmed the precise 

system used to construct it. 

Foundations 

As an important complement to building framing and floors as elements of structural efficiency, every truly 

permanent structure needed strong foundations to address gravitational forces, particularly if built on a slope 

or softer ground; piles were used on their own or to strengthen large cement slabs, that had already been 

employed since the early nineteenth century with some good examples in the United Kingdom.125 French 

inventors began to design pre-cast reinforced cement and concrete piles formed and cured on the building site 

using the béton armé, béton fretté or similar suitable systems, and were then steam-hammered into the 

ground once the concrete or cement was fully set. Subsequently, reinforced concrete and cement foundation 

piling formed in situ was developed, including IŜƴƴŜōƛǉǳŜΩǎ Compressol system described in Chapter 1. 

Of the thirteen historic example buildings in the case studies in the thesis, only four show clear evidence of 

foundation type from any extant structural design drawings or other remaining elements of their original 

structural specifications ς they are listed by system used: 

¶ The immeuble at 1 rue Danton in Paris (1900) used the béton armé system for foundation work near 

the River Seine (see the case study of the building in Chapter 4). 

¶ The Entrepôt Royal B import warehouse in Brussels (1906) and the first units of the HBM complex at 

rue de la Saïda (1914) in Paris both used the Compressol system in what was softer ground (see the 

case studies of four buildings in a new urban design approach in Chapter 5 and of HBMs in Chapter 3). 

¶ La Cathédrale at the Menier Chocolate Factory in Noisiel-sur-Marne (1908) used the béton fretté  pre-

cast piling system for its riverine setting on the Marne όǎŜŜ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ƻŦ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ƭŀǘŜǊ 

in this chapter).  

 
125 Good summaries of the state of knowledge in concrete foundations during the period are: Mike Chrimes, 
Ψ/ƻƴŎǊŜǘŜ CƻǳƴŘŀǘƛƻƴǎ ŀƴŘ {ǳōǎǘǊǳŎǘǳǊŜǎΩΣ ƛƴ Historic Concrete Background to Appraisal, ed. J. Sutherland, D. 
Humm, and M. Chrimes (Thomas Telford Publishing, 2001); IŜƭƭŜōƻƛǎΣ wŀƳƳŜǊΣ ŀƴŘ ±ŜǊōǊǳƎƎŜΣ Ψ/ƻƴŎǊŜǘŜ 
tƛƭƛƴƎΥ aŀƧƻǊ 5ŜǾŜƭƻǇƳŜƴǘǎ ƛƴ ǘƘŜ IƛǎǘƻǊƛŎŀƭ tǊŀŎǘƛŎŜ ƻŦ tƛƭŜ CƻǳƴŘŀǘƛƻƴǎΩΦ 



77 
 

Monolithism 

Paul Christophe had explained the value of monolithic reinforced concrete or cement structures, with 

particular reference to street facades, in his detailed technical guide to the novel materials-system: 

Reinforced concrete as it is used in monolithic construction can have its own architecture and it is often 

wrong to look elsewhere than in the affirmation of the real structure for decorative motifs. This 

structure, as has already been pointed out, is similar to that of metal structures; but, by the more 

massive aspect of the elements of the skeleton, it is closer to that of timber framing. All the architecture 

of the Middle Ages and the Renaissance shows us how much this last construction system suits the 

decoration of facades.126 

Christophe emphasised the greater volume of the structural components when comparing the metallic 

construction systems of reinforced concrete and cement with iron and steel, hence the analogy with the use of 

timber for the former. Masonry, timber and brick building framing and flooring was fine for resisting the many 

structural vibrations of textile-processing machinery over numerous floors; but as industrial premises 

expanded with larger scale operations, combining reinforced concrete building framing, floors and even 

foundations using the same materials-system permitted the construction of a stable, self-supporting 

monolithic structure over a much larger volume of space. Such a building could also use non-loadbearing 

glazed infills to allow more natural light inside ς daylight admission as a structural requirement will be 

considered separately in the next part of the chapter. 

Table 1.3 shows ten of the thirteen historic example buildings in the case studies that might have been 

construed to have had a monolithic structure; such buildings would have had at least their building framing 

and floors constructed as integrated, self-supporting skeletons ς this implied that the novel materials-system 

was employed holistically throughout the building, including with the foundations, rather than in a more ad 

hoc manner. Eight ƻŦ ǘƘŜǎŜ ōǳƛƭŘƛƴƎǎ ǳǎŜŘ IŜƴƴŜōƛǉǳŜΩǎ béton armé system for their building framing and 

 
126 Christophe, Le Béton Armé et Ses Applications, 151ς52. « Le béton armé tel qu'il est employé dans le 
ŎƻƴǎǘǊǳŎǘƛƻƴǎ ƳƻƴƻƭƛǘƘŜǎ ǇŜǳǘ ŀǾƻƛǊ ǎƻƴ ŀǊŎƘƛǘŜŎǘǳǊŜ ǇǊƻǇǊŜ Ŝǘ ŎϥŜǎǘ ǎƻǳǾŜƴǘ Ł ǘƻǊǘ ǉǳŜ ƭΩƻƴ ŎƘŜǊŎƘŜ ŀƛƭƭŜǳǊǎ 
ǉǳŜ Řŀƴǎ ƭΩŀŦŦƛǊƳŀǘƛƻƴ ŘŜ ƭŀ ǎǘǊǳŎǘǳǊŜ ǊŞŜƭƭŜΣ ŘŜǎ ƳƻǘƛŦǎ ŘŜ ŘŞŎƻǊŀǘƛƻƴΦ /ŜǘǘŜ ǎǘǊǳŎǘǳǊŜΣ ƻƴ ƭϥŀ ŘŞƧŁ fait 
remarquer, est analogue à celle des charpentes métalliques; mais, par l'aspect plus massif des éléments de 
l'ossature, elle se rapproche davantage de celle des pans de bois. Toute la l'architecture du moyen âge et de la 
Renaissance est pour nous montrer combien ce dernier système de construction offre de ressources à la 
décoration des façades. » 
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floors. The other two historic buildings were individual examples each of a Cottancin derived system and 

/ƻƴǎƛŘŝǊŜΩǎ béton fretté system with additional features from the engineer Viennot.  

Table 1.3: Historic example buildings in the case studies whose structure appeared to be monolithic 

Building (Year completed) Systems 

used 

Used in 

building  

framing 

Used 

in 

floors 

Used in 

foundations 

Bossut-Masurel textile warehouse, Roubaix near 

Lille (1892) 

béton armé 

system 

Yes Yes Not known 

Charles Six wool-combing mill, Tourcoing near Lille 

(1897) 

béton armé 

system 

Yes Yes Not known 

Extension to Banque Brunner, Brussels (1900) béton armé 

system 

Yes Yes Not known 

Immeuble, 1 rue Danton, Paris (1900) béton armé 

system 

Yes Yes Yes 

Immeuble, 9 rue Claude-Chahu, Paris (1903) béton armé 

system 

Yes Yes Not known 

Import warehouse, Entrepôt Royal B, Brussels 

(1906) 

béton armé 

and 

Compressol 

systems 

Yes Yes Yes 

Cocoa and sugar processing building, La Cathédrale, 

Noisiel-sur-Marne, Paris (1908) 

béton fretté 

and Viennot 

systems 

Yes Yes Yes 

Annex to Archives Départementales du Nord, Lille 

(1910) 

béton armé 

system 

Yes Yes No 

Immeuble, 185 rue Belliard, Paris (1913) Cottancin 

derived 

system 

Yes Yes Not known 

HBM complex, rue de la Saïda, Paris (1914) béton armé 

and 

Compressol 

systems 

Yes Yes Yes 

 

It is possible some of the remaining three example historic buildings in the thesis which are not included in 

table 1.3 might eventually qualify as being monolithic, assuming the availability of more precise details about 

their internal structures. Of the historic example buildings listed in table 1.3, the Bossut-Masurel textile factory 

warehouse in Roubaix near Lille (1892, see the case study in Chapter 1) used an early version of the béton 

armé system for its building framing and floors, together with masonry and brick walls which provided 

additional structural support ς this approach was repeated with other buildings subsequently. The earliest 

historic example building in the table that used the novel materials-system in a truly monolithic way is the 
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Charles Six wool-combing mill completed in 1897 in neighbouring Tourcoing όǎŜŜ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ƻƴ ΨŘŀȅƭƛƎƘǘ 

ŦŀŎǘƻǊƛŜǎΩ ƭŀǘŜǊ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊύΦ 

2d. Daylight admission as a structural requirement 

The most obvious facet of daylight admission as a structural requirement for a historic example building, was 

external facing glazing usually in the form of (french) windows and skylights. Windows connected with the use 

of innovative reinforced concrete and cement systems ƛƴ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ from the 1890s on, but there was 

also a link backwards to the increasing use of bay windows in French and Belgian urban housing during the 

Belle Époque. As will be seen in Section 2 on the societal context for construction using the novel materials-

system, this in turn connected to social needs and regulatory issues. Suffice it to say in this technical-focused 

section of the thesis, windows were also considered as an absence of infill for reinforced concrete or cement 

building framing; the more windows (and doors and balconies) that existed, the less space for other types of 

such infill, and the greater its visual impact on the street facade and its cladding. This is exemplified well in the 

case study of the immeuble at 1 rue Danton in Paris in Chapter 4, as well as in the historic example buildings at 

9 rue Claude-Chahu and 185 rue Belliard (see the case study of Parisian immeubles with decorative ceramic 

facade cladding in Chapter 5). 

The wool-combing mill at Charles SixΩǎ textile factory in Tourcoing (1897) is described fully in the subsequent 

case study of ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ. It was the first of all the historic example buildings to employ large 

rectangular windows that replaced all infill, in this case on the three floors above ground level. François 

Hennebique explained the rationale for this new type of factory building in his presidential speech to the 

Troisième Congrès Du Béton de Ciment Armé in January 1899.127 Hennebique had initiated the conference 

topic by referring to two other manufacturing buildings near Lille. These were constructed around the same 

time as the Six building, but for the Frings and Barrois Frères local family businesses; and like the Six wool-

combing mill in Tourcoing these have also, sadly, since been demolished. There was a growing need of building 

commissioners in the north of France for large, multi-storeyed manufacturing structures with expansive 

fenestration; this allowed in as much daylight as possible for a Northern European climate, particularly under 

the grey winter skies. Maximum light was particularly important in textile manufacturing, and within that 

 
127 CǊŀƴœƻƛǎ IŜƴƴŜōƛǉǳŜΣ Ψ¢ǊƻƛǎƛŝƳŜ /ƻƴƎǊŝǎ 5ǳ .Şǘƻƴ ŘŜ /ƛƳŜƴǘ !ǊƳŞΦ {ŞŀƴŎŜ 5ǳ aŀǊŘƛ {ƻƛǊ нп WŀƴǾƛŜǊ муффΦ 
{ǳƛǘŜΦΩΣ Le Béton Armé 1, no. 12 (May 1899): 6. 
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specifically the combing and spinning of delicate wool fibres to be used in the many weaving looms in the 

northern region of France ς the workforce had to be continuously vigilant about the dangers of damage to the 

product during a largely automated process. Of course Hennebique was not operating in isolation, and would 

have been well aware of the use of extensive facade and roof glazing within metallic framing in, for example, 

the great Parisian department stores of the Belle Époque, as well as the ever-ascending Chicago skyscrapers. 

¢ƘŜ ƻǘƘŜǊ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ƛƴ ǘƘe subsequent case study is the cocoa and sugar processing building, La 

Cathédrale, at the Menier Chocolate Factory (1908) in Noisiel-sur-Marne. La Cathédrale had a truly monolithic 

reinforced concrete skeleton. The extensive fenestration was the defining feature of the building (hence the 

derivation of its name), dictated by the building commissioner Henri Menier, with advice from his chief factory 

engineer as well as his French architect Stephen Sauvestre (1847-1919) and engineer Armand Considère. This 

was also intended to give the many planned daytime visitors an opportunity to appreciate the semi-automated 

and hygienic cocoa and sugar mixing process in all its naturally lit glory. 

A related perspective on improved daylight admission is described in the case study in Chapter 5 of four 

buildings in a new urban design approach. These included: the extension to Banque Brunner in Brussels (1900) 

with its new banking hall that had a unique béton armé and glass coupole in its roof; the Entrepôt Royal B 

import warehouse also in Brussels (1906) which used metal and glass skylights for the internal courtyards; and 

the annex to the Archives Départmentales du Nord in Lille (1910), where surrounding existing walls to the 

enclosed site in the last building had removed the possibility of windows, but the similarity of approach (and 

system) to the Entrepôt Royal B import warehouse is striking, though on a significantly smaller scale. Both staff 

and clients could therefore benefit from more natural light while depositing and withdrawing valuable items, 

with the effectiveness of the glazed skylights still remarkable to this day. By contrast, for the street facade infill 

of the HBM at 7 rue de Trétaigne in Paris (completed in 1904, see the case study of HBMs in Chapter 3), glass 

bricks were initially considered by the architects to admit more natural light, but they were not used during 

construction ς this was because of both their high initial cost, as well as their potential deterioration when 

exposed over time to direct sunlight, so adding to ongoing maintenance costs for what was intended to be 

affordable accommodation. Glass bricks had already been used to the rear of the private immeuble at 25b rue 

Benjamin Franklin, completed in Paris earlier in the same year (described fully in Chapter 6 on the application 

of the historical mechanism in the thesis). 
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Case study: Ψdaylight factoriesΩ 

Françƻƛǎ IŜƴƴŜōƛǉǳŜΩǎ original technical rationale for using his béton armé system in monolithic structures 

with highly glazed facades in the North of France is exemplified by the Charles Six wool-combing mill in 

Tourcoing near Lille (see later in this case study). The building incorporated an architecturally-pleasing, curved 

corner to its street facade, which was continuously glazed on the majority of floors. The ramifications of 

IŜƴƴŜōƛǉǳŜΩǎ ǎǘǊǳŎǘǳǊŀƭ ƭƻƎƛŎ, explained earlier, were amplified in a reflection by Collins, who was commenting 

on the extensive use of continuous glazing during the later Interwar period, which he interpreted as being 

derived from new concepts of spatial integration: 

Χ the rapidity with which it assumed the character of dogma is something of a mystery, since it was 

frequently applied without much rational justification, and was merely seized upon by a small group of 

ǘƘŜƻǊƛǎǘǎ ŀǎ ŀ ƪƛƴŘ ŀŎǘ ƻŦ ŦŀƛǘƘΦ Lǘ ǎŜŜƳǎ ƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ƻǊƛƎƛƴŀǘŜŘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ IŜƴƴŜōƛǉǳŜΩǎ ŜŀǊƭȅ 

spinning mills, which were the models for so many industrial buildings of the first quarter of the 

century, the most notable being Bauhaus.128 

 
Pevsner had started a brief section on the first concrete factories at the end of his major compendium on the 

history of building types, with a reference to the Six building that was derived from /ƻƭƭƛƴǎΩ ǇǊƛƻǊ ǊŜǎŜŀǊŎƘ, 

using one ƻŦ /ƻƭƭƛƴǎΩ ǇƘƻǘƻƎǊŀǇƘǎ.129 Banham subsequently explored more fully the architectural typology of 

ǘƘŜ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ŀǎ ƘŜ ǘŜǊƳŜŘ ƛǘ, focusing on pre-First World War North American examples; his research 

was done without any direct reference to Collins, a contemporaneous architectural historian and 

compatriot.130 There was only a brief nod, almost as an afterthought, to the potential technical connections 

with Hennebique.131 Banham set out his own approach in the introduction to his work, when he noted how 

non-industrial buildings resembled industrial ones during the interwar years: 

 
128 Collins, Concrete. The Vision of a New Architecture, 204. As previously noted in Chapter 1 under the 
description of the key industrial patents, Collins had suggested the possible use of /ƻƴǎƛŘŜǊŜΩǎ béton fretté 
system in the ŦƛǊǎǘ ΨŘŀȅƭƛƎƘǘ factoryΩ completed in 1902 for Kelly and Jones in Greenburg, Pennsylvania. This 
building had principally employed the Ransome reinforced concrete system ς which provides another 
intriguing connection between France and North America. 
129 Nikolaus Pevsner, A History of Building Types. The A.W. Mellon Lectures in the Fine Arts. Bollingen Series 
XXXV, 19. (Princeton University Press, 1976), 288. 
130 Banham, A Concrete Atlantis. US Industrial Building and European Modern Architecture. 
131 Banham did make a nodding reference to /ƻƭƭƛƴǎΩ prior work in the book version of his doctoral thesis 
(Theory and Design in the First Machine Age) published in 1959, though this was only in the general 
bibliography. That book had begun to lay out .ŀƴƘŀƳΩǎ overall argument taken up with more fervour in 
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[This] was construed, rather, as a promise that these buildings would be as functionally honest, 

structurally economical and, above all, as up-to-the-minute as any of the American factories that Le 

Corbusier hailed as "the first fruits of the New Age." The forms of factories and grain elevators were an 

available iconography, a language of forms, whereby promises could be made, adherence to the 

modernist credo could be asserted, and the way pointed to some kind of technological utopia.132 

 

Banham was more direct than Collins before him in attributing the origins of the International Modernist 

interpretation of these factories. According to Banham, Le Corbusier (and others) had copied and edited from 

pre-First World War photographs of North American industrial prototypes, including silos and factories, and 

then used these pictures in postwar articles that were combined in his work Vers une architecture or Towards 

a new architecture, which was highly influential in assuring the ascendancy of an International Modernist 

architectural genre.133 Ψ5ŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ǿŜǊŜ ǘȅǇƛŦƛŜŘ ōȅ IŜƴǊȅ CƻǊŘΩǎ Ǿŀǎǘ and expanding Highland Park car 

factory built on the edges of Detroit from 1910 onwards (Figure 1.17). The design of this immense 

manufacturing complex was informed by novel Taylorist ideas about a more scientific or rational approach to 

industrial flow processes, including the provision of a more efficient working environment to meet rapidly 

rising production schedules.134 Le Corbusier had not ǎŜŜƴ ǘƘŜ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ƛƴ ǇŜǊǎƻƴ ŀǎ ƘŜ ƘŀŘ ƭƛǘǘƭŜ 

interest, at least in this case, in an approach to design replication of carefully inspecting structures that inspire 

the new designer ς instead he was trying to reinforce through these emblematic North American examples, a 

philosophical proposition about the key aesthetic contribution of engineered structures to a new form of 

modern architecture. Hence, later on, the main administration building of the Fagus industrial complex in 

Alfeld, Germany, completed in 1913, was singled out as a key derivative International Modernist structure by 

 
Concrete Atlantis. It seems the two British architectural historians, born just a few years apart and both of 
ǿƘƻƳ ƘŀŘ ƳƻǾŜŘ ǘƻ bƻǊǘƘ !ƳŜǊƛŎŀ ŦƻǊ ǘƘŜƛǊ ǊŜǎŜŀǊŎƘ ŀƴŘ ǘŜŀŎƘƛƴƎΣ ƘŀŘ ŀ ΨǎƛōƭƛƴƎ ǊƛǾŀƭǊȅΩ ƻŦ ǘƘŜƛǊ ƻǿƴΦ {ŜŜ 
YŜƴƴŜǘƘ CǊŀƳǇǘƻƴΩǎ ŦƻǊŜǿƻǊŘ ŀƴŘ wŞƧŜŀƴ [ŜƎŀǳƭǘΩǎ ƛƴǘǊƻŘǳŎǘion to the second edition of Concrete: The Vision 
of a New Architecture, as well as HƛƴŎƘŎƭƛŦŦŜΩǎ ǇƛŜŎŜ ƻƴ /ƻƭƭƛƴǎ. Curiously, ²ƛƭƭƛŀƳǎΩ ŀƴŀƭȅǎƛǎ ƻŦ .ŀƴƘŀƳΩǎ ƭƛŦŜ 
and works makes no mention of Collins. Collins, Concrete. The Vision of a New Architecture, xvςli; Tanis 
IƛƴŎƘŎƭƛŦŦŜΣ ΨtŜǘŜǊ /ƻƭƭƛƴǎΥ ¢ƘŜ ±ƻƛŎŜ ŦǊƻƳ ǘƘŜ tŜǊƛǇƘŜǊȅΩΣ ƛƴ Twentieth-Century Architecture and Its Histories, 
ed. Louise Campbell (Society of Architectural Historians of Great Britain, 2000), 184ς85; Richard J. Williams, 
Reyner Banham Revisited (Reaktion Books Ltd, 2021). 
132 Banham, A Concrete Atlantis. US Industrial Building and European Modern Architecture., 7. 
133 Banham, 11ς15, 18; Le Corbusier, Towards a New Architecture (London: J. Rodker, 1931). 
134 .ƛƎƎǎ Ƙŀǎ ǘƘŜ ōŜǎǘ ǘŜŎƘƴƛŎŀƭ ŎƻǾŜǊŀƎŜ ƻŦ CƻǊŘΩǎ IƛƎƘƭŀƴŘ tŀǊƪ ŦŀŎǘƻǊȅ ƛƴ ƘŜǊ tƘŘ ǘƘŜǎƛǎ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ 
book. See: Biggs, ¢ƘŜ wŀǘƛƻƴŀƭ CŀŎǘƻǊȅΦ !ǊŎƘƛǘŜŎǘǳǊŜΣ ¢ŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ²ƻǊƪ ƛƴ !ƳŜǊƛŎŀΩǎ !ƎŜ ƻŦ aŀǎǎ 
ProductionΣ ŎƘŀǇΦ оΤ .ƛƎƎǎΣ ΨLƴŘǳǎǘǊȅΩǎ aŀǎǘŜǊ aŀŎƘƛƴŜΥ CŀŎǘƻǊȅ tƭŀƴƴƛƴƎ ŀƴŘ 5ŜǎƛƎƴ ƛƴ ǘƘŜ !ƎŜ ƻŦ aŀǎǎ 
tǊƻŘǳŎǘƛƻƴΣ мфлл ǘƻ мфолΩΣ фрς117. 
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Russell-IƛǘŎƘŎƻŎƪ ŀƴŘ WƻƘƴǎƻƴ ƛƴ ǘƘŜƛǊ ƎǳƛŘŜ ǘƻ ǘƘŜ ǇƛǾƻǘŀƭ мфон bƻǊǘƘ !ƳŜǊƛŎŀƴ ŜȄƘƛōƛǘƛƻƴ ƻƴ Ψ¢ƘŜ 

International Style: Architecture since 1922Ω and reinforced by Pevsner subsequently, who declared that it 

άstarted the LƴǘŜǊƴŀǘƛƻƴŀƭ aƻŘŜǊƴ ǿƛǘƘ ƛǘǎ ōŜŀǳǘƛŦǳƭƭȅ ǇǊƻǇƻǊǘƛƻƴŜŘ Ǝƭŀǎǎ ǿŀƭƭΦέ135 

 

CƛƎǳǊŜ мΦмтΥ LƴǘŜǊƛƻǊ ƻŦ CƻǊŘΩǎ Ǿŀǎǘ ƴŜǿ IƛƎƘƭŀƴŘ tŀǊƪ ŦŀŎǘƻǊȅ ŎŀǊ ŀǎǎŜƳōƭȅ ōǳƛƭŘƛƴƎ ƻǳǘǎƛŘŜ 5ŜǘǊƻƛǘ όYŀƘƴΣ мфмл ƻƴύ ƛƴ мфмр 
with its cantilevered galleries and skylights reminiscent of certain historic examples in this thesis. (The American Architect, 

Vol. CVII, No. 2044, 1915, plates) 

The Fagus factory had been designed by the young German architect partnership of Walter Gropius and Adolf 

Meyer (1881-1929), the former subsequently achieving worldwide fame as the man who established the 

interwar Bauhaus movement as a leading sub-genre of International Modernist architecture.136 The 

commissioner of the expanded shoe-last manufacturing complex in Alfeld had wanted to recreate his main 

ŎƭƛŜƴǘΩǎ !ƳŜǊƛŎŀƴ ǎƘƻŜ ŦŀŎǘƻǊȅΤ ƘƻǿŜǾŜǊΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ōǳƛƭŘƛƴƎ ŀǘ ƭŜŀǎǘΣ ǘƘƛǎ ǿƻǳƭŘ ōŜ 

without using a monolithic reinforced concrete or cement structure but instead more traditional construction 

materials of brick and timber sat on concrete foundations ς it was the glazed corner staircase atriums at each 

end of the structure that became iconic features of International Modernism, even thought they echoed the 

precedent set by the Six wool-combing mill in Tourcoing more than a decade before, arguably more elegantly 

 
135 Henry-Russell Hitchcock and Philip Johnson, The International Style, 2nd ed. (W.W. Norton & Company, Inc., 
1995), 44ς45; Pevsner, A History of Building Types. The A.W. Mellon Lectures in the Fine Arts. Bollingen Series 
XXXV, 19., 288. 
136 Carsten Krohn, Walter Gropius Buildings and Projects (Birkhauser Verlag GmbH, 2019), 9ς10, 28ς33. 
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with its curve. Gropius may not have seen the original North American factory on which the Fagus complex 

was modelled ς he and Meyer were brought in after initial designs were started by another architect, and we 

do not know precisely when Gropius first visited the United States, before he emigrated there permanently in 

the 1930s. 

Biggs and Slaton were singled out in the historiographic review for their SCOT approach to a history of 

technology ŀōƻǳǘ ΨǊŀǘƛƻƴŀƭΩ factories, from which the research methodology is partially derived.137 A Masters 

thesis ōȅ aƻǊǘŜƴǎŜƴ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƘǊŜŜ ŜȄǘŀƴǘ !ƳŜǊƛŎŀƴ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ƛƴ 5ŀȅǘƻƴΣ hƘƛƻ ǿƛǘƘ ŀƴ ƛƴǘŜǊŜǎǘ ƛƴ 

their preservation and eventual renovation, while a conference paper by Leatt examined ƛƴǘŜǊǿŀǊ ΨŘŀȅƭƛƎƘǘ 

ŦŀŎǘƻǊƛŜǎΩ ƛƴ .Ǌƛǘŀƛƴ, focusing principally on Owen Williams (1890-1969) as a significant British reinforced 

concrete architect-engineer.138 These derived from interwar buildings designed by Gropius, including the 

famous Bauhaus design training complex in Dessau (arguably industrial in at least one of its key purposes). The 

Fagus factory building and subsequent Bauhaus and other European interwar approaches further developed 

ǘƘŜ Ƴŀǎǎ ǳǎŜ ƻŦ ƎƭŀȊƛƴƎ ǘƘŀǘ ƘŀŘ ōŜƎǳƴ ƻƴ ŀ Ǿŀǎǘ ǎŎŀƭŜ ǿƛǘƘ [ƻƴŘƻƴΩǎ /Ǌȅǎǘŀƭ tŀƭŀŎŜ ƻŦ ǘƘŜ мурм DǊŜŀǘ 

Exhibition, and was subsequently used by the British for their enormous railway station sheds; and then the 

French during the first stage of the metallic building design revolution that is described in Chapter 5.139  

Many such smaller-scale industrial buildings, ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ CƻǊŘΩǎ IƛƎƘƭŀƴŘ tŀǊƪ complex, were 

ŎƻƴǎǘǊǳŎǘŜŘ ƛƴ 9ǳǊƻǇŜ ōŜŦƻǊŜ ǘƘŜ CƛǊǎǘ ²ƻǊƭŘ ²ŀǊΦ hƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ƴƻǘŀōƭŜ ƻƴŜǎ ǿŀǎ tŜǘŜǊ .ŜƘǊŜƴǎΩ (1868-

 
137 .ƛƎƎǎΣ ΨLƴŘǳǎǘǊȅΩǎ aŀǎǘŜǊ aŀŎƘƛƴŜΥ CŀŎǘƻǊȅ tƭŀƴƴƛƴƎ ŀƴŘ 5ŜǎƛƎƴ ƛƴ ǘƘŜ !ƎŜ ƻŦ aŀǎǎ tǊƻŘǳŎǘƛƻƴΣ мфлл ǘƻ 
мфолΩΤ .ƛƎƎǎΣ The Rational Factory. !ǊŎƘƛǘŜŎǘǳǊŜΣ ¢ŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ²ƻǊƪ ƛƴ !ƳŜǊƛŎŀΩǎ !ƎŜ ƻŦ aŀǎǎ tǊƻŘǳŎǘƛƻƴ; 
{ƭŀǘƻƴΣ ΨhǊƛƎƛƴǎ ƻŦ ŀ aƻŘŜǊƴ CƻǊƳΥ ¢ƘŜ wŜƛƴŦƻǊŎŜŘ-Concrete Factory Building in America, 1900-мфолΩΤ {ƭŀǘƻƴΣ 
Reinforced Concrete and the Modernization of American Building, 1900ς1930. 
138 WŜƴƴƛŦŜǊ [Φ aƻǊǘŜƴǎŜƴΣ ΨwŜŎƭŀƛƳƛƴƎ ǘƘŜ 5ŀȅƭƛƎƘǘ CŀŎǘƻǊȅΥ ¢ƘŜ {ƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ±ŜǊǎŀǘƛƭƛǘȅ ƛƴ ǘƘŜ tǊŜǎŜǊǾŀǘƛƻƴ ƻŦ 
9ŀǊƭȅ ¢ǿŜƴǘƛŜǘƘ /ŜƴǘǳǊȅ /ƻƴŎǊŜǘŜ CǊŀƳŜ LƴŘǳǎǘǊƛŀƭ .ǳƛƭŘƛƴƎǎ ƛƴ 5ŀȅǘƻƴΣ hƘƛƻΩ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ ²ŀǎƘƛƴƎǘƻƴΣ 
нлмрύΤ {ŀƳǳŜƭ [ŜŀǘǘΣ ΨhǿŜƴ ²ƛƭƭƛŀƳǎΩǎ .ƻƻǘǎΩ ά²Ŝǘǎέ CŀŎǘƻǊȅ - ŀ /ŀǎŜ {ǘǳŘȅ ƻƴ ǘƘŜ 5ŀȅƭƛƎƘǘ CŀŎǘƻǊȅ ¢ȅǇƻƭƻƎȅΩΣ 
in Studies in the History of Services and Construction, Proceedings of the Fifth Conference of the Construction 
History Society, ed. James W.P. Campbell et al. (Construction History Society, 2018), 129ς40. 
139 Other researchers have studied early North American ΨǊŀǘƛƻƴŀƭΩ factories and particularly Albert Kahn (1869-
1942)Σ ǘƘŜ ƭŜŀŘ ŀǊŎƘƛǘŜŎǘ ƻŦ IŜƴǊȅ CƻǊŘΩǎ IƛƎƘƭŀƴŘ tŀǊƪ ŦŀŎǘƻǊȅ. See Grant Hildebrand, Designing for Industry. 
The Architecture of Albert Kahn. ό¢ƘŜ aL¢ tǊŜǎǎΣ мфтпύΤ ¢ŜǊǊȅ {ƳƛǘƘΣ Ψ!ǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ aŀǎǎ tǊƻŘǳŎǘƛƻƴΥ ¢ƘŜ 
CǳƴŎǘƛƻƴŀƭƛǎƳ vǳŜǎǘƛƻƴΩΣ ƛƴ Making the Modern. Industry, Art and Design in America. (University of Chicago 
tǊŜǎǎΣ мффоύΤ ¢ŜǊǊȅ {ƳƛǘƘΣ Ψ!ƭōŜǊǘ YŀƘƴΥ IƛƎƘ aƻŘŜǊƴƛǎƳ ŀƴŘ !Ŏǘǳŀƭ CǳƴŎǘƛƻƴŀƭƛǎƳΩΣ ƛƴ Albert Kahn, Inspiration 
for the ModernΣ ŜŘΦ .Ǌƛŀƴ /ŀǊǘŜǊ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛŎƘƛƎŀƴ aǳǎŜǳƳ ƻŦ !ǊǘΣ нллмύΤ /ƘŀǊƭŜǎ IȅŘŜΣ Ψ!ǎǎŜƳōƭȅ-Line 
Architecture: Albert Kahn and the Evolution of the U.S. Auto Factory, 1905-мфплΩΣ IA, The Journal of the Society 
for Industrial Archaeology 22, no. 2 (1996): 5ς24; Federico Bucci, Albert Kahn: Architect of Ford (Princeton 
!ǊŎƘƛǘŜŎǘǳǊŀƭ tǊŜǎǎΣ нллнύΤ WǳŜǊƎŜƴ wŜƛŎƘŀǊŘǘΣ Ψ/ƻƴǎǘǊǳŎǘƛƻƴΩΣ ƛƴ !ƭōŜǊǘ YŀƘƴΩǎ LƴŘǳǎǘǊƛŀƭ !ǊŎƘƛǘŜŎǘǳǊŜΦ CƻǊƳ 
Follows Performance, ed. Thorsten Buerklin and Jurgen Reichardt (Birkhaeuser, 2019). 
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1940) AEG Turbine Manufacturing Hall in Berlin completed in 1909, just before the Fagus Factory, employing 

reinforced concrete within a mainly steel structure in a novel architectural approach; Gropius had worked for 

Behrens prior to starting up in partnership with Meyer.140 A lesser known example, also in Germany and 

without any concrete or brick, is the Steiff enterprise manufacturing building in Giengen completed in metal 

and glass in 1903.141  All of this led ultimately to glazed curtain walls that were completely separate from a 

ōǳƛƭŘƛƴƎΩǎ skeleton, employed at les grands magasins Decré in Nantes by Henri Sauvage in 1931, in which 

direction the first Chicago skyscrapers had always been pointing.142 

The influence of North !ƳŜǊƛŎŀƴ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊƛŜǎΩ ƻƴ International Modernist architecture derived at least in 

part from French textile manufacturer needs converted into structural requirements, specifically connected to 

admitting more natural light, and was subsequently developed into what we would now call an architectural 

trope. Banham had attempted in his book to resurrect a counter-spirit of early twentieth-century construction 

innovation, embodied in the original buildings when they were first designed and built in North America during 

a peak period of construction from 1905 to 1914 ς he duly acknowledged postmodernist architects Robert 

Venturi (1925-2018) and Denise Scott Brown for preceding him with their thought-ǇǊƻǾƻƪƛƴƎ ōƻƻƪ Ψ[ŜŀǊƴƛƴƎ 

ŦǊƻƳ [ŀǎ ±ŜƎŀǎΩ, intended as a further critique of the International Modernist trope.143 In summary, there was 

a cross-Atlantic building design exchange that not only changed direction a number of times, but also changed 

meaning in the process. 

Returning therefore to France, the small-scale ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ǘƘŀǘ ǿŀǎ ǘƘŜ Charles Six wool-combing mill in 

Tourcoing near Lille used the béton armé system for its design and construction between 1895-7, this building 

clearly pre-dated the emergence of the ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǘȅǇƻƭƻƎȅ (see Figures 1.18 (a) and (b)). 

Its novel monolithic approach to the structure allowed the proprietor to run his textile manufacturing 

 
140 IǳōΣ .ŜǊǘƘƻƭŘΣ Ψ!ǊŎƘƛǘŜŎǘ ǾŜǊǎǳǎ 9ƴƎƛƴŜŜǊΥ aƻƴǳƳŜƴǘŀƭƛǘȅ ǾŜǊǎǳǎ 5ŜƳŀǘŜǊƛŀƭƛȊŀǘƛƻƴΩΣ ƛƴ Before Steel. The 
Introduction of Structural Iron and Its Consequences (Sulgen/Zurich: Verlag Niggli AG, 2010), 159ς72; Krohn, 
Walter Gropius Buildings and Projects. 
141 .ƭŀƴŎŀ [ƭŜƻΣ Ψ{ǘŜƛŦŦ CŀŎǘƻǊȅΣ мфлоΦ ¢ƘŜ {ǘƻǊȅ ƻŦ ŀ tƛƻƴŜŜǊΦΩΣ RA Architecture 22 (2020): 236ς41. 
142 ¢ǊŀƛǎƴŜƭΣ Ψ[Ŝ aŞǘŀƭ Ŝǘ [Ŝ ±ŜǊǊŜ 5ŀƴǎ ƭΩŀǊŎƘƛǘŜŎǘǳǊŜ 9ƴ CǊŀƴŎŜΦ 5ǳ aǳǊ Ł [ŀ CŀœŀŘŜ [ŜƎŝǊŜΦΩΣ оурς87; Thomas 
[ŜǎƭƛŜΣ Ψά!ǎ [ŀǊƎŜ ŀǎ ǘƘŜ {ƛǘǳŀǘƛƻƴ ƻŦ ǘƘŜ /ƻƭǳƳƴǎ ²ƻǳƭŘ !ƭƭƻǿΦέ .ǳƛƭŘƛƴƎ /ƭŀŘŘƛƴƎ ŀƴŘ tƭŀǘŜ Dƭŀǎǎ ƛƴ ǘƘŜ 
Chicago Skyscraper, 1885-мфлрΩΣ Technology and Culture 49 (April 2008): 399ς419. 
143 Banham, A Concrete Atlantis. US Industrial Building and European Modern Architecture.; Robert Venturi, 
Denise Scott Brown, and Steven Izenour, Learning from Las Vegas (The MIT Press, 1972). 
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operations in a maximum amount of natural (as opposed to artificial) light ς through the large glazed windows 

that took up the whole of the infills on all sides of the building above ground floor level.  

 

Figures 1.18 (a) and (b): Undated photographs of a facade with curved corner (above) and upper floors and roof terracing 
(below) of the ŜŀǊƭȅ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ǘƘŀǘ ǿŀǎ ǘƘŜ Charles Six wool-combing mill, Tourcoing (architect unknown, 1897). 

(Peter Collins Fonds, John Bland Canadian Architecture Collection, McGill University Library) 

François Hennebique first mentioned the building in a speech to one of his annual congresses for agents and 

others with an interest in his béton armé system, alluding to the enduring French Rationalist position espoused 

by followers of Viollet-le-Duc: 
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Here is another application of the system. We did a few in the last year. You can see how little space is 

taken up. We return to the mullions of our old Gothic churches; these uprights which are 0.50 x 0.30m 

thick support the entire construction, the rest is only filling.144  

IŜƴƴŜōƛǉǳŜΩǎ ǊŜŦŜǊŜƴŎŜ tƻ Ψŀ ŦŜǿ in the ƭŀǎǘ ȅŜŀǊΩ ƛǎ ǘƻ ŀǘ ƭŜŀǎǘ ǘǿƻ ƻǘƘŜǊ ōǳƛƭŘƛƴƎǎ near Lille. The 

accompanying photograph that Hennebique used in his talk (Figure 1.19) shows the incomplete wool-combing 

mill, one assumes in late 1896, when it was supposed to have been finished according to the original 

agreement with Charles Six, the factory proprietor. 

 

Figure 1.19: The Charles Six wool-combing mill, Tourcoing (architect unknown, 1897), during construction, no date.  
(Le Béton Armé 1899, 12, plates) 

Chapter 4 looks at the acrimonious correspondence between the unhappy building commissioner and the local 

Hennebique contractor Debosque-Bonte, ŀōƻǳǘ ǘƘŜ ŦƻǊƳŜǊΩǎ Ŏƻƴǘƛƴǳŀƭ ŘƛǎŎƻƴǘŜƴǘ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ŘŜƭŀȅǎ 

and what he claimed to be poor on-site workmanship.  Debosque-Bonte was a Hennebique concessionnaire 

 
144 IŜƴƴŜōƛǉǳŜΣ Ψ¢ǊƻƛǎƛŝƳŜ /ƻƴƎǊŝǎ 5ǳ .Şǘƻƴ ŘŜ /ƛƳŜƴǘ !ǊƳŞΦ {ŞŀƴŎŜ 5ǳ aŀǊŘƛ {ƻƛǊ нп WŀƴǾƛŜǊ муффΦ {ǳƛǘŜΦΩΣ 
7. « Filature Six à Tourcoing. 16. Voici ƭΩŀǇǇƭƛŎŀǘƛƻƴ Řǳ ƳşƳŜ ǎȅǎǘŝƳŜΦ bƻǳǎ Ŝƴ ŀǾƻƴǎ Ŧŀƛǘ ƭŀ ŘŜǊƴƛŝǊŜ ŀƴƴŞŜ 
quelques-unes. Vous voyez combien les montants tiennent peu de place. Nous en revenons au meneaux de 
ƴƻǎ ǾƛŜƭƭŜǎ ŞƎƭƛǎŜǎ ƎƻǘƘƛǉǳŜǎΤ ŎŜǎ Ƴƻƴǘŀƴǘǎ ǉǳƛ ƻƴǘ лΦрл Ȅ лΦолƳ ŘΩŞǇŀƛǎǎŜǳǊ ǎǳǇǇƻǊǘŜƴt la construction 
ŜƴǘƛŝǊŜΣ ƭŜ ǊŜǎǘŜ ƴΩŜǎǘ ǉǳŜ ǊŜƳǇƭƛǎǎŀƎŜΦ » 
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from Armentières, located within modern Lille Metropole, and is first recorded in the French construction 

press as having had a bid accepted in July 1887 to build two schools and a house at Pont-de-Nieppe, a hamlet 

just to the north of Armentières where he was based.145 Delhumeau mentions the contractor in connection 

with buildings in northern France, noting that Debosque-.ƻƴǘŜ ǿŀǎ ƻƴŜ ƻŦ IŜƴƴŜōƛǉǳŜΩǎ ŦƛǊǎǘ 

concessionnaires.146 Figure 1.20 shows an original illustration of the finished building as found in the Centre 

dΩarchives ŘΩarchitecture contemporaine in Paris (76 IFA 276) ς a reproduction of this water-colour picture was 

published in a 1902 edition of the Béton Armé ŀƴŘ ǎƻ ǿŀǎ ǇǊŜǎǳƳŀōƭȅ ǇǊƻŘǳŎŜŘ ŦƛǾŜ ȅŜŀǊǎ ŀŦǘŜǊ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ 

completion. 

 
 

Figure 1.20: Illustration of the finished Charles Six wool-combing mill, Tourcoing (architect unknown, 1897), c. 1902 with a 
plan showing the column layout, a section showing the béton armé system flooring and a detail of a column-beam-slab 

connection. (76 IFA 276. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 

The commentary that went with the Béton Armé illustration was mainly about Debosque-Bonte as 

IŜƴƴŜōƛǉǳŜΩǎ Ƴŀƛƴ concessionnaire in the north of France (noting he had started with 8 projects in 1893 and 

expanded to 60 projects by 1901), who was an exhibitor at the Lille international industrial exhibition of that 

year. It specifically mentioned the impact of the wool-ŎƻƳōƛƴƎ ƳƛƭƭΩǎ novel structure on the admittance of 

more natural light into its interior: 

 
145 ΨwŜǎǳƭǘŀǘǎ 5Ŝǎ !ŘƧǳŘƛŎŀǘƛƻƴǎΩΣ La Semaine Des Constructeurs 2, no. 6 (August 1887). 
146 Delhumeau, [ΩƛƴǾŜƴǘƛƻƴ 5ǳ .Şǘƻƴ !ǊƳŞ Υ IŜƴƴŜōƛǉǳŜΣ муфл-1914, 86ς88, 94ς95 and footnotes. 
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[The building of] Mr. Charles Six in Tourcoing is particularly interesting given its importance. We 

represent it opposite. This construction is entirely made of béton armé. It has three floors covered with 

a roof-terrace. The lightness of the pillars made it possible to obtain the maximum internal light.147  

This unique approach to the admittance of more daylight into the Six wool-combing mill was picked up 

overseas in the British journal Ferroconcrete in January 1915, expanding part of the illustration from the Béton 

Armé, not long after the outbreak of the First World War.148 The report must have been based on a journalistic 

visit undertaken before the major European conflict had started, as Tourcoing would have been caught just 

behind the German front lines. The author noted that building was one of the largest Hennebique structures at 

that time, as well as commenting on thinness of the external columns between which sat only glazing for the 

top three floors: 

Χ ǘƘŜ Ƴƛƭƭ ƻŦ aΦ {ƛȄ ƛǎ ŀ ōǳƛƭŘƛƴƎ ƻŦ ŎƻƴǎƛŘŜǊŀōƭŜ ƳŀƎƴƛǘǳŘŜΣ ƛƴŎƭǳŘƛƴƎ ŦƻǳǊ ŦƭƻƻǊǎ ŀƴŘ ŎƻǾŜǊŜŘ ōȅ ŀ Ŧƭŀǘ 

roof, the whole being of ferro-concrete. Thanks to the great strength and rigidity of the material, it was 

possible to construct the outer walls so that above first floor level they consist entirely of slender 

columns and lintels, the intervening panels being occupied by windows. Thus, a maximum amount of 

light is secured for manufacturing purposes.149  

tŜǘŜǊ /ƻƭƭƛƴǎΩ analysis of the Six wool-combing mill from the 1950s stands out as one of few significant ones 

undertaken, which as already said was used by Pevsner subsequently. Cusack provided additional technical 

details about the building in her doctoral thesis on the history of the béton armé system in Britain. Cusack 

noted that it was Hennebique's first, entirely reinforced concrete framed mill building, measuring 187 feet long 

and 170' 6" wide, and the curved angle of a corner of the building (not mentioned by Collins, but seen clearly 

in the photographs he possessed of it). She also inferred from the original water-colour picture (Figure 1.19) 

that a άsmall detail of the interior construction, indicates a similar arrangement to that employed in 

Hennebique's early British buildings, including, Ψcranked upΩ rods, (not patented until 1897).έ150 .ȅ ΨŎǊŀƴƪŜŘ ǳǇΩ 

 
147 tŀǳƭ DŀƭƭƻǘǘƛΣ Ψ[Ŝ .Şǘƻƴ !ǊƳŞ ŀ ƭΩ9ȄǇƻǎƛǘƛƻƴ ŘŜ [ƛƭƭŜΩΣ Le Béton Armé 5, no. 53 (1902): 78. « M. Charles Six à 
Tourcoing, est particulièrement intéressant par son importance. Nous le représentons ci-contre. Cette 
construction est entièrement en béton armé. Elle comporte 3 étages recouverts d'une terrasse. La légèreté des 
trumeaux a permis d'obtenir le maximum de clarté. » 
148 ΨCŜǊǊƻ-/ƻƴŎǊŜǘŜ ŀǘ ǘƘŜ CǊƻƴǘΩΣ Ferroconcrete 6, no. 7 (1915): 249ς50. 
149 ΨCŜǊǊƻ-/ƻƴŎǊŜǘŜ ŀǘ ǘƘŜ CǊƻƴǘΩΣ нрлΦ 
150 /ǳǎŀŎƪΣ ΨwŜƛƴŦƻǊŎŜŘ /ƻƴŎǊŜǘŜ ƛƴ .ǊƛǘŀƛƴΥ муфт-мфлуΩΣ ммлΦ 
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rods Cusack was referring to bent-ǳǇ ǊŜōŀǊǎ ŀƴŘ ƛƳǇƭȅƛƴƎ ǘƘŀǘ ŦŜŀǘǳǊŜǎ ƻŦ IŜƴƴŜōƛǉǳŜΩǎ ǎǳōǎŜǉǳŜƴǘ муфт 

ǇŀǘŜƴǘ ǿŜǊŜ ŀƭǊŜŀŘȅ ǇǊŜǎŜƴǘ ƛƴ /ƘŀǊƭŜǎ {ƛȄΩǎ ǿƻƻƭ-combing mill ς we will come to the implications of these 

bent-up rebars later. 

In commenting more generally about the application of the béton armé system in this building, Collins had 

ǇƭŀŎŜŘ /ƘŀǊƭŜǎ {ƛȄΩǎ ǿƻƻƭ-combing mill in the same industrial category as the earlier St. Ouen refinery in Paris 

completed in 1895, as well as the more contemporaneous Barrois Frères spinning mill at Fives in Lille. Collins 

had then discounted the Paris building because, while it was completed first, in his view it did not set the same 

architectural standard as the other two industrial examples he used. He therefore connected the textile mill 

buildings of the Barrois FrèresΩ ŀƴŘ /ƘŀǊƭŜǎ {ƛȄ ŘƛǊŜŎǘƭȅ ǘƻ ƭŀǘŜr non-industrial buildings, because they 

established what he saw as aesthetic precedents related to the use of reinforced concrete in building design: 

Thus was created the idea of a visible reinforced concrete frame, expressed without embarrassment on 

the face of a building, and creating an entirely new scale of proportions both as regards the 

unaccustomed slenderness of the supports themselves, and the shapes of the voids created by the 

wider spans. It was some years before architects became familiar with these new forms, and when they 

did, the more enthusiastic of them saw in this use of glass a novel and exciting mode of expression, to 

be applied not only to factories, but to buildings of many other types and requirements.151 

/ƻƭƭƛƴǎ ƳŀŘŜ ŜȄǇƭƛŎƛǘ ŎƻƳǇŀǊƛǎƻƴǎ ōŜǘǿŜŜƴ /ƘŀǊƭŜǎ {ƛȄΩǎ ǿƻƻƭ-ŎƻƳōƛƴƎ Ƴƛƭƭ ŀƴŘ wŀƴǎƻƳŜΩǎ ŦƛǊǎǘ !ƳŜǊƛŎŀƴ 

ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ƛƴ tŜƴƴǎȅƭǾŀƴƛŀΣ ǎŀŘƭȅ ŀƭǎƻ ǎƛƴŎŜ ŘŜƳƻƭƛǎƘŜŘΦ IŜ ŘƛŘ ǘƘƛǎ ōƻǘƘ ŘƛǊŜŎǘƭȅΣ ƛƴ ŀ ƎŜƴŜǊŀƭ ǎǘŀǘŜƳŜƴǘ 

about Ransome, as well as tangentially, by comparing both structures to the later Perret bǊƻǘƘŜǊǎΩ motorcar 

garage on 5 rue de Ponthieu in Paris (1907), which he saw as a true architectural breakthrough for reinforced 

concrete systems: 

These were both honest, straightforward constructions, but their designers never pretended that they 

were anything more than works of pure engineering. Of the two, the Hennebique factory is by far the 

 
151 Collins, Concrete. The Vision of a New Architecture, 68. 
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more distinctive, both as regards the proportions of the openings, and the elegant way in which the 

columns are made to project in front of the beams.152 

How does the unique approach taken in this wool-combing mill relate to the updated Hennebique patent of 

1897, lodged in the year of ǘƘŜ ōǳƛƭŘƛƴƎΩǎ completion and considered in Chapter 1Κ !ǎǎǳƳƛƴƎ ǘƘŀǘ /ǳǎŀŎƪΩǎ 

earlier statement about the use of bent-up rebars is correct and given that Louis-Charles Boileau had already 

identified this novel component of the developing béton armé system by at least late 1895, it is possible that 

Hennebique had been testing out improvements to his materials-system on Charles Six and other such building 

commissioners in the North of France. Such an approach might well have contributed to frustrations about the 

construction process aired by the Tourcoing factory owner in irate letters to Debosque-Bonte, the local 

Hennebique contractor (see Chapter 4); the latter may as a result have been caught between the building 

ŎƻƳƳƛǎǎƛƻƴŜǊΩǎ needs and efforts by the inventor of the béton armé system to both convert these needs into 

structural requirements and to improve his own innovation. The major changes to the emerging béton armé 

system beams since the original 1892-3 Hennebique French and Belgian patents described in Chapter 1, was 

the addition of extra (inverted) stirrups as well as bent-up rebars with fish-tail endings. All of this was aimed at 

making the combined and now truly monolithic building framing and floors more robust in resisting a range of 

additional forces produced by live loading ς in the Charles Six wool-combing mill this would have included a 

large amount of heavy, vibrating wool-combing machines and the belt-drive mechanism that powered them. 

Files held at the Archives Départementales du Nord (M4178309) include an undated plan and elevations of the 

Six factory site probably from the 1980s, prior to the gradual demolition of significant buildings including the 

wool-combing mill, whose unique shape with one curved corner still stands out (see Figure 1.21). 

 

 
152 Collins, 185ς86. bƻǘǿƛǘƘǎǘŀƴŘƛƴƎ /ƻƭƭƛƴǎΩ ƧǳǎǘƛŦƛŀōƭŜ ŀǎǎŜǊǘƛƻƴ ŀōƻǳǘ ǘƘŜ ƎŀǊŀƎŜ ŀǘ р ǊǳŜ ŘŜ tƻƴǘƘƛŜǳΣ ǿƘƛŎƘ 
was demolished in the 1970s, and the fact that he devoted a number of pages to it in his major work on 
!ǳƎǳǎǘŜ tŜǊǊŜǘΣ ǘƘŜ ōǳƛƭŘƛƴƎ ƛǎƴΩǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎ ŀǎ a historic example building. Some original 
Hennebique design plans and an elevation are available at the CAAC. By contrast, the historical mechanism 
described in Chapter 6 is applied to the immeuble at 25b rue Benjamin Franklin (1904) in Paris and also by the 
Perret brothers. 
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Figure 1.21: Plan, section and elevation of the Charles Six factory site, Tourcoing  (architect unknown, 1897) in the 1980s 
with outline (circled) of the original wool-combing mill, undated. (M4178309. Archives Départementales du Nord) 

***  

The second example historic building in this case study ƻŦ Ψdaylight fŀŎǘƻǊƛŜǎΩ ǿŀǎ La Cathédrale, an elegant 

cocoa and sugar processing building at the Menier Chocolate Factory, Noisiel-sur-Marne near Paris, completed 

in 1908  (Figure 1.22). The building is an example of how the ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǘȅǇƻƭƻƎȅ 

developed from novel textile manufacturing buildings employing reinforced concrete structures in what is now 

the modern Lille Metropole ς this was in parallel with the North American, much larger-scale form of the 

typology. The historic chocolate factory was vacated recently by its owners Nestlé France, who had used it as 

their headquarters since the 1990s, and the local community is continuing to explore new uses for it. Chapters 

1 and 4 ƛƭƭǳǎǘǊŀǘŜ ǘƘŜ ǊƻƭŜ ƻŦ IŜƴǊƛ aŜƴƛŜǊ ŀǎ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŎƻƳƳƛǎǎƛƻƴŜǊΣ ōƻǘƘ ƛƴ ǘŜǊƳǎ ƻŦ Ƙƛǎ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ 

a breach of Françƻƛǎ IŜƴƴŜōƛǉǳŜΩǎ ǇŀǘŜƴǘ ŦƻǊ ǊŜƛƴŦƻǊŎŜŘ ŎƻƴŎǊŜǘŜ ǇƛƭƛƴƎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ōǊƻŀŘŜǊ ōǳǎƛƴŜǎǎ 

objectives of the building beyond its key industrial capabilities. 

The pre-existing Menier factory cocoa mill was a famous 1872 iron-framed structure designed an constructed 

by the French architect-engineer pair of Jules Saulnier (1871-81) and Armand Moisant (1838-1906) (see also 
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Chapter 5); the latter had also been the engineer for the concurrently built Bon Marché iron-framed 

department store in Paris.153  

 

Figure 1.22: La Cathédrale cocoa and sugar combining mill (Sauvestre, 1908), circled to the right of photograph on the 
opposite bank to the main factory complex of the Menier Chocolate Factory, 1950s. The original iron-framed cocoa mill of 

1878 is seen to the bottom right.(© pictures Editions Lapie ς collection Ville de Noisiel) 

The most comprehensive work that covers the history of the Menier Chocolate Factory at Nosiel-sur-Marne 

was published by the French Service régional de l'Inventaire général des momuments et des richesses 

artistiques de la FranceΣ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ǿƘƻƭŜ ŦŀŎǘƻǊȅΩǎ ǊŜƴƻǾŀǘƛƻƴ ōȅ CǊŜƴŎƘ ŀǊŎƘƛǘŜŎǘǎ wŜƛŎƘŜƴ & Robert 

for the owners Nestlé France.154 We are told why the new processing building was located on islands in the 

middle of the River Marne, because this was near both the original mill where the cocoa paste was made and 

near the building in which the finished chocolate was poured into moulds. The two islands were connected to 

each other with embankments and the unstable ground beneath them was reinforced with twelve-metre long 

béton fretté piles steam-hammered into the river (Figure 1.23).155  

 

 
153 Frances Steiner, French Iron Architecture. Studies in the Fine Arts: Architecture, No.3., vol. 3 (UMI Research 
Press, 1984), 59, 110. 
154 Claudine Cartier, Helene Jantzen, and Richard Michel, Noisiel, La Chocolaterie Menier Seine-et-Marne, 3rd 
ed. (Inventaire général, SPADEM, 1994). 
155 Cartier, Jantzen, and Michel, 38ς39. 
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Figure 1.23: Steam-hammering a béton fretté foundation pile at the Menier Chocolate Factory, n.d. . (076 Ifa 1059/21. 
CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 

The architect for the new building was Stephen Sauvestre, who had previously added architectural panache to 

the original technical designs for the Eiffel Tower. La Cathédrale ǳǎŜŘ /ƻƴǎƛŘŝǊŜΩǎ béton fretté system for the 

building framing together with a reinforced concrete slab system for the floors that had been developed by an 

engineer called Viennot, about whom we know little ς together these materials-systems produced a 

monolithic structure with large windows (Figure 1.24 (a)). The contractor was Jules Loup, who was familiar 

with ConsidèǊŜΩǎ béton fretté system having worked on other projects with him and Viennot. Together 

Sauvestre and Considère designed and built an arch-supported reinforced concrete passerelle or footbridge of 

almost 50m in length across the River Marne from La Cathédrale to the rest of the factory complex (Figure 

1.24 (b)). 
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Figures 1.24 (a) and (b): Photographs taken during construction of La Cathédrale (Sauvestre, 1908) (top) and the passerelle 
connecting it to the rest of the factory complex (bottom), showing the scaffolding system for the Considère and Viennot 

reinforced concrete systems, c. 1906-8. (both © anonymous pictures ς collection Ville de Noisiel) 

Two initial design projects preceded the final design and construction of the passerelle connecting the building 

to the packaging complex across the Marne: the first, by François Hennebique, proposed a béton armé system 

bridge supported in the centre of the Marne; the second by Gustave Eiffel (1832-1923), provided for an all-

ƳŜǘŀƭ ŦƻƻǘōǊƛŘƎŜΦ ¢ƘŜ 9ƛŦŦŜƭ ǇǊƻƧŜŎǘ ǿŀǎ ŀŘŀǇǘŜŘ ōȅ /ƻƴǎƛŘŝǊŜ ŀƴŘ {ŀǳǾŜǎǘǊŜ ǳǎƛƴƎ ǘƘŜ ŦƻǊƳŜǊΩǎ béton fretté 

system.156 

A significant amount of natural light entered the building through its large windows, particularly on the ground 

and mezzanine floors where the mixing machinery was located. This not only contributed to efficient 

 
156 Cartier, Jantzen, and Michel, 42. 
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manufacturing operations, but the Menier business was also keen to admit visitors into the structure to 

witness their latest chocolate-making technology in action from the safety of a special public gallery at 

mezzanine level. La Cathédrale was completed eleven years after the Six wool-combing mill (1897) and a 

number of years before design work started on the Fagus factory in Alfeld, Germany. It would seem to have 

ƳŜǘ ǎƛƳƛƭŀǊ ǎǘǊǳŎǘǳǊŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀǎ ŀ bƻǊǘƘ !ƳŜǊƛŎŀƴ ΨŘŀȅƭƛƎƘǘ ŦŀŎǘƻǊȅΩ on eight floors, though on a much 

smaller plot size. An impression of thoroughly hygienic production would also not have gone amiss for those 

visitors who it was hoped would help promote a safe and tasty product to the world markets served by the 

business. We also know that the eight-storey, 9,177m2 building was designed to house two symmetrical 

production lines, each including large mixing machines, with the central part reserved for freight and 

personnel elevators to reach all floors; the fluid cocoa paste was channeled to La Cathédrale in underground 

pipes from the original mill building.157 The elegant interior of the new building partially hid its true function, 

with a 1914 visitor describing it as follows:  

Χ after descending a few stone steps of a wide staircase, one suddenly finds oneself in a spacious 

peristyle whose walls, vault, pavement and pillars suggest that it is not in a factory that one is but in the 

majestic foyer of some opera house. The elegant moldings of the pillars and the walls complete the 

impression.158 

Both the Pelnard, Considère et Caquot files at the ANMT in Roubaix and the Archives du Mairie de Noisiel-sur-

Marne contain many design drawings, photos and items of correspondence about the construction of La 

Cathédrale. Two sections of the structure, one of the Avants-Corps Façade (27 Septembre 1906,  ANMT 1994 

035 0191) and the other of a Déǘŀƛƭ ŘΩǳƴŜ ǘǊŀǾée des façades principales postérieures (undated, ANMT 1994 

035 0191) both indicate mapping of the béton fretté ǎȅǎǘŜƳ ōǳƛƭŘƛƴƎ ŦǊŀƳƛƴƎ ǘƻ ǘƘŜ ŀǊŎƘƛǘŜŎǘ {ŀǳǾŜǎǘǊŜΩǎ 

original design shown in a Serelevation de la Partie Centrale (7 December 1906, ANMT 1994 035 0191). In the 

Archives du Mairie de Noisiel-sur-MarneΣ ǘƘŜ ǎŀƳŜ ŀǇǇƭƛŜǎ ǘƻ ŀ ƳŀǇǇƛƴƎ ōŜǘǿŜŜƴ ǘƘŜ ŀǊŎƘƛǘŜŎǘΩǎ Ǉƭŀƴ ƻŦ ǘƘŜ 

 
157 Cartier, Jantzen, and Michel, 40ς41. 
158 Cartier, Jantzen, and Michel, 43. « Χ après avoir descendu quelques marches de pierre d'un large escalier, 
on se trouve soudain dans un spacieux péristyle dont les murs, la voûte, le dallage et les piliers donnent à 
penser que ce n'est point dans une usine ǉǳΩƻƴ est mais dans le majestueux foyer de quelque opéra. Les 
élégantes moulures des piliers et les murs complètent l'impression.» 
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ōǳƛƭŘƛƴƎ ŀƴŘ /ƻƴǎƛŘŝǊŜΩǎ Ǉƭŀƴǎ ŦƻǊ ǘƘŜ béton fretté system foundation piles and pillars (undated and 

unclassified, Figures 1.25 (a) and (b)). 

 

Figures 1.25 (a) and (b): Original plan of part of the machine hall at La Cathédrale (1908) by Sauvestre (left) and 
corresponding structural plan by Considère for the foundations (right), with placement of one of the cocoa and sugar 

combining machines highlighted in red and yellow. (both © Nestlé France ς Fonds Menier) 

There are also original files on La Cathédrale and its passerelle in the Hennebique archives at the CAAC, 

confirming that the company was involved in provisional designs for both structures. A letter of 15 July 1905 

from Louis Bourdenave, the engineer for the Menier Chocolate Factory, to Louis Roquerbe one of 

IŜƴƴŜōƛǉǳŜΩǎ Ƴŀƛƴ concessionnaires, outlined the essential specifications for a proposed new mill (076 Ifa 

1059/21). The letter contained a rough plan and as well as a sketch by the engineer of a structural section of 

the building (Figure 1.26 (a)), which they were planning to construct with a steel frame and vaulted roofing; 

though he noted that he was seeking advice on the use of the béton armé system for both economy and its 

ability to produce a truly monolithic structure. The same files also contain similar plans and a section of the 

ǇǊƻǇƻǎŜŘ ǎǘǊǳŎǘǳǊŜ ōȅ IŜƴƴŜōƛǉǳŜΩǎ ŎŜƴǘǊŀƭ ŘŜǎƛƎƴ ƻŦŦƛŎŜ ŘŀǘŜ т !ǳƎǳǎǘ мфлрΣ ǿƘƛŎƘ ƘŀŘ ǊŜǾŜǊǘŜŘ ǘƻ ǘŜǊǊŀŎŜd 

roofing (Figure 1.26 (b)). 
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Figure 1.26 (a) and (b): Letter from Bourdenave to Roquerbe with sketch of proposed new mill section (left) and same 
section of the building by HennebiqueΩǎ design office (right), Menier Chocolate Factory, Noisiel-sur-Marne, 1905.  

(076 Ifa 1059/21. CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contemporaine) 

Due perhaps to committing to a lower overall cost or being known better by the architect, the construction of 

La Cathédrale was undertaken by Loup as the contractor using the béton fretté and Viennot systems, with 

which he was most closely associated. This may well have contributed to the acrimonious exchanges between 

Hennebique and Menier/Considère beginning in early 1906 and described in the examination of patent 

disputes in Chapter 1, which eventually led to a protracted breach-of-patent dispute in the French courts. It 

seems to be a similar story to the planned use of the béton armé system for the new wool-conditioning 

complex in Roubaix completed in 1901, which was replaced by the Coularou system because the chosen 

contractor, presumably on price, acted as the local agent for that business (see the case study in Chapter 5 of 

four buildings in a new urban design approach). 

2e. Street decor as a structural requirement 

The historic example buildings in the case studies in this thesis used different approaches to cladding and 

decoration of their street facades. These ranged from polychrome bricks and glazed tiling at the wool-

conditioning complex in Roubaix near Lille (1900 ς see the case study of four buildings in a new urban design 

approach in Chapter 5), glazed ceramic stoneware at the immeuble at 3 rue Claude-Chahu and geometric 

glazed tiling at the immeuble at 185 rue Belliard both in Paris (1903 and 1913 ς see the case study of Parisian 

immeubles with decorative ceramic facade cladding in Chapter 5), and polychrome bricks combined with 








































































































































































































































































































































































































