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Abstract

The princil outcome of ths doctoralthesis is distorical mechanismwhichdescribesa flowprocessor
technial design andts application toconstruction as well agssociated attributesf the key specialist
professionalsvho wereinvolved inthe use of a novel materialsystemmore than a century agd’he
mechanisimis designed tdelp describethe influence ofinnovative reinforced concrete and cement systems
on the designand constructiorof non-monumental,urban building during thefinal decades of théelle

Epoque in and neatthe major francophonecities of Paris, Lille arBrussels

The change in construction technoloigynterpreted as the second stage ofieetallicbuilding design

revolutionthat took place betweeri892and 1914 derivedfrom the increased use @fon and then steein

nineteenth-century urban construction in Francearticularly its capital cityThe first stage of this metallic

building desigNB @2 f dziA2y KIR OdzZ YAYIGSR Ay (KS Yzyceaekydlt Wi
des Machinesuilt for the triumphant 188%xposition Univermsle in ParisThen, i the early 18902

transition took place intdhe second stage of theevolution. The French inventdfrargois Hennebiqugl1842

1921)was an adopted Belgian whebéton armésystemof reinforced concretavastechnically codified

between 1892 and 189in a series omore sophisticatedndustrialpatentsc this wasin parallel with other

innovatve approaches that together contributed to the creationeairly industrial standards fahe novel

materialssystem BelleEpoquearchitects, engineers and contractopgcame receptivéo the use ofnew

reinforced concrete and cement systeingheir works,convertingbuildingcommissioner needmto key

structural requirementgor the design and constructioaf non-monumental,urban buildingsThe novel
materialssystemwould be used ta@onstructfire-resistantand structurallyefficient manufacturing premises
warehousesbanksand apartment blocks Many of thesebuildingsallowed morenatural daylight to penetrate
insideby a more widespread ancaffectiveuse of glazinghroughlargewindows, skylights andn one casea

cupola! CNBYOK FT2N¥XY 2F (KS b 2chidietionaMiSNR DO VI WRR 8d MBEK (I Fy B
massive car plant near Detraibuld be distinguishedd number obuildingsalsodisplayednew forms of
highlydecorativeceramiccladdingon their streetfacades bothto protect andto hide theless aesthetically
pleasingconcretestructure behindthem. Residential housingecame cleanerand more affordablemmoving

away fromthe crowded, diseaseidden city slumsof old.



Duringthe second stage of the metallic building design revolutioohiectsand engineersdeveloped their
confidenceand abilitiesin envisioningthe novel materialsystemthroughthe technicl designaspects of their
work. Together withcontractors, theyacquited the specialistskillsneededto applythisto buildingprojects
ensuingthat the completedstructuresreflected the originaldesign intentionsin an acceptabldéalance
between technology and aestheticSpecialist antractorsmanagedhe risksassociated withusing a

innovativetechnicalapproachto urbanconstruction

The creativedesignfreedomsexpressedn the Art Nouveawgenre ofthe eclecticapproach that dominated
BelleEpoquearchitecturecame to an end witlthe outbreak of the First World Wa@nce peace had been
reinstatedafter the extensive human and material devastation experienced in Northern France and Belgium
the postwar period sawanincreasing dominance off@ainerindustrial approach tarbanarchitecture this
wasevangelised byhe Swiss architecCharlesEdouard Jeanneret, better known e Corbusie(1887-1965)

the German architectValter Gropius(18831969) and their International Modernist peetaound the globe

*k%

L'aboutissement principal de cette thése de doctorat est un processus historique (« historical mechanism »)
qui décrit la conception technique et son application a la construction, ainsi que les caractéristiques des
principaux professionnels spécialis¥sliJt A lj dzSa RlFya f QdziAf A&l A2y RQdzy aeaid

R Qdzy
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armé dans la conception et la construction de batiments urbains non monumentaux au cours des derniéres
décennies de la Belle Epoque, dans et@xjmité des grandes villes francophones de Paris, Lille et Bruxelles.

[ § OKIy3aSYSyili RS (SOKy2t23AS RS O2yaidiNHzOGA2Y Said Ayi:¢
la conception d'un batiment métallique qui a eu lieu entre 1892 et 1914, dénbdk I'utilisation accrue du

fer puis de I'acier dans la construction urbaine du XlIXe siécle en France (la premiére étape de cette révolution),

en particulier sa capitale.

[ LINBYASNBE SOl RS OSGGS NB@2tdziaz2y | OdzZ YAYS RIya
Machines construite pour I'Exposition Universelle de 1889 a Paris. Puis, au début des années 1890, une

transition s'est déroulée dans la deuxieme @ade la révolution. L'inventeur francais Frangois Hennebique



(18421921) était un Belge d'adoption dont le systeme de béton armé a été techniquement codifié entre 1892
et 1897 dans une série de brevets industriels plus sophistiqpasallelement a d'autres approches qui,
ensemble, ont contribué a la création deemieres normes industrielles pour le nouveau systéeme de
matériaux. Les architectes, les ingénieurs et les entrepreneurs de la Belle Epoque sont devenus réceptifs a
l'utilisation de nouveaux systéemes de béton et de ciment armé dans leurs travaux, traasfdes besoins

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

Le nouveau systéme de matériaux est utilisé pour construire des locaux de fabrication résistants au feu et
structurellement efficaces, entrepdts, banques et immeubles d'habitation. Beaucoup de ces béatiments

permettaient a plus de lumiére naturelle de péngt a l'intérieur par une utilisation plus généralisée et plus

efficace du vitrage, grace a de grandes fenétres, des lucarnes et, dans un cas, une coupole . Une forme

francaise du « daylight factory » neainéricaine conventionnellement associée a une ém@wusine Ford

RQlI dzi2Y20At Sa LINBa RS 5SGNRAG Sad I LILI NYzS @ 'y OSNI I A
nouvelles formes de revétements céramiques trés décoratifs sur leurs facades de rue, a la fois pour protéger et

pour cacher les structures ms 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

fSa AYyaASYASdzZNE 2y i | LILINR & tinefle nothBau §Yatefrie HekmAtdriduxa  SdzNAR C
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 a l'utilisation d'une approche technique

innovante de la construction urbaine.

Les libertés de conception créative exprimées dans le genre Art nouveau de I'approche éclectique qui a
dominé l'architecture de la Belle Epoque ont pris fin avec le déclenchement de la Premiére Guerre mondiale.
Une fois la paix revenue apreés les imporemtlestructions humaines et matérielles qu'a connues le Nord de

la France et la Belgique, la période d'apgérre se caractérise par la domination croissante d'une approche
industrielle plus simple de I'architecture ; ceci a été évangélisé par |'arthigesse CharleEdouard

Jeanneret, plus connu sous le nom de Le Corbusier {1883%), |'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 necessitaraof luxury, it is in thidatter domainthat it
will producea difference. Let us leave aside the subtle nuances betvagehitecturalstyles, depending
on whetherto attach oneself to the opulent character of an opentyuveau richg¢aste, more or less
distinguished fromArt Nouveay or affirming a greaterattachment toLouis XVImuch morefitting and
probably betterNJ A AThdRart ¥f theBelleEpoqueis that of the parade of moneyemphatic
solemnity arounch fewsharedceremonies, such dsrseradng, awalk in theBois de Boulogner

expeditions to thecountryside...!

The historic setting

The French Third Republit8731940)sawmajor artistic, technological angboliticalchanges encompassed
within a largelypeaceful periof the late nineteenth and early twentieth centuries thettdedabruptlyin
1914with the outbreak of thedevastatingrirst WorldWwar. The optimistic label applied tthis period
retrospectivdy wasthe BelleEpoque AsFrancois Loyendicatesin the abovequotationfrom Le Siécle de

[ QL y Rib=iwadNdti®eassociated witliree expression imrchitectureandthe decorative artsin turn
connected tathe rise of Impressionism arel’lenmore avantgardederivativesin the fine arts The periodsaw
the emergencen the 18902f an Art Nouvealwgenreof architecturewithin abroaderflourishing of
contrastingstyles many derived from historical exampleslectivelytermed Eclecisme The Belgian architect
Victor Horta(1861-1947)completedHbtel Solvay in Brussels in 18@gure 0.1)an urbanbuildingwhose
interior in particularepresentd many aspectsf the more radicalpproach expanded on by Frencharchitect

Hector Guimard18671942)for hisdistinctiveCastel Branger in Parisompleted the following year

LFrangois Loyef, S { A § Of S 0R RA[IQALRWRJzZZRIONING «Paic&dud, cofitfaifednta lav by o 0 =
littérature, I'architecture est par nécessité un art du luxe, c'est dans ce domaine qu'elle va cultiver la

différence. Laissons de c6té les nuances subtiles entre styles de référence, selon qu'on s'attache au caractéere
cossud'un godt ouvertement nouveau riche, plus ou moins démarqué de I'Art Nouveau, ou qu'on affirme la

02yyS (SydzS RUdzy [2dzA&a - xLX ySGiSYSyd LI dz&poquey @Syl of S
est celui de la parade de 'argentolennité emphatique autour de quelques cérémonies mondaines, comme

le retour des courses, la promenade au Bois de Boulogne ou les parties de campagne ...



Figue 0.1 Hotel Solvay, Brusseisday (Horta, 1894)(Nick von Behi} was an example of Art Nouveau architectungth
organiciron decorationon thefacadeand inthe interior, onefacet ofcreativeexpressin during theBelleEpoque

There was much debatduring theBelleEpoqueabout the significance dheseartistic developments
together with associated technological chanfm,the design and construction of buildingsd this is
captured withinthe final section of the thesisThe second stage of a metalltwildingdesign revolution
Wtarted(n 18923 with the lodgingin Belgium and Frana® key industrial patentsexemplifiedin the design
and constructiorin and near thehree BelleEpoquecitiesthat were Paris, Lille and Brusselsnon-
monumental, urban buildings empling a novel materialssystem This waseinforced concretein effect
formed concrete or cement with iron or ste@iternal reinforcement The specialisiesignersand constructors

of these buildings werarchitects, engineers and contractoometimessombined into asingleperson or



organisationwith a sufficientconfidenceand expertisen the novel materialssystem TheLINE F S&da A 2 y I §
inter-relationship was one dioth W & A Gitalky@nd €édoperation sincethey needed to work as ao-
ordinateddesign and constructioteam with thosewho commissiond these new buildingsn somecasesa

designand constructionspecialistvaseither the commissioner or closerelative of his

Theuniquecontribution of the thesiso existingresearch

The approach of the thesis is novel, principatiythat it producessystematicallyacross technical, societal and
building design contexts new historical mechanisthat isused ona significantnon-monumental urbarBelle
Epoquebuilding(the immeubleat 25b rue Benjamin Franklin in Paris (1904) by the Perret brothishelps

us tounderstand better the relationship betwedrchnology and aesthetics when designing and constructing
with the novel materialssystemthat was reinforced concrete and cemeat, acritical stage in itgnitial

development

The conceptionof the thesisderived fromii K S NI & BdjebiibKaMasIers in the History of Technology
atthe Universityof BatB y (G KS WR2O1 A &l A2y QwhhfexainikéthewA GSNJ | @2y
professionalisation of/ictoriandock engineersvhen operating ira technicallychallenging estuarine
environment? Further thinking since thendeveloped io the skillsprogressiorof nineteenth-centurydesign

and constructiorprofessiorals, exemplified byoutstandingfigures such athe Britishcivil engineerssir John

Wolfe Barry(1836:1918 and HenryMarc Brunel(18421903), both sons of famous fathefEhe core research
guestionfor thisthesistransitioned from a focus on theole ofkeyBritishindividuals to asystemsbased

approach that sought to betteunderstard historicaleventsshapingwider materials and processesithin the

field ofinternationalconstruction historyThe core research questiastherefore stated as followsWhat was

the influence ofhovel reinforced concrete and cement systearsnorrmonumental urbanbuildingdesignin

and near threeBelleEpoquecities?Q

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

Ay

Ot
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thesisto describinghe gradualnormalisation ofan emergingmetallicconstructiontechnologythat
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constituled more than onebuildingmaterial Of these three componentsf 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. EcésHennebique was thé¢’ Y | dain8niysthese, whose

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

aesthetic exchanges aboatt Nouveauarchitecture.

Hennebique was born in Northern Frarioel842and moved toBelgiumas a young adulivhere he set up his

contracting businesand sought clients for his novéléton armésystem back in his home territgrizefinally

settled in Paris where his global headquarters were based fronmiel 890s omvards Hennebique, his

béton armésystem and his business have been much studied since the 1#89ghe surviving

2NBI yAaAl GA2y Q& | NOKA @S & 2aHe NBsenegedrchiwBilRbuiliigg onitie&firme NBy OK  {
foundations extends to other newreinforced concrete and cement systenitsalsouses the lens aiechnical

(Section 1)societal(Section 2and buildingdesign(Section 3rontexisfor the collectivenovelmaterials

system, connecting it to a network Bfend and Belgiaractors who were involved with itdevelopment and

maturation as gyenericbody oftechnicalknowledgein the construction of new buildings.

The researclkighlighs new perspectives orvidence about historic buildings the northern part ofFrance,

and to a lesser extent ineighbouringBelgium A case study in Chapter 1 of the sird@molished Bossut

Masureltextile factorywarehouse in RoubaixearLillecompleted in 1892indicates that itwas probablyone

of the firstbuildingsto usea truly innovativeversion of Frag2 A & | Sy y&an AripéxStend, patented in

both Belgium and France during 1893. This indicatedraemergindink betweennew building design

approaches anearly industrial standardfor the novel materialsystem The key documergvidencing thiss

the originaltechnical workbook for the structural design calculations of the warehpsigaedby Hennebique

himselfin 1892and still held atthd Sy 1 NB RQF NODKA @3Sa R QCADKPais®/OkndaNBE O2y (i S

that the Frenchriventor only made this document available for othersperuse severajears laterprobably

3t F GNRAOALF [/ dzal O1 X WCNIy®2Aad | SyySoAl dzS Yonkri& 1892JSOA L £ A &
M ¢ n Tpe@gAactions of the Newcomen Soc8yno. 1 (1984): &y ¢ T t F G NROA L [/ dzal O1 = W! 3Sy
Hennebique, Mouchel and Fer@oncrete in Britain, 189w ¢ n @ofskuction Historg (1987): 6874;

Gwenael Delhumeau etal,S . St 2y 9y WwWSLINBaSyialdAaAz2yoe [ aSY2ANB t K;
Hennebique 1890930 (Editions Hazan, 1993); Gwenael Delhum¢a@ A Yy @Sy G A2y 5dz . SG2y ! N
189019140 b 2 NXY I = Mdpppo T { GSLKIFYAS @Iy RS19¥5 SaNEh§pElvaw. 2 dzg Sy
YSYyAas 9ELISNAYSY(dH 9y Lyy20IGASQ 6! yAGSNEAGE 2F DKSy
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after he feltsecureenough abouthe technical and commercial advantages had acquiredover his growing

competitors though he would never be entirely satisfied about this

Theresearchalsoilluminates an expanding knowledge base in the history of ninetealtl twentieth-

century construction technology and associated architectural facets. Handayestigation of the North

' YSNAOFY | NODKAGSOGdNI £ GaLkfz23a8 2F (KS NBAYT2NDSR

originated in Northern Francé case studyrovides an insighinto the connection between the employment

o2y

ofthenovel materiali @ a G SY Ay @l ad 3Jt+T SR Y2y2f AGKAQdPatkOG 2 NR S & :

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

0dzAf RAYy3a Ay Db2NIKSNY CNIyOSo® !'a F2NJ GKS adzoaSldsSyd

architectural typology, this was asso@dtwith 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 hglobally in the interwar years.

A historical mechanism

Akey output of thethesisis a historical mechanismesignedo help answer the core research questjéWhat
was the influence ofiovel reinforced concrete and cement systearsnorrmonumental urbanbuilding
designin and near thredBelleEpoquecities?QRather than appearing at the start of the thesis ds/pothetical
frameworkto be testedagainst evidencethe historical mechanism oduced gradually across thieree
sections of thehesis beginning with the technical contexsupplemented by the societal context afidalised
within the building design contexBubsidiaryresearchquestionsframe all three sections of the thesisnd
connect them and thereforealsothe production of the historical mechanisrtg the core research question
which is answered in the Conclusidrhis appeared tthe researcher taepresentthe mosteffective

methodological approacto the thesis

The historical mechanisns producedby testingthe potential significance o wide range ofnainly
nineteenth-centuryhistoricexamplebuildings all designed and constructed using metallic systéha
included wrought and castiron, steel and reinforced concrete and cemésee the full list in the Appendices)
Process tracinga social scientific approach igentifyingcausation described in the research methodology,

was thusappliedthroughthe analysisincluding by using case studie$ historic example buildingsithin: a



technical contexfor BelleEpoqueconstruction(seeSectionl); then a societal contexor BelleEpoque
construction(seeSection2); and finallya buildingdesign contexfor BelleEpoqueconstruction(seeSection 3.
As part offinaligng the historical mechanismwb typologiesof non-monumental, urban buildingre created
and comparedfirstly, an Urban Industrial typologthat capturesthe industrial aspects afixhistoric example
buildingsfrom the case studies thethesis and secondlyan Urban Housing typology theapturesthe
housing aspects of a further six historic example buildings the same case studieghe historical
mechanisntherefore contains components and sytarts that relate to key information bloclkd their
detailsin thethree sectionf the thesisg at the end ofSection Ithese are visualised using a schemédic
the technical contextwhich is then expandedt the end ofSection 2o include both technical and societal
contexts, suggesihg a possible flow procesSection Xontributes the finabetailsof the historical mechanism
from a building design contexdnd confirms the arrangement of the flow processd thekey components As
with any knowledgédre)codification process, indeed very much litke creation and review dechnical
standards and their key componerttsat continues to this daythe historicalmechanismis created by

procesing new, as well asxisting evidencgrom which a improvedoutput is produced

ThehistoricalY S OK | y A & Y (hélpahsivek évaniatleasi gartiallthe core research questiois
validatedafter using itwith afurther non-monumental, urban buildingot included inthe case studies or the

two typologies this isthe muchcited immeubleat 25b rue Benjamin Franklin in Paris, completed by the Perret
brothers in 1904ising a derivation oEdmond/ 2 A 3y S Q& NB Ay F.AMAHIRaticnhdNEY (i &deaid s
historical mechanisno thisimmeubleconfirmsthat the professional attributes of the architeeingineer
contractor teams involvewvasa key factordetermining the extent of influence of the novel materiglgstem

on BelleEpoquebuildingdesignand constructionThese specialist professionatesigred and construogd
usingthe newreinforced concrete and cement systems wifowing levek of technicalconfidence andkill,
ensuring thathe final buildngreflectedthe originaldesign intentionsRelated to thidastprofessional

attribute was the need for contractors to perform the roleafintermedary between the? & A Gsppedialisi Q
professionalsby managingcceptable levels of project risk given the challenges of the technical approach

associated with the novel materiagystem.



The modern dayelevance of the thesis

The thesis indicates hown¢ historical researcldescribedwithin it may have a bearing on contemporary
technial buildingdesign connected astisis toglobal environmental concerrthat werenever present

during theperiod of theBelleEpoque It alsopointsto possiblefurther investigationdnto the influence of
twentieth-centuryregulationson technical building desigafter the First World Warduringthe interwar years
these regulationsindlinked codesof building practicelevelopged into technical standardand guidances we
currently know them not just forconstruction materials, products and processes, but with a greater focus on
the expanding global professionalisation of the construction indugihyof this systemcurrently operates
througha network ofinternational professional bodiegsational and international Standards Bodies (with ISO
Fda GKS 62NI RQa { 0 yRI Nitdhall. d2FReAviz® Ival Na|SH fa deGiK NIEEO 2(3K/Sh 2USYF
Any further researcin this areavould build onnot only this thesis, but alson earlier doctoral reseah by,

for example van de Voorde on the historical use of concrete in Belgian constry&iuogelino on developing
better design standards for the construction indusétyd Melsenson twentieth-centuryIndian architects,

engineers and builders

Terminology

The thesis antributesto a broaderresearchdebate about the historic role of innovative materials and

systems for building design and construction, and novel combinations of thesmattialssystemsall of

this with specific reference to the early use of reinforced concrete and cemenbie fire-resistantand
structurallyefficientnon-monumental, urban buildingfReinforced concrete and cemesystems wee

composites of separatmetallic and lithianaterials exploiting their combined strengtha a single materials

systemg concrete is of a much more granular composition than cemiestudng a range ofaggregateshat

FNE O2FNBESNI GKIFy alyR yR &AY.RAMaeNalsHStdmsBarexttan  a G(KS& | N

Antoinet A 02y Q& LISNF SOt & Ndfhe Hioyidgraphi&ramewari@hadreintordedy 2 G S R

‘422 NRSS W. 2dz6Sy ApTPh2y I MBy.a%ISIA LlLymyBryyArAas 9ELISNRY
ly3aStAy2y W5S@St2LAy3a . SGGSNI 5SaA3y {GFyRIFENRa F2N) GKE
{I N K aStaSyas W! NOKMHsHE G Prof@ssichdl Pet& dddios thkbughd2kattige and

Discourse, Pune (India) 1980ppH Q 0! Y A @S NA A Gudure2eSearthytouldvemthdiectto 1 H 1 0 ©
relevantlessons fronthe currentrevison of structuralEurocodeshttps://eurocodes.jrc.ec.europa.eu/

(accessed 9/4/2024Beealso{ (1 S@S 5Syi2y Si If o WI9dzNRO2RS&a 9@2f dzii A 2°
I LILINE Th&©Straciiral Enginegvlarch 2024, 1¢14.



concreteand cementtransitioned from a structural systerimto a single building material. Howevyédor ease
of languagethe word 8ystentls usedwhen referringspecificallyto reinforced concrete or cemeras a form
of materialssystem orveryoccasionallghe expressiof? O 2 Y 6 A ¥ S Rif tMd-hélBidl Bettet d@s@ribe
the interrelationship between the differennetallic and lithicomponents The specific systems examined in
the thesis are described fylin Chapter 1the most significant one was tH®éton armésysteminvented by
Frargois Hennebiqugin whichspeciallyshapedsteel rebaravere incorporated withiran externallyformed
concretemassto createcolumns, beams and floorallin an increasingly monolithigpproachto design and

construction

Early industrial standards were a codified form of technical knowledge about a novel masggtdm, such as
reinforced concrete or cement systenheterm Warly industrial standard3ncludesthree key components:
a) industrial patentdor the novel materialsystem b) structural specificatiorisand c)technical guidance
Industrial patentdor the béton armésystem were lodgetly Hennebiqueat state officesn Belgium, where he
was basedintil the mid-1890s as well asn France, from whence he had originated where henad
identified important early users within thiariving Lille RoubaixTourcoing textile industryjknown ashe

Wal y OK S a i SNénreRiqueldicheynot$de a great believen patents, seeing them as necessary
evils but on the other hand he was more than willing to undertake expensive legal action to protect his
intellectual propertyrights (descriked further in Chapter 1)rhe French inventassawanother key component
of earlyindustrial standardsstructural specificatiog asa part ofthe technicalinformation abouthis béton
armésystem hence the importance dhe technical workbooKor the BossutMasurel textilefactory
warehousebuilt in RoubaiXn 1892 one of the earliest buildings to useS Yy y S 6 A |j dz$seeihetdsal Sy (i &
study inChapterl). These suctural specifications exemplifiegblutions tostructural requirementgsee
Chapter 2)which weretechnicaldesignresponses tdghe building commissioné? @eed for a fire-resistant,
structurally efficientand naturallylit structure at the heart oftheir combined industrial and commercial
building Sructural specificationsvould havebeenusedby an architect or engineesindthe contracting team
responsible for delivering the completdulild to fit the originaltechnicaldesign intentionsBoth gructural
specificationsas well aghe remainingkeycomponent of early industrial standardgechnicalguidance

helpedHennebiqueand other interpreters othe novel reinforced concrete and cement systeexplainthe



requiredspecialistechnicalknowledgeand skillso a wider networkof constructionprofessionals this

processs examined further in Chaptefsand 6

The influence of the novel materiadystem orBelleEpoquenon-monumental, urbarbuilding desigrin France
and Belgiums connected tahe concept othe receptionof architecturewithin its specifictechnological and
culturalsetting® The time period of théelleEpoquespanneda metallicbuildingdesign revolutionasthe
increasingly accepteemployment ofiron and steeln monumentalurbansettingstransitioned tovardsthe
greater use ofeinforced concrete and cemesiystemsn nonrmonumentalurbansettings It alsosaw amove
awayfrom adominanteclecticapproach to architecturewith itsradicaly decorativeArt Nouveawyenre
flourishing and tha disappearing almost as quickigthin the space of two decadew an industriatbased

approachthat would later become associated witimterwar International Modernism.

5In a more recenexample ofarchitecturalreception adebateon emergingpostmodernis architecturewas
catalysedby al1975New YorkMuseum of Modern Art&xhibition e FrenchBeauxArtstechnical and artistic
virtuosity.! £ A OS ¢ K2 YA-YSE a Y[ &ila @ ISNIAEENak& EptiodzmBédiate et la réception
différée ed. Gérard Monnier (Editions de la Sorbonne, 2006)¢323
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Historiographid-ramework

The historiographic reviewndertaken for the thesishowed how different disciplinary approaches to
interpreting the history of buildings, ranging from the more technological to the more architectorat e
combined in research on the influence of reinforced concrete and cement systems on historic technical
building designA review ofrelevantsecondanyiterature began in 2020 whiléhe researcher wabased at the
University of Kent and continued throughout the research, analysis and drafting sfelgesad selection of
researchoutputsin the UK and Frangarovided valuableevidencefor the technical, societal and design
context for the thesis ad helpedrationalise an appropriatbistoriographicapproachto the researchThis is
explainedfirstly by highlghtingsome keytechnologicaland engineeringspects of construction
historiography and subsequently bgombiringthesewith somekey approachefrom architectural
historiography The objective iso establisha suitablehistoriographidrameworkthat, throughrelevant
contextand use of historic examples, ultimatglyoduces a historical mechanisno help answerthe core
researchquestion What was the influence afovel reinforced concrete and cement systeamsnon

monumental urbanbuildingdesignin and near thredBelleBpoquecities?Q

Thetechmologcalandengineeringaspects of construction historiography

Thethesis follows an interdisciplinary research approagthin the broad field ofconstruction historywhich
brings a number of academilisciplinegogetherwith professional and amateur intereatound specific
historic structures, building materials and construction systéiBsce construction history ioth a relatively
newl y R  WntegdisépBrary field, the academic construetsd theoretical modelsvithin it are stillbeing
developed. In his opening to the inaugural issue@dnstruction Historin 1985 the respected architectural
historian JohrBummerson described a key aspect of construction hHizgoaphy relevant toafocus on a single
materialssystemc this wasthat the history of structural desigeould be separateéhto the study of

consecutive innovations and their impact on pracfjitalicsaddedfor emphags):

5 During the first year ofesearchan open database of international publications in construction history (IFCH
Construction History Bibliography, accessiblétais://www.constructionhistorybibliography.orgivasco-
populated reflectingthe very broader interdisciplinary nature of the fielthese disciplines include
architecture, civil and structural engineering, the history of tealogicalsystems 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 ¢ihe adoption of reinforced concrete at the end of the
nineteenth. These are episodes involving theoretical development which found their way into building

from outside.They are usually concerned with@material’

Asubsequenpaperby Dunkeldn the samekeyjournal within the fieldexplainedmore substantiallghe state
of play of the emergingnterdisciplinay approach® Somewhat unsurprisingly, he concluded that it defied any
neat theoreticaldescriptions but more helpfully referred to Groak and le@ the implications ohistorical
economic and technological charggmthe building industryThey had outlined a wide range otheoretical
approachego analysing this topidinked to their discipline othe economis of constructiot? As will be seen,
others have since added to these starting potftsut anyhistoriographtc frameworkneeds to operate within
the context of an interdisciplinaryorpusthat centres onthe pastof the built environmentwith possible

implications for the present and future

Looking specifically from the perspectivetioé historiography ofechnologyi KA & NI disSiplinagfyK S N &
backgroundPiconl Y LJX A FA SR { dzY Y S NEsagyeard a gfadualstaNdardsatibreof reiffoyced
concreteor cementas 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 intetpd as a series of structural systems

became gradually a materi&l.

TW2 Ky {dzYYSNBER2Y X W2 Kl G L &LonstiaGionHstar§i(2OBRB: 1.2 F / 2y a i NHzOG A 2y
8al £ 02t Y 5dzy1 St RZ W!I LILINE ICénstrBciion Higtorg (Og7x §IBHzOG A 2y | A & (2 NB
9 For exampledOn the other side of this particular coivere the architectural theorists déhodernisnQwho

(by and large) wer@nclined to believe what they were told about tHtsuilding]industry $tozen in time&but to

promise that, with the utterance of the right formulae over the body of thortunate sleeping princess, all

would be changed at once into the vezgitome of progressive and radiant modernéysteven Groak and

DN} K'Y L@S: W902y2YAO0A YR ¢SOKy2f23A0Ft [/ KFEy3aSy {2Y¢
Habitat InternationallO, no. 4 (1986): 125.

01 dzaSFdzf adzYYINE 2Ffiec@RyRaANIDIOEGYyTXKAdER2NE RS F0aArids
History Societyhttps://www.constructionhistory.co.uk/aboutonstructiorthistory-society/construction

history/ (accesse®4/04/2024).

U yii2AyS tA02y>S W 2yadNHzOGA2Y | A&l 2cdastuctioSHisto@By ¢ SOKy 2
(2005): 15.



https://www.constructionhistory.co.uk/about-construction-history-society/construction-history/
https://www.constructionhistory.co.uk/about-construction-history-society/construction-history/
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Inthe rest ofhis paperPicontouched on the wider process by which novel building materreslemerged
through invention, innovation and testing of new scientific and technical concepts. He highligbt
significance ohistoriographyof technologythat either explorel the notion of structure as a cultural concept
or that took a social scientific technical systems approach when analysing past construction prodeisses
approachis more familiarly knowasWa 2 OA I £ O2 y a (i NY3COTri fad BeFrundestakénypye £ 2 38 Q
Amy Slaton in hedoctoral thesis and subsequent publication thie history ofthe early twentiethcentury
reinforced concrete factory building the United Stated?{ f I (iappyo&ciwasto relatea sociallyoriented
story of how the novel materialsystemacquireda scientificand managemenstatusat the expense othe
traditional craft skillsin construction Thishappenedthrough: a standardsation processthe circulation of
competingtechnical specificationsandthe use ofguality control assoctad with the developing specialist
engineering professiorShe saw thigll reflected in thedemand for plain‘thodernCindustrial buildingghat
were replicatedhroughoutthe United States during the period of her studly.a similaiISCOVein,Deuten
later usedthe development of reinforced cement and concrete in constructisrone of a small number ,of

mainly Europearindustrialcase studies illustrating systematisocialtransition from localised to

Ny

O2avY2LRtAllry G(SOKy2t23A0If {1y26ftSR3IST OO02NRAY3 (2 5
materials and systems, such as Raattancinand Fragois Hennebique, extended their business models using

more explicit descriptions dheir systems irpatents?®

Turning to the historiography ofengineering Addisspeculated orthe historical nature of engineering design
within constructionin a conference paper summaing his originaldoctoralthesisof three decadedefore.*
Addishad proposed @gheoreticalmodeladapted fromthe conceptof major scientificparadigm shifts or

revolutions put forward in the early 1960s by American philosopher of science Thomas®ultlis assuma

2ryeg 9 {fFd2yZ WhNAIAYAE -Rofcrete FacriBuUNIYig iCAMNICY, 1900KSn WS A Y T 2
(University of Pennsylvania, 1995); Amy E. Sld&emforced Concrete and the Modernization of American

Building, 19091930 Kindle edition (Johns Hopkins University Press, 2001).

BW2KFyySa WFHaLISN 58dziSys W/ 2aY2LRtAbGryAaryd ¢SOKyz2f 23
wSIAYSaAaQ 0¢sSyiS ! yAGSNERAGE tNB&aaX wnnodvX OKFLD nod

Y2 XffAFY ! RRAAY We¢KS2NEB YR 5Saiady Ay [ ABAt | yR { GNYzC
O9YIAYSSNAY3IQ oO0! YADBSNEAGE 2F wSFRAY3IZ mMpycoT . Aff ! RRA
/I 2y GNROdzIAZ2Y (2 [ SudiésinNChnStiudtich Wistbryk Bhé RrocBe@rigs of tffie Second

Conference of the Construction History Societly James W.P. Campbell et al. (Construction History Society,

2015), g10.

5 RRA& A& y20G GKS FANRG G 2technblhgf, But hsdgprbaRhiis distinStigeNBd 2 (G K S
very much connected to both the history of engineering and the broader field of construction hiatather
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that an external crisis tripedan engineeringpuildingdesign community into a paradigm shéimplified by an
inability to respond sufficiently to changing inputs, influences and constraileteutlined an engineering
buildingdesign process thatccording to him hdbeenused for centuriesn constructionand whichwas

influenced by a range of external factors: the design climate; calculation techniques; building science; codes of
design practice; construction methods; regulations and ca@stislis maintaied, quite sensibly, thatjood

building desigrengineersneeded to be confident that their plannedtructures perform as specified, hence

they employed a buildingdesign process tensure this happeng he calkd this the Wesign Procedufeand

further noted thatit was defined by the knowledge and experience designets tiee specifications they

pas®dto the builder or contractor, and thénature 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 Pro&édure)

Addis has drawn systemsdiagram which encapsulatesigDesign Procedur@-igure0.2).

. INPUT | | PROCESS | |  OUTPUT

Description /
Specification

Designer’s
knowledge and j —
experience | Justification
Design ‘climate’ :
INFLUENCES & Cal;ul.zla;on tec_:hmques,
CONSTRAINTS uilding science,

Codes of Design Practice,
Construction methods,
Regulations, Costs

Figure0.2: The Design Procedunghlighting influences and constrainfaddis, 2015p.4)
Thesystems diagrarshows the inputs to and outputs fromigprocess, as well as the previoustgntioned

influences and constraints that impact on any design freedoms (highlighted in the redlEoR). &Ny W

more recentapplicationof paradigm shiftsn the subject areaf this thesisis a collection of histodal case
studies(national local and businessf the Europearndevelopment ofPortland Cement anceinforced

concrete See.Jodo Mascarenhadlateus,Changing Cultures: European Perspectives on the History of Portland
Cement and Reinforced Concrete, 19th and 20th Centdsegd. (London: CRC Press, 2023).

) RRA&X We¢KS 9LAaGSy2t23e 2F 9yIAYSSNAYy3I 5Sairdiy | a
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industriala G I Yy RhoSIR® LIS & A FA Ol f f &DesigR Brgtédirdiddd. RneinitiAl fotuBoR thét Q &
technical context oBelleEpoqueconstruction withinSection lis on the role ofearly industrial standargia
more precisehistoricalterm for atechnical standaraluring this period. It is composed tifjhtened
RSAONALIIA2ya eFanddush®iS tha iffluéné®iR dodsErinthe DesignProcedure: industrial
patents for the novel materialsystem, structural specificatior@dtechnicalguidance Addis includes

Wo dzA £ R A yithin $héa facgoBIEIN0 my mindthis is an inadequate description of the physical

components of a building, hence my preference for the téPr (G NHzO G dzNJ £ NBIj dzA NBYSy (i a Q

Using his Design Procedurgldisgoeson to explainhow an analogoumodelfor the emergence of new
paradigmdor engineering desigmight be postulated. Hende O 2 Y Y dzyoimiaDes@riPro¢edures
transforms intoone of ¥y S ¢ yDedigh Proc@duresnderthe heading?5 Sa A 3y wS @2t dziA2yaqQ 2

side of Figur®.3 below.

Scientific Revolutions Design Revolutions
A scientific community; A design community;
- paradigm beliefs and theories; paradigm beliefs;
puzzle solving. paradigm design procedures.
“Normal science” “Normal design”
| Explanation| [ Crisis ] Revolution | Explanation] | Crisis [ Revolution |
A new scientific community; Anew design community;
new paradigm beliefs and new pa‘radlgm beliefs
theories; new puzzles. new design procedlures.
New “normal science” New “normal design”

Figure0.3: Diagram illustrating the analogous structures of scientific and engineering design reval@fiddss, 2015p.8

I R R &ppraathassumes that &ype of intellectuakrisisfor which there is no satisfactory explanation, shifts
the community of normal Design Procedutesvards an abrupt transitionor revolution;this crisis isherefore
caused byhe collectiveinability of building desigrengineergo respond sufficiently tanultiple changing

inputs, influences and constraintalloutlined in the Design Procedure diagram.
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Traisnehad focused his owkRrenchbaseddoctoral researclon an environmental history of buildings
perspective, though witimportant architectural and building science elements té’iT’he final thesis

examined the role of notoad-bearing walls and transparent envelopes in French urban architecture,
following the introduction of metal and glass framing in thieeteenthcentury. Traisnel analysed the different
combinations of materials and types of architectural component he had researchedollowed both a
thematic and chronological pattern. The examples he used to support his arguments referenced the key
French archiécts and engineeraho employedron, steel and glass their building design and construction
during the nineteenth and twentietttenturies as well as prior French thinking about thelsethis way he
successfully built threads of techni@vance centred around the shift from traditional walls as structural and
decorative supporto buildings to transparent envelopes designed to display the functional aspects of urban

F NOKAGSOGdzNB yR | NI FdzZf t & WOF LJWGdzNBQ GKS AN aLdl OS

These technological and engineering approaches to construction historiograppptargially helpful in
trying to answer the question posed about determining the influence of a novel matssiatem orBelle
Epoquebuilding design in three cities and their surrounding urbanised regidrsvever, they first need to

absorbcertainaspecs of architectural historiography

Combining construction anddhitecturalhistoriography

Returning toSlatorQ &ork on the firstreinforced concreteNorth American factorieshehad referenced

earlierhistory of science and technologpctoralresearchby A 334X ¢K2 KI R dzaSR (GKS

Ay 3

i S NJ

for SCOT artefactsith architectural aspects to therf Bycontrast andin 1986 & S NJ 0 $dc®@rils . A 33 Q2

researchwas completedBanhamhad placed the same industrial buildings into an architectural typology he
Ol £ f SR WRI &whikhskdnsidéreddrther N &ise Qtudy iChapter 2 Legaultcompleted hisown

doctoralresearcha decade lateon new materials and architectural modernity in France between 1889

Vjeant ASNNB ¢NI A&dySts WS asitt SG [S zSNNB 5Fya tQl
6LY&GAGdzi CNIyoelida RQ! NBIYAEAYSS MpPpT 0o

B AYyRe .A334T WLYRAAGNBEQA al dGSNJ al OKAYySY CI Od2Ne
MponQ d6alL¢s mepgS OWl § MBHRRE . GIAAGZNE & | NDKAGSOGdNBE ¢

Mass ProductioiiJohns Hopkins University Press, 1996).
¥ Reyner BanhamA Concrete Atlantis. US Industrial Building and European Modern ArchitéMUFePress,
1986).
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193429 Hewas attemptingat the time,in what he perceived to ba groundbreaking approach to traditional
architectural historyfo provide a wider perspective on a topic that had acquired renewed historical interest in
the 1990< the story of latenineteenth-century reinforced concrete as a newsmbinedconstruction material,
technique andarchitecturalsystem?! Extending beyonthe thinking ofBiggs BanhamSlatonand Traisne)

Legaultidentified reinforced concreteand cementas more than a avelconstruction technologyratherit was

m)
c:
w»
-

'y FNOKAGSOGdzNF £ O2yadNuzOd akKlFLISR o6& | NIry3IS 2F SE
the First World Warsincehe was keen to make the connectiaorosso interwar InternationalModernist

architectual genres. Hisresearch objectivevas toemphasise the interplay betweamaterials and meanm

architecture such thata material(or in this thesis, materialsystem)acquired éa character in which the

technical and the metaphorical coalesce. My analysis may help in decipheritihétigic of material§in the

practice and interpretation of modern architectur& Hence[ S 3 | thifsiS§a@dcovered thetechnicatbased

origins of Frenchationalist architecture, echoing very much the work of Hans Strawmgineering history

half a century earliefconsidered further irChapter4), as well agontributions in the 1950s anti960s from

anglophonescholars of French architectural history such as Cpiashamand Middleton®

Another key reference work is a comprehensilectoralthesis by Stephanie van de Voorde on the history of
(reinforced) concrete in the Belgian construction indusgfryan de Voorde described the relevance of her
historiographical approach: rathénan concentrating simplpn reinforced concrete as movel construction

material,she decided to focus on those Belgartorsassociated with jtlooking attheir intentions, their

w828ty [S3ldzAE G W[ Q! LILI NBAf RS [ Q! NOKAGSOGdzZNBE a2 RSNy
France, 188 cpon Q o6alL¢Z mMdbppTO D

2! egault had worked in collaboration with academic colleagues Jacques Gubler, Gwenaél Delhumeau and

I @8NREES {AY2yYySih 2y AYOGSNIINBGAYy3I GKS | Sy ynStiawt lj dzS§ O2 Y LI
CNJ Yy el A& RiRI93D&NMiMedeliallyBéton En Répresentation. La Mémoire Photographique de

f QSY G NBLINA 85-1936yy SoAljdzS wmy dn
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23Hans StraubA History of Civil Engineering: An Outline from Ancient to Modern Tirsiggubl ed.

(Cambridge, Massachussets: MIT Press, 1964); Peter Qobimsiete. The Vision of a New Architect@red

ed. McGilv dz§Sy Qa | yADBSNERA (& ChHilyimgidealsimModem Architétire NIBEB0O2 f € A Yy & =
O6CIFO6SN) 3 CFHOSNE mMopcpOT wS@YSNI 6t SGSNIMpH YK |6y MG KNER A (K
London, 1958); Reyner Banhafieory and Design in the First Machine Aggperback (1972) (Architectural

t NSaas mMpcnoT w2o0Ay 5@&® aAiRRE S 2G6thic IdeaKAPrelude o Ronkudic / 2 NRS Y
/ t I a &Joddakoliee IVarburg and Courtauld Institugs no. 4 (1962): 2%820; Robin D. Middleton,

WeKS 1606S RS / 2 NRBEZRRA O yIRRHiukKididf DiedVAEHOrgland ©6uBauld Institutes

26, no. 1/2 (1963): A1 23.
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knowledge andheir achievements, so picking @gpects othe SCOT approach usbkd othersin the history

of technology. She was interested ithe circles in which these actors moved, which interactions were
encouragd by these networksand how thesecontributed to increasedknowledgeand experienceof the
material. Van de Voorde used historical case studies to illustrate her overall concept, including one about the
experimental use aoflifferent concretesystemsn Belgian interwasocial housinga categorywhichisincluded
within the Urban Housintypologydescribedin Chapter 6indeed,one ofthe historicexamplebuildings
associated withhis categonyis still fulfillingits original purpose in modern day Bruss@eethe case study of
Habitationsa Bon Marclé or HBMs inChapter 3 particularly the HBM a2 rue Marconi. Van de Voorde
observedthat the contribution ofcertain actors had beenndervalued, eveithoughthey had an important
influenceon the practical and technical aspects of experimestalialhousingusingconcrete.Shere-assessed
the interaction between the main actoess she saw thertarchitects, commissioners amdntractorsg not
specifically engineejsvithin arelationshipbetweenthree key building history dimensions she labelled as
YR S adstgfic®Bconomy'techr2 f 238 Q | Yy R W.VENIIe WabrdsingieddizGhé joiantp D
researchfocusof otherson the first of thesalimensionswhereascthe question of whether a project was
structurally sound, theoreticallpossble, economically advantageous and technically feasible is much less
askedé?® In a later case study her thesisyan de Voorde outlined thdevelopment of thin shell concrete
construction inpostSecond World WaBelgiumled by architectAndré Paduartwho had succeeded in
combining the separate professional roleseofjineer,architectand contractor, and hencen her view had
permitted the threekey building historglimensiongo function together effectively® Van de Voorde had
originally hoped to answer a similguestionto that posedby this researchein this thesisthough 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’hbr conclusiorshe conceded thate questionwould not
havea straightforwardanswer $hethereforefocusedon the role ofpreviouslyunrecognisedactorsand their

networks within the story ofwentieth-century Belgian building industfyIn this way &n de Voordencluded

Yy LINB2SO0 &adNHzOUG dzNB

25\/oorde, 583 dd RS OGNJI 3 2F S
A3SSNDBFIFENI 61 a2 62NRO O

voordeligSy (G SOKYyAaOK NBIF A
26Voorde, chap. 8.
27\/oorde, 58Q88.
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not just the three main building professions, but atdients, concrete prenanufacturers, housing companies,

authors, research centres, associationanenentators ancprofessional organisations

CKSNBE INB Ylye FSI GdzNBa oA ivérdasod@ingnbiRBeengnheriNdeS Qa | LILINE
recentdoctoral research on twentieticentury Indian architects, engineers and build€rbelsens ses

political and social change in a newlyancipaing nationas a pivotal factor influencingdevelopingnative
architecturalcorps, with consequences for its professionalisation and that of the other key a&ioes

examineghe historical context within which divergent notions of architétsofessional identity developed in

India, including theirole in the proliferation oirbanbuildings whichddraws attention to the fact thathe

meaning of being an architect or engineer varies not only across gebigss, but also thatultiple notions of

professional identity caxist and compete even within a singular tempaat spatial contex¢?®

Peter Collinhhad muchearlierusedhis extensiveunderstanding ohistorical buildingsincluding those
designed using reinforced concrete by the Perret brothers in Fraoamnclude an overall strand of thinking
about a logical process for architectural decisimaking® While this stands in contrast to theecent
historiographic approaches in construction histatyeady referencedt does nonethelessonnect to their
focus on the role of key actar$he concept ofin architectural precederappearedin/ 2 f f A y & QinkedLILINE | OK :
as itseerred to beto himwith the study oflegal precedentsHe also consideretthe related concepof
architectural judgementwhich hal a more socialhcontrived qualitybut clearly linked tahe professionalole
of individual architect Martin Bressani, once a student of Collins, lautieif 2 N S NJ énSdadir SV a
thirty years laterfor providinga heuristic value to the confrontation betweéwo disciplines thaeachneed
their followers to be able tonakejudgements:

It does not seek so much to defend a theaisto open new perspectives farchitecture which, in his

opinion, is in aheoretical impassé&!

BaStasSyazr WI NOKAGSOGZ 9y3IAYSSNI 2NJ . dZAft RSNK ! | A&ad2Ne
Discourse, Pune (India) 1980 cpbH Q @

29 Melsens, 40810.

30 peter CollinsArchitectural JudgemerfFaber and Faber Limited, 1971).

al NIAY . NBaalyAs W+SNB !'yS t2fAdAl dzS PetezrColdgaddy wSFf SE
the Critical History of Modern Architecttre SR® L NByl [ GS] o6fyaidAaiddzi RS wSOK:
(IRHA), 2002), 110.
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To Collins, architecture relied on principles or concepts, which were more than a simplewsntidegal
precedentsThe originakrchitecturalconcepts were clearly connected to the works of the ancients, most
famously of all the Roman enginearchitect Vitruvius, whose three copinciplesfor designing and
constructing buildingssfrength, utility and beautyhave remained with us for millennia. Regulation has an
obvious legal aspect to gtotherwise it would be impossible to ensure that individuadsnply with the agreed
set of rules applying to their particular field. This does 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 anskiteiated
professional disciplines of architecture, engineering and contracsingfirules need to take account of
specialist nuances in what might be considered a raabte 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 @gteness to
the times.As Collins put it:

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

the politicalcontrol of urban and rural environmend few specialists in urban design have any doubt

that legislativesanctions of some kind are essential if their work is to be effeétive

Collinssubsequentlynade 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 Angk®axon from European approaches to legal mattees.him equitywas (i K Bieads either
of limiting the literal interpretation of laws whethmeir strict application would be manifestly unjust, or of
providing a remedy for injustice when no legal remedy could be fadhiihe obligatios of those judging
equity aretherefore to look to their moral consciences rather than employing legal technicalit@bnswent
on to interpretFrend architectural thinkeEugne-EmmanueViolletle-5 dzqX8#41879)nineteenth century
rules of architecture as following the spirit rather than the letter of law, refeireg¥iolletle-5 dzG&enipatriot
Julien Guadef18341908) who declaedin 1904 that these rules omot be violated easily. Collins mathe

following forceful statement:

32 Collins Architectural Judgemen64.
33 Collins, 161.
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X 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 Rigybf Property which in Roman Law is termed

Whot A GA2YEQ0D

Hesawminimal social obligatiogof architectsn the original Vitruvian principles for judging architecture
allowing a better assessment of the lowest expectasifor the designof a building; importantly, Collins also
permitted a higher level of optimal outcomes for socidétym architectural design, which he distinguished
from arosetinted nostalgia about the passometimes associated with Historicism or Eclecticism
L'y | NODKAGSOGQa 2-cehturysbeiety @y o lofigar belbas®g din £oSjéctiral romantic
interpretations of Antique or Medieval |if& 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 tGelay.

In this way degallyinspired 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 sonseof the
might appear unattainablé them. Thisstrand of thinkingvasechoedlater by Sutcliffe whospecifically
referencedBelleEpoqueEclecttism and it mosartisticallycreative genrewhich is considered more fully in
Chapter 5

The architectural debate oveéxrt Nouveawand 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 teaw sps

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

spirit.36

Addressngthe 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 SutcliffeParis: An Architectural Histor§¥ale University Press, 1993), 117.
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concrete factorieand5 Sdzii Sy 2y KAAG2NAO Ayy20F A2y Ay NBAYF2NDOSR
models for the engineering design process and associated Design Revolutions were introduced and aslapted

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

buildings While Addisvanted his description of those who have been responsiblesfufting communal

Design Pocedures in construction over time be inclusive, inevitably his argument vedtowards his

familiar ground of thehighly technical andpecialised rolgof civil and structural engineer$o this extenta

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

The creation o# structure starting with an idea and visiohwhat may be required and finishing with
the physical reality of a structure. In tipast this was a term used only to referttee proportioning of
structural members t@arry loads that is now quite inadequatas structural engineers need to be

involvedin the whole concept from the start, workingithin the design teani’

But theDesign Procedure arldesignRevolutions modesd alsorequire an additional layer that encompassab

those who weresngaged in the building desigmd constructionprocess, includingot justarchitectsand

engineers, but alsoontractors.To some extent Andrew Sailatid the groundwork for this in his examination

2F (UKS KAAU2NRAO WarofAy3d NADIENRQ 0SisSSy (KSa 1 Se 02y
LINE LR &LFE G2 SEGSYR anKcBoperddio®¥Sudhzn addidiohalldyer gedds tdha@iliré NE
structuralrequirements aslirectresponseso ad dzA £ RA y 3 O Aeédsqfar exandpld £ deBnin an

architecQd 2 NJ SethhikapGidingesign using their fdkpressivdreedomsto provide a finished

structurewithin the normality of a localised contex@ontractorshavealsobeen encouraged by projecand
operationsmanagers to seek cosffficient, low-maintenance construction approachesometimes being

pushed to cut corners on aesthetics, longevity and safety, deapig@recautionary regulatory measures that

may be in placeThis all implies the need faauilding commissioners, archite¢cengineersand contractors

37 David BlockleyThe New Penguin Dictionary of Civil Engineg(ffenguin, 2005), 4553.
B YRNBG {FAYyGZ WI NOKAGSOG | yR 9oOpBtugtienINdrgl!(20d5i2zRe Ay /[ 2
30; Andrew SaintArchitect and Engineer: A Study in Sibling Riyalsje 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.

The historiographic reviewoted separate buiparallelresearch by Bigds historian of science and

technology)and Banhanfan architectural historianh the 1980sn under-studiedearly North American

WNJI & 0¥ R INdCadtaads prior to Slatoif @chnicalanalysis of tk typologyas it developedfter the

First World WarAsalsoseen,two later doctoral thegshaveeachattempted to combine technological and
architecturalhistoriographi@l approachego analyses ofeinforced concretein whatcould betermed

exercises in closing knowledge gaphke first by Legault(1997)focusedon the earlyhistory ofreinforced

concreteand cemenitn Frenchbuildingdesign so not lely technial design and withessstudy of the
constructionprocesscompased to this thesis andthe secondoy van de Voordé2011)examinedthe history of

concrete in Belgian building design and constructioar a much longerspain K I 'y [ S3F dzf 6§ Q& 2 NJ G KA
Both the thesesby Legault and van de Voordevered theperiod of theBelleEpoqueand useddifferent

conceptial approaches to descetihe relationship betweerthe new systemsand associatedhesthetic design

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

systems orBelleEpoqued dzA t RAy 3 RSaA3ay A& | NBadlaSYSyd 2F [ Sl dzf i
G23SGKSNJ a Al R2Sa GKS Wi S OKYy grédtertechhojocalipdtspectiieStd | LIK 2 N C
it. Within thisapproachd K S ( SN WyR&xES{E S W (ASANAdzE SR NI} 6 KSNJ GKIy tAO2
into-Y I i S Mthis ivdy 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 materiakystemisthenp@SR A GKAY |y | RILIWA2Yy 2F | RRAAQA
processes and paradigms, so that it is more closely associated with two separate but sttafes of a

metallic building design revolutigthesesaw a transition from the monumental employment of iron and steel

in and near Parig18641889) to the useof reinforced concretand cement systemis BelleEpoquenon-

monumental urban buildings in and near Paris, Lille and Brussels-1PA9p, all of whichis fully described in

39 The historical and modertension between innovativéechnicaldesign and its satisfactory application
buildingconstructionparallek a biological explanation for riglaking it is seeras a byproduct of theconflict

between paternal and maternal genes, each trying to improve their own chances of reprodtittén.

biological science is described by Isles, Winstanley, and Huinliyony R. Isles, Catharine A. Winstanley, and
CNB@2NJ | dzyoesx WwAaal ¢lF1Ay3a FYR LYLz &AGBS . SKI @A 2dzN)Y C
I £t Ay AOIf Rhiokdphicé Mrénka2tigris of Fhe Royal Society of London. Series B, Biological Sciences

(NLM (Medline), February 2019).
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Chapter 5Neither thesisby Legaulthor van de Voordéooked att Wy 2 @ S -4 &Yal G&ishysidefinédan
this thesis nordid theyadapt! RR A & Qint¥ @ages bfé metallic design revolutiasis alsodonein this
thesis neitherdidtheyemploy{ I A Y& Rat A y 3 N thé Ngy&steddiisiinedt in Mik thesigo
WaAof Ay3a NR Gl thatElmdreynRlusideothé J8IdNGfcinkratgre admittedly van de Voorddid
include a vast range of actongthin construction asdid Melsens aftewards withher multiple notions of

professional identity

t S S NJ nughiedrliargtutyof architectural judgemeriroughtthe historiographic review to an ently
introdudngthe historicrole oflegallyderivedprinciples and precedentnd their relationship wittdecision
making intechnical and aesthetidesign connecting this tdhe sharedsocietalobligations of architets (and

by implication otherconstructionprofessionalyover time Sutcliffesubsequently made the linfikom Collingo
BelleEpoquecreative expressiorparticularlyradicalArt Nouveawapproachesthat was attempting to unify
architecturalaestheticism acrosslandscapeof EclecticismThere is a direatonnectionfrom Sutcliffe to a
recent doctoral thesis by Gill¢2020)that examined theemploymentof tilesin the facades ofive Art
Nouveaummeublescompletedin Parisbefore 1914using reinforced concretskeletonstwo of these
buildingsare usedin in Chapter 5 othis thesisashistoric examples ia case study dParisianimmeubleswith
decorative ceramic facade claddifff KAt S DAt f SGQa NBaSIHNOK AyiSNBai
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 wasédbehind the tiles, an8elle
Epoquearchitecture?! 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

materialssystem on technical aspects of building desigthéperiod.

Ve f SYGAYy DAtESGZ W/ 2yOSLIiA2y SiG /2yFSOlGAz2yod | yS
Immeubles Parisiens (1900cpmMn 0 Q 69 ¢ 1  %dzNAOKXZ HAHANO ®
41 Gillet. See particularly pp. 292.
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ResearciMethodology

It became cleafrom produdngthe historiographidrameworkandthroughanalysis ofvailablesecondary and
primaryevidencethat finding an answer to the questiofWhat was the influence afovel reinforced concrete

and cement systemsn nonmonumental urbanbuildingdesignin and near thredelleEpoquecities?Qwould

require asuitable tool to substantiatand describeny historicalcausation The researcher turned t#/ LIN2 O S a &

i NJ ditergtdl@eQwhich revealed the potentidbr employing a historical mechanism

Process tracing

LY Hamn | 3INBdzLJ 2F AYAGSNYFGA2ylt KdzYby FyR a2 OAl ¢

a o

GNF OAy3Q> | NBtFiA@Ste ySé YSi KPP afthe gougdlestribdd LILINE | OK (i 2

process tracing a@he employment of evidence from a case to infer its causal explangtiBihey defined a
caseas a socialbkgontrived instance of a class of events. Mahodegcribedn a related paper of the same
yearprocess tracingracticeanda method forcreainga mechanisnga factor that intervenes between a
cause and outcomjdor historical causationThisrequired that the historicalanalyst ha good knowledge of
the history of the casandrelevant preexisting theoriesas well asagood abilityto undertakesound logical
reasoning by combining facts about the case with more general know/Edés doctoralresearchehas: a)
collectedboth contextual and direatvidence about historical buildingefined bythe key parametethat

they used a novel materialsystemin a specific period and geography) operated as a logical historian who
has read broadly around hispic; andc)used a) and b) to describa historical mechanisnmdicatinga

relationship between cause araitcome forthis particulardoctoral research

Mahoneywent on to describehow H2 2 LIQ wéréugeil toconfirm the significance afither uniqueevents
or historicalmechanisms&asa combination ofinter-relatedindividualevents.Theoutcomes of thesé? K 2 2 LJQ
testsmight potentially contribug to the verificationor negationof an existing hypothesi8ut thisdepended

on the dfficulty of the\HoopQlests, as theyrequired observations thatvere érare, abnormal, or unusuato

2 yRNBS . SyyShi FyR WSTFNBE ¢o /KSO1St> Wt NROSaa

Process Tracing: From Metaphor to Analytic Ted! Colin Elman, John Gerring, and James Mahoney
(Cambridge University Press, 2015), 4.
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the casebeingstudied. Too easyHoopClests male use of observations thatere dordinary, common, or
expectedé** In this way, whilediling aHoopQest negateda hypothesispassing aHoopQest did not
necessarilconfirmthe hypothesis According to Mahoneyy a Y 2 | A sk arg ims Qefinitive thaWdopQ
tests and work in the opposite logical direction i.e. inductive versus dedue@soning Ananalogywould be
to comparel¥mokinggunciestswith the use ofcounterfactualgo explain the causes and outcomes of
historical caseswherefor examplealternative explanations from the same adifferent time periodcan
02y @Se WgKI ResdaEbyevyOibstratehlstaridaiiprocess tracinprougha major $mokinggdzy Q
test: an oft-cited cause of the First World War was the assassination in ib8drajevaf the Austian
ArchdukeFranz Ferdinand by a Serbian extremiisthe evidence for the significance o&tsingle momentous
eventwastestedby Levyto seehow it impacted on the subsequent declaration of war by Austoa
neighbouring Serbjeandin turnto the nextevents ina chainor historical mechanisrthat led toa European

wide conflict

The same logic can be applied to ottéstoricalscenariodo identify a historicalmechanism and contribute

towardsthe beginning of a possiblenew approach to research iafield. Hence, his doctoral researchas

F LILX A SR Y2 NB h2N1IE S 48a R4 vh®Drdekilin) diect and indirectobservations

about a range opotential historic exampleuildings Theobservationswere treated as being? G & LJA OF £ Q NI { K
0Kl y Whand sultipl©dpgraaches were used to categorizing differing and shared features across these

buildings within different technical, societal and building design contexts and, ultimadtedyrated through

sixcase studies andategorisednto two typologieg W! NblFy LYRdAZAGNAFEQ YR W/ NBI| Yy

Research boundaries

Both the historiographic review and the process tracinggsoygesed the potential value ofin inclusive
approach captuiing both crossdisciplinary and disciplinepecific issuewithin the history of construction,
including historiographical perspectives from teoltogy, engineering and architecturé key objectivavas to
producethroughtechnical, societal anduildingdesign contexdfor, as well as actuavidence ofhistoric

examplebuildings, a suitabléistorical mechanisro help describea broadercausal effect. The premise for

4 Mahoney, 20¢8.
“WE O]l {@ [S@ez Wt NBFSNByY
151¢86.
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this historical mechanism @soR S NA @S R FDéRigriPrdcdRiRe’s an@evolutions mode| whichlead
to the description of thesecond stage of metallicbuildingdesign revolutiorin Chapter & andimmediately
implies there was a first stagalso describedHowever clearboundaries needed to be set within the research

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

In terms of thegeographical coverage the research Paris, Lillgnow known asMétropole Européenne de
Lillewhichincludesthe former industrialcities of Roubaix and Tourcoing) and Brussedse citieswithin a

swathe of northern France argbuthernBelgium connected by francophone language and cul(Bigure 04).
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Figure 04. Map showinghe geography of the thesjsvith Paris, Lille and Brussels all circled in Ted exensiveWestern
Frontof 1914 captures thedramaticend of the Bell&oque
(Creative Common3he History Department of the US Military Academy West Point

They ha manynon-monumental,urban buildingsiuring theBelleEpoqug including what were once, and in
some cases stiflreresidential blocks, factories, warehouseanksand communal archiveslhe three cities

and their environsnapwell onto the initial sales territory of Frag A & | Sy y S obétpridaBr@systesi2 & S ¢
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developed and extendeduring theBelleEpoquec the inventor had been born in a village near Arras in the
Département dPas de Calaj®f which Lille was the administrative capijtalt his first operational
headquarters wrein Brussels and he moveldem subsequently to Parig the 1890swherethey became a

globaldesignoffice fora majornew reinforced concretesystem

The focusof the thesisremains orthe evidence from and context fdvistoricexamplebuildings thatillustrated

well theuseof newreinforced concrete and cement systefinsurbanbuilding designSincet wasnot at first
considered acceptabl® displaythe novelmaterialssystemovertly on atypicalurbanstreet, given itsplain
engineering and industrial connotatiortbe research parametemninimisedexamplesof monumentalurban
architecturecompletedduring theBelleEpoque Iron and $eel skeletonbuildingswere filtered outduring the
selection process fahe historic example buildings in the case studies, though some are still used to describe
the broader context of building design during tBelleEpoquein Chapter 5The thesigherefore has three
subsidiary research questionshichindividuallyset the framework foeach ofthe three sections on technical,

societal and building design context:

1. Section lon the technical context¥2 KI i & SNB (i KednaridSfahe te® ikfgrded |
concrete and cement systems and how did these manifest themselves within building design and
O2yaiGNHzOGA2Yy RdzNAYy3d (GKS LISNRA2Z2RKQ

2. Section 2n the societal context®1 26 RAR GKS SYLX 28YSyid 2F ySs
systems reflect societ@lxpectatiors and in what ways did these manifest themselves within building
RS&aA3AY YR O02yaidNuzOGA2y RddzZNAYy3a GKS LISNR2RKQ

3. Section Dn the building design contex#2 KA OK ¥ I Bélle Bubhquerkan buidiig design

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

materialsa @ 4 1 SYKQ

The answers tdhese three questiongof whichthose tol and 2 are represented through schematics with key
information blocks and associated details inithrespective section summariesdllectivelycontribute to
formulation ofthe historical mechanisrdesigned to help answehe core research questiodVhat was the
influence ofmovelreinforced concrete and cement systems nonrmonumental urbanbuildingdesignin and

near threeBelleEpoquecities?Xhe core research question is answered in the Conclusion to the thesis.

NBAY
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The choice of the findhirteen historic example buildings in th@xcase studiesand the allocatiorof specific
examplego specific cases studieslependedon the wider contextof each sectiorof the thesisin which they
sat A case study for the purposes of this thesithe&refore not a study of a single exemplary building, the
approach taken by Gillet in his thesis, ratlaevehicle or lens by whiane or morehistoric examplesire used
to illustratea key aspect within the contextheseS E I YLI Sa | NBy Qi S@Syft ebud LINBI R
insteadrange from single historic buildings to a maximum of fduwrildingsin one case studyn Section 1

there are two cases studies comprising three example buildings that illustratéeyelspects othe technical
contextfor the use of thenovel materialssystem The first case studillustrateswell structural specificatios,
which area component okarly industrial standardior the novel materialsystem(see Chapter 1)lhe

second casstudy illustratswell a keystructural requiremenbf greaterdaylight admissiointo buildingsthat
wassoughtparticularlyby aspiring2 6 Y SNE 2 T WR lagdfoAwhikhitherg arenva2hi$iris a Q
examples (see Chapter.2) Section 2here are a further two case studies comprising four example buildings
that illustrate wellaspects othe societal contexfor the use of the novel materiaksystem The first case
study illustrateswell social housinghrough three historic examplabat used the novematerialssystem not
commonplace before 191é&ee Chapter 3). The second case silldgtrateswell the relationship between

use of the novel materialsystem andhe gradualeasing opostHaussmanniastreet regulationsn Belle
EpoqueParis throughthe exampleof a uniqueimmeubledesigned andbuilt for Frargois Hennebique using his
béton armé system(seeChapter 4)Finally, m Section 3 there ariwo further case studies comprisirgix
example buildings that illustrate wedbpects othe building design contexor the use of the novel materials
system The first case study illustrategell the useof novelstreetdecorfor two historic buildingsvith an Art
Nouveaufacadehidinga reinforced concrete or cemeskeleton(see Chapter 5). The second case study
illustrateswell new approaches to urban desigmfour commercial and administrativieistoricbuildingsthat

employed the novel materialsystem(see Chapter 5)

The keyinitial task was tgproduce and theriilter from a list of more than fiftyBelleEpoqueurban buildings in

or near Paris, Lille and Brussels for which (combinations of) iron, steel, cement and concrete were used in their
construction (see Appendicefuildings were added or removed from the list according todlagity and

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

twelve of thefinal thirteen historic example buildingssed in the case studiésto two groups of six thagéach

085
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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
subsequentlyin 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 o& novel materialsystemon historicalbuildingdesignis therefore a key focus of the research

a2NB LINBOA&aStesx | yR K S WBsigniRtoSedulodsliS idfoitahtythedhingb&ing! RRA & Q&
assessed for how mudhey wereinfluencedwere the technially orientedaspects othe buildingdesign

process andhe constraining environment, all set withimider contexts. There ismorein the subsequent

summaries of 8ctions1 and 2.andspecificallyin Chapteré about what this means terms ofthe details of

the historical mechanism but for the purposehere of describing the research boundaries, the use of a
systematisedechnicaldesign procesfor these historiexamplebuildingswas bound tdncludea more
subjectiveappreciation othe new materialsand how they contributed to thehapeform and decorative

aspectsof a structureg the use of theli S N W NI& desciih©dhi® r¢latiahshiis to my mind

insufficient, even though it has some facets which are helpful to the discu$sion.

Evidence sources

Specialist databases and catalogues weitially suggested byny supervisorsKent and Lillé&Jniversity

librarians andbther researchersfor which their assistance was greatly appreciatedmary sources have
included contemporaneous specialist publications freely accessible online and/or physically at key national
libraries in Paris and Brussélghilethe researchevas based in the UK during Year 1 which coincided with

the ongoing COVID pandemiicthere was no electronic text available through specialist catalogues, and other
generalist catalogues coultbt provide an easily accessible copy, then this ended with a reqadke British
Library and the RIBA libraggnce lockdown rules had been easéal)iew onsite a print copy or restricted e
version.If a part of a documentr a whole textwas found to be downloadable or could be scanned or

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

46 Maulden who was also not keen amsingi K S G S NI W linNiStkesisorStérioricy ih @chicture

definedthe latterl & GG KS yIF NN} GAGPS OF LI OAlGe 2F | NOKAGSOGAzNBT |
the modelling of the physical things of a buildingthe structure, the enclosure, materials, organization

bringing it into the metgphysical worléw2 6 SNIi al dzf RSy > W¢SOG2yA0a Ay | NOKA
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annotated using Adobe Acrobaiear 2 of the project saw mable toaccess directlyhile based in Lille,
French and Belgidibraries andhational and locaphysicakepositories of original historic documents,
allowing forcontinuingCOVIBL9 visitrestrictions Visits were made tdhe sites ofmanyhistoric buildingghat
still existed though entry to most was restricte@eethe Bibliographyfor full details of archivadourcesas
well as primary and secondary literaturandthe Appendices fotables of additional data and list of

examplehistoricbuildings considered for further research and analiyrsihe thesis
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Section 1. The technical contextB#lle Epoqueonstructionusing
the novel materialsystem

Sectionintroduction

Section Idescribes the technical context BElle Epoqueonstructionusing a novel materialsystem setting

the scene acrostwo connected chaptersThe section contains two case stud@snprising three historic

example buildingshat, together with theremainingtext, y 8 § SNJ 1 KS & dzo a A RWha&t® NBa St NO
were the key technicalemands ofthe new reinforced concrete and cement systearsd how did these

manifest themselveg A t KAY 0dzZAf RAy3d RSaAdy FyR O2yaidNHzOGA2Yy RdzNR

Chapter 1 coverthe emergence of industry standards for engineeriag well agnnovation andconstruction
industry design standardmore generallyThe three key components ofarly industrial standards for the
novel materialssystemare then examineda) industrial patentsor new reinforced concrete and cement
systemsb) structuralspecificatiors, with a case study of a historic buildilgistrating these wellandc)
technical guidanceThe chapter finishes with an analysis of the influenceadfintary French national

guidancepublished in 190®n the novel materialsystem.

Chapter 2 examinethe economicf building as well agour keystructural requirementsssociated with

specific commissioner needs for n@&elleEpoquebuildingsthat employed novel reinforced concrete and

cement systemsfire resistancestructural efficiencydaylight admission angtreet decor. Thethird of these

structural requirements connectsfo  WR I &t A 3K{ FI O 2 N&ived froMibeFisii \Boddi dzNI> £ G & L
WarNorth American reinforced concrete factories with an associated intetmtarnationalModernist trope

this isexemplified in a case study tfo historicexamplebuildingsfrom the Belle Epoquéhat fit the

architecturaltypologywell, indeedthe first of them precedes ity about five years

The sectiorconcludeswith a simplifiedschematicconnectingkeyinformation blockswithin the two chapters
in the sectionas well asndicatingthe mostsignificant detaildinked to them in the form of answer to the

subsidiary research question
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Chapterl: Early industrial standards fomovativeconstructionsystems

This opening chapteconsides the historical developmenand significancef voluntary standards for
engineering, where the shared codification of knowledge still actssaahdlising process in what would
otherwise be a highldisparatelandscapeAttention is then paid to th&eyrelationship between innovation
andindustrial (design¥tandardsfor construction Research by a modern expert des@#in detail the
purposeof construction industrydesignstandards. Three types of role are identifiddr these a)meeting the
high-level objectivesof standardisationb) providing qualitycontent¥ 2 NJ | colsE@tBrimustrydesign
standard;andc)aiding withthe actualdesignof the planned work The chapteoutlinesthree keycomponents
of early industrial standards farovel reinforced concrete and cemesystems industrial patentsstructural
specificatiors and technical guidancé&he novelreinforced concrete and cement systems featuredhie
historicexamplebuildingsare then descibed. Thechapterexamineghe legal aspects of the competitive
environment thatFrangois Hennebique and Armand CoasidasFrench inventoref the bétonarméand
béton frettésystems had created withina constructionindustrythat began to adopthe novel materials
system.The chaptethen consides structuralspecificatiors for the design andtonstruction ofurbanbuildings
with a case study of mindustrialbuildingthat wasone ofthe first to use thebéton armésystem.Technical
guidancefor the novel materialssystemis described togetherwith an examinationof voluntary French
national guidancen reinforce concrete and cement systems for statanmissionedtonstructionprojects

produced in 1906

la. Theemergenceof industral standardgor engineering

Yates and Murphy have examined the history of engineering standards in a comprehensiyvenwdrich hey
place the historicalroledf KSa S G(GelLlSa 2F @2fdzyidt NBE GSOKYyAOI
developing economies over tinfé They observe that theeengineeringstandards have shaped industrial

development by fixing the technological platforms on which further innovation occur

47 JoAnne Yates and Craig N. MurpBggineering Rules. Global Standard Setting since (0880 Hopkins
University Press, 2019).



33

Without such standards, most of what we buy would be more difficult to produce, and conflicts

0SG6SSYy YSNOKFyta FyR O0dzai2YSNR ¢g2dz R ftA1Ste& 06S Y2

has come to provide a critical infrastructure for the globab®omy#8

But applyingechnicalstandards 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 consersased approach, inveing voluntary industrial participation, as

being essential to the lonterm adoption of engineering industry standards in txentieth century.

According to Sir John Wolfe Barry, a former Presidetit@institution of Civil EngineerfJg and the

recdyAaSR WFFGKSND 2F . NAGAAK {GFyRIFEINRas GKS FlFy2dza S
o0l +ta mTyp Fad GiKIG 6KAOK A& 2F dzyR2dz0GSR | dzii K2 N& { &
while Webster had refined thisin 18582 & G KF i ¢ KAOK Aa SaidlroftAaKSR Fa | N
public opinion or by respectable opinions, or by custom or general corié@ver timeengineeringbased

and other voluntary national standards, including those set by the Association Francaise 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@ldwide 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, origiaallp 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 componentg whichhadfA t SR® wSaLRYRAY 3 Tl @2dzNF 6f& Ay MpmMT
then British wartime Minister for Labour, John Hodge MP, who singled out his owngrexperience

working in a rollingmill, producing a plethora of nestandardised iron and steel seatis and parts for

RSYIFYRAY3 Sy3aAySSNE |yR WFlIRRA&GKQ | NOKXHMSE&Erats | a KS N

48 Yates and Murphy, 2.

PW2KY 22fFS . FNNEBI WeKS

/| 2dzy iNBE® ¢KS WIYSE C2NNBa
S0Barry, 349.
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would still take time for the role of industrial standards to be fudgognised 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 impetiSchmidt and Werlbdad, prior to Yates and Murphy
examined the historical standardisation of processes and interactions for the global telecommunications
industry? They generalised the role that engineering industry standards played in codifying knowledge
elements used by people and organisatiohdO K Y A R I y Rhad @dvdd Selpéuior th iédearcher
by providinga different discussion of the relationship between technical knowledge tactnicalstandards
(italics addedor emphasik
X standards are often regarded as specific codikierdwledge elements with high normative
significanceX (i K S &¢ piddisalydabcause of theiresumed stabilizing effectsfrom contentious
processes of standardizatioimyvolving actors from different social groups holding diverging values and

interests and different knowledge bas#s.

1b.Innovation anctonstructiondesignstandards
Lambert and Templ&ully analysed the relationshipver timebetween standards anthnovation producing
the complex diagram shown in Figukd below which reflects the many different science and technology

networks that have sprung up since the edwentieth century>

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 standaealbaps ironically, more than a

century later the Indian conglomerate Tata Steel acquired British Ste2lo SNIi / ® aO2 Af f Al YI W¢ ¢t
. NRAGAAK {dFYRINRAQ 6! YADBSNEAAGE 2F WSIRAYIAI HAAHOT w20
Specifications and Tests Published by the Engineering Standards Committe® § M&@nsactions of the

Newcomen Socieffs (2005): 26487.

52 Susanne K. Schmidt and Raymund Wetegrdinating Technology. Studies in the International

Standardization of TelecommunicatiofMIT Press, 1998).

53 Schmidt and Werle, 41.

“wlk& [FYOSNI FYyR thdzZ ¢SYLX S We¢KS wStlIGA2yaKALl 0SGsS
LyGaStfSOhdzZtf tNRLSNI&Q o0[2YR2yY . {LZI HAMpPULOD
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Standards in an innovation and growth system
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Figurel.l:Diagram of tandards in an innovation and growth systefibhambert and Temp}015 p.192 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 chly: Tel: +4
(0)20 8996 9001, Email: cservices@bsigroup.om.

Interestingly, theverydo dza @ RA I ANJ Y Ay Of dzRaSaprobuttytiieative tiin@rigdzl £  LINE LIS NI ¢
encapsulated in patentand copyright specific components @& nowintricate system of technical standards

and innovation interrelationshipghe United Kingdonhad produced voluntary industrial standards for new

building materials whiclvere published and subsequent(gt least partiallypdopted 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 t9 Yy IA Y SSNA y 3 { ((ESCRImbddPkey 2 YYA G (1SS Q
professional and trade bodieESGvas a precursord 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®®

David Yeomanexamined in considerable detail the kieyovativematerialsand system®f the British
construction industry from 1900 onwardwith the accompanyintensions that arosggivinghim the
impression thanew scientific understanding lthbeen forced upon tht industryas an unplannedreaction to

specificextraneousfactors

$a02AftAlFIYZ WE¢KS CANRG . NAGAAK {dFyRINRAY {LISOAFAOIGA
Committee, 1903wy QX Hc pX HT NP
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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 inadequéfe.

Specifically o voluntarynationalindustrial standards for the construction industry, Yeomans chrosiag
RSPSt2LIySyiGa adzOK Fa (GKS GNIyaFSNI 2F GKS mMdnH & NIAYS
incorporation into British Standards for constructi&ivil engineer Mariapia Angelino undeok practice
baseddoctoralresearch on the complexity of the current generation of construction industry standards, with a
focuswithin theseon the building design procesthough with no speci® NBEFSNBy O0S (2 ! RRA&AQ 5
Procedure approach outlined earliertine historiographicreview®’! y 3Sf Ay 2 Q& Y 8sadpecRaff 2 3& S C
research byDeutenalsoreferencedearlierc using a similgrbut more finessed SCQOrfethodologicabpproach

to that of Schmidt and Werléor engineeringndustry standards as a means of codifying technical knowledge,

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

transition from alocalised to a cosmopolitafe.g. global) technical knowledge systdims wasachieved

through more and more explicit descriptions of pateatsd associated technical informatig®wWhile Schmidt

and Werleand then Deuterdid not specificallysingle outthe designprocessas a key aspedf a developing

technical knowledge system, by contra&ngelinodid focus on industriatiesignstandards for construction

Shefirst indicated that there aresix historical purposef®r construction industrstandards control of the built

environment by public authorities; safety; cesfficiencies; consistency; allowing shared stakeholder

communication; and competitivene$$Angelinothen provided ehelpful diagram of &nowledgeencoding

and decoding process fareating newconstructionindustry designstandardswhich connects back t&chmidt

Iy R 2 Sadier&p@raach(Figure 1.2)

56 David Yeomansonstruction Since 1900: MaterigBT Batsford Ltd, 1997), 14.

M y3StAYy2Y W5S@St2LIAy3a . SGGSNI 5S8SaA3y {GFyRIFINRa F2N (K
¥5Sdzi Sy> W/ 2aY2LRtAdGIyAdaAy3d ¢SOKy2t23ASa Y ! {ddzRe 27
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Other
Stakeholders -
: Experience technical
documents
L Technical Design ; Aoyt Civil and structural
Codification provisions Standard Interpretation Application engineering works
Selection and
organisation of Knowledge
content

Figurel.2 Flow process for theodification of constructiomdustrydesignstandards (Angelino, 2019p.112 Creative
Commons Attribution NonCommercialNo Derivatives 4.0 International Public Licgnse

Technical
knowledge

Iy 3 S fflawpoeess starts witla block ofnew technical knowledge within the construction industry,
highlighted by me on the far left of the diagram; and ttieends 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 bild existing
knowledge baseyhile the wholeconstruction industry design standapdocess also reacts to external
constraintsas does RRA a Q& 5 S dokvihi¢h ittappBacs SHe dekibaware The output at the mid
point of the process is a construction industry design standard, highlighted in the centre of the diagreim
then needs to beully interpreted and applied in order tproduceaW & (i | ystRuEtiNGR@t reflects,
satisfactorily the newtechnicalrequirements forthe innovation Angelino goes on to show thatére are
three key historical purposdsr constructionindustrydesignstandards that condense theriginal six
purposes for more general industrial standardsabling the adequacy ebnstructiondesign to be verified;
supporting both common and innovative design solutions; and managing risk and uncertainty in
construction®® This produces a matrix of modeday roles forconstructionindustrydesign standards

categorised by the following thrdeey features

a) those related to high levelbjectivesof standardisation e.g. controlling the built environment and
enabling the adequacy of building design to be verified;
b) those related to thecontentof a design standard e.g. codifying technical knowledge in a user

orientated fashion and ensuring consistency of design approaches;

60 Angelino, 8889.
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c) those related to theactualdesignof the constructed product e.g. supporting the desigraof
desirablesafe, costeffective and (environmentally) sustainable civil and structural engineering

work 81

Modern constructiondesignerselievethat there is value in focusing on the standaeduse of industry

prevalent materials (omaterialssystems) rather thasimplyon individual structuresHence the main benefit

to them of structuretype design codes is the availability of all informatibay needfor a specific structure in

a singledocument.But equally theras 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 podgiinconsistent terminology and design

philosophy??

This last point is very much set in the context of the modern era with its plethasgepshift and incremental
productinnovations, presenting all kinds of complexitytoth the producers and end usexgithin the

construction industry

Returning to the historical context of technical innovatiwithin the construction industryDeuten
emphasisd that knowledge was transferred between individuals and between organisatiotie industry
often in parallel, though this might be at different rates and with varying levels of detail. The image of the
solitary constructiorsystemsnventor would gradually change over time as professional technical networks
expanded andechnicaleducationabout novel materialsystemsmproved and became more accessible and
formalised In the case study Deuten usedrefnforced concretethis hadbegunt & | GRS ZIdfag& Yeé a i SNJ
localnineteenth-centurytechnology without sufficientcollectivetechnicalknowledge
Indeed, patentees resisted to reveal knowledge of their proprietary systems. In the twentieth century,
reinforced concrete became a cosmopolit@thnology with an institutionalised knowledge base, a

locakcosmopolitan division of labour, and an elaborate infrastructure for circulation and aggregation.

61 Angelino, 1085.
62 Angelino, 111.
B5Sdzi Sy W/ 2aY2LRtAlGIyAdaAy3d ¢SOKy2t23ASa Y ! {(ddzRe 27
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HenceFrancois Hennebique was proud to proclaim in 1899 to his organisational congress and through the
readership in his communications network, that he and his familyfbadalised theirintellectual ownership
of the béton armésystem, even though hiead initially questioned the legal value of patenisprotecting his
rights as an inventor
| researched the background to the reinforced cement issue; having ensured that no prior invention
destroyed the value of my discoveryptigedmy patents whickare intended toprotect my
[intellectual] property. By the way, such property is the most pogmigtected 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 galladiumintended to protect it. Be that as it may, good or bad, | proposed to
leave my son in charge of exploiting my previous [patents] and | decided to continue to manage my

construction site$*

As we will sedater in this chapterseven yearsfter this speechwhen the time came for Armand Considére

to earn fees from his 1901 patent fbéton frettésystem after relinquishing state service in 1906, Hennebique

was fighting a reaguard action against a flourishing of competing reinforced concrete and cement systems,

often taken forward by the very same people who had initially collaborated with iim. & & Ay | Sy y So A lj «
interest to turn from poacher into gamekeepéehe financial returngo his centralised design studiwvere

being threatenedashis patents exp&d and his former professionaktlientsdecided they could now operate at

an equal or better level of expertise without losing a cut of their reveriaesn 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; ¢adier

widerissue ofprofessionatisktakingassociated witlthe novel materialssystemis considered in Chaptéx

but next we move on to the patentexkinforced concrete and cemeslstems themselves.

B4CNF yoe2Ad | SYyySoAaljdzsSE We¢ENRA&AASYS /2yaNBa 5dz . Si2y RS
Le Béton Armé, no. 11 (April 1899):¢3. « Je fis des recherches sur les antécédents de la question du Ciment
FNY¥ST YQSGlIyYyd | dadz2NB ljdzdl dzOdzyS I YGSNA2NARAGS RUAYDSY(A?
brevets qui sont sensés des titres de protection de propriété. Soit dit en piagsa cette propriété est bien la

plus mal assurée qui existe. La loi en vertu de laquelle on nous délivre les brevets, parait étre beaucoup plus un
traquenard pour faire tomber et détruire la propriété industrielle qu'un palladium desiitzéprotéger.

Quoiqu'il en soit, bons ou mauvais, je me proposais de laisser mon fils a la téte de cette exploitation de mes

précédes et je pensais continuer a diriger mes chantiers de construstion.



40

1c.The noveteinforced concrete and cemenystems

Early industrial standardfor the novel materialssystemwerelinked tothe NE @2 f dzi A 2y I NB G NI yaA da
O2YYdzyAlGe 27F Wy 2 Ninsigh Rocdd@elestyilfedin thiédstediogrdpioeviewandwhich

will be developed furtherin Chapters. Architects, engineers and contractdngad started touse a metabnd
cementor concretecombination to replace traditional timber, bricks and masons/weell aghe separate
application of cemenbr concrete toiron or steelinternal memberswith various oft-O f | A Y S IN2RFIONS
features in effect meaning an improved firesistance of buildingsnitially, all types of systenincluded iron
girders orrebars, but over timahe iron was replaced bthinner and strongesteelelements; 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 #%éfeinforced concrete and cemesystemsboth

required liquid cement, a fluidlithic material produced by combining a mineral powder with water. It was
invented by the Romanssingwater-resistant Neapolitan volcanash(Pozzolanpand thenrediscovered and
developed centuries later by Western Europeans. The gsitbe-art was and still is finer Portland Cement,

first employed in Britain during tha@ineteenth in the construction industry the first patents for reinforced
cement and concretsystemshad been registered in the second half of thieeteenthcentury in and outside
France By the start of the 1890sapidly maturing reinforced concrete and cement systems had begun to
assert themselves iBelleEpoqueconstructionasimprovedalternatives topure metallic systems with only

iron or steelcomponents®®

This was in part attributable to the combined mechanism of energetic patenting and commercial promotion by
Frangois Henebique.%” A key series of technicainovationsled to the lodgingover the period18923 of four

| SyySoAljdzS§ CNBYyOK yR . St 3Al y-LINE # Bfedaibominbtiigithe NBA Yy F2 NO S
beginnings of what would beconafire-resistant structurallyefficientbéton armémonolithicsystem. In 1897
Hennebiqueupdated his origingbatents with a more sophisticated technical description and added a new

patent for afoundation pilingsystem Hisinitial technicatbasedbusinesglevelopmentwas soon followed by a

marketingled one, typified by the publication of a specialist trade journal in 18938Béton Arméwith rapidly

AOFE FYR 9ELISNAYSy(lee {GdRASE 2V

5] St fS624Aa3 WeKS2NB
| A2 2ANB RQdzy al (SNKitode= 902y 2YASST

8 Cyrille Simonnef, S . S 2y ®
Parentheses, 2005), chaps2l

67 Delhumeau covers the full story of tigeowingHennebique businegtioroughly. Delhumeau] QA Yy @Sy i A2y 5.
.St2y I NX¥S Y AKYySoAljdzsSI wmy dn



41

increasing readership amongatchitects, engineers ancbntractors. Therewere of course other inventors

and innovatorsperatingin this market not leastFrenchmerPaul Cottanciif18651928), whosecimentarmé
systemwasfirst patented in 1889), Edmond Coign&B866-1915, whosecimentarmé systemwasfirst

patented in 183, and Armand Considérel841-1914), whosebéton frettésystemwasfirst patented in1901;
andother reinforced concreteor cementsystems, similar to if not derived frobétonor cimentarmé.® The
Monierbausystem was imported from Germany and Austria having been developed abroad using the original

FrenchMonier patent of 1877 for arron and cement combinatiaf?

Tablel.1in the Appendicesshowsthe reinforced concrete and cement systems used inttiig¢een historic
examplebuildingsin the case studies ithisthesis.The evolving systems patented by Francois Hennebique in
1892-3 and 1897 in France and Belgideature inmore than halfof these with an unconfirmed possibility

that it was alsaised in an HBM in Brusselrhis reflects both the prevalence of théton armésystem in

France and Belgium at this time, but equally the greater availability of archival and other sources of evidence
about structures that used. Of the remainindour historicexamplebuildingsthat definitely didnot employ

| Sy y S$6 Al dzéherd arairdisidudl iMsfances of the Coularou system ttéen fretté system the

Cottancin system (awhat was probably an adaption of @nhd an as yet unknown systerhis providea
sufficientrange ofindividualsystemswithin the novel materialssystemover a period starting with the

completion of the sincelemolished Bossttlasurel textilefactorywarehouse in in 189 Roubaixnear Lille
(seethe case study iChapterl), to the completion in 1914 dfvo sets ofblocksin the still extant HBM

complex at rue de la Saida in Pdsisethe case studpf HBMs inChapter3). As noted Hennebiqué& Béton
armésystemwas employed the most ithe thirteenhistoricexamplebuildings; this reflects the dominance of

the technical and organisational systems and promotional powerhouse that was based at 1 rue Danton, Paris
from 1900 onwardg indeed, Francois Hennebique ownede of thethree apartmenssin his new Head Office

building, as if to maintain a close personal control overdhsignoperations orthe floors above hin{see the

8 n addition to covering Sy y S 0 Bétprz8niEsystem, Christophe, van de Voorde and Hellehbis

provide useful information on these other reinforced concrete and cement systees+ 2 2 NRS> W. 2dzg Sy
Betonin Belgié (1890 ot p 0 { F YSya LISt @ty YSyyraas 9ELISNRYSyd 9y Ly
QELISNAYSyiGlFt {ddzRASE 2y 9 NIeé& wSAipeBamABRetsedy ONBGS { G N
Applications 2nd ed. (Beranger, 1902).

L O0AYS Ydzol yI WLY-P2@E @A2YILE YOI ARYRAYRI 5SOSt 2LIYSy G 2
. S NI Prgc@exings gf the 5th International Congress on Construction History, Chicago, lllinojsed/d 2.

Bowen et al. (The Construction History Society of America, 20153831
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case studyf this buildingin Chapter 4)Patents forthe novel materialsystemwere a vital part of

technological innovation, giving French inventors uffifteen 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 werelgctual

applied in industry within the two years allowedf not, they ceased to exisErancoisHennebiqudodgedhis

first Belgian patenin 1886F 2 IJLINE 2 T<nadefiogh #dddand cement or concret® In 18923 his

Belgian andrrench patents formemergingoéton armésystem as he called istarted to make a significant

impact onconstruction, initially in the north dfrance Thisnovel materialssystem employed concret@nd

metal in amonolithic manneffor pillars, beams and slabs with flang@&se Belgian patents of 1892 are

described succinctly by Hellebeigth key features obteel formworkand metallicreinforcing rods andy-

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 tvitods. 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 raiforcement is provided by the insertion of stirrups, as flashape sectioné! (Figure 1.3)

assomank Woaniditha. | 5

Figure 1.3Section showing the amolithic leam-slab approactand use of kshaped stirrupsn Hennebique's 8 July 1892
Belgian patent(Hellebois, 201,3.71)
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TwoFrench patentsvere lodged after the two Belgian ones, driAugust 1892 and 7 August 18@3pectively

and all these stepwerethe startofl SYySo A lj dzSQa 2 ¢y apploach Ihy8Diptat8 SYSNHA y 3
patents were lodged to capture thengoing improvements to monolithic approach, as well as foew pre-

cast piing.”> The major changes to the beams since traginalpatents was the addition of extra (inverted)

stirrups as well as beatp rebars with fiskail endingssee Figure 1.4Jhese areexamired further in the case

d0dzRe8 2F WRI &f A JIKA (T QUILASNIASTAAQD ANS F/ SKkdehJiiedsaid imFourtoig NI Sa
near Lille Hellebois illustratd well the key technical components of interest in the 1897 Hennebique French

patent diagram for an integrated-Geam supporting a floor slab in théton armésystem’®

Tig: 5.

’2", 5 l2Il|
2[ : [/ S /2 N E =N vl
=7 e @ o ||l « & 2
I‘iS'.l.
' (II '21 2 'zl \(Ifz s
! 7
Addibion dee 18 Decerndre 1897

e Breoed A°2L3. 548 dive 8 Apund 4392
Ae /. E’Efﬂnfﬁz‘?’ue ;

Figure 1.4: Elements of thélb 2 y | NJ' S -b&aénaniu@iaied &renth Hennebique paternit®Decembet897with
extra (inverted) stirrups as well as bearg rebars with fiskail endings
(1994 035 419, PelnardConsidereCaquot files, Archives Nationales du Monde de Tnavall

72Hellebois, 6870.

3 From December 1897, the continuou$h@am is composed of straight and bau rebars, round and

smooth with fishtail ends, and hoop stirrups along the span. Moreover, reversed flat stirrups are added on the
intermediary supports. In this last patent, Hebique explains that the adequate combination of steel and

concrete results in structural elements resistant to bending and shear solicitations [a better translation is
WY2@SYSyiaQed ¢KS RSAONARLIIAZ2Y AyaAaadl agitdyialebaS NRt S 27T
adzLILI2 NI GSyaAiatsS adiNBaasSa yR GKSANI LRaAbdAzy F2ttz2ea
RAF3I2yLt GSyaizy yR 02yySOiG (GKS O2YLINBaairzy FyR (Sya:
stirrups on the supports keep thesht-up rebars in place and strengthen the buildimgof the beam on the

columng Hellebois, 70.
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All of the improvementgo the emergingoéton armésystemwere aimed at making a building more robust in
resisting a range of different forces produced by structarad windloading, as well as integrating it all into
what had by1897, if not earlierbecome a truly monolithic systerithe French architedtouisCharles Boileau
(18371914Y4 who was a proponent of the Hennebique systdrad already referred to the benip rebars in
an1895[ Q! NJX K Articl& éhithebitBn armésystem, which would seem to confirm their general
employment prior to the 1897 patenBoileauintroduced themetallicbarsas beingemployed in beamsand
slabs providing specifitechnicaldetails verbatim from the inventor of the system

Mr Hennebique says on this subjedthe function of thebent-up rebars is doublea. Together with the

horizontalrebarsand the stirrups, they form aolidtriangle whose resistance tensileforcesincreases

as they advance towards the support, wheresieforces are at theirmaximum.b. They follow and

meet exactly the bending force of a continuous beam with several sfgRigure 1.5)

Figure 1.5Section of Bton armésystembeamwith bentup rebarsn 1895 (L'Architecture, 18946, p.389

The start of iron and cement ascambinedmateriak-systemin France originated with Joseph Mon{@823

1906)at the end of the 187Qswvhen hepatented beams made frontboth materials The most significant

SELX 2AG0F0A2y 2F GKAEA AYy@OSyldAaAzy KI LIWSY SR (MonyerbddK S F2f f 2 ¢
throughnon-Frenchengineercontractors Matthias Koenen and Gustav Adolf Wd§3$e Frenclthen

NEBFaaSNISR (KSYaSt @Sa (KNP dzXknent drnaésystemirsi patenyfe@ m 88% Ay @Sy (

74 Boileau was the soand father, respectivelygf the more famous French architest ouisAugusteand Louis
HippolyteBoileay buta respected architect and rationalist thinker in his own right.

Blouis/ KNI Sa . 2AtSkdzz W[S /AYSY(d ! NVS®@ NR2KARS4D EdzMS ( K2 R
(November 1895): 38% M. Hennebique dit a ce sujea fonction debarres pliées est double. Elles

forment avec les barres restées horizontales e@gw®rs un triangle indéformable dont la résistance a I'effort
tranchantcroit en s'avangant vers I'appui, ou cet effort est maximbnklles suivent et rencontrent

exactement |'effort fléchissard'une poutre continue a plusieurs travégs.

BYdzo I YE WLYY2OF-0xANF & YRILFAIOYRa @yt & yR 5S3St 2LIySyid 27F (
43233.
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with eighteen further French patentsintil 1901,0f which 1892 and 1896 are the most relevant ofigeigure
16)./ 2 G 01 y OA yssare-raaleicanSrate bricks for the building framing, with connected surfaces
made ofmetal meshe®f about 36cm with 4-5mm diameter iron wireand thin layers of cemer{-7cm),

which could produce delicate vaulting effects

NN N

=)

-

Uu

Figurel.6: Cottancin system metal cregsesh anda beamslabemploying itin plan and section
(Christophe, 1902.20and p.40)

A key problem with theiment armésystem was itslow ard intricate applicabn, hence experiencing higher
labour costs, whichouisCharles Boileau lialready identifiedasits major weakness; this was well before
I 2GGF yOAy Qa LINRY OA LI f thedFozchioNie@malole geBaudofl 8341915 dimtnlly NA G f =

admitted as much himself in 1904.

"9fAAFOSGGlr t NPOAREF X Wt dzZ / 20G0GL EdiibeyebArtificy. HiStglrdsS dzZNE Ly @ S
/| 2ya0NWzOGAGSad ! OGSa 5dz mSNI / 2y 3 NH A RCQoivagis@RalRigaylS RQKA 3
2010), 600Cottancinhad participated alongsidéne French architedCharlesLouis Ferdinand Dute(i845

1906)in the construction of the&Salerie des Machines the 1889Exposition Univeelie in ParisGillet,

W/ 2y OSLIIA2Y SG /2yFSOGA2yd !yS 1 AaG2ANE al GSNASEES 50
MAPMNUE@Z HHM

BDATESGT W/ 2y OSLIiAz2y SiG /2yFSOiAzyd !'yS 1 AaG§2ANB al GS
Parisiens (190 M n 0 QY HHC O
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Armand/ 2y AA RSNBQa LI GSy i 2 tebétpminattésysteinddholirsd?l hid gitrynntbtha 0 F 2 NJ
field with a reinforced concrete systeemployingin its columns a circlef steel rebars connected by a

spiralling metal wire; the French terfretté A & € A G SNI £ £ @ -TANG @A £ & A1 SARY | (BK A KR WA S
more the effect of the concrete rather than the internal structdP&he contrast betweethe technical design

of/ 2y & A BEINSYNAES 6 dollinoz§ i theibéton frettéand bétonarmé systems is shown in Figute?

taken from an original drawing in tHeelnard-ConsidéreCaquot files held at thérchives Nationales du Monde

de Travai(1994 035 419p
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Figurel.7: Comparison of colump#cluding crossectionsusing thecylindricalbéton frettésystemwith spiral reinforcing
(extreme left and centre righgndthe contrastingbéton armésystem (centre left and extreme right)
(1994 035 4192PelnardConsidereCaquot files, Archives Nationales du Monde de Travail).

In essencethe béton frettésystem on the far left and centre right of the diagram, had circular (initially
octagonal¥inishedcolumns with more longitudinal metal badsut most critically, because tifie continuous
spiraltie, it was more resistant to shear forces thtre separatel transversal tie€onnectingthe rectangular
crosssectionof the béton armésystem centre left and far rightThe use ofa spiraltie wasnot a completely
original idea; howevet 2 y & A FO®INiBtéhtforthe béton frettésystemhad developed the concept into a
novelsystem using soft steghat wasR A & G A y O  F NRTHis waScgrnaisiy corfesr&@oé foundation

piles, which employed the same principles as columns. It seems that the useh#ttivefrettésystem spread

Y StfSo2AaY WCKS2NBGAOFIE |yR 9ELISNAYSY(lt {GdzRASE 2vy
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rapidly, perhaps linked to the fact that as a public sen@ansidérevas not initially allowed to profit from his

patent (see theexaminationof the patentdisputesbetween Hennebique andompetitorslater in the

chapter) Collinsevenmakes an intriguing reference to the possible uséefbéton frettésystem(or an

adaption of it)in Ernestw | y & 2(Y8840@17)first WR | & faciodCk florth America® It seems Considére,

in partnership with a littleknow inventor called Viennot, combined théton frettéa @ 8 G SY SAGK GKS f |
reinforced cement slab system to produce monolithic buildiffigpgse included.a Catlédrale at the Menier

factory in Noisiebur-Marne (completed in 190&eethe case stud ¥ WR I & f A i# GnapteF} @ Wl NA S a Q

as theMaison des Dames des Postes, Télégraphes et Téléptmmepteted in Paris in 190°%.

1893saw Edmond 2 A 3 §irS Bréhéh patenfor a reinforced cement systenHis father Fragois (181488)

began experimenting with concrete construction in 18##8tially successfully, though he went bankrupt in

1875 as a repercussion of the FrarRmussian Wa¥? Coignet seniofiled new patentsfor what he termbéton

agglomeréin 1879andhis sonEdmond joined the business 1887, not long after which his father died

Edmond built admintsative buildings for tle Suez Canal Compadga A y 3 G KS Fl YAf &8 Q& dzyNBAY
system, but then moved on to a new reinforced cement approach in the 1890s with the technical aid of his

engineer compatriot Napoléon de Tedes@the Belgian stateivilengineer Paul Christoph@8701957)

explained RY2 y R / 2 A 3y S i tndiscampiefieSsWweeshyicalRy@de bf 190He noted that he

thin slabswere the result of a network of straighdrisscrossngrebars similar tahose used by thélonier

system Thebeamswere generally molded in advance independently of the slabs and set up as ordinary joists.

80/ 2ttt Ayaq ail sdhxbyaied bisdbsegusrii reséatchsddSrom 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 alumns 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 compaa four-storey factory 300 ft. by 60 ftonstructed

with spirally reinforced columns based on a new system recommended by the French engineer, Armand

Consideret Collins,Concrete. The Vision of a New Architecté® An adaption from lie béton fretté system

mayalsohave beerusedinthe columnsofi KS 62 NI RQa FANRG NBAYT2NOSR 02y ONEB
Building,completedin Cincinnati irt903/  NX 2 & / 2 y RA (i I-CondréteSSkySckapei: The wS A Yy F2 N ¢
Lyartta .dzAfRAY3I Ay [/ Ay ORAyTethaologyraytRultu@ ro. 1t(JarudySL968)y” { G NXzC
18¢19.

BlWl+ alAaz2y 5Sa 5FYSa 5Sa t RaxorStuctiondVsderfA, Nd. 19()&8ndaryS i ¢ St S
1907): 178t p T +*ASyYyy 20z YOS INDONRO(IRBIDY ayEg07)2140 >

2DAT 0 SNI wAi OKLI dzRX -8®)antlthg bedudtrial DeveldpaehSofithed sy Modern Concretes

Ay C NIByildisg&aowlkdge, Constructing Histories. Proceedings of the 6th International Congress on
Construction Historyed. Ina Wouters et al., 2018, 1¥2B.
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Themetal core of the beamwas made of round iron stirrupsvhichwent round the lower bar and ame out of

the beam and fold up to tie themselvestorthe metal mesh of thalab(Figure 1.8§3

[ PRI J‘L -"'-"‘.l."._,,_:r,
BT N B
l

V.

CAIdz2NB wmoyY 9-heanesysientrigit)sibwirgthedtiapping connecting its rebars. (Christophe, 13036
There are ngatent recordgfor the Coularousystem, which waasedin a singleexample historiduilding the
former wool conditioning premises nola Condition Publigueompleted inRoubaix Lille Metropolen 1901
(see the case study of four buildings in a new urban design approach in Chapter 5 and Figitragp8ared
to use concrete rather than cement, witbonnectinginternal flanges isidethe beamsthat wereangled at 45
degrees much like the stirrups of thamericant NHza 8 SR / 2y ONB (S {#ARBHaGdndtea Y LI y & Q&
that the French architectony Garnier employed the Coularou systemtfar first floor ofa dairy building

completedin Lyonin 1905%

83 ChristopheLe Béton Armé et Ses ApplicatioB&;37.

84 Christophe, 47.

BDAf OSNI wAOKFdzZREI We¢KS CANRG az2RSNYy /2yocedinSa |y
CN} yOSQ> / KIFy3IAy3d /[ dzZf GdzNBad 9dzZNBLISFY t SNELISOGAGBS
Concrete, 19th and 20th Centuries (London: CRC Pre33), 2.
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~ lemsion ension. Z

Figurel.9: Coularoueinforced concretaystem beansectiors showingthe 45 degree internal flange§ularou, n.d., p.p
While not employedor the thirteen historicexamplebuildingsin the case studies in the thesthie maison a
gradinssystem for a neveet-backbuilding type invented b¥rencharchitectsHenri Sauvagél8731932)and
Charles Sarazii8731950)was patented irFrance inl912(No 439292 seeFigure 1.1Q)The system was
employed by themfor the first timea year laterat the immeubleat 26-8 rue Vavin in Pariseferenced in the
application of the historical mechanism in Chaptet 8 dzf t dinrier8 d@ridé@ySémwas used for the
construction of that building framing and a 1911 patent for the system (No 426863) recordssingssoft

steel inthe rebars

Edmond Coignet and a colleagGeissealnad patented a new system in 18€gr reinforced concrete preast
piles but they didnot apply it, henceFrangoid SY Y SoAlj dzSQa 26y LI GSyd F2NJ LIAE Ay =

predominant one in the industr§f This approach changed when at some point before 1902 an engineer

81 NYIYR / 2YaARSNBZ W[l {20ASiS RS C2yRIFIGAZ2Y t I NJ/ 2YLN
(Considére, 1911).
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named Dula@atented the use of specially shaped weights to create moulded holes into which liquid concrete
was then poured and metal framing could be inserted as requirée concrete would, once set, form a solid
bloom at the base, providing even more stabilityttie softest ground where there was little hope of reaching
any type of firm anchoc riverine settings would be a typical locati®hTheSociété Anonyme des Fondations

par Compression Mécanique du Exbmpressdlwas established separately by Hennebique to explat th

Dulacpatent.®®

Fig2 A

CAIdzNB momnyY {Fdz@l 38 g { I NI Tagadns systehm(@390NBIFNOK LI G§Sy i F2

87 Armande Hellebois, Yves Rammer, and Jednl dzZRS + SND NHzZA3S> W/ 2y ONBUGS t Af Ay:
I AAG2NROFE t NI Ol A Q@s aAdBolts af Cdhistra@cgodzyiftdry(iPko2egdingsSof the yFourth

International Congress on Construction Histed. R. Carvais et al. (Editions Picard, 2012), 5.

8/ 2YLINBaazfts Wt NRPofsYSa 58Sa C2yRIFGA2yaQ o[ {20ASiS R
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Patent dispute®

Disputesbetween the inventors oindustrialpatents for the novel materialsystem are anothesource of
informationto the researcher examining this key component of early industrial standdralslel.2 lists ten
French legal cases involving Francois Hennebiq@oorpressadluring the period 19024, either as plaintiff,

accused or appellant and the majority connected to the use of reinforced concilatg pystems.

Table 1.2: Legal cases involving Hennebique or Compressoil4902

Decision Litigants Outcomes for HennebiqueZompressol
year
1902 Cottancin vs Hennebique Cleared his name against accused breach of
[ 200GFyOAyQa cimgnyaméldr
1903 Hennebique vs Mollet & Boussiron, Boussira His general patents fdyéton arméno longer
& Garrix et Piketty applicable in France.
1909 Hennebique vs Piketty &ittard Lost his case for alleged breach of his 1897
Coignet & Coiseau vs Hennebique piling patent.

His breach of their 1894 piling patent

recognised by the court.

1911 Hennebique vs Piketty & Gittard, Coignet & Won his appeal against both 1909 judgemen:

Coiseau. Compressatleared of defamation charges.
Considére v€ompressol Won his case for breach of his 1897 piling
Hennebique vs Ministére de la Marine patent.
(Toulon)

1912 Hennebique vs Considére, Menier, Combe, Won his case for breaches of his 1897 piling

Société GénéralR Q 9 y (i NB LINAX & S & patent.

1913 Ministére de la Marine (Toulon) vs Lost in an appeal against 1911 judgement.
Hennebique
1914 Considere, Menier, Combe, Société Général Lost in an appeal against 1912 judgement.

RQIYGNBLINKR&Sa ©a | Sy

The principal source information is frdegal correspondence and related materialéhie PelnardConsidére

Caquot files held ahe Archives Nationales du Monde de TrawraiRoubaix1994 035 4192nd 1994 035

8 Thissub-sectionis a synopsis ahe researche éonference papeh A 01 @2y . SKNE W¢KS t 4GS
CNIye2ia | SyySoAljdzS FYyR ! NYFYR / 2Y&aARSNBY /2YLISGAyYy3T v
C NJ y OfinBer andl Gonstruction: Proceedings of the Ninth Conference of the Construction History Society

ed. James W.P. Campbell et al. (Construction History Society, 202235373
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4193. Whatwas the rationale for bringing these cases to court and appeal? It appears there were three main
reasons for undertaking what could become tim@nsuming and expensive legal action against a commercial
competitor: the terms of a patent; defamation; poligicThe 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 ceasia certain cases it might be beficial to accrue as

much financially from competitors through the threat of legal action, or if ignored, by following through with,
hopefully, courtimposed compensation. This would seem to have been a key reason behind most of the
original cases, whethanitiated 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 NedsieMarne near Pari§ YL 2@ SR / 2y aA RS N
béton frettésystem for a new mill building.a Cathédraleand itspasserelleacross the River Marne completed

in 1908(seeli KS WRI & f Acab&siudyirth@pie? NTh&a wbrks became tiseibject of the main legal

dispute between Frangois Hennebique and Armand Considére between 1911 and 1914. In 1906 Hennebique

had written to the head of the chocolate empire, Henri Meni®8531913) alleging that he was planning to

use a piling system based on his own 1897 patent. Menier sought the advice of Considere, who reassured him

that the piling used wagsot in breach of the patent, and so he replied to this effectothing was heard about

the matter until five years later, when Henri Menier reaaiva further letter from Hennebique demanding

compensation equivalent to 10% of the project cost, with the threat of legal action if thinetassolved

amicably (see FHige 1.11).

[AY1{SR (2 G(4KS FANRG NBFaz2ysz LINIL 2F I LINRBRdzOGQa @I f dzf
knew that they could employ (the threat of) legal suits as a weapon to undermine those of their competitors.

Hence the second reason, defamafi@ | LILJX A SR (2 / 2Lf Soki®keddaBondatioddara S | 3 A y &
Compression Mecanique du 8ehich owned theCompressainechanised piling system). This reinforced

concrete foundation company was run by Hennebique from his Paris headquarters and Hizsth g

pamphlet,probablyin 1908 or earlierwith text andphotographscriticising thebéton frettésystem to which

Considere had responded with his own publicatibielost his defamation case in 1911 because the judges

were convinced that he had not sufficiently applied his system at the time Comptesgpublished their
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pamphlet. However, he and Menigpgether with other partieswon their combined case against Hennebique

on appeal in 1914

Monsieur,

@ Nous avons requ de la S'€ des Bétons armés
systéme Hennebigue, la leltre recomuandée dont
copie incluse, comme suite & sa revendication
du 30 janvier 1906.

Par vobre lettre du 1% février 1908, vous
avez pris 1l'entidre responsabilité de vos pro-
jete au point de vue de la revendicution Henne-
bigue.

o Nous serions désireux d*avoir votre appré=
ciation sur cette nouvelle réclamation,

Veuillez agréer, Monsieur, 1'expression

de nos sentiments tras diatinguéS.

L_,W—M
S
e

Figurel.11: 10 May 1911dtter fromHenriMenier toArmandConsidéré 6 2 dzi | Sy y SoAlj dzSQa O2 VY LISy al i
breach of his 1897 piling pater{.994 035 4192Proces HennebiquPelnardConsidéreCaquot 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 Hennebigue threatened to sue sadhighly respectable Frenchmen as Henri Menier, he was
taking on more than just Considére 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 retyrgtlfocused 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 riskedupsuing the FrencMinistére de la Marinén a breach of patent case which he

ultimately lost on appeal in 191j8st before war broke out

1d. Sructural specifications

Gructural specificatiord Were a keycomponent of early industrial standardsiring theBelleEpoque What is

meant by this term is that thegncapsulatedhe structuralaspects ofwvritten buildingspecifications and
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accompanyingirawingsthat descriled the plannedtechnical design, materials and workmanship faor
constructbn project. All of this might be supplemented bgricing schedules and contractual obligatipagich
would collectively comprise the malegalpaperwork for a construction project. For public commissions, the
written and drawnbuildingspecifications 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 assured thatthere was prevetting of trusted bidders and subsequertjastments to bids to

ensure genuine comparability.

A conferencepaper by Bertels and de Jongedied the evolution otenders for publicconstructionin
nineteenth-century Belgium at various governmental lev¥3$he authorgeferenced thetlandbook of
Specifications or Practical guide to the Architect, Engineer, Surveyor and Builder, in drawing up Specifications
and Contracts for Works and Constructi@byg the British architect Thomas Leverton Donald&br51885)
who had ceestablished RIBA #ise professional body for his peem@nd was appointed the first British
professor of architecture in 18445 2 y | f R & 2dgsoribel iD & Rifguidelines for draftingvritten
buildingspecificationsand contractsas well as 46 examples frdmildingprojects in England, Ireland,
Scotland and Frang¢éhese include substantial details of teucturalrequirements for the construction of
the New Palace of Westminster undgritisharchitect Sir Charles Barf¥7951860) Donaldson asserted,
quite rightly, that writtenbuildingspecifications were not sufficient to understand the technical design of a
building, for which detailed design drawings were required from the architead,(one assumes, for more
complex structures, from an engineeyp copy of thesdastwould be used by the selected contractor, with
reference to thebuildingspecifications finally agreed amunploying his onsite working knowledge and
communication of this to his workforce (whether in writing, sketched or via spoken instruct®msie of the
historicexamplebuildings illustrate the importance atructuralspecifications athe technicalaspects of

thesedocuments accompaniedy formal drawings or even quick sketches of the structure as it was being

Ly3S SNISftfa FyR YNRalGlI 5SS wW2y3aSs W.daAftRAY3a {LISOATFAC
in Nineteenth/ Sy (i dzNB . PEote8dingzofae THiry International Congress on Construction History

KartEugen Kurrer, Werner Lorenz, and Volker Vetzk (Brandenburg University of Technology Cottbus, 2009),

197¢204.

%1 Thomas Leverton Donaldson and W. Cunningham Glendbook of Specifications: Or, Practical Guide to

the Architect, Engineer, Surveyor, and Builder, in Drawing up Specifications and Contracts for Works and
Constructions. lllustrated by Precedents of Buildings Actually Executed ... Preceded by a RrEl&sayar

Forms of Specifications and Contracts, &¢Atchley and Co., 1860).
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designed and builtlt is important tostressthat this initial process of collating and applying technical

information about thestructural aspect®f a building formed &eycomponent of early industrial standards

for reinforced concrete and cement systems. Evidencgroicturalspecificatiors can beparticularlysketchy

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 pafien the novebkystens. We da
however,have access to a unique historical documfemtthe BossutMasurel textile factory warehouse in

Roubaix near Lillehich is examined in the following case study

Case study: THeossuMasurel textile factory warehouse, Roubaix near Lille (1892)

This sincalemolishedtextile factorywarehousewascommissioned in 1892 by tHeoubaixbasedtextile
tradesmanEmile BossutMasurel(Figurel.12). While Maury had posited that a mill completed in 1893 at Don
Saighinin the Nordregionwas the first significant building to employ théton armésystem in ttat area of
Francehe noted as Cusack and then Delhumeau before him, thesgistence of thdBossutMasureltextile
factorywarehouse® Thebuildinghadfirst featured on the cover athe fifth edition ofLe Bton Arméin 1898
whenit was describe@s1892. Shipping hall and store of MM. Bossut father and son, in RoubBiast.

application of beams of long span (10&%).

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 promadbétois armésystem in
the northern region of France in which Roubigito be found

Mr. Bossut's stores in Roubaix. This is the first industrialist who entrusted me witHiggostork in

Roubaix. Itis a hall of 20m < 10m. The floors are calculated for 500 kilos per square metre. It was

2DAffSE al dzNBX WOFFSU tKSYAED [ S& ! NOKAGSOGSA 5dz b2 NR
9y 2Sdz t N2 FBRBINERYS { IKQRJAZAYNA St a0 { I g2ANERS -DeBuliXXel GA2yaz
Siecle SR ¢K2YlFa [S w2dzE 60t NBaasSa ! yADSNEAGEANBE RS wsy
inBritain: 189 pny Q 0! YADBSNEAGE 2F ORPEAYMERIA ypy MdzZ. Smay bR
Hennebique, 1890914 33.

BY5Sa +dzS& t K20G23INIF LKA dzSa Le Bétoh Arméd, RodsdCeidbed2RIB): G dz . S 2y
«1892.Halle d'expédition et magasin de MM. Bossut pére et fils, & Roubagriére 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 %4

Figurel.12 Undatedphotograph of BossdWasureltextile warehouse, Roubaiginknown architect, 18923howing the
architectural featuredehind which sat adion armé system buildindraming. (Le Béton Armg, 12, 1899, plates

The 20m length of the building seems to have been an underestimate as accordingoidlttieg

specificatiors it was planned to reach 28.8m, and this would seem to match the proportions of the photograph

shownin Figurel.12, as well as tying in better with the final number of windows. A subsequent 1899 tribute in

Le Bton Arméto the deceasealdest son of Fragpis Hennebique Fdouard notedi K S f KeyirdieSrNI &

02y aiNHzOGAYy3a GKS 4+ NBK2dzaS a tSIFR O2y (NI OG2NE & ¢St

and floorsasan earlyexample for the expanding business

] SYySoAljdzST WE¢NRBAAASYS /2y3aANB& 5dz . Si2y RS /AYSyid !N
« Magasins de M. Bossut a Roubaix. Voila le premier industriel qui m'a confié des travaux aprés incendie, a

Roubaix. C'est un hall de 20m < 10m. Les planchers sont calculés pour 500 kilos par métre carré. C'est a ces

essais qu'assistaient les Ingénieutg\echitectes qui m'ont porté intérét dans le Nord.
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[Edouard Hennebique] personally directed as a contractor the first works entrusted to his father, in
Roubaix, at the end of 923. It is therefore to him that belongs the honor of having been the first to

build reinforced concrete frames.

Hennebique senior spoke about the building a year later aQnatriéme Congés du Bton Armeé held to
coincide with the 190@&xposition Universella Paris’® Once morethe significant loaebearing capacity of the
structure was emphasised by the French invent well as the fact that was theirfirst project for
reinforced concrete floorandworth 23,000 francsin a footnote to the record of this address published &
Béton Armé Hennebique added that he made thahier des calcul$echnical workbookjor the building
available to the 190@xposition Universle jury, the first time he had publicised these so openly, though
admittedly stillto a limited audiencé” Thetechnical workbook containingalculations for theoriginal
structuralspecifications for the BossiMasureltextile factory warehouse signed by Fragois Hennebique on
21 September 1892 in Brussdisheld atthe/ SY i NB R QI NOKA @S a R Qi PIBKOAAS O dzNB
076 Ifa 2933/4, Figur#.13). The unique document includes a plan for the basement of the buildixgapded
in Figurel.14) showing the gridike structure ofbéton armécolumns and beams referred to in the Eton

Arméarticles.

BSCNF ye2Aiad | SYyySoAaljdzSs Wb S ONERBéoAASE, no2180MgusRIBIM: NR | Syy So

«[Il] dirigea personnellement et comme entrepreneur les premiers travaux confiés a son pére, a Roubaix, fin
92-93. C'est donc a lui que revieltionneur d'avoir le premier construit des charpentes en béton amné.

BCNF yoe2Ad | SYyySoAljdzsSs WvdzZ GNRSYS /2y3INBa LBBéton SG2y !
Armé3, no. 28 (September 1900): 4.

9" Hennebique, 4.

NJY
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Figurel.13 Cover otechnical workbookthe BossuiMasureltextile warehouse, Roubaixinknown architect, 1892).
(076 Ifa 2933/4CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contempporaine

J

ﬁg-i- F,/:xn- a{u 50“.1'5‘-"/?

Figurel.14 Expandedasement plan for Bossiasureltextile warehouse, Roubaixinknown architect1892),
showing the grid pattern for thedbon armé system columns and beams.
(076 Ifa 2933/4CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contempporaine
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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

BossutMasurel textilefactory complex (seen to the right in the photograph of the building in Figuig). Ten

MpY GN}ya@SNElIf o0SIYa g2dd R aLIy (GKS o0dzAif RAy3IQa 6ARGFK
its end by the brick walls D and C and with support from additional intarggpillars along the lines AB and

FRFRF. The ten transversal beams were designed to interconnect with furthebeesss, and all of this

reinforced concrete building framing would support an integrated ground floor made of reinforced concrete
beamslabswith a loadbearing 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 deliveand pickup 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 wouldrspafAm

overall width of the building, compared to the extended 15m width at ground floor level. It appears that a

3t TSR NR2F 62dx R O20SNJ 6KS WYA&&aAYy3IQ pY SEGSyarzyo ¢

traditional vaulted roofwhich may haverovided additional structural suppart

LG A& RAFTFAOdA G G2 GStf FNRBY (GKS @At otS SOARSYOS K
the béton armésystem ast was beingleveloped by Hennebique at the tingesight of the actual building

today might have helped, or at least interior photograghsing and/orafter construction According to

Hellebois) Yy R 02y ySOGSR (2 GKS SI NI ASNI RSaOnEkolioiirggywere T | Sy y
the key features of thé&éton armésystem at tle initial stage in its devefumentin 18923: a continuous metal

surfaceforming both the floor andceiling a concrete slab poured over a corrugated steel shesetdas

formwork; andreinforcement bars for the lowegparts of beams which also hdlat U-shape sirrups to provide

additional sheer resistancé K SNB | N WwWOdzi IyR LI &a3GSQ RAFANrYa 2F 1Se@
originaltechnical workbooKor the BossutMasurel textile warehousehich are accompanied by engineering

design details (Figure 15).
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Figurel.15 GComponentsor BossutMasureltextile warehouse, Roubaixnknown architect1892), showing variations in
the metallic reinforcing fointegrated béton armeé systembeams and slabs.
(076 Ifa 2933/4CNAM/SIAF/Cité de l'architecture et du patrimoine/Archives d'architecture contempporaine

These collectively appear to show a more complex seitefjrated beamandslabs than in the 1893 Belgian

and Frenclpatents whichallow a greater number of metallic rods or bars andiaped stirrups for increased

loading requirements,sosupporiing the weight ofmovinglorrieswith up to 4000 kilos of textileseingloaded

on them in the ground floor halAllof K A & @¢2dzf R aSSY (2 adzLlR2NI | @ASs GKI
framing andfloors were constructed at an important transitional stage in théton armésystem, more

developed thardescribed irthe 18923 patents, but prior to the completion of the firstulyGmonolithic

building amongst all thirteehistoric examplebuildingsin the thesisthis wasCharles SR #&ool-combing mill

in nearby Tourcoing (189@eell K& 8@ A IKG T OG 20Map®er2 Ol &S &G dzReé Ay

)

hy (GKS o6dzAif RAy3IQa | SadKS{iAa Oechhical warkbhdindusian in@resting NHzO G dzNJ- f

detailfromFrag2 A& | SYy SoAljdzS | & ;iniefestheRdividalyvé yould ferminoeddays N
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the leadtechnial designer or specialist, despite his son receiving the public credit for the overall success of
the project (we danot yet know who the architecivas):
Without seeking a costlyxury, the importance of the commercial house and #réstic richness of its
offices make it necessatyg take care in the construction of this hall andharmonize it with those
buildings that surround it. Our construction system will lead us to this result quite easily, while allowing

us to make considerable savins.

¢KS alFYS FA{S F2N) GKS o6dzAt RAYy3a KSER G /11 / AyOfdzRSa
(Figurel.16), which matches the built windows shown in the photograph Hennebique presented to his 1900

audience(see Figure 1.12)

|
Figurel.16! ND K A taBitydf@ windBwfor the BossutMasureltextile warehouse Roubaixunknown architect, 1892)

showing thearched brick canopy effed076 Ifa 2933/4CNAM/SIAF/Cité de I'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 pldsee Figure 1.94this 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,

Be{ yad OKSNOKSNI dzy fdzES O2HIiSdzEZ f QAYLRNILFYOS RS tI Y
0dzNBl dzE 26f A3Syd t &2A3FYySNI £ O2yaidNdHOhianye RS OS 1| f ¢
systeme de construction nous conduira assez facilement a 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 framingi Y RS W@AaAo0f SQ 0SGoSSy GKS dzZLJLISNI Ff
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 firstllgel. One can only

assume that this was all the work of the unknown architect, perhaps in responsedsire forelegant office

space but there is no record of the Bossitasureltextile factorywarehouse in local Roubaix archives, so it is

currently not possible to establish a connection with any design professional. As already notedeathees

of the building would have been the greater space in the delivery hall and the large windows at first floor level
whichall served to create a greater @it ambience for staff and clientsthis would be of relevance to

subsejuent structural requirementsor buildings using the novel materiadystem(see Chapter 2)

le.Technical guidance

A paper about the comparativimternationalstate oftechnical guidancehe third component of early

industrial standard$or the newmaterialssystem hascompared the first regulations and technical guidance

for reinforced concrete and cement systems in a number of European Countries at the startwétiith

Century?® The authors notd that the speed of technological advance in the nawelterialssystem meant

that the formalisation of shared techniciaiformation often lagged well behind. Of the six European countries
they examine, Switzerland and Germany were early starters having adopted (quasi)ngtiwtzadcefor

reinforced concrete and cement systems by 1904, followed by France and Belgium in 1906, the Netherlands in

1906, and the United Kingdom in 1915.

TheSwiss Engineer and Architect Socieig a voluntary membership organisation that published in January
1904 tentative rules fousingreinforced concrete, with added technical explanatiptieese were the first
voluntary technical guidelines for the nawaterialssystem published in Europe (including the Y¥RRauhut

examined the detailed structural analysis of a Zurich administrative building completed in 1900, before the

9 Chapter 4 looks in more detail at the role of legahforceable regulationssing this same pape8tephanie

gy RS 22NRSZ {l06AYyS Ydolys> YR 5F@AR ,S2YFyaz WOl NI
in Europe (190 cpp N0 ® ¢ 26 NRA |y Ly BEIdNdg HisitdriesyThe ProtedingdloNifed 2 y @ Q>
Fourth Annual Conference of the Construction History Speigtyylames W.P. Campbell et al. (Construction

History Society, 2017), 3456.

100v/porde, Kuban, and Yeomans, 3.
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guidance had been completagof particular interest is the fact that its builders had, in part, employed the
béton armésystem, but used their own technical knowledge to apply it in a local coHtEkhe architect for
the building had deferred to a local civil engineer (who worked for the local Hennebaneessionairer
concessionaryon those structural aspects which employed the nowaterialssystem. The engineer in turn
had consulted with a Zurich professor he knew well, and then adjusted the Hennedgqgtraldesignoffice
calculations, adding new physical features to alfowa higher loaebearing capacityn the roofing structure

It is worth adding to the above observation that such an indepenghinded approach was replicated in
Germanoccupied Strasbourg, where a remarkable reinforced carovaulted public swimming pool was
completed in 1908 by the local Hennebigu@ncessionaire, the Swiss civil engineer Eduard ZuifliB50
1916)¢ he had from the very start made clear to Paris Headquarters that he was more than competent in
adapting thebéton armésystem to his ownechnicaldesignsor buildings'®® As for the rest of Germany, in
1907 theGerman Committe®n Reinforced Concreterias established by the Prussian Government to
determine technical guidance and potential regulations that might be applied across the whole Hation.
the Netherlands it appears thaechnicalguidance for reinforced concretand cement systemwas published
in 1912 by the Royal Institute of Engineers, and this seems to have continued well itdeetiteeth century
without state involvementeven though the British had, as already mentioned, ledwlag in Europe on new

voluntary industrial standards for steel and Portland Cement, they were behind on the regulatory d8pects

The joint paper also covered both French and Belgian approacHesalating technical guidancdirst
referencing the 1906 French state guidelines, and then focusing on compulsory regusgtimitcally
connected withthe newmaterialssystem, which only properly started in both countries after the First World

War 1% Modern industrial standards as we now know them only became prevalent in France and Bedgium

01 K NR & G2 LIK  wl dzK deod Strcturaldehdbry Altéreéd iAvefadeBuilding Processes And How

5L Afe w2dziAy$S Ly Tt dzSPyoteSdngs{ofitheBzdlatemadional Qongreds eraCorsttustionh y

History, Chicago, lllinois. Vol 8d. B. Bowen et al. (Construction History Society of America, 201%8){0.63

02/ KNAAGALFYS 286SNE W[ Sa . I -190%- amEkafmplOdf CiiltudaEand TiechdicAlNI & 6 2 dzl
¢NI yaAaTSNI 6Sio6SSy CSuudigshonstyadtionBiStdly¢ Fhy Brer&edingy of the Second

Construction History Society Conferered James W.P. Campbell et al. (Construction History Society, 2015),

199¢208.

W9RGgAY ! & wd ¢NRdzis WeKS 5SdziaOKSN) ! dzaaOKdzZz CNNJ 9448y
1907mpnp ® t I NI mY CéhFrachdd Hist@ge,Indz 2 RA1NIZLIQ >

04+ 22 NRSS YdzolysE FyR ,S2YlIyas WOFNIeé wS3dzZ I GA-2ya FyR I
MPppnod ¢26FNRa Yy LYGSNYIFGAZ2Y LT /2YLINRARA2YPQT c o
105\/oorde, Kuban, and Yeomans, 5,7.
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the 1920s onwards 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 a¥mé

At the start of thetwentiethOSy i dzZNE G KS CNBYOK adl ¢S KIFIRX a2YS YAIKID

interest in the burgeoning new reinforced concrete and cement systems usethfen-day building

construction in Paris and elsewhefEhis had been spurred BrencharchitectER 2 dz NR  [188F19%58R Q a

O2YLX SiAz2y Ay mdnn 2F | Sy yabdapaitrdeStéhihe Fréhéh capifal usiNgte RS & A Iy

f I ( béSoNA@Aésystemfor the monolithicskeleton(seethe case studyof the buildingin Chapterd); the
immeublewas constructedvith afacade made from moulded cement rather than masooryceramic

cladding as would havebeenthe norm.Municipal interestwas also influenced in the same year by the
prominence of the new materiaisystemat the 1900Exposition Univeelie 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 Commissiemmant arméwas formally

established in 1901 and after lengthy deliberations it produced draft standards for the production and use of

the new materialsystems includng béton arméandbéton fretté

In 1901Armand Considere, who first patented his oiéton frettésystem that year, joined a majority of

other eminent French civil engineers and theoreticians on the French CommigéiénSa S Ay Of dzZRSR / 2y«

mentee the state enginedrouisHarel de la No€18521931)1%7, while Frangois Hennebique and Edmond
Coignet were the only other reinforced concrete and cement sysierentors present, withhe architects

CharlesAlbert Gautier(1846:1915)and Jacques Hermafit8551930)attending meetings as welConsidére

ledasuBa G NI yR 2F GKS /2YYAaaAz2yQa Ay@SadAialriaizyasz O2YYAa

samples both in France and abroad, and focusing on the difference between his ownpageniyed system,

béton frettél Yy R | Sy y I®oidintzSl@wodld eventually take over the main secretarial duties of the

106 The princpal source forhis sub-sectionA a 5 S f dértayesctodn®ai the work of the commission:
Delnumeau] QAY @Sy GA2Y 5dz . SU2VMOM4NESR. Y | SYyySoAljdsSE wmy gn
107 Theclose professionaklationship betweerHarel de la No@nd Considérds covered inFrancoise
{A20QKIYysS W5Sa 9FFSda RS [ 1 2dAZS {dzNJ [ Sa hdz@NI 3Sa
t NEGSOGA2Y/ 3FaINANNBOH NYOYiGNB ! yiAldzAdS Sia ; LRI dzS
CNI} yO2LK2yS RQKAAaG2A NS -2RIbin 20t7ed! GligsBiemNa@Oet al. ARfcard, BOL9Yy, G S a =
325¢34.
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Commission after his promotion tospecteur Générales Ponts et Chaussées in 1902, and was the author of
the final report to the Minister in 1905t would seem that he fulfilled this role with his usual diligence as a
leading state civil enginegthough given his close personal interest in $on frettésystem it would be
reasonable to question how objectively he operatetbwever Hennebique and Coignet would naturally have
been expected to advance the merits of their own systems for commercialegtio perhaps Considére saw

this as a means of balancing things out between the inventors

The stateappointed 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 Efef\cadémie des Scienceghich 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 oveconservative mathematical calculations used by the special paneltésrdme
acceptable stress limits for the nawaterialssystems; 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 byrBgldiough only for

tenders for public sector civil engineering projects. They were therefotéegally compliant regulations as

we normally understand them, such as were developed in parts of Geruath in Switzerlan{tescribed in
Chapter 4)but were rathera form ofearly industry standard for archite@ngineers to follow if they wished

to compete for statefunded construction proposals using the nevaterialssystem

Unlike Considere, Hennebique was sceptical about the dominant approach taken by the etlg@uzeticians

on the French Commission. To some extent this reflected a general view of the contracting industry, which had
relied on years of practical experienedevelop new approaches, backed by the emergence of iron as a key

building material imineteenth-OSy il dzZN® CNJ yOS® a2NB AYLRNIlIyidiftesxs aiyos
own béton arméas superior to other construction systems, his focus was muate I emphasising better

economy greaterfire resistanceand structuralefficiencywhen compared to his competitoré. mouthpiece

F2NJ I SYyySoAljdzSQa o dza dhypSéndagadineiwhailded manRindibeaNieve T KA & A Y
freestanding 100m span reinforced concrete bridge in Rome built in,1B2Pontedel Risorgimentovas

¢the living apotheosis of reinforced concrete Hennebique system and the reduction to nothing of all the
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guibblesabout ithidden under the cover of sciengé® As already seen, and parallel with his membership
of the Commission, Hennebique had also begun to defend his expiring patetstéor arméin legal suits

about alleged breaches by others.

Chapter summary

The chapter emphasised the historical importancéndiustrial standards for engineering when considering
issues related to the development of novel construction techniques. This reflected in part an initial attempt to
determine whether aconsensal approach to the early adoption of technical standardsrfew reinforced
concrete and cemergystemstook placein France and Belgium duritige BelleEpoque as a precursor to the
globalvoluntaryindustrial participationcoordinated by national and international standards bodies in the
modern era. There i fact little hard evidence that such a process we know it nowadaysappened in

France and Belgiutmeforethe outbreak of theFirst World Warwhereas there are strongemdicationsof a
growing similarity with moderday approacheafter 1918. Howeverthis process of examining technical
standards for engineering and construction during BedleEpoquemoved the researcfocus d the thesis
towards an emergent fon of thesetechnical standars, described as early industrial standards. Hence three
components, industrial patents, structural specificati@mgl technicalguidancerepresented collectively early
industrialstandardsfor novel reinforced concrete and cement systet@$ 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 matsyistism. The relatioship 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 vievsought from moderday users.

In terms of the key industrial patents for the emerging novel matedabs 3 1 SYX KAt S CNI yoe2ia |
Belgian and French patents for hiéton armésystem predominated, there were alternative technical
approaches that challenged his industry leadership and gradually resultegaldisputes, as Hennebique

fought back against other innovators to protect his intellectual property rights and market.SNite not

08t @ DI ff 200GA 2LeB&tdo BrendBArd. 166066 (FEbdzANF1QIR): 42.X apothéose vivante du
béton armé systéme Hennebique et réduction & néant de toutes les arguties cachées sous le couvert
de la science»
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statutory legalinstruments in themselveqatents tada commercial leverage that could be backedekpert

argument infront of relatively inexperienced judgeand ifthis wassuccessfylcould lead to punitive

measures against those who imitatédte proprietarysystems without permission enakingoffers of

sufficient financiatompensationSuchlegalmeasures were adopted by Hennebique from 1903 onwards as

the first ofhisbéton armésystempatents started to reaclheir expirationin Francehe reactedto a legal suit

raisedagainst hirrby Paui Cottancinaccusing him of infringing K S € I (i 0 S NQ dhis@ngegtarn® § Sy G a4 ¥F2
system.War was declared by Hennebique on competitigsnforced concrete and cemeslstems, but

particularly onthe béton frettésystem the invention of his former collaboratothe French civil engineer

Armand Considére

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 iliteged through a case study of a what may have been one of the
FANRG 0dzh f RAY 3 Détah armézstBm dudhy tiekeypdriddI 8&awhen it was patented in
Belgium and France. The other component of early industrial standards, technicatcpiidaas expressed
through technical manuals, text books and to a lesser extent the work of the French Commissiorenn
armé. The lastimentioned body published voluntary guidance in 1906, but it does not appear to have had a
major impact on structural developments in the noronumental, urbarBelleEpoquebuildings that are the
focus of thisthesid. 2 y & A R§ NB K| R pa&yua NeSnebiglenedaBsé 8 Yig stringent
theoretical approach to thevork of theFrench Commissigralthough he had questioned the final state
sanctioned methodology for the coefficient of elasticity of the novel matesgtdem. Perhapsore

impoNZi Yyt & FTNRY | Sy )\ Cénsidéle drds GovernniSnidrhiddnadgfréh away freely his
intellectual property rights until he resigned from public office in ;386ughthis wasconvenientlyafter he

had just written his owrbétonfretté system intathe publishedFrench national guidander state-

commissioned civil engineering projects



68

Chapter2: Building economicand structural requirements

Chapter2 considersbriefly the buildingeconomics of théelleEpoque showingthe significance of key

industrialising factors, as well as the overall appetite for investmentare structurallyefficient buildings

constructed fromhe novelmaterialssystem.The chaptegoes on to examin& more depthkeystructural
requirementsassociated witlspecific commissioner needs foew nonmonumental, urbarBelleEpoque

buildings employing the novel materiadystem fire resistarce, structuralefficiency, daylight admissiomand

streetdecor¢ KS OKIF LJGSNJ Ay Of dzRSa + OFasS addzRe 2F GKS | NOKA
FIOG2NRSAQ YR AGA &adzoaSljdzSyd AyGiSNBIFN GNRBLIST AyOf dzRA

nearParis.

2a.The economicef building

BelleEpoqueFrance operated under the influence of a range of economic faét®while by 188ahe nation

KFR FAYylLftte 0S8S02YS | (NHzS AyRdzAGNARIf SO2y2yvyeée t2y3a {F
4dz0a4S1jdzSy G LISNA2R (2 (GKS 2dzioNBI]l 2F GKS CGhkNBI 2 2NIR
industrialising nations, the vagaries of intational competition for the sale of more and more manufactured

goods in eveexpanding global market3he 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, thowgfuthimpact of this mini

boom is debatablé®

The historiccities of Lilleand neighbourindgRoubaix and Tourcoingpecialised at the time in textile
manufacturing and ere on the fringes of a major co@roducing region of northern France, from which the

output could fuel a cheap source of steam power for expanding factortes French textile industry had been

109These are descrilodn: Roger PriceAn Economic History of Modern France, $7904 2nd ed. (The
Macmillan Press Ltd, 1981); Clive Trebilcdtlke Industrialization of the Continental Powers 11804
(Longman, 1981); Frangois CrouZéte Economic Development of France since,h8¥01 (Edward Elgar
Publishing Ltd, 1993).

110 Trebilcock pinedthe down-turn preciselyto the year1882, a result ofthe impact of aFrenchwine-growing
disaster attributed to a neworacious aphid. He therage reasons for French laggardly economic growth
during theBelleEpoquewhen compared to its European competitpiscludinga lack ofufficientFrench
entrepreneurship Trebilcockused a successfulextile family from Roubaixnear Lilleas an examplef this,
which connects tawo historic example buildings iRoubaix and neighbouring Tourcoing in tfaeses studies
as well at andestommentaryabouttheir local manufacturebuilding commissioner& Chapter 4
Trebilcock;The Industrialization of the Continental Powers 118Q4, 189.
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the secondlargest national employeuntil the late nineteenth centuy, when it overtook constructioand

took the lead in 1906 this workforce totalled 2.6m persons overall, despite latsawing measures achieved

by introducing new manufacturing technolog.Roubaix and Tourcoing had a competitive advantage

compared to nearby Lille, now all within the samegionalmetropolis, with easier access to a cheaper rural
labourforce 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 buBtgthe start of the twentieth centuryRobaixTourcoing

had become the dominantiool processig centre in Francwith a resultant reputation for manufacturing fine
cloths!*2 Further southBullock and Read examined the Paris housing market prior to the First World War and
02y Ot dzZRSR (KIFIG GKS YIAY SO2y2YAO AYLzZ aSa OFYS FTNRY
suburbs after the postvar depression of the 1870s. However, teavas 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 anotherittead al®

been accompanied by a steep rise in rehifs.

Thedemand for both the metallibasedand then the wvelreinforced concrete and cement systelffias Belle
Epoqueconstructionwas inevitably dependent on the end user. The initial impetus for metaliiding

framing systems in France came from statactioned works, exemplified in the capital, Paris by railway
stations, libraries, markets and exhibition spa¢sse Chapter 5 othe first stage of a metallic building design
revolution). The economic driver in the adoption of new reinforced concrete and ceésystemsor non-
monumental,urban buildingsvasdemand fromprivate industry. Hennebique haditially movedfrom
northern Francdo Brusseldo operate as a building contractor. Whis early inventions took place in
Belgium, the business ondxpandedonce textile manufacturers ithe north of Franceook an irterestin the
greaterfire resistanceand structuralefficiencyof buildings using the novel materisdystem key structural

requirementsthat hadimportant economic aspects to thefior the enterprisecommissioninghe béton armé

111 Price,An Economic History of Modern France, 21904, 99.

12JeanClaude Daumag, S& C¢SNNAG2ANBa RS [ [FAYySd | AaG2ANBE RS f¢
6+AffSySdwS RQ! a0y tNBaasSa (¢ B8BSNEAGFANSAE Rdz { SLIGSyY
113 Nick Bullock and James Re@tle Movement for Housing Reform in Germany and France 18¥(CUP,

1985), 29899.
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system'**Bowley, when analysing the economic history of the British construction industry, focused on the
development of iroAframed skyscrapers in 1880s Chicago as a significant transition point which gradually
percolated across the Atlantic: the new structureloakd greaterefficiency andeturns on investment due to
lighter foundations (in a locality withig sub-soil issues), morand widerfloors, 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 traditiomainstructionmethodsg British building contractors
such as Thomas Cubfit7881855)had already introduced at the start of theneteenthcentury the concept

of employing astandingcorps of labourers, which meant thaew construction projects had to be found to

cover larger fixed cosfsom their wages*®

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 sydtiatsbois notes
that at this timereinforced concrete was an economicalnstructionmaterialwhen compaed with
Waditionalmaterials such as timber, masonry or even sté@gbugh one wondersvhether the last could
really be classified as such
The price of 1 m3 of Hplace concrete depended on the raw materials (the attractive priceeaient,
etc., but the high cost of the steel rebars), the technology, industrialeattdmation processes, the
cost of labour, the means of transportation... However, thetors were too humerous and variable to
allow an accurate comparison, although the authors [various professionals of the period] estimated a

saving of around 25946

Initial innovation costs transitioned into satisfactory economicreturhsSy y So A lj dz8Qa 321t gl a
own reinforced concrete system as superior to other construction systems, hence his focus was much more on
emphasising better economy, particulkain savings due to greater fire resistance and the use of less building

material volume throughmprovedstructuralefficiency. Finally, asseen inthe examinationof patent disputes

inChapterl> (261 NRa (KS & yight & Bendficialdladcr8e/ad muEh fihahcratl from

Wpelhumeauetal] S . SG2y 9y WSLINBASY(dlF A2y d® [ aSY2ANB t K2(2
18901930 84¢98.

115 Marian BowleyThe British Building Industry. Four Studies in Response and Resistance to Change

(Cambridge University Press, 1966)18, 335.

16) SffS02A482 WEKS2NBGAOIE YR 9ELISNAYSyGlf {ddRRASa 2y
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competitors through the threat of legal action, or if ignored, by following through wdtlrt-imposed

compensatiorfor loss of earnings

Economicas well asocktal imperatives(seeSection 3, fed intothe demand for newBelleEpoquebuildings

that could satisfy the needs of their commissione8ach needs had to be converted into structural
requirements that inforned the buildingdesign procesasing the novel materialsystem¢ K S (i fidildy Wo
sciencé&ls used by Addisas an extraneous factan his Design Procedure modgkeethe Historiographic
Frameworl, but nowadayshisis associated witfprincipallythe internal environment o& building rather

than the whole physical structur€our key8tructural requirementéassociated with the novel materials
systemand derived from corresponding commissioner nee@se evident in the historical example buildings

in the cases studiedire resistancestructural efficiency (includingithin it building framing floors and

foundations) daylight admissioand street decor

2b. Fire resistancas 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 flathes1897 Paris Charity
Bazaar fire killed 127 higtanking French women and was singled out at the first world congress on fire
prevention in London six years laféf Fireresistant structures were highly valuedrimeteenth century
industrial and urban contexts, where the risks and resulting costs of conflagration could be considenable
added benefit would have been a reductioneven removal altogether afisurance premiums, assuming the
value of the new materials used was sufficiently recognised by actuafi@se of thehistoricexample

buildings the Entrepot Royal BVarehouse in Brusse{sompleted in1906 seethe case study iChapter Sof

four buildings in a new urbatlesign approach was a commercial structure for storing large volumes of

valuable goods, and hence the costly risk of fire damage reqthisdspeciaimeasureshadto be employed.

Wieeo | & 222fa2ys WwSLER2NI 2F GKS t NPOSSRAy3Ia 2F (GKS Ly
York, 1904).

118Wermiel has researdt buildingfire resistance in this period in the United Kingdom and North America

See{ NI 9 2SNN¥ASESI We¢KS 5S@St2LIYSyid 2F CANBLINR2TF /2
bAySiSSy iGonstryor HGE QI893): 81 c T { I NI 9 @ 2 S NICéntiry Britisk! YSNKX Ol
Style Fireproof Factories Background: Fireproof and SlagNJy/ A y 3/ 2ndudstiiaNdzbaedldd)gr ha.

2 (2001): 2836.
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Q:



72

Maury examined industrial fires inineteenth-century Northern France, including a major 1866 conflagration

G W[ S a2yaidNBQbwned b@theiMbtteBioSsht famityrSRodbaix néakilleBand which was
replaced by an irofiramed structure to prevent further such catastrophé8The 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 i tune with such leading edge construction, though the architect is unknown. There did eventually
SEA&G F f20Ft SELISNI Ay WFANBLNR2TQ (SOKyAldzSa 6K2
aK2dzZ R KI @S oNBSayA AIiSHNYVEBR fidaFebaNgSMdsno fiechnically possible as all
contemporaneous construction materials combusted eventuadlyemperatures increasencluding concrete,

with more or less serious repercussions depending on a range of faMargy tells us thaErnestMaxime
Meunierwasactive in Lille between 1867 and 1948the general manager of the insurance compéinjion

du Nord liaisingwith the largest local industrialists and their archited#eunierwrote several bookén his
specialist aregincluding a keyeport on the causes of industrial fires that was publisired864*2° Another

example in Lille, the printing premises of Louis Darakwompleted in 1875 bg leading locabrchitect

Emile Vandenbergfl827-1909) who had studied under Henri Labrouste'Bcole des BeauArtsin Paris.

This impressive building had a novel iron and glass roof structure hung aboveattrearing walls. Maury

02

alsomakes due reference to the first works usind y' y' S 6 Bétprlz8n@®# F A NSLINR 2 TQ aeaidsSy Ay

region of France, particularly a mill near Douai, and the Beglasdurel textilefactory warehouse in Roubaix

(see thecase stug in Chapter1).

There is an earlier academic pidng? 2 dzi SNE YR RS . 2dz 2y WTFANBLINRE2FQ O2\

Brussels between 1840012 This incorporatd prior research by British experts on the introduction in the UK
of fire-resistant industrial buildings (mainly textile) from the end of #ighteenthcentury onwards. Six

example structures in Brussels completed in the-miteteenthcentury used various forms of iron. Individual

W |l dzNBESX WOFTTFSH tKSYAE® [S& ! NODKAGSOGSE 5dz b2NR RS

[}

t NEFTSEaRaWBOKQOKE LIGSNI O2y iNRodziA2y (2 -tosta?2] 2y AY Rdz

twentieth-century France, examines the role of architects in responding structurally to the fire resistance

needs of factory owners in thBépartement du NordThe MotteBossut factonstill standswas extensively

renovated in the 1980and iscurrently the home of the Frenchrchives Nationales du Monde de Travail

20 Maury, 52.

Pl yS 22dziSNA YR aAOKIFSt 5SS .2dzs We¢KS 5S@St2LIvSyd
My T Ind@dirial Archaeology Revieg8, no. 1 (July 2006): ¢31.
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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 184Tike the Entrepbt Royal Bonstructed more than 60 years latéseethe case

study inChapter Sof four buildings in a new urban design approgdhwas a commercial warehouse for

storing large volumes of valuable goods, and hence the risk of fire damage regpeapriatemeasuresa

Brussels pawnshop completed in 1867 is of similar interest as the architediedeoi clad all exposed iron

with plaster, brick or masongndS E Of dzRS | £ f 622 RZ KSy QfileapafoNdtbrgg Ay 3 Al a

built in 1870 employed noreinforced concrete for its roof vaulting, a singular occurrence from this péffod.

Following in the footsteps of these first metallic approaches, Frangois Hennebique promotetdnsarmé

system to potential customers @smeans opreventing commercially disastrous fires; these were particularly

prevalent in those industrial sectors which used highly flammable raw materials, of which the textile

manufacturing centre of LilleRoubaix and Tourcoingl & 'y 20 @A2dza | yR ySIFENbe Ol as
expansion out of Brussel&s timber and unprotected iron were replaced by reinforced concrete and cement

andthe external wallgequired lessoad-bearing structurasupport in atruly monolithicsystem this permitted

the use of muchargercontinuouswindow spacing; which alsdessened theotential fire hazard olusing

artificiallighting.] Sy y So A lj dzS At t dz& desibtanSRopeKids by ciacaldtitgphograpis bfNGEB
satisfactoryoutctd S& 2F KAa O2yGNRBtfSR o0dz2NYyAy3 (Sadtax 2N dzaiAy3
FIAESR G2 NBarald adFFAOASyGfte GKS RIEIYF3IS 2F GKS Tl YS

approach which was appreciated by the Northern mill ovgié®

Taking thehistoricexamplebuildings inthe case studiegn this thesisthe original specification fahe wool-
conditioning complexn Roubaixdompleted in1901], seethe case study i€hapter 5of four buildings in a new
urban design approaghncluded the design of@éton armésystemprecisely for firaresistance reasons,
though it would be replaced by the Coularou system for the extensiokterracing The same firgesistant
principles would have applied to the useafeinforced concretesystemin CharlesSix2 dew woolcombing
building in TourcoingndLa Cathédralat the Menier factory in Nosigur-Marne (seethe case study of
WRI &t A 3 Klater i thi® éhapihaBdih@ extension taBanque Brunner in Brusselad the annex to the

Archives Départementales du NandLille(seethe case study dur buildings in a new urban design approach

122\Wouters and Bouw.
2Bpelhumeau] QAY @SY A2y 5dz . SG2y914NX¥S Y | SyySoAljdzSzI wmy dn



74

in Chapter 3. All these premises hasuilding commissionersho were keen to minimise fire damage to
valuable contents, as well anyknockon impact toend userf the interruption to production salesand
serviceprocesses; indeednypotential rises in insurance premiumguld force theownersto increase their

sales and service chager reduce their profit marginglepending on market conditions

2c. Sructural efficiencyas 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, exemplifieid a monumental format the 1889 Parigxposition Universle by the Eiffel

Tower and theGalerie des Machindseethe first stage of a metallic building design revolution in Chapter 5)

The introduction of reinforced concrete and cement systems permitted ewere economical and lightweight

monolithic structures where the building framing could be fully integrated withfloors and the foundations

There was similarly an impact on the building plan and layout suchd¢ldans(tooth-like projectionstowards

the street,derived fromdefensivefortifications) and other unconventional plegshapes could be facilitated

more easilyThreekeycomponents of structural efficien@re nextconsideredfollowed by an examination of

how they worked together to create a monolitrstructurein buildings that employedthe novel materials

system

Building framing

Building faming has been around since the first ancient structures vieiitt from a basic @ supportinggrid

of pillarsand beamawith vaulting and arches added over timldasonry and brick, even some cement or

concrete, might have replaced timber in this simple structure and all would be treated abdaaithg

materials wherever they were situated, supporting vast edifices such as temples and churches, or smaller

privateresidencesBuilding framingneeded to addressany lateral or verticload pathsn the whde structure,

particularly in industrial and commercial premises wheitratingmachinery may be in continuous operation,

in locations subject to strong winds or earth tremors, or even just large temporary or permbvefdadings

due to human occupancf the thirteenhistoricexamplebuildings inthe case studiei the thesisnine

employed einforced concreter cement systems for thebuilding framingin chronological order
Thewool-combingmill & / KI N S& { AEQ& FuwhiChiiseditke béloy arntédysieddO2 A y 3 6 1

1 Theextension toBanque Brunnen Brussels (190Gyhich also used thbéton armésystem
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1 Theimmeubleat 1 rue Danton in Paris (190@hichemployed thebéton armésystem

1 Theimmeuble at 9 rue Claud€Chahuin Parig1903)whichused thebéton armésystem

1 The HBM at 7 rue de @tmigne in Paris (1904) which used an unknown reinforced concrete system

1 Thela Cathédraleocoa and sugasrocessing buildingt the Menier Chocolate Factory in Noisseir-
Marne (1908)which used thebéton frettéand Viennot systems

1 Theannex to theArchives Départementales du NandLille (190) whichemployed thebéton armé
system

1 Theimmeubleat 185 rue Belliardn Paris (1913)vhich used the Cottancin system

1 TheHBMcomplexat rue de la Saide Paris (1914yvhich employed thééton armésystem

Floows

In many of thehistoricexamplebuildings the floors (andterraceroofing if presen) were made from
reinforced concrete or cemerdystems. Thééton armésystemwasused in floos with cantileveredgalleries
in the verysimilar approaches of th&ntrepbt Royal Bnport warehouse in Brussels (180and theannex to
the Archives Départmentales du NqtP10) in Lille*?*andthe sheer scale and ambition of the 3008 m
reinforced concretderrace-roofing for the former woolconditioning complexnowLa Condition Publiqgua
Roubaixear Lille(1901) is also impressive for its time and was supported by a unique 38troh matrix
pillars(these threeexamples are ithe case study of four buildings in a new urkdesignapproach in Chapter
5). One could speculate thdbcal architect Auguste Bouy¥8571938)may have learnetessondor his
approach to theflat terrace-roofing of the last historic example buildirfgpm a viewing ofCharles S@2&ool-
combing milin neighbouringTourcoingd SS G KS OF &S & (i dzRater i@ this cWaptexdltieA A K {
HBM at 32 rue Marconi in Brussels (1982n interestingexample of ahybrid formthat was employedo
seemingly transfethe load pathdrom the reinforced concrete floor® a mainly brick building framinfsee
the case study of HBMs in Chapter Bhere is a multiplicity of archival evidence on the construction and

renovation ofthis building, which may have bedme first HBM in France or Belgium to employ either

124We know from the Hennebique archivasthe CAAGhat the design plans for the Lille building were later
requested by a Hennebique agent in ItaBhapter 4 considers how tHmisiness was keen to exchange its
centralised technical knowledge betweés agents andconcessionaires so one could imagine that the same
principle appliedo these twoBrussels and Lillexample historibuildings Delhumeau, 11834.

Tl
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reinforced concrete or cemerdystem but unfortunately ncevidencehas yet fully confirmed the precise

system usedo constructit.

Foundations

As an important complement to building framing and fleas elements of structural efficiencgvery truly
permanent structure neeed strong foundations taddressgravitational forces particularly if built on a slope

or softer ground pileswere used on their own or to strengthelarge cement slahshat had already been
employedsince the earlyineteenthcentury with some good examples in thaitéd Kingdom2®French

inventors began to desigore-castreinforced cement and concrete piles formed and cured on the building site
using thebéton armé béton frettéor similar suitable systemandwerethen steamhammered into the

ground once the concrete or cement was fidgt Subsequentlyreinforced concrete and cemeifdundation

piling formed in situwas developed, including Sy y S 6 GdindeSssddystem described in Chapter 1

Of thethirteen historicexamplebuildingsin the case studiein the thesis onlyfour show clear evidence of
foundation type fromanyextantstructuraldesign drawingsr other remaining elements of their original
structural specificationg they are listed by system used
1 Theimmeubleat 1 rue Dantorin Parig1900) used thééton armésystem for foundation workear
the River Seinésee the case studyf the buildingin Chapter 4)
1 The Entrepbt Royal Bnport warehouse in Brusse{8906) and the first units of theHBM complex at
rue de la Saida (1914) in Paris both usedG@benpressaystem in what was softer grour{dee the
case studies dbur buildings in a new urbaglesignapproach in Chapter 5 and bBiBMs in Chapter 3)
1 La Cathédralat the MenierChocolateFactoryin Noisietsur-Marne (1908) used thbéton fretté pre-
castpiling system foits riverine settingon the Mamne6 8 SS G KS OF aS aididzRe 2F WRI @&

in this chapter)

125 Good summaries of the state of knowledigeconcretefoundations during the period arédike Chrimes,

WY/ 2y ONBGS C2dzy RE G A 2HistoriciCyhBretd Bidmtkgralindlia@fpcaisdh 3 Sutheriand, D.

Humm, and M. Chrimes (Thomas Telford Publishing, 2008)f t S62A a4 wl YYSNE Iy R #*SND NJ
tAfAYy3IY al 22N 5S85@0St2LIySyda Ay GKS 1T A&G2NROFE t NI OGAOS
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Monolithism

Paul Christophe had explained the value of monolithic reinforced conoratementstructures with

particular reference to streefacades in his detailed technical guide to the novel matergystem
Reinforced concrete as it is usednonolithic construction can have its own architecture and it is often
wrong to look elsewhere than in the affirmation of the real structfoedecorative motifs. This
structure, as has already been pointed out, is similar to that of metal structhugsby the more
massive aspect of the elements of thieeleton it is closer to thabf timberframing. All the architecture
of the Middle Ages and the Renaissance skiogvhow much this last construction systewitsthe

decoration of faades!26

Christophe emphasiskthe greatervolume of the structural componenishen comparing the metallic
construction systems of reinforced concrete and cemeith iron andsteel hence the analogy with the use of
timber for the former. Masony, timber and brick building framingnd flooringwas fine for resisting thenany
structural vibrations ofextile-processingnachinery ovenumerousfloors; butas industriapremises
expandedwith larger scale operationsombiningreinforced concrete building framindloorsand even
foundations using the same materigdgstempermitted the construction ofa stable, selfsupporting

monolithic structure over anuchlarger volumeof space. Such a building could also use-lvalbearing

glazed infills to allow more taral light insideg daylight admission as a structural requirement will be

considered separately in theext part of thechapter.

Table 1.3 showten of the thirteen historicexamplebuildings inthe case studies that might have been
construed to havdnada monolithic structuresuchbuildings would have hadat leasttheir buildingframing
andfloors constructed as integratedselfsupportingskeletors ¢ this implied that thenovelmaterialssystem
was employed holistically throughout the buildinggluding withthe foundations rather than in a more ad

hoc mannerBght2 ¥ G KS&S 0 dzA f RA ybatén amzésgRmfdr Sefr Yuliding fjadiSgaad

126 ChristopheLe Béton Armé et Ses Applicatiob51¢52. « Le béton armé tel qu'il est employé dans le
O2yaidaNHzOGA2ya Y2y2f AGKSAa LISdzi | @2AN) a2y | NOKAGSOUGdzNB
jdz8 RIya fQFFFANNIGAR2ZY RS I adGNUHzOGdz2NBE N&iSt £ ST RSa Y2
remarquer, est analogue a celle des charpentes métalliques; mais, par I'aspect plus massif des éléments de
l'ossature, elle se rapproche davantage de cellehass de boisToute la I'architecture du moyen age et de la
Renaissance est pour nous montrer combien ce dernier systéme de construction offre de resadairces

décoration des facades.
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floors. The other two historic buildings were individual examples each of a Cottancin derived system and

| 2y a A BéefoNBe@iaystemwith additional features from the engineer Viennot

Table 1.3: Historiexamplebuildings in the case studies whose structure appeared to be monolithic

Building(Year completed) Systens Usedin Used Used in
used building in foundations
framing  floors
BossutMasurel textile warehouse, Roubaix near béton armé  Yes Yes Not known
Lille (1892) system
Charles Siwool-comhing mill, Tourcoing neatille  béton armé Yes Yes Not known
(1897) system
Extension tdBanque BrunnemBrussels (1900) béton armé Yes Yes Not known
system
Immeuble,1 rue Danton, Paris (1900) béton armé Yes Yes Yes
system
Immeuble 9 rueClaudeChahu, Paris (1903) béton armé Yes Yes Not known
system
Import warehouseEntrep6t Royal BBrussels béton armé Yes Yes Yes
(1906) and
Compressol
systens
Cocoa and sugar processing building Cathédrale béton fretté  Yes Yes Yes
Noisietsur-Marne, Paris (1908) and Viennot
systens
Annex toArchives Bpartementales du Nord.ille béton armé Yes Yes No
(1910) system
Immeuble 185 rue Belliard, Paris (1913) Cottancin Yes Yes Not known
derived
system
HBMcomplex rue de la Said&®aris (1914) béton armé  Yes Yes Yes
and
Compressol
systems

It is possible some of the remainitiyree example historic buildings the thesis which araot included in

table 1.3 might eventually qualify as being monolithic, assuming the availability of more precise details about

their internal structures. Of thehistoric example buildings listed in table 1.BetBossuMasurel textile factory

warehouse in Roubaixear Lille {892 see the case study in Chapter 1) usedearlyversion of thebéton

armésystem foiits building framing and floorgogether with masonry and brick walghich provided

additional structural supporg, this approach wasepeated with other buildings subsequentlthe earliest

historicexamplebuildingin the tablethat usedthe novel materialsystemin a truly monolithic waysi the
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CharlesSixwool-combingmill completed in 1897 imeighbouringTourcoingd 8 SS G KS O 4S8 addzRe

FILOG2NRSEAQ tFTGSNIAY (KAa OKLF LW SND o

2d. Daylight admissioas a structural requirement

The most obvious facet ofagtlight admissioms a structural requiremerfor a historic exampléuilding was
externalfacingglazingusually in the form offrench)windowsand skylightsWindowsconneced with the use
of innovative reinforced concrete and cement systekng WR I & f A fibi the B0 anRiNTers waQ
also a link backwards to the increasing use of bay windowseinch and Belgiamrban housing durinthe
BelleEpoque As will be seen in Sectiorod the societal context for constructiarsing the novel materials
system this in turn connected tgsocial needs and regulatory issu&uffice it to sayn this technicalfocused
sectionof the thesiswindowswere also considered aan absence oinfill for reinforced concrete or cement
building framing the more windows (and doors and balconies) that existed, the less spasthértypes of
suchinfill, and the greateits visualimpact on thestreetfacadeandits cladding This iexemplified well in the
case study of thémmeubleat 1 rue Dantorin Parisn Chapter 4as well a#n the historic example buildingat
9 rue ClaudeChahu and 185 rue Belliafdlee the case study of Parisimmmeubleswith decorative ceramic

facade claddingn Chapter %

The woolcombing mill & CharlesSixQ @&xtile factory in Tourcoing1897)is described fully inhie subsequent
case stugof WR It A K i . [FuatbedinstlofSlitiiiistoricexamplebuildingsto employ large
rectangular windowshat replaced all infillin this case on the three flooevove ground leveFrargois
Hennebiqueexplained the rationale for this new type of factory building in his presidential speech to the
Troiseme Conggs Du Bton de Ciment Armia January 189%” Hennebiquehadinitiated the conference
topic by referring to two other manufacturing buildingear Lille These were constructed around the same
time as the Six building, bdior the Frings and Barrolsereslocalfamily businessesandlike the Sixvool-
combing mill in Tourcoinghesehavealso, sadlysince been demolishedhere was @rowingneed ofbuilding
commissioner$n the north of France for large, mulitoreyed manufacturingtructureswith expansive
fenestration; this allowed in as much daylight as posditnie@ Northern Europeaclimate, particularly under

the grey winter skies. Maximum light was particularly important in textile manufacturing, and within that

2 )

2ZICNY yoe2Ad | SYyySoAaljdzSE We¢NRAAASYS /2y3dINBa 5dz . Si2y RS

{ dzA (i.eBétenArmé, 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 the workforce had to be continuously vigilant about the dangers of damage to the
product during a largely automated proce®f course Hennebique wa®t operating in isolation, and would
have been well aware of the use of extensiaeade and roofjlazing within metallic framing iffor example,

the great Parisian department stores of tBelleEpoque as well ashe everascending Chicago skyscrapers.
¢KS 20G§KSNJ WRI & $ubsagkidntaIelstGdyshd Bofoa anyg sufaKprocessing buildlira,
Cathédraleat the Menier Chocolate Factory (1908) in NoisigtMarne. La Catlédrale had a truly monolithic
reinforced concrete leeleton The extensive fenestration was the defining featuréhef building(hence the
derivation of its name), dictated by the building commissioner Henri Menigh advice from his chief factory
engineeras well as hifrencharchitect Stephen Sauvest(@8471919)andengineerArmand ConsidéreThis
wasalso intendedto give the manylanneddaytimevisitorsan opportunity to appreciate the serrautomated

and hygienicocoa and sugamixing process in all itsaturallylit glory.

A relatedperspective orimproveddaylight admissiolis described irthe case stugtin Chapter Sf four
buildingsin a new urban design approachhese includedhe extension tdBanque Brunnen Brussels (1900)
with its new bankng hallthat had a uniquééton arméandglasscoupolein itsroof; the Entret Royal B
import warehousealso in Brussel@l 906)which usedmetal andglass skylight$or the internal courtyardsand
the annex to theArchivesDépartmentales du Norih Lille (191Q)where sirrounding existing walls to the
enclosed sitén the last buildindhad removed the possibility of windows, but the similarity of approach (and
system) to theEntret Royal Bmport warehouse is striking, though on a significantly smaller sBalth staff
and dients could therefore benefit from morenaturallight whiledeposiing and withdrawing valuable items
with the effectiveness of the glazeskylightsstill remarkable to this dayBy contrast, dr the street facade infill
of the HBM at 7 rue de Ttéignein Pariscompleted in1904, see the case study of HBMs in Chapterlassgy
bricks wereinitially consideredby the architectado admit more natural lightbutthey werenot used during
constructiong this was because difoth their highinitial cost, as well asheir potential deteriorationwhen
exposedover timeto direct sunlight, so adding tongoingmaintenance costfor what was intended to be
affordable accommodatiorGlass brickead already been used to the rear of the privatemeubleat 25b rue
Benjamin Franklin, completed in Paris earlier in the same (gemcribedfully in Chapter6 on the application

of the historical mechanism in the thesis)
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Case studytaylight factorie®

Frarg2 A & | Sy iyinaltdichiz8arationale fousing hisoéton armésystem inmonolithicstructures

with highly glazedacadesin the North of France is exemplifily the Charles Siwool-combing mill in

Tourcoingnear Lille(see later in this case studyljhe buildingncorporated an architecturalipleasing, curved

corner to its street facade, which was continuously glazed on the majority of flbbestamifications of

| Syy SoAl dzSQa, eaplniNddzExilidmdeie Amplifiedhia Eeflection by Collingho was commeling

on the extensive use of continuous glazidgringthe later Interwar period, which henterpreted asbeing

derived from new concepts of spatial integration
X the rapidity with which it assumed the character of dogma is something of a mystecg it was
frequently applied without much rational justification, and was merely seized upon by a small group of
GKS2NAR&aGa & F 1AYyR OG 2F FrHAGK® LG asSSya tAaAl1Ste
spinning mills, which were the motdefor so many industrial buildings of the first quarter of the

century, the most notable beBauhaus?®

Pevsner had started brief section onthe first concrete factoriest the end othis major compendiunon the

history of building typeswith a reference tahe Sixbuildingthat wasderived from/ 2t f Ay a4 Q LINA 2 NJ NB & ¢
usingoe2 ¥ / 2 f Ay a8 Banbféra suBsaqNdnthydgxlored more fully the architectural typotafgy

G§KS WRF&fAIKG T foOusydlEp@First&Vork B/ar NG tNAXhRfecaekaipleshisresearch

was done without any direct reference to Collins, a contemporaneous architectural historian and

compatriot!3° There was only a brief nod, almost as an afterthought, to the potential technical connections

with Hennebiquet*! Banham set out his own approach in the introductiorhte work when he noted how

non-industrial buildingsesembled industrial ones durirtge interwar years

128 Collins,Concrete. The Vision of a New Architect@@4.Aspreviouslynoted in Chapter Linder the
description of the key industrial patent€pllins had suggestetle possible us®f/ 2 y & A BERNRGEA
systemintheT A N& i fakRRryBompleRd it 1902 for Kelly and Jones in Greenburg, Pennsyldisa
buildinghad principally employed the Ransomenforced concretesystemg which provides awother
intriguing connection between France and North America.

129 Nikolaus PevsneA History of Building Types. The A.W. Mellon Lectures in the Fine Arts. Bollingen Series
XXXV, 19Princeton University Press, 1976), 288.

B0BanhamA Concrete Atlantis. US Industrial Building and European Modern Architecture.
B1Banham didnake a noddingeferenceto/ 2 f forfonfva@rkin the book version of his doctoral thesis
(Theory and Design in the First Machine Ymeblished in 1959though this was only in the general
bibliography.That book had begun to lay outl y K lowéi@leargument taken up with more fervour in



82

[This]was construed, rather, as@omise that these buildings would be as functionally honest,
structurally economical and, above all, astophe-minute as any of the American factories that Le
Corbusier hailed as "the first fruits of the New Age." The forms of factories and graimoeteware 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 titbpia.

Banhamwas more direct than Collins before him in attributing the origins ofltiiernationalModernist
interpretation of these factories. According to Banham, Le Corb(aiet othershad copied and edited from
pre-First World War photographs of North American industrial prototypesluding silos and factorieand

then used these pictures in postwar articles that were combined in his Werk une architecturer Towards

a new architecturewhich washighly influential in assuring the ascendancy ofraernationalModernist
architectural genré3W5 | @ f A AKG TR QA FNISRa O & g EnSBpaBIin@ighMRI®Park odrl & (
factory built on the edges of Detroit from 1910 onwal@sgure 1.17)The design of tisimmense

manufacturing complex was informed by novel Taylorist ideas about a more scientific or rational approach to
industrial flow processes, inclirdythe provision ofa more efficient working environment to meet rapidly

rising production schedulé$*Le Corbusier hadota SSy (G KS WRIF &t A3K{G FIFOG2NRASEAQ A
interest, at least in this case, in an approach to design replicaticarefully inspecting structures that inspire

the new designeg insteadhe 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. Hencéater on,the main administration building of the Fagus industrial complex in

Alfeld, Germany, completed in 1913, was singled out as aé&sgyativelnternational Modernisstructure by

Concrete Atlantidt seems the two British architectural historians, born just a few years apart and both of

gK2Y KIFIR Y2@SR (2 b2NIK ! YSNROF F2NJ 6KSANI NBaSI NOK |y
YSYyySGiK CNIVYLIi2yQa T7T2NBg2 NRo theyséond &Bd lobncriets: Fhe MisiadhQa A y G N
of a New Architectureas wellagih y OK Ot A F T S Q aCuridisi§2OiSt 2y V@B & Ma/ a2 ¥ . F yKI YQ
and worksmakes no mention of Collin€ollins,Concrete. The Vision of a New Architectureli; Tanis

| AYOKOf ATFSI Wt SGSNI / 2t f ATyentkth@ekt@y AtcRitecfu® arfl NEHIStorek St S NA L
ed. Louise Campbell (Society of Architectural Historians of Great Britain, 200€85184chard J. Williams,

Reyner Banham Revisit@deaktion Books Ltd, 2021).

32BanhamA Concrete Atlantis. US Industrial Building and European Modern Archite@ture.

133 Banham, 1415, 18; Le CorbusieFowards a New Architectuteondon: J. Rodker, 1931).

B4 x33a KFa (GKS 0Said GSOKyAOFtT O2@SNX3aS 2F C2NRQa | A3l
book. SeeBiggs¢ KS wlk GA2y It CFOG2NED® | NOKAGSOGdz2NBT ¢SOKy2f 2 3¢
Productio OKI LJd oT . A3II&X WLYRdMzZAGNER QA al &G4SNJ al OKAYySY CI
t NERdzOGA2Y S wldhn (2 mMbdonQ> dp
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Russel A G OKO201 YR W2Kyazy Ay (GKSAN) I3dzARS (2 GKS LMA@G20G!
International Style: Architecture since 192&d reinforced byPevsneisubsequentlywho declared that it

GstartedtheL Y G SNY F GA 2yt a2RSNY G6AGK A®A o0SIdziAFdzf £ & LINRLRD

E
e
3

CAIdzNBE MdmMTY LYGSNRA2NI 2F C2NRQa gl ad ySsé | AIKELFTYyR tFEN] FFO
with its cantilevered galleries and skylights reminiscereofainhistoric examples in this thesis. (The American Architect,
Vol. CVII, No. 2044, 1915, plates)

The Fagus factorlad 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 Bauhausnovementasa leadingsub-genre ofinternationalModernist architecture*® The

commissioner of the expanded shtgst manufacturing complex in Alfeld had wanted to recreate his main

Ot ASyiQa ! YSNAOIY &aK2S FIO02NET K26SOSNE Ay GKS OFas
without using a monolithic reinforced concrete or cement structure but instead more traditional construction
materialsof brick and timber sat on concrete foundatiog& was the glazed corner staircase atriums at each

end of the structure that became iconic featuresloernationalModernism, even thought they echoed the

precedent set by the Six weobmbing mill in Tourcoing more than a decdmidore, arguably more elegantly

135 HenryRussell Hitchcock and Philip Johnsbime International Styje2nd ed. (W.W. Norton & Company, Inc.,
1995), 4445; PevsnerA History of Building Types. The A.W. Mellon Lectures in the Fine Arts. Bollingen Series
XXXV, 19288.

136 Carsten Krohnyalter Gropius Buildings and Proje(®rkhauser Verlag GmbH, 201910, 2&;33.
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with its curve Gropiusmay not have seen the original North American factory on which the Fagus complex
was modelled; he and Meyer were brought in after initial designs were started by another archdectwe
do not know precisely when Gropius first visited the United Stabe$ore he emigrated there permanentiy

the 1930s

Biggsand Slaton were singled out in thstoriographicreviewfor their SCOT approach &history of

technologyl 6 2 dzii  Watiorieg\fdny whicltheresearch methodologis parially derived’3” A Masters

thesiso 8 a2NIiSyaSy Ay@SadAadariSR GKNBS SEGIFyd ! YSNAOIY WR
their preservation and eventual renovatipwhile a conference paper liyeattexaminedh y G SNB I NJ WRI &t A 3|
FI O0 2 NR S,docusng pfincipallfhoin Dvieyr Williamd890-1969)asa significant British reinforced
concretearchitectengineer'®® These derived frormterwar buildings designed by Gropius, including the
famousBauhaugdesigntraining complex in Dessau (arguably industrial in at least one of its key purpbkes)

Fagus factory building and subsequ@&stuhausand other European interwar approaches further developed

GKS YI&aa dzas 2F 3FtrTAy3 GKIFIGd KFER 06S83dzy 2y | @lFadg &aolt
Exhibition, and was subsequently used by the British for their enormous railway station shédbea the

French during the first stage of theetallicbuilding design revolution that is describedGhapters.13°

Many such smallescale industrial buildingg K Sy 02 YLJ NBR (2 corgpRw@@ | A IKf | yR t

O2yaGNHzOGSR Ay 9dzNRPLIS 06STF2NB G(GKS CANRBUG 22MB6R 2| N hy S

18 A33a&a3X WLYRdZAGNER QA al aGSNJ al OKAYySY ClFOG2NE tf
Mo n Q Trhe RatBrilEFactory. NOKA G SOGdzNBsE ¢ SOKy2f 2383 yR ;2 2NJ y
{tl1G2y>Y WhNRIAYyaAa 27F [-Coacete Eadisry RUBINGIYAMEricsS 19008k 1y F2 NIOISIR(G 2 v =
Reinforced Concrete and the Modernization of American Buildingg196Q

BBWSYYAFSNI [ ® a2NISyaSysz WwSOtlAYAy3a (GKS 5F&tA3aKEG CI Oi
9FNX e ¢oSYyiASGK / Syldz2NE /2y ONBGS CNIYS LYRdAzZAGNRLFE . dzA
HAMPOUT {IYdsSt [SIadaqQuwasSyaé/ACEFDaEREe .2y (KS 51 &fA3K
in Studies in the History of Services and Construction, Proceedings of the Fifth Conference of the Construction

History Societyed. James W.P. Campbell et al. (Construction History Society, 20180129

139 Other researchrs have studie@arly North Americat’ NJ- (i fac®oyfds &nfparticularlyAlbert Kahn(1869

1942F G KS fSIFR I NOKAGSOUG 27T .3eLmnBlildadandPesigning for Bdusty.y Rt | NJ
The Architecture of AlbertKahi.t KS alL ¢ t NBaadX MpTtnoT ¢SNNE { YAGKI W! NJ
Cdzy OG A 2y I £ A avdking tieladérk. 2ngustdy, Ak ghd Design in Ameri@dniversity of Chicago

t NSaas Mppoo T ¢SNNE { YAGKZI W!foSNI lbekyahn, Ingpiasion a 2 RS NJ/ A
fortheModenrz SR® . NAFY /FNISNI o! yAOGSNEAGE 2F aAcid Iy adz
Architecture: Albert Kahn and the Evolution of the U.S. Auto Factory 395 |A,CITe Journal of the Society

for Industrial Archaeolog®2, no. 2 (1996):&4; Federico Bucchlbert Kahn: Architect of Fo(érinceton

I NOKAGSOGdzNI £ t NBadasX HAnnHOTf WaGRNBSY KWEA OKY RRBzA B NWI 2y & §
Follows Performancesd. 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 apprdaapius had worked for
Behrens prior to starting up in partnership with Mey#é?A lesser known example, also in Germany and

without anyconcrete or brick, is the Steiff enterprise manufacturing building in Giengen completed in metal
and glass in 19081 All of this led ultimatelyo glazedcurtain wallsthat were completelyseparate froma

0 dzA f Bkklefah Ondployedat les grands magasins Dédn Nantes by Henri Sauvage1931,in which

directionthe first Chicagskyscrapers hadwahysbeen pointing:*?

The influence oNorth! YSNA O y WRI & fnferAdtianalModeistaitiit&tur® dedvgd at least in

part from French textile manufacturer needsnverted into structural requirementspecifically connected to

admitting morenatural light, and was subsequentigveloged into what we would now callrearchitectural

trope. Banham had attempted in his book to resurrect a cowsarit of early twentiethcentury construction

innovation, embodied in the original buildings when they were first designed and built in North America during

a peak period of constructioftom 1905to 1914¢ he duly acknowledged postmodernist architects Robert
Venturi(19252018)and Denise Scott Brown for preceding him with their thoughl2 @2 { Ay 3 06221 W[ S|
FNRY [ I, éatentedl Ad-ddrtber critique of thelnternationalModernist trope!3In summary, there was

a crossAtlanticbuildingdesignexchange that not only changed direction a number of times, but also changed

meaning in the process.

Returning therefore to Franceh¢ smaltscaleWR I &8 f A I K T I (halesSiQwodaldtribidg mdlina § K S
Tourcoingnear Lilleused thebéton armésystem for its design and construction between 189%his building
clearlypre-dated the emergence dhe WRI @ f A 3 KG T I Ol 2 NEs@eFiguk® K8\ &) D @)dzNI G & LI

Its novel monolithic approach to the structure allowed the proprietor to run his textile manufacturing

4] dz6 > . SNIK2f R W! NOKAGSOU @SNEdza 9y IBeiwr8SidelyTha 2 y dzY Sy (i |
Introduction of Structural Iron and Its Consequer(&sgen/Zurich: Verlag Niggli AG, 2010),cI=9 Krohn,

Walter Gropius Buildings and Projects

Mot yOFr [£S2X W{GSATT CI ORAAMBItECtUN@2(RA0A0P 236K.S { G2NB 2F |t
WeNFAAaYSEs WS asilrt SG [S SNNB 51 ya f{ @87NBdmasi S OG dzNB
[ SatAST wa!a [FNHS +a GKS {AlddzZ GAzy 2F (GKS / 2fdzyya 232
Chicago Skyscraper, 1885¢ n pe€hology and Cultud9 (April 2008): 399119.

3BanhamA Concrete Atlantis. US Industrial Building and European Modern ArchiteBtobgrt Venturi,

Denise Scott Brown, and Steven Izendaugarning from Las VegéBhe MIT Press, 1972).
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operations in a maximum amount of natural (as opposed to artificial) §ghtough the large glazed windows

that took up the whole of the infills on all sides of the building above ground floor level.

Figures1.18 (a) and (b)Undated fhotographsof a facade with curved cornealfove and upper floors and roof terracing
(below) oftheS I+ NI & WRI &t A 3 K (i Charles(sik fvoaBnibindinkill; Tourabih@@rchitedt $known, 1897).
(Peter Collins Fonds, John Bland Canadian Architecture Collection, McGill University Library)
Frargois Hennebique first mentioned the building in a speech to one of his annual congresses for agents and

others with an interest in hibéton armésystem alluding tothe enduring FrenchiRationalist position espoused

by followers of Viollete-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 churchiesse uprights which are 0.50 x 0.30m

thick support the entire construction, the rest is only fillig.

| SYySoAl dzS 23 WNBHSENSYIOS S NR A& (2 IndarlillShea & Go2 20KSNI
accompanying photograph that Hennebique used in his talk (Fipag® shows the incompletaiool-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.

,m lan‘ i

i

Figurel.19: The Charles Six wo@ombing mill Tourcoing(architect unknown, 1897luring constructionno date
(Le Béton Armé 1899 12,plateg

Chapter4 looks at the acrimonious correspondence between the unhappy building commissioner and the local
Hennebique contractor DebosqgiBonte, 6 2 dziT G KS F2NXSNR& O2yliAydzadt RA&AO2Y I

and what he claimed to be poor esite workmanship.DebosqueBontewas aHennebiqueconcessionaire

14 SyySoAljdzSSE WeNRAAASYS /2y3dINBaA 5dz.$[’]2y RS /AYSyid !l
7.« Filature Six a Tourcoing. 16. Mdi QI LILX A OF GA2y Rdz YsYS aeaisySeo bz2dza S
guelguesunes. Vous voyez combien les montants tiennent peu de place. Nous en revenons au meneaux de

y2a @ASttSa S3atAasSa I20KAjdzSaT OSa YRygodshuttiod |j dzh 2y G 7
SYGAsSNBz S NBaidis yqQSad [dzS NBYLX Aaal 3So
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from Armentiéres, located within modern Lille Metropplndis first recorded in the French construction

press as having had a bid accepted in July 1887 to build two schools and a housedd-Rigpe, a hamlet

just to the north of Armentiéres where he was basétDelhumeau mentions the contraatin connection

with buildings in northern Francepting that Debosque 2 y (S 61 a 2y S 2F | SyySoAljdz$SQa
concessionaires**® Figure1.20 shows an original illustration of the finished building as found inGeatre
darchivesRddchitectue contemporainen Paris (76 IFA 276)a reproduction othis watercolour picture was

published in a 1902 edition of t@éton Armd& Y R a2 gl & LINBadzYl 6t e LINRRdAz-OSR FAL

completion.

PEIGNACE DE LAINE DE M. CHARLES SIX A TOURCOING (NORD)
nsteuchibn ‘enli¢rement en belod de 1 e

« HENNEBIQUEY brevers 8.G.DG SeR@esaionnaire - Construbleur. M. DEBOSQUE & Armenlidres

P
— - '
\‘T - b |
,« |+ & |
§. ‘
. |

Figurel.20: lllustration of the finishe€harles Siwoolcombing mill, Tourcoin@rchitect unknown, 1897. 1902with a
planshowingthe columnlayout, a sectionshowingthe béton armé systemflooring and a detail ofa columnbeamslab
connection (76 IFA 276QNAM/SIAF/Cité dearchitecture et du patrimoine/Archives d'architecture contemporpine

The commentary that went with thBéton Arméllustration wasmainly aboutDebosqueBonteas

| Syy So Al dobd@ssionkireik tie north of Francénoting he had started witl8 projects in 1893 and
expanded to 60 projects by 1901), who veasexhibitor at the Lillenternational industrial exhibition ahat
year.It specifically mentioad the impact of thewool-O 2 Y 6 A y HoveY'stréictur@ an the admittance of

more natural light into its interior:

WywSadz G Ga

5 $&Semane DeR Eoddtricted sb 36QMigust 1887).
46 pelhumeau] QA Yy @Sy i

A2y 5dz . Si2y1914 868G 9495 dndogtyoes. A lj dzS> my dn
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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 madédéibn armé It hasthree floors covered with

aroof-terrace. The lightness of the pillars made it possible to obtain the maximum internat4ight.

This unique approach to the admittance of more daylight into the Six-amwbing mill was picked up

overseas in the British journBerroconcretén January 191%xpanding part of the illustration from thBéton

Armé not long after the outbreak of the First World W4? 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 lineFhe authomoted that building was onef the largest Hennebique structures

that time, as well agommenting orthinness of theexternalcolumnsbetween which sat only glazing for the

top three floors
X GKS YAff 2F ad {AE A& | o6dAfRAYy3I 2F O2yaARSNIo6fS
roof, the whole being of ferr@oncrete. Thanks to the great strength and rigidity of the material, it was
possible to construct the outer walls soathabove 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 purposés.

t S S NJ ahaysid ohtlyeSixRool-combing mill from the 1950s stands out as one of &gnificant ones
undertaken which as already said was used by Pevsner subsequénsaclprovided additionaltechnical
details aboutthe buildingin her doctoral thesison the history of thebéton armésystemin Britain Cusack
noted that it wasHennebique's first, entirely reinforced concrete framed mill buildimngasuing 187 feet long
and 170' 6" wide, and the curved angleaotorner ofthe building(not mentioned by Collindut seen clearly
in the photograpls he possessedf it). She alsanferred from the original watercolour picture (Figure 1.19)
that adsmall detail of the interior construction, indicates a similar arrangement to that employed in

Hennebique's early British buildings, includiktyanked ugrods, (not patented until 189%'*. @ WONJ y {1 SR dzL

Wit | dzA DEFEEt20G0GAZT W[ S . SieBétod AMINO0.I53 (1902): ERLNE Ghared Sixyd RS [ A f f
Tourcoing, est particulierement intéressant par son importance. Nous le représentoostce. Cette

construction est entierement en béton armé. Elle comporte 3 étages recouverts d'une terrasse. La légereté des
trumeaux a permis d'obtenie maximum de clarté»

MY C SINNPONB (i S | FérrodoRctté NLE (1918 >24%0.
MWWCS/INNRONBGS G GKS CNRYGQS Hpno
150/ dzal 01X WwWSAYTF2NOSRMPRBRYDONBMMBAAY . NRGFAYY My dT
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rods Cusack was referringto betiel) NB 6 NBA FyR AYLIX @8Ay3d GKIFG FSEFGdzNBa 27
LGSyt sSNB |t NBFRE chubiagdniidiwe Wil comedd thefinfplications & B& ¢ 2 2

bent-up rebars later.

In commenting more generally about the application of ti#ton armésystem in thisduilding Collinshad
LX F OSR / K| Nbndigmill ik th&dsamedngistiial category as the earlier St. Ouen refinery in Paris
completed in 1895, as well as the more contemporaneous Barréisg=spinning mill at Fives in Lille. Collins
hadthen discounted the Paris building because, while it was completed first, in his viewnivtdidt the same
architectural standard as the other two industrial examples he ubkedtherefore connected theextile mill
buildings of the Barrois Fere) | Yy R/ K NX S &r nénindustiahbhilBitdgbecausditey f | (G S
establisled what he saw asesthetic precedentgelated to the use ofeinforced concretén building design
Thus was created the idea of a visible reinforced concrete frame, expressed watinbatrrassment 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 architésgsame 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 requireniehts.

/2t tAya YIRS SELX AOAG O2YLO2NIosHAa YOS (6 3 SR /wr lyNE2SrES O[EA E
WREF&tAIKEG FLHrOG2NERQ AYy tSyyaetgdlyAlrs arRteée Fftaz aiyos
about Ransome, as well as tangentialy comparing both structures to the later Pertd2 (i Kn®thaf
garage on 5 rue de Ponthieu in Paris @9@hich he saw as a true architectural breakthrough for reinforced
concrete systems:

These were both honest, straightforward constructions, but their designever 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 Architect&@
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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 beadis.

How does the unique approach taken in this woombing mill relate to the updated Hennebique patent of
1897, lodged in the year df K S 6 dzompRefiofaBdxansidered iChapter K ! & a dzYAy 3 GKI G / dzal
earlier statement about the use of benip rebars is correct and given that Lo@ibarles Boileau had already
identified this novel component of the developibgton armésystemby at least latel895, it is possible that
Hennebique had been testing out improvements to his mateggistem on Charles Six and other such building
commissioners in the North of Franc&uch an approachmight well have contributed to frustratiorebout the
construction procesaired by theTourcoingfactory owner in irate letters to Debosqgdgonte, the local
Hennebique contractor (see Chapt# the latter mayas a resulhave been caught between the building

02 Y Y A & ankerisarfi Nifdrisby the inventor of the béton armésystemto both convert these needs into
structural requirement@ndto improve hisown innovation.The major changes to themergingbéton armé
systembeams since theriginal18923 Hennebique-rench and Belgigmatentsdescribed in Chaptet, was

the addition of extra (inverted) stirrups as well as beptrebars with fiskail endings. All of this was aimed at
making the combined and now truly monolithic building framing 8adrs more robust in resisting a range of
additionalforces produced blive loading¢ in the Charles Six woebmbing mill thisvould haveincluded a

large amount of heavy, vibrating weobmbing machingandthe beltdrive mechanisnthat powered them

Files held at thérchives Départementales du NqiM4178309) 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

woolcombing millwhose unique shape with one curved corner still stands out (see Figeite

1%2Collins, 18686.b 2 G g A G KA G yYRAY 3 [/ 2ffAyaQ 2dza0ATFAFOES FaaSNIA2
was demolished in the 1970s, and the fact that he devoted a number of pages to it in his major work on

' dz3dza S t SNNBGZ GKS 0 dzi f &nisipric examiplé Quilding. Bddie deigisaR Ay G KA &
Hennebique design plans and an elevation are available at the CAAC. By contrast, the historical mechanism

described in Chapter i@ applied to theimmeubleat 25b rue Benjamin Franklin (1904) in Paris and also by the

Perret brothers.
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Figurel.21: Plan sectionand elevation of th&harlesSixfactory site, Tourcoindarchitect unknown, 1897h the 1980s
with outline (circledpf the original wookcombing mill, undatedM4178309 ArchivesDépartementales duNord)

*k%

The seconaxample historibuilding in this case study Tayhghtfl O (i 2 NALS Gafédrald, & elegant

cocoa and sugar processing building at the Menier Chocolate Factory, Naidiéhrne near Pariscompleted

in 1908 (Figurel.22). The building is an example of hdhe WR I 8 t AT KG FIF Ol 2NEQ | NOKAGSO
developed from novel textile manufacturing buildings employing reinforced concrete structures in what is now

the modern Lille Metropole this was in parallel witthe North Americapnmuchlarger-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 contiriaiegplore new uses for iChaptes

land4A f £ dzZa N> GS GKS NRtS 2F | SYNA aSyASNI & GKS o6dzAf RA)
abreachof Frage A& | SYyySoAljdzSQa LI GSyid F2NI NBAYF2NOSR O2y ONB(

objectives of the building beyond its key industrial capabilities.

The pre-existing Menier factory cocoa mill was a famous 1872-framed structure designed an constructed

by the French architeegngineer pair of Jules Sauln{@87181)and Armand Moisan{18381906)(see also
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Chapter 5)the latter had also been the engineer for the concurrently ldh Marchéron-framed

department store in Pari¥?

Figurel.22 La Cathédraleocoa and sugar combining mill (Sauvestre, 1908), circlggbtight of photograph on the
opposite bank to the main factory complex of tenier Chocolate Factor§950s The original irofframed cocoa mill of
1878 is seen to the bottom rigli® pictures Editions Lapie collection Villede Noisiel)

The most comprehensive work that covers the history of the Menier Chocolate Factory atdNoditdrne

was published by the Fren@ervice régional de I'lnventaire général des momuments et des richesses

artistiques delaFrane | G GKS GAYS 2F GKS gK2ftS FI OO &Rdbaxd NBy 20|
for the owners Nes#é France'>*We are told why the newrocessinguilding was located on islands in the

middle of the River Marnebecause this wasearboth the original mill where the cocoa paste was made and

near the building in which the finished chocolate was poured intalag The two islands werdnnected to

each otherwith embankments andhe unstable groundeneath themwas reinforcedwith twelve-metre long

béton frettépilessteamhammered into the rive(Figure 1.3).15°

153 Frances SteineFErench Iron Architecture. Studies in the Fine Arts: Architecture, Mol.33 (UMI Research
Press, 1984), 59, 110.

154 Claudine Cartier, Helene Jantzen, and Richard Mibluijel, La Chocolaterie Menier SeatéMarne, 3rd
ed. (Inventaire général, SPADEM, 1994).

155 Cartier, Jantzen, and Michel, @®.
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Figurel.23: Steamhammering a béton frettéoundationpile at the Menier Chocolate Factory.d.. (076 Ifa 1059/21
CNAM/SIAF/Cité de 'architecture et pltrimoine/Archives d'architecture contempora)ne

The architect for the new building was Stephen Sauvestre, whgradouslyadded architectural panache to
the original technical designs for the Eiffel Towex.Cathédraleza SR / 2 Yé&ioh fReftddyStend for the
building framing together with a reinforced concrete slab system forflthars that had been developed by an
engineer called Viennot, about whom we know littjéogether these materialsystems produced a
monolithic structure with large window@-igurel.24 (a)). The contractor was Julesip, who was familiar
with Consi@NJ tan fretté system having worked on other projects with him and Viennot. Together
Sauvestre and Considére designed and built an-augiported reinforced concretpasserelleor footbridgeof
almost 50m in length across the River Marne froanCatlédraleto the rest of the factory complex (Figure

1.24 (b)).
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Figures1.24 (a) and (b) Photographsakenduring construction of La Catirale (Sauvestre, 190&)op) and the passerelle
connecting it to the rest of the factory complg@ottom), showing the scaffolding system filire Considre and Viennot
reinforced concretsystemsc. 19068. (both © anonymous pictureg collection Villede Noisiel)

Two initial design projects preceded the final design and construction gidbserelleconnecting the building

to the packaging complex across the Marne: the first, by geigrHennebique, proposedtséton armésystem

bridge supported in the centre of the Marne; the second by Gustave Eiffel {1832), provided for an all

YSdrt F2200NARISO® ¢KS 9AFTFSE LINRB2SOU oI bétohfeldJi SR o8&

system?*>6

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 chocolatenaking technology in action from the safety of a special public gallery at
mezzanine level.a Cathédralevas completed eleven years after the Six wooimbing mil(1897)and a
number of years befordesignwork started onthe Fagus factoryn Alfeld, Germanylt would seem to have

YSG aAYAt I N &adNHzOG dzNTF £ NB |j dzA NB YoSefght Hoors, Houdh orba2ridh K

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
businessWe also know thathe eightstorey, 9,177rabuilding 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 flooithe fluidcocoa paste was channeledlta Cathédralén underground
pipes from the original mill buildiny}’ The elegant interior of the new buildingartially hidits true function,

with a1914visitor describng itas follows:

X after descending a few stone steps of a wide staircase, one suddenly finds oneself in a spacious

I YSN& C

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

impressionts®

Both thePelnard, Considére et Caquités at the ANMT in Roubaix and tAechivesdu Mairiede Noisiekur
Marne contain many design drawings, photos and items of correspondence about the constructian of
Cathédrale. Two sectionsf the structure one of theAvantsCorps Facad@7 Septembre 1906, ANMT 1994
035 0191) and the other of Béli A f  RéR deg fRadés Nindpales podtieures(undated, ANMT 1994

035 0191) both indicate mapping of théton frettéd @ 8 0 SY o0dzZAf RAy 3 TN} YAy 3 G2
original design shown in @erelevation de la Partie CentrgfeDecember 1906, ANMT 1994 035 0191). In the

z A

Archiveddu Mairiede NoisiesurMarnex (i K aly$S FLwXasa G2 | YI LWLAyYS3

157 Cartier, Jantzen, and Michel, &4L.

158 Cartier, Jantzen, and Michel, 43X aprés avoidescendu quelques marches dierre d'un large escalier,
on setrouve soudain dans un spaciepgristyle dont les murs, la voltks dallage et les piliers donneat
penser que ce n'est poimtans uneusinelj dzQeatyhaisdansle majestueux foyer de quelquapéra. Les
élégantes mouluredes piliers et les murs complétefitmpression»
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6dzZAf RAY3I | YR / 2 yhstanirettisysiein foudtiation pilestaadylllaiskufidated and

unclassified, Figueel.25 (a) and(b)).

Figures 1.25 (a) and (b)Original pan of part ofthe machine hall ata Catkdrale (1908)by Sauvestre (left) and
correspondingstructuralplan by Considére for the foundatiofght), with placement of one of theocoa and sugar
combiningmachines highlighted in red and yellofvoth © NestE Franceg Fonds Meniér

There arealso originafiles onLa Catlédrale and itspasserelleén the Hennebique archives at the CAAC,

confirming that the company was involved in provisional designs for both structuteteAof 15 July 1905

from Louis Bourdenave, the engineer for the Menier Chocolate Factory, to Louis Roquerbe one of

| Sy y So Al deba@ssionsiresioyitlined 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 enginestrugitaralsection of

the building (Figurd..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 ob#ten armésystem for both economy and its

ability to produce a truly monolithic structur&he same files also contain similar plans and a section of the

LINPLI2 &SR &aiNWzOGdzNBE o6& |1 SyySoAaljdzSQa OSyGNrt RE8aAIYy 27F7

roofing (Figurel.26 (b)).
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Figurel.26 (a) and (b) Letter from Bourdenave to Roquerbe with sketch of proposed new mill séeftpar(d same
section of the building by Hennebiduéesign officer{ght), Menier Chocolate FactomjpisielsurMarne, 1905
(076 Ifa 1059/21CNAM/SIAF/Cité de I'architecture et du patrimoine/Archives d'architecture contemporaine

Dueperhapsto committing to a lower overall cost or being knowetter by the architect, the construction of

La Catkdralewas undertaken by Loup as the contractor usinghiéon frettéand Viennot systems, with

which he was most closely associated. This may well have contributed to the acrimonious exchanges between
Hennebique and Menier/Considéere beginning in early 1906 and descrilikd @&xaminationof patent

disputesin Chapterl, which eventually led to a protracted breaoftpatent dispute in the Fench courts. It

seemsto be a similar story to the planned use of théton armésystem for the new woetonditioning

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 bus{sesshe casstudy in Chapter f

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 tlhesid different approaches to cladding and
decoration of theirstreet facades Theseranged from polychrome brickand glazed tilingit the wook
conditioning complexn Roubaixear Lille (190@ see the case study of four buildings in a new urban design
approach in Chapter)5glazed ceramic stonewad the immeubleat 3 rue ClaudeéChahuand geometric

glazed tiling at thémmeubleat 185 rue Belliardoth in Parig1903and1913¢ see the case study of Parisian

immeubles with decorative ceramic facade cladding in Chaptear&lpolychrome brick€ombined with












































































































































































































































































































































































































































































































































































































