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A b s t r a c t  
 
 
European and American countries, as well as many other states of the world, possess a very 
important heritage of reinforced concrete constructions built at the turn of the 19th century, 
such as bridges, buildings, silos, reservoirs, and so on. In that period, a number of studies 
were performed with a view to evaluating the stress conditions in the structures built with this 
new material in mathematical terms, even if  relatively little was published, as the engineers 
working in the reinforced concrete field considered construction and computational methods 
as trade secrets. By the turn of the century there was a multiplicity of systems and methods 
with little uniformity in design procedures, allowable stresses and systems of reinforcing.  
The large part of the early studies were dedicated to compression and bending design. The 
problem of shear was not so much felt, giving very often to the concrete the task of absorbing 
the shear forces, mainly for slabs. The early introduction of ties and stirrups was given by 
practical suggestions and it was not directly accompanied by theoretical studies regarding the 
shear resistance capacity.      
The various calculation methods of shear behaviour of beams and slabs, available from the 
scientific literature around the turn of the century are compared in this paper to investigate 
whether and to what degree these verification and/or design methods are still reliable. A 
purpose of the paper is also to verify whether there is any historical continuity between the 
hypotheses lying behind the early theoretical formulations and our understanding of today. 
The endpoint of this research is thus to provide an operator planning rehabilitation or 
restoration work with more efficient tools to facilitate a better philological interpretation of 
the structural behaviour of historical reinforced concrete structures. 
 
1. INTRODUCTION 
 
At the turn of the 20th century, still exists a very large number of constructions, bridges, 
fabrics, reservoirs, silos, sea piers, buildings, retaining walls, towers, with reinforced concrete 
structure, erected at the turn of the 19th century. They represent an inestimable richness in the 
wide panorama of industrial archaeology heritage of their countries, such as in Europe and in 
North America, where they are also a strong lively testimony of the development of 
contemporary engineering knowledge.  
If, by one side, it should be present the need of conservation and preservation of such a  
technical cultural heritage, taking into account the complex phenomena of durability, very 



often the main problems of planning rehabilitation or restoration projects reside in the lack of 
information about the actual mechanical characteristics of the structures, and in particular the 
hypotheses assumed by the earlier designer about the material behaviour, the safety criteria, 
the loading conditions, and so on. In the period in which such constructions have been 
erected, a large number of theories, often discordant, were developed and applied to the new 
constructions. A verification of the structural theoretical performances of such structures 
appears very important. Thus, the paramount role of a philological interpretation of the 
structural behaviour of historical structures made of reinforced concrete, appears evident for a 
designer planning restoration and rehabilitation projects. In addition, further structural 
analyses based on current international safety criteria, starting from the loading conditions 
assumed (or presumed assumed) by the actual early designer, are necessary for the validation 
of the existing structures. Of course a deep critical revision of loading hypotheses must be 
done, if required by the actual problem.  
In previous works of the author [19, 20] the various calculation methods of bending behaviour 
of beams and slabs, available from the scientific literature around the turn of the 19th century 
have been already compared by the author to investigate whether and to what degree these 
verification and/or design methods are still reliable. In the present contribution a deep 
research carried out for the analysis and design of theoretical behaviour under shear internal 
forces  according to the early theories, developed until the twenties, is reported.  
 
2.  EARLY RC CONSTRUCTION SYSTEMS AND THEIR RELATIONSHIPS  
 WITH THEORETICAL APPROACHES  
A number of reinforced concrete patented systems for civil structures were proposed in the 
second half of nineteenth century in Europe and North America, often (especially at the 
beginning) without a theoretical support. In Europe, after the early experimental proposals by 
J.L. Lambot (1855) and F. Coignet (1861), the first patents were due to Monier (1867-1869-
1878), and then Ransome (1885), Cottancin, Bordenave, Bonna, Socièté de Porte de France 
(1880-1900), Wayss (1879-1885-1890) [10]. In the last decade of the century other improved 
systems were proposed by Hennebique (1892-1899), Emperger (1892), Golding (1896), 
Lefort (1899), Chaudy, Khan, Möller, Locher, Baroni-Lüling (1895-1900). At the turn of the 
century a large number of systems were registered, between which De Vallière, Matrai, 
Münch, Luipold, Boussiron, Dégon (1895-1905), Coularou (1900-1910), Leonardi (1901), 
Siegwart (1902), Visintini (1903), Piketty (1906), Cemento Semiarmato (1906), Cicogna 
(1900-1910), Brazzola (1905-1909), Lehmann and Ercole (1905-1910) [10]. 
With a delay of several years from the invention, theoretical approaches were proposed to 
investigate the actual behaviour of reinforced concrete simple elements, in particular for bent 
beams and slabs. The aim of such theories was to allow reliable analyses and design of 
reinforced concrete beams or slabs sections in a period during which only experimental tests 
had been carried out. The first theories on bending have to be assigned to M. Koenen (1886), 
and then to M. Demay (1887-1890), M. Coularou (1889), M. Melan (1890), E. Coignet - De 
Tedesco (1894), M. R. von Thullie (1896), L. Lefort and C. Rabut (1898). In 1899 the 
theories of W. Ritter, M. Considère, P. Christophe [14], F. Hennebique were published [10]. 
At the beginning of the new century other contributions were proposed by S. Canevazzi 
(1901) [12], Gen. Caveglia (1903) [28], F. Leonardi (1904) [26], Kersten (1906) [10, 19]. As 
already remembered, a large number of such early theories have been analysed and compared 
together in detail in previous works of the author [19, 20]. 
The diffusion of analytical theories regarding the description of behaviour under shear of r.c. 
beams and slabs began very late. The need of linking possible cracks due to shear was present 
in mind of the early builders. François Hennebique in 1892 proposed flat stirrups, distributed 
along the beam, with a shorter space at the supports [34]. Other methods were suggested for 



distributing stirrups: Boussiron in 1899 proposed vertical stirrups with a constant spacing; 
Edmond Coignet, in 1894, and Pavin de Lafarge, in 1895-97, suggested to connect the lower 
longitudinal bars to the upper bars by means of a continuous iron wire [19]; Coularou, Berger 
and Guillerme in 1908 proposed to distribute the stirrups at a 45° angle [7]. 
Between the early theoretical approaches for the analysis and design of RC sections under 
shear should be remembered those developed by L. Lefort in 1898-99 [25], by F. Hennebique 
in 1892-99 [8], by Blesio [10], M. Considère [10], P. Christophe [14, 17] and M. Harel de la 
Noè [22, 17], all proposed in 1899. At the beginning of the century other methods were 
published: S. Canevazzi (1901) [12], German Builders Society (1902) [17], Gen. Caveglia 
(1903) [28], F. Leonardi (1904) [26], Kersten [10], M. Pendaries [32, 16, 11], M. Piketty [7] 
and C. Pesenti in 1906 [33], E. Mörsch (1902-06-10) [29, 30], Societé Stulemeyer (1908) [7], 
Aubry (1912) [5] and Landini (1914) [23]. 
As examples of the numerical analyses carried out by applying the early theories on shear 
[10], in Figs. 2-3-4 some diagrams concerning reinforced concrete rectangular sections are 
shown, according to the theories of Hennebique, Considère and Canevazzi, respectively. 

 
Fig. 1.  
Some shear reinforcement systems for r.c. beams and slabs used at the turn of the century: 
Hennebique (1892-99), Münch (1900), Luipold (1905), Piketty (1906), Leonardi (1901-1904). 



 
 
Fig. 2.   
Analyses of r.c. rectangular sections by using F. Hennebique shear theory (1899). 
Relationships between three of the parameters T (shear force), σst (stirrup stress), Asw (stirrup 
area), b (width of the section), Δx (stirrup pitch), with the fourth one assumed constant (mean 
value), beam depth = 1 m, cover = 0.03 m, longitudinal bars area As = 80 cm2.   
 
 
 
 
 
 
 
 
 
Fig. 3.  
Analyses of r.c. rectangular sections by using M. Considère shear theory (1899). 
Relationships between three of the parameters T (shear force), σst (stirrup stress), Asw (stirrup 
area), b (width of the section), Δx (stirrup pitch), with the fourth one assumed constant (mean 
value), beam depth = 1 m, cover = 0.03 m, longitudinal bars area As = 80 cm2.   
 
 
 
 
 
 
 
 
 
Fig. 4.    
Analyses of r.c. rectangular sections by using S. Canevazzi shear theory (1901). 
Relationships between three of the parameters T (shear force), σst (stirrup stress), As 
(longitudinal bars area), Asw (stirrup area), b (width of the section), Δx (stirrup pitch), with 
the fourth and fifth ones assumed constant (mean value), beam depth = 1 m, cover = 0.03 m.   
 
 



3.  CONCLUSIONS 
 
The theories for the shear analysis and design of the earliest r/c slabs and beams, developed in 
Europe around the turn of 19th century for the first time a number of years after the invention 
(and already a large diffusion) of this new construction material, have been examined here to 
investigate whether and to what degree these verification and/or design methods were correct 
and if they are still reliable for the control of stability of these structures. Several comparisons 
between the various approaches for the analysis of bent beams and slabs are extensively 
presented. 
The target of this study was to give a further contribution to better understand the original 
choices of early structural designers and to allow a more correct and efficient restoration of old 
and historical reinforced concrete constructions by providing more efficient tools to facilitate a 
philological interpretation of their actual behaviour, from the structural point of view. 
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