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ABSTRACT 
 
Reinforced concrete (RC) was introduced into Spain principally by French engineers in the late-
nineteenth century. A number of regulations to standardize what was at that time an innovative 
new material were enacted in many countries throughout the first decade of the twentieth century. 
The inexistence of structural safety regulations in Spain up until 1939 and the obsolescence of the 
patent systems in the early decades of the twentieth century meant that the French and the German 
standards were the most widely used references for the design and calculation of concrete 
structures. This paper compares the results of studies on 22 structures built before the 1939 
standard in the Basque Country (northern Spain) with the regulatory standards in use at that time. 
The test results on the reinforced concrete components and pathological processes of these 
structures yielded sufficient information to analyze their steel and concrete components, structural 
damage and mechanical properties. The results revealed a high degree of compliance with the first 
standards of the early twentieth century, thereby enriching our knowledge of the concrete 
properties and pathologies of those early concrete structures. 
 
1. INTRODUCTION 
 
In the mid-nineteenth century, inventive entrepreneurs such as Lambot, Goignet, Wilkinson and 
Monier took the first steps towards the production of reinforced concrete on an industrial scale. 
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Table 4: Concrete strength compliance with international standards, 

STANDARD fc,u (MPa) 
𝑓𝑓𝑐𝑐,𝑚𝑚

𝑓𝑓𝑐𝑐,𝑢𝑢
> 1 (%) 0.9 <

𝑓𝑓𝑐𝑐,𝑚𝑚

𝑓𝑓𝑐𝑐,𝑢𝑢
< 1 (%) 0.9 <

𝑓𝑓𝑐𝑐,𝑚𝑚

𝑓𝑓𝑐𝑐,𝑢𝑢
(%) 

SIA 1903 16 71 8 21 

SWITZERLAND 1906 15 79 17 4 
20 50 4 46 

DAI 1904 18 79 17 4 
20 50 4 46 

PRUSSIA 1907/ITALY 1907 15 79 17 4 
NACU 1908/1910 14 75 17 8 

FRANCE 1906 
16 96 0 4 
18 79 17 4 
20 71 8 21 

 
6. CONCLUSIONS 
 
In the light of the results obtained from the study of various structures in the north of Spain, all of 
which were built prior to the publication of the Spanish concrete standard, we can affirm that, 
exceptions aside, over half of them had a high degree of compliance with the standards that existed at 
that time. If the specifications of the Prussian and French standards, the most widely applied in Spain, 
are taken into account, levels of compliance reached almost 80%, with values of over 18 MPa. On the 
contrary, only 4% remained well below the levels indicated in the aforementioned standards 
 
In consequence, the problems linked to the conservation of these types of structures are neither caused 
by failure to comply with the regulations applicable to early concrete, nor to a lack of monitoring of 
the requirements established in the patented systems. Early concrete structures may not necessarily, in 
consequence, be identified with low-grade concrete or with systematic non-compliance with the 
standards of their times. 
 
However, the mechanical properties of concrete and steel as well as the percentage cover present vary 
widely, which can make it necessary to approach the study of the structure that is divided into different 
batches, considering such aspects as the cover and the strength of the concretes and steels 
reinforcements. 
 
The issues presented here, along with others relating to constructive layouts, frequent pathologies, 
analysis of theoretical resistant behaviour and the tests on the actual structures, many of which form 
part of the historic heritage of Spain, will help to understand their behaviour, and thereby to optimize 
future diagnosis and proposals relating to maintenance and future interventions. 
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