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Abstract: The swiss engineer Robert Maillart (1872-1940) was commissioned to build some of the best 

bridges of the twentieth century in Switzerland. He was the forerunner of using reinforced concrete especially in 

the design of thin arch structures as well as the introduction of new geometric shapes to the structure made it go 

down in history as one of the most important figures in the history of the construction of the 20th century. Each 

of their designs innovatively and elegantly solves one of the basic engineering problems: support large amounts 

of weight through the arch. The history of construction through time has always sought to generate new 

proposals that adapt to the needs of each century and without a doubt Robert Maillart was in charge of 

revolutionizing the design process of concrete bridges and was one of the pioneers of the structures of the 

twentieth century; even today his legacy remains latent. This paper presents the results of Maillart´s obtained 

through his designs of the structural calculations and how his technological and material innovations are very 

important and currently used. It will be explained concisely the design of Salginatobel (1929) bridge, which is 

one of Robert Maillart's key works. Through the analysis of the Salginatobel bridge we can observe the three 

Maillart methods: the proper use of parabolas, the distribution of loads on the bridge and the correct application 

of geometry for structural efficiency. These methods are the key part of Maillart's works to mix geometry and 

structural design to have a result referring to structural optimization. 
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1. Introduction 
Robert Maillart was born in 1872 in the canton of Berne in Switzerland, he comes from a family of 

professionals, businessmen and artists. In the period from 1890 to 1894 he studied engineering at the ETH in 

Zurich. In 1894 Maillart graduated and began working as an structural engineer in Bern, but the following year the 

firm sent him to Morges, near Lausanne. However, for the purposes of analyzing his truly pioneering works, his 

professional career is considered to begin when he returned to Bern in 1899 and obtained a job in the 

administration, more specifically in the heavy construction division in the public works department. In this work 

position, he designs his first major work of structural relevance: the Stauffacher bridge, over the Sihl river in 

Zurich. 

After this employee, he worked with François Hennebique (1842-1921), who was one of the pioneers in 

the development of reinforced concrete in Europe. Within this prestigious firm, Maillart was commissioned to 

build a sanatorium in Davos (1904). Maillart learned the Hennebique techniques and also the aesthetic 

principles that were on the rise in France. Like most of the structural engineers of this time, they begin to use 

reinforced concrete to replace wood, stone and steel. For his part, Maillart was generating a new language in 

design, because for the design of its bridges, it would take Hennebique's ideas of columns and beams to generate 

a single piece (monolithic structure) between structure and slab, this would be one of the principles of the 

development of very thin curves and reinforced concrete arches. This elegant and innovative solution had never 

been used in bridges, much less was it possible to think about developing bridges with these materials and 

characteristics. 

It should be noted that the development of these construction techniques has to do that in 1894, while 

Maillart was graduating as an engineer from ETH, reinforced concrete had very few uses in Switzerland. In the 

ETH classrooms there were no classes or courses that focused on how to use this material and this meant that no 

swiss engineer had experience in this construction material. For their part, masonry, stone and wood were the basic 

materials of construction and engineering as they had been for centuries before. 

During his tenure at the institute, he studied under Willhelm Ritter (1847-1906), who instilled in him the 

idea that engineers are not simply the stewards of the technical aspect of the construction but also hold 

responsibility for the aesthetic manifestation of a structure. Coupled with the teaching of graphic statics, and 

analysis technique that focuses on the visual representation of forces rather than the algebraic, this formed the 

basis for Maillart´s careers as a builder, designer and artist. [2] 
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Prior to any execution of any work, Maillart knew that geometry and mathematics were vital to any 

design that was to be made, during his studies at the ETH his best marks were obtained in the descriptive 

geometry classes and in the ones he had the worst qualification were in language and natural history. During his 

student days he was marked by the Germans Gottfried Semper (1803-1879) and Carl Culmann (1821-1881), 

who were characters that marked the European architecture of the nineteenth century. 

Maillart spent his entire life in continuous battle for his understanding of engineering and lost almost all 

the important ones, being relegated to the design of bridges on secondary and local roads. Until the First World 

War they fought with the traditionalists and after that with the academics, who considered that the basis of the 

project should be the differential equations and not the design. Away from the aforementioned opinion groups, 

when only the cheapest design prevailed, his knowledge of the behavior of reinforced concrete always led him 

to triumph. And thus, Switzerland was formed with marvelous bridges far from the great centers. For Maillart, it 

becomes a design tool in the sense that it helps define the geometry (morphogenesis) at a very early stage. We 

could therefore suggest a complete design procedure based on graphic statics to obtain the general lines of the 

lateral elevation of the Salginatobel Bridge. [11] 

He was in charge of developing more than 300 structures of which 50 are bridges. Initially, Maillart 

began to develop great fame and great renown due to the use of new forms and the integration of reinforced 

concrete, placing him as one of the pioneers in bridge design and structural calculation. Maillart was 

commissioned to develop works with a lightness and a very thin thickness that had never been achieved. He was 

an extraordinarily skilled engineer who developed calculations for bridges with large distances between supports 

and highly aesthetic forms with great durability. 

 

2. About the reinforced concrete in the early twentieth century 
Since ancient times, pastes and mortars made with clay, plaster and lime have been used to join masonry 

in buildings. Cement began to be used in ancient Greece using volcanic tuffs extracted from the island of 

Santorini, the first natural cements. In the 1st century BC.began to be used in ancient Rome, a natural cement, 

which has resisted immersion in sea water for centuries, while Portland cements do not last more than 60 years 

under these conditions; volcanic ash obtained in Pozzuoli, near Vesuvius, was part of its composition; as 

examples the vault of the Pantheon and the Colosseum. 

The history of this material is full of attempts at characterizing concrete behaviour. Before the 1900s, a 

series of theoretical modellings was in existence, emphasizing various aspects of elastic or plastic collaboration 

between concrete and steel reinforcement. Some of the methods used, such as Hennebique’s, were rather 

unorthodox. Even if calculation methods existed, they were far from being widespread. For all these reasons, 

some countries decided to appoint commissions dedicated to establishing norms. Maillart contributed to 

Switzerland’s national commission and the Swiss recommendations were the first official ones to be made in 

Europe. [10] 

Reinforced concrete is the mixture of concrete and steel. Through this great union of materials, it can resist 

compression and tension since concrete supports compression easily but not tension, steel for its part resists tension 

making a perfect match in construction. As iron technology developed through the exploitation of the earth's mineral 

riches, concrete technology, or at least the development of reinforce concrete. In 1774, John Smeaton (1724-1792) laid 

the foundation for his lighthouse Eddystone using a mixture of quicklime, clay, sand and crushed iron slag, and other 

similar mixtures were used in England in the construction of bridges, canals and quays in the last decades of the 18th 

century. Despite the pioneering work of Joseph Aspdin (1778-1855) a using Portland cement as an imitation stone in 

1824 and several other English proposals for construction such as metal reinforced concrete, such as those put forward 

by the ever-inventive Loudon in 1792, the first English initiative in the introduction of concrete gradually passed to 

France. Through these international advances, the systematic exploitation of the modern technique of reinforced 

concrete had to wait for the inventive genius of François Hennebique. A self-taught French builder, he used concrete 

for the first time in 1879, and then launched his extensive program of private research before patenting his extensive 

system in 1892. 

Before Hennebique, the big problem in reinforced concrete or "reinforced iron" it had been to find a 

monolithic joint. Systems based on cement and steel, patented by Fairbairn in 1845, were far from monolithic, and 

the same restrictions applied to the work of Hyatt and Rickets. Hennebique overcame this difficulty by using bars 

with a cylindrical section that could be bent and hooked together. Unique to this system was the bending of the 

reinforcing bars as well as the joining of joints with stirrup-shaped rings in order to resist local stresses. With the 

refinement of the monolithic splice it was possible to realize the monolithic structure, which soon led to the first 

large-scale application of this system to the three mills that Hennebique built in the Tourcoing and Lille region in 

1896. The results were applauded from immediately and the Hennebique business quickly prospered. His partner, 

L.-G Mouchel, brought the system to England in 1897 and there he built the first concrete road bridge in 1901, and 
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in 1908 he exhibited a spectacular helical staircase, also made of concrete, at the Franco-British exhibition. 

From the beginning of the 20th century, some engineers tried to precompress the elements of concrete, 

crossing it from part to part with drawn mild steel bars, pretending it by the pressure of a nut; But these trials 

suffered nothing but setbacks due to the intervention of the creep and shrinkage of concrete: the delayed shortening 

of concrete, substantially equal to the initial elongation to which the cables were subjected, was enough to cancel 

the tension of the steel, the prestressing disappearing after a few months. It is to the French Eugenio Freysinnet 

(1879-1962), to whom the great merit is owed for having fine-tuned and developed concrete technology 

prestressed, obtaining the main patents related to this field of research in the year of 1928. However, prestressing 

did not reach its true practical development until after II World War (1939-1945), at which time it was necessary to 

rebuild a huge quantity of buildings and infrastructures in a short space of time. Highlight contribution carried out 

by the Spanish Eduardo Torroja (1899-1961) in the field of prestressed concrete, both for its theoretical works as 

well as his prestigious achievements. Proof of his worldwide fame in this field, is the foundation jointly with 

Eugenio Freysinnet of the International Concrete Federation Prestressed in 1952. 

From the middle of the 20th century to the present, research in the different fields of the use of reinforced 

concrete, especially civil works and architecture, has advanced at a speed truly spectacular and dizzying, in fact, there 

have been important discoveries in the scope of the enhancement of certain characteristics of the material with the 

appearance of new additives, and these elements have also been put into work of the material in conditions 

increasingly extreme. 

 

3. The Salginatobel bridge 
In 1928, the authorities of the canton of Grisons decided to promote a seven and a half kilometer alpine 

road to improve communication between Schuders, in the middle of the mountain, and Schiers, the head of the 

commune, in the valley. It is what here we would call a local cart, it would not even reach a regional one, since 

in Schuders the road ends. Even so, the engineers of the canton had no choice but to ask the federal government 

for funding for the work, since on its way it had to cross the Salgina ravine. The adversities that this project 

demanded were solved by Maillart to make one of his masterpieces: the Salginatobel bridge. [Figure 1] 

 
Figure 1.Perspective of the Salginatobel bridge. The basic structure of the bridge is a three hinged arch; the 

shape of a parabola was chosen because no bending forces are created in it from a uniform load. 

 

Salginatobel is undoubtedly the key work of Maillart since it is in charge of perfecting the key message of 

Maillart's vision: making monolithic structures and show the development of reinforced concrete. The total length 

of the bridge is 132 meters and the most important detail to highlight is the main span through which the arch of 

the bridge crosses, which exceeds the height of 90 meters. The longitudinal beams are curved and have little inertia 

in their initial section, near the articulated supports of each of the ends of the arch, where the bending moment is 

zero; its section varies until it meets the board, at its point where this solicitation does exist and is considerable. In 

the horizontal plane, the arch has a width equal to that of the deck at the midpoint of the main span of 3.8 meters, 

but as it approaches the supports it widens until it reaches 6 meters. This bridge generates a great innovation due to 

the dimensions and contributions that could be obtained through the bridge [Figure 2] 
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Figure 2.Salginatobel bridge design plan. It can be see the total distance between support points and the total 

height it has. Between each support point we can see that a parabola is formed and it is one of the key parts to be 

able to direct the loads correctly and the structural design. 

 

All the details are very careful in Salginatobel, you can see it intentionality in them. The increase in horizontal 

thickness of the arch only in its starts for both aesthetic and structural reasons, the curved agreement of the base of the 

pier that rests on the arch seeking to adapt its forms between them; the careful variation of the edge of the arch and, 

above all there are only two right angles in the entire bridge all other encounters between the faces are chamfered and 

they are on each side of the key of the arch, symmetrical, just where the deck and the arch seem to merge and where 

your gaze is intentionally directed, to the center of the bridge. Structurally it is an impeccable bridge because the 

forms always respond to resistant reasons and loads. [Figure 3] 

 
Figure 3.The load analysis carried out on this bridge transmits the dead loads to a parabola. The analysis of the 

design of a parabola is a great innovation that integrates geometry and mathematical calculation. 
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The bridge is a triarticulated arch and responding to this structural scheme, the reinforced concrete is where 

it needs to be, nothing is left over. Maillart opened the eardrums of his arches, breaking the tradition of stone 

because he knew that for this resistant scheme he did not need concrete in that area. The geometry in the 

Salginatobel bridge exerts a lot of presence and Maillart sought to develop new typologies in terms of design, in 

this bridge the influences of other previous works of 3 arches and very thin slabs can be observed. The structural 

performance of this work is defined merely by the geometry as its previous built bridges, distributing the loads in a 

punctual way in each of its sections. 

The basic principle of this bridge is based on designing to seek a stiffness ratio that is high enough to be 

distributed to the different bending points that are distributed in the bridge and, apart from that, sufficient 

rigidity to be able to receive the loads in a manner. inverse of the radii. 

Finally, we cannot talk about Salginatobel without talking about Richard Coray (1869-1946) and the wooden 

falsework he built to be able to cast the arch into concrete. Coray was the formwork specialist working with Maillart 

on their bridges. They created a formwork much lighter than normal; the span was very large and they only projected 

it to support the arch, not the entire bridge, thus trying to reduce the weight of the elements to work safer. in the abyss. 

Such is the risk that they assumed that Maillart forced Coray to be on site with his other six workers permanently. 

Even so, during construction work on the wooden formwork, Coray fell from 150 feet to the bottom of the bridge, 

miraculously saving his life and spending months in the hospital to recover. During these months Maillart stopped the 

work and preferred to wait for him rather than continue without him and risk more lives. At the end of the summer of 

1929 the falsework was completed and the arch was concreted. Any photography during the execution of the 

falsework is a true reflection of the conquest that its construction entailed and the risk involved in doing it. Once the 

falsework was completed, the other critical construction activity was the concreting of the arch. In an arch the 

continuity of the concrete that forms it is decisive for its correct behavior and due to the deficient. Therefore, the 

different components of the concrete had to be mixed by hand and transported to the different points of the arch by 

wheelbarrow. The activity lasted for forty hours without interruption. It is not difficult to imagine the physical effort 

that went into doing it and the strain during those almost two full days so that there were no interruptions in the 

supply, which would have been disastrous. 

 

4. Conclusion 
This research article showed the techniques, procedures and heritage left by Robert Maillart. Through 

geometry, parabolas and arches, each of his works represents a great innovation regarding the reinforced concrete 

structures of this era. Maillart was an expert in geometry and through this he performs calculations to define the thrust 

lines to evaluate the centers to distribute the loads. In the calculation of structures, the bending occurs through the 

reciprocal distance between two points, therefore the optimal design consists of building by adjusting the geometry at 

the points, in the case of Maillart designs it seeks to adjust the geometry of the arch around the thrust line. Analyzing 

and studying the design of its foundation it can be revealed that it made an additional application to vector 

equilibrium. And it was through these methods that Maillart was allowed to design completely aesthetic works with 

geometric applications that were completely innovative for their time. It is noteworthy that today Maillart's 

contributions to structural calculation are still latent and are part of becoming architectural due to aesthetics and its 

structural and material performance. 

In most of Maillart works, he was in charge of introducing the parabolas in order to define a non-linear 

geometry, it should be noted that at the beginning of his professional life the use of parabolas or catenaries was not 

observed. The use of parabolas is very important throughout the history of construction since a parabola is a regular 

curve that is used to approximate a catenary or funicular configuration to distribute the loads. However, the ability to 

integrate the parabolas is a true art to translate it into a work, this ability becomes essential so that the geometry can be 

in charge of distributing the loads correctly. The parts of a parabola can be determined through its focus and the 

directrix (where the distance of a point from the parabola is equal to the distance of a point from the focus) but also by 

the end of the tangents by their vertices (part top of the parabola) or the point where the load points are located. 

The Salginatobel Bridge is one of the most important works designed by Maillart, the design was for a 

competition held in 1928 that sought to connect the villages of Schuders and Schiers in the Swiss canton of 

Graubunden. When it was concluded in 1930 it was already an important part of the innovations of structural 

calculation and the integration of new materials due to the fact that it had a 90-meter span, many historians and 

architects of the time considered it as a beautiful work of art and others denoted the economic value that it represented, 

but without a doubt one of its greatest innovations was structural efficiency. It is worth noting that this work is still 

standing today and its maintenance has been minimal due to the efficiency of the material. It was through the 

combination of structural design, geometry and creativity that Robert Maillart generated great bridges during the 

twentieth century, thanks to reinforced concrete he was able to generate new solutions to the needs that the design of 

bridges demanded. He had the vision of knowing how to use reinforced concrete and the ability to join the structural 
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elements in a monolithic way. In all the bridges that he design, you can see an evolution in the way they develop the 

forms and complexity of each design. He was a very critical person about his work, and he continually redefined his 

designs to be able to integrate geometry and efficiency with a great aesthetic touch. 

And as in Salginatobel, each Maillart bridge is a lesson in material strength. During his life he designed 

almost all the types of arch bridges that exist he even invented one, known as the Maillart arch, the arch without 

rigidity and in each one the aesthetics respond to the understanding of the structural scheme. Maillart was a 

great engineer for placing concrete only where it was needed and a great artist for creating new forms by doing 

so. Maillart's great contributions and legacy to structural calculation and civil engineering was due to the use of 

reinforced concrete. Through their bridges and their structural calculations, they can be compared with great 

modern sculptors mixing architecture and civil engineering in each of their works without neglecting aesthetic, 

structural and technological aspects. 

Today the Salginatobel bridge remains an excellent case as a clear example of a reliable, efficient and 

economical design that maintains a unique visual aesthetic. Through geometry and structure, he denotes the 

qualities that Maillart makes known in all his works. His construction techniques exemplify how an excellent 

result can be obtained through geometry and structural design. 
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