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In the late 19th century, Belgian engineer Jules Arthur Vierendeel registered the patent for a new type of beam. This
would be later on better known as the Vierendeel truss. It is characterized by the frame’s lack of diagonal members,
something which would appear to contradict conditions of steadiness and balance, along with its notable deformation
and di cult calculation, caused technicians in his time to be skeptical about its applicability. Nevertheless, its application
surged in popularity during the 20th century, being used both in civil engineering and architecture. What are the
advantages of the Vierendeel truss as compared to other types, such as diagonal trusses? In this article, the Vierendeel
typology will be introduced along with its main features, its calculation as well as its implementation in civil engineering
and architectural works.

Vierendeel, Pratt, statistically indeterminate structures.

No nal do século XIX, o engenheiro belga Jules Arthur Vierendeel registou a patente de um novo tipo de viga. Isto seria
mais tarde mais conhecido como a armação de Vierendeel. Caracteriza-se pela falta de elementos diagonais do quadro,
algo que pareceria contradizer as condições de estabilidade e equilíbrio, juntamente com a sua notável deformação e
difícil cálculo, fez com que os técnicos de sua época fossem céticos quanto à sua aplicabilidade. No entanto, sua aplicação
cresceu em popularidade durante o século XX, sendo utilizada tanto na engenharia civil quanto na arquitetura. Quais são
as vantagens da treliça de Vierendeel em relação a outros tipos, como as treliças diagonais? Neste artigo, a tipologia
Vierendeel será introduzida juntamente com suas principais características, seu cálculo e sua implementação em obras
de engenharia civil e arquitetura.

Vierendeel, Pratt, estruturas estatiscamente indeterminadas.

In May 1897 a Belgian engineer registered the patent for a lattice truss without diagonal lines but rather
organized using only vertical and horizontal members. This structure would end up being known as the
Vierendeel truss, honoring this Belgian engineer: Jules Arthur Vierendeel (1852–1940).
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Figure 1

This new type of truss constituted a true novelty when compared to existing beam types. Among several

others, the most prominent were the Pratti, Howeii, and Warreniiibeams, each one with speci c features of their
own.

Figure 2

Figure 3

As can be noted, the Vierendeel type dispensed with diagonal lines, which, working with traction (Pratt),
compression (Howe), compression-traction (Warren) doubled as bracing elements of the frame. This was at the
origin of an important debate around the Vierendeel truss’s suitability as there were concerns about its
structural safety, and it showed greater deformation when compared to the other models. In addition to these
items of discussion, the subject of its calculation came up, which couldn’t be tackled using the classic
procedures of statics.

ISOSTATIC STRUCTURES

Statistically determinate structures. They are de ned by having three unknowns to be solved.

Figure 4

Applying the Rouché-Frobenius (Rouché-Capelli) theorem, we consequently need three independent
equations to solve it. These relations are determined by equations of statics, which were perfectly well-known in
Vierendeel’s day.

HYPERSTATIC STRUCTURES

Statistically indeterminate structures. As opposed to the ones described above, hyperstatic structures
present more unknowns than equations. The system, therefore, is compatible but indeterminate. Therein lies
the main problem. How are unknowns to be determined if the number of equations is not enough?

Figure 5
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The expert (whether an architect or an engineer) would have to face a di cult situation. To devise isostatic
structures — easy to solve but at the cost of some values, such as the section of the material to be used — or
otherwise hyperstatic structures, more desirable from the point of view of design and economy but harder to
calculate. In truth, resorting to the classic formulations by Mohr (1835-1918) and Castigliano (1847–1884),
among others, was a possibility, but it wouldn’t prevent it from being a really tedious problem.

An initial examination of the Vierendeel truss allows us to note it is externally isostatic, with its unknowns to
be determined being the one corresponding to the pin joint A (Ax and Ay), and its counterpart related to
movable joint B (By). Three easily solvable unknowns by using equations of statics.

Figure 6

Figure 7

The problem lies with the determination of stresses in each of its elements, the preliminary step prior to the
dimensioning of the structure. This case stops being statically solvable and becomes a hyperstatic problem
instead (internally).

As stated previously, a study of the Vierendeel type using the aforementioned hyperstatic methods (Mohr,
Castigliano), along with others, such as the integration of the elastics equation, would initiate a process that
could turn out to be extremely tedious. As a matter of fact, in general, new formulations should be sought in
order to endow the technician with the same accuracy while facilitating the resolution of structures, especially
hyperstatic ones. Let’s have a closer look at this interesting part of structures calculation.

Figure 8
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A rst study would take us back in time into 1878, when the calculation of structures has taken a dramatic
turn thanks to the essays presented by Benoit Émile Clapeyron (1799–1864) at the Académie des Sciences.

The Frenchman, by means of his Theorem of the three moments, introduced a relatively agile solution for the
hyperstatic truss. This new contribution, along with a number of existing solutions, opened a new scenario in
the elds of strength of materials and structures theory. In all fairness, the result obtained by Clapeyron is
occasionally attributed to Henri Bertot (according to Jacques Heyman), since he penned in 1855 a similar text in
the same journal. Nevertheless, a majority of experts attribute the result to Clapeyron. There is no doubt about
the enormous importance of the method. It became a staple in the bibliography of university lecturers and
professional technicians, as much in Europe as in America at a later point. Starting from this important
contribution, the calculation of hyperstatic structures would become greatly simpli ed.

A closer examination of the Vierendeel truss reveals how it possesses a signi cant degree of hyperstaticity
with parametric states in relation to its degrees of freedom. This further complicated the operative, causing
that, even when using Clapeyron’s formulation, its solution remained cumbersome.

Theory of Structures required, once again, to obtain more agile formulations than the existing ones because
the increased number of members of the frames, along with their high hyperstaticity, led to a system of
resolutive equations, which implied long calculations in order to obtain the desired result. New methods were
needed in order to simplify calculations without sacri cing accuracy or safety. In spite of the formulation in
some highly useful and rigorous methods (Bendixen-Wilson, 1914; Maney, 1915), only after the early 1930s, a
new approach would be discovered in the calculation of structures. This is due to the apparition of an iterative
resolution method, which would come to be known as the Cross Method, named after its originator Hardy
Cross (1885–1959). His publication (1930) in American Society of Civil Engineers of an article bearing the title
Analysis of continuous frames by distributing xed-end moments was a major milestone in the calculation of
structures.

Figure 9

Hardy Cross himself, in his Synopsis, clearly introduces the aim of his method:

The purpose of this paper is to explain brie y a method which has been found useful in analyzing
frames which are statistically indeterminate. The essential idea which the writer wishes to present
involves no mathematical relations, except the simplest arithmetic.
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The reactions in beams, bents, and arches which are immovably xed at their ends have been
extensively discussed. They can be found comparatively readily by methods which are more or less
standard (Cross, 1930).

Once the method had been formulated, it found widespread acceptance both in scholar and technical works,
as well as in calculation reports, as the literature on the subject illustrates (Eaton, 2006). Most existing methods
were displaced by this one, it being much more nimble, faster, and providing the same security in the end
result.

As it has been previously said, criticism by detractors of the Vierendeel truss originally focused on its
calculation. Compared to other typologies, it actually appeared to be a lot more complicated. We were referring
to the Pratt truss (or any of the others), which is also widely used in civil engineering. It is commonly accepted in
the case of these typologies to calculate (on a rst instance) considering them as a hinge joint, which proves,
consequently, that the equations of statics are perfectly applicable in order to obtain the results very swiftly.
These can be subsequently used to dimension the beam or to verify its various components.

Figure 10

This simpli cation can’t be applied to the Vierendeel truss since we begin with the premise of a rigid joint
and, therefore, the existence of a bending moment as well as its corresponding axial force and shear force

which cannot be taken out of the calculation. This is a consequence of the rigid joint, which ensures the
overall stability, and is a ected by the lack of diagonal elements, diagonals being precisely what makes
calculations notably more di cult. The introduction of the Cross method simpli ed the problem to a great
extent.

Figure 11

Once the problem of calculation of the Vierendeel typology has been partially solved thanks to the Cross
method, two more problems of utmost importance ensue: the distribution of the bending moment and the
structural de ection.

Let us compare a generic Vierendeel typology (Fig. 12) with a truss of comparable features (Fig. 13).
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Figure 12

Figure 13

In the case of Bending Moments, the Vierendeel typology provides signi cantly superior values (Fig. 14) as
compared to those obtained by the Pratt typology (Fig. 15). This fact has notable e ects in the proposed pre-
dimensioning or dimensioning solution. Merely as a side note, it should be noted that, if the previous structure
had been solved using L50·5 angulars and two-meter tracts, the Vierendeel typology would display the values
shown on the indicated gures.

Figure 14

Figure 15

On the other hand, the lack of diagonals also conditioned the structure’s deformation. These, acting as
propping elements, allowed the structure to deform less, minimizing this phenomenon noticeably. Just like in
the aforementioned examples, the use of L50·5 angulars and two-meter beams would imply a 3,287 mm drop
in the average point in the case of the Vierendeel typology, and a 21.3 mm drop for the Pratt truss (being these
obviously theoretical values, which aim at demonstrating the in uence of the diagonals).
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Figure 16

Figure 17

Putting into practice the hinged joint hypothesis, with which we simpli ed the problem, using a Pratt
typology, we would obtain similar values to the corresponding pin joints hypothesis in terms of deformation
values with corresponding null moments (obviously due to considering hinged joints).

These values are re ected in the following table (Table 1) where it can be clearly seen how the Vierendeel
truss responds worse to the action e ects of Bending Moments and deformation as compared to an analogous
triangulated truss.

35.74 3,287
(rigid joint) 0.08 21.3
(articulated joint) 0 21.3

We deemed it of interest to comment on the very wide-ranging values which appear on the previous chart.

A priori, the Pratt truss, having a lower deformation and being subjected to lower stress, allows for the
implementation of pro les with lower inertia than the Vierendeel truss. As for the latter, the existence of
considerably high bending moments and shear strength values compels to use sturdier pro les. In the case
shown, since we were drawing on the same pro le for both typologies, the deformation is proved to be
considerably higher in the case of the Vierendeel truss, which would have to be predesigned using pro les of
higher inertia in order to obtain lower deformation values.

Consequently: keeping the same pro le (case shown in Table 1), the deformation of the Vierendeel truss is
much higher than that of the Pratt lattice beam. Should one wish to obtain more appropriate deformation
values, we would have to penalize the Vierendeel’s inertia.

The data extracted from hyperstatic calculations (simpli ed with the Cross method) as well as a survey of its
forces and deformations, seem to indicate that Vierendeel structures are not perceived in such favorable light
as other comparable existing models. But the reality is that the Vierendeel typology has been actually widely
used in architecture (as well as in civil engineering), and it still is.

Figure 18
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Figure 19

Figure 20

Figure 21

More recent examples could be mentioned: Louis Kahn’s Salk Institute, a work of the architect Louis Kahn
(1901–1974), as well as Norman Foster’s (1935) Commerzbank, among other relevant buildings.

Therefore, it would seem logical at least to raise the following question: being the Vierendeel truss a
structural element, which is often brought into question, how is it possible that it has not yet been superseded
with a better model? Why was, and still is, its inclusion so widespread in works of architecture and civil
engineering?

The answer is not to be found exclusively in its calculation method but in its design. The Vierendeel truss
allows the architect (the engineer) to design large, open spaces with great spans, which would be hindered by
the presence of diagonals or crosses. That is the reason its use has been so relevant in works of architecture as
well as in civil engineering.

The previous illustrative example (Figure 22) attempts to prove how, placing rectangular and elliptical
elements (generic features of any typology) becomes impossible in most types of truss because diagonals
literally will not allow room for them. Removing the diagonals is required in order to place the former properly.
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This typology, which disposes with diagonal lines, takes us back to the shape conceived by Mr. Jules Arthur
Vierendeel.

Figure 22

As an illustrative example of the application of the Vierendeel truss in the architectural world here is shown
the Pabellón-Puente project (2014), located in the Calamuchita Valley (Córdoba, Argentina), a work by architects
Joaquín Alarcia (1982) and Federico Ferrer Deheza (1981), who have been kind enough to allow us to publish the
mentioned material.

Figure 23

Spanning 85 m2, the Pavilion is located in a eucalyptus forest by the Los Molinos lake, and it is adjacent at
right angles to a canal of the old road crossing the Calamuchita Valley. With that purpose, a suspended pavilion
in the shape of a bridge is perched transversely on the canal, resting on both banks on top of two concrete
walls which de ne this architectural intervention and its scale.

Figure 24

Its location in this particular environment prioritizes the notion of visual pleasure, which would have been
seriously hindered had diagonal structures been included on the windows. Self-evidently, a di erent structural
solution could have been found using a classical truss frame, but that would have made di cult one of the
architect bureau’s objectives, that of the distribution of space used for sightseeing reduced to a minimum
number of elements, including structural elements.
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Figure 25

Thus, the structural problem was solved by the architect’s bureau using a (metal) Vierendeel truss acting like
the whole of the volume, as well as using supports on both banks of the canal.

Figure 26

This constructive outline allows for a de nitive solution — diaphanous and free of bothersome visual
obstructions, allowing us to appreciate the unique beauty of the landscape.

Figure 27

João da Gama Filgueiras, o “Lelé”, como é conhecido, além do grande arquiteto que é, circulando como
poucos entre a arte e a técnica, é uma admirável gura humana.iv
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A few additional words should su ce to introduce this great Brazilian architect (in the hypothetical case, an
introduction is necessary at all). Our aim here is not to o er a presentation of the man, or of the enormous
body of work by someone regarded as one of the great standard-bearers of the Modern Movement.

However, in keeping with the general aim of this article, we will try to display Filgueiras’ use of the structural
typologies we have presented previously, showcasing some of the works in which he incorporated them. It is
worth noting that, given the architect’s sheer number of works, we were only able to choose a few of them. We
would like to recommend interested readers to refer to the existing literature on this subject.

With that premise, we could begin by one of his greatest works: Residência para Ministro de Estado (1965) –
The Residence for the State Minister. In this case, the aim is to enhance the visibility of the environment around
the building as well as an attempt towards seamless environment-building integration. The solution favored by
the architect was the Vierendeel typology, which, far from “blocking” the view, emphasizes it.

O emprego dessas vigas possibilitou a existência de grandes vãos no 1º nível, proporcionando, assim,
melhor integração entre os ambientes de piscina, estar, jogos, etc. Por outro lado, a construção
adquiriu leveza e sobretudo o caráter de maior dignidade que o programa exigiu.v

Figure 28

Figure 29

One more example of the Vierendeel typology featured in Lelé’s architectural oeuvre would take us to the
renowned Hospital Sarah Kubitschek Brasília – Doenças do Aparelho Locomotor (Brasília, DF, 1980) – Sarah
Kubitschek Brasilia Hospital – Disease of the Locomotor system (Brasilia, DF, 1980). We detail the application of
this structural typology in the image below.
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Figure 30

As part of the variety of structures that the architect Filgueiras Lima has made use of, and taking into
consideration the speci c character of the work, we have wanted to include solutions which also implement
other truss typologies. Among other things, we will highlight di erent typologies:

Largo dos A itos (Largo A itos), Salvador, BA, 1988. (Figure 31).

Figure 31

The Sede do Tribunal de Contas da União no Estado da Bahia (Headquarters of the Federal Court of Accounts
in the State of Bahia), Salvador, BA, 1995. (Figure 32).

Figure 32

And the Centro de pesquisas agropecuárias do Cerrado (Cerrado Farming Research Center), Brasília, DF,
1978) (Figure 33).
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Figure 33

Jules Arthur Vierendeel introduced a new structural typology characterized by being a framed truss, featuring
high degrees of hyperstaticity, as well as upright members which are very rmly pinned to the chords. From its
introduction by the Belgian engineer, the lack of diagonals caused a certain mistrust in the typology, which only
slowly came to be overcome, becoming in the process a structural typology to be found nowadays in any
treatise of this eld.

Structurally, this truss typology requires much more complex calculations due to the rigid conditions created
by the existence of bending, shear, and axial forces.

But the said negative attributes can’t overshadow its aesthetic and physical bene ts. The absence of
diagonals allows for more space, increases the feeling of transparency and, furthermore, it makes it for people
or other elements to pass through it, as opposed to other classical typologies, which make this practically
impossible.
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The Pratt truss owes its name to engineer Thomas W. Pratt (1812–1875) and his father Caleb Pratt.
The Howe truss owes its name to architect William Howe (1803–1852).
The Warren truss owes its name to engineer James Warren (1806–1908).
Joao da Gama Filgueiras, or “Lelé” as he is best known, on top of being the great architect he is,

encompassing art and technology as few can, is an admirable person (Marcelo Carvalho Ferraz).
The use of these beams made the existence of large spans of the rst level possible, thereby providing a

better integration between the pool, living, and game environments, etc. Also, the construction gained
lightness and above all a character of greater dignity required by the program.
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