
Joanna Pietrzak, Anna Stefańska
Politechnika Warszawska

THE ROLE OF STRUCTURAL ELEMENTS  
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Summary

The article discusses the relationship between the design of structural 
and architectural details in the design of façades of tall European buildings. 
It characterizes the influence of load-bearing structures on the possibility of 
hiding or exposing the load-bearing elements. Next, the design of structural 
and architectural details is discussed depending on whether the exterior 
load-bearing elements are in front of the façade, in the plane of the façade 
or whether they are hidden inside the building. The differences resulting 
from: structural materials (steel or reinforced concrete), climate and weather 
conditions, fire protection measures are also referenced. The article also takes 
into account the influence of the chosen structural joints on the design of 
details.
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Introduction
Modernism freed the façade from its structural function. The building’s 

envelope could be shaped freely, although still taking into account its aesthetic 
and functional role. The architectural detail was therefore also “detached” 
from the load-bearing structure and was used to create the expression of the 
envelope. Such an approach was also taken when designing the European tall 
buildings after the Second World War. The preference for buildings using the 
core-frame system and modernist style of design led to separate design of 
façade details and structural details, concealed inside the building. 

In the 1970s, the American constructor Fazlur Kahn postulated that the 
optimal design of a skyscraper resulted from engineering logic, and hence 
criticized the separation of façade design and building structure (Kahn 
1982). This led to the growth of a structural expressionism trend, which is 
characterized by the dominance of structure in the aesthetic expression of i.a. 
the building façade (Al-Kodman and Ali 2016). This leads to the necessity of 
designing more complicated details which combine three functions: structure, 
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construction and aesthetic. First European buildings following this trend were 
completed at the end of the 1990s. 

The ongoing search for original architectural expression of a skyscraper 
leads, on the one hand, to the creation of building designs „detached” from 
the load-bearing structure, and on the other hand, the designer’s emphasis of 
the engineering logic in their designs. Skyscrapers are either treated as large 
scale sculptures or the resulting aesthetic expression from the cohesion of the 
spatial form and the load-bearing structure. That is why the design of high-
rise buildings presents two issues simultaneously: how to hide the structural 
elements and how to expose them. In the first case, the structural detail is 
designed separately from the architectural detail of the façade and remains 
a secondary concern from the architect’s point of view. In the second case, the 
design of the façade requires a synergistic work of structure, construction and 
aesthetic issues. 

These considerations are a continuation of the analysis described in the 
article Exposure of the load-bearing structure in the design European high-rise 
buildings (Pietrzak and Stefańska 2019), in which the structural systems of 
European high-rise buildings were characterized, as well as their impact on 
the spatial form and static expression of the building. This article presents the 
possibilities of using structural elements in the design of façade details.

The design of load-bearing structures in tall European 
buildings and the possibility of using structural elements 
in the design of facade details

The possibility or necessity of taking load-bearing structure elements into 
consideration when designing the details of the façade stems mostly from the 
designed structural system of the building (which determines the location and 
geometry of the load-bearing elements). In the core-frame system, regardless 
of the structural material used, the buildings usually have a core in the center 
and columns at the perimeter, connected with floor slabs. In some buildings, 
the columns are located at the edges of the floor slabs with, the horizontal 
and vertical structural elements forming a grid pattern, which can be fully or 
partially emphasized on the facade. However, the facade is often designed in 
such a way as to minimize the visibility of such divisions The only structural 
elements affecting the façade are floors or all of structural elements are hidden 
inside the building.

In the tube -in-tube or tube systems, one can observe the thickening of 
the load-bearing elements in the façade and their exposure, with reinforced 
concrete and steel structures affecting the design very differently. The geometry 
of the reinforced concrete tube precisely defines the elevation planes and 
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their perforations. In some designs there are only small openings, and the 
final aesthetic expression depends primarily on the adopted finish of the 
façade. When using larger window openings, the grid becomes visible on the 
façade. In contrast, steel has been used to design braced tubes (widely spaced 
columns and massive braces connecting them) (Al-Kodmany and Ali 2016) or 
diagrids (a series of triangular fields and perimeter beams) (Boake 2014). One 
should also mention the group of European high-rise buildings with atypical 
constructions. In such designs, usually the structure is connected with visible, 
or even external, construction elements that create the unique aesthetic of 
the building. This is the justification for the additional costs and technical 
difficulties associated with the creation, and sometimes also the operation, of 
such a building.

European tall building can be grouped into three categories, according to 
the position and shaping of the load-bearing structure in the elevation zone. 
The first and most numerous one uses the core-frame system, in which the 
load-bearing structure is “hidden” inside the building. The second one consists 
of buildings which do not use the core-frame system, where the structural 
elements are placed in the façade plane (or right in front of, or behind it). 
A separate category consists of skyscrapers with unique structural systems, in 
which the load-bearing elements are located outside of the façade.

Detail in tall buildings with a „hidden” load-bearing 
structure

The reduction of the number of and sizes of the load-bearing elements allow 
for a fairly free shaping of the façade, taking into account only the enclosing 
function and aesthetics. Since there are no massive structural elements which 
could be used to fasten the claddings and would restrict the design of window 
openings, architects usually decide to use glass curtain walls. The design of 
façade details rests first and foremost on the detailed solution of the connections 
between the curtain wall’s elements. The designer selects the types and shapes 
of horizontal and vertical profiles, which emphasize one of the directions 
(Il. 1a), both (Il. 1c) or hide the divisions (Il. 1e). The only contact with the 
structure usually occurs at the height of the ceiling and requires the masking 
of the connection of the floor slab with the curtain wall and necessitates the 
separation of the building storeys due to fire protection. In order to minimize 
the surface of the connection, the cantilever fragments of ceilings (extended 
beyond the outline of the columns) are often thinned (Il. 1b).
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Illustration 1. Tall buildings with a “hidden” load-bearing structure – façade and 
structural details: a-b) Palazzo Lombardia, Milan, c-d) One Churchill Place, London, e-f) 
DC Tower, Vienna

Source: a) – www1; b) – Wood (2013); c) – www2; d) – www3; e,f) – Bollinger et al. (2015).
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The details of the load-bearing structure are „hidden” inside the building, 
which is why their design has to take into account only their structural 
characteristics. As the aesthetic considerations are not important, steel frames 
are usually designed from I-beams. Their connections are rigid bolted joints 
with the simplest „practical” geometry (Il. 1d). Fire protection is made by 
enclosing the structure with gypsum plasterboard or covere with a protective 
coating. In reinforced concrete frames, the minimum necessary geometry is 
designed, logically resulting from structural considerations. The details result 
from the technology of making the elements (Il. 1f).

Detail in tall buildings with the load-bearing structure in 
the façade plane

Load-bearing elements located in the façade plane, just behind or in 
front of it, are not literally exposed. The wall is constructed in such a way 
that the entire load-bearing structure is inside the envelope which provides 
continuous thermal insulation for the building. Details of the façade result 
from the combination of structural, construction and architectural aspects. 
Such a solution incurs additional difficulties and costs which is why it is used 
only in few projects.

An example of a  high-rise building with a  reinforced concrete tube 
is the Tour Granite in Puteaux near Paris (Il. 2a). The transparent parts of 
the skyscraper’s facade correspond to the geometry of the perforation of the 
tube, with the layout and dimensions of traditional window openings. Due to 
climatic conditions, the entire surface of the reinforced concrete tube has been 
insulated and then covered with panels that meet the aesthetic requirements. 
The final expression of the building depends only on the selection of façade 
materials and their layout, as in of buildings with „traditional” facades. Because 
the cladding is suspended on the structural wall, even quite heavy materials 
can be used.

The Torre Glories building in Barcelona (Il. 2b) is also surrounded with 
a reinforced concrete tube, however, its solutions are related to the subtropical 
climate. Tube perforations are smaller and the external finish is made of 
corrugated sheet metal. It was necessary to minimize heat absorption of the 
building, which is why an additional layer of glass lamellas was used to reflect 
solar radiation and separate the ventilation chimney.

In reinforced concrete skyscrapers, there is no problem of the shaping 
of joint details and of adding fire protection to the structure. These issues, 
however, are crucial when designing structures made of steel, especially if they 
are to remain visible. 
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The main structure of the Broadgate Tower in London (Il. 2c) is a braced 
tube, all elements of which remain inside the building. In order to provide fire 
protection, the steel I-beams were covered with gypsum plasterboards. In the 
elevation plane, the elements of the structure’s coating are made of stainless 
steel profiles - a material that, for functional and aesthetic reasons, is much 
more suitable for a façade finish than structural steel. A C-shaped cross-section 
was used, referring to the I-beams hidden inside. In addition, the profiles used 
for the façade were designed from two layers of thin metal sheet filled with 
mineral wool, so its exposure does not cause thermal bridges. The spaces 
between the tube elements are filled with fully glazed curtain walls that mask 
the divisions resulting from the ceiling’s levels.

The tube of the Tour D2 tower in Courbevoie (Il. 2d) was designed as a steel 
diagrid. Diagonal elements were moved in front of the plane of the glass curtain 
wall enclosing the building’s interior. They were made of HEA beams covered 
with fire protection coating, and then they were covered with mineral wool and 
aluminum cassettes. The effect of shiny elements with a tubular cross-section 
was obtained, which is not a reference to the hidden structure. To facilitate the 
assembly, the node elements were prefabricated. The perimeter beams have been 
retracted into the interior, and the corresponding masking strip on the façade 
made of reflective glass.

The consequence of encasing the load-bearing structure is the difference 
in details of the structure and its cover, such as in the 110 Bishopsgate tower 
in London (Il. 2e). The nodes of the two outer frames were designed as bolted, 
stiffened with additional sheets of metal. They comprise a logical engineering 
solution, and only the final casing made of thin metal sheets gives the frames 
an appropriate aesthetic look. The design process is completely different when 
it is known from the outset that the structure will remain visible - as in the case 
of the Leadenhall Building skyscraper in London (Il. 2f). In this building, the 
steel diagrid was located in the middle of a double-skin glass façade, and the 
horizontal beams were fully exposed. For the structural aesthetics, the precise 
modeling of the nodes, the design of bolt box connections (masking of the 
screws and do not requiring additional metal sheets for stiffening) as well as fire 
protecting the structure by covering it with shop-applied epoxy-intumescent 
coating (an aesthetic surface finish) proved to be the key issues.

Detail in tall buildings with an external load-bearing 
structure

For climatic reasons, few European skyscrapers contain structural elements 
outside the building. In regions characterized by a warm subtropical climate 
(such as southern Spain), however, there is no problem of non-insulated 
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construction elements. Even „typical” buildings can expose the load-bearing 
structure. For example, in the Torre Realia BCN in Barcelona (Il. 3a) which 
uses a core-frame structure, the floor slabs were used to shape cantilevers 
that act as shelves which shade the interior. They are not thermally insulated 
or dilated from the rest of the structure, only their thickness is almost two 
times smaller than the rest of the floor slab. Insulation was fully omitted in 
the Torres de Hercules tower in Los Barrios (Il. 3b). The aesthetic aspect of the 
building is determined by the reinforced concrete tube, its smooth texture and 
minimalistic details (right angles between particular planes). The dominant role 
of the structure is emphasized by the retraction of the glazing to the interior. 
Although the floor slabs connect the interior and the exterior, they also have 
not been thermally insulated.

In reinforced concrete structures, the whole structure is assumed to 
be monolithic (Il. 3d). The designers also strive to achieve the same effect 
in steel structures, as exemplified by the Torre Telefonica Diagonal 00 in 
Barcelona (Il. 3c). The outer tube has been shaped from irregularly spaced 
diagonal elements and resembles a plant form. The structural details were also 
designed to look like an organically grown. The joints of the elements were 
welded, smoothed and then painted. Unfortunately, the maintenance of the 
exposed structure due to atmospheric factors makes it very difficult to preserve 
a uniform texture and color of the paint coating.

In European countries, only few skyscrapers are made with exposed load-
bearing structure, and the visible elements are usually entirely located on the 
outside of the façade. Due to the need to ensure adequate thermal insulation, 
reinforced concrete elements are not exposed. Additional difficulties are also 
caused by the need to protect the exposed steel elements from corrosion. The 
adopted solutions also depend on the type of the structural joints. Usually all 
fixed connections are welded and only the articulated joints use bolts.

In the Grattacielo Intesa Sanpaolo in Turin (Il. 3e), steel megacolums, 
horizontal beams and diagonal braces connecting them were located outside the 
building. The subject of the detailed study was, i.a. the node connecting these 
elements. The element, which in the scale of a high-rise building is a detail, is 
in fact very large. Its individual design included not only the structural but also 
the aesthetic considerations. The rigid connections were welded, and only the 
articulated joints were joined with bolts.

In the Turning Torso building in Malmö (Il. 3f), the stiffening steel 
structure of the exoskeleton is exposed. The pipe constituting the main element 
of the structure was made of segments joined by welds on construction site so 
that they visually created one element. However, the diagonal bracing has been 
articulated from a concrete frame and a steel pipe. Both this connection and 
the braces were designed taking into account their aesthetic expression. 
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Illustration 2. Tall buildings with an external load-bearing structure – complex 
(aesthetical, construction and structural) details: a) Tour Granite, Puteaux, b) Torre 
Glories, Barcelona, c) Broadgate Tower, London, d) Tour D2, Courbevoie, e) 110 
Bishopsgate London, f) Leadenhall Building London

Source: a) – www4; b) – www5; c) – Wood (2009); d) – www6; e) – www7; f) – www8.
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Illustration 3. Tall buildings with an external load-bearing structure: a) Torre Realia 
BCN, Barcelona, b) Torres de Hercules, Los Barrios, c) Torre Telefonica Diagonal 00, 
Barcelona, d) Torres de Hercules, Los Barrios, e) Grattacielo Intesa SanPaolo, Torino, f)
Turning Torso, Malmö

Source: a) – www9; b) – La Hoz (2016); c) – fot. Pietrzak; d) – www10; e) – www11; f) – www12.
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Conclusions
In European high-rise buildings, the aesthetic expression of the facade may 

be independent from the structure, however, some designers prefer solutions 
which expose the load-bearing structure. In most designs, the load-bearing 
structure is a purely functional component „hidden” in the interior of the 
building. The structural as well as architectural details of the exterior envelope 
of the building are separate issues. However, when structural elements are used 
in the façade plane, the details require a connection between the structural 
and architectural elements. In few buildings with the load-bearing elements 
exposed on the outside, the structural detail, again, becomes detached from 
the building envelope. However, in contrast to „classic” examples, it begins to 
dominate and define the aesthetic expression of the building.

The exposure of the load-bearing elements in the façade depends on the 
structural system adopted. Typically, orthogonal elements of the frame are 
not exposed, or just the „contact” point of the floors with the façade remains 
visible. The visual attractiveness of the building depends on the details of the 
curtain wall, and the „hidden” structural details are designed without aesthetic 
considerations. In the tube-in-tube and tube types of buildings, as well as in 
some non-standard solutions, selected main structural elements are located in 
the elevation plane. In the case of reinforced concrete tubes, the structure is 
enclosed, and its large surface allows for the original solution of the cladding. 
In contrast, the steel structure is exposed by reflecting its structure in the 
façade and in details combining architectural, construction and structural 
functions. However, the proper load-bearing structure still remains hidden, 
and the aesthetic expression depends on the building envelope, often with 
a different geometry and made of materials other than the structure. This 
solution, among others, allows to maintain the continuity of thermal insulation. 
Only in unusually designed structural systems are structural elements located 
on the outside of the façade.

One can also notice the differences stemming from the use of either 
reinforced concrete or steel for the structure. The reinforced concrete elements 
do not require fire or corrosion protection, but their exposure in the European 
climate is practically impossible due to thermal bridges. In a  few Spanish 
buildings with external reinforced concrete structures, it can be noticed that 
the problem of detail design of structural joints is very limited. The reinforced 
concrete elements are more „clumsy”, shaped on orthogonal grids and have 
massive, minimalistic connections. Obtaining a proper finish of the exposed 
areas is an important aspect of the design and building process.

In steel structures, the design of joints plays an important role, although the 
approach to visible details and those that will be hidden is very different. The 
invisible connections are solely designed based on engineering logic. IPE, HEA, 
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HEB etc. profiles. and bolt connections are used, often with additional stiffeners. 
In structures with a  large number of connections or a complex geometry, 
prefabricated joints are used, which facilitate the assembly of the structure. The 
exposed connections of steel structures are designed individually, as a result 
of cooperation between the structural designers and the architects; a  long 
process of structural analysis and fitting to the overall aesthetic expression 
of the building. As a result, node elements are more delicate, more finely-
shaped and sculpted than in reinforced concrete constructions. In addition 
to articulated joints, all nodes between steel elements are usually welded, 
and uniform painting of the entire structure allows to minimize its visibility. 
The necessity of using bolt connections (e.g. due to the presence of very large 
forces) is associated with the search for unique, visually appealing solutions. 
Tubular profiles are most common, but in some designs, the IPE, HEA, HEB, 
etc. profiles are used to emphasize the building’s technical character.

Corrosion and fire protection of steel elements is very important. Gypsum 
plasterboard enclosures or spray coatings are suitable for “hidden” structural 
components. The aesthetic exposure of the steel structure is possible due to the 
use of appropriate protective and intumescent paints. When the structure is 
encased, the cladding is already made from a material that is more resistant to 
weather conditions and any fire protection can be used.

With regards to climate characteristics in most European countries, 
wuestion rise on the justification of exposed structural elements, as it relates 
to the problems of: thermal bridges, fire and corrosion protection, and aesthetic 
design of the connections. An interesting and „safe” solution seems to be 
an indirect one – to enclose the structure located in the façade plane and 
emphasize its layout in the composition. The thermal insulation of the building 
is maintained, the structure can utilize any kind of fire protection, the material 
can be resistant to weather conditions and the structure would possess greater 
aesthetic qualities.
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Rola elementów konstrukcyjnych w kształtowaniu 
detalu elewacji europejskich budynków wysokich

 Streszczenie 

W artykule omówiono zależności pomiędzy kształtowaniem detali kon-
strukcyjnych oraz architektoniczno-budowlanych w projektowaniu elewacji 
europejskich budynkach wysokich. Scharakteryzowano wpływ ustrojów 
nośnych na możliwość ukrycia lub wyeksponowania elementów nośnych. 
Następnie omówiono kształtowanie detali konstrukcyjnych i architektonicz-
no-budowlanych w zależności od tego, czy najbardziej zewnętrzne elementy 
nośne w wieżowcu znajdują się przed płaszczyzną elewacji, w tej płaszczyźnie, 
czy też zostały ukryte we wnętrzu budynku. Odniesiono się do różnic wyni-
kających z: przyjmowanych rozwiązań materiałowych (konstrukcja stalowa 
lub żelbetowa), uwarunkowań związanych z klimatem i warunkami atmosfe-
rycznymi oraz zabezpieczeniami przeciwpożarowymi. Uwzględniono również 
wpływ rodzaju węzłów konstrukcyjnych na możliwości kształtowania detalu. 

 Słowa kluczowe: budynek wysoki, wieżowiec, Europa, struktura nośna, 
detal, elewacja.
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