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Abstract. In the past five years a number of master’s theses have been conducted at Belgian
Technical Colleges and Universities to (re)introduce knowledge of aluminium as a structural
material, given that courses offered in Belgium are oriented towards steel and concrete design and
no specific course on aluminium exists. The present contribution highlights the different subjects
covered in these theses and illustrates the results obtained. Emphasis is placed on the methodology
used to design and innovate with aluminium, taking into account the Eurocode rules that apply to
the design of specific aluminium structures. For this, appropriate use was made of existing software
that allows for the detailed calculation of section reduction and unity checks.
Introduction
The master’s theses briefly summarized in this contribution fall into two categories:
(1) Those related to primary load-carrying constructions:
- Control and Model Testing of the 50-year-old, 67 m Roof Span of ‘het Kuipke’ According
to Eurocode [1]
- Calculation of Greenhouses or Verandas [2]
- Glass Panes as a Structural Component in Greenhouses [3]
- A Modular House in Aluminium [4]
(2) Those related to secondary constructions:
- Calculation of balustrades [5]
Control and Model Testing of the 50-year-old, 67 m Roof Span of ‘het Kuipke’ According to
Eurocode [1]
Introduction. The subject of this master’s thesis is the aluminium structure of the roof of ‘het
Kuipke’, which is a building in the city of Ghent (Belgium) erected in 1964 and located in a green
park.

Fig. 1a Location

Fig. 1b Inside view

The elevation and high cross sections lighten the design, which dates from 1964, where the
lightweight structure was an advantage in that it facilitated access to the site. 143 tons of aluminium
were installed in EN AW6082 T6. The trusses are spaced at 8.40 m intervals.
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Fig. 2 Cross section and profile sections
Subject of the Thesis. The aim of the thesis is to determine the structure’s load-carrying
capacity according to Eurocode rules and compare this with that of the original design (Cremona
diagram and loading according to Belgian standards in force in 1964).
Results. The infinite element program SCIA Engineer is used to determine whether the structure
has enough loading capacity. The influence of certain parameters, including the (hinged or fixed)
connection between the bars and the section classification, is also studied.
When the ‘standard’ sequence of the calculation procedure typically followed in the design of
steel structures is executed, that is to say, controlling first the sections with introduction of the
section classification and section reduction and then controlling the ultimate limit state (ULS), the
structure fails! However, when the calculation procedure is set up to check first the elastic state and
then the ultimate strength, with no section reduction, as the stresses are far beyond the 0.2 % stress
levels in the profiles (100 N/mm2 in the most loaded profile compared to the 260 N/mm2 limit), the
structure complies.
Part 4 of Eurocode 9 offers information on how to deal with the slenderness, taking into account
the apparent stress level: if σcom,Ed is less than f0/γM1, then the relative ̅ can be reduced. In the
calculation program it is possible and therefore necessary to manually set the profile classification
to class 3 instead of class 4. This master’s thesis also illustrates that for lightweight structures the
calculation sequence plays an important role and the section reduction should be carefully
examined.

Fig. 3 Final conclusive result of the calculation
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Calculation of Greenhouses or Verandas [2]
Introduction. In 2009, significant work was done by the Belgian Building Research Institute
(BBRI) [6], leading to a set of schemes to use Eurocode methods in the lightweight envelope of
buildings.
Subject of the Thesis. The purpose of this master’s thesis is to develop a correct and valid
calculation method for the aluminium supporting structures for verandas, based on the Eurocodes
and the loading schemes proposed in [6].
Results. The results of the thesis are: (a) a set of universal formulae to assist the metal builder in
the calculation of elements on the basis of typical configurations of walls with openable elements
such as sliding windows, and (b) an XLS file with the appropriate types, loading schemes and
results.

Fig. 4 Schematic overview
Glass Panes as a Structural Component in Greenhouses [3]
Introduction. In Belgium, many verandas are built and systems undergo continuous
development. In many cases, as highlighted by this master’s thesis, it is not easy to simplify to a
calculation model valid for the whole construction and the nodes, i.e. the thermally broken profiles,
cannot be easily modelled.
Subject of the Thesis. The typical wind stiffening with crossed profiles is rarely or seldom used,
except for very large greenhouses. What could then be the role of the in-plane stiffening by the
glass panels?
Results. This master’s thesis works out a concept to ensure stability without the use of any
adaptations that may influence the design esthetically. By adjusting the placement of the support
blocks, a pressure zone in the glass is created that will contribute to the stiffness. The glass plate is
investigated in a theoretical way, as it is installed in the aluminum frame that surrounds the glass,
and this frame will in fact exert a major influence on the stiffness of the whole.
On the basis of practical tests, the theoretical stiffness of the various parts is checked. These tests
consist of separate tests on both T- and corner-connections and tests on the support blocks. To
check the results, full frames filled with panels are tested. There appears to be sufficient potential in
the panels in order to use this concept. The results are then converted to a finite element model in
SCIA Engineer so that systems from other manufacturers can also be investigated in the same way.
The conclusion is that when appropriately designed, the glass can be modeled to take part in the
structural behavior of the greenhouse.
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Fig. 5a Experimental setup

Fig. 5b Comparison of modeling and test results

A Modular House in Aluminium [4]
Introduction. In the building industry, aluminium is mainly known for its usage as a window
frame. Yet, one can ask oneself whether an entire house could be built out of aluminium. The
answer to this question is affirmative; however, it is not commonly known as a possible building
method.
Subject of the Thesis. The aim of this thesis is to develop specific extrusions and connection
nodes to build an economic aluminium house.
Results. The whole structure is modelled in SCIA Engineer. This permits the study of the
influence of a number of boundary conditions, such as the connection with the foundation and the
interconnection between the (hinged or fixed) elements.

Fig. 6 Finite element model of the aluminium structure

Fig. 7 Main floor girder and floor slab
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The specific design leads then to connections between floor and slab and a specific floor profile,
and universal columns and easy connections are presented.

Fig. 8 Columns with C nut and frame connections
Calculation of Balustrades [5]
Introduction. Balustrades are an important element in the outer skin of a building that ensure
the safety of people on balconies. Eurocode rules are applied to establish the appropriate
dimensions of these structures. The national standard NBN B03-004 is currently being reviewed, as
no harmonized European standard exists for building applications.
Subject of the Thesis. Two important questions are addressed: (a) can the structural loads and
loading schemes being applied to the main structure of the building simply be transposed to the
parapets? and (b) are the force coefficients Cf (or pressure coefficients Cp) well known for parapets
with a different solidity?
Results. The master’s thesis examines the influence of the location of the balustrade in the
building, as well as the pressure coefficients and the solidity ratio of the parapet. The calculation of
wind loads on balustrades in accordance with the standard is studied, as well as possible
combinations with horizontal and vertical loading. The purpose of the research is to design
balustrades in a more efficient way. This has led to an XLS design tool and an adoption of the
pressure coefficient for parapets, taking into account the balcony separations and the in-plane
geometry of the balconies.

Fig. 9 Overview of pressure coefficients on balustrades
Also, special emphasis is placed on the load to be applied to the parapet, related to the type of
building classification according to Eurocode (A,B,C), and a more realistic value of the localized
horizontal load is demonstrated. All these conclusions have been included in the standardization
work, the Aluminium Guide [7], and are appreciated by the involved parties, thus showing the
interaction between industry, academia and public authorities.
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Summary
It is important to expose young future engineers to aluminium as a building material and show them
its ease of use in design. This will allow them to learn to design and dimension the structures of the
future and consider these structures from a totally different perspective than what they are used to
seeing when working with ‘classical’ materials. Emphasis should be placed on efforts to make
aluminium more known to structural engineers, allowing them to design affordable and sustainable
constructions for the coming generations.
This activity is only possible with the support of the industry, specifically the members of the
Aluminium Center Belgium, and with the devoted support of the promotors at Universities and
Technical Colleges.
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