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Abstract: The Floraliahall in Ghent was built during 1912-1913 as part of a series of 
large infrastructure works for the world exposition of 1913. The main structure of 
the hall consists of 18 portal frames having 3 spans of 10.16, 40.18 and 10.16 m. The 
upper part of the structure is highly slender. Adversely to the customary concepts of 
100 years ago, the lighter frames at 7.45 m distance, are hinged twice at the springs, 
whereas the more heavy frames, at 15 m distance, are completely clamped at their 
base. In addition, measurements show that cross-sections of compressed parts have 
larger area than the tensile parts. From the structural point of view, this construction 
sometimes has an unexpected composition. The aim was to determine whether this 
structure can comply with contemporary requirements and codes. From 
measurements and simulations follows that in limited areas high stresses appear, 
unacceptable even in serviceability state. This may be partly due to modifications of 
the roof that were made inappropriately, from the impossibility to assess certain 
details with the model and from ineffective analysis at the time of construction. 
 
Key words: Exposition hall, two hinged frame, analysis of frames, early age steel, 
inadequate roof modification.  
 
 
1. Introduction - Origin  

On the initiative of a high school, a botanic garden has existed in Ghent (Belgium) since 
1798. The garden was intended to support education and was visited often by schools, as 
well as by many citizens. Plant growers, gardeners and botanists have shared their 
knowledge to broaden the number of plants. This garden was taken over by the university, 
founded in 1817. Apart from this, plant growers founded a society to promote their 
products. To improve publicity, in 1809 a first exposition was organised by 34 members in 
a room behind an inn of 48 m² [1]. In early summer of the same year already a second 
exposition was organized showing 139 flowering plants. As success grew, larger locations 
had to be found and in 1835 a casino was built in Ghent, which was used as the new venue 
up till 1913. The plant and flower exposition, now known as the Ghent Floralia, continues 
and is now organized every 4 or 5 years, attracting visitors from all continents. 

After the last Floralia of 1908 and as the 1913 world exposition of Ghent was 
approaching and new hall was built in the citadel park. This park resulted from the 
demolition of army barracks, built during the Dutch period from 1815 to 1830. This 
military facility was erected according to requirements of the Vienna Conference and was 
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intended to prevent further French invasion as during the Napoleon period. After 1830 the 
facility was further used by the Belgian army, till in 1870 the city acquired the premises, to 
transform it to a park for its citizens. The grounds were partly used during the world 
exposition but remained chiefly a green area. Hence, the location of the new hall at the 
park centre was an excellent choice. 

The Floralia Hall consists of an early steel structure, the total cost at the time of its 
erection was around 1 million francs. The alternative of a stone structure was discussed 
with the city, as this would cost 50% more. The city council agreed to provide additional 
funding, if they would take over the ownership after the exposition. Apparently this did not 
happen and the horticultural society thus acquired a new permanent location for the four-
year event. However, from 1990, the Floralia moved to the larger venue of Flanders’ Expo 
outside the town, offering a total space of 54000 m² in 8 halls. The last unsuccessful event 
was organized in 2016, bringing the exposition back to the town centre at 4 different 
locations. The next edition in 2020 will come back to the Floralia hall and the surrounding 
park. 

Today, the hall is surrounded by 3 other buildings, the urban museum of 
contemporary art, the ICC international congress centre and the velodrome. On the outside, 
only the light strips in the roof and the cemented north side with cascading recessed wall 
surfaces, separated by ribbons with medallions, are visible (Fig. 1). 
 

 
Fig. 1. Cemented North façade of the Floralia Hall 

 
Plans are being made to restore the hall and integrate it into the ICC in a more 

consistent way. The aim is to reduce some of the masonry building parts and to create a 
single large space. The future will tell whether successful solutions can be found. 

 
2. The roof structure 
The structure covers a space of 175*80 m and consists of 18 parallel steel frames. 

The frames have 3 spans of 10.16, 40.18 and 10.16 m. Hence, the central span is the most 
impressive and also the most slender one. The structural height of the central span reaches 
19.89 m as it is equipped with an additional top ridge frame, allowing light to enter the 
hall. Fig. 2 shows an overview of the whole structure, the interior being cleared of any 
occupying event material. 

As the picture shows, the portal frames are not all identical. Most frames are at a 
distance of 7.45 m, whereas there are 3 longer spans of 14.98 m. Hence 4 frames show an 
alternative composition, 2 being of a heavy type, 2 others are medium heavy, the 14 others 
being of the ‘light’ type. The main difference between these types of frames are the vertical 
posts and some details in the frame nodes. In the following, we concentrate on the lighter 
frames. 
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Looking at Fig. 2, it is noticed that the horizontal members show high slenderness. 
For instance, the depth of the upper member at the span centre equals 0.7 m for a span of 
40.18 m or L/57.4, which is highly slender. The lateral frames shown considerable less 
slenderness. In addition, there are no tension members, connecting opposite posts and 
increasing horizontal stability. Obviously, the designers wanted to build a light structure of 
maximum vertical clearance.  

 
Fig. 2. Inside view of cleared hall 

 
At the time of construction, the Polonceau frame would have been the most popular 

choice. This structure seems already to resist bending at the nodes and one may expect it 
does not behave as a simple truss. 

The central part of the upper member is also curved, the outside radius being 23.23 
m. The additional ridge frame, not clearly seen in Fig. 2, is located above this curved part. 
Because of this, there is no central hinge. The supports of the light columns or posts of the 
central structure are hinged as can be seen in Fig. 3a, whereas the medium and heavy frame 
supports are clamped, preventing angular rotation (Fig. 3b)  

 

 
        a) b)  

Fig. 3. Support of vertical members : а) light frame; b) medium frame  
 

The vertical members of the side spans are not visible and consist of a latticed 
column, encased in concrete and part of a brickwork wall. As far as this can be discovered 
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without invasive examination, the encasing is complete and the brickwork is filling in the 
space between columns. 

 
3. Composition and material of the structure 
After various searches in archives and other places, no drawings seem to be 

available, allowing further assessment of the structure. Hence, a thorough investigation 
was conducted to fully obtain an inventory of the structure. This was done by measuring 
with double decameter, folding meter and slide adjuster and using an aerial platform, 
supplemented by photographs. There may be some flaws in the result, since some locations 
could not be reached, in particular in the frame corner.  

 

Concrete 
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Fig. 4. Steel cross-section (half of the structure) 

 

 
Fig. 5. Frame corner node (detail) 

 
The structure consists exclusively of angle profiles and plates, which are either strips 

or round cut plates. Although these existed at the time of building, no I-profiles have been 
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used. These elements are assembled by rivets of shank diameter 18 mm and head 30 mm. 
Fig. 4 shows the most important cross-sections of various bars of the structure. The 
numbers on the figure are first the flange plates, then the angle profiles and finally the web 
plate dimensions. 

Some of these cross sections are rather puzzling. For instance, the outside member of 
the vertical post, where tension is expected, has a distinctly smaller cross section than the 
opposite inner member, which is likely to be compressed. In addition, the lower member of 
the upper truss has more reinforcing flanges (up to 4) than the upper member, which has a 
maximum of 2 flange plates. This was verified also from the photographs taken. 
Obviously, there are more complicated details apart from the general data in Fig. 4. For 
instance, the frame node and other particular locations have larger webs. This can be seen 
in the detailed photo of Fig. 5. The higher web plate and reinforcing flanges of the lower 
member, as well as the curved cut web plate of the upper member can be seen. Fig. 5 also 
shows part of the transverse beams that connect the parallel frames. These frames support 
the glazed parts of the roof covering and prevent displacement out of the frame plane. 

Concerning the material, it is known from other structures, built at the same period 
that the Siemens-Martin and Thomas fabrication processes of steel had been developed and 
all data point towards the material being early age steel. For the case of 2 bridges from the 
same period, 3 samples were taken from the webs of crossbeams, which do not carry 
directly any of the traffic loads [2]. The results of the 3 samples gave values of 254, 277 
and 238 for fy 0.2% and 338, 382 and 347 for fu. In view of the limited number, and not 
knowing the dispersion, application of annex D of EN 1990 [3] is virtually excluded. The 
material may be close to steel S 235 but the dispersion of the characteristics is rather large. 
This may be expected from early-age steel, since the constant character of quality was 
poorly monitored and large variations may have occurred. Within the 6th European 
Framework [4], an impressive amount of samples has been used to characterise steel 
produced at various periods. In addition, the Swedish Standard BVS 583.11 and the work 
done at Lulea university [5] are highly relevant. In these references a standard deviation of 
36 MPa has been found. The average value of the 3 experimental values being equal to 
256.3 MPa, the 5% fractile characteristic value of the material equals 256.3 – 1.64 * 36 = 
197.3 MPa. 

It should be mentioned that some literature references indicate that back at the 
beginning of the 20th century, an allowable tension stress of 300 MPa was considered [6]. 
Obviously, this value is overestimated.     

 
4. Load-carrying capacity 
 
4.1. Modelling of the structure 
The aim of this section is to assess to which extent the structure may comply with 

present codes, in particular EN 1993. In view of the types of analysis at the beginning of 
the 20th century and of the design loads and material characteristics used, it is almost 
certain there will be no compliance with the present code. However, the assessment may 
show the weak locations or members and be of assistance in maintenance or further 
development. 

While developing a relevant numerical model, an important matter is to decide on the 
type of elements to be used. These roof structures were mostly calculated by graphical 
methods [7] as shown in the example of a Polonceau truss of Fig. 6. Typically, all loads are 
applied at the truss nodes, which themselves are assumed to be hinged. The continuity of 
the upper- and lower members, as well as bending of the bars were not taken into account. 
Merely normal forces were determined, albeit some degree of bending was introduced by 
increasing stresses by percentages, varying from 20 to 5%.  
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Today’s software packages allow various types of calculations. In the case of thin-
walled structures either membrane elements supplemented by bending, or the more simple 
beam elements are the evident choice. In the present case, with limited plates or webs, the 
use of beam elements seems indicated. Variation of girder webs or reinforcing flanges may 
be introduced by modifying the location of the member axis and using the appropriate 
characteristics. Obviously, the truss axis lines are adapted to the location of the gravity 
centre of the cross sections. This may harm the continuity of the general scheme of axes, 
and produce sometimes an unusual appearance. The option of beam elements is the closest 
to the historic analysis and is therefore the best of alternatives. Since none of the angle 
profiles are crossing and all are double, these members do not show eccentricity. 

 

 
Fig. 6. Graphical calculation of member forces of Polonceau truss 

 
However, according to EN 1993-1-8 [8] the stiffness of connecting nodes should be 

assessed, by calculating Sjini a stiffness factor found from : 

                                                                       (1) 

which depends on the spring constant k of the member’s web, flange, of the rivets, the 
distance between rivets and the edge distance. The Sjini must be compared to the relative 
stiffness of the member EI/L and may be different for each type of node. In the majority of 
the nodes, the stiffness does neither comply with the condition of complete stiffness, nor to 
a hinged mode. Hence, the connections are flexible and their stiffness was adapted to 
around 30% of the members.  

 
4.2. Loads 
The loads may also be different from those considered by the original designers. For 

the weight of the roof covering the former references indicate a maximum load of 0.3 
kN/m². Today the claddings and transparent plates represent at least 0.5 kN/m². Combined 
with several purlins and vertical members, the present roof covering, which has been 
modified several times represents at least 1 kN/m², which has been adopted in the analysis. 
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At the time of construction, and even for a long period afterwards, the maximum 
wind pressure equalled 0.9 kN/m² and if all nominal loads were considered simultaneously, 
it was assumed this combination was the ultimate limit state of today. Considering EN 
1991-1-4 [9], the wind pressure for environment class 3, the maximum height of the 
building and all relevant factors, the maximum wind pressure would be 1.3 kN/m² to 
combine with the factor of 0.6. Hence the effective wind pressure equals 0.8 kN/m² 

The effect of temperature was not really considered at the time of the design. 
According to the present code EN 1991-1-5 a temperature change of 32°C with respect to a 
neutral value should be considered.  

The main variable loads considered during the analysis are either wind or thermal 
effect. Obviously, both can take the opposite sign. Wind can be asymmetrical with pression 
on one side of the roof and suction on the opposite side. The thermal effect can be heating 
or cooling. Hence the combinations are limited to 8, the -factors for both being 1.5 and the 
-factors 0.6.   

All of these data confirm that design loads have increased considerably since the 
design was made. Therefore we would not expect the structure to comply with the 
requirements of the code. However, the loads that are being considered in the following 
certainly are realistic. 

 
4.3. Results 

 
Fig. 7. Equivalent stress vertical members 
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In the following, the results of the analysis are presented as equivalent vonmises-
stresses in various sections along the different members of the structure. Whenever 
possible coordinates are used, but for some members.  

Firstly, the resistance of the vertical posts of the central frame is verified. This is 
shown in the graph of Fig. 7. Both for the inner and outside members, wind is the main 
variable load, temperature resulting in lower stress levels. In addition, the equivalent stress 
rises from the base to the frame node and reaches there 195.4 MPa on the outside member 
and 173.8 MPa on the inside, compressed member. In the latter, the stress drops as the 
flange becomes wider and the web has a larger depth. Since this type of reinforcement does 
not appear at the outside member, the stress continues to increase. 

Surely, the asymmetrical number of flanges, shown in Fig. 4 is rather useless. 
Adversely, more reinforcement flange plates might have been provided at the top of the 
outside tension member, seen in Fig. 5. Both maximum values can be compared to fy = 
197.3 MPa and comply with the unity check = 0.99. Surely, this value is really close to 1. 

Equivalent stresses were determined, taking into account a buckling factor, which 
was derived from the fundamental buckling mode shown in Fig. 8. The figure clearly 
shows that the buckling mode of the vertical member is out of plane, due to the presence of 
the diagonal members. This apparently includes a torsional deformation, due to the axial 
load. For the weaker outside member the buckling factor is  = 0.554 and for the inside 
member   = 0.625. 

 

 
Fig. 8. Buckling mode of vertical members 

 
The equivalent stresses in the diagonal members have been determined also and are 

displayed in Fig. 9. All graphs of equivalent stresses will not be shown. The result for the 
diagonal members shows a maximum equivalent stress of 211 MPa, in the diagonal at the 
centre of Fig. 5. This does not satisfy the criterion since the unity check renders 1.071. 
Again this occurs for asymmetrical wind.  

Concerning the upper and lower members of the rafter structure, the results are 
shown in Fig. 9, the structural scheme being added to the picture. Clearly, a high stress 
concentration appears in the same section of both members. This corresponds to the first 
vertical bar of the rafter shown in Fig. 5 exactly at the location where the curved web is 
stopped and the resistance of cross sections decreases drastically. Obviously, the problem 
is of a local nature, since from this point the equivalent stress rapidly decreases to the end 
of the adjacent bars. Nevertheless, a serious lack of resistance appears in this area, both in 
the upper member and the lower chord. The part of axial force in these stresses varies from 
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17 to 64%. Hence, bending is an important part of the stress level. Probably the designers 
were unaware of the existence of such high bending stresses. 

Another problem subsists at the connection of the smaller rafter with the roof 
members. Again stresses up to 377 MPa are found in the compressed member and 219 
MPa in the tension member. There is no additional reinforcement of the cross sections in 
this area. Again, this is a local phenomenon and the stress rapidly decreases towards the 
adjacent parts of the bars. Looking at this connection in Fig. 10 the top roof structure 
seems to be simply connected as a hinge to the rafters. Nevertheless, the vertical reaction 
of the whole top roof structure arrives in this location, since no further connection between 
both parts exists. The vertical bars of the main rafters show identical behaviour with large 
compression or tension, depending on the orientation of wind pressure, in the vicinity of 
the vertical bar supporting the top structure. The diagonal members do not show excessive 
stresses, except for those areas where they are directly connected to heavily loaded vertical 
bars. It is rather unusual that no local reinforcement was provided at the connection of the 
upper truss. The latter would have been expected, even in the structural assumption of 
purely axial force in all members. 

 

 
 

Fig. 9. Equivalent stresses in upper and lower members of main roof truss 
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Similar states are found in the upper- and lower member of the top truss. In a short 
area of the upper member equivalent stress rises up to 251 MPa, whereas in the lower 
member at this section the stress is limited to 205 MPa. Both resultas are due to 
asymmetrical wind pressure and suction. These load concentrations may be due to changes 
that were made to the roof in several phases. 

    
Fig. 10. Connection of top truss to main roof truss 

 
4.4. Modifications of the roof 
 

 
Fig. 10. Photographs taken during construction (top) and early use 



МЕЖДУНАРОДНА НАУЧНА КОНФЕРЕНЦИЯ БАНИ’2019 
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019 

In the present state light penetrates the hall through the central light path included in 
the top truss. Originally, this was the only place allowing daylight to enter the hall. This is 
substantiated by several photographs, taken during construction and from the early years of 
use of the hall (during WW1), shown in Fig. 11. 

When compared to Fig. 2 it becomes clear that the glazed central surface has 
disappeared and that many dormer strips have been added, thus concentrating loads from 
the roof covering and wind in a few nodes of the structure. Although it was assumed that in 
trusses the loads must engage in the nodes, one gets a much more favourable distribution 
of forces if as many nodes as possible are loaded instead of just a few where heavier 
concentrated loads are applied. This is an important reason why such high local stresses are 
found. Obviously, it becomes clear that the modifications were inadequate and with 
insufficient structural insight. 

Today, the structure is in rather satisfactory condition. During the various visits no 
heavy corrosion or degradation has been found. The superficial corrosion does not progress 
rapidly and causes no particular reduction of steel sections. In some locations rivets have 
been replaced by bolts, which is an ineffective method for compressed parts as it 
introduces weakening of compressed sections. However, the number of these cases is 
limited. 

   
5. Conclusion 
The Floralia hall in the Citadel Park in Ghent is an interesting structure, dating back 

to the time when fabricators were just starting to use steel as a construction material. In 
addition, unusual compositions of sections are found. The resistance of certain critical 
nodes is increased by using large web plates in riveted sections and adding flange plates, 
not on both sides in the same panel. The structure does not comply with the relevant 
present codes, since high equivalent stresses appear at several limited areas. One reason for 
this are the structurally inadequate modifications made, to allow penetrating daylight in the 
hall. A second reason may well reside in the fact that the type of analysis, used at the time 
of construction, which was highly ineffective to this type of structure. The stresses exceed 
any acceptable threshold, also in serviceability state and give rise to concern for the future 
use of the structure. Perhaps the fact that the whole building is surrounded by 3 other 
buildings, substantially reduces the wind pressure. 

So far, the lighter version of the frames has been examined. In future, all other 
frames and alternative numerical models will be considered. Other types of modelling may 
well result in more favourable results. However, there is sufficient reason to consider local 
strengthening of particular nodes and corners. Presently, an architectural competition is 
underway to integrate the hall with the surrounding buildings.  
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