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Summary: This paper investigates the load bearing behavior of Tensairity arches. The main 
goal of the research is to get a basic understanding of Tensairity arches and their feasibility. It
analyzes the influence of the width/height ratio and the shape of the arch. Four different test 
models were constructed and experimentally tested. The experiments were conducted on 2m 
span scale models supported on two hinges and were symmetrically loaded. The arches have a
constant cross section throughout their entire length and have a strut attached to the bottom 
and top of the airbeam. The experiments were performed with an internal pressure in the 
airbeam of 200 mbar and no cables were used.

1 INTRODUCTION
The use of inflatable structures for temporary constructions is worldwide known. They give a 
large advantage in terms of weight, transport/storage volume and set-up which can’t be 
offered by other conventional structures. Pneumatic structures are exceptionally light and easy 
to set-up. By simply inflating a closed membrane, a structure with a load bearing capacity can 
be attained. Still, this load bearing capacity is very limited. A further enhancement of these 
structures is possible by adding cables and slender struts to the pneumatic components. This 
new structural concept is called “Tensairity”.
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1.1 Tensairity structures
Tensairity is the synergetic combination of a pneumatic structure and a Tensegrity structure 
(cable-strut structure). By attaching slender struts and cables to the pneumatic components, a
structure with a larger stiffness can be attained. A classic Tensairity beam consists of a 
slender strut which is attached to the upper side of a pneumatic airbeam under low pressure, in 
the range of 100-300mbar. Cables are then fixed at the end sides of the slender strut and 
wrapped around the airbeam. This combination brings forth a lightweight structure which has 
a comparable load bearing behavior as a traditional truss system (Figure 1).
To guarantee a proper working of Tensairity, the slender strut needs to be firmly fixed to the 
pneumatic airbeam. This way, the pneumatic airbeam will act as a sort of elastic foundation 
for the slender strut and thus stabilizes it against buckling1.

Figure 1: Tensairity beam1

1.2 Tensairity arches
In the domain of transportable lightweight structures, the concept of Tensairity can certainly 
find his applications. The main advantages of Tensairity, such as its lightweight, small 
transport/storage volume and easy set-up by simply inflating the structure, makes Tensairity a 
feasible solution for transportable structures. However, most recent projects realized with the 
Tensairity concept are permanent constructions. Good examples are the parking garage in 
Montreux and the ski bridge in Lanslevillard (Figure 2). In both these projects Tensairity 
beams are applied2.

Figure 2: Parking garage Montreux (right) and Skibridge in Lanslevillard (Left)2
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Where the Tensairity beams usually find their application in roofs and bridges, Tensairity 
arches can find theirs in easy space coverage for a wide range of applications. The arch spans 
a width which can directly be used as covered space. In the case of tensioned textile 
structures, the curve of the arch makes the membrane spanned between two arches anti-clastic 
pretensioned which has an advantage on the load bearing capacity of the membrane. 
However, the knowledge about Tensairity arches is still limited3. Parameters such as the width 
to height ratio, the shape of the arch (circular, parabolic,…), the inner pressure of the airbeam, 
the number of struts, the section of the Tensairity beam, the use of an inner web, etc has an 
influence on the structural behavior of the Tensairity arch and needs to be investigated (Figure 
3). In this paper, the width to height ratio and the shape of the arch are taken into account in 
the analysis. Four different models are made, each different in one of the two parameters, and 
experimentally tested. 

Figure 3: Tensairity arch

2 EXPERIMENTAL INVESTIGATION

2.1 Models
2m scale models were tested. Each arch has a section of 10 cm diameter and an inner pressure 
of 200mbar. At the upper and lower side of the airbeam two slender flexible aluminum struts 
were attached. Each strut had a section of 25mm*2mm. The tested models were made out of 
two different layers of membrane. For the inner membrane, an airtight PU foil was used and 
welded together, with the purpose to keep the structure airtight. The purpose of the outer 
membrane on the other hand is to take the tension in the membrane and is constructed out of a 
technical fabric (polyester fibres with a PU coating). The different parts from the cutting 
pattern were stitched together to create a closed membrane. Also two pockets were provided, 
one at the upper and lower side of the airbeam to accommodate the struts (Figure 4).
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Figure 4: Inner and outer membrane (right) and section of the Tensairity arch (left)

Four different models were tested each different in either the shape of the arch or the 
width/height ratio (Table 1).

shape L/H

Model 1: Circle 1,5

Model 2: Parabolic 1,5

Model 3: Circle 3

Model 4: Parabolic 3

Table 1: Testmodels

2.2 Testrig
The testrig is dimensioned for arches with a 2m span where the arch is hinged to the supports. 
There has been chosen to work with an approximation for the loading of the models. The span
of the arch (2m) is divided into eight equal segments. The uniform load on these segments is 
simulated by point loads so that there are 7 load points in total.
The point loads are constructed as follows. A horizontal beam is attached to the upper strut of 
the arch. This way the load can be applied to the arch without touching the membrane (Figure 
5).
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Figure 5: Horizontal beams point load

By means of chains small platforms are linked to the separate horizontal beams. On this 
platform, different weight elements can be placed, which simulates the uniform load on the 
arch. Chains have been used because these have a minimal elongation under loading.
The deformation of the total arch is registered at the seven loading points, by means of an 
analog displacement gauge. The device can register a deformation up to 4cm (Figure 6).

Figure 6: Loading of the arch (left) and measurement of the deformation (right)

The arch is hinged to the supports. These hinges can only rotate in the plane of the arch. The 
upper and lower struts of the Tensairity arch are fixed to these hinges. However, the end of 
the airbeam can’t be too far from the hinge. Otherwise, the small section of the strut - which is 
situated between the hinge and the airbeam - will buckle (Figure 7).
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Figure 7: Hinged support (left) and hinge connected to Tensairity arch (right)

The inner pressure in the airbeam is controlled by a water column, where 200mbar is the same 
as 204cm difference between the two water surfaces in the bended tube.  By connecting one 
side of the bended tube to the airbeam and the other side open to the atmospheric pressure, the 
difference in pressure can be checked. The flow of air into the airbeam and thus the inner 
pressure is controlled by a pressure gauge (Figure 8).

Figure 8: Water column (left) and pressure gauge (right)

Various approximations need to be taken into account when using the mentioned testrig. By 
manually applying the different weight elements to 7 different points, the arch will be 
asymmetrically loaded for a short period of time. This can have an influence on the buckling 
behavior of the arch. Secondly, the deformation is read from an analog displacement gauge
and manually noted, which increases the risk of accuracy errors. And lastly, only the vertical 
deformations can be measured in this method, which decreases the understanding of the 
overall deformation behavior of the arch.
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2.3 Testing	and	results

2.3.1 Model	1
The first model is a circular arch with a width/length ratio of 1.5. This model has been 
symmetrical loaded with a maximum load of 80 N/m. The vertical relative displacements are 
plotted in Table 2. The first loading of 64 N/m is the force that results from the weight of the 
horizontal beam, the chains and the platform. 

Loading of the arch 
(N/m)

Loading 
point 1

Loading 
point 2

Loading 
point 3

Loading 
point 4

Loading 
point 5

Loading 
point 6

Loading 
point 7

64 0,00 0,00 0,00 0,00 0,00 0,00 0,00
72 0,40 0,82 1,01 1,18 1,25 0,99 0,35
76 0,51 1,68 2,06 2,36 2,59 2,05 0,81
80 0,42 2,28 2,75 3,04 3,11 2,93 1,17

Table 2: Deformation of model 1symmetrical loaded in %

Figure 9: Global deformation of model 1 under symmetrical loading

After applying a load of 80 N/m the displacement of the arch keeps slowly increasing. There 
can thus be concluded that the arch had lost his stability and was slowly moving to his 
buckled state. 

Figure 10: Deformation of model 1 under symmetrical loading
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The picture illustrates very clearly how the arch will buckle (Figure 10). The middle of the 
arch is moving inwards while the left and right sides are moving outwards. This until either 
the left or right side buckles. This could not been seen on the data that was extracted from the 
vertical displacements in the seven points, where only a downward movement can be seen
with a slight difference between the left and right side of the arch (Figure 9).
There can be concluded that Tensairity arches with a circular shape and a width/length ratio of 
1.5 isn’t suitable for a uniform loading. The model could only withstand a load of 80 N/m. 

2.3.2 Model	2
The second model is a parabolic arch with a width/length ratio of 1.5. This model has been 
symmetrical loaded with a maximum load of 204 N/m. The vertical relative displacements are 
plotted in Table 3.

Loading of the arch 
(N/m)

Loading 
point 1

Loading 
point 2

Loading 
point 3

Loading 
point 4

Loading 
point 5

Loading 
point 6

Loading 
point 7

64 0,00 0,00 0,00 0,00 0,00 0,00 0,00
84 0,11 0,15 0,04 0,07 0,08 0,12 0,08

104 0,13 0,15 0,05 0,10 0,12 0,14 0,15
124 0,18 0,14 0,02 0,13 0,15 0,17 0,21
144 0,18 0,10 0,06 0,18 0,20 0,26 0,33
164 0,16 0,05 0,07 0,24 0,27 0,32 0,39
184 0,09 -0,02 0,09 0,32 0,36 0,41 0,47
204 -0,05 -0,12 0,09 0,43 0,49 0,54 0,61

Table 3: Deformation of model 2 symmetrical loaded in %

Figure 11: Global deformation of model 2 under symmetrical loading

After applying a load of 224 N/m the arch buckles outwards at the left side (Figure 12). This 
is also visible in Figure 11, where the left side is moving upwards. When analyzing the data in 
Tabel 3, we see that the arch is slowly moving downwards in all seven points. After a load of 
124 N/m the arch is slightly moving upwards at its left side, which means that the arch 
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deforms into an asymmetrical shape and will be loaded as such until it buckles. This 
deformation can be a cause of numerous reasons. First, the Tensairity arch is manufactured by 
hand, thus small differences can occur between the two sides of the arch. There is also the 
loading manner of the test rig. By manually applying loads to the model, the arch will be
asymmetrical loaded for a short time. 

Figure 12: Deformation of model 2 under symmetrical loading

2.3.3 Model	3
The third model is a circular arch with a width/length ratio of 3. This model has been 
symmetrical loaded with a maximum load of 144 N/m. The vertical relative displacements are 
plotted in Table 4.

Loading of the arch 
(N/m)

Loading 
point 1

Loading 
point 2

Loading 
point 3

Loading 
point 4

Loading 
point 5

Loading 
point 6

Loading 
point 7

64 0 0 0 0 0 0 0
84 0,15 0,28 0,13 0,26 0,15 0,33 0,23

104 0,39 0,43 0,29 0,44 0,33 0,43 0,29
124 0,50 0,54 0,45 0,63 0,45 0,44 0,28
144 0,55 0,70 0,69 0,96 0,68 0,43 0,02

Table 4: Deformation of model 3 symmetrical loaded in %

Figure 13: Global deformation of model 3 under symmetrical loading
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The arch reaches his maximum deformation at a load of 144 N/m. After this point the arch 
becomes unstable and slowly moves to a buckled state. Figure 14 illustrates that the arch has a 
horizontal translation to the right side, which isn’t visible in Figure 13. There can be assumed 
that the arch will buckle at either the left (inwards) or right side (outwards). 

Figure 14: Deformation of model 3 under symmetrical loading

2.3.4 Model	4
The fourth model is a parabolic arch with a width/length ratio of 3. This model has been 
symmetrical loaded with a maximum load of 344 N/m. The vertical relative displacements are 
plotted in Table 5.

Loading of the 
arch (N/m)

Loading 
point 1

Loading 
point 2

Loading 
point 3

Loading 
point 4

Loading 
point 5

Loading 
point 6

Loading 
point 7

64 0,00 0,00 0,00 0,00 0,00 0,00 0,00
84 0,02 0,18 0,15 0,41 0,12 0,56 0,29

104 0,28 0,25 0,25 0,49 0,08 0,56 0,43
124 0,38 0,32 0,30 0,41 0,08 0,58 0,47
144 0,40 0,38 0,38 0,71 0,14 0,62 0,56
164 0,44 0,43 0,43 0,79 0,18 0,64 0,63
184 0,48 0,50 0,51 0,90 0,21 0,68 0,77
204 0,53 0,55 0,57 0,96 0,25 0,68 0,80
224 0,47 0,64 0,76 1,06 0,32 0,60 0,70
244 0,48 0,69 0,82 1,14 0,36 0,61 0,76
264 0,55 0,76 0,89 1,24 0,40 0,56 0,71
284 0,57 1,03 0,98 1,31 0,43 0,54 0,75
304 0,40 0,97 1,12 1,62 0,56 0,41 0,61
324 0,38 1,05 1,40 1,73 0,60 0,37 0,64
344 0,28 1,15 1,70 1,98 0,69 0,29 0,60

Table 5: Deformation of model 4 symmetrical loaded in %
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Figure 15: Global deformation of model 4 under symmetrical loading

This model can clearly withstand more loads than the previous models. The arch moves 
uniformly downward until a loading of 244 N/m has been reached. The right side moves 
hereafter upwards while the left side continues moving downwards. Thus the arch has reached 
his instability point. This movement will continue until either the left or right side buckles. 
The same behavior of the arch is also visible in Figure 16.

Figure 16: Deformation of model 4 under symmetrical loading

2.3.5 Results
Table 6 gives the maximum loads applied to the different models with their respective 
maximal deformation.

Maximum load (N/m) Maximum deformation (mm) Loading point of max deformation
Model 1 80 40.54 Point 4
Model 2 204 6.14 Point 5
Model 3 144 6.38 Point 4
Model 4 344 13.18 Point 4

Table 6: Maximal deformation and loading

There can be concluded that parabolic shaped arches have a better load bearing behavior 
under symmetrical uniform loads. This is the same for traditional arched structures. However,
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the parabolic arch is still very sensitive to asymmetrical differences. There can be assumed 
that the buckling behavior of a Tensairity arch is dependent differences between the left and 
right side of the arch. 
Model 4 (parabolic shape with a width/height ratio of 3) has the best load bearing behavior 
under a symmetrical uniform load. This is the same with conventional arched structures.
Still, the overall maximum loads applied to the models are relatively low. This can be 
explained by the use of flexible slender struts of only 25*2mm section, which influences the 
stiffness of the Tensairity arch.  These flexible straight struts have been used to easily position 
them in the parabolic or circular shape. Otherwise, the straight struts need to be plastically 
deformed to position them, which is very time consuming and expensive. The struts will 
simply get their desired form by fixing them to the airbeam. In future research the difference 
between a stiffer bended strut needs to be compared with a flexible strut. 
The deformations given in Tabel 6 are only the deformations on the Y-axis. However, the 
experimental test prove that the global deformation and thus also the deformation on the X-
axis is important (see Model 1 and 3). In the future, other methods must be considered to 
measure the global deformation of the Tensairity arch. A feasible method could be Digital 
Image Correlation. 

3 CONCLUSIONS
A structure in the domain of transportable structures is needed which has the following 
advantages: it needs to be as light as possible, an easy straightforward set-up is advised and 
the structure must have a compact storage/transport volume. These advantages are all met by 
the Tensairity principle. However, the knowledge about Tensairity is still limited.
In this paper, Tensairity arches were investigated. Four different models, each different in 
either the shape of the arch or the width/length ratio, were experimentally tested. Through 
these tests, the load bearing behaviour of the different arches were investigated. 
This paper shows that a parabolic shaped Tensairity arch is the best solution for a symmetrical 
uniform load. However, these types of arches are sensitive to asymmetrical differences. When 
the results are compared to traditional arched structures the same conclusions can be made. 
From the four models, the parabolic arch with a width/length ratio of 3 was the stiffest one. 
Further research will compare the results described in this paper with numerical models. Also 
another measurement tool for the displacement of the arch is advisable, one that also measures 
the displacement in the horizontal direction, for example Digital Image Correlation. In further 
research larger test models will be made to decrease the effect of accuracy errors.
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