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Abstract 

Tensairity is a new light weight structural concept. It is a unique combination of pneumatic structures and cable-strut structures. 

The core principle of a tensairity structure is to use the low pressure air inside the hull element to stabilize the compression 

element from being buckled. The new light weight structure has a variety of applications ranging from wide span roof structures 

to temporary bridges. In this paper, the load displacement response of a spindle shaped tensairity beam made with composite hull 

element is determined for different parameters. 

Keywords: Cable-Strut, Composite, Light Weight, Pneumatic, Tensairity 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

A tensairity structure is a unique combination of a pneumatic structure and a cable-strut structure. A tensairity girder consist of a 

compression element and a tension element which are separated by a hull element made of fabric material. The hull element is 

filled with low pressure air which will stabilize the compression element from being buckled. The load bearing capacity of 

tensairity girder is same as that of a conventional steel girder.  

An important feature of a tensairity structure is its light weight property. This property of tensairity structure makes it possible 

to use as a deployable structure since smooth dismantling of tensairity structures are possible. Another major feature of a 

tensairity structure is its aesthetic appearance. The main applications include the roof structures of parking, stadium, temporary 

bridges, foot bridges, domes etc. 

II. LOAD-DISPLACEMENT CHARACTERITICS OF THE SPINDLE SHAPED TENSAIRITY BEAM 

For modeling the spindle shaped beam, SHELL 281 is used as the hull element and BEAM 189 is used as the chord element. A 

mesh refinement study is conducted by varying the element size to create uniform meshes. The meshed model is simply 

supported at the ends and pressure of 150mbar is applied internally in the form of surface load.To study the load displacement 

behaviour of a spindle shaped Tensairity beam, a central load was introduced at the center of the compression chord of the beam 

as shown in Fig.1. For the analysis, aluminium was taken as the chord element and PVC coated polyester in three layers with an 

orientation 00,450, 00 was used as the hull element. Deflections are obtained for load 0.2KN, 0.4KN, 0.6KN, 0.8KN and 1KN. 

 
Fig. 1: Meshed model of Tensairity beam 

III. RESULTS AND DISCUSSIONS 

The results of analysis conducted are discussed in detail. 
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 Load-Displacement Characteritics for Different Tension and Compression Material 

The load deflection behaviour of the spindle shaped Tensairity beam was done with three different compression and tension 

members.The three different materials used for chord material were aluminium,steel and copper. For the analysis, PVC coated 

polyester in three layers with an orientation 00,450, 00 was used as the hull element and an internal pressure of 150mbar was 

used.The load displacement  response of spindle shaped tensairity beam for different chord materials is shown in Table-1 and 

Fig. 2. 
Table - 1 

Load displacement response for different chord materials. 

Load (kN) 
Displacement (mm) 

Aluminium Steel Copper 

0.2 2.20 1.60 1.88 

0.4 4.49 3.22 3.80 

0.6 6.94 4.88 5.82 

0.8 9.56 6.62 7.94 

1.0 12.40 8.42 10.18 

 

 
Fig. 2: Load-Displacement response graph for different chord materials 

From above the graph, spindle shaped Tensairity beam with aluminium rod shows greater displacement than other two 

materials. Tensairity beam with steel rod shows minimum displacement. So spindle shape Tensairity beam with steel rod will 

produce greater stiffness than aluminium and copper rods. 

 Load-Displacement Characteritics with Different Fabric Materials for Hull Element  

The analysis of spindle shaped Tensairity beam was done with three different hull materials in three layers with an orientation 00, 

450, 00.The three different materials are PVC coated polyester, nylon and polypropylene. For the analysis, Tensairity beam with 

internal pressure of 150mbar  and aluminium  rod was used. The load displacement  response of spindle shaped tensairity beam 

with different fabric materials for hull element is shown in Table-2 and Fig.3. 
Table - 2 

Load displacement  response for different fabric materials 

Load(kN) 
Displacement (mm) 

PVC coated polyester Nylon Polypropylene 

0.2 2.20 2.40 2.56 

0.4 4.49 4.85 5.55 

0.6 6.94 7.46 7.69 

0.8 9.56 10.26 10.94 

1.0 12.40 13.28 14.43 
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Fig. 3: Load-Displacement response graph for different fabric materials 

From the above graph, spindle shaped Tensairity beam with polypropylene fabric shows greater displacement than other two 

material. Tensairity beam with PVC coated polyester shows minimum displacement. So spindle shaped Tensairity beam with 

PVC coated polyester fabric will produce greater stiffness than the other two fabrics. 

 Load-Displacement Characteritics with Different Internal Pressure on Hull Element 

The analysis of spindle shaped Tensairity beam was done with three different pressure on the hull element. The three different 

internal pressures used for the analysis were 100mbar,150mbar and 200mbar. For the analysis of Tensairity beam, aluminium 

was used as the chord element and PVC coated polyester in three layers with an orientation 00, 450, 00 was used as the hull 

element. The dimensions of the chord used were 30mm×20mm and 40mm×25mm at the end. The load displacement  response of 

spindle shaped tensairity beam with different internal pressure on hull element is shown in Table-3 and Fig.4. 
Table – 3 

Load displacement response for different pressure 

Load(kN) 
Displacement (mm) 

100mbar 150mbar 200mbar 

0.2 2.76 2.20 1.76 

0.4 5.65 4.49 3.71 

0.6 8.79 6.94 5.76 

0.8 12.26 9.56 7.93 

1.0 16.14 12.40 10.24 

 

 
Fig. 4: Load-Displacement response graph for different pressure 

From the above graph, Tensairity beam with 200mbar shows minimum displacement. So spindle shaped Tensairity beam with 

higher internal pressure will produce greater stiffness. 
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 Load-Displacement Characteritics with Different Area of Cross Section For Tension and Compression Element  

The analysis of  Tensairity beam was done with three different cross section of tension and compression rod. The three different 

cross sections used for the analysis were 30mm×20mm, 25mm×25mm and 35mm×15mm. For the anlysis, Tensairity beam 

contains tension and compression element of aluminium rod and PVC coated polyester in three layers with an orientation 00, 450, 

00 was used as the hull element. Internal pressure used in the hull element was 150mbar. The load displacement  response of 

spindle shaped tensairity beam with different area of cross section for tension and compression element is shown in Table-4 and 

Fig.5. 
Table - 4 

Load displacement response for different area of cross section chord element 

 

Load(kN) 

Displacement(mm) 

30mm×20mm 25mm×25mm 35mm×15mm 

0.2 2.20 1.95 2.54 

0.4 4.49 3.97 5.31 

0.6 6.94 6.10 8.36 

0.8 9.56 8.34 11.78 

1.0 12.40 10.71 15.66 

 

 
Fig. 5: Load-Displacement response graph with different area of cross section for chord 

From the above graph, spindle shaped Tensairity beam with 35mm×15mm shows greater displacement than other two 

dimensions. Tensairity beam with 25mm×25mm shows minimum displacement. So while designing spindle shaped Tensairity 

beam, the cross section of tension and compression elements should be consider into account. 

IV. CONCLUSIONS 

The important conclusions drawn from the various parametric studies are as follows: 

 Tensairity beam with chord element made of low modulus of elasticity shows greater displacement than the Tensairity 

beam with chord element made of high modulus of elasticity material 

 Tensairity beam with hull element made of low modulus of elasticity fabric material shows greater displacement than the 

Tensairity beam with hull element made of high modulus of elasticity fabric material. 

 Tensairity beam with low internal pressure on hull element shows greater displacement than beam with high internal 

pressure on hull element. So spindle shaped Tensairity beam with higher internal pressure will produce greater stiffness. 

 Area of cross section of chord element is an important factor affecting the defection of the beam. So while designing 

spindle shaped Tensairity beam the area of cross section of tension and compression elements should be considered into 

account. 
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