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FEA case Study: Rubber expansion joint for piping systems 
 

 

 

Introduction 
The FEA Toolbox of Taniq makes it possible to simulate the behavior of a pipe expansion joint 

accurately under several load cases. Prediction of burst pressure, trust-force, stiffness response and 

radial expansion are possible. In this case study these parameters will be investigated at different 

pressure levels for a given expansion joint design.  

A pipe expansion joint is typically designed to accommodate movement and absorb vibrations within 

a piping system. Pipe expansion joints must be strong enough to withstand the working pressure within 

a piping system, flexible enough to accommodate movements and tough enough to endure cyclic 

movement. Prior to manufacturing a new expansion joint design, finite element analysis can be used 

to:  

 determine the burst pressure 

 predict the stiffness response 

 predict the failure location after cyclic loading 

In this case study we will analyze the following topics: 

1. Design 

2. Burst pressure 

3. Axial stiffness 

4. Lateral stiffness 

5. Stiffness in torsion 

6. Stiffness in bending 

7. Cyclic loading 

8. Sealing 

 

1. Design 
The expansion joint in this case study has been designed using the in-house design software of Taniq. 

Using the Taniq FEA toolbox the design can easily be exported to Abaqus CAE, where the finite element 

model can be completed. In figure 1 the completed expansion joint model in Abaqus CAE is shown. 

The expansion joint is shown together with the flanges of the rotating flange type, which clamp both 
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ends of the expansion joint. Pressure is applied on the inside of the expansion joint. To simulate the 

behavior of an expansion joint installed in a piping system, no pressure is applied on the flanges 

themselves. 

 

Figure 1: Visual of the pipe expansion joint model in Abaqus CAE made with the Taniq FEA Toolbox 

The expansion joint under consideration has an inner diameter (ID) of 100mm, and is made of natural 

rubber with a nylon fiber reinforcement. The failure strain of the nylon is taken at 21%. At an internal 

pressure of 15 bar and restricted displacement, the fiber reinforcement in the expansion joint only is 

strained up to 7%, as can be seen in figure 2. 

2. Burst pressure 
The FEA simulation can be used to determine the relationship between fiber strain and internal 

pressure, which can be used to determine the burst pressure of the expansion joint. This is shown in 

figure 3. Note that the relationship between strain and pressure is not linear, as the diameter of the 

expansion joint increases with increasing pressure.  The burst pressure of the restricted expansion joint 

is predicted to be at 30.5 bar. In a similar fashion the burst pressure of the expansion joint can be 

determined when its movement is not restricted in axial direction. The burst pressure than is 

predicated to be 29.9 bar. This shows that restricting the axial movement of the expansion joint 

influences it maximum pressure positively. Other load cases will influence the burst pressure as well, 

but this will not be considered in this case study.  

 

 

Figure 2: Strain of the fiber reinforcement at 15 bar pressure.  
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Figure 3: Fiber strain as function of pressure. 

 

3. Axial stiffness 
The stiffness response of the expansion joint was modeled at 0, 5, 10 and 15 bar pressure. At each of 

these pressures the stiffness response of the expansion joint was evaluated for: 

 axial extension 

 axial compression 

 lateral movement 

 torsion 

 bending 

The resulting force-displacement diagram for axial loading is given in figure 4 from which a number of 

things can be seen. First of all, the stiffness of the expansion joint is different in tension than in 

compression. This is most noticeable for the uninflated expansion joint which is stiffer in tension than 

in compression. A likely explanation it the geometry of the expansion joint. Second, the stiffness of the 

expansion joint increases as the pressure with which the expansion joint is loaded is increased. Further, 

it can be seen that the reaction force for zero displacement is not equal to zero. This is due to the so-

called trust-force of the expansion joint. When the expansion joint is restricted in its movement, it will 

exert a reaction force on the piping system. The unrestricted expansion joint will shorten under a load 

of 5, 10 or 15 bar, see figure 5. The restricted expansion joint will therefore exert a tensile force of the 

flanges of the piping system. The trust forces and the tensile and compressive stiffness for the 

expansion joint are given in table 1. 

 

 

Strain failure  

unrestricted 

Strain failure  

restricted 
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Figure 4: Force-displacement diagram in axial direction (tension and compression) 

 

 
 

Figure 5: Shortening of the unrestricted expansion joint 

 

Pressure 
[bar] 

Trust 
force 
[N] 

Compressive 
stiffness 
[N/mm] 

Tensile 
stiffness 
[N/mm] 

Lateral 
stiffness 
[N/mm] 

Torsion 
stiffness 

[Nm/deg] 

Bending 
stiffness 

[Nm/deg] 

0 0 6.4685 21.6732 24.1583 65.6745 0.5887 

5 651.0 116.0202 93.2730 34.7736 68.4014 2.5774 

10 959.6 136.7757 143.447 25.8837 68.3556 3.9159 

15 1055.4 173.5025 149.713 18.2698 67.9752 5.0998 

Table 1: Trust force and compressive and tensile stiffness at different pressure values 

restricted 

unrestricted 

shortening 
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4. Lateral stiffness 
Next to axial movement, the expansion joint will also be subjected to lateral movement. The force-

displacement diagram for lateral movement is given in figure 6. The stiffness response in lateral 

direction is linear and clearly depends on the pressure loading of the expansion joint. The 

unpressurized expansion joint becomes softer for larger displacements, as the bellow slowly buckles. 

Adding pressure prevents the buckling of the bellow and makes the expansion joint more stiff. 

However, as the pressure is increased the stiffness drops again. This is explained by the fact that at 

higher pressure less rubber within the bellow is deformed by the lateral deflection. The expansion joint 

now hinges at both ends of the bellow, meaning that mainly the rubber in this region is deformed due 

to the lateral deflection. This is also shown in figure 7. 

 

Figure 6: Force-displacement diagram in lateral direction 

 

 

Figure 7: Expansion joint hinging at the ends of the bellow as the pressure in the joint is increased 

 

5. Stiffness in torsion 
Apart from axial and lateral displacement the expansion joint may experience axial rotation. The 

response to axial rotation is plotted in figure 8. It can be seen that the stiffness in torsion is insensitive 

to the internal pressure of the expansion joint. Only for the unpressurized case buckling can be 

witnessed beyond 2 degrees torsion, see figure 9. Pressurizing the expansion joint will take away the 

buckling mode. 

0 bar 5 bar 10 bar 15 bar 
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Figure 8: Moment-rotation diagram for loading in torsion 

 

 

Figure 9: Torsion buckling of the unpressurized expansion joint 

 

6. Stiffness in bending 
The last loading condition considered is bending. The stiffness response for this loading condition is 

given in figure 10. Without pressure the expansion joint provides very little resistance against the 

bending moment. By increasing the pressure the stiffness of the expansion joint can be increased. 

However, due to the geometry of the expansion joint the stiffness in bending remains relatively small 

compared to the stiffness in torsion. 

Torsion 

buckling 
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Figure 10: Moment-rotation diagram for loading in bending 

 

7. Cyclic loading 
It is assumed that the expansion joint will be exposed to a cyclic loading in lateral direction at 10 bar 

internal pressure. Evaluating the fiber strain of the expansion joint for maximal displacement under 

this loading reveals a region of maximum and minimum strain, see figures 11a and b. At locations 

where the fibers experience negative strain damage may occur, weakening the expansion joint locally. 

Also cracks may form at regions with high strain. It is concluded that the transition from the bellow to 

the cylindrical part is prone to damage as a result of cyclic loading in lateral direction. 

 

 

 

 Figure 11a: fiber strain at maximum lateral displacement with 10 bar internal pressure 

  

positive strain 
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Figure 11b: fiber strain at maximum lateral displacement with 10 bar internal pressure 

 

8. Sealing 
The sealing performance of the expansion joint can also be evaluated under the different loading 

conditions. In figure 12 the example is given for the expansion joint undergoing a lateral deflection of 

30mm while being loaded at 15 bar pressure. The model accounts for the internal pressure getting in 

between the expansion joint and the metal flange, pushing them apart. The simulation predicts that 

the chosen amount of tightening of the flanges is sufficient to seal the expansion joint under the given 

loading condition. 

 

Figure 12: Sealing of the expansion joint at 30mm lateral displacement and 30 bar internal pressure 

 

Summary 
In summary, in this case study it has been shown that the Taniq FEA toolbox can be used to analyze a 

pipe expansion joint using Abaqus CAE. The burst pressure of the expansion joint could be determined 

and the stiffness response of the expansion joint under several loading conditions could be evaluated. 

Pressure pushing the 

rubber and the metal 

flange apart 

negative strain 
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Also the locations could be identified where damage is most likely to occur due to cyclic loading. This 

information forms the ideal starting point to optimize the design of a pipe expansion joint for a specific 

application. This will be treated in a separate case-study as well. 
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