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 FEA case Study: Pipe-Plug 
TANIQ’s FEA Toolbox enables the simulation of pipe-plug performance in different situations and 

accurate prediction of expansion ratio, attaching pressure and maximum back-pressure, during the 

design phase. For example, this FEA Toolbox can simulate how much Back-Pressure the pipe-plug can 

withstand at different working pressures and pipe diameters before it will be pushed out.  

 

 

Figure 1:  Visual of pipe-plug simulation made with TANIQ’s FEA Toolbox running in Abaqus 

Inflatable pipe-plugs are used to close off pipes and block the flow. The pipe-plug is designed to radially 

expand against the pipe wall when pressurized. The build-up of water flow in the pipe will exert a force 

(Back-Pressure) on the backside of the pipe-plug. If the Back Pressure of the water flow exceeds the 

Friction Force between the pipe-plug and the pipe wall, the pipe-plug will be pushed out, which could 

lead to serious accidents. To further optimize the pipe-plug design, TANIQ has simulated the behavior of 

the pipe-plug during inflation in a pipe. An in house-developed FEA Toolbox has been used to export 

TANIQ’s designs to the commercial FEA package Abaqus . Using Abaqus different load cases have been 

simulated.  

Simulation of an 600/1500 Pipe-Plug 

For this simulation TANIQ has used the design of a 600/1500 pipe-plug.  The designed burst pressure of 

this pipe-plug is 6 bar. The pipe-plug is inserted into a pipe with internal diameter of 1500mm, and 

inflated up to working pressure of 2 bars. Next, the Back-Pressure is increased until it pushes the pipe-

plug out. We have exported some interesting values (Contact Force, Back-Pressure and Back-Pressure 

Force) from the FEA simulation and plotted these in the graph below. 

http://www.taniq.com//design-software-and-fea/fea.php
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Chart definitions 

Internal Pressure: pressure in the pipe-plug with a maximum working pressure of 2 bars. 

P_attach: pressure in the pipe-plug at which sealing is obtained between pipe-plug and pipe-wall 

Friction Force: The contact force between the pipe-plug and the pipe wall. The Friction Force is determined by the Internal 

Pressure in the pipe-plug, the contact surface area between the pipe-plug and pipe-wall + friction between rubber plug and pipe 

material. For this case study we used a friction coefficient of 0.7 representing friction between rubber and metal.  

Back-Pressure: pressure on the backside of the pipe-plug caused by the build-up of water flow 

Back-Pressure Force: The force exerted by the Back-Pressure on the pipe-plug. The Back-Pressure Force is determined by the 

Back-Pressure multiplied by the cross-sectional area of the pipe.  

 

Figure 2: Graph showing the pipe-plug performance during inflation in a pipe with increasing Back-

Pressure. 

The orange line in the graph visualizes an increasing Back-Pressure Force. The increase of Back-Pressure 

on the backside of the plug deforms the plug and reduces the contact area with the pipe wall, which 
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results in a decreasing the Friction Force (blue line). At the point where the Friction Force becomes lower 

than the Back-Pressure Force the pipe-plug will be pushed out.   

The video on the TANIQ website shows a simulation of the fiber stress during the pipe-plug inflation 

cycle. From this view you can clearly see the deformation of the pipe-plug and the decreasing contact 

area, as a result of the increased Back-Pressure.  

Design in software = model in FEA = actual product 

Prediction by FEA modelling is only reliable if your model actually represents the real product. With 

conventional hand-built pipe-plugs each pipe-plug is different due to the manual wrapping process, the 

use of fabric sheets and having different workers building them.  

TANIQ has developed a new method to design and manufacture pipe-plugs which provides product 

consistency and reliability. The new method comprises the mathematical calculation of the 

reinforcement structure and accurately winding the reinforcement cords using an industrial robot. The 

result is a continuously wound reinforcement structure and integrally overwound flanges. The accurate 

robotic winding ensures that the product is always consistent with the design. This exact design is 

imported into the FEA Toolbox, therefore exactly representing the actual pipe-plug.  

 

FEA Toolbox validation 

An FEA model is a representation of reality and the calculations and assumptions used to develop the 

model must be validated to determine its quality. Therefore, TANIQ has compared their FEA results for 

the pipe-plug with actual pipe-plug test data. The first results are very promising and TANIQ will continue 

with further validation through 2015.  

 

 

Figure 3: TANIQ’s FEA Toolbox for pipe-plugs is optimized and validated by real-life pipe-plug testing 

 

http://www.taniq.com//design-software-and-fea/fea.php

