
  

 

Abstract— Non Destructive Testing (NDT) at Flowtite 

Technology is seen as a major continuous improvement area for 

increasing the efficiency of both the manufacturing of Flowtite 

Glass Reinforced Pipes (GRP) and its inherent quality control 

process. Three different NDT techniques have retained our 

attention in the last years: Acoustic Emission, microwaveNDT 

and X-Ray Tomography. 

Flowtite Technology is engaged in a continuous improvement 

process for its pipe production. The development of dedicated 

NDT techniques will enable the increase of the efficiency of the 

pipe production delivering even more optimized products 

particularly in term of long term properties. 
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I. INTRODUCTION 

 

This paper summarizes the feasibility study performed on 

Flowtite GRP products for three different NDT techniques: 

 Acoustic Emission 

 microwaveNDT 

 X-Ray Tomography 

The two first techniques aimed at improving the quality 

control procedure of Flowtite products while X-Ray 

Tomography is intended to be used to better understand the 

long term properties of the material to extend its capabilities 

at a lower cost of production. 

II. ACOUSTIC EMISSION 

 

Acoustic emission has been evaluated since 2007 to help 

discriminating pipes that would not reach the expected long 

term properties based on acoustic pattern recognition 

methods.  

A feasibility study has been performed with the company 

ACRG which main goal was to assess if acoustic emission can 

discriminate between signatures produced when pipes (with 

different long term properties) are pressurised with water. 

 

A. Test Method 

 

Two acoustic sensors were mounted, one on the outside - 

directly onto the pipe (see Figure 1), and one on the metal 

frame inside. 

 
 

 

 
Figure 1. Mounting of an accelerometer on a pipe 

 

Figure 2 shows the data flow from the physical phenomena 

occurring while pressure testing the pipe and the final analysis 

between the whole set of acoustic data. 

 

 
Figure 2. Data flow during an acoustic emission test 

 

B. Results 

 

Two different types of pipes with different long term 

properties were tested. It was decided to test two samples per 

pipe configuration. 

 

Figure 3 shows the results obtained by Principal Component 

Analysis (PCA) on the four different pipes acoustic signature 

during pressure testing. 
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Figure 3. Results of the acoustic emission PCA on 4 

different pipes 

 

The pipes represented in green and orange were of the same 

configuration (the ones in blue and purple are from the second 

configuration). 

 

The results show a very good repeatability of the tests 

among the same pipe configuration. It is also very clear that 

the technique is able to discriminate efficiently these two 

different categories of pipe with different long term 

properties. 

III. MICROWAVENDT 

 

. A Feasibility study on microwaveNDT has been 

performed at FI Test- und Messtechnik GmbH by Prof. 

Johann Hinken [1]. 

A first test was performed to make sure that the microwave 

attenuation across a GRP pipe wall is small enough to allow 

for a reliable measurement of its dielectric permittivity.  

 

This test corresponds to the observation of the back surface 

echo in ultrasonic testing.  

As a second phase in the study, artificial defects are to be 

inserted into the samples and recognised by microwave 

testing. 

 

A. Test Method 

 

The test method is based on the measurement of 

microwaves, which are radiated by an antenna into the sample, 

reflected, and received by the same antenna. A network 

analyzer generates the microwave with a frequency of 24 GHz 

and measures the reflected signal. These measurements lead 

to two measured values, which are 90 degree shifted in phase. 

They are called real part and imaginary part. The sample 

surfaces are scanned like a grid. For the display of the scan the 

projection angle was tuned such that the indication showed as 

distinct as possible. This projection angle is in the plane 

which is made up by the real part and the imaginary part of the 

reflection coefficient. For the measurements described below 

an open waveguide was used as an antenna. 

 

B. Measurements 

 

At first a bended plate was investigated, see Figure 4. To 

ensure that the complete thickness of the plate can be tested, 

on the back side (concave side) a small metal plate of size 

10mm x 5 mm was placed. Then the sample was tested from 

the front side (convex side).  

 

 
Figure 4. Sample of pipe wall (200x200x10mm) 

 

 

Figure 5 shows the result as a pseudo colour image of the 

scanned surface. The red zone represents the metal plate. 

Therefore it is confirmed that the sample can be tested 

throughout the complete thickness. 

 

 
Figure 5. Microwave scan of the bended GFRP plate with 

a small metal plate on the back side. 

 

 



  

Now, three shallow milling grooves were inserted on the 

back side, each 12 mm wide and with depths of 0.5 mm, 1.0 

mm, and 2.1 mm, respectively. The latter completely 

penetrates the GRP liner.  

 

Figure 6 shows the microwave scan. All three defects can 

be recognized as the white zones. Their values are above a 

threshold which was set manually. 

 

 

 
Figure 6. Front-side microwave scan of the GRP sample 

with shallow milling grooves on the back side. 

 

 

 

It is nevertheless important to mention the high level of 

uncertainties in the measurement in the surface mainly caused 

by the inhomogeneity of the pipe wall external surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. X-RAY TOMOGRAPHY 

A feasibility study has been performed project in close 

collaboration with the research team COHMAS of King 

Abdullah University of Science and Technology (KAUST) 

and Prof. Gilles Lubineau to evaluate the ability of modern 

X-Ray Computed Tomography (CT) to help improve the 

understanding of complex ageing processes of GRP pipes.  

A. Test Method 

A dedicated sample of GRP pipe wall has been cut in order to 

fit in the Tomograph that provides the ability to load the 

sample. 

As shown in Figure 7, the X-Ray Tomograph allows for an 

inner view of the material exhibiting the different material 

density with a different color code. 

It is then possible to easily recognize the different patterns of 

the pipe wall build-up as well as some defects. 

 

 

 

 
Figure 7 Inner sliced view of a GRP pipe wall 



  

B. Way Forward 

 

One on-going project with KAUST deals with the 

identification of common structural micro defects leading to a 

local loss in long term properties. 

V. CONCLUSIONS 

 

Concerning Acoustic Emission, one on-going project takes 

care of the build-up of a library of acoustic signature for 

reference pipes. This library will enable a quick and 

straightforward comparison of new pipes and then gives an 

evaluation of its long term performance with respect to the 

reference.  

The microwave NDT technique seems promising for the 

control of GRP pipes (in particular for the detection of 

possible delamination and porosity). It is nevertheless not 

mature enough with respect to NDT Techniques such as 

Thermography that should be investigated in the future. 

With respect to X-Ray Thermography, it is seen as a very 

interesting method to improve the understanding of the 

material ageing mechanisms. An on-going project in 

collaboration with KAUST is taking care of the influence of 

external environmental conditions on the outer-skin long term 

properties   
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Figure 2. Data flow during an acoustic emission test 
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