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Abstract 

Nonmetallic components, particularly including: pipe, vessels, expansion joints, are used in many 
petroleum extraction and processing applications. Fiber reinforced resin composite, polyethylene, and 
reinforced rubber components present unique challenges for nondestructive examination (NDT). 
These challenges include complexity of the material, mechanical energy propagation properties of the 
material and characteristics of critical defects. Microwave NDT uniquely addresses these challenges. 
Recent projects with Borouge in United Arab Emirates, DuPont, Bayer Entergy and Exelon in the 
United States, Shell in Singapore, clients in Finland, Canada and the United Kingdom, among others, 
demonstrate practical application of the microwave NDT method to inspection of fiber reinforced 
plastic vessels and pipe for thickness measurement, laminar and planar defects; defective joining of 
high density polyethylene (cold fusion joints) and degradation of reinforced rubber expansion joints. 
This work provides useful examples of the technological solution to persistent inspection and 
condition monitoring challenges.  

This presentation will include examples of field applications in the several specific applications, 
including: thickness measurement in glass reinforced plastic pipe and vessels; detection of 
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delaminations and other defects in glass reinforced plastic pipe and vessels; detection of cold fusion 
joints in thermally fused high density polyethylene pipe joints; and detection of erosion and water 
intrusion in reinforced rubber expansion joints. The authors will address actual field experience, and 
project results.  

 

Key Words:Non-destructive testing (NDT), Microwave Scanning, Conventional ultrasonic testing (UT), 

High Density polyethylene (HDPE), Glass reinforced epoxy resin (GRE), Fiber reinforced plastic (FRP)  

 

1. INTRODUCTION 
Non-metallic components have been and are increasing to be a significant part of the overall 
energy and process industry infrastructure. Among these are: fiber reinforced plastic (FRP) or 
glass reinforced epoxy resin (GRE) piping and pipe-wrap repairs, high density polyethylene 
(HDPE) piping, FRP vessels and lined vessels, and reinforced rubber expansion joints. 
attractive characteristics of nonmetallic components include their immunity to corrosion, 

their relative cost and weight, and in some applications their flexural resilience to seismic or 

dynamic loads. However, FRP/GRE, HDPE and reinforced rubber components do not lend 

themselves well to conventional nondestructive testing (NDT) methods. The complexity of 

the material structure due to reinforcement fiber in FRP/GRE presents a challenge to 

ultrasonic testing (UT), while the nature of defects and failure morphology, particularly in 

HDPE thermal fusion joints, and do not lend themselves to UT or other traditional test 

methods. 

The physics of the scanning microwave NDT method make it possible to accurately image 

the volume of these materials, and measure properties, such as thickness or density. 

 

2. Method 
This scanning microwave test method requires access to only one side of a part and has no 
coupling medium. The microwave interference pattern is created by bathing the part in 
microwave energy as illustrated in Figure 1 part a. Some energy is reflected and transmitted 
at every interface of changing dielectric constant. This includes the front and back surfaces of 
the part, and every įfeature‖ in the part that has a discontinuity in dielectric properties. A 
microwave interference pattern is created when the reflected energy is combined with the 
transmitted signal to create the measured detector voltage at each of the receivers. The voltage 
values for the receivers are saved with the associated X-Y position over the face of the object. 
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Figure 1.Schematic of scanning microwave interferometry and standing wave 
representation. 

The received signal can be treated like a standing wave, with reflected energy varying in 
amplitude and phase, as is illustrated in Figure 1 part b. Single channel raw data images show 
features as variation from neutral in gray scale images. Both light and dark responses indicate 
reflective features. Light versus dark feature presentation in the raw data images indicates 
difference in depth of the feature. All images can be displayed in pseudo color. 

ωhannels A and ψ are separated by a quarter wavelength (そ/4) in the wave propagation 
dimension, Z. The response to a feature is optimized at a Z dimension associated with 
maximum rate of change of the signal in the Z dimension. Beyond selection of either Channel 
A or B, this is achieved by moving the transceiver in the Z direction, or by 

adjustment of the broadcast frequency to reach the maximum gradient at the targeted Z 
position. The phase relationship of data in more than one channel defines material dielectric 
coefficient and attenuation properties. This enables direct measurement of thickness or 
density. The propagation properties of microwave energy are beneficial for examination of 
materials or components with complex internal structure, facilitating volume images of 
components with complex internal reinforcement. 

Imaging this raw interference data provides a great deal of information about an examined 
volume. The sample pipe and pseudo-color scan image shown in Figure 2are a good example. 
The edges of the chopped fiber collar show in red. The line where the pipe was cut and 
rejoined is visible, as are the fibers in the pipe. The two excavations on the pipe inside 
surface are apparent. The variation from green to light blue indicates variation in density and 
thickness, particularly the additional thickness of the collar. And, the adhesive, which shows 
dark blue because it has a different dielectric constant than the pipe material is readily seen to 
be insufficiently distributed. 
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Figure 2. Fiberglass pipe joint sample and scan image showing multiple 
features. 

The phase and amplitude relationship of two channels can be expressed as vector in phase 
space. The magnitude and angle of this vector describe the properties of the examined part at 
each location. This is presented theoretically for a smooth wedge in Figure 2. This capability 
can be used to measure thickness, locate features in depth, or measure density of uniform 
thickness material. 

The theoretical image of a point reflector is presented with channel A and B raw data images 
of a 0.1 inch diameter spherical reflector in Figure 2. This confirms the prediction, and 
demonstrates typical image composition. Because it is an interference image, the minimum 
detectable feature size is far below the wavelength of the interrogating energy. 

 

Figure 2. Theoretical image of a point reflector and Channel A and Channel B images of a 
0.1 in. spherical reflector 

2.1 Applications: Expansion Joints, Fiberglass piping, Fiberglass Tank Application, 
Overlaps Repair 

The method provides an efficient means to determine the integrity of reinforced rubber 
expansion joints without removal. US nuclear utilities require this inspection as a 
maintenance procedure. In order to make this inspection more efficient, Evisive developed 
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specialized equipment and validated a procedure for rapidly detecting defective reinforced 
rubber expansion joints. This procedure starts with a line scan which is calibrated for 
amplitude correlation to the maximum allowable defect. The very portable equipment shown 
in Figure 6 is optimized to allow the operator to manually scan the part with minimal set up 
and access constraint.  

 

This permits an initial calibrated line scan to screen parts. Only rejectable or parts requiring 
further investigation require additional inspection. 

 

 

Figure 6. Blue Tooth miniature microwave testing system 

The line scan is viewed in real time, and is displayed as show in Figure 7 which shows an 
inspection team at work in a nuclear power plant, and the calibration scan image. Once the 
calibration is performed outside the work location, the scan time is only a few minutes 
depending on the joint diameter. If further investigation is required, the equipment can be 
used with a tracking camera to create a volume image of a local region. 

 

Figure 7.Line scan inspection of a reinforced rubber expansion joint. 

With the tracking camera, the instrument can be used to create a local volume image as 
shown in Figure 8. In this nuclear power plant application, the disturbance which triggered 
further investigation was the rubber overlap seam. 
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Figure 8.Using the tracking camera to create a localized volume image. 

 

and requires no track or band. The Pipe Scanner rides on a circumferential band and is held 
on the part by a flexible chain. 

 

3. CONCLUSION: 
The microwave testing method has been dramatically advanced since last reported to the 
Middle East NDT Conference and Exhibition. Today, the method is recognized by ASNT, 
and the method committee is actively developing training, certification and reference 
materials. Field applications now include thousands of field applications in rubber expansion 
joints; fiber reinforced plastic, high density polyethylene vessels and pipes. The method 
provides a new solution to NDT challenges in inspection of nonmetallic components. 
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