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ABSTRACT 
 
This paper presents qualitative measurement method for moisture absorption in glass fiber 
reinforced plastics (GFRPs). The authors propose a nondestructive testing method based on 
electromagnetic induction to qualitatively measure the moisture absorption. Although 
electromagnetic nondestructive technique has been applied to conductive materials, it has been 
reported that this method can be applied also to non-conductive materials and it can detect 
permittivity. Therefore, it is expected that this method has a potential for measuring moisture 
absorption because there is linear relation between the permittivity and moisture absorption rate. 
First, we fabricated a new sensor suitable for detecting permittivity. Second, we measured the 
moisture absorption rate of GFRP by using this probe. According to these experiments, we show 
that this method can detect the permittivity and measure moisture absorption rate qualitatively 
by using this probe. 
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1. Introduction 
 
Glass Fiber Reinforced Plastics (GFRPs) have been used for structures such as tanks and bridges 
due to its potential for weight saving, high strength, cheapness and corrosion resistance. 
Especially for tanks, strength degradation caused by moisture absorption is one of the serious 
problems because they have been used in wet environment for more than several decades. This is 
because moisture absorption causes characteristic degradation such as deterioration of the tensile 
and compressive strengths, affecting matrix and the interface between fiber and matrix [1]. It is 
reported that some tanks with lower strength are broken rapidly. 
Visual Inspection (VI) is the main nondestructive testing method for the periodic inspection of 
tanks. Although VI can detect some superficial defects and cracks, it is difficult to detect internal 
strength degradation due to moisture absorption. Furthermore, test results are easier to depend on 
the skills of inspectors than the other nondestructive testing methods. 
Ultrasonic testing (UT) has been mainly proposed as the alternative method of VI. It is reported 
that UT can detect the progress of defects such as a delamination due to moisture absorption in 
GFRP [2]. However, UT needs to take more time because it needs to apply couplant to the 
surface of the material under test. 
We propose a nondestructive testing method based on electromagnetic induction as the method 
to measure the moisture absorption. This method can detect defects and the change of the 
electrical properties by detecting the change of the electromagnetic field. Although this method 
has been used for conductive materials, Heuer and Gäbler reported that it can be applied to 
insulators [3, 4]. Mizukami proposed the new probe that was able to detect the permittivity 
change [5].  
This method has some advantages: high speed and contactless measurements. Furthermore, this 
method has the potential to detect some defects and electrical properties of insulators because the 
shape of the probe used for this method can be changed variously and the distribution of the 
displacement current is affected by the shape of the probe [5]. Therefore, this method can 
overcome the disadvantage of VI and to cut down the temporal cost in comparison with UT. 
The purpose of this study is to measure the moisture absorption by detecting the permittivity 
change of GFRP. In this paper, we configured a new sensor to detect permittivity and measured 
the moisture absorption in GFRP. 
 
2. Principal of the proposal method 
 
We adopted a nondestructive testing method based on electromagnetic induction as the method 
to measure the moisture absorption. Configuration of this method is shown in Fig.1. 
The driver coil induces the displacement current into the material by applying ac voltage at high 
frequency and the pickup coil detects the change of the electromagnetic field of the displacement 
current. This method also has the advantage of using the same experimental setup as eddy 
current testing (ET). However, there is the difference between this method and ET in that this 
 

 
 

Fig.1 Configuration of the proposal method. 
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method needs to use a high-gain amplifier because the signals from the displacement current is 
much less than that of the eddy current. 
In this paper, we attempted to measure moisture absorption in GFRP by detecting the 
permittivity change. Relative permittivity of water is about 80, while that of plastics is 
approximately 2-4 at room temperature. Hence, it is expected that permittivity of GFRP is 
changed by moisture absorption. Gregory T reported that permittivity of plastics increased 
linearly with the amount of water permeating into specimens [6]. Therefore, it is expected that 
moisture absorption can be measured by detecting the permittivity change of GFRP. 
 
3. Fabrication of the probe for the proposal method 
 
The configured probe was based on the Tall Transmitter and Differential probe (TTDR probe). 
Mizukami reported that this probe was sensitive to permittivity change [5]. 
The configured probe is shown in Fig.2. This probe was composed of the one driver coil and the 
two pickup coils. A copper wire of 1.0 mm in diameter was wound onto the driver coil and the 
number of turns of the coil is 21. Furthermore, a copper wire of 0.30 mm in diameter was wound 
onto the pickup coils and the number of turns of the coils was 20 respectively. The two pickup 
coils were hard-wired reversely. 
 

 
 

Fig.2 Configuration of the fabricated testing probe. (a) top view, (b) front view. 
 
In comparison with diameter of copper wires, that of the driver coil is larger than that of the two 
pickup coils. This is because a coil becomes a capacitance in case of applying ac voltage at high 
frequency. If a coil becomes a capacitance, it does not work as an inductor. Hence, the driver coil 
was wound by the thick wire such that the number of turns per height was as small as possible. 
Regarding the arrangement of the driver coil and the pickup coils, the driver coil and the pickup 
coils were set left and right and two pickup coils were set up and down. Mutual induction 
occurred because they were placed next to each other. However, the effect of mutual induction 
can be reduced because the pickup coils separately placed at upper and lower part of the cylinder, 
and wound reversely. Furthermore, the difference in the magnetic field from the displacement 
current was generated between the two pickup coils due to the difference in the lift-off. The 
difference was amplified by using differential and inverting amplifier circuits and we measured 
the signals from them. 
 
4. Experiments 
 
4.1 Performance test of the fabricated probe 
We conducted performance test of the fabricated probe by detecting the permittivity differences 
between the plastic specimens with the known permittivity. These plastic specimens are shown 
in Fig.3 and the relative permittivity of them are shown in Table 1. The thickness of these 
specimens was 2 mm.  
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Fig.3 Plastic specimens with different permittivity. 

 
Experimental setup for detecting permittivity is shown in Fig.4. Sinusoidal voltage was supplied 
from a function generator (PicoScope 5244A, Pico Technology) to the driver coil, and amplified 
differential pickup coil output was measured by an oscilloscope (PicoScope 5244A, Pico 
Technology). 
The amplitude of the drive voltage was 10 V and the frequency was 10 MHz. Lift-off was 0.5 
mm. 
Experimental results are shown in Fig.5. In Fig.5, the vertical axis is the sensor output voltage 
and the horizontal axis is the relative permittivity of the plastic specimens. Fig.5 shows that there 
is an almost linier relationship between the output voltage and the relative permittivity. 
Therefore, the fabricated probe can detect permittivity change. 
 

  
  
Fig.4 Schematic of the experimental setup for 

detecting the permittivity. 
Fig.5 Experimental results in the performance 

test of the fabricated probe. 
 
4.2 Moisture absorption test 
The specimens for moisture absorption test are shown in Fig.6. These specimens are woven 
GFRP whose fiber is E-glass and matrix is epoxy resin. The fiber content of these GFRPs is 
52.3% and their density is 1.88 g/cm3. These specimens were named as A-C and the thickness of 
these specimens was 3 mm. These specimens had been desiccated in the drying furnace for more 
than 1 week because there was a possibility of these specimens having moisture absorption in a 
manufacturing process. 
In moisture absorption test, we performed permittivity measurements using the setup shown in 
Fig.4, and the measurement of the weight and thickness of the specimens were also carried out. 
In the measurement of the weight of these specimens, moisture absorption M was calculated by 
the following equation (1). 
 

 (1) 
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In this equation, W0 is the initial weight of the specimens before moisture absorption test and Wt 
is the weight of the specimens at measurement. Moisture absorption M was used in order to 
verify the proposed method.  
Experimental results in proposal method are shown in Fig.7. In Fig.7, the vertical axis is the 
sensor output calculated by dividing an output voltage amplitude Vout by an input voltage 
amplitude Vin and the horizontal axis is the moisture absorption rate M calculated by equation (1). 
According to this figure, the output has an increasing trend with increasing the moisture 
absorption rate M while there are some results of the output decreasing in spite of increasing the 
moisture absorption rate. This is caused by some environmental factors such as the room 
temperature, the room humidity and so on. In this experiment, the output signal is much less than 
that of the conductive materials. Hence, it will be needed to search for the optimum experimental 
parameters and methods which will be less subject to some noises in the future. 
 

  
  

Fig.6 GFRPs for the moisture absorption test. Fig.7 Experimental results in using proposal 
method. 

 
Experimental results in the measurement of the thickness are shown in Fig.9. In measurement of 
the thickness of these specimens, the thickness was measured at points 1-3 as shown in Fig.8 and 
the average of these values were used. In Fig.9, the vertical axis is the change of the thickness 
and the horizontal axis is the square root of time. According to this figure, the thickness of the 
specimens increased with time. It is expected that the thickness increased slightly due to 
permeating of moisture in resin and fibers. Hence, the effect of the change of the thickness on the 
proposal method needs to be investigated in order to indicate that the obtained signals are not by 
the change of the thickness of the specimens. 
 

 
 

  
Fig.8 The schematic of the measurement 

points of the thickness for GFRP. 
Fig.9 Experimental results of measuring the 

change of the thickness of GFRPs. 
 
4.3 Effect of the change of the thickness on the proposal method 
The specimens for this measurement are shown in Fig.10. In this experiment, we selected the 
specimens whose thickness are 2 mm, 3 mm, 5 mm and 10mm.  

175



Experimental results in this measurement are shown in Fig.11. In Fig.11, the vertical axis is the 
output calculated in the same way as Fig.7 and the horizontal axis is the thickness of the 
specimens. According to Fig.11, the output signal increased with the thickness. This is because 
the number of magnetic fluxes from the driver coil through the specimen increased with the 
thickness. Hence, it is necessary to take into consideration that output was changed by changing 
the thickness of the specimens. According to Fig.9, the increase of the thickness was about 0.02 
mm. It is considered that the change of the output due to the change of the thickness is much less 
than that of the output due moisture absorption by applying this value to Fig.11. Therefore, it is 
expected that the effect of the output due to the change of the thickness is not necessary to take 
into consideration in Fig.7. 
 

  
  

Fig.10 GFRP specimens with different 
thickness. 

Fig.11 Experimental results in measuring the 
effect of the thickness. 

 
5. Conclusion 
 
In this paper, the authors proposed a nondestructive testing method based on electromagnetic 
induction as the method in order to measure moisture absorption and fabricated the new sensor 
for this method. 
First, we conducted the performance test of the fabricated probe. The results of this measurement 
indicated that permittivity was able to be estimated by using this fabricated probe.  
Second, we conducted moisture absorption test of GFRP and measured the permittivity change 
by using the proposal method. The results of this measurement had the increase trend of the 
output with the moisture absorption increasing. In moisture absorption test, the thickness of the 
specimens also increased. However, the effect of the output due to the change of the thickness is 
not necessary to take into consideration because the change of the output due to the change of the 
thickness was much less than that of the output due the moisture absorption. Therefore, moisture 
absorption rate of GFRP can be estimated by obtaining the relation between the permittivity and 
moisture absorption and the relation between the permittivity and output in advance.  
In future work, it is necessary to increase the sensitivity of this method. In order to increase the 
sensitivity of this method, it is necessary to search for the optimum parameters in measurement 
such as lift-off and frequency. 
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