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Abstract. 

In this paper, the handling shearography method is applied to quantitatibly evaluate out-of-plane 

deformation such as turbine blades, aerospace industry and nuclear power plant pipes impossible to 

identify. In case of foreign countries, this method is active. Therefore shearography is used to measure 

wall-thinning defect according to internal temperature change in pipeline for circulation system of 

nuclear power plant. 2.5 inch pipe-line specimen is prepared, and wall-thinning depth is 25%, 50% and 

75%, respectively. Using pipeline circulation system, internal teperature of pipeline specimen to 170℃ 

and 200℃ and blower is used to quench the specimen for measuring defect shape. With the experiment 

results, higher internal temperature of pipeline and deeper wall-thinning from the image will produce 

the bigger deformation of defect area. Therefore, defect symptom of pipeline inside can be 

quantitatively estimated. 

Keywords: wall-thinning defect, Shearography, Nuclear plant piping loop system, Non-destructive 
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1. Introction   

Corrosion and cracks can occur in the piping part of  high temperature and high pressure environment 

at the fragile part of the nuclear power plant when this defect grows. Particulary, there is a possibility 

of radiation leakge accident when leakage defects in the piping section of  the primary system occur, so 

accurate inspection of corrosion and cracking is required. Flow-Acceleated Corrosion(FAC) inside the 

piping section often generates thinning phenomenon due to corrosion of piping section, and FAC is 

greatly affected by piping section environmental factors suxh as temperature and pressure. Therefore, 

there is a need for a non-distructive early diagnosis technique to inspect the corrosion into piping using 
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the nuclear power plant. The shearing interferometry method, which is a non-contact method using a 

lasser that is handled in this research, can acquire distortion information directly with a digital-based 

technology that can properly construct an optical interferometer and obtain information of deformation. 

While shearing interferometers have interference signal processing algorithms such as ESPI, there is an 

advantage that the first derivative value of out-of -displacement can be directly measured due to the 

difference in configuration of the interferometer. These advantages can be analysed for distortion and 

vibration analysis by measuring changes in out-of-plane displacement while being insensitive to 

oscillation disturbance in the external environment and can be applied to non-destructive inspections 

such as quantification of defects. 

 

Fig. 1. Schematic of shearography interferometer 

2  Theory 

Fig. 1 shows the schematic diagram for the principle around shearography. One diffuse light is applied 

on target, and diffused reflection from speckle is split into two lights. One is introduced to mirror 1 and 

reflected to image plane. The other is reflected from mirror 2, and formed on image plane through light 

splitter. Meanwhile, according to arbitrary angle in mirror 2, image from mirror 2 will be horizontally 

sheared from the one from mirror 1, and is formed at image plane of CCD. Mirror 2 is called as shearing 

mirror, and inclined angle is denoted as shearing amount, δx. Because of the influence of shearing 

direction and amount of shear, interference stripe is formed. 

3  Experiment 

For the purpose of this study, using ASTM A 106 Gr. B carbon material 2.5 inch piping, we made a 

loop system like Fig. 2. The specification of the system is filled with very stable silicone oil inside the 

loop to replicate the piping system of the nuclear power plant during normal operation. Fig. 3 shear 

interferometer system maintained an appropriate distance of 1.5 m for measurement. Sherography 
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system is a commercial one from Dantec Dynacmics, German (Q-800HR model, it is composed of 

shearography sensor, diode laser inside of sensor, controller, and PC. 

                              

Fig. 2. Pipeline circulation mock-up system                                    Fig. 3. Shearography system(Q-800)  

In order to proceed with this experiment, after processing the ASTM A 106 Gr.B carbon steel piping 

test specimen by size and depth of defects. As shown in Fig. 3, we want to measure the deformation 

due to heat conduction and temperature change by fastening to loop circulation system by using Q-

800HR commercial equipment. In Table 1, defects were processed under the following conditions 

inside the ASTM A106 Gr.B carbon piping test specimen which was engaged in the circulation system 

of the loop. 

Specimen Pipe Type Thinning Depth Thinng Length Thinning Angle 

 

700mm 

 

 
Straight(a) 0.75, 0.25, 0.5, 0.25 0.25 0.25 

Straight(b) 0.5 0.5 0.25 
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Specimen Pipe Type Thinning Depth Thinning Length Thinning Angle 

 

Complex 

(angle, 350mm) 

 

 
Straight 0.75, 0.5, 0.25 0.5 0.25 

Elbow 0.5 0.5 0.25 

Table 1: Dimension of the specimen and wall-thinning defect 

4. Result 

After heating the temperature of the heating tank of the circulation system of the loop to around 170 ° 

C, the internal fluid was circulated. When the temperature of the internal fluid reached 200 ° C, the 

deformation of the defect due to temperature change was compared with the previous temperature, and 

the amount of deformation according to thickness reduction inside the pipe was confirmed under the 

same temperature condition through this experiment. 

 Phase map Line profile 
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Table 2 : Phase map image and Line profile according to temperature change   
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 Phase map Line profile 
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 Table 3 : Phase map image and Line profile according to temperature change    

5. Conclusion 

Using a shearography system, phase map images of internal defects by size of test specimens of ASTM 

A106 Gr.B carbon steel piping were acquired, and defects shown in the phase map were graphed 

through Line Profile. Table 2, shows the phase map due to the temperature change due to the heat 

conduction of the intuitive test piece, but it was confirmed with the naked eye that the deformation due 

to the temperature difference was fine. As a result of querying phase map images acquired to approach 

quantitatively by temperature profile (170 ° C, 180 ° C) using Line profile, a fine phase difference could 

be confirmed. In the case of the curved pipe test piece described in Table 3, the deformation of the 
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defect part by temperature could be finely confirmed via the phase map image by doing the Line profile 

to quantitatively express it. It was possible to easily confirm the phase change due to the temperature. 

In addition, the phase values of the phase image can be known based on the mutuality of the phase 

values of the liquid circulation based on the thickness reduction depth (75%, 25%, 50%, 25% / 

thickness). 
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