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Abstract. The compact tensile specimens (C(T) specimens) are commonly used in crack 

propagation tests. The DC potential drop method is an important method for measuring crack 

length in crack propagation tests. To investigate the influence of the initial crack length of the 

C(T) specimen on the calibration curve in practice, the variation law of the potential field 

distribution of the compact tensile specimen with the crack propagation has been studied. The 

measurement features in different initial crack lengths and different current injection positions 

were quantitatively analyzed. The results show that the initial crack length has a significant 

effect on the sensitivity of the signal and the linearity of the calibration curve. The sensitivity 

can be improved by increasing the initial crack length, while the linearity decrease. 

1. Introduction

Compact tensile specimens (C(T) specimens) are commonly used for establishing crack growth rate

models, determining creep fracture properties, and determining fracture toughness of materials

through experimental methods [1,2]. When it was used for the crack propagation test, the crack growth

rate was obtained by measuring the amount of crack propagation in the test [3,4]. There are several

methods that can be used to achieve online crack monitoring, while in the closed environment that

crack cannot be directly observed the DC potential drop method is the most commonly used method to

achieve long-term monitoring during the crack propagation [5]. The principle of the DC potential drop

method is to pass a constant DC current on the cracked metal specimen, and measure the crack length

by measuring the potential difference at a specific location of the specimen [6]. Since conductivity of

metals is very excellent, the output signal of the potential drop method is very small. So the accurate

calibration of the crack length and the potential difference curve is a very important. For the case of an

infinitely long, limited-width center cracked plate specimen with a constant current perpendicular to

the crack plane, Johnson gave the relationship between potential difference and crack length [7],

which is called Johnson’s formula. Afterward, the potential field of the bending specimen and the

simplified compact tensile specimen (C(T) specimen) was analyzed [8]. For the three-dimensional

potential field distribution of cracked specimens, the finite element method is generally used [9].

However, since the shape of the C(T) specimen is quite different from the model used in the above

study, none of the above analytical solutions could be applied. According to the standard test method

for linear-elastic plane-strain fracture toughness[10], the initial crack length of the specimen is counted

from the pin hole, but this standard does not give its selection basis. Compared with the analytical

model, a considerable part of the “crack” of a C(T) specimen is a slot, whose width is much larger

than the width of the crack. So the initial crack length will significantly affect the geometry of the
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specimen and thus affect its equivalent resistance. In this paper, the finite element software is used to 

analyze the three-dimensional potential field of CT specimens, and the influence of different initial 

crack lengths on the calibration curve is studied. Quantitative analysis is also provided to give a basis 

for practical application of crack measurement based DC potential drop method.  

2. Finite Element Model 

The geometry of the C(T) specimen, which is in accordance with ASTM E399-09 [10], is shown in 

Figure. 1. The nominal width of the specimen W=25mm, the specimen thickness B=0.5W. A 3D 1/4 

finite element model of the specimen was developed using a commercial FEM software. Since the 

geometry of the specimen is symmetrical to the crack plane and the current injection points are 

symmetrical to the crack plane in practice, it is enough to develop a 1/4 finite element model(take half 

of the specimen on one side of the crack plane and take half the thickness of the specimen). Cracks 

were simulated using a rectangular slot with a width of 0.01 mm. The specimen grid model is shown 

in Figure. 2. The mesh near the crack was refined to ensure calculation accuracy. 

To simulate a constant current flow through the specimen, a point source unit current (1A) was 

applied to the current injection point. According to symmetry, the ligament ahead of the crack tip is a 

uniform potential surface, so a ground (0 V potential) boundary condition was applied to the ligament 

ahead of the crack tip. For material properties, only the conductivity of the material is required, and it 

was set to 1388.89 S /mm [9], the conductivity of 304 stainless steel commonly used in structural 

materials for pressure vessels in nuclear power plants. 

 
 

Figure 1. Geometry of C(T) specimen Figure 2. Finite element mesh of C(T) specimen model 

3. Results and Discussion 

 

Figure 3. The potential(μV) distribution at a/W=0.35 
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An example of the potential distribution (current is input near the upper left corner of the specimen,at 

a/W=0.35) is shown in Figure. 3. With the software post-processing function, the potential of any 

point in the three-dimensional space of the specimen under different initial crack lengths, different 

potential loading positions and different crack length increments can be obtained. Because the current 

injection position has a significant influence on the potential field distribution, the potential fields 

under different current injection positions are calculated separately. All the studied current injection 

points is selected on the intersection line between the top surface of the specimen and the plane 

perpendicular to the middle plane of the thickness direction (ie, the line AB in Figure. 3), and the 

symbol LP (0≤LP≤1) represents different positions from left to right. The potential difference signal 

is measured from the notch mouth (point P in Figure. 3). 

3.1. Sensitivity 

Figure. 4 (a) and (b) show the average sensitivity of the potential difference signals corresponding to 

different initial crack lengths a0 for two crack extension ranges. As can be seen from the figures, the 

signal sensitivity increases with the increase of the initial crack length no matter where the current is 

injected. The difference in current injection position has a significant effect on the signal sensitivity. 

The sensitivity of the potential difference signal is greatest when the current injection point is near the 

upper left corner of the specimen.  

Table 1 shows the average sensitivity gain at different initial crack lengths based on the average 

sensitivity at a0/W=0.35. It can be seen that there is a significant difference in sensitivity with different 

initial crack lengths. In addition, the closer the current input point is to the upper right corner of the 

specimen, the more obvious the influence of the initial crack length on the sensitivity. 
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(a) Δ a/W=0.04 (b) Δ a/W=0.2 

Figure 4. The average sensitivity for two crack extension ranges 

Table 1. The average sensitivity gain (%) based on the average sensitivity at a0/W =0.35 

 
a0/W 

0.4 0.45 0.50 0.55 0.6 

LP=0.1 5.2 11.7 20.1 31.4 47.8 

LP =0.3 6.5 14.1 23.5 36.0 53.6 

LP =0.5 9.4 20.0 32.6 48.4 69.9 

LP =0.7 13.7 29.6 48.6 72.2 103.3 

LP =0.9 16.5 36.4 61.1 92.5 134.6 
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3.2. Linearity  

Figure. 5 (a) and (b) show the Δ U-Δ a/W curves for different initial crack lengths at two current 

injection positions. As can be seen from the figures, the linearity of theΔ U-Δ a/W curve is different 

for different initial crack lengths. The larger the initial crack length, the worse the linear characteristic. 

Figure. 6 (a) and (b) show theΔ U-Δ a/W at different current injection positions for two initial crack 

lengths. It can be seen from the figures that the current input position also has a significant influence 

on the linearity of theΔ U-Δ a/W curve. The closer the current input point is to the upper right corner 

of the specimen, the worse the linearity. For quantitative observations, all theΔ U-Δ a/W curves for 

different initial crack lengths and different current input positions were linearly fitted using the end-

base method, and the linearity was then calculated. The results are shown in Table 2. 
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(a) LP=0.1 (b) LP=0.9 

Figure 5. TheΔU-Δa/W curves for two current injection positions 
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(a) a0/W=0.35 (b) a0/W =0.6 

Figure 6. TheΔ U-Δ a/W curves for two initial crack length 

Table 2. The linearity(%) with different initial crack length and different current injection positions 

 
a0/W 

0.35 0.4 0.45 0.50 0.55 0.6 

LP =0.1 3.2 3.5 4.0 4.6 5.6 7.0 

LP =0.3 3.8 4.0 4.3 4.9 5.8 7.2 

LP =0.5 5.2 5.2 5.4 5.8 6.5 7.7 
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LP =0.7 7.0 7.1 7.2 7.5 8.1 9.1 

LP =0.9 8.1 8.3 8.5 8.9 9.6 10.5 

4. Conclusions 

The initial crack length of the C(T) specimen has a significant influence on the sensitivity of the 

potential difference signal and the linearity of the potential difference-crack length curve. Selecting a 

larger initial crack length can increase the signal sensitivity. However, as the initial crack length 

increases, the linearity of the potential difference-crack length curve becomes worse.  
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