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Abstract. This paper investigates a stress concentration statue of casing inspection 
device for laboratory test. The magnetic field parallel to the applied stress and the 
material surface of a strain casing sample with round defects was measured using a 
sensor. Moreover the corresponding relationship between the casing stress and the 
pipe body magnetic field detection information was determined. There is a good 
linear relationship between gradient peak-to-peak value and hole diameter. As the 
loading value rises, peak-to-peak value of gradient signal increases, and It increases 
more intensively of hole damage with smaller diameter having a point of intersection. 
The variations of the magnetic fields before and after of hydrofracture are detected, 
which reflects different stress states of casing, as a potential  measurement to assess 
residual strength. 

Introduction  

Casing damage is always an common problem for oil field enterprises: casing fracture, 
corrosion perforation and wear are huge and potential danger during the process of drilling 
and production. This is more seriously on the casing under compression in the rock[1]. So 
casing damage effect estimating is one of main content for engineering. Common detecting 
including caplipers, ultrasonic, electromagnetic. Multi-Figure capliper logging can quickly 
provide the detailed and accurate data required for analysis of downhole 
casing[2][3].Recently the development of digital caliper data and 3D visualization 
technology has dramatic improved well service work[4].Ultrasonic is another inspection tool 
to evaluate mechanical failure of a casing by measuring the inside radius and thickness . 
What’s more ultrasonic tool can also measure external cement conditions, expecially casing 
offset[5]. Unlikly to the two approach above, electromagnetic can determine multilayer 
case-pipe defect. This tool is based on the electromagnetic principle: it generates an 
alternating magnetic wave propagating from the transmitter to receiver sensors passing 
through wellbore[6][7][8]. And signal changes are used to determine the variations of casing 
thickness. All these logging are widely used to find existing casing damage, but can not 
estimate the early casing damage potentially. 

At present, the situation has been changed after metal magnetic memory technique was 
proposed in 1997 by Dubov[9].This technique is referred to as the theory of the 
magnetomechanical effect as ferromagnetic metial transform from a non-magnetic state to a 
magnetic state, when they are strained. Caing under the action of surrounding flowing rock 
generates excessive deformation and results in stress concentration near local damage 
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zone.So this makes it possible to detecting defective casing and assessing the casing damage 
in the early stage by applying the passive magnetic logging method[10]. 

This paper purposes to investigate a method to detect casing damage in the early stage . 
3D FEMs are established to simulate the stress concentration value of casing with defects. 
Moreover, experiments are conducted testing pipe body magnetic field information to 
develop corresponding relationship between them. In addition downhole casing stress 
concentration statue detection system was developed and applied to the field  testing. Based 
on testing data, the classification and evaluation of downhole casing structure integrity were 
carried out. 

1. Finite Element Simulation of Stress Concentration Statue of Casing 

1.1 Finite Element Model and Boundary Conditions  

Casing collapses when equivalent stress exceeds collapsing strength. So the stress 
concentration statue of casing with defects are focused and Finite element simulation 
analysis is curried out. In terms of the structural features of casing during loading process of 
experiment, three-dimensional (3D) models are built: a casing is extruded by a briquetting 
depending in the external wall under force. The mode of contact analysis between briquetting 
plane and casing cylinder is simplified as one fourth to reduce the size of FE model. Taking 
Φ177.8×9.19mm casing as the study subject, with a common material N80. The length of 
casing FE model is set as 1000mm to eliminate boundary effects according to the 
Saint-Venant principle. The material parameters of casing and see table 1. 

Table 1. Material Parameters of Casing  

Materials Modulus of 
elasticity 

Poisson's 
ratio 

Yield 
Strength 

Tensile 
Strength 

N80 2.06×1011 Pa 0.27 625 MPa 860 MPa 
The stress-strain relationship of casing is calculated by the ideal elastoplastic model. 

The element type is solid45. FE models are divided automaticcally. Defect areas are more 
densely meshed to make the calculation results more accurate. The meshed model is in Fig.1. 
Boundary conditions should be applied based on the actual experimental situation. So the 
face to face contact is selected, and the coefficient of static friction between casing external 
wall and briquetting is 0.12. 

 
Fig. 1. FE model of casing with internal corrosion defect 
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1.2  Numerrical Calculatiojn and Result Analysis  

In order to analyze the stress concertration status of casing defect, effect of three different 
factors are considered: the defect radio, depth and extrusion force. For each model, the von 
Mises equivalent stresses are monitored. Also each influence factor had been studied under 
three different conditions separately to increases confidence. 

 
Fig. 2. Von Mises equivalent stress variation with increasing external pressure 

As can be seen from Figure 2, The von Mises equivalent stress approximate linear 
increased rapidly with the increase of extrusion force. When the extrusion force increase 
from 0.5 t to 3t, the von Mises equivalent stress of three groups of simulation results 
increased by 85.6 MPa(492.0%), 79.7MPa(495%) and 76.4MPa(499.3%). The extrusion 
force has a great effect on von Mises equivalent stress of casing. 

 

Fig. 3. Von Mises equivalent stress variation with increasing defect diameter 

From Figure 3, the von Mises equivalent stress approximate linear decreases slowly 
with the increase of the defect radius in three conditions from 1t to 3t.With the defect radius 
increasing from 0.5mm to 3mm, the von Mises equivalent stress of three groups of 
simulation results decrease by 4.9MPa(14.1%), 9.6MPa(14.0%), 14.4MPa(14.0%). The 
defect radius has a little effect on von Mises equivalent stress of casing. 
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Fig. 4. Von Mises equivalent stress variation with increasing defect depth 

From Figure 4, The von Mises equivalent stress approximate linear increased rapidly 
with the defect depth increasing from 0.5mm to 2mm, and then slowly from 2mm to 3mm. 
And the von Mises equivalent stress of three groups of simulation results increase by 
8.6MPa(36.1%), 16.3MPa(35.4%) and 24.4MPa(34.2%) during the defect depth increase 
from 0.5mm to 2mm.  

The simulation results indicate that the greatest impact on stress concertration statue 
changing of casing is loading from damage diameter and depth to loading. Therefore, 
magnetic field changes of casing with defect under the action of loading force are 
analyzed emphatically  in the later experiments. 

2. Experimental Reseach on Stress Concentration Statue of Casing 

2.1  Experimental set-up  

The experiment was carried out on a hydraulic loading system with a pressure closed-loop 
control hy computer. Fig. 5 is the schematic diagram of the experiment apparatus.  The 
casing is Placed in the experimental unit horizontally and the load vertical to the cylindrical 
out surface is applied to casing by using hydraulic cylinders. The direction of the force is 
perpendicular to the normal of the damage. A three-dimensional platform is used to fix the 
magnetic sensor measureing magnetic field of internal surface of casing.  

 
Fig. 5. Schematic diagram of casing magnetic field testing system 

The material of casing studied is N80, it’s chemical component is listed in table 2. 
Round hole damages of three diameter are equally distributed in internal surface of the 
casing in three rows with differet depth seeing table3. To get stress concentration around the 
hole, axial extrusion force is applies by briquetting. The value of the force is the same as 
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loading in FE models. Surface magnetic field are measuered by a magnetic sensor along the 
generatrix through centers of holes[11]. 

Table 2. Chemical Component of N80 Casing Steel (mass fraction /%) 

C Si Mn P S Ni Cr Mo Cu Al V 
0.42 0.23 1.57 0.011 0.005 0.030 0.090 0.020 0.05 0.013 0.110 

Table 3. The Size of Casing Damages 

Diameter(mm) Depth（mm） 
2 0.5 1.0 1.5 2.0 2.5 3.0 
3 0.5 1.0 1.5 2.0 2.6 3.0 
4 0.7 1.2 1.6 2.3 2.7 3.2 

Table 4. The Load on Casing 

Diameter(mm) Extrusion Force（t） 
2 0.5 1.0 1.5 2.0 2.6 3.1 
3 0.5 1.0 1.5 2.1 2.5 3.1 
4 0.5 1.0 1.5 2.0 2.6 3.2 

 
 

2.2 Experimental result analysis 

Before loading, tangential direction magnetic field ΔH(x) of surface is tested. Perform digital 
filtering treatment and calculate gradient of it. The variation of ΔH(x) and gradient signal are 
show from Fig. 6 to Fig. 8. There is a sharp change change of ΔH(x) and the gradient signal.  
It is obvious that the peak-to-peak values (value of neighbor peaks and valley on the wave) 
of both ΔH(x) and gradient increase with the increase of diameter of damage[12]. The 
peak-to-peak values of gradient signal are calculated and shown in Fig.9. It is seen there is a 
linear relationship between the peak-to-peak value and depth of casing damage.  

 
(a)                                                                          (b) 

Fig. 6. Diagram of magnetic (a)original and (b)gradient signal for 2mm diameter hole with different depth 

 
(a)                                                                          (b) 

Fig. 7. Diagram of magnetic (a)original and (b)gradient signal for 3mm diameter hole with different depth 
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(a)                                                                          (b) 

Fig. 8. Diagram of magnetic (a)original and (b)gradient signal for 4mm diameter hole with different depth 

 

 
Fig. 9. Diagram of magnetic gradient value with different depth 

In previous research, a number of experiments confirmed that the distribution of 
magnetic field will be influenced by applied stress. Magnetic field of casing damage with 
2mm depth are Measured that every time a extrusion force of 0.5t is increased.Fig. 10 shows 
the gradient of the field of damage with 2mm diameter(a), of damage with 3mm diameter(b), 
of damage with 4mm diameter(c) in diffetent applied force. From the Fig .10(a) (b) (c), we 
can see the gradient value changes greatly with application of stress. The peak-to-peak values 
of gradient are calculated in Fig .10(c). It clearly indicates the peak-to-peak values is 
approximatively linear with load. Also the rate of increasing of damage with smaller is fast 
than the bigger and having a point of intersection[13][14]. When the extrusion force increase 
from 0.5 t to 3t, the magnetic gradient peak-to-peak values of three groups increase by 1.16 
V/mm(374.7%), 1.03V/mm(270.5%) and 1.83V/mm(705.5%). The extrusion force has a 
great effect on von Mises equivalent stress of casing. 
 

 
（a）                                                                 (b) 
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（c）                                                                 (d) 

Fig. 10. Magnetic gradient signal of different damage depth of (a)diameter 2mm,(b) diameter 3mm,(c) diameter 
4mm and value(c)  

3. Application in Oil Field 

Downhole casing stress concentration statue detection system for the oil and gas well was 
developed and the magnetic field of five production well casing strings before and after 
hydrofracture are detected[15]. The logging instrument consistses of 18 channel 
sensors.  One perforation interval of 0.375 meters with perforating density of 16 per meter is 
selected and shown in Fig. 10. The peak-to-peak valueso f gradient signal is calculated in 
Table 5. There is a overall increase values and respectively by 3.00 V/mm(126.9%), 
1.11V/mm(58.3%), 1.35V/mm(57.6%), 1.84V/mm(105.4%), 0.008V/mm(1.7%), and 
0.094V/mm(10.9%).Combined with the testing data of 18-channel sensors Fig. 10(d) and the 
stress concentration criterions Fig. 2 of laboratory test, we get that the casing is extruded by 
as large as 7t equivalent to 172 Mpa within limits of safety[16].  

  
（a）                                                                     (b) 

Fig. 11. Magnetic gradient signal of casing perforation before(a) and after(b) hydrofracture 

Table 5. Gradient normalization value of casing perforation  

 Gradient normalization value 
Before 

hydrofracture 2.36 1.90 2.34 1.75 0.47 0.86 

After hydrofracture 5.36 3.01 3.69 3.59 0.48 0.96 

Increase 126.9% 58.3% 57.6% 105.4% 1.7% 10.9% 

4. Conclusion 

The tangential magnetic signal variations of N80 casing with round damage is measured 
during the whole loading experiments. The following conclusions are drawn from this work: 
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1. The value of peak-to-peak of gradient signal increases as the depth of the hole increases, 
And it shows a good linear relationship between peak-to-peak value and hole diameter. 
2. The value of peak-to-peak of gradient signal increases as the loading increases. It increases 
more intensively of hole damage with smaller than bigger. As the loading value rises, a point 
of intersection appears.From the FE analysis stress concentration value increases which 
extremely affects the magnetic signals. 
3. The variations of the magnetic fields of ferromagnetic materials reflect different stress 
states of casing, which can be potentially used as a measurement to assess residual strength of 
well casing. 
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