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Abstract. Acidic environment always contributes on casing corrosion phenomenon, the local
corrosion and pitting lead to stress concentration, which decreases the strength and is an
important factor to cause damage to the casing. The influences of distance of two pitting,
corrosion depth, section parameter on collapsing strength of casing are quantitatively analyzed
under the condition of double pitting axial distribution and ring distribution. The results
showed that the maximum Von Mises stress of casing first increases, and then goes down to a
steady state as the distance of double pitting grows under the condition of double pitting axial
distribution, while the stress goes down to a steady state as the distance of double pitting grows
under the condition of double pitting ring distribution. It can provide the theoretical foundation
for the casing design through analyzing and comparing the influence of double pitting on the
collapsing strength of casing under different condition.

1. Introduction
Acidic environment usually leads to the casing corrosion phenomenon, and the corrosion damage form
has two types: the uniform corrosion and local corrosion. The uniform corrosion which occurs along
the whole casing wall generally causes less damage, while the local corrosion occurs on the certain
areas of casing and the rest of the parts are in good condition. The common local corrosion is pitting
corrosion(holes)[1-4]. Pitting corrosion reduces the thickness of the casing wall, and causes stress
concentration which seriously reduces the strength of casing, bring serious potential danger to the
production of oil and gas[5-8]. Therefore the analysis and study the influence of pitting corrosion
defect on casing strength has a great significance on selecting materials and extending the service life
of the gas well.

Aiming at the influence of pitting corrosion defect on the casing strength, the present study focused
the casing collapsing strength of a single pitting defect[9-12]. Using the finite element software
ANSYS with the actual casing size and the material parameters, we analyzed the influence of pitting
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hole spacing, hole section parameter and pitting depth on casing collapsing strength on two working
conditions Double pitting holes distributed along the axial of casing wall and along the ring of
casing wall, providing the theoretical basis for the safety assessment of pitting corrosion during the oil
and gas production.

2. Failure criterion determination
Failure criterion is the basis of judging the failure, it depends on failure modes, and there are two
criterion which are widely used:

1) Based on elastic failure criterion[13], casing failed when  the equivalent stress of corrosion
area (using Von Mises equivalent stress) reaches the yield strength of pipe material.

2) Based on plastic failure criterion[14], minimum stress of corrosion area reaches the tensile
strength, casing failed.

Using the elastic failure criterion based on the security considerations, in the three dimensional
principal stress space, the Von Mises condition[15] is expressed as in equation (1):
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Where: o, is Von Mises equivalent stress , MPa; [o] is allowable stress, MPa.

3. The simplification of pitting corrosion defect

The common form of casing pitting holes can be simply divided into cylindrical spherical or
ellipsoidal holes through reviewing literatures and investigation. But in the actual situation, the pitting
holes are closer to the ellipsoid through a large number of pitting corrosion pit morphology
observation. So we mainly consider the effects of ellipsoidal pitting on the mechanical behavior of
casing. Depending on the pitting distribution location, the double pitting defects can be divided into
two classes:

1) Pitting holes distribute along the axial, the adjacent pitting located on the same axis direction of
casing wall, and circular projection overlap, as is shown in Figure 1. (a), the distance of two hole
section center is /4, written as the double hole axial spacing.

2) Pitting holes distribute along the ring, the adjacent pitting located on the same height of casing
wall, the distribution of axial projection overlap, as is shown in Figure 1.(b), the distance of two hole
section center isf, written as the double hole ring spacing.

3) Pitting hole geometric description: Figure 2 is the three-dimensional topography of a ellipsoid
pitting ,the pitting cross section is oval ,the half width is b, the half long is c, the maximum depth is a.
Ellipsoid shape parameters is determined by the a,b,c three values. a depicts the depth of pitting, the
d=c/b which is section coefficient controls the shape of the pitting section, t is wall thickness, t0 is the
maximum pitting depth, t'=t0/t is relative corrosion depth.
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Figure 1. Casing pitting corrosion model:(a) Double pitting axial distribution, (b) Double pitting
ring distribution.
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Figure 2. Ellipsoid pitting three-dimensional topography.

4. The establishment of the finite element model
In this paper, two pitting corrosion along the axial and ring distribution are chosen as examples
respectively. Three dimensional finite element model of casing pitting corrosion is established using
commercial available software ANSYS.

The casing is chosen in a super deep well section which is located in the Tarim Basin formation
depth of 5000 m. The equivalent external extrusion pressure is about 70 MPa. Casing type is P110
with the pipe parameters shown in Table 1.

Table 1. Parameters of casing.

Pipe diameter(m)  Pipe thickness(m) elasticity modulus (GPa)  Poisson's ratio  yield strength
0.1778 0.00919 2.06x1011 0.3 837MPa

5. The calculation results analysis

In order to study the differences between corrosion section, pitting depth and pitting space the
influence law of distribution of casing collapsing strength, section coefficient d is selected as 0.5, 1, 2,
3, and relative pitting depth d is chosen as 10%, 20%, 30%, 40%, 50%, the specific calculation
condition as shown in Table 2.

Table 2. Working condition of calculation table.

Working condition Section coefficient Relative pitting depth Pitting space
Axial distribution 05, 1. 2.3 20% 2mm~50mm
3 10%-. 20%-+ 30%-. 40%-. 50% 2mm~50mm
Ring distribution 0.5, 1~ 2.3 20% 27~50°
3 10%. 20%-+ 30%-. 40%. 50% 2°~50°

A working condition with relative pitting depth t'=20%, pitting section coefficient d=2 is taken as
an example. When the outer pressure is 50 MPa, the local stress cloud picture of casing pitting area is
calculated. When two corrosion holes are along the axial distribution and the corrosion holes are
intersected, the intersecting area between two holes is in high stress area, the maximum Von Mises
stress zone is located in the intersection area of two holes, as pitting spacing increases, the high stress
area gradually changed from the pitting hole edge to the pitting hole center. The maximum Von Mises
stress is located in the pitting hole edge; When two corrosion holes are along the annular distribution,
the intersecting area between two holes is in the low stress area and the center of two holes and a
fraction of hole edges are in the high stress area. The maximum Von Mises stress lies in the edge of
pitting hole. As the angle of pitting hole increases, the position of high stress area is unchanged.

5.1. The influence of pitting section on casing strength

When the relative pitting depth is fixed on 20%, the relationships between the maximum Von Mises
stress of casing and pitting spacing under the different corrosion section coefficient are shown in
Figure 3 an Figure 4. As shown in Figure 3, when double pitting holes is along the axial distribution,
the relationship between the maximum Von Mises stress of casing and pitting space obey the Gaussian
distribution. When the two hole is intersecting, the maximum stress increases with the increase of the
axial spacing and reaches the maximum at the smallest intersection area. When the section coefficient
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is small, the Von Mises stress will exceed the casing yield strength and the casing is easy to be
damaged by pitting corrosion. When the two holes are separated, the interaction of double pitting
corrosion defect is weakened. When the spacing reaches the limit axial spacing, the maximum Von
Mises stress changes very little. When the pitting section coefficient is 0.5, 1, 2, 3, the limit of the
axial spacing is: 16 mm, 20 mm, 22 mm and 22 mm respectively. As is shown in Figure 4, when the
double pitting holes are along the ring distribution, the maximum Von Mises stress of casing
exponential decreases as the double pitting ring intersection angle increases. When the pitting section
coefficients are 0.5, 1, 2 and 3, the limit toroidal angle are 18 °, 20 °, 22 ° and 22 ° respectively. When
the pitting spacing is small and the double holes spacing is the same, the maximum Von Mises stress
of double holes along the axial distribution is significantly larger than that of the double holes along
the ring distribution. The double pitting holes along the axial distribution is more likely to damage the
casing.
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Figure 3. Variation curves of the maximum Figure 4. Variation curves of the maximum Von
Von Mises stress with pitting space. Mises stress with pitting angle.

The relationship between the maximum Von Mises stress of the defects and section coefficient is
shown in Figure 5 when the double pitting axial spacing is 2 mm, 6 mm, 12 mm and 20 mm
respectively and double pitting ring angle is 2°, 6°, 12°and 20° respectively. It shows that the
maximum Von Mises stress decreases exponentially as the cross section coefficient increases. A case
example is carried out when the axial spacing is 2mm and ring spacing angle is 2°.

When the cross section coefficient is 0.5, the Von Mises stress of casing exceeds the yield strength
under the different pitting spacing, which leads to casing failure. Therefore in actual working
condition, the small pitting defect causes a lot of damage to the casing. When the cross section
coefficient d increases from 2.0 to 3.0, the maximum Von Mises stress of the pitting in axial
distribution reduces to 5.6%, the maximum Von Mises stress of pitting in ring distribution reduced to
4.7%. There is less influence of pitting section on casing stress and pitting section coefficient is no
longer the main factor which determines casing strength.
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Figure 5. Variation curves of the maximum Von Mises stress with pitting section coefficient,
(a)when double pitting axial distribution is different, (b) when double pitting ring distribution is
different.
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6. Conclusion

(1) The stress distribution of P110 casing when the double pitting is along axial distribution and
ring distribution is studied by the finite element software ANSYS. The limit spacing of double hole
axial pitting and double hole ring pitting are obtained. The limit spacing of double hole increases as
the increase of the pitting section coefficient.

(2) Through the regression curve it can be obtained that the maximum Von Mises stress
exponential decreases as the pitting section coefficient enlarges in the condition of double pitting
along axial distribution and ring distribution. When the pitting section coefficient exceeds a certain
value, the maximum Von Mises stress of casing does not decrease with the increase of the coefficient
of cross section.

(3) Under the condition of the same pitting, double pitting holes along the axial distribution causes
more damage than double pitting holes along the ring distribution while the pitting spacing is small.
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