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Abstract: To improve transportation efficiency, a supercritical CO2 pipeline is the best choice for
large-scale and long-distance transportation inshore and offshore. However, corrosion of the pipe
wall will occur as a result of the presence of free water and other impurities present during CO2

capture. Defects caused by corrosion can reduce pipe strength and result in pipe failure. In this
paper, the burst pressure of subsea supercritical CO2 pipelines under high pressure is investigated.
First, a mechanical model of corroded CO2 pipelines is established. Then, using the unified strength
theory (UST), a new burst pressure equation for subsea supercritical CO2 pipelines is derived. Next,
analysis of the material’s intermediate principal stress parameters is conducted. Lastly, the accuracy
of the burst pressure equation of subsea supercritical CO2 pipelines is proven to meet the engineering
requirement by experimental data. The results indicate that the parameter b of UST plays a significant
role in determining burst pressure of pipelines. The study can provide a theoretical basis and reference
for the design of subsea supercritical CO2 pipelines.

Keywords: carbon capture and sequestration (CCS); corrosion defects; unified strength theory;
burst pressure

1. Introduction

Carbon capture and storage (CCS) technology has become a vital technology for
reducing carbon dioxide emissions and improving the climate, as shown in Figure 1 [1].
As part of CCS, CO2 is transported through pipelines from the capture point to a suitable
geological location. To improve transportation efficiency, high-pressure supercritical CO2
transportation is the best choice for inland and offshore transportation of large-scale and
long-distance CO2. Due to the presence of free water or other corrosive substances that are
present in the captured carbon dioxide, corrosion defects will be caused in the pipeline [2].
In addition, corrosion defects can thin the pipe wall and further reduce the pipe’s bearing
capacity, which also affects the safe operation of the high-pressure pipes [3–5]. As an
essential parameter for evaluating pipeline integrity and safety, the burst pressure of the
pipeline is usually defined as the ultimate load when the pipeline fails plastically [6]. The
accurate prediction of the burst pressure of corroded CO2 pipes is necessary for reducing
pipeline operation risks and ensuring its strength and safety [7].
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Figure 1. Transportation system in CCS (Source: Provided by Global CCS Institute [8]). 

Currently, third-party fault assessment models for oil and gas pipes are based pri-
marily on model calculations based on pipeline structural reliability methods, which are 
not sensitive to pipeline transport media; therefore, the study of the burst pressure of su-
percritical CO2 transportation pipelines can learn from the research methods of high-pres-
sure transportation pipelines. The main research methods are the limitation of state equa-
tions based on different criteria, the finite element method [9–11], and industry standards, 
such as ASME [12], DNV [13], CSA [14], PCORRC [15] and other evaluation criteria. In 
most of the abovementioned methods, the corrosion defects are simplified into geometric 
shapes containing length and depth to fit the experimental results. Some researchers use 
neural network to study the failure behavior of pipelines [16,17]; however, empirical mod-
els tend to overestimate or underestimate the burst pressure. Hence, some researchers 
have studied the failure modes of corroded pipelines from a theoretical point of view and 
proposed some burst pressure equations based on different criteria. Over the last few dec-
ades, based on the theory of elastoplastic mechanics, a number of analytical formulas or 
empirical formulas for the burst pressure of unflawed pipes have been proposed by re-
searchers, and many prediction models for the failure pressure of corroded pipes have 
been developed. The choice of strength criterion is the key factor for accurately predicting 
burst pressure, and scholars are also interested in it. Klever. et al. [18,19] adopted the 
Tresca and von Mises yield criteria, considered large strain and material strain hardening, 
and proposed an analysis model for failure pressure of unflawed pipelines and corrosion-
defective pipelines, then verified the analysis by comparison with experimental data. Sev-
eral studies have demonstrated that the predicted pipe burst pressure is closely correlated 
with the adopted yield criteria. Christoper et al. [20] conducted experiments to study the 
burst pressure of unflawed pipes, and found that no single strength criterion could predict 
the burst pressure of all different types of material. Zhu and Leis [21–23] found that the 
Tresca criterion is appropriate for predicting the burst pressure of high-strain strength-
ened pipes, whereas the von Mises criterion is suitable for predicting the failure pressure 
of low-strain strengthened pipes. On this basis, a new multiaxial yield criterion is pro-
posed, namely, the Zhu-Leis criterion, and a theoretical calculation method for the failure 
pressure of the unflawed pipe was proposed. The theoretical solution has been combined 
with the results of the pipeline failure pressure experimental data and has a good agree-
ment. Law and Bowie [24] used different criteria to determine the burst pressure of high 
yield ratio pipelines. It then compared its predictions with the experimental results and 
determined that every criterion had its own applicability and limitations. Unified strength 
theory (UST) was first proposed by Yu [25], commonly used in engineering, which takes 
into account the strength differential effect (SD) of materials and the impact of the inter-
mediate principal stresses of different materials on materials properties. Some researchers 
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Currently, third-party fault assessment models for oil and gas pipes are based primar-
ily on model calculations based on pipeline structural reliability methods, which are not
sensitive to pipeline transport media; therefore, the study of the burst pressure of super-
critical CO2 transportation pipelines can learn from the research methods of high-pressure
transportation pipelines. The main research methods are the limitation of state equations
based on different criteria, the finite element method [9–11], and industry standards, such
as ASME [12], DNV [13], CSA [14], PCORRC [15] and other evaluation criteria. In most of
the abovementioned methods, the corrosion defects are simplified into geometric shapes
containing length and depth to fit the experimental results. Some researchers use neural
network to study the failure behavior of pipelines [16,17]; however, empirical models tend
to overestimate or underestimate the burst pressure. Hence, some researchers have studied
the failure modes of corroded pipelines from a theoretical point of view and proposed
some burst pressure equations based on different criteria. Over the last few decades, based
on the theory of elastoplastic mechanics, a number of analytical formulas or empirical
formulas for the burst pressure of unflawed pipes have been proposed by researchers, and
many prediction models for the failure pressure of corroded pipes have been developed.
The choice of strength criterion is the key factor for accurately predicting burst pressure,
and scholars are also interested in it. Klever et al. [18,19] adopted the Tresca and von
Mises yield criteria, considered large strain and material strain hardening, and proposed an
analysis model for failure pressure of unflawed pipelines and corrosion-defective pipelines,
then verified the analysis by comparison with experimental data. Several studies have
demonstrated that the predicted pipe burst pressure is closely correlated with the adopted
yield criteria. Christoper et al. [20] conducted experiments to study the burst pressure of
unflawed pipes, and found that no single strength criterion could predict the burst pressure
of all different types of material. Zhu and Leis [21–23] found that the Tresca criterion is
appropriate for predicting the burst pressure of high-strain strengthened pipes, whereas the
von Mises criterion is suitable for predicting the failure pressure of low-strain strengthened
pipes. On this basis, a new multiaxial yield criterion is proposed, namely, the Zhu-Leis
criterion, and a theoretical calculation method for the failure pressure of the unflawed
pipe was proposed. The theoretical solution has been combined with the results of the
pipeline failure pressure experimental data and has a good agreement. Law and Bowie [24]
used different criteria to determine the burst pressure of high yield ratio pipelines. It
then compared its predictions with the experimental results and determined that every
criterion had its own applicability and limitations. Unified strength theory (UST) was
first proposed by Yu [25], commonly used in engineering, which takes into account the
strength differential effect (SD) of materials and the impact of the intermediate principal
stresses of different materials on materials properties. Some researchers have achieved
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some results when applying UST to the theoretical study of pipeline burst pressure pre-
diction. Based on the von Mises, Tresca, Zhu-Leis criteria, and TS criterion, Wang [26]
used the unified strength criterion to derive the failure pressure calculation formula for
unflawed thin-walled pipelines. Lin and Deng et al. [27–29] proposed the through-walled
yield collapse pressure equation of thick-walled pipelines based on UST and verified the
accuracy of the equation through experimental data. Zhang [30] proposed a new yield
criterion—a weighted unification to predict the burst pressure of a pipe elbow. Deng [31]
established a mechanical model capable of calculating the internal pressure strength of
metallurgically bonded composite pipes and provided a calculation method for the internal
pressure strength. Considering the influence of the ratio of metal yield strength to tensile
strength (Y/T) on the bursting pressure, Chen [32] proposed a multi-parameter failure
criterion including (Y/T). Chen [33,34] first proposed the DCA model, a theoretical model
using thick-walled worn casing, and obtained the stress analytical solution for thick-walled
corroded pipes. The model is used to develop a series of burst pressure equations to predict
the burst pressure of corroded pipes.

As indicated above, the strength criterion choice in the existing theoretical analysis
has a significant effect on the burst pressure of pipelines. Theoretical studies of burst
pressures on supercritical CO2 transportation pipelines with defects are rare. Due to
high pressure design requirements, dense phase or supercritical carbon dioxide requires
high wall thickness pipelines [35]; therefore, a novel burst pressure model of corroded
dense or supercritical CO2 pipelines was proposed based on the DCA model and the UST
model. The accuracy of the equations for calculating burst pressure was confirmed with
experimental data. An integrity assessment framework is provided by the new equation
for the supercritical CO2 transportation pipeline. The burst pressure equation is compared
with the existing pipeline burst experimental data. The result shows that the error is within
the acceptable range of practical engineering applications.

2. Unified Strength Theory

The UST is applicable to various materials. The yield criterion of ductile metal materi-
als is a particular form of the strength theory. Generally, ductile metal pipe materials have
equal tensile and compressive strengths. The unified strength theory for metallic materials
is as follows: 

σ1 −
1

1 + b
(bσ2 + σ3) = σUST σ2 ≤

σ1 + σ3

2
(1)

1
1 + b

(σ1 + bσ2)− σ3 = σUST σ2 ≥
σ1 + σ3

2
, (2)

b =
2τs − σt

σt − τs
0 ≤ b ≤ 1 (3)

The parameter b represents the effect of the intermediate principal stress on the
material failure. In addition, b is a parameter of UST [36]. The UST can be reduced to
different strength criteria when the parameter b takes different values. For example, the
Tresca criterion, the twin-shear stress yield (TS) criterion, the von Mises criterion, and the
Zhu-Leis flow theory.

3. Mechanical Model of the Corroded Supercritical CO2 Pipeline

The unflawed pipeline section is generally two concentric rings, and corrosion de-
fects will cause the pipe wall thickness to be thinned. The types of corrosion defects that
have been simplified in the literature are rectangular, parabolic, and point-shaped corro-
sion [37–40], but these simplified models make it difficult to conduct theoretical analysis.
The theoretical analysis of the wear casing using the double circular arc (DCA) model is
shown in Figure 2 in [33]. In this paper, the DCA model is applied to the theoretical analysis
of the supercritical CO2 pipeline containing corrosion defects. In the model, the corrosion
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defects are assumed to be long-term corrosion defects, and the pipes with corrosion defects
are solved as a plane problem.
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As shown in Figure 2, Figure 2a shows a cross-sectional view of the unflawed pipe.
Figure 2b depicts the cross-section of a pipeline containing corrosion defects. The solid
circle is the edge line of the uncorroded pipe, and the dashed circle is the inner edge line of
the corroded pipe. O0 is the initial circle center, and O1 is the circle center after corrosion.
The thickness of the unflawed pipeline wall is t. tmin is the minimum wall thickness after
corrosion. The depth of corrosion defects is d. The corrosion ratio of the pipeline is:

ε =
d
t

(4)

d = t− tmin (5)

4. Equation for the Burst Pressure of the Corroded CO2 Pipeline
4.1. Stress Analysis

Figure 3 shows an illustration of the bipolar coordinate system. Based on the DCA
model, the stress distribution of the corrosion pipelines under internal pressure can be
obtained. An expression for the radial stress of the corroded CO2 pipeline is as follows:

σα = 1
2−cos h2αi−cos h2α0

{
2pisinh2α0 − 2pi(cos β− cosh α)csc h(αi − α0)sinhαisinhα0sinhα

−picsc h(αi − α0)[sinh(αi + α0)− sinh(αi + α0) cos β cos α−
sinh(αi + α0) cosh 2α + sinh(αi + α0) cos β cosh 3α+

6 cosh αi cosh α0 cos βsinhα− 6 cosh αi cosh α0 cosh αsinhα−
4 cosh(αi + α0)sinhα cos β− 2 cosh(αi + α0)sinhα cosh 2α cos β+

3 cosh(αi + α0)sinh2α]}

(6)

The hoop stress of the corroded supercritical CO2 pipelines can be expressed as:
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σβ = 1
2−cos h2αi−cosh 2α0

{
2pisinh2α0 + 2pi(cos β− cosh α) csc h(αi − α0)sinhαisinhα0sinhα−

pi csc h(αi − α0)[sinh(αi + α0)− 3sin h(αi + α0) cos α cos β+

sinh(αi + α0) cosh 2α + 2 sin(αi + α0) cosh 2α cos 2β−
sinh(αi + α0) cosh 3α cos β− 6 cosh αi cosh α0sinhα cos β+

6 cosh αi cosh α0sinhα cos α + 8 cosh(αi + α0)sinhα cos β+

2 cosh(αi + α0)sinhα cosh 2α cos β− 3 cosh(αi + α0)sinh2α−
2 cosh(αi + α0)sinh2α cos 2β]}

(7)

The shear stress of the corroded supercritical CO2 pipeline can be expressed as:

ταβ = −4pi csc h(αi − αo)sinh(αi − α)(cosh α− cos β) sin β

2− cosh 2αi − cosh 2αo
(8)

Substituting α = αi and β = π into Equation (6), the radial stress of the corroded
supercritical CO2 pipeline can be simplified as:

σα = −pi (9)

Substituting α = αi and β = π into Equation (7), the hoop stress of the corroded
supercritical CO2 pipeline can be expressed as:

σβ =

pi(1− q2 +
2q2(q+

√
f 2+q2

f 2(
√

1+ f 2−
√

f 2+q2
)

1 + q2 , (10)

where f =

√
q4+(−1+k2)

2−2q2(1+k2)

2k ;

q is an intermediate variable and q = 1− 2/ξ;
k is an intermediate variable and k = 2ε/ξ.

Simplifying Equation (10), we have the hoop stress of pipes with corrosion defects:

σβ =
pi[1 + q4 − 2qk + 2q3k− k2 + q2(2 + k2)]

(1 + q2)(−1 + q2 + 2qk + k2)
(11)

Substituting q and k into Equation (11), the hoop stress of the supercritical CO2
pipelines with corrosion defects can be further expressed as:

σβ =
pi[4ε2(−1 + ξ) + 4ε(2− 3ξ + ξ2)− (2− 2ξ + ξ2)]

2(−1 + ε)(−1 + ε + ξ)(2− 2ξ + ξ2)
(12)

where ξ= t/D.
For the DCA model, the max stress is hoop stress σβ, the axial stress is σz = µ(σα − pi),

so σz can be obtained:

σz = pi

−0.3 +
0.15

[
4ε2(−1 + ξ) + 4ε

(
2− 3ξ + ξ2)− (2− 2ξ + ξ2)2

]
(−1 + ε)(−1 + ε + ξ)(2− 2ξ + ξ2)

 (13)

We have three principal stresses of the supercritical CO2 pipelines with corrosion defects:
σ1 = σβ

σ2 = σz
σ3 = σα

(14)
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4.2. Determination of Burst Pressure Equation Based on UST

To determine the failure pressure of corroded pipelines, the strain failure criterion and
the stress failure criterion are the most commonly employed [41]. Experimental evidence
shows that the stress failure criterion is highly accurate when applied to calculate the burst
pressure of corroded pipelines. According to this section, we use the stress failure criterion,
which means that the pipeline fails as soon as the effective stress of part of the corrosion
reaches the tensile strength of the pipe. Substituting Equation (14) into Equation (1), a
novel prediction equation can be used for the corroded CO2 pipelines to predict the burst
pressure as follows:

Pb =
(1 + b)( f0 + f1ε2 + f2ε)

ω0 + bω1 + ε2(ω2 + bω3) + ε(ω4 + bω5)
σu (15)

where
f0 = 2− 4λ + 3λ2 − λ3

f1 = 2− 2λ + λ2

f2 = −4 + 6λ− 4λ2 + λ3

ω0 = −λ2 + λ3 − 0.5λ4

ω1 = −0.8 + 1.6λ− 1.9λ2 + 1.1λ3 − 0.35λ4

ω2 = λ2

ω3 = −0.8 + 0.8λ + 0.3λ2

ω4 = −2λ2 + λ3

ω5 = 1.6− 2.4λ + 0.2λ2 + 0.3λ3

λ = D/t

Equation (15) is the equation of the corroded CO2 pipeline based on the UST.
Equation (15) is a function of the geometric parameters of the pipeline (D and t), the
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geometric parameters of the corrosion defect (d), and the pipeline material characteristics
(parameter b). It is not a single equation for predicting burst pressure of pipelines but a
series equation under different strength criteria when parameter b takes different values.
For the supercritical CO2 pipeline without defects (ε = 0), the burst pressure equation can
be simplified as:

Pb =
f0(1 + b)
ω0 + bω1

σu (16)

4.3. Equations of Burst Pressure under Different Yield Criteria

The material parameter b has significant impact on the ultimate burst pressure. As a
bridge between UST and different strength criteria, different b values are associated with
different strength criteria, such as TS, Tresca, von Mises, and the Zhu-Leis flow theory;
therefore, the burst pressure equation for a variety of materials pipe can be obtained.

4.3.1. The Burst Pressure Equation Based Tresca Criterion

The Tresca criterion can be deduced from UST when the parameter b = 0 [42], the burst
pressure equation of CO2 pipelines with or without defects can be presented by solving
Equations (15) and (16):

PT
b-with =

f0 + f1ε2 + f2ε

ω0 + ε2ω2 + εω4
σu (17)

PT
b-without =

f0

ω0
σu (18)

4.3.2. The Burst Pressure Equation Based on the on Mises Criterion

The von Mises criteria can be derived when the parameter b = 1/(1 +
√

3) [42], and
the burst pressure equation of pipelines with or without defects can be presented by solving
Equations (15) and (16):

PM
b-with =

(2 +
√

3)( f0 + f1ε2 + f2ε)

(1 +
√

3)[ω0 + bω1 + ε2(ω2 + bω3) + ε(ω4 + bω5)]
σu (19)

PM
b-without =

(2 +
√

3) f0

(1 +
√

3)(ω0 + bω1)
σu (20)

4.3.3. The Burst Pressure Equation Based on the Zhu-Leis Flow Theory

The Zhu-Leis flow theory can be deduced when the parameter b = (1 +
√

3)/16 [27],
and the burst pressure equation of pipelines with or without defects can be presented by
solving Equations (15) and (16):

PZ
b-with =

(17 +
√

3)( f0 + f1ε2 + f2ε)

16[ω0 + bω1 + ε2(ω2 + bω3) + ε(ω4 + bω5)]
σu (21)

PZ
b-without =

f0(17 +
√

3)
16(ω0 + bω1)

σu (22)

4.3.4. The Burst Pressure Equation Based on the TS Criterion

The TS criterion can be deduced when the parameter b = 1, and the burst pressure
equation of pipelines with or without defects can be presented by solving
Equations (15) and (16):

PTS
b-with =

2( f0 + f1ε2 + f2ε)

ω0 + bω1 + ε2(ω2 + bω3) + ε(ω4 + bω5)
σu (23)
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PTS
b-without =

2 f0

ω0 + bω1
σu (24)

5. Influence of Parameter b on Burst Pressure

In this section, X65 grade steel, commonly used for CO2 pipeline transportation [43],
was selected to investigate the effect of parameter b on the burst pressure. The material
properties and geometric parameters are listed in Table 1 [44]. The burst pressure of
corroded pipelines of API X65 at different values of parameter b and different corrosion rates
were calculated by using Equation (15). The results have been shown in Figures 4 and 5.

Table 1. The material properties and geometrical parameters of API 5L X65 (Date from literature [44].

Parameters Value

Steel grade X65
Yield strength (σy/MPa) 467

Ultimate tensile strength (σu/MPa) 576
Diameter (mm) 762

Wall-thickness (mm) 17.5
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6.1. Comparisons with Experimental Data for Unflawed Pipeline 
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Figures 4 and 5 indicated that the influence of b on the burst pressure is significant
and cannot be ignored. Figure 4 shows that the trend of burst pressure for different
corrosion rates is consistent for increasing values of parameter b; therefore, proper selection
of parameter b is the key to accurately predicting burst pressure. As shown in Figure 5,
equations of different criteria divided from Equation (15) have been used to calculate the
burst pressure when the corrosion ratio is 0.5 [28]. It can be seen that as the pipe diameter-
thickness ratio increases, the pipe burst pressure drops rapidly, and the downward trend
gradually slows down as the pipe diameter–thickness ratio increases. In addition, the yield
criteria under different b values have a great influence on the burst pressure. The result
indicates that when b = 0 (Tresca), the calculated value is the lower limit of predictive burst
pressure while b = 1 (TS) the upper limit.
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6. Validations and Discussions

In this section, the equation of the corroded pipeline suggested in this paper will be
verified by comparing it with experimental data of pipeline burst pressure reported in
the literature [45]. In the following evaluation, two important statistical error parameters
are used, one is the average error (average relative error), and the other is the standard
deviation of the average error. These two parameters are defined as follows [23].

Mean error(ME) =
∑
(

Pcal
i /Pexp

i − 1
)

N
(25)

Standard deviation(SD) =
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6.1. Comparisons with Experimental Data for Unflawed Pipeline

According to the abovementioned analysis, only when parameter b is determined
can the burst pressure of the pipeline can be calculated. Generally, once the shear and
tensile strength are obtained from the material experiment, the value of parameter b can
be calculated by Equation (3). The tensile strength is easy to get by experiment, however,
the shear strength is not easy to obtain directly. Hence, the same b value (b = 0.5) which
was used for the thick-walled tube to predict the through-wall yield ductile pressure in the
literature [28], is used in this paper to calculate the burst pressure of unflawed pipelines to
verify the accuracy of the proposed unflawed burst pressure equation. Thirty-two sets of
full-scale experimental data of unflawed pipes were collected from the literature [45]. The
range of the diameter–thickness ratio of the experimental sample is from 5 to 50, including
both thick-walled pipes and thin-walled pipes. The comparative results are summarized in
Table 2. PEquation (16) denotes the burst pressure calculated using Equation (16).

Table 2 indicated that the average is 1.03, and the calculated results have a good
agreement with the experiments. By analyzing the above data, excluding two samples
(No. 19, No. 32) of experimental samples with large errors, the relative errors are within
20%. The ME is 6.9%. The large errors are considered to have occurred due to data
collection errors in the process of the experiment or due to the value of b. The experiments
and the predicted results of unflawed pipes are also shown in Figure 6. As the diameter–
thickness ratio increases, the predicted burst pressure is closer to the experimental value.
The influence of parameter b on the burst pressure of pipelines may be related to the
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pipeline material and diameter-thickness ratio, which is not particularly clear at present
and needs to be further studied.

Table 2. Comparisons between the calculation results and the experiments.

No. D (mm) t (mm) σy (MPa) σu (MPa) Pexp (MPa) PEquation(16) (MPa) PEquation(16)/Pexp

1 912 19 457.8 546.0 23.11 24.90 1.08
2 912 19 426.7 578.0 23.17 26.36 1.14
3 912 19 517.1 559.0 24.85 25.49 1.03
4 912 19 508.8 604.0 25.80 27.55 1.07
5 893.7 22.5 526.0 608.0 27.93 33.40 1.20
6 609.6 15.9 501.2 581.0 30.20 33.05 1.09
7 762.4 20 531.5 608.0 30.63 34.78 1.14
8 609.6 15.9 511.5 600.0 31.72 34.13 1.08
9 609.6 15.9 440.5 585.0 31.76 33.27 1.05
10 762.4 20 555.0 580.0 31.95 33.18 1.04
11 544.05 13.5 623.9 624.0 33.84 33.80 1.00
12 507.93 14.3 508.8 571.0 34.50 35.00 1.01
13 609.6 15.9 534.3 653.0 34.79 37.14 1.07
14 397.6 13.5 364.0 523.0 36.50 38.50 1.05
15 591.2 18.9 563.0 589.0 37.68 40.88 1.08
16 591.2 18.9 607.0 630.0 40.79 43.73 1.07
17 591.8 18.2 636.0 645.0 41.76 43.11 1.03
18 390.8 12.8 807.0 869.0 59.60 61.76 1.04
19 247.1 9.86 641.1 916.9 61.08 78.96 1.29
20 179.4 8.94 468.8 737.7 77.70 78.73 1.01
21 252.4 13.5 606.7 703.2 81.56 80.32 0.98
22 162.2 9.8 602.0 776.0 86.60 99.57 1.15
23 180.3 10.4 613.6 723.8 92.17 88.86 0.96
24 67.3 3.91 689.4 834.2 113.34 103.12 0.91
25 179.1 10.3 848.0 916.9 118.51 112.24 0.95
26 90.35 6.5 696.3 751.4 119.27 113.74 0.95
27 179.6 12.01 779.0 896.2 136.09 126.61 0.93
28 179.5 13.3 834.2 903.1 152.29 140.54 0.92
29 198.9 14.7 903.1 992.7 171.66 154.11 0.90
30 198.2 14.6 903.1 992.7 173.80 153.64 0.88
31 180.6 14.9 903.1 992.7 178.55 170.82 0.96
32 89 14.4 606.7 730.8 294.65 229.47 0.78

Mean 1.03
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6.2. Comparisons with Experimental Data for Corroded Pipelines

In this section, a comparison of the predicted burst pressure of corroded supercritical
CO2 pipes with existing experimental data [46] is presented. The calculated results by
Equation (15) and comparison results are listed in Appendix A. The corrosion rate of the
experimental samples in the literature ranges from 0.02 to 0.83, and the ratio of diameter to
wall thickness ranges from 16 to 88. Detailed geometric parameters and material properties
of corroded pipelines are shown in Appendix A. According to the previous analysis of
unflawed pipelines, when verifying the burst pressure equation of corroded pipes with,
the value of parameter b, it is 0.5 [28].

To verify the accuracy of the model under a different corrosion ratio, the experimental
data in the literature are grouped [46]. According to the diameter–thickness ratio, it is
divided into six groups to verify the accuracy of this model. The experimental specimens
contain one group of thick-walled tubes (D/t < 20) and five groups of thick-walled tubes
(D/t > 20). The comparison results are shown in Figure 7. As can be seen in Figure 7, the
errors of the model are within the engineering requirements for different diameter-thickness
ratios. Moreover, the corrosion ratio for each experimental sample in Figure 7a–d have
been labeled in the figures. In Figure 7e,f, due to the limited space of the figure, only the
corrosion rate of the sample with the largest error in the predicted value is marked, and the
specific corrosion situation can be found in Appendix A. It is not difficult to see, that when
the corrosion ratio in 0.5–0.8, the predicted value of the error is larger. When the corrosion
ratio is below 0.5, the burst pressure prediction model proposed in this paper has a high
accuracy and the error is within 10%.
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To demonstrate the advantages of our model, the prediction calculated using Chen’s
equation [47] and RAM PIPE are also compared with the model in this paper. As shown
in Table 3, ME is 4.57%, 6.7%, and 18.1%, and SD is 0.055, 0.062, and 0.084. The calcu-
lated results using Equation (15) are more accurate than Chen’s equation and RAM PIPE.
The results indicate that the burst pressure equation proposed in this paper has a good
consistency and low dispersion.

Table 3. Comparison with experimental data and other models.

Comparison Results PEquation (15) PChen PRAM

ME 4.57% 6.7% 18.1%
SD 0.055 0.062 0.084

7. Conclusions

Based on the UST and DCA model, a unified burst pressure equation for a supercritical
CO2 transport pipeline has been proposed, and the effect of intermediate principal stress
on the predicted burst pressure was considered. The bursting pressure increases with
the increase of the b value, and it decreases with the increase of the diameter–thickness
ratio. Through the discussion, it is evident that different yield criteria based on the unified
strength theory have a significant impact on the accuracy of prediction burst pressure.
Finally, the accuracy of the predicted burst pressure equations in this paper have been
verified by comparison with the experimental data, and the results indicate that our
equations are reasonably accurate, especially when the corrosion rate is below 0.5. The
findings of this research can provide a theoretical basis for the transportation and storage
of carbon dioxide; however, the material intermediate principle, stress parameter b, is not
sufficiently understood. It is necessary to further study how to determine the value of b in
specific applications.
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Nomenclature

σ1, σ2, σ3 First principal stress, second principal stress, third principal stress
σα, σβ, σz Radial stress, hoop stress, axial stress
f0, f1, f2 Coefficients in Equations (15) and (16)
ω0, · · ·, ω5 Coefficients in Equations (15) and (16)
σUST UST equivalent stress
τs, ταβ Shear strength and shear stress
a Yield-to-tensile strength ratio
t Influence coefficient of intermediate principal stress on material failure

Thickness of an ideal pipeline
tmin Minimum wall thickness after corrosion
d Depth of corrosion defect
ε Corrosion ratio
pi, pb Inner pressure, the burst pressure of the pipeline
λ The ratio of thickness to diameter
µ Poisson’s ratio
σu, σy Ultimate tensile strength, yield strength
α, β Variables in bipolar coordinate system
Pexp Experimental bursting pressure
q, k Intermediate variable
σt Tensile strength
Pcal

i The calculated burst pressure using Equation (15) in Table 2 and Appendix A
Pexp

i The experimental data of burst pressure for the i-th sample
N The total number of experiments
PChen Burst pressure calculated by Chen’s model.

Appendix A

Table A1. Errors of predictions compared with the actual burst pressure and two other evaluation
model. (Experimental data source [46]).

No. D
(mm)

t
(mm)

σy
(MPa)

σu
(MPa) d (mm) Pexp

(MPa)
PEquation (15)

(MPa)
Errors

(PEquation (15))
Errors
(PChen)

Errors
(PRAM)

1 342 13.5 840 980 0.24 80.6 82.19 1.97% 6.45% 0.74%
2 342 13.5 840 980 0.64 80.2 79.97 −0.29% 3.87% −5.99%
3 342 13.5 840 980 2.54 74.5 69.22 −7.09% −4.03% −22.01%
4 342 13.5 840 980 3.64 66.1 62.85 −4.92% −2.27% −23.90%
5 252 15.7 930 1070 0.33 143 138.9 −2.87% 5.94% −2.66%
6 252 15.7 930 1070 1.43 136 130.57 −3.99% 4.04% −13.60%
7 252 15.7 930 1070 2.63 130 121.23 −6.75% 0.31% −22.08%
8 252 15.7 930 1070 4.53 110 105.91 −3.72% 2.36% −26.45%
9 1219 19.9 585 715 15.41 7.6 5.99 −21.18% −25.00% −40.79%

10 1219 19.9 585 715 4.12 21.4 20.52 −4.11% −7.01% −16.82%
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Table A1. Cont.

No. D
(mm)

t
(mm)

σy
(MPa)

σu
(MPa) d (mm) Pexp

(MPa)
PEquation (15)

(MPa)
Errors

(PEquation (15))
Errors
(PChen)

Errors
(PRAM)

11 1219 19.9 592 723 7.44 17.7 16.51 −6.72% −9.60% −23.73%
12 1219 19.9 592 723 1.77 23.3 23.71 1.76% −0.86% −6.87%
13 1219 13.8 568 705 10.78 4.7 3.94 −16.17% −21.28% −34.04%
14 1219 13.8 568 705 2.3 15.3 14.74 −3.66% −7.84% −13.73%
15 1219 13.8 589 731 5.45 12 11.17 −6.92% −10.83% −21.67%
16 1219 13.8 589 731 1.54 16.1 16.27 1.06% −3.11% −8.07%
17 1320 22.9 782 803 2.52 27 27.35 1.30% 7.04% −8.52%
18 1320 22.9 782 803 2.27 27.7 27.67 −0.11% 5.78% −9.03%
19 1320 22.9 782 803 2.31 27.5 27.62 0.44% 6.18% −8.73%
20 1320 22.9 782 803 6.73 21.3 21.89 2.77% 7.98% −14.08%
21 1320 22.9 782 803 6.73 21.8 21.89 0.41% 5.50% −16.06%
22 1320 22.9 782 803 6.57 22 22.1 0.45% 5.45% −15.91%
23 1320 22.9 782 803 11.45 15.9 15.66 −1.51% 3.14% −22.64%
24 1320 22.9 782 803 11.45 15.7 15.66 −0.25% 4.46% −21.66%
25 1320 22.9 782 803 11.45 15.9 15.66 −1.51% 3.14% −22.64%
26 1320 22.9 782 803 18.55 6.2 6.04 −2.58% 1.61% −29.03%
27 1320 22.9 782 803 19.01 5.5 5.41 −1.64% 1.82% −27.27%
28 1320 22.9 782 803 18.55 6.4 6.04 −5.63% −1.56% −31.25%
29 1320 20.6 782 803 2.06 23.2 24.89 7.28% 13.36% −2.16%
30 1320 20.6 782 803 5.89 18.9 19.91 5.34% 10.58% −11.11%
31 1320 20.6 782 803 11.33 13.2 12.69 −3.86% 0.00% −24.24%
32 1320 20.6 782 803 16.48 5.1 5.7 11.76% 15.69% −15.69%
33 1320 22.9 782 803 4.58 25 24.69 −1.24% 4.00% −14.40%
34 1320 22.9 782 803 4.58 25.7 24.69 −3.93% 1.17% −16.73%
35 1320 22.9 782 803 11.45 16 15.66 −2.13% 2.50% −23.13%
36 1320 22.9 782 803 11.45 16.2 15.66 −3.33% 1.23% −24.07%
37 1320 22.9 782 803 18.32 6.3 6.36 0.95% 4.76% −25.40%
38 1320 22.9 782 803 18.32 6.3 6.36 0.95% 4.76% −25.40%
39 1320 20.6 782 803 4.12 21.8 22.22 1.93% 7.34% −11.01%
40 1320 20.6 782 803 10.3 14.3 14.07 −1.61% 2.80% −21.68%
41 1320 20.6 782 803 16.85 5.1 5.19 1.76% 5.88% −23.53%
42 1320 22.9 782 803 2.29 28.6 27.65 −3.32% 2.10% −12.24%
43 1320 22.9 782 803 2.29 28.2 27.65 −1.95% 3.55% −10.99%
44 1320 22.9 782 803 6.87 22.5 21.71 −3.51% 1.33% −19.56%
45 1320 22.9 782 803 6.87 22.1 22.71 2.76% 3.17% −18.10%
46 1320 22.9 782 803 11.45 15.1 15.66 3.71% 8.61% −18.54%
47 1320 22.9 782 803 11.45 15.5 15.66 1.03% 5.81% −20.65%
48 1320 22.9 782 803 18.32 5.6 6.36 13.57% 17.86% −16.07%
49 1320 22.9 782 803 18.32 5.7 6.36 11.58% 15.79% −17.54%
50 1320 20.6 782 803 2.27 24.6 24.62 0.08% 5.69% −9.35%
51 1320 20.6 782 803 6.39 19.4 19.25 −0.77% 4.12% −16.49%
52 1320 20.6 782 803 10.3 14.2 14.07 −0.92% 3.52% −21.13%
53 1320 20.6 782 803 15.86 5.1 6.55 28.43% 33.33% −3.92%
54 1320 22.9 782 803 11.45 18.1 15.66 −13.48% −9.39% −32.04%
55 1320 22.9 782 803 11.45 15.4 15.66 1.69% 6.49% −20.13%
56 1320 22.9 782 803 11.45 17.9 15.66 −12.51% −8.38% −31.28%
57 1320 22.9 782 803 11.45 15 15.66 4.40% 9.33% −18.00%

References
1. Vitali, M.; Zuliani, C.; Corvaro, F.; Marchetti, B.; Terenzi, A.; Tallone, F. Risks and Safety of CO2 Transport via Pipeline: A Review

of Risk Analysis and Modeling Approaches for Accidental Releases. Energies 2021, 14, 4601. [CrossRef]
2. Vitali, M.; Corvaro, F.; Marchetti, B.; Terenzi, A. Thermodynamic challenges for CO2 pipelines design: A critical review on the

effects of impurities, water content, and low temperature. Int. J. Greenh. Gas Control 2022, 114, 103605. [CrossRef]
3. Peletiri, S.; Rahmanian, N.; Mujtaba, I. CO2 Pipeline Design: A Review. Energies 2018, 11, 2184. [CrossRef]
4. Onyebuchi, V.; Kolios, A.; Hanak, D.; Biliyok, C.; Manovic, V. A systematic review of key challenges of CO2 transport via pipelines.

Renew. Sustain. Energy Rev. 2018, 81, 2563–2583. [CrossRef]

http://doi.org/10.3390/en14154601
http://doi.org/10.1016/j.ijggc.2022.103605
http://doi.org/10.3390/en11092184
http://doi.org/10.1016/j.rser.2017.06.064


Materials 2022, 15, 3465 15 of 16

5. Bilio, M.; Brown, S.; Fairweather, M.; Mahgerefteh, H. CO2 pipelines material and safety considerations. Hazards XXI: Process
Safety and Environmental Protection in a Changing World. Inst. Chem. Eng. 2009, 155, 423–429.

6. Gao, J.; Yang, P.; Li, X.; Zhou, J.; Liu, J. Analytical prediction of failure pressure for pipeline with long corrosion defect. Ocean Eng.
2019, 191, 106497. [CrossRef]

7. Porter, R.T.; Fairweather, M.; Pourkashanian, M.; Woolley, R.M. The range and level of impurities in CO2 streams from different
carbon capture sources. Int. J. Greenh. Gas Control 2015, 36, 161–174. [CrossRef]

8. Provided by Global CCS Institute: Transport Overview. Available online: https://www.globalccsinstitute.com/resources/ccs-
image-library/ (accessed on 13 December 2019).

9. Shuai, Y.; Wang, X.-H.; Li, J.; Wang, J.-Q.; Wang, T.-T.; Han, J.-Y.; Cheng, Y.F. Assessment by finite element modelling of the
mechano-electrochemical interaction at corrosion defect on elbows of oil/gas pipelines. Ocean Eng. 2021, 234, 109228. [CrossRef]

10. Liu, X.; Zhang, H.; Han, Y.; Xia, M.; Zheng, W. A semi-empirical model for peak strain prediction of buried X80 steel pipelines
under compression and bending at strike-slip fault crossings. J. Nat. Gas Sci. Eng. 2016, 32, 465–475. [CrossRef]

11. Liu, X.; Zhang, H.; Wu, K.; Xia, M.; Chen, Y.; Li, M. Buckling failure mode analysis of buried X80 steel gas pipeline under reverse
fault displacement. Eng. Fail. Anal. 2017, 77, 50–64. [CrossRef]

12. ASME. B31G-2009 Manual for Determining the Remaining Strength of Corroded Pipelines. In Supplement to ASME B31G Code for
Pressure Piping; The American Society of Mechanical Engineers: New York, NY, USA, 2009.

13. Bjornoy, O.; Fu, B.; Sigurdsson, G.; Cramer, E.; Ritchie, D. Introduction and background to DNV RP-F101 Corroded Pipelines. In
Proceedings of the International Offshore and Polar Engineering Conference, Brest, France, 30 May 1999.

14. CSA Standard Z662–07; Oil and Gas Pipeline Systems. Canadian Standards Association: Mississauga, ON, USA, 2007.
15. Stephens, B.N.L.D.R. An Alternative Approach to Assess the Integrity of Corroded Line Pipe—Part I: Current Status. In

Proceedings of the Seventh International Offshore and Polar Engineering Conference, Honolulu, HI, USA, 27 May 1997.
16. Liu, X.; Xia, M.; Bolati, D.; Liu, J.; Zheng, Q.; Zhang, H. An ANN-based failure pressure prediction method for buried high-strength

pipes with stray current corrosion defect. Energy Sci. Eng. 2019, 8, 248–259. [CrossRef]
17. Liu, X.; Zheng, Q.; Wu, K.; Yang, Y.; Zhao, Z.; Zhang, H. Development of a novel approach for strain demand prediction of pipes

at fault crossings on the basis of multi-layer neural network driven by strain data. Eng. Struct. 2020, 214, 110685. [CrossRef]
18. Klever, F.J.; Stewart, G.; Valk, C.A.C.v.d. New developments in burst strength predictions for locally corroded pipelines. In

Proceedings of the International Conference on Offshore Mechanics and Arctic Engineering, Copenhagen, Denmark, 18–22 June
1995; pp. 161–173.

19. Klever, F.J. Burst Strength of Corroded Pipe: “Flow Stress” Revisited. In Proceedings of the Offshore Technology Conference,
Houston, TX, USA, 4 May 1992.

20. Christopher, T.; Sarma, B.S.V.R.; Potti, P.K.G.; Rao, B.N.; Sankarnarayanasamy, K. A comparative study on failure pressure
estimations of unflawed cylindrical vessels. Press. Vessel. Pip. 2002, 79, 53–66. [CrossRef]

21. Zhu, X.-K.; Leis, B.N. Average shear stress yield criterion and its application to plastic collapse analysis of pipelines. Int. J. Press.
Vessel. Pip. 2006, 83, 663–671. [CrossRef]

22. Zhu, X.-K.; Leis, B.N. Analytic Prediction of Plastic Collapse Failure Pressure of Line Pipes. In Proceedings of the ASME 2005
Pressure Vessels and Piping Conference, Ann Arbor, MI, USA, 17–21 July 2005; pp. 109–118.

23. Zhu, X.-K.; Leis, B.N. Evaluation of burst pressure prediction models for line pipes. Int. J. Press. Vessel. Pip. 2012, 89, 85–97.
[CrossRef]

24. Law, M.; Bowie, G. Prediction of failure strain and burst pressure in high yield-to-tensile strength ratio linepipe. Int. J. Press.
Vessel. Pip. 2007, 84, 487–492. [CrossRef]

25. Yu, M.H. Advances in strength theories for materials under complex stress state in the 20th century. Appl. Mech. Rev. 2002, 55,
169–218. [CrossRef]

26. Wang, L.; Zhang, Y. Plastic collapse analysis of thin-walled pipes based on unified yield criterion. Int. J. Mech. Sci. 2011, 53,
348–354. [CrossRef]

27. Lin, Y.; Deng, K.; Sun, Y.; Zeng, D.; Xia, T. Through-wall yield collapse pressure of casing based on unified strength theory. Pet.
Explor. Dev. 2016, 43, 506–513. [CrossRef]

28. Kuanhai, D.; Yang, P.; Bing, L.; Yuanhua, L.; Jiandong, W. Through-wall yield ductile burst pressure of high-grade steel tube and
casing with and without corroded defect. Mar. Struct. 2021, 76. [CrossRef]

29. Kuanhai, D.; Yuanhua, L.; Bing, L.; Xiaohong, W. Investigation on the calculation model of burst pressure for tube and casing
under practical service environment. Int. J. Hydrogen Energy 2019, 44, 23277–23288. [CrossRef]

30. Zhang, S.H.; Liu, J.R.; Liu, X.Y. A weighted unification yield criterion and its application in analysis of burst pressure of pipe
elbow. Int. J. Press. Vessel. Pip. 2021, 194, 104561. [CrossRef]

31. Kuanhai, D.; Jialian, L.; Bin, L.; Lin, P.; Wanying, L.; Yuanhua, L. Study of internal pressure strength of the titanium-steel
composite tube based on yield and shear failure mechanisms. Int. J. Hydrogen Energy 2019, 44, 2997–3012. [CrossRef]

32. Chen, Z.-F.; Chu, W.-P.; Wang, H.-J.; Li, Y.; Wang, W.; Meng, W.-M.; Li, Y.-X. Structural integrity assessment of hydrogen-mixed
natural gas pipelines based on a new multi-parameter failure criterion. Ocean Eng. 2022, 247, 110731. [CrossRef]

33. Chen, Z.; Zhu, W.; Di, Q.; Wang, W. Prediction of Burst Pressure of Pipes With Geometric Eccentricity. J. Press. Vessel Technol. 2015,
137. [CrossRef]

http://doi.org/10.1016/j.oceaneng.2019.106497
http://doi.org/10.1016/j.ijggc.2015.02.016
https://www.globalccsinstitute.com/resources/ccs-image-library/
https://www.globalccsinstitute.com/resources/ccs-image-library/
http://doi.org/10.1016/j.oceaneng.2021.109228
http://doi.org/10.1016/j.jngse.2016.04.054
http://doi.org/10.1016/j.engfailanal.2017.02.019
http://doi.org/10.1002/ese3.522
http://doi.org/10.1016/j.engstruct.2020.110685
http://doi.org/10.1016/S0308-0161(01)00126-0
http://doi.org/10.1016/j.ijpvp.2006.06.001
http://doi.org/10.1016/j.ijpvp.2011.09.007
http://doi.org/10.1016/j.ijpvp.2007.04.002
http://doi.org/10.1115/1.1472455
http://doi.org/10.1016/j.ijmecsci.2011.02.004
http://doi.org/10.1016/S1876-3804(16)30059-3
http://doi.org/10.1016/j.marstruc.2020.102902
http://doi.org/10.1016/j.ijhydene.2019.06.205
http://doi.org/10.1016/j.ijpvp.2021.104561
http://doi.org/10.1016/j.ijhydene.2018.11.201
http://doi.org/10.1016/j.oceaneng.2022.110731
http://doi.org/10.1115/1.4029792


Materials 2022, 15, 3465 16 of 16

34. Chen, Z.; Zhu, W.; Di, Q.; Li, S. Numerical and theoretical analysis of burst pressures for casings with eccentric wear. J. Pet. Sci.
Eng. 2016, 145, 585–591. [CrossRef]

35. Lyons, C.J.; Race, J.M.; Wetenhall, B.; Chang, E.; Hopkins, H.F.; Barnett, J. Assessment of the Applicability of Failure Frequency
Models for Dense Phase Carbon Dioxide Pipelines. Int. J. Greenh. Gas Control 2019, 87, 112–120. [CrossRef]

36. Yu, M.H.; He, L.N. A new model and theory on yield and failure of materials under the complex stress state. In Proceedings of
the Mechanical Behaviour of Materials VI Proceedings of the Sixth International Conference, Kyoto, Japan, 29 July–August 1991;
Volume 4, pp. 841–846.

37. Netto, T.A.; Ferraz, U.S.; Estefen, S.F. The effect of corrosion defects on the burst pressure of pipelines. J. Constr. Steel Res. 2005, 61,
1185–1204. [CrossRef]

38. Fekete, G.; Varga, L. The effect of the width to length ratios of corrosion defects on the burst pressures of transmission pipelines.
Eng. Fail. Anal. 2012, 21, 21–30. [CrossRef]

39. Qian, G.; Niffenegger, M.; Zhou, W.; Li, S. Effect of correlated input parameters on the failure probability of pipelines with
corrosion defects by using FITNET FFS procedure. Int. J. Press. Vessel. Pip. 2013, 105–106, 19–27. [CrossRef]

40. Al-Owaisi, S.; Becker, A.A.; Sun, W.; Al-Shabibi, A.; Al-Maharbi, M.; Pervez, T.; Al-Salmi, H. An experimental investigation of the
effect of defect shape and orientation on the burst pressure of pressurised pipes. Eng. Fail. Anal. 2018, 93, 200–213. [CrossRef]

41. Shuai, Y.; Wang, X.-H.; Feng, C.; Zhu, Y.; Wang, C.-L.; Sun, T.; Han, J.; Cheng, Y.F. A novel strain-based assessment method
of compressive buckling of X80 corroded pipelines subjected to bending moment load. Thin-Walled Struct. 2021, 167, 108172.
[CrossRef]

42. Yu, M.-H. Unified Strength Theory and Its Applications; Springer: Berlin/Heidelberg, Germany, 2004.
43. Bilio, S.B.M.; Fairweather, M.; Mahgerefteh, H. CO2 pipelines material and safety considerations. In Proceedings of the 2009

IChemE, London, UK, 9–12 November 2009.
44. Abdalla Filho, J.E.; Machado, R.D.; Bertin, R.J.; Valentini, M.D. On the failure pressure of pipelines containing wall reduction and

isolated pit corrosion defects. Comput. Struct. 2014, 132, 22–33. [CrossRef]
45. Huang, X.; Chen, Y.; Lin, K.; Mihsein, M.; Kibble, K.; Hall, R. Burst Strength Analysis of Casing With Geometrical Imperfections. J.

Press. Vessel Technol. 2006, 129, 763–770. [CrossRef]
46. Bhardwaj, U.; Teixeira, A.P.; Guedes Soares, C.; Azad, M.S.; Punurai, W.; Asavadorndeja, P. Reliability assessment of thick high

strength pipelines with corrosion defects. Int. J. Press. Vessel. Pip. 2019, 177, 103982. [CrossRef]
47. Chen, Z.; Yan, S.; Ye, H.; Shen, X.; Jin, Z. Effect of the Y/T on the burst pressure for corroded pipelines with high strength. J. Pet.

Sci. Eng. 2017, 157, 760–766. [CrossRef]

http://doi.org/10.1016/j.petrol.2016.05.024
http://doi.org/10.1016/j.ijggc.2019.05.014
http://doi.org/10.1016/j.jcsr.2005.02.010
http://doi.org/10.1016/j.engfailanal.2011.12.002
http://doi.org/10.1016/j.ijpvp.2013.02.004
http://doi.org/10.1016/j.engfailanal.2018.06.011
http://doi.org/10.1016/j.tws.2021.108172
http://doi.org/10.1016/j.compstruc.2013.10.017
http://doi.org/10.1115/1.2767370
http://doi.org/10.1016/j.ijpvp.2019.103982
http://doi.org/10.1016/j.petrol.2017.07.036

	Introduction 
	Unified Strength Theory 
	Mechanical Model of the Corroded Supercritical CO2 Pipeline 
	Equation for the Burst Pressure of the Corroded CO2 Pipeline 
	Stress Analysis 
	Determination of Burst Pressure Equation Based on UST 
	Equations of Burst Pressure under Different Yield Criteria 
	The Burst Pressure Equation Based Tresca Criterion 
	The Burst Pressure Equation Based on the on Mises Criterion 
	The Burst Pressure Equation Based on the Zhu-Leis Flow Theory 
	The Burst Pressure Equation Based on the TS Criterion 


	Influence of Parameter b on Burst Pressure 
	Validations and Discussions 
	Comparisons with Experimental Data for Unflawed Pipeline 
	Comparisons with Experimental Data for Corroded Pipelines 

	Conclusions 
	Appendix A
	References

