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a b s t r a c t

With the development of multilateral and extended-reach wells, trajectories of wellbores are becoming
more complicated, and operating conditions are extending to higher temperatures and higher pressures.
For safe down-hole operations, accurate predictions of casing burst strength are crucial. Based on the
elastic–plastic theory for large deformations, we propose a three-dimensional finite element model
(FEM) for predicting the burst pressure of a pipe having geometric eccentricity. Using the cross-sectional
shape, we divide eccentric casings into two types: crescent-shaped and eccentric cylinder; then, we
verify the accuracy and reliability of FEM results by comparing them to a series of full-scale experimental
data. To estimate burst pressure, we derive a modified theoretical equation for eccentric pipes. Finally, we
discuss how burst pressure is affected by wear radius and pipe eccentricity. Our results show that ec-
centricity has important effects on burst strength, whereas effects of wear radius are small. Our modified
theoretical equation provides results that are consistent with experimental data published by others;
moreover, the equation is more accurate and extends over a wider range of applications than previous
equations. The FEM approach and the modified theoretical equation presented in this study are appro-
priate for predicting the burst pressures of pipes employed in the oil and gas industries.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

In the oil and gas industry, casings are widely used as protec-
tive conduits during all phases of drilling operations and produc-
tion. As the requirement for deep wells and wider applications of
multilateral and extended-reach wells continue to increase, tra-
jectories of wellbores are becoming more complicated and oper-
ating conditions are becoming harsher. Consequently, problems
due to casing wear are becoming more prominent. For example,
the integrity of casings is threatened in wellbores at high tem-
peratures and high pressures. Therefore, in integrity analyses, ac-
curate predictions of burst strength are crucial; burst strength is
the minimum internal pressure that can cause burst failure of a
steel casing.

The two modes of casing burst failures are ductile instability and
brittle fracture, and a simple criterion for distinguishing between
them has been proposed by Tallin et al. (1998). Because of improved
manufacturing processes and strengthened materials, a ductile

burst failure is more likely than a brittle fracture. Brittle fractures
rarely occur in practice; however, they can be induced when the
environment is filled with active gases such as H2S. Early work on
the burst strength of casings under internal pressure can be traced
back to Hill (1998). In recent years, Klever (1992) developed an
analytical model based on the von Mises yield criterion and con-
tributed a predictive equation for the burst strength of regular
casings. The model was further modified by the Tresca yield cri-
terion by Stewart et al. (1994). Chen et al., (2015a, 2015b) proposed
an analytical method for burst pressure of eccentric wore casing.
However, it is difficult to accurately predict the casing burst pres-
sure caused by geometric imperfections (eccentricity and ovality)
(Huang et al., 2007), which may lower the actual casing burst
pressure. Furthermore, a casing burst under excessive internal
pressure is an elastic-plastic large-deformation problem and a local
three-dimensional process. These complex nonlinear phenomena
are difficult to simulate accurately. For this study, a three-dimen-
sional elastic–plastic finite element model was used to simulate
these processes, and preburst states were clearly observed. A
modified theoretical equation and experimental data were used to
explore burst strengths of different casings, with and without ec-
centricities, and to study the effects of wear radius and eccentricity.
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2. Geometrical imperfections

In this study, geometrical imperfections mainly refer to ec-
centricity. During manufacturing, casings occasionally acquire an
initial eccentricity (Huang et al., 2007). During operations, the
continuous reciprocating or rotational movement of the drill pipe
can cause casings to wear in the radial and axial directions
(Johnson and Mellor, 1983). Furthermore, dogleg and horizontal
wells can increase wear on casings. Based on cross-sectional
shapes, most casings can be divided into two categories: those
with uniform-wear cross sections and those with eccentric-wear
cross sections. This study focuses on the latter. There are two
common models for eccentric-wear casings: the crescent-shaped
model (Fig. 1(a)), which is formed by drill pipes wearing on one
side of the casing, and the eccentric cylinder model (Fig. 1(b)),
which is primarily formed by irregular wear on the casing inner
wall.

In the crescent-shaped model (Fig. 1(a) <R R1 and δ ≠ 0), the
eccentricity ratio η can be defined as the ratio of the wall thickness
at the point of maximum wear to the original wall thickness,

η δ= + −
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where R1 is the radius of eccentric wear, δ is the distance between
the casing centre O and O1, R is the radius of the inner wall and t is
the original wall thickness of the casing.

In the eccentric cylinder model (Fig. 1(b) >R R1 and δ ≠ 0), the
eccentricity ratio η can be defined by
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where tmax is the maximum wall thickness and tmin is the mini-
mum wall thickness. Eq. (2) can be simplified to

η δ= ( )t
, 3

where ( )δ = − = −R R t t /21 max min denotes the distance be-
tween the centre of the casing O and the centre of the worn casing
O1, and ( )= +t t t /2max min .

When >R R1 and δ = 0, the casing has uniform wear and the
wall thickness of the casing remains the uniform after wearing.
Clearly, when the minimum residual wall thickness is constant, as

the wear radius increases, the cross-sectional shape of the casing
sequentially progresses from the crescent-shaped model, to the
eccentric cylinder model and then to the uniform-wear model.

3. Finite element analysis

3.1. Finite element modelling

An eccentric-wear casing bursts under internal pressure in a
three-dimensional elastic-plastic process with a large deformation
failure. Concentration of stress first appears in the thinnest area of
the eccentric casing. Then, yield occurs on the inner wall and
gradually extends to the outer wall. Finally, a yield surface spreads
over the entire wall and a burst occurs. The ABAQUS software
(6.10) is capable of simulating these nonlinear processes. There-
fore, ABAQUS (Gulati et al., 1994) was used to perform finite ele-
ment analysis to investigate the ultimate burst strength of a finite,
three-dimensional walled casing that contained geometrical im-
perfections. It was assumed that the deformed casing was im-
perfect under internal pressure and that the cross section re-
mained eccentric. Fig. 2 shows a typical finite element model with
geometric imperfections. Ovality has no significant effect (Huang
et al., 2007), and therefore, its influence was not considered in this
study. The cross section and imperfections are the same along the
length of the casing (see in Fig. 2).

3.2. Assumptions and algorithm

Because of the large deformation, a casing burst is a local three-
dimensional process in which the material undergoes elastic and
plastic stages. Therefore, in modelling the process, three-dimen-
sional materials and geometric nonlinearities need to be con-
sidered. To protect casings, many intermediate casings are solidi-
fied by cement, although some are used without a surrounding
cement ring. The model built in this study was for a casing without
the surrounding cement. In practice, casings are not regular tubes
and do not have uniform wall thicknesses; geometric imperfec-
tions are mainly elliptical or eccentric. Because ellipticity can be
automatically corrected by internal pressure and ovality has no
significant effect (Huang et al., 2007), the influence of elliptical
imperfections is ignored in this study. This study mainly focused

Fig. 1. Models for eccentric wear on casings. (a) Crescent-shaped model and (b) eccentric cylinder model.
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