
International Journal of Offshore and Polar Engineering (ISSN 1053-5381)
Copyright © by The International Society of Offshore and Polar Engineers
Vol. 17, No. 4, December 2007, pp. 288–293

Modeling of Anisotropy of TMCP and UOE Linepipes
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Modern linepipes can have highly anisotropic strength properties as a consequence of their manufacturing processes,
which are aimed at improving strength, toughness, weldability and other relevant mechanical properties. The anisotropy
can have a significant effect on the pipe’s integrity, including its buckling and collapse resistance. To better understand this
effect, more representative material models rather than the isotropic model are required to simulate pipe behavior. In this
paper, some well-established anisotropic and kinematic models are implemented to simulate the material’s anisotropy and
investigate the buckling behavior under bending.

INTRODUCTION

Modern high-strength linepipes made by the thermo-mechan-
ically controlled process (TMCP) have very high strength and
toughness. However, the mechanical properties of those linepipes
can be highly anisotropic due to the plate manufacturing and
pipe forming processes (i.e. the TMCP and UOE processes). The
anisotropy can potentially affect the integrity of the linepipes, such
as their buckling and collapse resistance. It also presents great
difficulty in predicting pipe ovalization and integrity after the reel-
lay process in offshore constructions. The material properties in
the direction of the minimum strain hardening and the highest
Y/T ratio are often used in the isotropic models to guarantee con-
servation (Tsuru et al., 2005). This simplification can significantly
underestimate the load-carrying capability of the pipes. A more
representative plasticity model is then needed for accuracy and
consistency.

Among the many anisotropic models, the simplest and most
widely used is Hill’s (1948) quadratic anisotropic model. The
most widely used nonquadratic anisotropic models were devel-
oped by Barlat and Lian (1989) and Hill (1990, 1993); the non-
quadratic models gave a better representation of the shape of
the yield surface. The anisotropic models have been frequently
applied to sheet metal-forming analyses where 2 aspects are very
important: the ratio of the yield strength and the ratio of the
plastic strain (R-ratio) between different orientations. However,
none of those models has been proven accurate in the simultane-
ous prediction of both strength and strain ratios. In addition, the
anisotropic models are used for monotonic loadings and are not
suitable for cyclic loadings and loadings involving path changes,
as those models do not account for the Bauschinger effect.

To simulate material behaviors under cyclic loading (such as
the reel-lay process) and loading-path change (such as expansion
followed by elongation), the kinematic hardening model is often
used. One of the best-established kinematic models is the non-
linear isotropic/kinematic hardening model, in which the yield
surface translates in the stress space (kinematic component) and
changes size (isotropic component) in terms of some internal vari-
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ables (such as backstress and equivalent plastic strain) that char-
acterize the stress/strain history. The pipe- forming procedures are
then needed to accurately determine the internal variables of the
materials in the post-manufacturing state.

In this paper are studied the applicability of the anisotropic
and kinematic models to high-strength linepipes and the effect of
the material’s anisotropy on pipe buckling resistance. Although
some new models combining Hill’s quadratic anisotropic harden-
ing model with the kinematic hardening model have been devel-
oped (Wu, 2002; Martinez and Brown, 2005), our attention is still
given to Hill’s (1948) quadratic anisotropic model and the nonlin-
ear isotropic/kinematic hardening model, due to their wide appli-
cations and accessibility in commercial FEA software such as
ABAQUS®. All models are tuned by experimental tensile and/or
compressive stress-strain curves. They are then used to simulate
the buckling behavior of a full-size pipe. The results of differ-
ent models are compared and analyzed. Also briefly reviewed and
compared are a few equations available in codes and standards
for calculating critical buckling strains.

MATERIALS AND MATERIAL MODELS

Materials

The material is an X100 TMCP linepipe made by a UOE pro-
cess. Its tensile and compressive stress-strain relations measured
in different directions are given in Figs. 1a and b (Tang et al.,
2005). Due to the large amount of cold working during the pipe
manufacturing process, the material properties are quite different
in different directions.

Fig. 1a shows that the tensile yield strength is much higher and
the strain hardening much lower in the transverse direction than
they are in the longitudinal direction. The overall longitudinal
stress-strain curve is of a roundhouse shape without an obvious
yield point, while the transverse curve has a more obvious yield
point. This is mainly caused by the pre-applied tensile strain in the
transverse direction during the UOE process. On the other hand,
the compressive stress-strain curves are all roundhouse-shaped
and do not vary significantly in different directions. The compres-
sive yield strengths are almost independent of the directions, but
the strain hardening in the transverse direction is higher than in
the longitudinal direction.

Material Models

Hill’s anisotropic hardening model. The potential function of
Hill’s quadratic plasticity model is an extension of the Mises




