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The results of the analytical limit-state equations in DNV standard DNV-ST-F101 (2021), a prevailing design standard for
submarine pipeline systems, are not always in line with those of detailed finite-element models. Under certain conditions,
the predicted collapse pressures can be significantly different. This paper suggests an improved analytical framework. The
proposed model reflects the underlying and interacting physics of material yielding and geometric instability; however, unlike
the DNV model, it includes the effects of stress triaxiality and plastic bifurcation. The result is an elegant set of equations
for predicting pipeline collapse that helps enable and economize pipeline projects whilst ensuring the required safety level.

INTRODUCTION

Background

One of the gaps identified in the research road map of the
Design Committee of the European Pipeline Research Group
(EPRG) is the lack of a valid formulation to evaluate the local-
buckling limit state under combined loading for a thick-walled
pipe. The formulations in DNVGL-ST-F101 (DNV GL, 2017), a
prevailing standard for the design of subsea pipelines, were not
valid for a diameter-to-wall-thickness ratio (D/t) less than 15.

Intecsea has completed a desk study for EPRG’s Design Com-
mittee as part of EPRG Project 202/2017 (“Pipeline design for
thick pipe (D/t ratio below 15)”). The study focused on the
behaviour of line pipe subjected to a combination of bending and
external overpressure and was summarized by Selker et al. (2022).
The main conclusion was that when behavior is load controlled,
the design equations in DNVGL-ST-F101 (DNV GL, 2017) lead
to increasingly conservative results when reducing D/t. The most
extreme underprediction of bending-moment capacity was found
for an external pressure close to the collapse pressure. When D/t
is below 15, the collapse pressure can be (conservatively) under-
estimated by more than 10%. This work has ultimately resulted
in DNV omitting the lower-bound limit on D/t for the combined-
loading criteria in the latest revision of its design standard, DNV-
ST-F101 (DNV, 2021).

Those findings have justified a study, EPRG Project 202a/2020
(“Pipeline design for thick pipe—Improvement of collapse equa-
tion”), to establish an improved design formulation that will
reduce this conservatism. An improved formulation could result
in a reduction of the required wall thickness of thick-walled pipe
loaded by high external pressure without impacting the reliability
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level targeted in the underlying code framework. Feedback pro-
vided by key line-pipe manufacturers indicates that it can be very
challenging—or beyond their capabilities—to mass-produce pipe
with very thick walls and satisfy all line-pipe test requirements
defined in the code. Reducing the required wall thickness can be
an essential enabler for pipeline projects in ultra-deep water.

Scope

The objective of this paper is to derive and propose an improved
formulation of the characteristic collapse pressure. In DNV-ST-
F101 (DNV, 2021), the collapse pressure pc is defined using the
following polynomial equation:
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in which pel denotes the elastic collapse pressure, pp the plastic
collapse pressure, and O0 the initial ovality. A detailed descrip-
tion of these parameters can be found later in this paper and the
design standard. After an improved formulation for predicting the
collapse pressure is developed, its applicability will be evaluated
for the following parameter ranges:

• a D/t ratio between 6 and 50,
• material grade DNV 485, and
• a cross section of a single, solid wall.
The analytical results will be benchmarked against results

obtained using a finite-element model. The parameters of special
interest are the D/t ratio and the shape of the stress–strain curve.

MATERIALS

Material grades used in submarine pipelines are characterized
by several properties, two of which are the specified minimum
yield stress (SMYS) and the specified minimum tensile strength
(SMTS). The material grade DNV 485 is typical for modern off-
shore line pipe intended for challenging applications.

If line pipe is fabricated using a technique that employs cold
forming, the Bauschinger effect may occur. In particular, this
applies to the UOE (U-ing, O-ing, and expansion) and the JCOE
(J-ing, C-ing, O-ing, and expansion) manufacturing techniques.
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