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Full-Scale Tests of Axial Friction on Pipelines in Rock Berms
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Offshore pipelines for transport of hot oil and gas are exposed to thermal expansion/contraction during startup of and
shutdown of production. A method for controlling the feed-in of pipe to locations with lateral or upheaval buckling is to
install berms of crushed rock providing axial locking. To improve the basis for an optimized design of the axial locking
berms, a full-scale axial friction test program has been performed. This paper presents the test setup, rock materials, pipe
properties and the results from the friction test. Recommendations are given for friction coefficients between crushed rock
and uncoated steel pipes and pipes coated with concrete and poly propylene.

INTRODUCTION

Submarine pipelines with high temperature and/or high pressure
will expand during startup of production. For pipelines not later-
ally restrained (as may be the case for buried pipelines), global
buckling may occur. The global buckling may appear either down-
ward in free spans, laterally on the seabed, or as upheaval buck-
ling. The global buckles may grow during repeated startup and
shutdown cycles. Uncontrolled global buckles may cause local
buckling resulting in severe damage to the pipelines. Methods to
control global buckling are described in DNV–RP-F110.

The 2 main methods are:
• Restraining lateral and vertical movement of the pipeline. The

temperature elongation will then be compensated for by elastic
compression.

• Releasing the expansion forces in a controlled manner by
installing intermittent rock berms where the pipeline is axially
locked.

The first method will involve complete burial of the pipelines
either by trenching or rock installation, and it introduces strength
and stiffness requirements regarding the backfill material and the
soil in the trench. The lateral and upheaval forces depend on the
axial friction between pipe and backfill, or cover material and
the temperature profile in the pipe. These issues are discussed by
Schaminée et al. (1990) and Boer et al. (1986).

The second method was first discussed by Hobbs and Liang
(1989) and shown to be feasible for small-diameter pipelines by
Ellinas and Vastenholt (1990). This method involves calculations
to determine the required rock berm length and installation and
the stability evaluation of rock berms on the seabed. Geotechni-
cal issues regarding rock berms on the seabed are discussed by
Eiksund et al. (2008).

Flowline expansion analysis determines the location of the rock
berms and the required axial locking forces. Examples of the
design process for axial locking berms are given in Foss et al.
(2006).
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To calculate the required length and height of the rock berms,
the friction properties between pipeline and rock material are
required.

The friction property between sand and various construction
materials was investigated by Potyondy (1961); he found that fric-
tion is a function of the grain size distribution, the normal stress
and the material type. According to Kimberlie et al. (2006), the
relation between the grain size distribution and the surface rough-
ness of the pipe coating has a large impact on the pipe soil inter-
face friction. Compared to the crushed rock grain sizes, all pipe
coating materials may however be considered to be smooth. Mea-
sured interface frictions between sand and the coating material
will thus be of limited relevance for the evaluation of axial resis-
tance in berms of crushed rock.

Little information can be found in the literature regarding the
friction between pipelines and uncompacted crushed rock. From
tests on sand, it is known that the friction will be dependent on
rock mineral hardness, the rock cover height and the pipe coating
material. In pipeline design, the interface friction between crushed
rock and uncoated steel pipes is usually assumed to be similar to
the interface friction for sand and steel. Axial friction of pipes
covered by sand and clay is reported by Schaminée et al. (1990).

For pipes coated with polypropylene (PP), there may however
be a significant difference in the interface friction from sand and
crushed rock for the same overburden stress. If the contact forces
from rock particles are large enough to make scratches in the
surface of PP coating, tests in sand may not be representative for
the axial resistance.

To build a verified basis for an optimized design in a develop-
ment project, a full-scale axial loading test on pipe sections was
planned and performed by Geopartner Marin AS and Reinertsen
AS. Construction of the loading and measurement system was
performed by SINTEF.

TEST SETUP

The test rig consisted of a steel frame which enclosed a steel
compartment for the rock material (Fig. 1). The inside dimensions
of the steel frame were 3.0 m×6.5 m, the height of the walls was
0.8 m (side walls) and up to 1.4 m (end wall sections).




