iN-SERVICE BUCKLING OF HEATED PIPELINES
Eony
By Roger E. Hobbs' QQ'/

{Reviewed by the Pipeline Division)

AssTRacT: Compressive forces may be induced in pipelines by the restraint of
axial extensions due to temperature changes or other causes. These forces may
cause vertical or lateral buckling of the pipeline. These two buckling modes,
which both involve an overall column-type response without gross distortion
of the pipeline cross-section, are analyzed on the basis of related work on rail-
road track. For normal coefficients of friction, the lateral mode occurs at a fower
axial load than the vertical mode and is dominant in pipelines unless the line
is trenched or buried. The theoretical solutions are illustrated by numerical re-
sults for a lypical pipeline and some design implications reviewed.

INTRODUCTION

The economic impostance of submarine pipelines has increased greatly
in recent years with the development of offshore cil and gas fields in
many parts of the worid. The cost in terms of tost production of a failure
in such a line is so high that considerable inierest has been focused on
the stresses caused during the laying (12,16} and modification or repair
(5} of submarine pipelines. Similar arguments on a somewhat lower scale
of expense apply to pipelines on dry land. However, comparatively little
attention has been paid to problems occurring in lines during routine
service. This paper addresses one such problem, the assessment of com-
pressive axial forces in the pipeiine and their consequences.

The magnitude of the axial load in the pipe depends on many factors.
As well as the mechanical properties of the line and its weight coat, the
axial force is a function of the initial tension at the seabed just after lay-
ing, the pressure difference across the pipe walt and temperature vari-
ations due to hot oil passing through the line. These factors interact with
seabed geometry and frictional or trench backfill effects, or both, as well
as the influence of end restraints in shorter lines: Akten (1) has treated
some effects of partial end restraint at a platform tie-in and Yen et al.
(17) have described some analogous phenomena in land based pipelines.
Finally, the previous loading history and time dependent changes due
to scour, currents and tides are also relevant.

Thus it is extremely difficult to say with any certainly what axial force
exists at any point in a given pipeline at a given tine. Nonettieless, two
major causes of compressive forces can be identified, arising from the
restraint of the strains associated with thermal and internal pressure
loadings. With oil and gas temperatures potentially up to 180° F (160° O
above water temperature and operating pressures over 1,450 Ib/in* (10
N/mm?) these effects can produce very significant forces indeed in a
long line where the necessary frictional force can develop between pipe
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Note.—Discussion open until August 1, 1984. To extend the closing date one
month, a written request must be filed with the ASCE Manager of Technical and
Professional Publications. The manuscript for this paper was submitted for re-
view and possible publication on January 31, 1983. This paper is part of the Jour-
nal of Transportation Engineering, Vol 110, No. 2, March, 1984. ©ASCE, 155N
0733-947X/84,/0002-0175/$01.00. Paper No. 18691,
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