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1. Introduction

In the oil and gas indwstry, sted threaded pipe connetions are comnonly used eg. as
couplings between drill pipes, risers and pipdines. Dueto environmenta influences, like waves and
vortex inducel vibrationsin offshore applicaions these tubular structures are subjeded to both
static and dynamic loading conditions To maintain a seaure connedion, the couplings are ingalled
with a preload to avoid them coming apart. To introducethe preload on the connedion, conicd
threaded connedionsor rotary shouldered connedionsare used. These connetionsare indaled by
applying the so-cdl ed make-up torque.

Due to the combination of the preload and externd loading the stress distribution in the
connedion is complex. Additiondly, the stress distribution depends on the coupling's geometry
(pipe dimensons and thread type) and material properties (coficient of friction between the
threads). Theresulting stressconcentrationscan initiate fatiguecradks and cause a premature failure
of the conredion. The influence of the different geometricd and material parameters on the
connecor's applicability and servicelife are not well known. However, improved pipe connedions
are necasry to med new indugria neals

This study aims to get a better undestanding on the influence of the diff erent parameters on
the connetion’s performancethroughfinite element andyses of diff erent connedion types. In this
paper theandysis of an APl line pipeconnedionis presented.

2. Modéling of threaded pipe connedions

The stress distribution in the connetion is cdculated by finite element andysis (FEA). A
widdy used method to modd threaded pipe connedionsis by the use of 2D axisymmetric modds
[1], [2]. This approac does not take into ac@unt the thread helix nor the exad run-out region.
However it is known from [3] and [4] that 2D axisymmetric modds give acarate results compared
to full 3D modds. Moreover, axisymmetric modds are less time-consuming and hence finer
element meshes can becdculated.

FEA were caried out using the software padage ABAQUS™. An elastic-plastic material
modd of AISI 4340 HSLA sted is used. This material has ayield grength of 800 MPa

To modd the preload an initial overlap is given to the male and female part of the connedion
(pin and box), corresponding to the spedfied number of make-up turns acwrding to the API
standad [5]. This overlap is shown in figure 1 together with addail of themodd’s mesh.
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Figure 1: Detail of modd mesh and initial overlap to modd the make-up torque
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During the first step of the andyses, the overlapping surfaces of pin and box are broughtinto
contad. This results in the von Mises stressdistribution as shown in figure 2 a). The stressat thetip
of thepin is ahoop $ressof about450 MPa

An additiond externd axial load is applied on the connedion giving the stressdistribution of
figure 2 b). As can be expeded from [1], the highest stressconcentrationis locaed at theroot of the
last engaged threal of the pin. This stressconcentration is mainly caused by axia stress while the
stress state at the tip of the pin is caused by hoop stresses from make-up and opening between the
threads of the pin and box
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Figure 2. Sressdistribution resulting from @ make-up, b)make-up +200MPaaxia load.

When thewall thicknessof the box is increased, the box beames more rigid. This increases
the hoop stresses in the pin. If on the other hand, the wall thickness of the pin is increased, the
ading hoop $resson hepin will deaease while thehoop $ressin the box will increase.

It can beseen in figure 2 b) that the box has an unthreaded extenson at theleft side Dueto a
combinaion of hoop stress and bending of the extension, an additiond stress concentration is
introducel where it is conneted to the threaded sedion of the box. When this extensonis left out
however, the opaning between the threads unde load increases together with the hoopstressin the
pin, redudng the connedion’s strength.

It was observed tha the opening between pin and box threads is significantly influenced by
the codficient of friction between the threads Sincea larger opening will deaease the static pull-
out strength of the connedion, it is important to have acarate daa of the coefficient of friction.
However, this daais generaly not present and can only be determined experimentally.

4, Conclusions

A finite element andysis of a preloaded conicd threaded connedionis presented. Results are
congstent with daa known from literature. The strength of the conredion depends on both
geometricd and material propeties. The coefficient of friction between the threads should be
determined experimentally to predict the connedion’'s benavior acarately.
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