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1 Introduction

Oil country tubular goods (OCTG) connections are subjected
to different thermo-mechanical loads under service conditions.

A reliable definition of connection service envelopes and
the research into ways of expanding the applicability limits of
connections are an important task for the oil industry.

The general objective of this research is to investigate in
depth the performance properties of the 53-in. 14-ppf J-55 API
8-round (API 8-R) short thread casing connection (API 5B,
1988a) under different load conditions via finite element analy-
sis and experimental tests. These load conditions include make-
up, break-out, internal pressure, combined internal pressure and
axial tensile load, and tension to failure (pull-out).

Specific objectives are as follows:

* Validation of FEA models by comparison of their predic-
tions to full-scale laboratory test data.
¢ FEA prediction tests using the validated models.

A series of full-scale tests was performed on samples ma-
chined to predefined tolerances. The samples were made up,
tested for sealability under internal gas pressure (N,, see Appen-
dix ), and then some of them were tested to pull-out. Material
property tests were performed for all the samples used in the
FEA analysis and thread measurement were conducted before
and after the full-scale tests.

Finite element models ( Assanelli et al., 1993) were used to
simulate experimental tests performed in the full-scale labora-
tory. The numerical and experimental results are compared.
Comparisons with predictions based on the API formulas ( API
5C3, 1987) are also presented.

Using the models already validated in the simulation tests,
the performance of the connection under some extreme condi-
tions that were not tested in the laboratory was investigated.

Also, an FEA model was used to check the effect of ovality
in the box.
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2 Finite Element Models

The simulation of threaded connections is characterized by
two main nonlinearities: surface interactions together with slid-
ing between pin and box, and material plasticity (Bathe, 1982).

The finite element analyses were performed using the ADINA
System (ADINA R&D).

For connection analysis, an accurate and efficient contact
algorithm is essential. A Lagrange multiplier segment algorithm
(Bathe et al., 1985) is available in ADINA to solve contact
problems (see also, Hilbert, 1992).

The QMITC element used for the analyses is a quadrilateral
2-D element based on mixed interpolation of tensorial compo-
nents (Dvorkin et al., 1989a). Its performance in elasto-plastic
problems was assessed in Dvorkin et al. (1989b, 1996), Cris-
field (1995).

Figure 1(a) is an illustration of the mechanical model used
in the simulation of an API 8-R casing connection ( Assanelli
et al., 1993). The connection model is assumed to be axisym-
metric. A plane of symmetry at the centerline of the coupling
is also assumed. The FEA mesh used for this connection is
shown in Figs. 1(&) and (c¢).

The material model is a bilinear elastic-plastic model, with
von Mises yield condition and isotropic hardening. The material
model constants are the elastic modulus (E), Poisson’s ratio
(v), yield stress (o,), and strain-hardening modulus (E,). E
and v are the same for all the cases, while o, and E, are obtained
from laboratory tests for each sample.

In the present work, the yield stress was defined as the stress
corresponding to 0.5 percent total extension in the standard
tensile test. This definition corresponds to the API 5CT (API,
1988b). The hardening modulus is defined as the tangent modu-
lus at 1 percent of total deformation. This deformation is repre-
sentative of the strains calculated with the model for most load
cases. During pull-out tests, larger deformations can develop;
accordingly, a different material hardening definition was used
for those cases. For those situations, hardening is defined as the
increase of stress over the strain in the range of 1 to 4 percent
deformation.

3 Make-Up and Break-Out

3.1 Simulation Analyses Procedure. A make-up simula-
tion procedure was used in all the finite element analyses to
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Fig. 1 Finite element model

determine final turns and friction coefficients and to produce
the simulated torque-turn curves.

3.1.1 Friction Coefficient Determination Using FEA and
Experimental Results. For a number of samples, full-scale
tests were performed in the laboratory and FEA simulations
were performed using actual material data.

At any stage of the make-up process, the total torque T can
be decomposed as follows:

T = Ter + Toer (1

Equation (1) states that the total torque depends on the ‘‘fric-
tion torque’” Ty, the torque spent in frictional work, plus the
“‘deformation torque’’ Tpge, the torque spent in deforming
(elastically as well as plastically) the pin and the box. Even
though Tpee was considered in all the analyses, it is worth
noting that for this particular connection, its value is very small
compared with Tpg.

The friction torque is defined by

Ter = Zf UO 1 dSk (2)
il

where r is the radius at integration point; o, is the normal
contact stress; u is the friction coefficient, function of thread
compound characteristics, ,,, sliding distance, surface treat-
ment and roughness, temperature, etc. (Coulomb’s friction
law); Si is the contact surface number K.

For the FEA models, the following definition of an effective
[riction coefficient fi is used:

T

ﬁ, .
Z i Tl dS,.
x VSk

As it is easy to see, [ is an average of all the local friction
coefficients and other dissipative effects.

The linear part of the torque versus turns curve is controlled
mainly by the elastic properties of the material and the initial
effective friction coefficient. Therefore, fi is determined so as
to match the slope of the linear part of the FEA torque turn
curve with the corresponding experimental curve.'

(3)

' Researchers from Nippon Steel ( Yazaki et al., 1980) compared friction coef-
ficients resulting from different surface treatments of APl 8-round connections
also using the slope of the linear part of the torque turn curve as indicator.
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Fig. 2 Determination of the final number of turns

3.1.2 Final Turns Determination. Because the final num-
ber of turns define the interference, and therefore the stress and
strain level of the connection, its determination is critical for
the analyses. Final turns obtained in the experimental tests are
affected by the reference torque which starts the turn counter,
dope displacement, etc. For these reasons, final turns obtained
directly from experimental tests are not accurate enough for the
following analysis work.

After determining the FEA torque-turn curve (as seen in
Section 3.1.1), the experimental curve is shifted horizontally
to make the linear part of both curves coincide. The shifted
experimental curve will give a new value for final turns ac-
cording to

Final Turns = Final Turns |, — Shift (4)

This approach is shown in Fig. 2. In Section 3.2.1, the final
turn values obtained with this procedure are compared with the
ones obtained from the laboratory.

3.2 Simulation Results

3.2.1 Make-Up Simulation Test Results. By using the
aforementioned procedure, the make-up of seven samples was
simulated. The results for one sample (B2) are shown in Fig.
2. The difference (percent) between experimental and FEA
results for torque at final turns are shown in Table 1. The calcu-
lated effective friction coefficient and final turns for all the
samples are also listed. The effective plastic strain distribution
during a make-up process is shown in Fig. 3.

3.2.2 Make-Up/Break-Out Simulation Test. Another
sample (M) was measured, made-up, broken-out, and remea-
sured. This process was also simulated using FEA, and then
some calculated geometrical parameters were compared with
the measured values. The taper was measured at the first eight
complete threads (Taper 1), and between the ninth and the
sixteenth thread (Taper 2). The pitch diameter was measured
45-mm from the pin nose.

It can be seen from Table 2 that the FEA results for the
deformation of the pin show the same tendency as the measured
values.

Table 1 Make-up simulation test results
Al Bl B2 Cl C2 o] D2
it (Eqn.3) 0016 | 0020 | 0022 | 0020 | 0016 | 0020 | 0.026
final tums 39 3.7 4.1 34 19 4.2 5.3
T _ pae 275 -20.1 135 25.0 211 217 | <156
——
rl—l"
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Fig. 3 Make-up test—accumulated effective plastic strains

3.3 Make-Up Prediction Analyses on Mismatched Sam-
ples and on a Nominal Sample. The validated make-up FEA
model is now used for predictive purposes. Make-up curves on
mismatched and nominal samples obtained using FEA (g =
0.026) are shown in Fig. 4(a). The maximum torque difference
(torque inconsistency of the connection) is between the sample
with nominal tapers (maximum torque) and the sample with
slow pin/fast box (minimum torque ). At about two turns there
is a generalized plastification of the pin nose. At that point the
differences in torque between samples with different tapers start
to diminish. In Fig. 4(b), the difference in torque between the
nominal taper case and the slow pin/fast box case is plotted.
At four turns the maximum difference is less than 10 percent
of the total torque.

3.4 Ovalized Samples Prediction Analyses. To investi-
gate the effect of box ovality on the distribution of contact
stresses, a two-dimensional, plane strain model was used ( Assa-
nelli, 1994); see Fig. 5(a). The pin/box interface is modeled
with contact surfaces.

The geometrical data is representative of a section of a pin
at about the middle part of the threaded zone. Thickness of
pin and box, ovality, interference, and material properties are
representative of sample D1 of the present series of tests.

The standard API stand-off measurement of the ovalized cou-
pling would suggest higher interference than obtained with a
pitch diameter gage.

In Fig. 5(b) the contact stress distribution in the circumferen-
tial direction is shown. The contact stress is almost constant,
and it is almost coincident with the contact stress of a perfect
connection with the average pitch diameter.

3.5 Discussion of Make-Up Results

3.5.1 The average friction coefficient obtained from the
make-up analyses is 0.02, with results falling within the 0.016
~ 0.026 range. This result was also obtained in Allen et al.

Table 2 Break-out test results

belore make-up alter make-up
measurement FEA Measurement
Taper | 0.067 0.064 0.060
Taper 2 0.067 0,070 0.080
Pitch — -0.0080™ 0.0145"
diameter
reduction
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(1985) and Hawke (1984). Obviously, the friction coefficient
in a steel-to-steel interface with thread compound lubricant
(e.g., ring on disk test) is not necessarily 0.02. Actually, it may
be much higher, as shown in Shute (1987). The difference in
the fluids dynamic regime and in the tribological process of the
make-up of an API 8-R connection and a ring on disk test may
explain the differences in the resulting friction coefficients.

3.5.2 Make-up/break-out on a connection will affect the
taper of the pin and reduce the pitch diameter.

3.5.3 Less torque will be required to reach a certain make-
up turns for mismatched taper; but if sufficient make-up turns
are reached, the difference will reduce, because of the general-
ized plastification of the pin. A torque-controlled make-up pro-
cess only assures interference consistency at high interference
values (Day et al., 1990).

3.5.4 Ovality does not affect the contact stress distribution
pattern in the circumferential direction; however, it affects the
actual value of the contact stresses. According to the present
analysis, the contact pressure is almost constant along the cir-
cumferetential direction and equal to the contact pressure pre-
dicted using nonovalized parts with average interference.

3.5.5 1Itis recommended practice to always measure J dur-
ing laboratory tests. Using the J value measured after make-up
as depicted in Fig. 6, the final turns n can be calculated with
(definitions in Fig. 6(a))

n 1 (&—M—L.—J)+An (5)

~ pitch \ 2

For a nominal sample, the correction factor An is zero. For a
particular sample, An is calculated from the corresponding pitch
diameters (alternatively, stand-off and ovality can also be used)
according to

I ( APD,, 53

e = AP’)h:u
pitch \ tapery,

mpe rhﬂl

were APD (pin or box) is the difference between the corre-
sponding nominal and measured pitch diameter.

Calculation of final position from measured J and geometri-
cal parameters depends only on the measurement procedures
and gages, and these factors can be controlled within a certain
tolerance, so more precise results can be expected. This is
proved by Fig. 6(b) and Table 3. Final turns calculated from
FEA (Fig. 2) and from Eq. (5) are very close.

4 Leak Resistance

Leak resistance tests were conducted using nitrogen (N,) as
the pressure media. In order to investigate the possibility of
leak resistance for gas, eight samples were tested in the labora-
tory and six of them were analyzed using finite elements. To
investigate the sealing properties of the connection, two indica-
tors frequently mentioned in the open literature (Schwind et al.,
1985, 1995) were used. These indicators were developed for
analyzing water sealability; thus, the extension to gas sealability
is not necessarily straightforward nor a criteria for gas, based
on these indicators, is, to the best of our knowledge, available.

4.1 Sealability Test Simulation. After performing a
make-up simulation as described in Section 3, a load sequence
as described in the Appendix was applied. Finite element results
(contact stresses at stab flank) for sample B2 are shown in Fig.
7. For sealability analysis, the following indicators were used,
as suggested by Schwind et al. (1985, 1995): average contact
pressure on the stab flank, and average contact pressure on the
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