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MocTpoeHbl AnarpamMmMbl HaAEXKHOCTMW MOA3EMHbIX TpPY6ONPOBOA0B C KOPPO3UOHHLIMM AedheKTamu,
OCHOBaHHble Ha KOHEYHO3/IEMEHTHOM aHanmse. YucneHHble pacieThl BbINOMHAAMCL ANs feDeKTOB C
peanbHbIMU FeoMeTPUYECKMMM pasMepaMm, a TakXKe [/ TPeX YMPOLLEeHHbIX reOMeTPUUYECKUX CXEeM
AetheKkTOoB. [ NPOBEPKU Pe3y/ibTaTOoB KOHEUHO3NEMEHTHbIX pacuyeT OB MPOBOAUIMCH UCMbITaHUS
Ha pa3pblB HECKO/MbKMX YUacTKOB TpPy6onpoBoza.

KniouyeBble cnoBa: KOPPO3NOHHAA A3Ba, HAAEXHOCTb, KOHEYHO3/1EMEHTHbI pacyer,
ncnbliTaHNA Ha paspbiB.

Introduction. The presently applied engineering methods for reliability
assessment of corrosion pits in pipelines are usually conservative. The measure of
conservatism strongly depends on the method, if it is based on the yield strength or
tensile strength of the pipe material, as well as the applied mechanical model of the
defect, as it is demonstrated in Fig. 1 [1-3]. The objective of our work was to
investigate the finite element method (FEM) applicability for assessing the failure
pressure and to develop less conservative safety diagrams for underground oil
pipelines.

1. Applicability of FEM and Simplified Defect Models. First the applicability
of simplified defect models was analyzed. For the FEM calculations four different
defect models were developed:

(i) real 3D defect geometry determined on the basis of laser scanning of the
sample of the real defects, as it is shown in Fig. 2 [1];

(ii) simplified defect with rectangular shape;

(iit) simplified defect with second order surface (parabolic);

(iv) simplified defect with sixth order surface.

The defect models were constructed in the following way: the depth of the
defect is equal to the depth of the deepest point of the real defect, the overall
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dimensions of the defect were adjusted to the finite element mesh. The size of the
mesh was 3 mm in order to avoid the large number of elements in the model. The
shapes of the simplified defect models are shown in Fig. 3, which were then
incorporated into the FEM model of the pipe.
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Fig. 1. Comparison of failure pressure of pipelines with corrosion pits assessed using different
guidelines.

Fig. 2. Method for generation of real 3D defect model

b
Fig. 3. The simplified defect models: (a) parabolic; (b) rectangular; (c) sixth order surface.

72 ISSN 0556-171X. npodneMbi npoHHocmu, 2009, No 6



Safety Assessment of the Transit Oil- and Gas-Pipelines

Elastic-plastic finite element analysis have been performed with large
deformation option. The material parameters of the pipe used in the first
calculations were: Ry = 334 MPa (yield strength), Rm = 468 MPa (tensile
strength). The following failure criterion was used for predicting the failure
pressure: the equivalent Mises stress at the deepest point of the defect has reached
the true stress value corresponding to the tensile strength (beginning of plastic
instability), i.e.,

~“red Rm. 1)

The predicted failure pressure values have been compared with burst test
results, as it is shown in Fig. 4. Comparison of the results of different defect
models showed that the parabolic and the 6th order models gave the best
predictions. The predicted failure pressure values using parabolic model were very
close to the measured ones, and were conservative in each cases. There was not
significant difference between the real defect and the parabolic defect model
results.
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Fig. 4. Failure pressure vs. defect depth: comparison of different defect models and the burst test
results.

2. Development of Safety Diagrams. Based on the above results, parabolic
model was selected for further calculations with different pipe geometries and
materials. This made it possible to elaborate safety diagrams based on large
number of FEM calculations with variation of the defect dimensions in a wide
range.

Most frequently applied pipeline geometry (diameter, wall thickness) and
materials were selected for further calculations that are shown in Table 1. The
dimensions of the parabolic defect were varied, and calculations were performed
for all possible combinations of these defect sizes, as shown in Table 2.

The equivalent Mises stress values at the deepest point of the defect were
evaluated from the FEM calculations as a function of internal pressure. Based on
this, three different critical pressure values were determined according to Fig. 5:

1). Pressure at the beginning of plastic deformation at the deepest point of the
defect: P s

2). Pressure at the end of the plastic yield (end of the horizontal section in

Fig. 5): pyf.

ISSN 0556-171X. npo6éeMbi npounocmu, 2009, N 6 73



L. Toth and B. G. Lenkey

Table 1
Material and Dimensions of the Investigated Pipelines
Material grade External diameter D, mm Wall thickness t, mm
A52K 323.9 50
X52 323.9 6.3
X52 406.4 5.6
DX60 406.4 71
X52 609.6 10.0
DX60 609.6 8.0
DX52 406.4 7.1
DX52 406.4 8.0
Table 2
Dimensions of the Generated Parabolic Defects
Defect length (axial) Defect width (circumferential) Relative defect depth,
L, mm B, mm dit
12 6 0.25
24 18 0.50
48 42 0.62
150 60 0.72
282 0.85
402
498
1000
0 5 Py 10 15Pf  PED 25

Pressure, MPa

Fig. 5. The equivalent Mises stress vs. internal pressure at the deepest point of the defect -
determination of critical pressure values.

74 ISSN 0556-171X. npo6neMbi nponuocmu, 2009, No 6



Safety Assessment of the Transit OH- and Gas-Pipelines

3). Pressure at the beginning of plastic collapse - predicted failure pressure:
Pf.

Based on the three critical pressure values, set of safety diagrams could be
generated for each of selected pipe diameter and material. In these diagrams,
according to the general practice, L/D was put on the horizontal axis. For the
vertical axis, the predicted critical pressure and its normalized values could be
selected. The predicted failure pressure of a flawless pipe [Eq. (2)] was used for
normalization:

Pf-fl = 2R'mtl(D - t), (2)

where t is wall thickness of the pipe (in mm), D is external diameter of the pipe
(in mm), and R'm is true stress belonging to tensile strength (in MPa).
The normalized critical pressure values were then calculated according to

Eqgs. (3)-(6):

norm- pys=pys/pF-fI, (3)
nom- pyf=pyflpF-fI, (4)
norm- Pf = Pf/Pf-fl, (5)
norm- Pg = Pop/PF-fI, (6)

where Pop is the operation pressure.

As an example for the possible representation of the safety diagrams, Fig. 6
shows the normalized critical pressure values for B = 60 m defect width. Figure 7
shows a set of safety diagrams for different critical pressure values. The points in
the diagrams indicate the discrete values where the FEM calculations were
performed. Based on these safety diagrams, three different safety factors can be
interpreted for the different critical pressure values according to Eqgs. (7)-(9):

nl= Pys/Pop, (7
n2=Pyf/Pop, (8)
n3=Pf/PPop. 9)

The main advantage of the developed safety diagrams and the safety
assessment method is that not only the safety against the leakage can be evaluated,
but also the safety against the beginning of the plastic deformation and plastic
instability, thus giving opportunity for the pipeline operator to establish and use a
less conservative and more complex assessment criteria for corrosion defects.

The determination of the required safety level is the task and responsibility of
the pipeline operator. The minimum required safety factor value may be different
for different pipeline sections depending on the consequence of a possible failure,
thus a risk based assessment method could be implemented in the every day
operational practice.
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Fig. 6. Safety diagrams for normalized critical pressure values for two different relative defect depths.

Conclusions

1. The most accurate prediction of the failure pressure was obtained with the
application of parabolic and sixth order surface simplified defect models, but all
the simplified models delivered conservative results comparing to the burst test
results. The calculation using real 3D defect model did not lead to more accurate
prediction.

2. Comparing to the engineering methods the finite element modeling
delivered more accurate and less conservative prediction of the failure pressure in
each case, which proves the applicability of the FEM. This is even of more
importance in the case of longer defects, when the presence of a defect can cause
larger decrease in the failure pressure.

3. Based on the stress analysis at the deepest point of the defect on the
external and internal surface, it is possible to determine a pressure region within
which the failure of the pipe is of highest probability.

4. The simplified defect models can be applied for failure pressure prediction,
therefore safety diagrams could be determined on the basis of large number of
FEM calculations applying simplified defect models.
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Fig. 7. Safety diagrams for different critical pressure values.

Pesome

MobypoBaHO fgiarpamMu HaginHoCTi Nig3eMHUX TPy6onpoBOAiB i3 KOPO3iiHUMM
fepekTamMu, sKi 6a3ylOTbCA Ha CKiHYEHHOeNeMeHTHOMY aHanisi. Uwucnosi pospa-
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XYHKW BUKOHYBanuca AnsA fedekTiB i3 pealbHUMUN FeOMETPUYHUMU po3Mipamu, a
TaKoX [18 TPbOX CMPOLWEHUX TFeoOMeTPUUHUX cxeMm fJedekTiB. [nsa nepeBipku
pe3ynbTaTiB CKiH4EHHOE/EMEHTHNX PO3PaxyHKIB NpoBoguauca BUNpobyBaHHA Ha
po3puB AeKiNbKoX AiNAHOK TPy60NpoBOAIB.
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