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Abstract. Increasing reliability of pipelines becomes a real challenge at all stages: design, con-
struction and operation of pipeline systems. It is very important to determine the behaviour of the
constructed pipeline under the operational and environmental loads using the design model in ac-
cordance with that one adopted in the rules and regulations. This article presents the simulation of
pipeline in permafrost. The evaluation of the stress-strain state is given herein and the areas of the
stress concentration are detected with the account for different loads occurred during the pipeline
operation. Information obtained from the assessment of the stress-strain state of the pipeline allows
determining sections in pre-emergency state (even before damages) and take all the necessary
measures for eliminating them, thus increasing the pipeline system reliability. It is shown that the
most critical pipeline cross-section is observed at the point of transition from one environment to
another. The maximum strains decrease the level of the pipeline reliability. The finite element
model is presented to determine the pipeline sections in pre-emergency state.

1. Introduction

The total length of the main pipelines in Russia is currently about 50 thousand kilometers. Despite the
fact that the problem of the pipeline safety is constantly the focus of attention, over 40 thousand pipeline
malfunctions and accidents occur annually in Russia, the losses being over 3% of the total volume of oil
and gas production. A considerable part of accidents is conditioned by beyond-design loads received by
pipelines. Thus, the assessment of technical conditions of pipelines must include monitoring of their
stress-strain state during the operation. One of the main factors that define the operating reliability of un-
derground pipelines is the soil-pipe interaction system.

The pipeline is subjected to soil effects, such as load, temperature, moisture, chemical and biological
attacks, corrosion, and others. In turn, the pipeline affects the soil either through dead loads (pipe weight,
pipe pressure, etc.) and live loads produced by temperature changes and the internal pressure of the
pumped product [1-7].

The additional loads which occur during the pipeline operation, result in a rapid lifespan exhaustion.
Beyond-design loads induced by landslips or seasonal soil movement are the most prevalent and danger-
ous and impossible to be accounted in designing. Beyond-design loads can be detected at the stage of
construction and during the operation by measuring the stress-strain state of the pipeline.

As it is known, the main oil fields in Russia are located in West Siberia and the Far North. Therefore,
the main pipelines inevitably cross the permafrost areas. Presently, the investigation and forecasting of
the stress-strain states of the underground pipelines is a relevant problem nowadays.

Laying of the pipelines in permafrost conditions is usually carried out when the soil is frozen, since a
seasonal thawing makes it impossible to move the construction machinery along the pipeline route.
Herewith, the original state of the underground pipeline is determined by the position of the pipes laid in a
frozen soil, and their stress-strain state should be analyzed with the account of the mechanical-and-
physical properties of frozen soil [8].

2. Results and discussion
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With the beginning of exploitation, the pipeline heats the frozen soil under the pipe which melts at the oil
temperature of 0°C and higher. Due to the change of the mechanical-and-physical properties of frozen
soil along the pipe, the area of thawing out is different at different pipe sections. This leads to bending,
sagging and large spatial deflections (often with buckling) of the pipeline sections and, sometimes, to its
destruction. The strength analysis allowing for the real operating conditions, is one of the main proce-
dures that assure the high reliability of the pipeline. The strength analysis is mostly focused on the stress-
strain state of the pipeline modified by the external loads [9-11]. It is conducted using the ANSYS fi-
nite element program. The pipeline section under research is laid in terrains with the temperature range
from —46 to —49 °C of most cold five-day period. Thus, the northern-type pipes are used having the fol-
lowing characteristics: K56 strength class; 820 mm diameter; 14 mm wall thickness; 9.2 MPa internal
pressure; 12 m pipeline section length; 09G2FB1" steel type.

The elastic properties of the pipe material are described by the Young’s modulus and Poisson number.
The analysis of the stress-strain state includes the circular stresses induced by the internal pressure and
longitudinal or axial stresses due to all external loads. A solid model is designed using the ANSYS fi-
nite element (FE) program, is subjected to the boundary conditions and loads in accordance with the orig-
inal data.
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Figure 1. Pipeline walls exposed to loads

The three-dimensional models are obtained for the distribution of the stress-strain state observed in the
most critical areas of the pipeline, that present all loads affecting the given structure. The FE models are
shown in Figures 1-6.

@ A : Static Structural (ANSYS) - Mechanical [ANSYS Multiphysics] —
| File Edit View Units Tools Help || @ | fSove ~ t@ Wit @[ A Y TR ER &S P AR e Q@ 3 oom| O

| Environment . Inertial ~ | &, Loads ~ @ Supports - | B

Outline @, Pressure
. Hydrostatic Pressure

Project
B &) Model (A4)

0.000 L500 3.000 )
1

0.750 2350

Geometry {WorEheet \Print Preview )\ Repor Praview, ]

N 0. N Tabular Data 2
1,32+005 N Steps | Time [s] [[+ X [N] [[¥ V[N] v ZN]

N 0. N 1)1 0. =0, =-13e+005 =0,

Nao 21 1, 0, -1,2e+005 0.

Press F1 for Help. [ [501 Mo Messages [Ne Selection Metric (m, kg, N, 5, V, A) Degrees rad/s Celsius

Figure 2. FEM of internal pressure.

! Steel composition: 0.09% carbon; 2% manganese; 1% silicon, 1.5% niobium, 0.1% vanadium.
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Figure 3. FEM of current load on soil with dead load of the pipe and product weight.

Figure 4. FEM of pipeline section in permafrost conditions:
a — maximum von Mises stress; b — deformation.
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Figure 5. FEM of stresses in the elastic-plastic medium.



PGON2016 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 43 (2016) 012080 doi:10.1088/1755-1315/43/1/012080

@ A: Static Structural (ANSYS) - Mechanical [ANSYS Multiphysics] A i e 50, [
| File Edit View Units Tools Help || @ | JSove ~tA B0 [0 (W @~ [|F & % h-rm G B W &[S+ Q@ @ WA Q% /maE | O
| Result 3, (auto seale) - @ B-W-35 BB | [ Probe

Outline L]
[ (&) Project
= (@] Model (Ad)
/BB Geometry
w2 Coordinate Systems
L BB Mesh
E--,=] Static Structural (A5)
7 Analysis Settings

/B Pressure
/%, Bearing Load
o A, Bearing Load 2
/A, Fixed Support 2
=1 Solution (A6)

0,127

/3] Solution Information 011289
M Total Deformation 0098751
M Equivalent Stress 0084669

0,070558
0,056446
0,042335
0,028223

Details of "Total Deformation” L 0014112
=/ Scope 0 Min
Scoping Method | Geometry Selection %
. i:;’":f | AnBodies 0.000 3500 2,000 rr) .
inition 1
Type Total Deformation L750 5,250 |4
By Time
Dispiay Time Lot Worksheet  Print Preview ), Report Preview |
Calculate Time History | Yes Tabular Data .
Identifier
=1 Results
Minimum [o.m
Maximum [0,19756 m
- 5
Press Fi for Help [ |10 Mo Messages [Ne Selection [Metric (m, kg. N.s. V. &) Degrees rad/s Celsius Y

Figure 6. FEM of deformations in the elastic-plastic medium.

The FE models show no bending in places of the pipeline fixation. The obtained information allows
constructing the diagram of the normal bending shown in figure 7.
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Figure 7. Normal bending of pipeline section in permafrost conditions: x — length; (x) — bending.

The maximum value of the pipeline bending corresponds to its 5 m removal from the conjunction
edge. The bending is approx. 61 mm. To estimate the strength of the pipeline, the diagram is constructed
for the axial and circular stresses depending on the pipe section length, figure 8.
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Figure 8. Distribution of axial and circular stresses in pipeline section in permafrost conditions:
1 . 2 .
o — axial stress; 6~ — circular stress.

The larger value of the axial stress corresponds to places of the pipeline fixation, i.e. the axial stress
value nearby the internal wall of the pipeline exceeds the yield strength of the pipe material. The load-
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bearing capacity of the pipeline in places of its fixation is exhausted when the pressure in the pipeline ex-

ceeds its limit value at which the whole transversal section will be subjected to the plastic deformation.
The FEM analysis allows detecting the pre-emergency conditions of the main pipeline linear sections

including those without defects and, taking measures for their elimination, increase the system reliability.

3. Conclusions
The strength analysis of the pipeline showed that buckling or sagging of its sections resulted in unallowa-
ble stresses. Larger pipeline sagging produce plastic deformations. Thus, the estimation of the stress-
strain state and pipeline sections mostly exposed to loads, including those static and dynamic, is the im-
portant factor in providing a safe operation of the pipeline.

In order to increase the pipeline serviceability and estimate its technical conditions, it is advisable to
timely conduct the technical diagnostics and strength analysis using the finite element method.
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