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Abstract. Multi-field coupling system in the paper is composed of the corroded pipelines, fluid,
heat preservation layers and frost -heaving soil, and the buried pipelines are inevitable to be
affected by earthquakes, but few studies have been done on corroded pipelines in multi-field
coupling under seismic loading in cold regions. The paper analyzes the dynamic response of the
pipelines under seismic loading. Method by FEM (finite element method), the three-dimensional
multi-field coupling mechanics model has been established for analysis, based on a thermal-fluid-
solid multi-field coupling analysis theory, considering the actual stress-strain characteristics of the
pipeline steel and the frost heaving force of soil. Meanwhile, the influences of fluid pressure, fluid
temperature, corrosion defects and seismic waves on the mechanical properties of the pipelines
are then discussed. The results show that: the relative corrosion depth, fluid pressure and fluid
temperature have obvious influence on the mechanical properties of corroded pipelines; other
factors are relatively weak; the properties of corroded pipelines do not change with different
seismic loading. For the corroded pipelines in cold regions, the factors which have obvious
influence on the mechanical properties of pipelines should be monitored intensely.

Keywords: corroded pipelines, cold regions, seismic loading, multi-field coupling, influence
factors.

1. Introduction

With the increasing demand for oil and gas resources in China, the pipelines in cold regions
have found an increasingly wide utilization, which play a more and more important role in the
development of national economy. Due to the particularity of the environment in cold regions, the
pipelines not only bear the risks of corrosion, mechanical damage, third-party damage, and so on
like the pipelines in ordinary regions, but also the risks of thawing, frost heaving, ice jam, exposed
pipelines and others [1-3].

At present, the researches on pipelines in cold regions at home and abroad mainly include the
stress, strain, displacement of pipelines [4-7], stability analysis [3, 8], wall thickness selection [9]
and so on under the action of frost heaving [2]. The numerical simulation method is currently used
to study the stress and displacement [10] and the related influence factors for the pipelines under
seismic loading [11, 12]. The pipelines in cold regions together with the particular environment
compose a multi-field coupling system. Once failures of the system occur, they will cause a series
of serious consequences [13]. Additionally, earthquakes often happen in China, and the pipelines
in cold regions will inevitably face the risk of earthquakes. However, there is little research about
the corroded pipelines in cold regions considering the seismic loading and the multi-field coupling
effect.

Aiming at the above problems, FEM (finite element method) is used to analyze the dynamic
response of the buried corroded pipelines in cold regions considering the multi-field coupling
effect, and the mechanical properties of the pipelines changed with fluid temperature, fluid
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pressure, corrosion defects and different seismic waves are then discussed. The results can provide
an analytical method and a theoretical basis for the integrity evaluation of pipelines in cold regions.

2. Physical model

The length of the pipeline selected is 182.8km, the specification of the pipeline is
?377x6.4 mm, the thickness of heat preservation layer made of rigid polyurethane foam is 40 mm,
and the settling depth (from surface to the top of pipeline) is 1.5 m.

The soil itself has a temperature field. From the ground depth (H) and half of the pipeline
horizontal radial (L/2), the pipeline has almost no thermal effect on it. The depth (H) is the
constant temperature layer of the soil, and the temperature is Ty; half of the horizontal radial (L/2)
is considered as adiabatic [14]. Therefore, the object of study can be simplified into a rectangular
area according to the thermal effect area, as shown in Fig. 1.

A complex thermal-fluid-solid multi-field coupling model is composed of the corroded pipeline,
the fluid in the pipeline, the heat preservation layers and the soil; the fluid-solid coupling model is
composed of the corroded pipeline and the fluid in the pipeline; the thermal-solid coupling model is
composed of the corroded pipeline, the thermal insulation layer and the soil. The fluid pressure and
fluid temperature inside the corroded pipeline are calculated by fluid-solid coupling. The frost heave
force and temperature loading outside the corroded pipeline are calculated by thermal-solid coupling.
The seismic loading propagation on the pipeline is through the soil.

Atmosphere

pipe(heat preservation layer)

_

La
Fig. 1. Three-dimensional physical model

L

3. Multi-field coupling mathematical model
3.1. Temperature field control equation

The oil in the long-distance pipeline is continuously dissipating heat from the pipeline, so there
is an axial temperature loss. In the paper, corroded pipeline, fluid, heat preservation layer and soil
are selected as the research object, and the factors which influence the mechanical properties of
pipelines with double corrosion defects are mainly analyzed. Considering that the length of pipe
in the research is much shorter compared with the length of long-distance pipelines, so it can be
approximately considered that there is no temperature loss in the axial direction. The differential
equations [15, 16] for heat balance control of temperature field are shown in Egs. (1-4)
respectively.

In the frozen area:
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Differential equation of unsteady heat conduction for pipeline steel:

L 92T, 10T, 1 8%T, ;
Pt =M\ Gr2 T ar T 2902 ) )
Differential equation of unsteady heat conduction for heat preservation layer:
0T _ 92T, PECLIAE 92T, A
P2t2 g =2\ G2 T T 12902 ) @

where A¢, A, A4, 4, are the thermal conductivity of frozen soil , thawing soil, pipeline and heat
preservation layer respectively; pr, py, p1, P2 are the density of frozen soil , thawing soil, pipeline
and heat preservation layer respectively; C¢, Cy, Cy, C, are the heat capacity of frozen soil,
thawing soil, pipeline and heat preservation layer respectively; Tr, Ty, Ty, T, are the temperature
of frozen soil, thawing soil, pipeline and heat preservation layer respectively; T is time.

3.2. Multi-field coupling equation

Under the fluid-solid coupling, the equilibrium differential equation of oil pipeline in cold
regions is shown in Eq. (5):

{6_0,’6 N 0Tyy 0Tz

! — 0’

0x dy 0z I
da, 0t,, 0T,

y zy XY g
—-— =0, 5
dy 0z 0x iy ®)
do, 01y, 0Ty, ,
0z + dx dy T =

Here: o} is the pipeline stress under fluid - solid coupling; f;' is the force acting on the corroded
pipeline.

Under thermal-solid coupling, the subsidiary thermal stress and thermal strain will come after
the temperature variation. Therefore, assuming that the initial temperature of the pipeline is Ty,
when the temperature increases to Ty, (the temperature is related to the temperature field control
equation), the pipeline will expand, resulting in thermal strain ¢’ = —f (ng - Tgo). B is the linear
expansion coefficient of the pipeline.

Therefore, the total deformation component of the pipeline is [17]:

1

&= f [092 - ”(03’/ + UZI)] + ﬁ(TgZ - TgO)'
1

&y = E [03,/ - ,Ll(O'z’ + a)’c)] + .B(ng - Tgo):
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The first three terms of Eq. (6) are added, and then the Eq. (7) is obtained:
! ! ! E
ox+o0y,+0,= ﬂ [(sx +e, + sz) - Bﬁ(ng - Tgo)]. (7

The stress of the pipeline is obtained by substituting Eq. (7) into the first three terms of Eq. (6):

Oy = E &+ Eu (e +& +s)—L,8(T - )
RN [T R AR T VL L e
E Eu E
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The Eq. (9) is obtained by substituting the Lemma coefficient, shear modulus and bulk
modulus formula into Eq. (8) respectively:

oy = 2G&, + l(sx +¢& + ez) - 3K,8(ng - Tgo),

oy =2Ge, + Mgy + &, + &,) — 3KB(Tyz — Tyo),
0y =2Ge, + Mg, + &, + &) = 3KB(Tyz — Tyo),

, ©)
Txy = nyy:
T;/z = nyz'
Tox = GVpx

In the space problem, the deformation component and the displacement component should
satisfy six geometric equations:

B ou'
&= Gx
ov'
& =5
ow’
&= g
owov (10)
Yvz =5y oz
B ou’  ow’
Vex =5, T ox !
_ v’ N ou’
Yoy = Gy oy’

The Eq. (9) is substituted into Eq. (5), and the spatial geometric relations equation Eq. (10) is
used to obtain the coupling deformation equation of the pipeline:
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In the equations, u', v', w' are the displacement component produced by the internal pressure,
the temperature difference and the soil force of the corroded pipeline respectively, and f/, fy, f;
are the component of the force acting on the corroded pipeline respectively.

Eq. (11) is the multi field coupling deformation equation of the pipeline, which contains the
coupling term reflecting the change of temperature field. Therefore, the temperature field equation
should be considered to get the solution of Eq. (11).

4. Finite element model
4.1. Basic data

Two corrosion defects of the pipeline are located close to interact each other and the
characteristic parameters are shown in Table 1. Fig. 2 shows geometric dimensions of the
individual defects. The corrosion defect 1 is located at Pipeline 00:00 position; the corrosion
defect 2 and the corrosion defect 1 have the circumferential distance of 30 degrees, and the two
defects have no axial spacing.

For the convenience of numerical simulation, the irregular corrosion defects are simplified into
rectangular areas, and the size of the rectangular area is determined by the maximum defect depth
and the maximum defect length.

For the pipeline, the actual stress-strain curve is used, and the curve is calculated by the
constitutive model of Ramberg-Osgood [18].

Table 1. Parameters for double corrosion defects

The relative corrosion The relative corrosion The relative corrosion
depth (d/t) length (L/VDt) width (6/180°)
Corrosion defect 1 0.4 2.9 0.1
Corrosion defect 2 0.4 2.9 0.1

defects along the pipeline

Notes: d is the measured maximum corrosion pit depth of the corrosion defect, t is the wall thickness of
pipeline; L is the allowable maximum longitudinal length; D is the pipe OD; 0 is the angle of corrosion

Corrosion defectl

Circumferenced j L/\ /\/
_ﬂr Axis
.
/\/ T
Corrosion defect2
[ L, | s — L: I
] .-y @ -y [
d: d:
b L

Fig. 2. Geometric dimensions of the individual defects

ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA

2115




2913. MULTI-FIELD COUPLING DYNAMIC RESPONSE ANALYSIS OF PIPELINES WITH DOUBLE CORROSION DEFECTS UNDER SEISMIC LOADING IN
COLD REGIONS. QIAO ZHEN LI, YANG Liu, L1 XIN WEI, MIN Luo

Other basic parameters [19] of pipeline steel are shown in Table 2. Data of heat preservation
layer and soil refer to data in the references [20, 21].

Table 2. Basic parameters of pipeline steel

Density / Linear expansion coefficient / Thermal conductivity / Specific heat capacity /
kg'm?3 mm-(mm-°C)’! W:(m-°C)! J-(kg-°C)!
7833 1.112x107 (20°~50°) 46 750

4.2. Boundary conditions

Because the research object is long-distance transportation pipeline, it can be approximately
considered that there is no axial displacement in the pipeline. An axial displacement constraint is
imposed on one end of the pipeline and the other end is imposed on its symmetric displacement
constraints.

On the basis of the above analysis, a three-dimensional thermal-fluid-solid multi-field coupling
mechanical model is established, composed of double corroded pipelines, heat preservation layers
and soil, the load boundary conditions and displacement boundary conditions are applied to the
model.

Load boundary conditions: the internal fluid pressure is 4 MPa, the temperature is 48 °C, and
the average velocity is 0.75 m/s. The external atmospheric temperature is 19.4 °C, the air
convection coefficient is 12.5 w/(m?-k), and a constant temperature load of 4 °C is applied on the
bottom of the constant temperature layer. The pipeline is subjected to the action of EL-centro
seismic loading [22], and the action time of seismic loading is 30 s; the direction of the wave
action is along the axial direction of pipeline [23], and the curve of acceleration time is shown in
Fig. 3.

Displacement boundary conditions: the displacement at the bottom of the simplified
rectangular region (constant temperature layer) is completely restrained; the displacement of the
connection between the soil’s surface and atmospheric is free; an axial displacement constraint is
applied at one end of the cross section of the pipeline, and a symmetric displacement constraint is
applied at the other end; the symmetrical displacement constraints are applied to the axial section
of pipeline; the displacement constraint is applied on the other side of the rectangular region.

04
03
0z
01

a

01

accelerationf { mfs2)

0.2

03

04

time/s

Fig. 3. Curve for acceleration time of EL-centro seismic loading

4.3. Mesh model

The structure of pipeline, fluid, heat preservation layer and soil are discretized respectively,
and then the whole mesh model is shown in Fig. 4.

5. Analysis of influence factors

In order to study the mechanical properties of corroded pipelines with multi-field coupling

2 11 6 JOURNAL OF VIBROENGINEERING. AUGUST 2018, VOLUME 20, ISSUE 5



2913. MULTI-FIELD COUPLING DYNAMIC RESPONSE ANALYSIS OF PIPELINES WITH DOUBLE CORROSION DEFECTS UNDER SEISMIC LOADING IN
COLD REGIONS. QIAO ZHEN LI, YANG Liu, L1 XIN WEI, MIN Luo

effect under seismic loading, the numerical simulation of different fluid temperature, different
fluid pressure, different defect characteristics and different types of seismic loading are developed,
and the results are analyzed and discussed.

LR
e,

4“7“%“7‘\1
LKA
AT
“"ﬁ%’*‘" .
b4

a) Mesh model of solid with double corrosion defects b) Mesh model of pipeline fluid
Fig. 4. The overall three-dimensional mesh model

5.1. Influence of fluid temperature in pipeline

In the premise of other load boundary conditions and displacement boundary conditions
invariant, multi-field couplings numerical simulation for pipelines with double corrosion defects
with fluid temperatures of 40 °C, 48 °C, 53 °C and 60 °C are carried out respectively. Curves for
the stress, displacement and strain of the corroded pipeline, changed with fluid temperature, are
shown in Figs. 5-7 respectively. The maximum strain distribution of the corroded pipeline is
shown in Fig. 8.

340 6.5
L
330 1
6
320 E
o
S 310 - 2 55
g 5
§ ]
g 300 g 5
v a
290 2
45 -
280 4
270 T T T d 4
40 45 50 55 60 40 45 50 55 60
fluid temperature/’C fluid temperature/"C
Fig. 5. Curve for stress of corroded pipeline Fig. 6. Curve for displacement of corroded pipeline
changed with fluid temperature changed with fluid temperature
0.0018
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0.0016 -
0.0015 7
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Fig. 7. Curve for strain of corroded pipeline changed with fluid temperature

Fig. 5 shows that the pipeline stress increases with the increasing of the fluid temperature. The
value of stress is 280 MPa when the fluid temperature is 40 °C, while the value of stress is
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335 MPa when the fluid temperature is 60 °C, with an increase of 19.6 %.

Fig. 6 shows that with the increase of the fluid temperature, the maximum displacement of the
pipeline shows a downward trend. The value of displacement is 6 mm when the fluid temperature
is 40 °C, and drops to 4 mm when the fluid temperature is 60 °C, with a decrease of 33.3 %.

Fig. 7 and Fig. 8 shows that with the increase of fluid temperature, the strain of pipeline
presents a steady change and then increases obviously. When the fluid temperature at the top
corrosion of pipeline is 40 °C, the maximum strain with the value of 0.0015; when the fluid
temperature exceeds 48 °C, the maximum strain increases continuously, but the position does not
change, and it appears in the corrosion pits near the middle of pipeline. The fluid temperature
increases by 50 %, and the strain of the pipeline with double corrosion defects increases by 18.5 %.

»

o e
-321E-03 .576E-03 831] 0108; 001 -385E-03 . 616E-03 .847E-03 001079 00131
. 44BE-03 .T03E-03 BSBE 03 DD12 3 . 001468 -501E-03 -732E-03 -963E-03 001194 001425

a) Fluid temperature is 40 °C b) Fluid temperature is 48 °C
__._.—___ L S —
.376E-03 46E~ -398E-03 . 696E-03 - 994E-03 .001292 .0015%
511E . 951555 .547E-03 -B45E-03 .001143 -001441 .001739
c) Flu1d temperature is 53 °C d) Fluid temperature is 60 °C

Fig. 8. Distribution position for maximum strain of corroded pipeline with different fluid temperature
5.2. Influence of fluid pressure in pipeline

In the premise of other load boundary conditions and displacement boundary conditions
invariant, multi-field couplings numerical simulation for the pipelines with double corrosion
defects with fluid pressure of 4 MPa, 5 MPa, 6 MPa and 10 MPa are carried out respectively.
Curves for stress, displacement and strain of the corroded pipeline changed with fluid pressure are
shown in Figs. 9-11 respectively. The maximum strain distribution of the corroded pipelines is
shown in Fig. 12.

Fig. 9 shows that the pipeline stress increases with the increasing of fluid pressure. The value
of stress is 290 MPa when the fluid pressure is 4 MPa, while the value of stress is 597 MPa when
the fluid pressure is 10 MPa, with an increase of 1.1 times.

Fig. 10 shows that the total displacement of the pipeline is approximately not changed with the
increasing of fluid pressure, and the maximum value is about 5 mm all the time.

Fig. 11 and Fig. 12 shows that the strain of double corroded pipeline increases with the
increasing of fluid pressure, but the position of maximum strain remains unchanged, which is
located in the corrosion pit near the middle of pipeline. When the fluid pressure is 4 MPa, the
maximum value of double corroded pipeline strain is 0.0014; when the fluid pressure increases to
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10 MPa, the maximum value of double corroded pipeline strain is 0.0029.
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Fig. 9. Curve for stress of corroded pipeline Fig. 10. Curve for displacement of corroded
changed with fluid pressure pipeline changed with fluid pressure

strain
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Fig. 11. Curve for strain of corroded pipeline changed with fluid pressure
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c) Fluid pressure is 6 MPa d) Fluid pressure is 10 MPa

Fig. 12. Distribution position for maximum strain of corroded pipeline with different fluid pressure
5.3. Influence of corrosion defects characteristics

In the premise of other load boundary conditions and displacement boundary conditions
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invariant, multi-field couplings numerical simulation for the pipelines with double corrosion
defects with different relative corrosion depths, different relative corrosion lengths and different
relative corrosion widths under seismic loading are carried out respectively. The calculation
conditions are shown in Table 3.

Table 3. Calculation conditions of different defect characteristics considering

the earthquake time history effect

Case Case name Concrete content
number
Influence of When the other characteristic parameters of the defect are invariant, the
1 relative corrosion multi-field coupling analysis is carried out on the corroded pipeline
depth with the relative corrosion depth of 0.3, 0.4, 0.5 and 0.6 respectively.
Influence of When the other characteristic parameters of the defect are invariant, the
2 relative corrosion multi-field coupling analysis is carried out on the corroded pipeline
length with the relative corrosion length of 2.9, 6.2 and 8.2 respectively.
Influence of When the other characteristic parameters of the defect are invariant, the
3 relative corrosion multi-field coupling analysis is carried out on the corroded pipeline
width with the relative corrosion width of 0.1, 0.3 and 0.4 respectively.

5.3.1. Influence of relative corrosion depth

According to the multi-field coupling analysis, curves for stress, displacement and strain of
pipelines with double corrosion defects changed with the relative corrosion depth under seismic
loading are drawn, as shown in Figs. 13-15 respectively. The maximum strain distribution of
corroded pipelines is shown in Fig. 16.

450

5.4972 4
200 4 5.497
€ 5.4968 -
© £
£ 350 - =
2 € 54966
2 £
5 300 - § 5.4964 -
v a
p 2 5.4962 -
250 A
5.496 ¢
200 5.4958
03 035 04 045 05 0.55 06 03 035 0.4 0.45 05 0.55 06
the relative corrosion depth the relative corrosion depth
Fig. 13. Curve for stress of corroded pipeline Fig. 14. Curve for displacement of corroded pipeline
changed with relative corrosion depth changed with relative corrosion depth
0.0025
0.002
0.0015
.g 9
K 0.001
0.0005 -
0
0.3 0.35 0.4 0.45 0.5 0.55 0.6

the relative corrosion depth

Fig. 15. Curve for strain of the pipeline with double corrosion defects

changed with the relative corrosion depth

Fig. 13 shows that the pipeline stress increases with the increasing of the relative corrosion
depth. The value of stress is 290 MPa when the relative corrosion depth is 0.3, while the value of
stress is 409 MPa when the relative corrosion depth is 0.6, with an increase of 57.3 %.
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Fig. 14 shows that the total displacement of pipeline is approximately not changed with the
increasing of the relative corrosion depth, and the maximum value is always about 5.5 mm.

Fig. 15 and Fig. 16 show that the strain of the pipeline with double corrosion defects increases
with the increasing of the relative corrosion depth, but the maximum position remains unchanged,
which is located in the corrosion pit near the middle of pipeline. When the relative corrosion depth
is 0.3, the maximum value of the pipeline with double corrosion defects is 0.0013; when the
relative corrosion depth is 0.6, the maximum value of the corroded pipeline strain is 0.0023.

® £

. 401E- nz 123 .385E-03 _616E-03 _847E-03 01079 00131
OSE: 001334 J501E-03 C732E-03 963E~ 001154 001425

a) Relatlve corrosion depth is 0 3 b) Relative corrosion depth is 0.4
.364E-03 GSPE-03 955: 03 0 54 H—_
«511E- UE TE- DUllUZ -001 393 001634 -o002261
c) Relative corrosion depth is 0.5 d) Relative corrosion depth is 0.6

Fig. 16. Distribution position for maximum strain of the pipeline
with double corrosion defects with different relative corrosion depth

5.3.2. Influence of relative corrosion length

According to the multi-field coupling analysis, curves for stress, displacement and strain of
the pipeline with double corrosion defects changed with the relative corrosion length under
seismic loading are drawn, as shown in Figs. 17-19 respectively. The maximum strain distribution
of the corroded pipeline is shown in Fig. 20.

310 4 55 1
5.4
305 53 -
1 52
205 4 51
5 -

290

4.9 A

stress/MPa
w
o
o
displacement/mm

285 T T T T T T J 4.8
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
the relative corrosion length the relative corrosion length
Fig. 17. Curve for stress of corroded pipeline Fig. 18. Curve for displacement of corroded
changed with relative corrosion length pipeline changed with relative corrosion length

Fig. 17 shows that the pipeline stress increases with the increasing of the relative corrosion
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length. The value of stress is 290 MPa when the relative corrosion length is 2.9, while the value
of stress is 311 MPa when the relative corrosion length is 8.2, with an increase of 7.2 %.

Fig. 18 shows that the maximum displacement of the pipeline with double corrosion defects
decreases slightly with the increase of the relative corrosion length, and it can be approximately
considered that the displacement does not change with the increase of the relative corrosion length.
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Fig. 19. Curve for strain of the pipeline with double corrosion defects
changed with the relative corrosion length
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Fig. 20. Distribution position for maximum strain of the corroded pipeline
with different relative corrosion lengths

Fig. 19 and Fig. 20 show that the strain of the pipeline with double corrosion defects increases
with the increasing of the relative corrosion length, but the maximum position remains invariant,
which is located in the corrosion pit near the middle of pipeline. When the relative corrosion length
is 2.9, the maximum value of the strain of the pipeline with double corrosion defects is 0.0014;
when the relative corrosion length is 8.2, the maximum value of the corroded pipeline strain is

0.0016.

5.3.3. Influence of relative corrosion width

According to the multi-field coupling analysis, curves for stress, displacement and strain of
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the pipeline with double corrosion defects changed with the relative corrosion width under seismic
loading are drawn, as shown in Figs. 21-23 respectively. The maximum strain distribution of the
corroded pipeline is shown in Fig. 24.
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Fig. 23. Curve for strain of the corroded pipeline changed with the relative corrosion width
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Fig. 21 shows that the pipeline stress increases with the increasing of the relative corrosion
width. The value of stress is 290 MPa when the relative corrosion width is 0.1, while value of
stress is 382 MPa when the relative corrosion width is 0.4, with an increase of 31.7 %.

It can be seen from Fig. 22 that the maximum displacement of the pipeline with double
corrosion defects decreases slightly with the increase of the relative corrosion width, and it can be
approximately considered that the displacement does not change with the increase of the relative
corrosion width.

Fig. 23 and Fig. 24 show that the strain of the pipeline with double corrosion defects increases
with the increasing of the relative corrosion length, and the maximum position changes. When the
relative corrosion width is 0.1, the maximum value is 0.0014, located in the corrosion pit near the
middle of pipeline; when the relative width is up to 0.4, the maximum value is 0.0021, located on
the top of pipeline. Thus, the wider the relative corrosion width is, the defects at the top of pipeline
are more likely to fail.
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Fig. 25. Curve for acceleration time-history Fig. 26. Curve for acceleration time-history
of Taft seismic loading of spux seismic loading
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Fig. 27. Distribution position for maximum strain of acceleration time-history
with different types of seismic loading
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5.4. Influence of seismic loading

In the premise of other load boundary conditions and displacement boundary conditions are
invariant, EL-centor seismic loading, Taft seismic loading and spux seismic loading are applied
to the pipelines with double corrosion defects respectively. In order to make the calculation results
comparable, the first thirty second acceleration of each seismic loading are applied to the
mechanical model. The acceleration time history curves of Taft seismic loading and spux seismic
loading are shown in Figs. 25-26 respectively. The maximum strain distribution of the corroded
pipeline is shown in Fig. 27.

Fig. 27 shows that when the time of the seismic loading action is 30 seconds, the pipeline strain
does not change with the change of different seismic loading. This is due to the short time and the
great intensity of earthquake.

6. Conclusions

For corroded pipelines in cold regions, considering the nonlinear properties of the material of
pipeline steel and the frost heave characteristic of soil, the three-dimensional thermal-fluid-solid
coupling mechanics model is established, method by FEM (finite element method). The model is
applied to do the dynamic response analysis for corroded pipelines under seismic loading, and the
different influence factors on the mechanical properties of pipelines are then discussed.

The results show that for the different influence factors, the relative corrosion depth, the fluid
pressure and the fluid temperature have obvious influence on the mechanical characteristics of the
pipeline with double corrosion defects, the relative corrosion width comes second, and the relative
corrosion length has less influence on it. The mechanical characteristics of pipeline do not change
with different seismic loading. When the relative corrosion depth increases by 1 times, the strain
increases by 69.4 %; when the fluid pressure increases by 1.5 times, the strain increases by about
1 times; when the fluid temperature increases by 50 %, the strain increases by 18.5 %.

The three-dimensional multi-field coupling mechanics model and the calculation method
established in this paper provide an analytical method and theoretical basis for the evaluation of
pipeline integrity in cold regions. In order to ensure that the buried pipelines in cold regions
operate safely and steadily, the fluid pressure, fluid temperature and the relative corrosion depth
should be the key factors monitored in the process of pipeline integrity management, and targeted
measures of maintenance should be taken.
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