Amirkabir Journal of Civil Engineering

Amirkabir J. Civil Eng., 52(5) (2020) 301-304
DOI: 10.22060/ceej.2019.15283.5870

Numerical Simulation of Transverse Deformations of Buried Pipelines Due to Slope
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ABSTRACT: Buried pipelines are used to transport water, liquid fuel, gas, oil, etc. and they must
remain in service in all circumstances such as permanent transverse ground deformation caused by
slope instability. In the literature, modeling of soil-pipe interaction is carried out mostly by using
soil-equivalent spring, and instead, continuum modeling is rarely used. In the modeling problem, the
main question is the estimation accuracy of the pipe deformation. In this paper, it is tried to study
the deformational behavior of a pipe installed over an unstable slope. In this study, the simulation
was performed by using a continuum approach by using FLAC 3D software, which is based on finite
difference method. The effect of parameters such as pipe diameter and thickness, width of the slope, soil
cohesion and soil internal friction angle on pipe deformation were investigated. The simulation results
indicate that the maximum displacement of the transverse ground and pipe occurs in the center of the
area and reaches zero in the sides. The forces/stresses in the pipe are symmetric to the center of the
model and reach a maximum value in the center. Furthermore, as the ground movement increases, the
pipe maximum strain increases linearly while it remains constant anymore at larger ground deformation
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which is called critical deformation. By comparison of the numerical results with those of analytical
methods for a large-scale physical test, it can be said that the numerical model can more precisely predict
the pipe deformation and forces/bending moments. Parametric studies show that some solutions such as
an increase in the diameter of the pipe, increase in thickness of the pipe wall and a decrease in the slope
angle can effectively reduce the displacements and forces imposed in the pipe.

1. INTRODUCTION

Slopes are affected by various factors such as earthquakes, X
landslides and unstable fluidity, and this instability causes
the mass of soil to tilt to move. This displacement can cause
Permanent Ground Deformation (PGD) and cause damage to 5

buried pipes.
There are two methods for modeling the soil-pipe f T 1
interaction problems. In the first method, soil equivalent
springs are used to model this interaction. In the second
method, the soil environment is considered as a continuum
and the interaction between soil and pipe is modeled as a
contact (interface) element. The permanent deformation of
the ground occurs transverse directions when the ground’s
motion is perpendicular to the axis of the pipe. The buried
pipe is shown in Figure 1 under the PGD, in which w is the
width of the PGD and § is maximum deformation of PGD.

2. METHODOLOGY

In order to investigate the behavior of a pipe under
transverse PGD, Liu and O’'Rourke [1] considered the buried
pipe in the soil as a beam in the ABAQUS. An assumed slope
geometry is considered according to Fig. 2 in which the width

Fig. 2. An assumed slope geometry; (a) Transverse view, (b) Plan,
(c) Slope section
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Table 1. Geometric characteristics of the slope

Pipe Diameter (m)- D 0.61
Pipe Thickness (m)- t 0.0095
Pipe Length (m) 60

K, 20
¥, 25
W (m) 30
L, (m) 15

Table 3. Geometric features

D (m) 0.325

t (m) 0.008
L of pipe (m) 32
w of PGD (m) 16

La{m)} 8

Table 4. Soil parameters

parameters | Out of PGD PGD area
C (kPa) 13.73 5.03
HkN/m?) 19 21
@ 4.9 3.5

of the slope includes the region of lateral deformation (W)
and the anchor length (for the pipe) of each side (L ). A pipe
is located at a depth of 1.2 m from the ground.

The geometric characteristics of the slope and the pipe are
in accordance with Table 1.

In order to cause the slope to be unstable, it is assumed that
due to environmental factors, the slope is saturated. Using the
equilibrium method, Michalowski [2] presented diagrams for
calculating the coeflicient of stability of the slope. The safety
factor with this method is equal to E.S = 0.85. In another way,
Bishop and Morgenstern [3], using a slice method, with this
method ES = 0.75. Based on the results, it is assured that the
slope is considered unstable. To simulate soil behavior, the
Mohr-Coulomb elasto-plastic model has been used. In order
to create landslide and the fall of its soil mass, the slope is
divided into three different regions. Landslide in the middle
region causes cross-sectional movement of the soil and pipe.
The middle region is an area subjected to the permanent
displacement of the PGD. The soil parameters for boundary
and PGD regions are presented in Table 2. The buried pipe
steel X52 are also assigned to the pile element in FLAC 3D.

To simulate a real issue, Wenkaia et al. [4] examined
the impact of a large-scale landslide on a gas test pipeline.
According to Wenkaia et al. [4], soil excavation was performed
step by step, which caused the landslide in the slope. The
geometry of the simulated model in the FLAC 3D is shown in
Figure 3. Geometric features are given in Table 3.
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Table 2. Soil parameters

parameters | PGD region Lat.e ral
regions
C (kPa) 1~5 3,5
AkN/m') 18.7
) 35
— PGD area

_— out of PGD area

@ ®

| BEeians | o]
Tl 4.5000E+00
9.0000E-01 e 4.0000E+00
8.0000E-01 3.5000E +00
§ & coooe 01 / 3.5000E+00
5000001 i 2.0000E+00
5/0000E01 11000000
- 1.6
I fmgj: / I 5.0000E-01
O Os0SEI 00 0.0000E+00
-1.1732E-02
(a) (b)
Fig. 4. The displacement of (a) the pipe and (b) the slope (in
meters)
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Fig. 5. Horizontal deformation axis the pipe

The Mohr-Coulomb model has been used to simulate soil
behavior. Soil parameters are considered in the PGD area and
outside of the PGD, as shown in Table 4. The buried pipe is
considered steel and L245NB type with a yield stress of 245
MPa.

3. RESULTS AND DISCUSSION

The simulation results of FLAC model are compared with
the beam-spring method by Liu and O’'Rourke [1]. According
to Figure 4, the maximum displacement of the ground and
pipe occurred at the center of the model, the amount of soil
displacement decreases and this value reaches zero in the
margin of the model.

Figure 5 shows the horizontal displacements of the pipe
during the numerical simulation of the present study with
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150

the field study of Wenkaia et al. [4]. In both methods, the
horizontal displacement of the maximum of the pipe in the
center of the area occurred.

Figure 6 indicates the distribution of the bending moment
and axial force in the pipe for a W=30 m and L =200 m
compared with the beam-spring method by Liu and O’'Rourke
[1]. According to Figure 5, the bending moment and axial
force along the pipe and for both numerical methods are
symmetric to the center of the PGD region.

4. CONCLUSIONS

The most important results are:

1. The maximum displacement, bending moment and
axial force of the ground and the pipe occurs at the center of
the PGD region and reaches zero in the margins.

2. By increasing the displacement of the ground, the
maximum strain of the pipe is linearly increased, where the
critical deformation is changed, the maximum strain of the
pipe remains constant.

3. By increasing the diameter or thickness of the pipe,
the pipe deformation decreases and the displacements,
strains and tensions created in the pipe can be reduced to
some extent and the pipes are retrofitted against transverse
PGD.
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Fig. 2. The geometry of an assumed slope; (a) Transverse view, (b) Plan (c) Slope section
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Table 1. Slope and pipe geometrical characteristics for
simulated models
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Table 2. Soil parameters of simulated models
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Table 3. Mechanical specifications of steel X52
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Table 4. Pipe-soil interface characteristics for simulated models

(az,9) o laz o  SKlaol coglis

(U5l ojlazx o Saiws cwglas

(J5ly) ojloz o Loy (St5ew

Yo

O/VOxY + T

VAR R

4J919~5L>5oo|.> C) O LJ’“'") 5&5[}%@@5[&.@ LSLQJ""")L'
SB a5 LS >y eized 3505 0 1,8 PGD 56 cow
Gl S st il b g ooy i oy Ceoglae glyls L‘”OT
Siloded jolate & aiiS oo Joo (50 SASS lgie 4 52l
Cewl 00l solaul Eeos Lg‘c)'Lw QLQJ‘ )| ngJ

oolaiwl cwdgS— 50 (5,L8, Jow 5l S L8, o5leas ol
S B 5 oo Ol cow g4l o S Slastin Cal su
30 Slasein pl 45 ool 48,3 a5 o Sglate e Liily 4l
RO o..\.o—‘ i Js.\?

5 655 e e b o 5Lt Joo 5o (i sl
YEO aokes (25 LL245NB g4 5l g o¥gd i 51 V] o) Ken
Gl Y Jgaz 50 o] Slasie a5 sad a1d 5 L o JSubKe
6),.:.4;5—‘_;&&@1256)135) Joe 5l el iz ol .l ouls

polie axl 2 0 S Seglie sla gl )l 4 axgs b
Aloads awle Alflas aihie o gly I v mhaw  SEol
o o\.\.,o] A Js..\} B S 9 4J3J O u.....S)\.x.'\ fbl&bo

oolatwl (g5 Ll i plaisl l (goae Jow (gjlwdns o
Gl e sl oads (5,8 10,5 Sy dw 12 40 o S el ool
P2 Slapd 2o 3 Pl Gl g Slod Job 0 S
(o5l s ) i Algd sl g loads (58 1S iz an
Sloas 48,5 a0 ol3T &g 4

al> o (5 la wsols bl [Y] oIS 5 6155 4, b gillae
e Joe ;0 .090 5 Slg il 1o ey il sbon) o al> o 4
Py 3l sl eadgl Jolss 4y Joe (i 5 (g cosd (g luad
) L_Sd.da..a BLE .)Bf 6OAJ)IA.Q§J )Iﬁo Ls)l.wd...».w 9 ‘L5"5J"'“"

s B Jelos alyo a4 o o plasl (5 )la> aloye oz

yiay

Sl 0 daslns olie st 4]l Luly, b sl o 4t S
ode Joo b giloand gladoe sl SB g dlgd G 205,00
el ol ¥ Jgaz ;o V] Syl 5 5

HLad iload ciy pa3 5l 9590 (550 Larl 2B Sl (g 3leand 5o
8,5 a0 50 Gas b ot Gl Sygo a4 agye o gl
Aloads aiy 88l sliwly jo Lol sl e o s .l 00l
Sl e 50 @dly slo)S bla jo (gloyi O Jlid iz oo
Slel 90 098 oo (2,8 J10,T Sz A » 0 Joe &S Lleald
90 9 JES Sz a2 )3 ol slaj o 50 0ud (5Boe Al
iloads a8 F Ly » b .S

@ Oy Sl om Sl Gy 9 ey M) ol jslaie 4
o s a3l b el oo oslizl ol > Jelow 51 eag) Jobss
a5 ob plnil Mizme 50 a4 (SilSe 5 Ol 2 el o Sls et 5
(oo 5o ol b Glll as (68 S iy iload sy
Sl ol 0529 45 S pgo cnl 4l s Jlg et 07k b >
Cunslio 215 5 Gyt Sls 5826 > S (Faier (2alS
GH9) ) wetisr Slord Py e E9d9e (nl 9 00l S

35"*’6“ lnlzd‘ @‘5).;....) L,;:L:.A L;APLB aliss LgLa:L;..\M 6‘)‘3

G o) (Al s S (Lo 4 YT
o e b, YoV Jlo o [V oKes 5 5154
oS byl dg) s oL Sy whide jo 1) Gy
Gawdid ol JI3 w05 s 18 LSS jlad o
2l Sl ¥ USS L Bl Gl Joe b oad (siluand Jow
Slhbl goae aSih ol 00wl O Jgoz jo o] cwaie Slasuie
e 5 S sl 4y g o 5 ot Ll g 5o 5, o)
wooslie Slaseio b S axl g0 5l g5l Jow cpl jo .l ouls

Se29 Judo 4 ol jo S Slee el el ouls ool it

1 uncoupled
2 Steady state



WeF B VIAY dio VYA Jlo D o)l Y 0,93 ¢ peol (lpos (owdigee 4yl

14m

) adl) el aibaia

G (i) dalate zyls

Aal5 8 Basly dly!

o
=y

18.5°

11m

()

19yt (Go% A (5lod (©) 9 (Silg i adaiio (AN ([V] oy 0 g (U5 Silowo Joo b o (6 jlwduis (gO0e Jho owiid eilasuino .Y S

Fig. 3. Geometrical characteristics of the numerical model for the slope of Wenkaia et al. [7], (a) slope section; (b) three-
dimensional slope view
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Table 5. Geometrical characteristics of the simulated
model with wenkaia et al. field model [7]
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Fig. 4. Slope excavating steps to create transverse
movement of the ground
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Table 6. Soil characteristics of the simulated model with wenkaia et al. field model [7]
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Table 7. Mechanical specifications of steel L245NB
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Table 8. Pipe-soil interface characteristics in the simulated model of Wenkaia et al. field test [7]
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Fig. 5. The displacement of (a) the pipe and (b) the slope for the simulated model with Liu and O’Rourke [1] (in meters)
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Table 9. Different modes of numerical simulation in the present study for ¢ =35°
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Fig. 6. Comparison of different modes of numerical simulation with Liu and O’Rourke [1] numerical model: transverse
displacement of (a) ground and (b) pipe
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Fig. 7. Distribution of (a) bending moment (Mz) and (b) axial force (Fx) along the pipe for the first case and § = 8cr
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Fig. 8. Comparison of Numerical Simulation of the
Present Study with that of Liu and O’Rourke [1]
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Fig. 11. Bending strain of pipe against ground
displacement
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Fig. 9. Distribution of shear strain in the middle section of
the pipe
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Fig. 10. Axial strain of the pipe against ground
displacement
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Fig. 12. Displacement of the simulated model according to
the field model of Wenkaia et al. [7] (in meters)
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Fig. 13. Displacement along the pipe; (A) horizontal displacement and (b) transverse displacement
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different methods
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and (b) the effect of pipe thickness
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Fig. 18. Comparison of transverse deformation of the ground resulting from transverse PGD in different analytical
methods
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