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Fig. 2. Division, dimensions and meshing style of (A)
longitudinal direction of the pipe (B) Longitudinal section of soil
profile (C) cross section of soil.
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Fig. 1. 3D software model

slal 5 ol calie (G S 0 3 (V) IS0

S das e BLE 1y St 0 sy 4,5k (5
L 5 51, S8 O s sdate g3de Sladlas bl
VT T ST IS T RCWI T TS W sdol s
o o, de Sl S (g e —0LlS LS, (gilaans
«C US/J...._M:; sl el b aS conl ol eslaxal ed S

:}Ed"" ““3}“ J_}Jﬂ :¢ 6&]&,&‘ 4.3‘_9“)

Vg)j_w‘ﬁ L".

g s 5



gw&@dw‘%ﬂjwuubﬁw\

c 02 Numerical Results
c g o015 |- - Joshi et al, (2011)
£2 o1 -
5 8 0.05
25 " B=70

S 0

0 1 2 3 4
Fault displacement (m)
(B)— ()

Fig. 4. Variations of the maximum compressive strains on the pipe
for the dip angle (A) 40 degrees (B) 70 degrees
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Fig. 3. Bilinear stress-strain relationship for the X65 steel
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Yield stress (o) 490 MPa
Failure stress (c,) 531 MPa
Failure strain (g,) 4.0%
Elastic Young’s modulus (E;) 210 GPa
Yield strain (¢; = 0,/E1) 0.233%
Plastic Young’smodulus 1.088GPa

(Ez = (0 — 0 /(e — S1))

Table (1) X65 steel properties considered in the
numerical analyses
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C. , dry unit weight 1.01
C, , coefficient of uniformity 6.69
Ds, , average particle size (mm) 1.1
¢ , friction angle (degree) 335

C, cohesion (KPa) 5

Gs , specific gravity 2.56

L KN
Yq. dry unit weight (E) 17.9

Table (4) Material properties for sand backfill of the
Jalali et al.'s experiment

JAK_M‘..&LA)'T Jdiee 5 g3de Jde anolis &b (0) I
IS s &8 sbolea das o 0L 1 [12] O 5 S
)| J_'.ob- @l_’.‘.o e u.'jp- )lﬁ»v-' L;Ua.: ‘bj’-:";“ sdalie (0)

Jds 9 J_.,pb- u':"“}}—.’. BE aJ_.Jafbu‘ Chdw 6)Lwd-j-‘

ol ol aS sl sy 5 [12] O u.b’b— UAK.QLU'T

BE Y e (abu\ LR &)L»J.,\A 0}>L.J (.,)Jﬁ c?:ap eMJQu

34 ol e () sl (oo 55 ks (0) Y3
P T o ()

Numerical Results

01,  ---- Jalali et al, (2016)
C
§ 0
k2 0 2 8
2 01
é .
0.2 Distance along the pipe (m)
(A) - (D
0.2
Numerical Results
= Jalai et al, (2016)
I
@
(_U 0
B
<
0.2 Distance along the pipe (m)

B) - (o)

Fig. 5. Variations of the longitudinal strain for (A) invert
and (B) crown of the pipeline
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Table (2) Parameters of the Ramberg—Osgood stress—
strain curve for API-5L grade B steel pipe

DY 0LKes 5 I bl clasein (1) J s

Height x Width x Length (m) 2x1.7x8
Fault displacement (mm) 600
Fault dip angle (degree) 61

H/D 8.8

H m) 1
D/t 26

t (mm) 4.4

D (mm) 114.3

Table (3) Properties of the Jalali et al.'s experiment

1 Ramberg and Osgood
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. . Firm  Soft
Soil properties
clay clay
E , Young's modulus (MPa) 100 25
Vv, poisson ratio 049 049
v , dilation angle (degree) 0 0
¢ , friction angle (degree) 0 0
C, cohesion (kPa) 200 50
y , unit weight (KN/m?) 18 18

Table (5) Properties of under the study clay soils
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Medium

Soil properties dense Dsgzze I;Z?,Ze
sand
E ,Young's
modulus (MPa) 40 ” 10
v, poisson ratio 0.3 0.3 0.3
v, dilation
angle (degree) 0 0 °
@, friction
angle (degree) 35 4 %0
C, cohesion
(kPa) > ° °
Y, unit weight
(KN/m°) 1 - o

Table (6) Properties of the under the study granular soils
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Fig. 7. Effect of the type of granular soil on the pipe
strain (A) maximum compressive strains (B) maximum
tensile strains
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Abstract:

Pipelines are considered as lifelines, because they are used for transportation of different fluids such as
natural gas, oil and water on which, the human life depends their existence. The damages to the pipelines are
usually associated with human fatalities, financial losses and also environmental pollution. Earthquake wave
propagation and permanent ground displacement (PGD) caused by surface faulting are potentially
devastating natural events which threaten buried pipelines. Although small regions within the pipeline
network are affected by faulting hazards, the rate of the damage is very high since fault movement imposes
large deformation on pipelines. On the contrary, the whole of pipeline network is influenced by the wave
propagation hazards, but the damage rate is lower which leads to lower pipe breaks and leaks per unit length
of the pipe. On the other hand, buried pipelines due to their long length, have to pass through active faults
which their large movements may lead to failure and rupture of the buried pipes. It is, therefore, essential to
investigate the behavior of buried pipelines against fault displacements in order to mitigate the losses caused
by these natural events and to try to keep them in service under various situations. Over the years, many
researchers have attempted to analyze pipeline behavior via numerical, analytical an experimental modeling,
but most of these works were designed to assess pipe response to strike-slip faulting and some were
implemented to recognize the behavior of pipelines under normal faulting with right deformation angles. In
the present study, In order to understand the behavior of the pipelines under reverse fault movements, the
effects of different geotechnical and geometric conditions on the response of the pipes is examined.
Numerical simulations have been conducted using the software ABAQUS based on finite element method.
In most of the previous studies, a simplified beam-spring model was used to simulate the behavior of the
pipes, but in this study a 3-D continuum model is employed to simulate the behavior of the buried pipes
against reverse fault movements. In order to increase the accuracy of the analysis, it is tried to use the
elements that the solution has best match with reality of the nature of soil and pipe behavior and the
interaction between them. The results of the numerical study confirmed that the compressive strains in pipe
caused by reverse faulting are larger than tensile strains, thus compressive strains are considered as the main
cause of the failure of the buried pipes in the reverse fault motions. Investigating the pipes behavior in
different soil types demonstrated that the buried pipelines in loose and soft soils experience less amount of
strain in comparison with those bureid in other types of the soils. This is due to the fact that the displacement
of the pipeline in loose and soft soils is easier and there is less soil resistance against pipe displacement. The
assessment of the effect of soil dilatation angle illustrated that in large fault displacements, the amounts of
pipe strain decline with the reduction in the dilation angle, while changing the modulus of elasticity of the
soil has no impact on the response of the pipes. The results also showed that by reducing the burial depth, the
level of strain induced in the buried pipes decreases.

Keywords: Buried Pipe, Reverse Fault, Numerical Model, ABAQUS Software, Pipe-Soil-Interaction.
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