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Finite Element Analysis on Polyethylene Gas Pipes under External Loadings
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Abstract — Polyethylene (PE) pipes have been widely used as they are easy to construct and suitable for
economical efficient when they are compared with metal pipelines. This paper studied the effect of various
external loadings on stress and deflection of the buried PE pipes using Finite Element Method (FEM). For
this purpose, stresses of buried PE pipes were calculated according to the loading condition such as pipe types
{pipe diameter 50~400 mm), burial depths (0.6~ 1.2 m) and internal pressures (0.4~4 bar). As a result, it

was founded the effect and relation with each of loading conditions under the buried condition.
Key words : Polyethylene (PE), Earth load, Live Load, Internal pressure, Finite Element Analysis
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(d), : hoop stress

(o), : axial stress

P : internal pressure

D : outside diameter of the pipe
t  : thickness of the pipe

v . poisson’s ratio of the pipe
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Fig. 1. Diagram of pipe by internal pressure.
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Fig. 2. Diagram of earth load of two type.

W, = GB.B, 3

W, carth load per unit length
v weight of soil per unit volume(N/m®)
B, : outer diameter of pipe

B, . width of trench

¢, : load coefficient
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W, : earth load per unit length
4 : weight of soil per unit volume(N/m®)

H  : height of fill above top of pipe
D : outside diameter of the pipe
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(Tt @ om)

L =130

Jore wheel  back wheel
F F
I F
o ek
=
]
L+a+2htan @ S+ 2htan ¢

Fig. 3. Distribution load of vehicles.
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: number of the vehicle wheel

: length between axle

: width of the vehicle wheel

: backfill height

& i contact width of the vehicle wheel
¢ . distribution angle
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AD : horizontal deflection or change in diameter
W, earth load per unit length acting on the pipe
W, : live load per unit length acting on the pipe

v, : poisson’s ratio of the sidefill soil
v, . poisson’s tatio of the pipe
E, : young’s modulus of the pipe

1, : moment of inertia of the pipe wall per unit
length (£/12)

E’s : soil reaction modulus

P : internal gas pressure

r @ average diameter of pipe
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{oy), : maximum Hoop stress

E  : young’s modulus of the pipe

v, : poisson’s ratio of the pipe
¢ : thickness of the pipe
T : average diameter of pipe

AD : horizontal deflection or change in diameter
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{0,), : axial stress

v . poisson’s ratio of the pipe

(04), : maximum Hoop stress

(aac )1,1) :

stress for beam-bent effect
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{e,),; : stress for beam-bent effect

W, : live load per unit length acting on the pipe

Z, . face factor
£, : young’s modulus of the pipe
I : 2nd moment of inertia of the pipe

i3

L= (gD~ (D—2)'] (10

D outside diameter of the pipe
t : thickness of the pipe
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Table 2. Material property of PE pipe.

IR E (MPa) v

PE 600 0.46

Table 3. Material property of variable soil.

P, E v C P
(kg/m’) | (MPa) (MPa)
Fig. 4. Crossing of vehicle through pipes. sand 2,000 25 025 0 33
. . backfill 2,000 15 03 | L.L72E-02 | 33
Table 1. Outer diameter and thickness of PE pipe. i site soil | 2.000 20 03
53 D (mm) t (mm) base course | 2,240 140 | 0.25
50 60 5.5 ascon 2,400 3000 § 0.2
75 89 8.1
100 114 10.4 Insitu
soil
150 165 15.0 Backfill
200 216 19.7
250 267 243
PR
300 318 28.9 ) et —sidefill
e’
350 370 .
336 bedding
400 420 382
Fig. 5. Diagram of buried pipe.
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p : unit mass

E : elastic modulus
v : poisson’s ratio
C : cohesion
®

. internal friction angle
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Fig. 6. Finite clement method (FEM) model for inner pressure.
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Fig. 7. A cross section of FEM model for earth load.

Fig. 8. FEM model for live load.
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Fig. 9. Comparison between analytic and FEM solution of
type 50 by inner pressure.
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Fig. 10. Comparison between analytic and FEM solution of
type 400 by inner pressure.

Aglo} Hgrel w&
= e HH194 A7
aHAl AABE ) witoltk
42 EY3IEO 23 Het
Fig. 122 4003 ujTol| 4bar2] Ujge] 7alize 4%
of ujAEl ol 2Hehs AFHIFEHE PAE o8
S ALs Avfel feta s ofgsto] ST 2uE
u gk Aok o] AE AHEH ZejEsieol 7Y
Fo SRS Uepion Eopel MagAE gt
gtassjy Azt M 3 S H‘EHH"*DP ket
A A NEor ZuEsES Adshs Aol HeHQ
7|&olekal AlRE:

0

o

[‘_

43 xfsisol ot def
4003 ulito] 4bar2] ¢fFo] 7halixl - A Zloje]

w
o
£
n
0
o
S
0
o
o
o
I
0.0 | | |
0 1 2 3 4
Pressure (bar)

Fig. 11. Comparison of hoop stress according to pipe type
for straight pipe.
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Fig. 12. Comparison between analytic of two type and FEM
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