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Effect of Boundary Conditions on Failure Probability of Buried Pipeline
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Abstract

A failure probability model based on Von-Mises failure criterion and the standard normal probability
function is proposed. The effects of varying boundary conditions such as internal fluid pressure,
external soil. traffic loads, temperature change and corrosion on failure probability of the buried pipes
are systematically investigated. To allow for the uncertainties of the design variables, a reliability
analysis technique has been adopted; this also allows calculation of the relative contribution of the
random variables and the sensitivity of the failure probability.
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Table 1. Random variables and their parameters used in
the example
VariableJ Mean cov
L. | 1000mm 0.10
By T60mm 0.10
Ca | 1.32 020
C 0.12 0.15
E 201GPa 0.033
F 150kN 0.10
I 1.25 0.20
k 0.066 0.56
L ke 0.108 05|
Km 0.235 0.15
n 0.53 0.26
p 50MPa 0.10
¥ 225mm 0.04
oy 400MPa 0.05
t Tmm 0.06
Y 18910 "N/mm 0.10
a 11.7x10%/C 0.10
X -1.0x10"rad/mm 0.10
" 0.3 0.023
46 10.0C 0.15
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Fig. 1 Pipe circumferential stresses due to pipeline
corrosion
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Fig. 2 Pipe longitudinal stresses due to pipeline
corrosion
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Fig. 3 Failure probability of buried pipeline

Table 2. Results of relative contribution( az) and
reliability calculations as a function of elapsed pipeline
life T

Variable Contribution az(%)
20 years 50 years

Le 471 0.06

Bg 4.19 0.09

Cq 3.75 0.08

C 7.18 0.12

E 1.10 0.04

F 362 0.05

I, 11.03 0.21

k 1.07 24.37

Kq 23.36 0.31

Koy 15.35 0.31

n 0.83 63.81

p 1.79 3.37

r 0.00 0.47

Gy 17.16 2.16

t 3.28 449

Y 1.11 0.02

X 0.23 0.02

u 0.03 0.01

486 0.14 0.01

a 0.07 0.01
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Fig. 4 Fatlure Probability vs coetficient of variation of
impact tactor(lc) for various values of pipeline elapsed
life
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Fig. 5 Failure Probability vs coefticient of variation
of corrosion multiplying constant(k) for various values
of pipeline elapsed life

Fig. 6ol = w38

i
o

AAH 57 0~0.34}0]

ol = Abgd-pell uber zojzh vhA[RE 0.30]4
df Al AR ASe AEglel #EE @ F
Fig. 7ol X Abgdao oE a8 %o Ax
Ax7E ZrtgsE gdesg e Z7bskAnt @zt

2 1
A%t 05FEE A8usd BAgel HeaE
o M AS ¥ 5 Atk

-315-

010}

008

=

T 006 " 20 years |

8 —e— 30 years

a —a— 40 years

5 0047 —w— 50 years

©

'
002 4

v-—~~v-’vﬁv—~v—7/

0.00 4 ——

T T T
0.0 ot 0.2 0.3 0.4 05
Coefficient of vartation

Fig. 6 Failure Probability vs coefficient of variation
of deflection coefficient(kqs) for various values of
pipeline elapsed lite
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Fig. 7 Failure Probability vs coefficient of variation
of bending moment coefficient(k,) for various values
of pipeline elapsed life

Fig. 8olM+ AHE: 2}
A F7E 0~024 0]l M= 2Fe]7E 1A
A7E 0201 L

B9 F7H]
Fig. 9oirle Ap&dge] dagle]l s&EE0]

Al g-g & vk

Mo ox
o
4L ﬂ‘
T
huk
rle
LSS



mysﬁ
0.08 M
507 4 =
2 006 4 r_l 20 years v _lo" 7'
3 ® 30 years
% cos54 a 40 years -
a 00s ] v 50 years Y . :
: 2 QP FFAGADUS JFAUSEL I
B vy a -
. MulorE 4 AT AE (SAFE)S] A7AUeR 3
0.01 X : ° . o o ] 2z A © ZFA
0c0.] [ S S L] E] M——qu ]0“ \_ 7‘“ X]’ 0:} ‘—11 Iﬂﬂ \l ™ o= = ]’
0.0 T T v T r r = %} \’] D]'
00 01 02 03 0.4 05
Coefficient of variation
Fig. 8 Failure Probability vs coefficient of HOEH

variation of corrosion exponential constant(n) for
various values ot pipeline clapsed life

(1) SH. Kim, JW. Kim, K.]J. Kim, "Three-

°5l Dimensional Dynamic Analysis of Underground
054 = 30 years / Openings Subjected to Explosive Loadings”,
§ 04 &zggggg ] / ' Journal of the Computational Structural

%03_ e Engineering Institute of Korea, Vol. 10, No.Z2,

2 oc] // pp. 1717178, 1997.

o] v (2) S.C. Choi, “Coating Flaw Prevention of
vod e e /'/ Underground Buried Pipeline , Gas Safety
- - - - - - Journal, Vol. 26, No. 5, pp. 25733, 2000.
Coeflicient of variation (3) o124, #Ad “stolzelele] AAA B,
Saaebdars] 20004E EAFEEPEE
Fig. 9 Failure Probability vs coefficient of =523, pp. 25-30 (ERC), 2000.
variation of material yield stress(oy) for various
values of pipeline elapsed life (4) o4, 898, “FaA7Z FHEATE) &
2 8= uf} A vl 2 2] ._,1_ l-b‘kOEﬂo]] ‘:H:.].' Zj_z(jlg.ﬁg
5.4 8 74, =AW R 20009 FAGEHSE =%
3, pp. 417-420 (ERC), 2000.

B Ao mpauwe o 7= AARZ (5) M. Ahammed, 1998, "Probabilistic
o] Bastgo) nlNE B wstd AR Estimation of Remaining Life of a Pipeline in
FHsled e e B A the presence of active corrosion defects”,

() 48] 742 2 gstFo] o8] By International Journal of Pressure Vessels and

o uZo Uotel] s wAsE Lo A Piping 75, pp. 321-329
;—ch Exdo) o8 AAZAC F2BF nX= (6) M. Ahammed, R. E. Melchers, “Probabilitic
BT AL QrE AFA S urgT. Analysis of Underground Pipelines Subject to

QA s R o8 203 FYPo] AT Combined Stresses and Corrosion”, Engineering
3o mjAE Qo] w o ATE AIAE Structures, Vol. 19, No. 12, pp. 988-994, 1997.
Ao (7) M. G. Spangler, R. L. Handy, "Sail

G) Hi@el A zvldE 2AAS, WAL Engineering”, 4th edn, Harper and Row, New
FRRABAS, HHEY Fo) neyse ge Yok 1982
o) &F-2 u] %] ,qn} AL Eio] ZojAEE R (8) V. Kucera, E. Mattsson, “Atmospheric
DeE WMaso] B 2 GPY Fris Corrosion”, in  Corrosion  Mechanics, F.
AL FHsgh. Mansfeld, Marcel Dekker, New York, 1987.

-316-



