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Failure Probability of Corrosion Pipeline with Varying Boundary 
Condition 
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This paper presents the effect of external corrosion, material properties, operation condition 

and design thickness in pipeline on failure prediction using a failure probability model. The 

predicted failure assessment for the simulated corrosion defects discovered in corroded pipeline 

is compared with that determined by ANSI/ASME B31G code and a modified B31G method. 

The effects of environmental, operational, and random design variables such as defect depth, 

pipe diameter, defect length, fluid pressure, corrosion rate, material yield stress and pipe 

thickness on the failure probability are systematically studied using a failure probability model 

for the corrosion pipeline. 
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I. Introduct ion  

The maintenance and management skill of the 

industrial equipments has been emerged as a very 

important technique to be properly dealt with 

since the industrial apparatus becomes more 

complicated and diversified throughout all kinds 

of industries according to the development of 

various mechanical techniques. It has been often 

reported as an industrial example in that a 

catastrophic disaster has been caused by the defect 

like corrosion arisen by aging and/or  environ- 

mental effect in pipeline transporting gas and oil 

(Kim, 1997, Choi, 2000). 

The technique to predict pipeline failure due 

to corrosion damage is necessary to determine 

the corrosion tolerance for the pipeline design. 

Especially, it could be the inevitable technical 

information to assess the safety life of aging pipe- 
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line. Therefore, systematic investigation which 

deals with the damage and the failure of pipelines 

corresponding to varying boundary conditions is 

needed. 

It is generally known that the occurrence of 

corrosion in pipelines reduces the strength of 

pipeline material. Thus, the development of refer- 

ence and/or  standard has been required to pre- 

vent failure accidents in advance by predicting the 

stress condition and failure life corresponding to 

the shape and location of corrosion(Lee and 

Kim, 1998, 1999, Lee and Choi, 1999, Lee and 

Cho, 1992). 

The codes such as ANSI/ASME B31G dealt 

with the reference and/or  standard for the cor- 

rosion pipeline in detail (ANSI/ASME B31-1985, 

1985). An assessment procedure in a modified 

version of existing one, ASME MB31G code, was 

widely utilized in the oil and gas industries 

(Hopkins and Jones, 1992, Mohammdi et al, 

1985). 

The objective of this study is to present an 

approach to quantify the reduction in safety and 

hence the remaining life for deteriorating cor- 

roded steel pressurised buried pipelines during its 
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operation period. A failure probability model 
proposed by Mohammdi et. al. (1985) has been 
used. The effect of varying boundary condition on 
the failure probability of the buried pipelines is 
studied systematically using this model. 

2. Fundamenta l s  for the 
Fai lure Probabil ity Model  

The major causes of the failure of pipelines 
transporting high pressure gas are known as the 
mechanical damage and the corrosion. 

The standards for regular hydrostatic test and 

corrosion assessment are generally used to assess 
the effect of mechanical damage and corrosion 
on the integrity of  the pipelines. In ordr to assess 
the integrity of corrodeel pipeline, we need to 
simplify the geometry in the vicinity of  corrosive 
part. 

Figure 1 shows a corrosion model, and which 
is further simplified as shown in Fig. 2 to analyse 
easily the given geometric configuration. 

2.1 A N S I / A S M E  B31G code 
A failure formula for corrosion pipelines was 

based on data from the explosion experiment, 
suggested as follows (Kiefner, 1974) : 

i 

Fig. 1 
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Fig. 2 Section with an idealized corrosion defect 

[ I-(A/Ao) a,-=~ ( 1) 
1 -- ( A / A o )  M -~ j  

Figure 2 shows the cross-section of the exter- 
nal corrosion pipeline(Ahammed and Melchers, 
1995) and equation (I) is necessary to determine 
the failure stresses in corrosion pipeline. Where 
a / i s  the failure stress (MPa),  ~ is the flow stress 
(MPa),  A is the projected cross-section area 
of corrosion pipeline(mm~), A0 is L •  
L is the projected corrosion length (ram), ! is the 
wall thickness (ram), d is the maximum corrosion 
depth(ram), and M is the Folias bulging factor 
(ANSI/ASME B31-1985, 1985). 

Equation (1) has been modified by considering 
the two conditions : I) the hoop stresses may not 
be larger than the yield strength of the pipeline 
material(Kiefner et al, 1992), 2) the relatively 
short corrosion is assumed to be projected as a 
parabola by asseening the long corrosion as a 
rectangular shape. The modified failure formula 
for parabola and rectangular shape are given, 
respectively, as follows (ANSI/ASM E B31-1985, 
1985): 
i) Parabola 

a : : l . l a m m [  1 1 - ( 2 / 3 ) ( d / t )  
- (2/3) ( d / t ) M  -~ J (2) 

/0 .d L W (if, <4) g \ ~ - / t T /  
ii) Rectangular 

O f =  I. 10"minE l - -  (d/t)] (3) 

(if, ( 0 " 8 (  L~z/D~'~D/t t / >4) 

Where D is the outer diameter of the pipeline 
(ram), amin is the minimum yielding stresses 
(MPa) and M is defined as fol lows(ANSI/  
ASME B31-1985, 1985): 

M = x / 1  L z D + 0 . 8 ( ~ )  ( ~ )  (4) 
I 

L 2 D  

M = o o  

L ~ D  (if, ~r ( V )  >4) 

2.2 MB31G(Modified B31G) code 
It was noted by Kiefner and Vieth that the flow 
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stresses (~=l . lamin)  and the bulging factor of 

A N S I / A S M E  B31G have some problems. They 

proposed a new flow stresses of a=l . lO'mm+69 

(MPa) and a new bulging factor such that 

(Kiefner et al, 1992) 

,/ / L \ 2 / D  \ / L ~4/D ~2 
M =  V, 1+0.63/~- ) ~ - ) - 0 . 0 0 3 4 ~ ) [ ~ - )  (5) 

L 2 D  

L (6) 

gubenik has investigated and clarified that the 

modified flow stresses and bulging factors im- 

prove the effect on the failure pressure while the 

concept of the effective area improved the con- 

servative design consideration greatly when com- 

pared to the failure pressures obtained by B31G 

and MB31G. The corrosion configurations in 

pipelines of various shapes commonly classified 

as corrosion pit, corrosion groove and general 

corrosion. (Bubenik et al, 1992). 

The corrosion bands are formed by the row of 

pits and the general corrosion is composed of the 

crowd of pits widely spreaded in the circum- 

ferential direction. However, it is noted that the 

width of the corrosion has not been considered in 

the B31G and MB31G codes. 

2.3 Failure probability of corrosion pipeline 
It should be necessary to define a failure func- 

tion when the failure probabil i ty analysis is car- 

ried out. The failure function may be expressed as 

a reference for the pipeline failure and must in- 

clude the failure pressure and the operation serv- 

ice pressure. The operation service pressure is just 

the pressure of the fluid which flows inside the 

pipeline. A failure function can be postulated as 

the difference between the failure pressure p /  

which is appeared in Sec 2.1 and 2.2 and the 

operation service pressure Pa. In other words, 

Z=ps--Pa 
t l-[do+Re(T-To)!/t (7) 

=2(ay+6895) D 1 5 ~ 7 L  ]/~-M Pa 

where ay is the yield stress, t is the thickness of 

pipeline, D is the diameter of pipeline, do is the 

depth of corrosion, Ra is the corrosion rate, T is 

the inspection year, To is the former inspection 

year and M is the bulging factor, respectively. 

It is generally accepted to represent the average 

failure probabil i ty as 

P/=P(z<O) = ~ ( - / ? )  (8) 

where q)(-..) is the distribution function of 

variables. And,/5' is the reliability index expressed 

in terms of uz and the average variation az as 

/3 = uz (9) 
ae 

where 

uz=z(do *, T*, D*, p~*, RL 0;, t*, L*) 

+(do-dg) ff~o+(T- T*I ~ +(D-D*) & ~5 
_ , & - , &+_ , ,& (I0) 

+ ( P a - p ~ ) ~ + ( R ~ - R ~ ) ~  (a,-a, ) &, 

+ ( t - - t* )~-+  (L-L*) & 
0L 

N ~Z 2 {~N 3Z \ 2  N 3Z \2 
+ ( O'po~a ) + (11) 

+{ a~ Oz V + [  _u az V 

In which do, T, D, Pa,/~a, #y, l a n d  L are the 

average values and do*, T*, D*, I)*, R3, a~, t*, 

L* are the values at the inspection time. And, az, 
dao, art, aD, at,~, aea, acry, at and aL are the 
average variations for each variable in ferms of 

do, T, D, Pa, Ra, ay, t and t .  
The failure probabil i ty at the N th check point 

can be represented as 

P/=I - ( I -P / , )  ( l - P / , ) ( I - P / ~ ) . . . ( I - P f ~ )  (12) 

The average variance lbr each variable is the 

multiplication of the average of each variable 

to the coefficient of var ia t ion(Ahammed and 

Melchers, 1997, Ahammed, 1998). 

3. Case Study of  Corrosion Pipeline 

The variables, the means and the coefficients of 

the variation listed in Table 1 have been utilized 
to investigate the effect of each variable on the 
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Table l Random variables and their parameters 
used in experiments 

Variable Mean COV 

do 
D 
L 

h, 
R~ 
a v 
t 

3 m m  

600mm 
200mm 
5MPa 

0.1 mm/yr 
423M Pa 

10mm 

0.10 
0.03 
0.05 
0.10 
0.20 
0.067 
0.05 

0 015 �9 

a.- oo,o. 

0 005 �9 

Fig. 3 

5 10 15 20 25 30 
E x p o s u r e  p e r i o d ( T )  in y e a r s  

A relationship between the failure probability 

(P/) and exposure period T) in year 

failure probability of  the corrosion pipeline(Ah- 

ammed, 1998). The applied forces at boundaries 

except for the inner pressure of the pipeline are 

assumed to be negligible. 

4. Results and Discussion 
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Figure 3 shows the relationship between the .,. 

failure probability of the corrosion pipeline and ~ ' - s  

the exposed period in year using practical data _~-6. 

listed in Table 1. It is noted from Fig. 3, that the " 
4 .  

failure probability increases slowly during the 
- 9 .  

period between 20 and 25 years and the increasing .,0- 

rate of the failure probability becomes steeper 

after 25 years of the exposure period. Further- 

more, it is noted that a certain size of corrosion Fig. 6 

does not affect the failure probability within a 

certain exposed period and a rapid increase of the 

failure probability occurs after a certain exposed 

period is elapsed. 

Figures 4-- I0 show the aspects of change in the 

failure probability corresponding to each variable 

appeared in Table 1. The deeper the initial depth 

i o  

�9 0 y a a r  

- � 9  10 y e a r  

�9 20 y e a r  

�9 30 y e a r  

='5 " 210 " 2'5 " 3'0 " 3'5 " 410 

D e p t h  o f  in i t i a l  d e f e c l  ( r a m )  

Relationship between failure probability and 

defect depth for varying exposure period in 

year 
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Relationship between failure probability and 

pipe wall thickness tbr varying exposure 

period in year 
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Q 

�9 " �9 0 y e a r  ] 

5O 
, �9 , �9 , . , �9 , . , 

52 54 56 58 60 

F lu i d  p r e s s u r e  (M Pa)  

Relationship between failure probability and 

fluid pressure for varying exposure period in 

year 

of the corrosion defect, the more rapid increase of 

the failure probability is shown in Fig. 4. The 

thicker the pipe wall thickness, the decrease of the 

failure probability is pronounced as shown in 
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Fig. 5. Figures 6 and 7 show the increase of  

failure probability to the increase of operation 

service inner gas pressure and the corrosion rate. 

It is noted that the failure probability of the 

pipeline with the smaller diameter, is lower than 

that of the larger diameter as shown in Fig. 8. 

Figures 9 and 10 show the variation of the failure 

probability corresponding to the yield stresses 

of the pipeline and the length of the corrosion. 

It is found through Figs 9 and 10 that the varia- 

tion of the failure probability gets lower accord- 

ing to the change of the corrosion length. The 

corrosion rate is known to be highly affected by 

the environment in which the pipeline is set. 

However, the change of the corrosion rate is 

found to be dependent on the exposed period even 

under the same environmental condition, Figure 

11 shows the variation of the failure probability 

corresponding to the variation of the corrosion 

rate for varying exposure periods. The larger the 
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variation ratio, the increase of failure probability 

becomes more pronounced. 

- 2 -  

. 4 .  

. I o  �9 

3 o o  

Fig. 9 

.I 
-2. 
3 
-4. 
-S 

a.- .S. 
N 

. t l .  

. 9 .  

. ~ t l .  

- H .  

�9 3 0  y e a r ]  

v 

A 

�9 I " 2Oyoarl 

�9 [ . tOy.r] 

�9 

,6o s6o 6Go 7~o do 
P i p e  d i a m e t e r  (ram) 

-2- 

-3- 

-4- 

.5_ 

Q.- -6- 

~ . 7 -  

- 8 .  

- 9 -  

. 1 l l  - 

- 1 1  

Fig. 10 

-2 

-4 

_o = .8 

- 8 -  

Fig. 8 Relationship between failure probability and Fig. 11 
pipe diameter for varying exposure period in 
year 

C o p y r i g h t  (C )  2 0 0 3  N u r i M e d i a  Co . ,  Ltd. 

A 

�9 30 year  ] 

�9 20 year  ] 

�9 10 year  ] 

I �9 Oyoar] 

,ko ,60 ,;o ~o 5;0 
M a t e r i a l  y ; a l d  s t r e s s  (MPa)  

Relationship between failure probability and 
material yield stress for varying exposure 
period in year 

v 

. e  - " 

_ _ . m  

I �9 30 yea r  ] 

I ,m, 2 0 y e a r l  

�9 10 yea r  i 

i �9 0 year  

1;o ,;o 2;~ 2;~ 2;0 
D e f e c t  length( ram)  

Relationship between failure probability 
and defect length for varying exposure 
periods in year 

~ 0 yea r  

10 yea r  I �9 

20  yea r  v 

30 yea r  �9 �9 

-0 ~02 -0 ~01 0 0'00 0 ~01 0 OO2 

Variation rate of corrosion rate (mm/yr 2) 

Relationship between failure probability 
and variation rate of corrosion rate for 
varying exposure period in year 



894 Ouk Sub Lee and Jang Sik Pyun 

5. Results 

In this study, a failure probability model is 

utilized to carry out the effective failure control 

for the corrosion pipeline. Using the failure pro- 

bability model, the effect of the corrosion depth 

and length, the thickness, the diameter, the inner 

fluid pressure, the yield stress and the corrosion 

rate of pipeline on the failure probability is 

systematically studied, frean which the following 

results are obtained; 

(1) It is found that the thickness, diameter and 

the yield stress of pipeline highly affect the FP 

(Failure Probability) and especially the effect of 

the variation of thickness, among others is found 

to be more pronounced than any other parame- 

ters. Theretbre, it is recommended that a different 

corrosion tolerance corresponding to the appro- 

priate environment should be taken. 

(2) The depth of corrosion shows more pro- 

nounced effect on the PF than the length of the 

corrosion. 

(3) The rate of the corrosion is generally 

known to be dependent on the environmental 

condition such as the location of pipeline setting. 

It is noted that the increase of the rate of 

corrosion makes the PF rapidly increase. There- 

fore, the increase of PF can be more effectively 

controlled by the suppression of the corrosion 

rate than the decrease of the corrosion rate. 
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