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Al埘ract
Fuzzy reliabliity melllods are used to study the cc∞tOsion of#relines．Three mgthods al_e used．They consist of using

fracttu_e failure modes。failure assessment diaFam(FAD)and residual strength for establishing fuzzy reliability,Calcula-

tions are made by印pu枷∞of JC，improved GA-JC and Mente-carlo methods．Examples for oilfield injecting water

pipeline show the residual sUength well agree with field data．Mente-carlo methods appear tO yield results that have better

agreementwithfielddam．
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1．Introduction

If a pipeline is corroded，residual strength and

remain lifetime are seriously reduced．This Could

affect reliability and the cost of operation．There-

fore，reliability analysis is very im靶tant to study
the of the corrosion of pipelines‘1“．U∞is made
of probability for a given condition and time as

represented by certain function■This enables

the appropriate∞lection of pipeline material and

running parameters for predicting the residual life

There are three aSpects of reliability analysis
for pipeline corrosion with fuzzy behavior to-⋯．

For example．in AS皿IWB3650 criterion tYJ。

when K0sr毡higher thall 1．8．brittle fracturing

happens、and when K●st．坞leSS than 0．2。plastic

fracturing happens．when Xls，is higher than 0．2

but less than 1．8，elaStic and plaStic fracturing

happens．When置船，is near to 0．2 or 1．8，fi'ac·

turiIlg failure mode is determined．]砸lctufe OC—

curs gradually with a fuzzy transition．For exaln-

pie．in R6 criterion．if test dot 10cates outside of

failure evaluation curve，fracture could often OC—

cur．If test dot locates inside of failure evaluation

chive，fracture often does not occur．When test

dot locates near failure evaluation cnrve，transi-
tion iS considered sudden．But in fact，transition
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near failure evaluation curve should he gradual

and fuzzy．Therefore,fuzzy mathematical theo-

ries are combined with probability for analyzing
fracture mechanics．

2．1．Approximate caeulaeng methods of fmmy
failure probability

Supposed X---'(xi，X2，⋯xn)，A is supposed
fuzzy aggregate about fuzzy event，X=(XI，

X2,⋯xn)then

五=pj(而)，而+Ⅳi(xz)／x2+⋯．．，k(毛)，‘ (1)

If the probability of event t happening

is pi，then the probability,P(五)，of fuzzy

event五happening is shown∞below

P(A)：杰心“)pI
Id

Ifx is continuous，then

P(j)=Djo)p(x)dx

(2)

(3)

when fuzzy probability fracturing mechanics is

appfied to calculate reliability of corrosion#pe—
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line，if fallure function bases 011 failure mode，

then it becomes two levels fuzzy jedge．The first

fuzzy judge Xl={brittle fracture，elastic and plas—

tic行acturing，plastic fracturing}={xll，X12，X13}，

fuzzy aggregate五l for XI is expressed as be—

low．

五=pj．(xj-)7^．+如(而z)，^：+如(毛3)，而， (4)

The secondjudge X2=【brittle fracturing judge，
elastic and plastic fracturing judge，plastic frac‘

turing judge}=(x2l,Xzz,X23)，fuzzy aggregate如
for X2is expressed as below．

五=心：(恐t)，而1十心Oo，恐2+心心3)，％ (5)

酬fuzzy a98regate A={五，五)for
x=f Xt，X2J is expressed as below．

互=f pj。(x11)IXll+芦五(^2)，t2+芦五(^3)，X13，

pj：(J21)Ix2l+Izg(J篮)，屯2+p五0b)，屯，J (6)

2．2．Three methods determining fuzzy frae-

turing failure probabiHty
Fracture failure modes．Three failure modes

are considered：brittle fracture，elastic—plastic
fracture and plastic fraeture．There prevails two

levels of fuzziness such that the corresponding

probability carl be expressed as

(8)

where six subject function如(五I)，如(X12)，

段魄3)／．txl％1)pi2(嘞)Ⅳi2(杨)and three

fracturing failure probability P21，p22，p23 need

calculating．
The probability of brittle fracturing failure

happening，p2l'is expressed∞below．

见l=昭=gl缸c’P’g，j％，c：J<o)
=R＆，^k一五<0)

(9)

The probabiliiy of einstic-plastie flacmring
failure happening，p∞，is expressed as below．

trhcn calcula恤g胁nula 0f rch幽uty ilI o咖廿 p苴=P(z2=91(4，ctP'盯t·疋，c舯)<o)
(10)

sion pipeline is s。hown as below． =P(8。，Ⅳm一6<O)
‘。

R(t)=1。F(t)=l—P(A)=
， 3

1-∑mj。(x-t)∑肛j：(xz，)p：，】
』}l ，zl

whefe芦五(石11)，pj．(X12)andpj．(z13)re—

spectively indicate subject degrees for brittle

fracturing，elastic—plastic fracturing and plastic

fracturing in certain failure mode．pt(工21)、

心(x22)and如(X23)respectively indicate

subject degrees for brittle fracturing judge，elas-
tic·plastic fracturing judge and plastic fracturing

judge in cenain fracturing failure mode P2t．p22
and P23 respectively indicate the probabmty
which brittle fracturing，elastic-plastic fracturing
and plastic fracturing happen．

In this paper,basing On approximate ealculat—

ing Methods of fuzzy failure probability,three
effective methodS are put forward．

pb=H乏=92瓴G P’噶，，m，(；J<o)

=肌，‰一．，<o) (11)

The probability of plastic fracturing failure

happening，p23，is expressed舔below．

肠砷％吖31，％正一枷’(12)P；(a，，Ⅳm一口<0) 一7

Failure assessment diagram饵AD'．When
FAD iS used to iudge failure，it does not bases on

fracturing failure mode，but consider that if test

dot locate inside I’AC curves then it does not

fracture，if test dot locate oumide FAC curves

then it fractures．therefore it is one level fractor-

mg·

Fuzzy aggregate A=_u：(x1)／而for x】．

fracturing failure probability P(／虿)is expressed

fPo
2_Ap

，∑芦
)“_^肛

，∑Ⅲ
=)～A(P
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JP(A)=pj(工1)p1 (13)

where

p1=P‘zlj
g-‘m

c‘P,G、，，s庀’c肿出’<0) (14)
=P(K，oIⅣm—K，<0)

、’

‰is vertical coordinate value which abscissa

墨isputintoR6FACEq．

茁，。。(1—0．14St2)【0．3+0．7exp(-O．65S,6)] (15)

Residual strength．This method is based on

USUal three failure modes：brittle fracture，elastic—

plastic fracture and plasfic fracture．ThiS ineludes

two levels fuzziness．田∞second level indicates

tllat when stress仃is less山an％，it does not

fracture．When stress盯is bigger than％，frac-
Rite is assumed to OCCur．

Fracturing failure probability P(A)iS ex—

pressed as below．

P(互)：杰【Ⅳj。(J。)Ⅳj：(J：)p：】 (16)

where

p2=P(Z2．=mg 2(4'c，P’。s’s《’cm)“(17)P=(G。一口<o)
⋯7

In this paper,where p21，p22 and t723 or
pl，。p2

are called determining reliabilities．while P(A)

is named fuzzy refiability．P(A)is final put-

pose for corrosion pipeline，but first determining
reliabilities are acquired．It is very important for

quantificational calculating determining reliabil-

ides．In this paper,three methods are brought
forward as below．

matrix methods，improved one rank-two matrix

methods and Mente．C’arlo numerical methods．

Standard one rank-two matrix methods rely on

spccial fail function and require basic random

variables meeting normal distribution．Therefore
its application range is nalTow and precision is

very low．Improved one rank-two marx mediods

do not rely on fail function sty’le and think that

reliability is the shortest distance from origin to

limitation curve face，but this method requires

basic random variables meeting normal distribu-

tion．Mente-Carlo nameneal methods㈣produce
random numbers by computer and simulate again

and again，finally acquire large volume random

simuiating numbers standing for onginal random

variables disu'ibution．But this method has big
elTor when fracturing failure probability is low．In
this paper,three effective methods are put for-

ward to calculate determiuing reliability basing
on three metheds above．

2．i1．Rank-two matrix with J-C methods

Firstly,J-C methods are used to transform

non-normIal dis在'ibudon variables into nornlal

distribution vailables，secondiy improved one

rank-two matrix methods are adopted to caleuhte

reliability s觚ety parameter§．finally F(I忙中f-8)
is used to calculate fracturing failure probabili-
ties．

Steps of using J—C methods to transform

non-normal distribution variables into normal

distribution variables are shown as below．

(1)Supposed《is non-normal distribution

variables，，(工：)is its distribution function，

厂(《)is probability density function，xi is

equivalence normal distribution variables，妒(而)
is distribution function，9(^)is probability

density function．

脚扣，。等_∞；掌∽，
2．3．Quan蝴∞d佃rdiabm佳馏 (2)Let F(工；)=，(工；)，average Value fl却

So far，methods quantificational calculating and standard deviation仃。are acquired as be-

determining reliab．ilities
ammost base on reliability low．

’

safety parameter鼠include standard one rank-two



．“^=#一tY；≯。fF(巧)】

Xichongru etal．IPipeline corrosionanalyzedby∞‘z口rel／ab／／it),methods

(18)then

盯。--妒1#‘1[F(。柚J，，(J；) (19)

In this paper,above methods are named im-

proved J-C methods．

213．2．Genetic algorithm with improved J-C

methods．

n is well known that calculating fracturing
failure probabifity F(Of士(-B)con'espond to solve

ininimum problem under restriction condition．

As far,there are many methods such as PoweU

method．SUMT mixture methods and Golden

Section method and SO on．But these methods

almost calculate the derivative objective function

and plunge into local convergenc⋯e an，，d
lead to big

tzror．Genetic Algorithm fGA)t1。“1 iS a distin-

guished whole convergence optimization method．

Therefore，in this paper，in order to improve the

shortcomings of conventional algorithm，Genetic

Algorithm fOA)is utilized to optimize reliability
index 8．

(1)Code mode ofthe populati011
Real number COde§are adopted for the p‘秕la．

tion．

(21 Selection offitness function

As GA is maximal fitness function to evolution，

but we want to get minimum value of reliability
index且So it must be modified as fitness func-

tion of GA．In this paper,廿I∞e methods撒put
forward to modify erl'Ot objective function．

namely the reciprocal meIhods．making negative
methods and improved making negatiVe methods．

If the reciprocal methods a∞used．then

f；1．0／g(xl，x2，⋯x。)

where f is fitness function，E is minimal

error objective function of BP neural network，

tI is ideal output values(test measuring values)，

0t is calculating values．

Ifmaking negative methods are used．

f=一g(xl，x 2⋯．X。) (21)

If improved making negative methods are used．

，：{C眦一g‘¨2⋯1n’，g‘¨2⋯氐’<C呱(22)0。。,else： 一7

where C∞is given bigger positive number,

generally Cmx=100—1000．
(3)Crossover me山ods

In this paper,arithmetic cr06sover and geome-

try crossover methods are adopted．
Arithmetic crossover methods：

v，=舨+0-碱，呓=桃+q一挑 (23)

where U and I：2 are last generations chro-

mosome，v：and v2 are present generations

chromosome．A is random number from 0 to

1．0．

Geometry crogsover methods：

，
，

h=她一v2)+v1．屹2讹1)+v2 (24)

(4)Mutation methods

Dynamic mutation methods are adopted．

h’=h+(h”一vD2(1一t／T)6 (25)

vI’=唯一(唯一唯‘)柙一t／Tf (26)

where略“and咋。m respective upper limit

and lower limit of V／t,t．and T are respective

present generations and maximal generations，b
iS adoptive degrees parameters，b=2～5．

In this p{Ip％methods Combining Genetic A1-

gorithm with improved J．C methods ale called

improved OA—JC methods．

2．i3．Impmved Mente—Carlo simulalion methods

Steps of standard Mente-Carlo method：
1)Uniform distribution simulation numbers

fromoto l，0(J=l～2．．肼)，a∞created．These
numbers must be verified for parameter,uniform．

ity and independence．
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21 Random simulation numbers of specified

random variables disttibution，rj(J=l⋯2．．M)，
are acquired．
3)the jth random simulation numbers，ru

(f_1⋯2．．n，／1 is basic random simulation aRm—

bets of failure funetion)are replaced by random

simuhtion variables蔚，then failure function

g(xl,x2，⋯粕J 1s∞qmre．d·

Examples by fracturing failure judge ale illu-

minated how to calculate fracturing failure prob-
abifities using Mente-Cado simulation methods．

Subjective funcdons∥工(x2』)a恕determined
as below．

For brittle fracturing，if Ktc*如1INs,g,一K棚，
then test dots completely produce failure or frac—

turmg·pj．(x21)2l·

If K1c*62I，Ⅳ廊-K，>O，then test dots don’t eom—

pletely produce failure or丘actI】r-

1ng·pi．(x21)叫·
．If K虻×42l，Ⅳ砷s置，王K盯xbzl，Ⅳ雌’thentest

dots locate fuzzy zones，and局value is put into

subjective function肛五(X21) ，and Ⅳ盂(z21)
value is ealeulated．

Fcr elasfie-plastic and plastic fracturing,cal—
eulation methods of subjective functions

pj：(工22)and p五(。∞)a他similar嬲brittle

fracturing．
If total simulating number is朋矗m and there

are MI times completely fracture，then total frac-

turing failure probabilities are expressed as be-

low．

晌：竺蔓型蔓竺：：!! (27)P(面=—』]瓦}一u¨
BⅨ：ause standard Mente-Carlo method has big

error when fracturing failure probability is low,
some improvements are put forward in this paper．

1)The first improved methods reduce random

simulating variables．

Only n一1 random variables are used to simulate，
for examples。xi variable does not simulate，only
柏，施，⋯矩“．轧l，⋯而variables simulate．Ran—
dom stmulaUng variables zl'娩，⋯xi．1，鲰．1'⋯而
a∞put into objective function z=甙卸，规，⋯xl-i，

Xi+l’⋯而)----0，improved GA-JC methods are

adopted to optimize objective function and opti-

mum values x，are solved．these methods may be

reduce random simulating number．
2)The second improved methods afe important

sample methods．

The methods sample bigger sampled dot for

fracturing failure probability contributing bigger
and overcome the shortcomings of uniform sam-

pies．Improved GA-JC methods a∞combined

with the methods and reduce random simulating
number．

31 The third improved methods a∞distributed
simulating methods

The steps ofdistributed simulating methods aIe

shown as below．
(1)the ml random simulation numbers。rtl

(i=l，2，⋯n，n is baalc random simulation hum-

bets of failure function)a∞replaced by random

simulation variables麓，then failure function

Z=g忱bx2，．．．粕J ls acquired-

②Let Z=901,X2，．南)mcet certain distribution．，

probability distribufion P1fzl is acquire．

③according to P’fzl。failure probability F《0and
reliability R(O ale solred．

In this paper,reduce random sireulaling vari-

ables methods，important sample methods and
distributed simulating methods a∞combined and
formed into ncw methods．The new methods ale

Examl['les in certain oilfield injecting water

pipeline am used to veilfy and choose three fuzzy

reliability methods．namely methods basing on
fracturing failure iudge and methods basing on

FAD and methods basing on residual strength and
three determining reliability methods，namely
improved JC methods end improved GA-JC

methods and improved Monte-carlo methods．
Basic parameters for corrosion pipeline are

shown as below．
Determining parameters：Out diameter of pipe-

line Do=420m，wall thickness t=lOmm．Constant

m=4．13 in Paris formula．Safe factors N舻1．5，
elastic module E=2．1×105MPa，Resistance pull

strength嘞=450 MPa．



Xichong托etal．／Pipeline corrosionanalyzed如fuzzy reliabilit)’methods

Six uncertain random variables：f1)The mean

values肛b=3077N／mini．5 of fracture roughness

KI，standard difference o∞．=80．12 N／mml．5，

variance coefficient COV(为c)=0．026。submit to

logarithm normal disuibution．陀)The mean val—

ues of C in Paris formula,gc=2．34x 10-14．stn—
dard difference ac=2．75×10-16．variance coeffi-
eient COV(C瑚．01175，submit to nol"mal distri-

bution．(3)The ine,ml values／za=1．02mm of imtial
defect hcight．standard difierenc40 oa=0．0459ram，．

variance coefficient COV(∞=O．045，submit to

three parameter W西bull distribution．H)ln”
mean values uL=5．05mm of initial defect length,
standard differenee oL=e0．0839mm，variance co-

e衔cicot COV旺)=0．0166．submit to logarithm

normal distribution．(5)The mean valBes H吼

=312胁of yield strength．standard difference

a机=6．78MPa，variance coefficient COV(仉)=

0．0217，submit to maximal dis砸bution．(6)11k
mean values gP=14．56 MPa of injecting pressure

P，standard difference％卸．89 MPa,variance
coefficient COV(P瑚．061l，submit to maximal

distribution．

Corrosion defect sizes fur different time se-

quence arc shown as table 1．

3．1．The comparison of three fuzzy rdiabmty
culculaflon methods

Three fuzzy reliabifity methods，namely meth-

ods basing on fracturing failure judge and meth．

ods basing on FAD and methods basing oll rcsid-

ual strength，are adopted to calculate fuzzy reli-

abilities variation with time．Calculating results

are shown as Fig．1．

3．2．B艄ing on residual鳓唧mgth to contrast

th晰determfujn2 reliabilifles methods
To given corrosion defect sizes，improved JC

methods and improved GA-JC methods and ira-
proved Mente．carlo methods ale adopted respee--
lively to calculate the second fracturing failure

probability肛P(咿口日D)，then ale put into fur-
mula f15)to calculate fuzzy reliability． Simu-
lating number of improved Mente-carlo methods
is 10000 times．Calculating results are shown as

Fig．2．

(1)In this paper,calculating methods of fuzzy

reliabilities in eorrosion pipeline are deeply stud-

ied．Determining reliability and fuzzy mliability
arc fwsfly Put forward and distinguished strictly．
Three effective me血ods．methods basing on frac-

tudng failure iudge and methods basing on脚
and methods basing on residual sUength，are

brought forward to calculate fuzzy reliability．

Three effective methods，improved JC methods

and improved GA·JC methods and improved
Mente-carlo methods．are put forward to calculate

determining reliability．
佗)Examples in certain oi／field injecting water

pipeline are used to verified and evaluated three

fuzzy refiabilities and three determining reliabil-

ities．Resuits of calculating show methods basing
on r|esidual strength arc improved Mente-carlo
methods have better agreement with field data

among three determining reliability calculation
methods．

Table 1．Corrosion defect sizes with time sequence．

Series 1 2 3 4

Time 99-1-l 99-2一l 99-3-l 99-4-1

height(nun) 1．02 1．067 1．109 1．138

length(raml 5．05 5．097 5．151 5．20

Series 5 6 7 8

Time 99-5-l 99-6-1 99-7·1 99-8-1

height(ram) 1．170 1．281 1．333 1．371

longth(mm、5．25 5 296 5．345 5．401

Series 9 10 11 12

time 99·9-1 99-10-l 99—11-l 99-12-1

height(ram) 1．412 1．459 1．492 1．563

length(nan)5．463 5．534 5．6 5．689

Series 13 14 15 16

"lVlme 00-1-1 00-2．1 00-03-l 00-4．1

height(ram) 1．596 1．669 1．719 1．772

length(ram) 5．769 5．848 5．924 6．002

Series 17 18 19 20

time 00-5-1 00-6-l 00-7．1 00-8-01

height(ram) 1．830 1_899 2．02 2．063

longth(mm) 6．09 6．19 6．31l 6．439

Series 21 22 23 24

Time 00-9-1 00-lo_1 00-11．1 00-12．1

height(ram) 2．156 2．3 2．368 2．54

length(ram) 矗579 6_”1 矗891 6．99

Series 25 26 ” 28

1伽e 01-1-l 01-2一l Ol-3-l 01-4．1

height(mm) 2．66 2．9 3．14 3．37

length(ram) 7 18 7．41 7．675 7．998

Series 29 30

"ltme 29 30

heighffmm)01-5-1 01．6-1

Iongth(mm) 3．56 3 92
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Fig．1．Basingonthreemodelstocalculatefuzzy越iabthty
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TiIio Sories

Fig．2．Basing on residual strength tO contrast three determining reliabthtles methods．

The paper is finished wim the help of all staff of

exploitation lab in SouthWest Petroleum Institute．
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