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In this paper,commoll criterions about residual st北ngth evaluation at home and abroad are generalized柚d SeVCfl

methods埘acquired。namely AS胁B31 G，DM，Wes-2805．97，CVDA-84，Burdektn,Irwin and J integral methods．BP
neural network am Combined with Genetic Algorithm(GA)named by modified BP-GA methods to successfully predict
residual strength and critical pressure of injectJng w懈corrosion pipe蜘e8．Examples眦shown that calculation results
of every kind of method have great dlffexence and calculating values of Wes-2805-97 d妇ion．ASMB-B31G criterion,
CVDA．84 criterion and Irwin fracture mechanics model are conservative and high豇than these of J inteSrel methods
while calculating values of Burdlken model and DM fracture mechanics model噼dmgeco啦and less than those of J
integralmethods enctcalculatingvelBe,sofmodifiedBP-GAmethodsm closeandmod口lltetothoseof JInte鲫meth-
ods Therefore modified Bp-GA methods and J integrat methods眦considered bd把r m削s to calculate residual
sU'engthandcriticalpressureof刈ectingwatt"corrosionpipelines．
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If injecting water pipeline is corroded．residual

strength and critical pressure are seriously fe-

duced，and corrosion detection and mainte雌nce
expense will be largely increased“1．The put-

poses of re％idual strength evaluation are whether

corrosion defects may be permitted existence，
and critical residual strength and critical injecting
water pressure are determined in a certain coiYo-

sion defect，and critical corrosion defects in窑iven

injecting water pressure．Residual strength
evaluation is one of impmant parts of injecling
water pipeline surface engineering evaluation and
the base for choosing corrosion inhibitor,bacteri-
cide and scale inhibitor““．Therefore it is very
essential that residual strength evaluations in in．

jecting water pipelines be deeply studied．In this
paper,residual strength evaluation criterions at
home and abroad are summarized，generalized
and compared．At present，residual strength
evaluation criterions mainly focus on oil and gas

transporting pipelines while few criterions for
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injecting water pipeline．At abroad．Wl廿l fracture
mechanics development， residual strength

evaluation criterions for safety reliabilities and

economics m'e developed and formed．for exam—

pie，衄GB_R6 for assessment of the intej卿ty of
structures containing defects (1988)t"1，
ASMBB3lG corrosion defects oriterions(1990)
t3J，BSI-PD6493(1991)for私sessmont the ac—
ceffmbility offlaws in fusion welding structurest。J

and WES之805—97斑e∞Il∞ves$el oriterions in

Japanl『j．FAD methods
LBJ
busing Oll J integral

theory are a universal tendency fcf calculating
residual strength．In china,residual strength
evaluation criterions ale CVDA-84‘卅 and
SAPV-95“叫criterions．SAPV-95 criterion bases
on肿methods[H-lzl In conclusion．the criteri-
oils at home and abroad base oll certain experi—
mental environments and engineering conditions，
therefore the强e criterions have certain application

ranges，but at present，few people compare and
choose these criterions．b this paper,exa／nples
are used to compare these criterions and choose a
few criterions of wide application ranges and
high precision．
In addition．BP neural network is combined
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winl genetic algorithm(GA)into a new type neu。
ral networks having high precision and fast whole

convergence．The new neural networks are suc-

cessfully used to calculate residual strength and
cridcal injecdng water pressure in given oorr争
sion defects．

2．Calculating methods of residual streng也

At present，calculating methods of residual

strength criterions mainly base on fraeture failure

mode．Usually,brittleness fraetore mode bases on

stress intensity factors K，elastic and plastic frac-

ture mOdes base on corrosion fi'acture extension

displacement占．Every method has its applica-
tion range，its excellence and shortcoming．
Therefore，in this paper,basing on certain main
method．oIlIef methods are combined into a UOW

method．

2．1．Semi-empirical criterions(ASME-B31G)

basing on whole size

According to fracture mechanism，residual

strength of axial corrosion defect is caleulatexl as

below：

咿∽Ⅷ叫专爿‰ (1)

where D。is residual strength of axial corrosion

defects，MPa；M is bouffant coefficient,dinlen-

sionless；‰is safety coefficient；妒is modified
coefficient；u l is yield su-e8s ofmaterial，MPa．
口is determined 88 below,

Supposed x---．a／t，if，瑚then扣4．Ifx>4，then

扣l(面‰)2。f
r 1n5

(1)If b≤4，then shape ofcorrosion defect
zones is parabola,equivalent length methods ale

used．namely，

2a

妒2百

(2)If b>4，the shape of corrosion defect zones

is rectangle，total length methods are used

a

甲2了

(3)Effective al'ea methods are adopted，

C．85a妒2下
where口is corrosion defect height，him．t is

wall thickness，mill．

M iS determinod鹊below

斗哆一3～笔。t．t<-50④
l咖缸盖+3．3 旦D,t，so”’

where D iS inlet diameter,mm．L iS corrosion

defect length。him．

2．2．Basing on fraettlre mechanism

2．2．1．DM fracture meehanies model

(1)For brittle fracture，Neaman fraetore mecha—

nism is adopted：

％_f南 (3)

where＆is fracture toughness，N／mml．5．E is
elastic module，MP8．Ri is inlet diameter，mm．

0 is angle on the fracture top．radium．c is the

halfofdefectlengthforembeddingfracture．mm．

f2)For elastic plastic fracture fail，DM fracture

mechanics theofie．$舡e used as below．

咿煮艺一sH嚣]]％2斌一8I唧【面芦“ (4)

where万c iS fracture allowance extension dis-

placement,mnl．

(3)For plastic fracture，yield strength口，will be

changed into rhcology SU．eSS。，

、I●l●●●●●●l●，
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旷未缸一sH嚣]]④咿
where仃，is rheology sⅡess，1VIPa：万is

equivalent corrosion defect height．

2．2．2．W商-嬲criterlons in 1997
(1)For brittle fracture，口p is calculated as be—

low

盯口=

385

(12)

where Q is the correct coefficient of embed-

ding fracture．Q is ealeuhted as below．

⋯+ab]‘

@卟⋯∞c纠。1
(2)For elastic plastic fracture fail，WES-2805
criterions are adopted．

咿【(筹)+5】老
(3)For elastic plastic fracture fail，yield strength

口。will be changed into theology stress af．

咿￡缸
2．2．3．Basing On CVDA-84 criterions

(1)For brittle fracture

For surface corrosion defect

。。：粤
‘NmFq№

(8)

where妒is the second type ellipse integral．F is
the eOlTeCt coefficient ofequivalent fracture size．

F；1．1+5．2×o．5詈×已)1畦
f

(13)

(14)

t=，．，+[·．t+s。．0(；)]-1+-．，5(；J5 c，s，

where b and k啦correct coefficients，毋is
the mininluln distance from embedding fracture

to two fl'eedolll sllrface，mm．

For penetrable corrosion dcfetL

仃，2赢瓦g／c忑 (16)

(2)For elastic plastic fracture fail
Ifmaximal 8tress in con蛹∞defect zones仃
is less than yield stress o D then

咿(警卜。 ∽，

If maximal stress in cⅢ'osion defect zones盯
is more than yield stress盯，，then

crp=(等q)，Ⅳ啦
(10) (3)F∞elas如如ch矾，妇锄lla(8)is adoptcd．

(18)

(11)搿蜘蛐助蛐觚帆删删龆
(1)For brittle fracture。Neaman fracture meeha-
nism formula f3)is adopted．
(2)For elastic plastic fracbare fail
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旷若卜+等] ct∞，裂嚣竺芝淼裟耐1以只哟甜
(3)For elastic fracture，formula(8)is adopted．
2．2．5．Irwin fracture mechanics theory
(1)For brittle fracture，

仃一2 ——————————型!竖—————————一

卜：⋯ztz删”‰
(2)For elastic plastic fracture fail

咿(等吧)，Ⅳ嘶

．，’o，尸，邱)=

(25)

f20) where Hi(oft,珥R／Ro)is dimensionless function，
‘。

Ro iS out-radius．Po is plastic fail pressure of full

plastic state(n=4-oo)．MPa．Po is calculated as

below．

㈤，晶2淼％
(3)For elastic fracture，formula(8)is adopted．

2．2．6．B船ing OIl J Integral theories
For brittle fracture and elastic fracture，above
methods are adopted．But for elastic plastic frac-

ture fail．J integral theories am used．Accurately
elastic analysis for corrosion defect zone is very
difficult and J inte辨l is also calculated．There-
fore approximate solution of J integral iS only
obtained．

According to fracture mechanics n砖。姒J in-

tegral solutions equal to elastic solutions

，(％即adding to plastic solutions，(倔P，n)．

J(a，P)=，‘(口矿，P)+J’(d，P，帕 (22)

where％驴is corrosion defect height according to

Irwin plastic COfl'c．Ct，Inm．

Elastic solution．，‘(Ⅱ盯，P)is calculated as

below．

J。(4口，即=丽4x10丽3PZR,(“a4 F2(a,!It,R，R)(23)
where P is injecting water pressul℃，

MPa．J。(口咿，P)is full elastic and plastic solu·

lion of J iIltcgfal，MN／m．

口酊is calculated as below,

口咀2 a+ 鲁12 (24)

(26)

HI(o／t,鸭蜀倒is obtained from table 1 to ta-
ble 3．

2．3．Combining neural network wim genetic
algorithm
For many factors influencing residual strength，
criterions and correlation above mentioned have
certain appHeation range and have poor precision．
Because BP neural networks have serf--organiza--

tion，self-study and nonlinear mapping function，
BP neural networks may be used to determine

residual strength for certain corrosion defect size．

Table 1．Vala∞when t／Rt is equal tO 0．2．

a／t

Table 2．values when t／Ri is equal tD 0．2．

。^ 些逝堡墨幽～
n=7 n=10 n=11．677 n=13．349

118 8．07 7．75 7．57 7．37

lf4 7．2l 6．53 6．15 5-77

1尼4．蜘 2．62 1．36 n097

3／4 1．23 0．883 n69 0．5

Table 3．values when帆is equal to n05．
。A 些逝堡＆蚴～
n=7 n=10 n=11．677 n=13．349

1／8 13．12 14．940 15．％ 16m
1／4 9．71 9 45 9．30 9．16
1／2 3．52 2．1l 1．32 0．54

3／4 0．83 n493 0．30 0．177

r，●JP一昂，，●●●●l
×

、●●●●，生％
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Three layers neural network structure is in

common use s11ructure．It includes input layers，

implicit layers and output 1ayers．Three layer
neural network structures are shown as Fig．1．
Input layer nodes(i=1，2,3⋯n，n is input node
numbers)stand for residual strength influence
factors such as injecting water temperature T'

injcoting water pre$sul_e P．COITOsion defect

height吼defect length 2e yield stre∞o's。fracRme

toughness Sic(such鹬KE，占f，Jlc)and Paris

formula constant C Output layer nodes Ok
(k=l～2．p，P is output node numbers)indicete test
result such∞residual strength．But conventional

BP neural networks have many shortcomings
such as slow c⋯on⋯vergence velocity and

local

convergence etc．“川引．Therefore it js very eso∞，
tial to make the improvements for BP IIBUral
network．Genetic Algofithm(GA)⋯。”is a dis．
tinguished whole convergence 0l坩mizad∞
method．Therefore，in this pap西in order to ira-
prove the shortcomings of BP neural network,
Genetic Algorithm(0A)is utilized to optimize
connection weight values wij and threshold val’
oes岛between input layer nod船and impficit
layer nodes．connection weight values wjk and
threshold values仇between implicit layer nodes
and output layer nodes．
At present,combination mode of GA and BP
neural network mainly focuses on using 0A lo
optimize connection values and threshold values
of BP neural network．Calcularing steps of the
methods are shown as below．

(1)Code mode of the population
Real number codes are adopted for the popula-
finn．Using matrix P to express connection

weight values and threshold values which

two-layer BP neural network need optimizing．
Maffix P is shown∞below．

’‰⋯’‰’“I吼·‰’‰t’k嚏⋯‰嘎t (27)

where n is input node numbers(or corrosion in—
fluence factors)，K is output node numbers(or
corrosion vdocity)，Hk 0=1，2，．n；j=l⋯2．．P)is
connection weight values between input layers
and output layers．0I(k=l⋯2．．p)is threshold
valnes of output layer nodes．Matrix P stands for
sizes of chromosome number．Therefore the es．

sential of GA is the opcl_ation to matl奴P such as

selection．删SOVer,inⅫ扭nce and mutation．
(2)Seledina offlttma fBImL咀OR
As GA is maximal fitness function to evolution，
whereas丑P neural network is minimal error嬲

objective function to optimize。therefore error
objective function of BP neural network must be
modified as fitness function of GA．In this pape‘
three methods are put forward to modify elTor
objective function,namely the reciprocal meth-
ods，making negative methods and improvedm她negative methods．
The reciprocal methods

，=寺4赫2 篙”‘ “

(28)

wbere f is fitness function，E is minimal
elTor objective function of BP neural network，

tI is ideal output values(test measuring values)，

Ok is calculating values．

Making negative methods

f=-E=-虿1荟a(“1)2

，：{c一一i1台m ut一。t，z，i1苫m ot一。∥cc。
10，else

(29)

(30)

卜t
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where Gm is given bigger positive number，

generally cf一=100～1000．

(3)Crossover methods
In this paper,arithmetic crossover and geome-

try crossover methods are adopted．

Arithmetic crossover methods：

一=舢I+(1一g)vl；v；=Av2+(1一A)vI (31)

where vl and v2 are last generations chromo-
some，vl and v2 are present generations chromo-
some．A is random number from 0 to 1．0．

Geometry cl'OSSOVer methods：

， ，

h=2(vl一也)+h：v2=A(V2一vO+v2

(4)Mutation methods
Dynamic mutation methods are adopted．

m=4．13；safe factorⅣ。疵21．5，elastic module

E=2．1×105^d口a，yield stress o卢312MPa，

Resistance pull strength Ob=450 MPa．CorroMon

defect sizes for different time sequence are shown
asTable4．

Eight methods are used to calculate residual

strengths in different time．Caleulation result are
shown as Fig．2
IIl Fi2．2。curves from up to down show

Wbs一2805．97． ASMB-B3lG。CVDA一84， Irwin

method,GA-BP method，J integral method,Bur-
dekin method end DM method in turn．After re-
sidual strength is calculated．ASME—B31G trite—

riOIlS are used to calculate critical ilIiecting water

pressore．

(32)
P=盯P×【(R+f)2，Rf2—1．o】，2·0 (35)

Critical injeamg pressure variation with time
is shown as Fig．3．

Pklmvt+(VI“-vt)2(1-t／T)6 (33)

or‰’=vk一(以一唯‘)20一t／T)5 (34)

where vk end vk are respective upper limit end
lower limit of h，f and T 8re respective present

generations end maximal generations．b is adop-
five degrees parameters．b=2—5．In this paper,the
Ilew neural networks of combination GA and BP
aI℃named by GA-BP netmd network(shorted for
GA—BPl．

Eight methods，namely,ASME-B31G、DM
method、W色哥-2805-97、CVDA·84、Burdekin

method、Irwin method、J integral method and
GA．BP method are used to calculate residual

strength of i]ajccting water pipeline added into
eorrosioll inhibitor in certain experimental zones．

Base data for iIl洄池g pipeline are shown as
below，pipeline out-diameter DO=420ram,1 wall
thickness t=lOmm；fracture roughness KIC

=3077N／mml．5，ParisformulaC=2．34×10-14，

Sed∞ l 2 3 4
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Fig．2．Residual s岫Igm variation with fillip．

Ⅲme sel"ies

Fig．3．Cfificmtnjecangpresstwevm'iationwithtime．

In this paper,BP neural network are combined

with GA into a new neural networL(short for
GA．BP)．n他new methods are successfully used

to predict residual strength and critical pressure

for竭ecting water pipeline．
Common criterions about residual strength
evaluation at home and abroad are generalized
and seven methods are acquired，namely,
AS～咂，B3lG．DM．Wbs一2805-97，CVDA一84，
Burdekin．Irwin and J integral methods．Bp-GA
methods and seven methods are used to predict
residual s仃ength and critical pressure of injecting
COITosion pipelines for certain ctrrusion defect

sizes．Exanzp[es a∞shown that calculation results
of every kind of method have great difference

and calculating Values of Wbs．2805．97 criterion．
AS^d匠一B3lG criterion．CVDA．84 criterion and
IINVin fracture mechanics model are conservative

and higher than those of J integral methods while

calculating values of Burdiken model and DM

fracture mechanics modelm dangerous and less
than those of J integral methods and calculating
values ofmodified Bp-GA methods are close and
moderate to those of J integr蛆methods．There-
fore modified BP-GA m烈hods and J integral
methods are considered better．

The papers are finished with the help of all
staff of exploitation lab in Sonthwest Petroleum
Insfitute．
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