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Corrosion Pit Depth Prediction Model
of Nuclear Power Pipeline Using Fractal Theory
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Abstract: Because of the complexity of corrosion environment and stochastic corrosion
process of nuclear power pipeline, a prediction model of corrosion pit depth was estab-
lished based on fractal theory, and the model was used to predict the maximum corro-
sion pit depth and the probability of depth no more than 4. In order to improve the pre-
cision, the nonlinear equation was linearized in the prediction process. The calculated
results indicate that using fractal prediction model to predict the corrosion pit depth is
feasible, and the prediction results are helpful for analyzing the reliability and security
of corrosion pipeline, and mastering the performance of corrosion pipeline.

Key words: fractal theory; corrosion pit depth; prediction; pipeline

JE ok 0 % B S A T I Tl i — S SR WA B 1 R G IT P AR R 2 B,

e B 8 :2008-05-04 ; f& B H #§ : 2008-07-23
TEE RN Bk L (1981, B i rg i I N  FEHAF50 A R 2= S5 R £l



674

FETREREHA 43k

FUE R W B A% B O A E W T AR TR RE R
IV T R o | 7 o AU - 2 S |
JE5 b — AR W BE AL R L L — ) L B
HL AL 2 ) B 2 R OB 2 S 2 B 28 5 BF O
VRA . A0 5 ok T A% B A 0 B 5 2 A 3 S o
R B — DA W TS S E AL
T e e A R AR A 2% 1 3R BT P AR E A
EIE ML B X EEAT R R . ik
AROR LR T A Bl BEOE A RE A R )T iz
4 2 R b BT R BE 1 F T R R B K
PR IE P 28 0 2% 2 OG0 I 2 T AR T
S TR0 X8 A5 3 JAS ok BT TR B ) T S B IR B A
BIF IR o E A A A e B e i

I3 IE BG IE 20 fhad 70 ARARH ik B e K
Mandelbrot it 5 ). & 2 il ik 5 A% R 4
PARR AR A B TR B BAE ST RS
7N TS ARH B AR AL 2 B G b BT R A L
PEVZ UL B AU I AR 2 L T I
SN 7/ BN N 7/ N I e e o SR
R T RS AR TTAEFR A B 1
O A WF R 1Y Al b, 047 T8 ol b % B
AR AT T

1 BT R B B
1.1 BRnRES S &

EE R R — R AR REALIE B . X T
PRBEAH ) (9 56— JE ol 3l L 2 T SE i A i B A
AT U B T ST TR BEREAS L 2L I REAS ) 2
AN I PO P TR BE O AR R A TNV S
], T8 5 RAEA =S ARG T2 B A A
AP 2 MR AIR 23 T8 L A] B A S AR AT R
JH 5 36 75 2 A9 /INRE AR o8 8 A A5 TE 1 T8 o I R T
O AT RERLIEAT RS - [R] IN  AR B REA AL T A
) 3 A1 RS T G T2 A DR T R

fECBETE B ol B 358 A [] 19 4 — JG o 4 1 L
XTI A s B4 IE AN AN ik TR
JEREARRE {2, 1<G<IN) 159 B J8 bR 4y
A BT 1) 2 2 T7 5 e M A /Y 23 A BT R
PATINE TR . AR TARRI T SR AE 43 fi
CGEV) A Jhy J8§ ok 70 T8 BE 53 A 14 30z DL ASE 25 L 1) ]
BRI G REA R 1 2 5 2t oA R GEV
A B 2RO A eR BRI A

F(x) = exp{—[1 *k(f*,u)/a]%} D

kr < a+ pk
Horbrox R IRBTIREE 5 0 B o 23900 O 7 B AT R
EZH ke HIERSE BA R R MR CY
F=0m}, F(x) & Gumbel 43 ffi; X4 £<<0 i},
F(x)NCaucy 2y fis; X4 £ >0 B, F(x) X
Weibull 43745i) .

R A1 T ot 70 % B8 R A B0 L R e R AL AR
BT LA b o A AL ) S B AT A L BT
13 BUAEA B 19 20 A B AL, X RE, WA A 2
149 4 A5 B BB AL 7 A= 1 T e e Al O R 1Y
& Tl S50 R E R AT WIS
L2 @ZitoRER

XF T 3 A s — AT TR A 8 s
A

N(@) oc FFP 2
Forprar Sy RUBE HE U w) Sy I 8] L < B2 T AR A
A TAERFR KR NGO 3T R 5L B
TS G210 B L s F (D) B g 43 T8 4 50k 8. D
R AT TE YRR .
Gt IR AT 7R

N =C*P4+e r>0 (3)
Ho . C A He Bl s 8 e MIE R 0 B9 20 7 FE AL

A3 R 4T A AL AY
N =GP +e r>0 4)
N(>r)=C"+e r>0 (5)
Xof (4D T 30 O BOE AT T 5 DUl ) A5 3
lg N(») = Dlg r+1g C (6)
XF 2 (4) s R B e K P HTIR BE D 7 AR
P AR s B9 IE BN ASFEAS T ol
B BV AT X TE AR s 098 TE bR B KR Dl bt
TRBE 7 AT TN 5 00 ) S B KT b 0 0 5 A
lg NOO-lg rE PR E N 1 s,
A C6) BEAT L Mk 101, SR A5 2 5l
Co Dy MR C6) AT 15 -

Tmax = exp(ilg NB] lg Cl)

Foax FE N Cr)-r B R4 E K 2 fF R,
[ AR S A S 28 () AT AE LR Il T L SR 15 2 8K
fHH Co Dy, WA 2 () v] 1%

_(N\%
roe = (&) (8

(7



84 W 2145 - 03 T8 G B A% 3l 5T B el 0 1% SR TR0 A TR AT Y 675

Ig N(r)

I8 rmax lgr

B rande lg NGO-lg r B PR A2 &
Fig. 1 ru. position in lg N(r)-lg r

N(r)

Fmax r

B2 raodE NGO-r B AL E

Fig. 2 rm. position in N(»)-r

i I BN 7 el I = N L BT A S AR (0K = ST
BN ADFEARTE GRS KTF ro R
PGr<lry) N

NG-<r) CorP
PGr<ry) = r];“ = N’* (9

D] 0 A 0 e BTS00 B 0 A % A= 4% T
FEAE R T H C M DL AR R (D
(&) FNCO) 4 S| LM tB T AR Ry s A4 0E B e K
JE AT BE 7 AN K FUREE g IR PGr<<
ra) o WNRETH RN G I 09 B K e IR BE
D) L R A A W AR S B R ik S AT
BONRpRf Ny

N =N.2 (10)

S

HENg R &b NN B A] 45
FBEA BB SR
1.3 BHRRERNERNITHE

A ok 0 RS 0 A TR g ) A K ok b TR
JERMARTEREE rg BIHERE POr<ry) By Al 7R
TR (8 T 2o AR o, SR A TR R RO A
P T 354 LR [ ) Fn 2k [l ) e

1) 284 [l H (LR)

B n AEAE Y X 1<5i<<n ) T R £k

P ] P A
Y = aX +b (1D
P /N Z Al Tk X o Ao HEAT AR TE, AT
BRI a b H
DD Y
T Sx - >x

b= >, —a> X, (13)
Xof T DU A5 1% 1 A~ H5 8 7y 8 % (1g NGy
lg NGry),oooslg N(r) )} 1 {lg ri,1g ryy oees
lg r, b R C6) AT AR 4% 20 (12) A (13) 355
A5 4 11 5 R
2) e PERNIH (NR)
B n AMERAEAY,, X, I<i<<n W 2 R
2R 1 [l ) A TR

12

Y =aX’+e¢ (14)

XFTWREE R N U7 s L, T e/ —

Fe Atttk FAE AT Al 280 e MME. 54

BHEAS R 2 (1D AR LR PE R AR

AL BT . X o B AG (D, LLAZ B A

AR I IR A, OB 58 22 R £ /N k.
HRHE Gauss-Newton B3, =LK A K.

A= (X'X)'X"« flasby) (15)

Xt F AR R P I HIN G s T<<issn ) Al

(o 1<y, AT )T LA AE 22 (] )5 A5 7Y

TR 238 T A A

2 LBIHERER

He— B S W% I AT I L AE
B I ] TR AR A s B T TR AT UL
MAFAY N =15 A ph BT IR o A B s Xos =
{2.82, 2.96, 3.09, 3.08, 3.18. 3.19, 3.22,
3.32, 3.33, 3.52, 3.58, 3.61, 3.62, 3.95,
4. 12} B g mm [ A5 20 B BUY S 6

B T R B AN = N+ ) 100,

500.1 000,2 000,5 000,8 000,10 000 % 7 F
TG00, r A AEAEE R 0. 2 mm,

X Xos # 47 GEV 434 iy AE &k L5
HE, B3 ZHH.a=0.291 7.£=0.022 37,
p=3.179, MHE 1.1 5 Al 1, il b IR BE 43 A
J& F Weibull 437 . 3 5 SCHRL7 ] 1 431 1 0
MW FEAR X AR Bt R0 m S5 il4



676

FETREREHA 43k

R R Weibull 23 i (98014578 T 18T 3.

MIE 3 0] Y AEA B 250 FIH R A 5
Weibull 734 UG #5845 - DLW AT A AT Weibull 23
A L™ Az )8 T ST IR BE A TS

.2.8 30 32 34 36 38 40 42
JEE T B/ mm

K3 FEAMZR Rt Ai 5 Weibull 2345 19485
Fig.3 Fitting of samples CDF and
Weibull distribution
Weibull 434 ;2—— 236 Bit 431

1

AT AR 209 Weibull 734 1 2 BE AL ik
SR L B S A%+ UAS Ta] 3R 1 Bl B ok 0 98
JE X T ARy s B SF T ok T TR RE R AT R AL
AR AR . AR AN R n] o 2 A [l
AANIELR M I HEAT L4, P 4.5 iR N' =
1000 B o 2 1] U3 55 2 % (] 09 By 45 21 19 15
T ITIR o B A R A 2k 18T 1] 6 s
25 i B0 T 3 3k 2 M R AR e Ak 43 T S0 A Y iy
5 2 19 Fe K ok O IR BE RS R TR BE v O
K POr<ry SR,

M 6a Al & . A S A E L.
Wt 2 1B e R N 6 T R R 1A
O3 TR T A B A d R et T % 2 ity £ A P

8_
° ©

6 Q

Ig N(r)
B

0 1 1 1 1 ]
0.6 0.8 1.0 1.2 1.4 1.6

lg (r/mm)

K4 lg N(»H-lg r PERIE
Fig.4 Linear fitting of 1g N(»)-lg »

1200
1 000
800
600

NG

400
200

5 NG -r ELEME
Fig. 5 Nonlinear fitting of N(»)-r

5.0
A5k

4.02':. = N =
3.5 1 1 1 1 ]

2000 4000 6 000 8000 10000

a

7 max/mm

= b
v 0.4
S an E.D_D/D\D\D__—ﬂ
SO | 1 1 1 1 1
2 000 4000 6 000 8000 10 000

N’

= A CA T R | 22 4
Il 5 75 5 i T B85 R b A
Fig. 6 Results comparison between linear and

nonlinear regression

O—ak gt M ; @ ——Z [ A

. HE N'=2 000 ZH . B0 A — W1 5 i 3% it
U8 B L B TS I 5 1 R A L Tl b 8 H
08 0 F R ol 0 T B R KL i AR N =
20002 5. s T R, AR e T
4. 30 mmZe Ay, Pl W 2 B0dE B R 2 000
ASLAJG » © BB 5 I 1l 6] 38 A4S 45 T8 19 $5c K8 Tl g
TR BE HEAT R, EL AT ) U8 S e R Tl BT R
4.30 mm 22 A7 s A FH AR £8P (0] )9 23 T8 455 R i 45
) 119 F5 R o b % o £ T B S 19 U Bl L B
FaE T 4. 00 mm ZEA7 . 16 Bl o 3F e [l 05 mp
ST R A T R R e T R B Y AP RS SRR
4.00 mm ZEA5 » [ BF Al BT MY L 2R 1 [l 9 5
SR 1T A E BT A5 380 0% T 25 R B R R R S
BRAR B0 1 AR 4, 33X 2 PR FE HEA TR R [ A 40
SyMTaE ARG EEAN R . FEE] 6b Hp L ALk [l
HEARMARTIRE ro R PO<ro) M
SRR, T 4R [ U r A5 2 00 B B ol A
INHEN'=2 00022 J5 » BB AR AR 5



84

Wi oK 2145 - 3 T 00 T IR A% By 3 7 T D el 0 R B T A L 5 677

3 #it

18 3 8 JE B RO T 300 ol R ) N A
T A5 B LT 40 T8 BRG HY JE et 0 T BE T A
B A 2 A TOUI0 AR R0 A% 3 ) A8 B Y
B B0 TR L HE AT T 5 03 B . DB A B 10 45
]

D FHE A B 53 A 858 A A i BN s
9 4 T L 4 R ol T TR A AT UL 0 A R T AT
{14 [7) s ] ) A 210 A 20 A A5 10 BT 7= A= 119 BE AL
B b TR AT 1 — 28 BT B A

2) R 53 18 BEAE BT A5 21 04 185 7T T8 5 T3
4S50 B % FH o XoF i I o 0 TR L RAS R K
JE ro MR P Gr<<ry) BEAT B L 3 R A TR AS
I B L0 245 SR X 5 ok A 2 A T A M 2 e
13 PR 53 H 5

3) WERIE b 2V o] A5 1Y iy 5] A B R
25 FCAR R AMERE R A R AR SE BRI 5 P L AR ZR PR A
TR 25 R LR PR R R AT

S & Lk

[1] MELCHERS R E. Representation of uncertainty
in maximum depth of marine corrosion pits[J].
Structure Safety, 2005, 27 322-334.

(2] LW, &K HE, iR BT 583 % R
JEE R BT AR LT ], 627 3d 4]z » 2006 (3) . 207-210.
BIAN Li, WENG Yongji. XU Shufeng. Corro-
sion prediction models on fractal dynamic process
[J]. Chemistry Bulletin, 2006 (3):207-210 (in
Chinese).

(3] Zefl . BBHEAR . B A HE . 5. 20 T8 BB 7E 1738 4t Tl

[6]

7]

[8]

[9]

Wb R LT ], P4 AR 2007,26(2) : 104~
109.

NIE Wei, SHAO Chunfu, YANG Liya, et al.
Application of fractal theory in freight volume
forecast[J]. Technology of Cargo Circulating,
2007, 26(2): 104-109 (in Chinese).

CHDOR « R - B 4E. JoAHE I i F LML
2 f. Aba s Toll R . 2005 265-280.
FIKEE S VB0 ST T SR A T Y R
W Ok L1 ). o B il 5 B 4 2 4. 2006
26(5):315-320.

WENG Yongji, XU Jianfeng, BIAN Li. Fractal
methods in studying corrosion and corrosion
model [J]. Journal of Chinese Society of Corro-
sion and Protection, 2006, 26 (5): 315-320 (in
Chinese).

SHEN Wei, ZHAO Pengda. Theoretical study
of statistical fractal model with applications to
mineral resource prediction[]J]. Computers &
Geosciences, 2002, 28: 369-376.

TURNBUU A, McCARTNEY L N, ZHOU S.
A model to predict the evolution of pitting corro-
sion and the pit-to-crack transition incorporating
statistically distributed input parameters [ J ].
Corrosion Science, 2006, 48: 2 084-2 105.
PNBIT, 5. 3t ™ o Y g S 4 [l ) Ty 3%
WAELCT/ % 3 Jma sedahl 5 A 34k B br 2808
SCEE. B HE L RRE AR ], 20022 092-2 094
RATKOWSKY D A. JEZR Ll HE R (M. i
TR B AL, S K, P A A K R
4t .1986.





