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H1E F

1. 1 MR &k R

W EZ2MATT DMAC & > T, BRIZZOHMZ AL T HHERBBE TH D, WKIZEHEAR
HIRRIES & L0 IMERED S, HAKE T LAINT 537 X N & -7 (Water Ballast Tank, WBT) .
ffil % > 7 (Cargo Oil Tank, COT) BLOH—IHR—/L F (IA) 72 EEWEEHIE. £ LT,
A RANR=R72 L ENENOREEICHE LR R - M I T& 7z, AHITIL, K
FFETHY EF7- WBT 25, Ak OB & & xhRE M 2 385 5,

ARG CAEC2BERROZ NERE - BRETHY D, BMFEICI T 2 HBIEFH A RK %
ARER BN 22D &L fibls 10 FA B2 D K5 RmiAticdH - TE, BEOERFIT > T 2,
FRiC, ERSH - R E) D299 %l 3 5 R R A A uE, Rl 2 —COT, A il
Woth 77— 2R —/v R, WBT OFEMENKRE VY, Fig. -1 I2ZhbX 7, h—aFR—/ RZE
D IEREREE L B RO A R T, COT JER TIEERER K T OA4 A /L a— KB TR
C 99, EACCIIBEHA OHET A & FIER Otk & MR EG ENERAK CRERENEL D
I, FRA—THR—/L RTIIARBROARBERIZLY By MEROBRERALT 9, WBT T
THEAKIC K DB TS ERAE LT S 101,

General corrosion |
by H,S and
Upper
p?apt: explosion-proof
Cargo exhaust gas
t::k Pitting corrosion
Bottom | by high
plate | concentration salt
— Seawater water
Bulk i
BT Ballast tank Under film
- BB, = - _ corrosion
Lﬁ oo o8 _;f” ’ by - .
l Coal _ Pit-shaped
Coal hold corrosion
by coal

Fig. 1-1 Corrosion environment and corrosion phenomenon of vessels.

JH 2 o A =128 TE, 1960 AEARCARE, MEEESF i K0 KRB Sl sl & | BREE
SOFENEIT /o T 128, 22 ¢ EEEFHRE (International Maritime Organization,
IMO) (%, 1989 DTy Y« SIVT 4 XG5Oz ZUEIT, MO TR 81 K DG %
Bilk+ 2% Z &2 AL L~ /AR —/L (MARPOL) &K% 1992 4RICERIN L, ik @ik (#7771
L) BRGMAT T2, 2. EE 285 (International Association of Classification Societies.,
IACS) 1%, % v B —oH@iEiE Al CSR (Common Structural Rules) % 3%K7E L. R TPIRIE DK



EEATH T2 9IN0, X 51T, 2010 41T IMO [ THT7- 2P EEHE L LT, COT ~DBEEH 5 i
BHOMERZFBL LI DO, 7pds, COT MMt EHITASMASFE TR S TR Y 920 filx
X, JFE A F— LR CIZEMR T : JFE-SIP®-0T12), M : JFE-SIPR-OT22V 2 BIRFE A TH D, £
7o, BB TR Lot &8sst LT, Sk OEZIARIGT 5 & & b, Eip
O ZHED TN B 1320),

FRIEREANZ IV TR, 1990 AR, VEERRAFRRERE LT Y, ZORRDZL 1T —
AR—/V ROFRETH Y | FRIHR—/L MBS, IO anf@ilshni 9, £ LT, Eaxt
E LT, IACS IFr iyt 20 CSRIG & PRIE O 5- 2 8 UTe 9192, —JF | 1 i
il — R — v FHOMASHOBRE LD 5T Y, JFE AF—/L{ T, JFE-SIP®-CC329%
FIFHEATHY . FEEH b ED TV D,

WBT (28R Tlik, 1987 4£1Z IACS Recommendation® & L T, BIEL(LOIRBEFEMFEIE & = DR
BIZEDSLS AT F U ADTA RTA UPRFITSH, BMBEE AT T UANMEES N, £DHE%,
2006 412 IMO (2 & 5 8 2EMEREFLYE (Performance Standard for Protective Coatings, PSPC) 29X> IACS
\Z LD CSRIBETAREDfS G- WO E STz, —H T, EHOBHIE b 1D b, JFE X
F— LTI WBT i : JFE-SIP®-BT27292930 2 B3¢ L, FEMiEH b ED T D,

1. 2 NRNIRNX 7 ORI E xRS

AN ZERIRRE THIAT 2 & Z 1T, MIROZEDT=DIZ, WEK%Z WBT IZH#T 2, £l
B, WBT IZITAKIC L D@ RICH 2 5 L9 ICEREBREN I D, L L, BIEITEAOH N
N7 EORELE LT L, BIEOFRFELLIZEAL T, 1995 4, AAMEFRH 1T, 25 % - 41WBT
2R B BILIREE L finll - BEARROBRE L D72 10, T7bh, BEREZIESREIZ LY
5 BB (cA,cB,cC,cD,cE) BOIC/RE L, £z, ML ¥ — /L oK ¥ U BRIEORIBIE S 200um
(1[EEY) & 250um 2 [EEBY) T, BIECIREE & finlis - BEEHARE N ED X 5 eBRICH
D E RN Uz, Z ORGSR, MR 200um (1 [BIERY) TIiHK 10 4T, #MEE 250pum (2 BB D)
TR 15 T, BELRAEIT cC ~cD OIRFEIZH U . IACS/Recommendation 87 ¥ 25 CRREE N HE
RN HEBFEREE : FAIR "2ZBATT 52 L 260N Lz, 2 OMHHREFIE, PSPC2OHE LLAT
DOIFAORAEFR R TH L Z LICHET HLERHH Y, 4 (2000 4 7 AFRER) OMMATH T
FERRAERR 23K 25 4R W ThH o 7o 2 L RIEEE 250um 2 [FEB V) 2BV THE 15 FTHEBLE
N CTH-T=Z EEERT S,

BRIES, WICHMOIE A 21T 2581, BHmRE T oMELE LD, T72bb, e
R, FHCRGHREEMIIZRTHY, £, MEEFTIL > TUIRGAEAEELS, S 512, fif
FICE > TR IARBETE 2V, £, Ry 7 THIOMEE R ER IN5,

ZO X5 7% WBT OFEMBEII LT, 1.1 iR Lk 912, PSPCORE R TR D (5
IIN6RDZIHITE X #1172, PSPC 13 2006 45 12 A 12 IMO TEHR S 4L, #8 R 5500 - > LI ED4fin
OHFHMEAK WBT KO 150m LA EOIE SFEEMMO ~EMMAEBIZ I 5 BB 2 B fir Z 23
HE SN TV D, PERBEEMEIT BARMI AR (BIES 2T LRI EBAM SV TLARE, #ROIKE
AHMEFFT D KO MMESNHIM) 2 1I5HFL L, ZORBELAHET 72010, ZRFI_—2X (1
D) IZEDEIR2BIDOA T A TEEKRO2 [FO AT L — 3 TRz 320um % LR35



Zl. F. SIREREESEE, vav T T I ~— SOy DR E £ < OBEHNRER
EINTWD, BETHEICE L T, BEEREIILS U TUEETHENREINTEY ., #lxiX.
WBT O _FEHR TIZ 4.0mm BFREINTWD,

1) : WBT BECRIEHE D B %

(MO TRA)  BEFCBEXME (S, @i y) RS20, Eizidbdnic
BUL S 2 FREE Ok EE,

cB (BAF) @ 5R ORISR B A TEE DO3EEE, B Th T hORENH 5 IR0E,

cC (BERBIF) « - ORBERCIs R & D FRPE DR SIS b E I 22 F8 850N 3 5 IR HE,
(BREDIFR) : REESBIE RN N2 BIZoE, INW&EPACTHERAE TRV E AR EN
DARKE, HM I RN E DB RN DIFET D,

cE (BATREEIT) - BhRZIEN 220, R - TENET T HIREE,

cA

cD

£ 2) : IACS clarification of “GOOD”, “FAIR” and “POOR” coating conditions

GOOD(3) FAIR POOR
Breakdown of coating or area rusted (1) <3% 3-20% >20%
Area of hard rust scale (1) - <10% =10%
Local breakdown of coating or rust on edges or weld lines (2) <20% 20-50% >50%

Notes
(1) % is the percentage of the area under consideration or of the “critical structural area”
(2) % is the percentage of edges or weld lines in the area under consideration or of the “critical structural area”

(3) spot rusting i.e. rusting in spot without visible failure of coating

1. 3 A0
1. 3. 1 AWFREOEE

EHD, WBTHRMOBFRICHE T LzE, PSPCOLHIE SN TR S, WBT OBEERIT#
— VIRV [EEY (200um X1 [A]) BERTH-7TZ, Z0OD, 12HDO LB, FiElk
BN IR D B AL 10 SERETh -T2, o, BRTME WO LEHER LT, £ET
2mm FEEZMN 5T HBRETH -7, o> T, WBT DIfE{L=— XL IEFITE N T-720, WBT
MM DOBAFRIZE F LT,

—7J . WBT MO pGMHbix, PSPC X° CSR/UE B Ti/EDHilE & IZIERREH D 2008 4T -
7z 2D, PSPC X CSR/FE TIHEDHIEIZ LV . WBT EHOFAEERITOR0M N LIzb DD,
PSPC O HAZfF AL 1.2 Hio L0 15HETH Y, ARG 25 FEPAED L 10 EOF v »
ThR&HD, S HIZ, LNG(Liquified Natural Gas)fit<> LPG(Liquified Petroleum Gas)fii Tli&, Z DL/
WA 25 LA EDO b ON% < 4 B, 5 BT WBT &I X 2 BIESL - 85 & IFEHIZh
Fid, FRECHM IR X R OIER ICH 5T 5 B2 bhvh, 7o, WBT it & o @St -
JERIFEMFIIRIC LY, BRTHEZ K CTE AN S 5, R THE 2 K T X L
WORE 2P T & | S OfE TrEm Bz, EREICZ LD . IRiEORE M B
IBRNEA AR LG TE D, 6> T, WBTIHBHMOGFEERIIEARNE N EEXD,

MBI OWILL, —MIZ, 1) E7 44— RIBITEREL, BERREOHIELZNDL
ESE Z DA ORE, 2) BAaRBRE, Moz, 3) E7 44—V R TOMGE, 4) K
WOMGENLERGEITEREY I ab—vay, Thd, 1k, WBT OERELS:, EEREIIN



FTLOHAMTITZRL<, £72. WBT IiE# b2 <. WBT 23 0RIEHMROBEEI I 21— a3
b Ho SISV, 22T, 2RSS LT, AR TRY AT,

LUFC, WBT B2 il & SHDIREEMEH, BREY I 2L —ra VZET IR &
KA FEOALEST Z3b 5D,

1. 3. 2 [KE&EHIZBET DUk & AV FEDONLE R S
Fig. 1-2 (M & O 533 2 7797, WBT il S8l 1 L@ A4k — 8k — (X E &Mt i o S s,
LUF T, WBT &M FE & SN2 EE &M 2 L. RSO EMN T 2k~ 5,

| Corrosion resistant material |

|
| Organic material | | Inorganic material |
[ [ [ [

[
| Steel | | Aluminum alloy | | Copper alloy | | Nickel alloy | | Titanium alloy | oo
I

For bridge * Weathering steel(JIS G 3114)
*Ni added high corrosion resistant weathering steel
*New high corrosion resistant weathering steel

CRS for extended painted life

W *CRS for bottom plate of cargo oil tank

*CRS for upper plate of cargo oil tank
*CRS for cargo hold of coal carrier
*CRS for ballast tank

Seawater CRS

—‘ CRS for sulfuric acid dew point corrosion CRS: Corrosion Resistant Steel

Fig. 1-2 Classification of corrosion resistant materials.

M EfEe  (Weathering steel) 13 E/2HBMERTH Y . 1933 4, U. S. Steel fEN3 TR ZBALA L |
H ARSI A1, U. S. Steel #1:7> HHEAFEA & 5T EFBAFEIC L VD | 1960 FEHH B ik L7z 32,
F 7o, 1968 FFIT JIS G 3114 [VEHaAkIE MM BE LSS ) & U CIISfb STz, Mo 3o
HIZE4@7c# Cu, Ni, Cr 25 A LTV | RKBREEH CHIA 2 1 120 CIRaEM O @ e 2 8
Y% W, £ LT, (REMESEE QIR T~ DB RRFOZm A ME+ 5 2 & T, L mbl
%3, HARTIE, B &EA 0.05 mg NaCl/dm?/day(mdd)PL F OBRE: CHEEBRIEME &, 50 4FET
TSRS 0.3mm LA T & 72 % 33, MibpErisiis, &AM 22T b i b B
PHES, FTo, IR E L L TS, 2017, BARIZIST DA S R 52 5 D 5 g L
MAEBITERIET 18% TH D 3,



= VRt (Ni added high corrosion resistant weathering steel) 13, FEHE 5 &% 0.05mdd
HE 2 DBREL T b BRI AT e 72 8k T, 2000 4FEE, SRS+ THHZE, ik S a7z 39303738 7
B, MHERANFAET L2 EICHETLOILERNH D, K, MR D=y 7V RaiitErEeic
RV Ni OFINEZ I U728 @it (New high corrosion resistant weathering steel) % Bl %
SHTND P,

Mg 2 R AL T 2 56, S OLEMBILEE & PRI 5 R E AR E T S N 556
Wb, SORECABLEIT, BIEA B IKCBBENZET HEE L T5 2 & T, Mt
RIENREEDBWEERERT D2 EZET 5L &bz, BRI OSZBIMED M LRI
K ABUEY OB IEZ B & L= R 1L Th 5 404042,

BRI A MR & LT, AFZExt5 0 WBT My EHLIAN Tk, SRR OmbE:a (1S
G3114 : SMA490CP %) | L= « #7700 & FLE RIS RBRBLD 0L L < BB A G & 2 Bl
JERAH (CRS for extended paited life) 238 %, ¥HFF Ay AE S S BR = ST C 2000 AARATIEH 9,
A ABLERINC 2014 456 49, JFE A F— /LI T 2018 4FEH DICAR SN TV D, AEICHKT 5 =—
RVTheilt. HIMERIC S 5, AREOFERBITBIE K EE 2 & OBES b2 Mfl 75 2 & TH Y |
BIEE TOHMALRESE, S 7 A7V aR FOEFICEHEETE S, BEDS 7 ) v F g
Y b 75um ZPETHLE T HBEERITEW T, BIER M R OB IR HHEE L - Fredk
F TOMFIT M LT 1.5~23 5T 5 9499,

A O & E LT, 1.1 fio &k, COT JEMHRTMm A (CRS for bottom plate of cargo oil
tank) . COT A (CRS for upper plate of cargo oil tank) . A FGEMAN B — = —/v KAt
R4 (CRS for cargo hold of coal carrier) . WBT ffif &4 (CRS for ballast tank) 23t bk LTV 5,

COT JEM M &S, COT LAHm &Mz L CiE, 1.1 fiolky | KMt TR ST
BH B0 FEAOBEH HIED BTN D 1320,

COT JER TIL, AA/va— |k EFEEN DM E CEDN, 612, Mo oL miRED
AL A v B ETARSDEE em OKBEFKL L TND 4O, A va— R NIRERELDLE, £
DRI LR OMIC~ 7 v B VEREBEMDAEK S, REFHICEWTEENEFTLTEZ Y,
LEDAERT 2 V91940 X512, BRI K > THENBOBIEER A3 5720, RN
% 1, Mt AR B L CLJFE 2 F— Ui COT AN & Cid, A4t Rk E ik,
BERVERBE, OISR -2 A 3 2 IREVEDB BRAEMM DI L. T~ 7 ae O % HE
THEEBIT, BERETOLRMRREEZMEIT 2 LRESNTND 2,

COT E#TiE, PigEa Ry L L CTHASHIZPET X LD BIET DHLKENRS SN
FERI T AF RO S &, BEDOIREZEIC L VIRE & RSBV IRSNIFERE THY | &
REEITEHERE & 702 D3R, (i ERICB LT, JFE AT —/LRCOT EARHmEMTIx, &
SIUHOB IV SIMEEICHE E TR LT D ERMCEMTER L, T OEEE(LEY
T REME DB RARM DG ER T (HS, SO2472 L) OMigkRim~0ir#E 2 Mk L, BEZ
fil4 2 &t STV D 2,

A RERAR — T AR —L R TIE, ARHERD S (i) &KICK D ALK L, ©y MR
DIFEPEZ D ), ZOFREREIINTDMRM~EZ . JFE A F—/LIHIE 2014 FIAKLTWD
2, Mt AHREICBI LT, JFE X F —/MRELA AR — 28— /L FAM R CIE, Cu BoaeoHk



X0 SRR T 2O U BSOR e SR - CAERR S AL 2 B 7285 Y SO4> 0 HIERSR i~ D B 2 1
ﬁ%l L. BEZMHT 25 LMmELTWD 2, Eio, ARt CHA U 2 Fam ko 2 4
VLR Z EDWIRHRD & LT D 29,

MtV K88 (Seawater CRS) (X, MBHFEREIEY) . W PHEED . BRI, SilbL, r—Y . 74 % T,
MHEARTEASER X2 RIS SN T8k CTH D, 1960~1970 4EEEIZ SRS AL THA%E S, g
PERA. TRIEMH, THiH, WKPOZNENEI3EEICKHE TE 5 & L= S5Ot KA B
FE S AT 3D, MM AKHI 668 12 K 2 Mgk REDI R TR Z M ESE2 b TH D, — el id
L Tl EMIZEN D OO, RO DM O REE BN E <. 207w, BRIET
B LT HMMAFEIIC LT, RV FLooR) v L2 o4 =077 88 éﬁfzﬁ%ﬁz’fi
B2, BUEIZBW T, —HHBOBERICRESN TS, 2B, ERERFEL SRR
T HIIBRIED L O RZ NI,

M Ee R U8 24 (CRS for sulfuric acid dew point corrosion) (%, HEHH D W TAREERE T 5
FHERA T — D2 TGOS, A7 T 2 b OBGTHAEEROMEZE L\ - TR R S AR B %
R E LTS NN Th D, T, 40%~50%HilE &\ o7 SUS304 $iiCH B ARENRE
< 72 2 IR LB AU A REICB W T H MG R RLZ /NS5 2 LR TE A8,
fH L. 40%~50%Hifkeitn (R S 8540) 1281 2 A 1T ~0.03mm/h(=260mm/y) T &
D AT fERNZ BT o TT HICEE 2 ET 5,

Fig. 1-3 \ZHAbWA A IRE R X ORRAIRE CRHE L - 354 O SR A M a sl o AT %
ZNCaN focis i LWE BBREE TR SN DR, bt EMICEN 2D Tidavy, Jite
PiiT, BISHE BIERE, BAREE (REERE. 8). BIEMErERC AR FEE, HiEi
mbf:wma@%@ EBIZa A MEBZT, BREFFSN T %, WBT (it (CRS for ballast
tank) V&, VK AIREE (MRERIRE IR | kA A U REIIIER ICE W EREE) T, BEJHT
A SN DHREICALE T DD, MRS MR ORI R 20 2 35 K O ICHF &
ncTna,

MHHE AR, WA IE 8013 WBT M &8I T\ W TH 5, Ml KX R C B B ma
HEXZBEBWEERETH-7228, WBT MHEMITEEIH cComatEz Bk L Tnd, £z, mﬁ@k
ST EICIEIHIE CTh o 7223, WBT RS HE CTh 5, BIEFEMTEMIL, I HRE.
KREERERE CTH 508, WBT MHEISNIE A A REN LY &< B S E < 7 D1 KE
BRETHD, BRETEERSICBWT, YU 7 3BAERIGCE L SELEERME TH DM,
BEEFRMIER MO L WE R COBRER (C5R) BT DV 7 U v F 31 v MEEIL 75um
Thbd, —J. WBTIHEM TOBRERIIBITDY V7 7T 4 ~—BEIX 0 H 5\ E~20um TH
D, IHIT, BEMREELEZXD O 2 THELRMEHAMIKICOWT, BEFMERMOERHETH

HIEGRTIX 100 4ETH L5, WBT RO IR TH DO FMIL 25 FTH D, kD
&b WBT &L E N LS ORA SR & 130 < DDA TRZR Y | FOBRRSLET
BHotz, —Ji T, WBTIHEHOM AL, 4 FTRTN, EARANITIERR FICT 28R4
RN L B HIBRIRF#E T 0 | MM 72 &2 < OIRA BT &Lt 5



A
<=
5D
= Seawater CRS
CRS for bottom plate
of cargo oil tank
CRS for ballast tank
=
.8
o
S
5 CRS for CRS for cargo hold
% extended painted life of coal carrier
B
g
= Ni added high corrosion
= resistant weathering steel
Q
Q
é New high corrosion
resistant weathering steel CRS for upper plate

of cargo oil tank

Weathering steel CRS for sulfuric acid
(JIS G 3114) dew point corrosion
Concentration of sulfuric acid High

Fig. 1-3  Usage environment of each low alloy corrosion resistant steels. (CRS means corrosion resistant
steel. Hatched boxes are the steels with coating).

1. 3. 3 JFREYIalb—ya VBT R & ARFEOAENT T
LR G, A0 B & B2 ENESR Sy B ISR DR Y R 2 b— 3 VICBIT DRk R &2 ik~
AWFFEDNL AT &k <%,
(1) M HFORREY I 2L —va v
Yamamoto etal. V3, EEOIHA LETEEEZ 1) BEOS(IEE, 2) LESEAE~DOERIL
&, 3) LBENOEREBERE, O3 SOEEGT HEEREETET b LT (LT, SEEET VL
X&), 1) ICEL T, BIEOAREMIM T 1%, XA-1)OREIER DA IHE D> TSRS L LT,
f® = e (- 8
Z 2T, wold In(To) D), oold In(To) DIEHERR =T dH 5,
2) IZBL T, fLEDFRAET D E TOEBREH T 1X, X(1-2) DIESARIHE D MREH L Lz,
gr,(t) = aexp(—at) (1-2)
ZZT, dFFEBRFHOUE TH D,
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Table 1-1 Corrosion wastage model

Proposers Formulas
d(t) =a(t—1.), t>1
Paik et al. 5» ) ¢ ¢ (1-5)
d(t) =0 t< Tc
d(t) = a(t —ty)?, t>t
Guo et al. > ( 0) 0 (1-6)
t - TC
d(t) =de [1 — exp (— )], t> 1
Tt (1-7a)
Garbatov et al. ¥ d(t)=0 t <t
- Lo do < d 1-7b
Tt = tana’ © 0 (1-7b)
d(t) = a(t —1c — 1), t>tc+T
Yamamoto et al. +* ( ¢ c (1-8)
d(t)=0 tSTc‘l'Tt
d(t): amount of wastage, t: age of vessel, T.: coating life, ty: corrosion initiation time, T,: transition
time between coating durability and corrosion initiation, d: maximum wastage, a: defined by d,, and
T;, dy: initial plate thickness, a, b: coefficients determined by verification with measurement data
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Table 1-2  Model formulas of coefficient: A, B in Y=4-X? (Y:Corrosion loss, X: Time)

Proposers Formulas
Kihira et al. > For horizontally exposed ;
A=0.10517+Z+0.0086720
C+5-S —E, (1-10a)
Z=aTOW- exp(—K-W) s ————— cexp|——
1+¢eC-S R-T

For upper curve ;

B = —0.45711-log,,(A/0.004) + 1.0, 0.004mm < A < 0.03mm
B = —0.76500+log,,(A4/0.1) + 1, 0.03mm < A < 0.1mm
B=1, 0.1lmm < A

(1-10b)

Z: Local environmental corrosivity index, a: Coefficient(=1X 10°), TOW: Annual time of wetness
(h), K, 6, e: Constants that indicate the degree of influence of each factor, #: Average annual wind
speed (m/s), C: Amount of airborne salt (mdd), S: Amount of sulfur oxides(mdd), E,: Activation
energy for corrosion reaction, R: Gas constant, 7: Temperature(K)

Kage et al.>”

A=k(a'T+p)-TOW-CY (1-11a)

B = —4611.34% + 769.194% — 32.4214 + 1.0109, A <0.083

(1-11b)
B=1, A>0.083

k: Constant, a,,y: Constant depending on steel, T: Temperature (‘C), TOW: Annual time of
wetness (h), C: Amount of airborne salt (mdd)

Sakashita et al. 5®

A= (CRy+CR)/2
B

Sy (1-12a)
Yk
1+mS) S <H1+pW

anF
) W ékexp (—WE" — qT) (k=01

CRk = Uy (C

B = 2CR,/(CRy + CR,)
B

1 + ”lS 1 + I/I/

anF
) Wékexp (—ﬁEe - qT) (k=0,1)

(1-12b)

CRk = ag (C

CRy: Initial corrosion rate, CR,: Corrosion rate after 1 year, ay, By, Vi, Ok, €k, M, p, q: Constant, C:
Amount of airborne salt (mdd), S: Amount of sulfur oxides (mdd), H: Average annual humidity
(%RH), W: Average annual wind speed (m/s),

exp(— E pe qT ): Effect of temperature on corrosion rate
RT

(a: Target factor, n: Number of electrons involved in reaction, F: Faraday constant, R: Gas
constant, T: Temperature(K), E€: Equilibrium potential)
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FEAAZEFPRAE CHIAT T 5 & I, RO LEDT-DIZ, WKENT A N2 7 (WBT) 12
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DIEBETAHEIC OV Tii U WBT Tl B2 S 3m F £ COMEHTEA Omib T 2.1mm!'S),
O HEHM THA 1.5Smm DD TEERLETH DL 2R LTz, 2O ik, WBT FElE D & _EES
DIFE D D EBREII LWFEEZERT 5,

ARETIX, LEOREZE E 25D, 28EOEM WBT 2504 L, WIS, EREEFEEC RIET
HEIETRAL FEIRKERE A, SRR/ = » D) ORBL | BRBROBIE, SIS
SBEA, BRBFEHSEZ XY 77 X T4 A LR A2 RS, 728, AZE|T Shiotani et al.® 0D
HAIZE SO TH D,

2. 2 FEMRESIE

Table 2-1 |ZFAA M OWEL 2 7~4, FHAMITMES 12.5 420 VLCC (Very Large Crude Oil Carrier,
AR &R 29 42D LNG #y (Liquified Natural Gas, B #y) TH 5, sHAEEMIL, 1) WBT N
B OBIES L, BRI T THEEAL O EE & 2) BIRSL, ERBFEEHS 2 X
YT 8TARXFTHZLTHD, 1) Tk, AEMREC L 2B RERER (=B8RS mfER) o
HIE & SRR D B OREEIT 72, 2) TiX, BIRSL, BRIFEOBIEZ, pH HIE, SHfEH
FRODHT, BT ) 2 X —NOIRERIWT 21T 72,

Fig. 2-1 {Z WBT O & AFEICI T 2 HBA RO ER LR T, AMTIE, FERKE (LR

12



H) |, EEBEKES (No. 1 Stringer) . BV KES (No. 2 Stringer) & FiBiE/KEA A L7z, BART
%, FEEKE 2nd 7 FF) . EEEKE (Foundation 7 » %), FHWRKEZHA Lo, FE%
JKEBIL WBT ITHE AR DNRAK S0 72 & & TE 2, MKITIRIE S U720, A RRIZ 31T 2 FRVE KR 0> i
(T, WBT WIZE1T 2 BUKRROIRB ) HIRE L, B A1) % IERAKFBOFP L, WBT ~DifEK
AR LRE LT,

Table 2-1 Outline of survey ships.
Ship A Type: VLCC

Service period: 12.5 years

Coating (Beginning) : Tar epoxy 125um x 2 times
Zinc anode: Installed

Recoating: Not carried out

Ship B | Type: LNG Carrier

Service period: 29 years
Coating (Beginning) : Tar epoxy 230pm x 1 time
Zinc anode: Installed

Recoating: Carried out

Ship A Ship B
Uppel.”lc.ieclf_ N g‘frllr;lersed Upper deck
278 area
Upper
;r;rg;lersed ] 'ﬁ de Lk iJn-
e immersed
) area
Wi
Middle S
immersed Upper
area e immersed
Foundatiii dedk a_lrea
- Lower
Lower immersed
immersed area
area

Fig. 2-1 Cross sections of ballast tanks and defined area names for survey.

AR DM Z LU ISR,

a) BREMEE, BEREIFE  SIlCEHEICk T 2BES L, #EREOEMESE (U, o7k
DFEEEREIES) & =y VB I ORERIZK T 28BS, HEOR IR (L,
HOLDBREEIFLMES) ZHE L, ZH5ILIACS (International Association of Classification
Societies) DFHfiA 7 —/L 9% AT, BREBREICIVHIE L, £/, =y VL IEEROE R
REROLLOLPREONPICOVTHIMEI L7z, 22T, BHAL TWanT U A X — 3851k
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T, BREMEE, BAEIRICHIT U FLTWARY, UL, #Biddsa6WEIL, BN
L THDHOT, BEHEEE, BMERIRIIITV ML

b) S RE B EEAER O TREZHE L, SolEND DR RER E LT,

c) pHIIE : §AEHIB I OT U A X —AGHBIcBIT 5 pH Z pHRICE W JIE LTz, F/o, 7
U AL —NOEIR BRI L, T ZEMEZ AW T, £ OWRIKD pH %R 7=,

d) SHFEAARL : A DA BRI L, SREHAZ X BREITEIC LV E LT,

e) 7 U AX—NOEHFARRIHT « 7V A X —NOEROILFMARZ . ICP 30 emiriks &
M Frrua~w 777 4 —I2L0RDT-,

2. 3 EMERAR R

2. 3. 1 @EHb, BEEEEC KT HEERA O

Table2-2 |Z, Fig.2-1 DENZNOFEIIZ I T 2 FHE O R HFEER & = v Uik L OBHER O
BREISELZTRT, A, BAE bIC, IERKEICH T 2 FHEOE AEESR CEHfE) &, =y
VB LR OB ER IR (CEHHE) X, BRI EAL LD b RENSTE, ZDOZ
EnD, IEREKHOIBEPEKRBED BT LNZ ERGND, RIZ, =y VB L ONEEROBE
BEIRT, FHHOBREEEELY K&, £, =y VHOBERE IENEEROZNLLD
HLREWENENT, TOHDr—AL 0D L% 0o, TNHOZ ED, FHE, B, v
VEO RN TIE, =y VHOBENERBIM LW R 5,

¥, AMTIE, IEERAKEO T M T =7 TROK 4.5mm OMRJEJRIABIE <4, B TIE, JE
BAKREBO B DO 7 = — ATl K 16mm ORIERPABE S N7z, —F. B IROEKE T, K
1.5mm ORIEH TH -7, B MRIFEKEORIERIL 7 = — AW & = v DM b O EHEITIC X
HEBEZDDD, IEEKT OB EBFEDNERAKIBLY BB LWZ LT 6 THo T,

Table 2-2 Corrosion area ratio of flat part and corrosion length ratio of edge and weld lines.

Corrosion area ratio on | Corrosion length ratio
flat part on edge and weld lines Comparison of edge and weld lines
(%) (%)
. Total number of
Ship area . Lo
investigation part
Number of part in which Number of part in which
Min. | Ave. | Max. | Min. | Ave. | Max. [ corrosion length ratio of edge | corrosion length ratio of weld
is longer than that of weld is longer than that of edge

Un-immersed area 50 0 0.84 3 0 7.5 33 44 6

Upper immersed area 20 0 0.30 3 0 4.6 15 14 4
A

Middle immersed area 40 0 0.48 5 0 4.0 15 26 10
Lower immersed area 20 0 0.09 | 0.3 0 5.6 15 17 3

Un-immersed area 15 0 3.9 10 0 21.7 75 14 0

B
Upper immersed area 12 1 23 5 0 3.0 10 9 0
- Investigation part per section -
3 4 1:Fore transverse bulkhead or Fore transverse web frame
f f 2: Aft transverse bulkhead or Aft transverse web frame
1 3:Side shell
¥ 4:Longitudinal bulkhead
3 5:Upper deck or 2nd deck
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2. 3. 2 FEEAKHELBAKREOBIES, LD

Fig. 2212 A iy, B RIS 2 IR AKHED & K o iAIRY 72 i b, IR OB 2 7R, Silkd
DIFE, BEMTOBRBEORIEE, §51C X 2 BIEORZN DI & R AKERO M TRIZE S vz,
BRED AL L SN DHEOE SITRKIBL D bIFRKEDIZ D NEN-T-, £z, Afit, B
EHIEHDT I A2 — L ABWENBIE I NI,

(a) Un-immersed area (Ship A) (b) Un-immersed area (Ship B)

{ Blisterin i/
e ale = ¥

1 (by l‘usl)‘m gt

1 5

Fig. 2-2 Typical appearance of coating deterioration and corrosion observed in un-immersed and immersed
areas of ballast tanks.

2. 3. 3 @EHL, BEBEIAZOX Y7 7274 X

Table 2-3 (ZIEEKHED & KR CEREL L 7288 O SRR 2 7~ 97, FEERKERIC I 1T D k51X FIC
Fe3;04 & a-FeOOH THRERK STz, —J5, ¥EKERTIETEIT FesO4 & B-FeOOH, & %\ T FesO4 T
HERL STz, o, BREFITINZ T, CaCOs 72 E3 Mt STz, FREIKER O HIERIT 5 D St g D
pHEIX, AT 7, BMT6 Thotz, BAKIIZENTIE, AT T HDHWIL10~12 THY |
B TIIM 12 ThoTo,

Fig 2-2(e)WIR T 7V AX— %2Rt Lz, 7V AX —NIZITERNSTFE L, pHRIZ XL D &2 DR
RO pHAEIZK 13 DERT A B Y Thotz, 7 U AX—TOMMITEREREZEL, BAEL TV
W EWSy o Tz, Table2-4 (2 A i, BAROD 7Y A Z — 7 BERE L 72 IAIK D pH AE & %4y & 79,
pH EIZ A My, B & HITK 125 TH Y| BUGRIEE —& L7z, £/, WK THD Na & Cl
N SNz, Na & & Cl B Na/Cl X 23~15 TH Y, #/KD Na/Cl TH D 0.57 LY K&
Mol

WIZ, HEWED pH ZE L7z, ZOMEIZAMT 14, BAAT10~14 ThoTo, AL HA
WEZBRILL, & T -7, Table 2-5 IZHEWE DRy &l SN bEME ~d, CaCOs 23
fbemé LT &, tF & LTE Ca, Mg, O BEICHRIE Sz, 78, Mg 1T 2.4.1 THIZR
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T L OITMgOH), & LTIFET H LB 2 b5,

Table 2-3  Composition of rust samples collected in un-immersed and immersed areas (mass%).

Number of o B- ' Substance except
Ship Area analysis FeOOH | FeOOH | FeOOH Fe;04 Others 1?on I'ltlst
sample (Contained in others)
Un-immersed 4 5~8 0~2 1~3 | 22-36 | 54~71 CaCOs, etc.
area
A Immersed
1 3 11 0 17 70 CaCoOs, etc.
area
Un'“;?:rsed 4 11~15 | 07 I~11 | 17~42 | 39~53 | MgSiOo(OH),
B
Immersed 4 0~4 0 0~2 | 16~47 | 50~84 CaCO;
area
Table 2-4 pH value and constituent of solutions collected from blisters.
pH of Constituent of solution in blister (g/L) Ratio of Na*
Ship Area solution N N 2 3 .
in blister | Na Cr K S04~ POs” NOs Fe Zn |to CI'(Na /CI)
Immersed area 12.7 21 1.4 0.8 0.22 0.04 0.03 | Unanalyzed| 0.43 15.0
A Immersed area 12.6 33 9.6 1.2 0.98 0.10 0.04 |Unanalyzed| 0.28 34
Immersed area 12.5 35 15 1.2 1.3 0.08 0.03 |Unanalyzed| 0.17 2.3
Immersed area 12.2 36 12 1.3 1.2 |Unanalyzed| 0.08 <0.002 0.6 3.0
Immersed area 12.8 17 4.1 0.72 | 0.59 1.2 - Unanalyzed | 0.36 4.1
B
Immersed area 12.4 27 3.8 1.2 1.5 2.4 0.05 | Unanalyzed| 0.15 7.1
Table 2-5 Element composition of white substance and detected compound.
Element composition analyzed by X-ray Fluorescence
P (m:ss %) Y Y Compound detected
’ by X-ray diffraction
C | o[ Mg] si [cal]Fe| Ni| Zn
9.9 | 46.6 | 153 - 27.4 - - 0.8 CaCO;
2. 3. 4 HENROELYD

Table 2-6 ([ZFAEFERD E LD ERT, FELFERIILLTOLEBY TH D,
LRI, AR TR K L W B LV, £ LT, SIS, W, = Do TR, =

v VESOBIES A, R R B L,

2) Rk LU R T OBEEgN,

1) FHEEAKEICET

BRI B 2N IR 5K

B VRKERDOM T T S NT-, Lo L, $EE. SRR, 858 O pH EIZFEIRKER & 1% /KER TR
TpoTm, BAKETIES DT ) A4 — L BayENEE STz,
FORBIIINE 125 L 29 ETIZIER U TH - T~
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Table 2-6 Summary of investigation results.

Ship A Ship B Phenomenon
in both ships
Influence of Corrosion area |+ Un-immersed area>Immersed area +Un-immersed area >Immersed area Same
position in tank |ratio +Edge part is the largest +Edge part is the largest
on coating
deterioration and|P€crease of +Un-immersed area: max. 4.5 mm +Un-immersed area: max. 16 mm —
corrosion steel thickness |(Longi. web, from one side) (Longi. face, possibility of corrosion
from three sides)
+Immersed area: max. 1.5 mm
(Longi. web, from one side)
Phenomenon of |Un-immersed |+ Corrosion (thick rust), rising and +Corrosion (thick rust), rising and Same
coating area breakdown of coating at the corrosion |breakdown of coating at the corrosion
deterioration and point point
corrosion
Immersed area |+Corrosion (thin rust), rising and +Corrosion (thin rust), rising and Same
breakdown of coating at the corrosion |breakdown of coating at the corrosion
point point
+Blister, White substance + Blister, White substance
Characteristic of |Corrosion point |+pH near steel in rust layer: about 7 *pH near steel in rust layer: about 6 Same
coating (Un-immersed |- Rust compound: Fe;0, >> a-FeOOH |:Rust compound: Fe;0, >> a-FeOOH
deterioration and|area) > y-FeOOH, B-FeOOH > y-FeOOH, B-FeOOH
corrosion +Salt: detected +Salt: detected
Corrosion point |+pH near steel in rust layer: about 7 +pH near steel in rust layer: about 12 | Almost
(Immersed area)|and 10 ~ 12 the same
+Rust compound: Fe;0, > -FeOOH | +Rust compound: Fe;O, >> a-FeOOH,
>> o-FeOOH v-FeOOH
Blister *No corrosion of steel under blister *No corrosion of steel under blister Same
+pH of solution in blister: 13 *pH of solution in blister: 12 ~ 14
+Na/Cl ratio of solution in blister: +Na/Cl ratio of solution in blister:
2.3~15. Larger than 0.57 of Na/Cl ratio |4.1~7.1. Larger than 0.57 of Na/Cl
in seawater ratio in seawater
White +Compound : CaCO;, Mg compound +Compound : CaCO;, Mg compound ~ |Same
substance -pH: 14 -pH: 10~14 However,
there were
many white
substances in|
Ship B.
2. 4 BE
2. 4. 1 TYURZ—L&ACMEDERERE

TV RE— & AEWED LR LI TIORT, 7 U A¥ — & AW E IR TR S i,
BRI E S EDTZOD Zn 7 / — FRREINTWD, 7 U 22— AEMEOERNIE. T
FOLBY, ZnT /— FPE<EE LTS,
(1) 7'V AZ— DA

Zn & Fe DVEXBIZELRE L7 & 2 OESKEFROSIE(2-1), A@2-2)TEIND, Thbb, #
KEFIZEBIE T OHERR N BT DK, BESB DIRICIE T Y — R, Zn ORISR T /) — K

s & 725,
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7/ — ROt (#iq7T /—R) @ Zn — Zn*" +2¢ (2-1)
J1 YV — RO (BT OMigk) © HO0 + 120, + 2¢¢ — 20H (2-2)

T — KA b LA BT O T OH 2N AR L, #igk & BIEO MmN T 7 VAT 5 6,
Z LT, Mgk BEOREMNT AH VLT HZ LT, Mgk BIROBEEMENMET L, IO FIEE
MAET DN, S5, WKFONa"B OH DA T o H—A A& U TR TIZUKE L, NaOH 23
% 62, & 51T, NaOH Rk A AR T 5 72 DICBIEA R L TKBNRET S 9, TORE, B
DOighEE L, 7V ARZ—LID,

AFERERTIZ, 7V RZ—HNO pHMEITK 13 D7 VA U HEZRL, 7Y 2% —NO Na fi
MKDZFNL Y b R&E ot 7Y RAZ—ND Na BINED - - KA B, MEKT o Nat ok
B L HECE D, AFRERERIIMERMA DL —F L, LR -> T, AREDO T Y 2F—4 £z,
In7T J — RHBEHRT 5 EELOBEICHE > TAR LI E B b D,

(2) EaE LR

233HOERY  AEWEDN D CaCO; & Mg M STz, BRI S =i, 7Y —
KA FCTEKR L OHDOI U X —A 4L LT, Ca¥* e MgZn3k# L C& T, &BERHIC
CaCOs & Mg(OH), 3T 2 Z EMAEL LN TEY ¥, CaCO; & Mg(OH), & ieEIT=1 7
fea—7 ¢ U 7BEMIND 9, o T, ATERLIZAGHED 7. EFLOME CAER
Licmv 7 bhaa—T7 4 r@esExb, v 7 haa—7 4 7BIFMOBRICEGTHZ L
DEIHIVTWN D ) 7233, CaCOs1d pH : 8~9, Mg(OH), (£ pH : 9~10 LA ETHIHT 5 4, Zh
WZBE LT, 233 HO L0 | EAKEEEEO pH X E~T v VIEZ R LT2D T, —#B, CaCO;
R Mg(OH), N2 < R L CWZAfEMER B 2 B D,

2. 4. 2 NTRNETNBREMMOBIES, B REEERE

AKFASE BN D Fig. 2-3 (ZFIEBAKES & 1K ERIC 31T 2 BAEMA OB b, &I 2R
o FREIKIBTIIEWEE 21 5 Bib O &, R CoORBENZL., BIEHBENBE SN, to
T, BB OWrRITEAEIL Fig. 2-3(a) ()DL 9 (I2Eb+ 2 L sk 5, FEBKENL. WBT NI
KARFERENT- & ETE 2, WAITIRIELRWDO T, WA & KRR OBRIEL (., 5
BRFERMIIRI U CThH D, MOEABRITRISTN(2-3), X@2-4HDLBY THD, T720bL,
VIR TIX, M AKRERIR A K FERR RN & H 1T, HIBRRHEIZI T DK, R OBILIEN T Y —
R, Fe DWEFRBISN T/ — REUG & 725,

7 ) — R . Fe — Fe?* +2e (2-3)
71— R © HO + 1/20, +2e” — 20H (2-4)

PEKHER T GE 2 18 5 b O &, BRI CoBRh, BEREENBRE S h, S I,
TIVAZ =L vy buna—7 4 YTENRE SN, In T ) — FOBEN AT L0 | 1K
FEHF I I O ZITIH SN D, o, TV RAZ—=BAERLTH, £OT Y ZAZ =R L
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RN EY | NI ORT VA U R OFEIZ LY . $IMIER L2, £/, =12 b
a—7 4 VT REOTICEY | M OBENMEI SIS, MOERBELACFERISIE, KRR
WZIER(2-1), R(2-2) TR I, WEARIEREHERCIE(2-3), 24 TREND,

Un-immersed area Immersed area
(a) Un-immersed (c) Immersed
A: Anode, Fe—Fe?*+2e A: Anode, Zn—Zn*+2e"

C: Cathode, H,0+1/20,+2e—20H" C: Cathode, H,0+1/20,+2e—20H"

At time of
seawater loading

(b) Un-immersed (d) Un-immersed
A: Anode, Fe—Fe2™2e A: Anode, Fe—Fe?™2e
C: Cathode, H,0+1/20,+2e—20H" C: Cathode, H,0+1/20,+2e—20H"

At time of
no seawater loading

Same as (a)

Fig. 2-3 Mechanism on coating deterioration and corrosion of coated steels in ballast tanks.

Table 2-3 |Z/R L72 K 912, FEEAKER, BAKER & S EFRIE Fes0s Dl b Z 00072, —fKIT, K
JERBREE 2 & RAVRER 23 % < 72 D BREE TIE, 58123\ T FesO4 N EIRITZ2 D 99, 16> T, WBT
BT D8 A E OB RITFERE L O TRl HEBEMENRENEL R2BKERTHL EE X
Do 231 HTHEARTZ L 91T, FRRKEOBIESL, BERBHRETR AL LD b L o72, 2R
K, 3 B THRA~ND 2, HEAKEIE EFREDO - KBS OB TEIRIC /RS Z & ik KL
BN ERETOND, £o, RETRARZ LT, Zn 7/ — R L DEH RN 72
W2k, mL 7 hra—T 4 T EBER LN ELEEIT LD,

PLER A7 K512, BIESIE, B RBEFESLR & 2 O IXIEL K L K TR 5, HL,
Table 2-6 (2779 K 512, fivln 12.5 4 & 29 FEOMY TS b, [ BIBHEH S ORHBILRI U Th 2,
o T, BESL - FREBHFEOHKRXIL 125 F L 29 £ TEDR,

Rk, FERKEOBIEL (L, BEBEENM L7 2 L h, MM OIS ALIL, FE
A (EHRE) 2814 —7y hETREFTE I ETHR,
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2. 5 M5

Fifi WBT OIS, i RIBHREIZ KT THEEAL OB R & | WIS - RRRESLS % %
XTI ETARXTDHO, AYRKORZRS 2 Oz THE Lz, ARETE LRI
UTFICERKITE 5,

(1) FEEAEICI T 2 BIESb, EEBFETRAH LD B Lo Te, £z, I, EHE.
Ty DO RN TIE, =y VEHOBESb, BENKRLEM LT,

(2) BIEAL, JERIHHFEBL G IIER A & B TR o 7o, FERAKE CTIXE WS A 11 O B &
JE R R T ORI, BRI B S, BKER IR WG 21 0 B R, EAR To R
BIEHBENBIZR SN, DI, B TEZEOT Y 24— L AtahE R BE ST,

(3) FERKEBICI T 2 KR ITEE DO O pH EIZTHETH - 7203, BAKETIIHE~T 1
T VETH T, BREFFEOMARIL, FEERAKTB TIZFEIZ Fes04 & a-FeOOH THERK S 41, EKH TIE
Fe3O4 & B-FEOOH THERL 57>, & HUNE FesOs THERK S LT,

(4) Z7VAZ =L Zn T/ — ROXEH Y — FRISIZE D OH D4R, £ LT, OH DAERKIZ Y
BT OT N VAL, BEIEHIEE, BT~ Na*OPKE), & 5ICBIE T ~OKORAIZ X0 AR
LizetBEz oD, AL, 7YV RAZ—NTIERT VDV IEEROGFEICL Y M OB 8%
SN2 ol

(5) A THEINT-HOWEIL, CaCO; & Mg bLAMTHER SN TW=Z &b, HighT
J— ROxRA Y — REIGORBIC LV AR Sz, Wbwwb L7 hana—F 4 rVfgkEx
H5z25 (ERmMmAIZESE, =7 hua—TF 4 U IRBIIOSRICHEST D),

(6) AFRASRSEFd TORERAM R 6 WBT WRESIM OBEL b, EERFEE 2= Lz, JIE
BOKECIE, WEKBEERE MK IERER & b IC, HBRREICR T 2K, BREORITIENH Y — K
BS, Fe OIRROGN T 7 — RIS & 72 5, VKT, /KRR 1L, gk s 1 2K,
FRSR DIRTCLUGIN A Y — R, Zn OEESOSNT /7 — RS & 78 %, WK IR I A
LRk, HIEREREIZR T DK, BBRORBILIUSHH Y — R, Fe OIEFRRISNT 7 — NG &
2%, AL, WBTIZHIT 284 B & O EITFR L S O TR, HEENGEILRFH R < 72 5K
BRTH D,

(7) FEEAREOBREEL, BARBFEIEAKTL LY LM L7203, ZOE E LT, FEEKE
#L$W%®tbk%#%®ﬁfmmcﬁé &L R IR UBERREWZ & G ESH) 8%
FTohd, £lo. ZnT7 /— RIZKDWHBIERP 72N &, =7 haa—T 4 TJEBRAER
L%w*k%%f%hé

(8) LLEXY ., BIESIL, ERBHESS & OMMEITIFRAKI LK TR S, (AL, il
n5$k2y$®%féﬁﬁm\%ﬁﬁﬁﬁ%@%ﬁiﬁbf%ot_&#%\ﬁﬁﬁm-%ﬁﬁ
FEOREUT 125 & 29 I T1ED RN,
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HIE FEMANT A NF T DR

3.1 fs

2 ECNTRMZ s (WBT) OBESG, B REFETRAKE XV 6IREKEOIE S BE LW
Z L ERARTe, E7o. WBT SR O 5 RN, #&m%(iﬁﬁi)%%l&~6y%&
FTREFERARZ, —F, WBTIHEMZBRRET 5I121%, BIESL - ERWBEEZ FBLT 5 HR=E
BRABRIEOBBENLETHY, TDDH _i\%ﬁﬁ%%mﬁﬁéﬁgﬁ%éo

(fh) B ARG TR /56 140 AP CO1%, AT H Ot WBT = FUBREE O 2 IE AN 48 4 12
Ao 1 FERFH L., EOfESE, WBT EHFARETIEL S0 ~ 60CICHIEL TNDH Z EE B 60T
Lz, REERORNEEATHEERNTTHHN, b~ D>OEERK T THHiEILE
BRTT XL, FEEOMDBRY, INETHETHD,

ZZC, AETIE, WBT EHREDOBEES, BEREBHRENSH L WE ROz & . WBT LK
HOB ARG EZFRET 72010, EM WBT EHREICHEE Y o —, BEE ¥ —, ACM
(Atmospheric Corrosion Monitor) & #—0M9 %3 L i+ O E N SO ERERZ b &
(2, FE WBT EHFHCEEDERBREOEE X~ 72, 723, A Shiotani etal D HI R IZ -3 <

HLDTH A,

3. 2 FEMANT RN LU FRREOEAERENE L
*ﬁ%ﬁﬂﬁ%imbk%@iﬂw&%kUTT&%J@QJGﬁﬁm HEEORBENE Z R

T, WELEE T Fig. 3-1()l”" 3 X 912 No.3 44X WBT 2% E L7z, #EEITIRE R —, BEE
YH—. ACM BB =08 F—Lxnj— NoT U —THRIN TS,
(@ . .
Environmental measurement device
No. 3WBT(S)
Stem Stern

Qi ami|

Accommodatlon space

(b)
Hatch side girder —,—T—‘TUE%
' Environmental

measurement device

(c) Upper deck
[ ACM sensor__

|
-/,I 1BQmm
Temperature sensor

Humidity sensor

Longi. Longi.
Fig. 3-1 Installation position of corrosion environment measurement system.
(a) Ballast tank in which device was installed, (b) Position of device in ballast
tank, (c) Positions of temperature sensor, humidity sensor, and ACM sensor.

Topside WBT
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ACM t o —iL, 2 DOEE (Fe/Ag) THRERK S L, 8RR E1T X DK T 2 O &8 3L
T D LI X AEMMEEFIET 52 —ThY, ZOBRMELMENT 52 & T, HHLORRE
REFEEEEEZE=2 ) 7 T&ED D%, JIEEEIL Fig. 3-1(b)IIRT X 91T, A T B
2m O FRBOEFICERE LTz, £ LT, REE o — LR v —IX, Fig. 3-10)IZR7T L 91T,
EHFRES T 130mm ONLEICFRE L, ACM & —Z ERRICE Y D7z, T—Xualb—Lt
Ny T U —IBAKMER v 7 AU L 72, Fig. 3-2 (ZR% (& L =B BT 2 & O/ & 7,

REMEP oML — MNIEAREA—A STV TOFEETHS, BRNLGA—ARNZ U T ORK
FCIE, WBT WNICHIKRDFEEN, A—A N F U 716 HARORKRKE TIX, HKIFEENL TV,
HANOA—A N T7 U T ORKIZE TS WBT NTOEUKE S I, £OWKEFEANE)ND LT
{TholeZ enHEEIND, HIEWIMIL 2008 42 H 5 HA2H 2008 43 H 28 HTH Y | IREE,
FEXHZEE . ACM & 2% —HJ)1% 10 53 B2 ek LTz,

57 ACM sensor

Temp. sensor
. Humidity, sensor
Box in which a data loggér = .
and a battery were stored

Fig. 3-2 Appearance of installed environmental measurement device.

3. 3. 1 FEWARTANELT ERREO A BRENE R

Fig. 3-3 12 WBT EHMREDBRERER KA 7~T, o —%%E L% OARMO B ARRTERE,
BEIXPHTRNECTh Tz, AMMBHARZBENT-%, IBEIXEH L, BANOA—ART U T~
ORI, A=A NT7 VT TOWEF, A=A T VT 05 BHAS~OHER, BEIX 25~50C%
R LTz, £ LT AR AARICIES IO T, AR T L7z, 236, #iifEd o @il 53°C
ThHol-,

Fig. 3-3 12k K 912, JE, FHxHEE, ACM o —Hidxh 127U v 7122t L=, Fig. 3-
4122 A 23 Anb 2 A 28 AIZHNT CORGERROFEMZ R~ T, IREEITIRRE 0 REVFRT 7 REZ
(T TR 25~30°COfEZ R LTz, & LT, P 2 RpEEICIR EE 13K 40~50°CIZiE L, TRARIZ 25~30C
W FRE L7, IR EARHRE X M 27 Lz, T78bb, MxHBEIXZENETNO H OREIR
JE e om T RE (% 2 RRER) 1K< 720 L 40~T70% %~ LTz, & LC, il 7 RFEICIEIE 100% % 7~
L7z, 7206, MR O FREITIRE DO ABEITEKF LT D, ACM & — %, L
PMETT 5 EMRT L, MRHBEDS B35 8 BEH Ui, Ziuid, MHREDMEW & ZTKRZTE
LCWE | AHRHBE @ E ZITKRPEEE L TV 2 E &R LTINS,
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Flo. ACM B =D A 7 U v 7)) (ARSI &) 1L, ACM & ¥—73
AKICEIEL TWRWZ L Z2R LTS, —FH, ACM &> —~DOFRIRUEE O 3512 LT, fixf
TREAS 50% T 100g/m? DUFE D E D > -6, ACM & o —H L 20uA TH D Z &3l
INTWD O KRV T, Fig. 3-4 1IR3 X 91T, 2 H 23 B 2 RFEICARRHE R 234
50% T, ACM & ¥ —HIFHI 20uA THoTz, TDOZEMNDL, ZORERTO ACM & L HF—n
DA AR R 100g/m? FRE ThH -7 Z LR END,

—_ Set of sensor ~ Departure Arrival Departure Arrival and withdrawal of sensor
<§_ (Japan) (Japan) (Australia) (Australia) (Japan)
S 10000 —¥ v v v
% 1?88 L [ N K Xy ¥
° 10 [ 1 ' i 'II” J TYryee,
e .
s dor
o 001 } .

0.001 |
= 0.0001 | f ctemmmcams
@) et e . e e e X
<

100

Temperature (°C)
Relative humidity (%)
DWHEAUNADNI0O
SO OO O
T T T T T T T T T T T
g
=
[¢)
=
=
(¢}
=
e
=]
=g
<
—
e e~
e

Temperature
10
0
_10 PR R T W R T W U T T U N T T N TN T U T T T T W M T T W WY S T T T T T T T S W T U T T M W Y T A T S A Y A
2/2 2/9 2/16 2/23 3/1 3/8 3/15 3/22 3/29 4/5
2008 Date

Fig. 3-3 Environmental measurement results at upper deck in actual ballast tank.

<
L o
= ety 3™ e}, P\ T P Ty S T
= [\ Ve ~\ \/
= 10 .e
o 1 Lk .
) 0.1 |
S 001
2 0001 |
= 0.0001 F o om - - - e = - - -
@] L L L L L L L L L L L
<

100 F
~ X
ST Py ’
23 Sr
E g 70 | Relative
gé 60 L humidity
S
g p=! 50 | Temperature
&= 2 40 |

30
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2/23  2/23 224 2/24 2/25 2/25 226 226 2/27 2/27 2/28 2/28 2/29
0:00 12:00  0:00  12:00  0:00 12:00  0:00  12:00 0:00  12:00  0:00 12:00  0:00

Time

Fig. 3-4 Details of measurement results of temperature, relative humidity and ACM sensor output.
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3. 3. 2 NFRRNZUT FRREOB M

Fig. 3-5 12 WBT FHKEOEREREA L5, WBT O EFREIEZ, 1) £ 50°CORIRIZIE
ENnb. 2) WAREARHC bIEKICIRE L2V, 3) MENMET S, 4) BEOCHBEICER LK
KOZEFS (W) e & EEfE (M) ROV IR LA EAERE TH D,

—XIT, RORAR D R BRI KRR LV DB REENRKRELS 2D ENMBLATEY 32, 4
ZAL. VEPESRSE ORI OJE R IX, WO b DI L TRE 48D 9, Hulfv ik L
BRI CHEAREEN KX 258 HE LT, UTOENRELHLINTWD, 1O, WiEEFETK
PR X< 720 (Ipm ™0 & 2 W EE 10pm”VPREEE) | KIE 28 U CHIBRR mIZ IR R 3+ fifs &
NH7dThD, b9 DIk, FERRIED HIRBRIBICBAT T B8, 7Y — RIS & LT (y-
FeOOH) DiEIL, 7/ — N & L THIBROEMENEE X 5 P2 Th 5,

LEXY, WBT EHHCEDOREES(, EEMBFEAH LWREL, R, @ik, figx UBREE
/D72 EFEZ LI, BT, 2B TRRIZL T, Zn 7/ — R X DBHEB R M@ 2
L. TV hra—7 g TP ISNBNZ E SR EBZ X BND,

When seawater is loaded When seawater is not loaded

Upper deck //// Upper deck ////

WBT Sea salt particle | =—————> Sea salt particle| WBT

Seawater

High temperature

No immersion in seawater

Adhesion of sea salt Remaining of sea salt

Environment including cyclic repetition
of water evaporation (dryness) and condensation (wetness)

Fig. 3-5 Corrosion environment at upper deck in ballast tank.

3. 4 fF

WBT FHREOEIEE, ERBFENS IR LWERE &, WBT ERWREO AR k2 RS
%7212, FEf WBT EHFAREEDE RBREEHIE %217 o 72, AREIC L0 5572 AL, I E
TE 5,

(1) A, FRHEE, ACM B —HAREE L, Y1 7 U > 718 b LTz, TR0 7 REED S
P 2 RFERIS 2T TIREEIX A L. Uiy, FEHRE & ACM | o —H s Le, %
LC, 7 2 BN SEEEIST CREK T L, Ziudftin, fHxhEE & ACM & o3 —H)
DB U 7=, JE IR P O S iR B 1 53°CIc biE L7z,

(2) ACM oY —HI1OY A 27V v 7 722 ks, WBT EFBEEIE WBT WIZHEK 2 FE#H L
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ol ETEZ, WKICRES ARV, L L, AXHEE L ACM £ —HED, WL B0
AT B LTS 2 ENy oz,

(3) IR, HHXHEE, ACM ® o —HA OB Lot A 7 U v 7 7228k, WBT EHHCEE
X, IBEORBEICERN Lko&S (5 B LB () @BROBYIKLE2EATFRE T
H5,

(4) WBT ERBEOBES (L, BARBRESE LWERIL, EI, @ik, ZiRE LREICRS
TehbEZ DL, EBIT, ZIn 7/ — RIZ X DBEE M nWZ &, =V hra—T 17
RSN EBFEEE 2B D,
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FAT NTRANETMEROERER SRR
BLXOEWRE T 77— s BB

4. 1 %=

2 ECNTRMZ s (WBT) OBESE, BEREFETRAKE LV &IREKEOIE S BE LW
Z L ERAR F72, WBT AR ORI REALIL, FEEAKE (EFRE) 2815 —7 v h&d
REREERATZ, 5T, 3ETIHEAB TS S ERBEOBABREEZ I 5 L, RETIE,
4.2 §lZoR 3 WBT ifit £ 8 (JFE-SIP®-BT) 20292930t PEREIZ DV T, ERREF ARG R, &
ATV 77— N BERERBRE R A RT, 72d, AFEIX Shiotani et al.?®, HEA L PO RLIZEE
DI HDTH S,

4. 2 NTRARNZ TR

EFHOIL, 3 E TR LI WBT EFBREOEEREHER L S LI, 43 BT EZRER R
RS2 E L, Fix Oy 2 H T D8ORS LB 2 Bl52, FH L. WBT it &4 (JFE-
SIP®-BT) 20282930 BA%E 7=, Fig.4-1 (& WBT Ml&HIC & 2 BIES L & IS RBHEEZ K+ 25 A B
= ALY, BIRRMEE D K, BESR, A A A 72 E OB RER A HEKICHREST 5 Z & T,
JEEIIBMGT 228, KRIMEH TIIE RISV, S PicEa S emaEtzm LS5 660H
LM T D, ZOHREBITLHEDOIERC XV SR+ 2 3t L, (REREDOH DEEIERT D (433
HEM), & LT, (Ri#lEsEn, BRK oMk ~0FEw 2 mfl L, 8k o &% M+ 5, %
LC. SAMOBERMEI SIS Z L2k BIESLOTE KA Sh b,

Corrosion factors

»

(H,0, 0,, CI")
1 Coating o "g | i
<:x:] defect Conventionial steel @ Decregse of
; corrosion
______ argin

Protective ):(

Coating fil rust layer £

Corrosion resistant '
Steel
Fe, Alloying elements

Fig. 4-1 Mechanism to prevent coating
deterioration and corrosion by
the corrosion resistant steel for
ballast tank.

WBT M &5 & DB IER - B RBFEIHI R L0 | fiifE (B, S z) FHam
DIERREETAHIE OO IRk 5, Fig. 4-2 ([ZEMOMR IR 2 HAIR T, 1.3
FiCak 7= X 91z, BEVEFEHRNUE : PSPC (Performance Standard for Protective Coatings) 200 H A% i
MEBITI5ETH Y MRS M 25 M) L 10ER DX ¥ v 70D 5, & 512, LNG(Liquified

éExte ion of re}:)air (recoating)

Cortosion resistant steel

Coating deterioration
Thickness loss of steel plate

i | »
15 25
Time (year)
Fig. 4-2 Aim of the corrosion resistant steel for ballast tank.

(=]
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Natural Gas)fi<°> LPG(Liquified Petroleum Gas)fii Ti&, £ DOfEHBIHY 25 FLLEDO L D% < |
WBT Mt EHilC & 2 BIESIILK - B BIRFEIHINRIE, PRI U 2 Rl DIER I FH 5-C
X5 EEBEZHNS, £7-. WBT MHEMOBIESILILR - BEBFEMHIZIRICLY | BETHES
BT D AMREME DS ® 5, R T 2 K08 C X UM OWE 2 80 & | fifinatids ol Tk
) Bz, AR EALIC L0 IAER OB A ECIR DR T AHIRICH G TE 5,

WBT i B 5 O BRI R PER] 2 Table 4-1 (27”3, REAM ., BEHET & &2 MARHEESE 231
%7 L — R EH40 OBIIRFEE, & v L E—MBREHE AR T 5, £72. Z OO REIC S
WTh, R RS OBIEEZM R L, EMcblAsh s,

Table 4-1 Mechanical properties of the plate and the welded joint
of the corrosion resistant steel.

(a) Plate
Charpy
Tensile property impact
Grade property
YS TS EL vE-40
(MPa) (MPa) (%) )
EH40
(Thickness:33mm) 464 >4l 2 340
Spec. =390 510~650 =19 =39
(b) Welded joint
Tensile .
Charpy impact propert
Weld property Py Tmpact property
Grade
method TS Notch positi vE-20
(MPa) otch position a)
WM 93
BOND 116
EH40 FCB welding Face | HAZ1mm 102
(Thickness:| (Heat input: 534
33mm) | 21.4kJ/mm) HAZ3mm 143
HAZ5mm 292
Root WM 131
Spec. =510 =39
4. 3 FEBHIE

4. 3. 1 FEEBR=EE AR

— SR (LT, ek & L5 & WBTIlHESH (LT, Made 15 76| Fig 4312
AT LI, £X L=150mm, BE W=300mm, #R/Z =3 mm ORI T L, Rz:60um T7 7 A
FNL7o, Z2D%, T 7 774~ —19um+ AT AR F EE 160um X2 2 — FCTHRIE L,
RE. AWFFETHWIZAMET RS U8 EHT WBT A PSPCOGEGEREICH D, BIEHR, RBR -
EHIZ, =XT 4 —() BM2P 77 AF v 7 By X —Z W, E0.7mm, £ 80mm DAY T A
T AR Lie, AT T A TIXEBEORREIZEIT 2B MGCHN R 75 e & O BIEHR 5 & 1
LTW5,
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Fig. 4-3 Test panel size, position of scribe and evaluation range of coating deterioration area.

BAEB LN T T A T %A 5 U7 0EREH 3 K MR 3 B> T BRI AR L7,
FEREFRERBRE LT, #HAEV A 7 VERRER (Cyclic Corrosion Test, CCT) AR L, Fig.4-4 |2
IRTHUKEZRMOR LM Lz, 2E TRLEL D12, WBT TBRIESL, ERBHEEN K &I
LUV ITFER AR CTH D EHRETH S, £ LT, EHRREDOHEREERIX, 3 ETRLELD
2. 1) K0 COMIRIIFESND, 2) WAKREARHZ HUFAKIZIRIE LRV, 3) ENSET S,
4) REOFBEICER LIKOZR (o) Wk L EEE () MEOMV IR L2 FATERET
b5, Fig. 4-4 IR THRMT, ERREOHERIEE THS 1) ~4) OEMAZIFITHIZT, ZD%
AR U724 ME i, REZR BN b BIZBW T, EMCTOBBELILZEE) & OLEIC XV MEE
T

Spraying Dryness Wetness
35°Cx1°C 60°Cx1°C 50°C+1°C
5%NaCl aqueous solution —» RH: 25%*5% —» RH: >95%
2h 4h 2h

Fig. 4-4 Cyclic corrosion test condition.

AR, ERRER D EI CFT28 BE) ICRVH L, 2 LT, BEHKEEITV, B
BB IR T Z L AR LTe, oy LTERBIRGE D | Fig.43 IR T X910, A7 7471
AT 7 80mm £ X O I 1T 2 B LEFE 2 R 7o, BARMIZIZ, A2 T 4 7I2F(772 80mm
RS OfkIc 1 2 BB LT 2 AR CEEICEE X | BE X O E 7 Sk i A g i
Fric kv sk iz, 772 AR O EFRBREZ I, BB ORI, BREFAITV, £ ORBIR O 5 E )
WEAT -T2, 728, BRIBERIE = AL TR R AU 3—S911 2 H L, BREFKIT 35%H % : S00me/e,
ANEYAF LT T I 2350, HIAAFE TR B b 700BK @ 0.5ml/( ARG L T2 KSR %
L7,

4. 3. 2 FEWETVTTL— N ERFERER

(1) 7V v 77 1L— h%EM

T g 7V 7T L— bR, R A F A U7 KRS i (Very Large Ore
Carrier, VLOC) TZEfi L7z, AMIE PSPCPOIEXNICHR TH D . BEREITICIT D BRI T
VT TA A —/LTRF L 150umx2 BB Y Th D, AOMEKIIEIC T VBT T
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DNTHY | ZEmIRFITIE WBT ISR & ffdi U, BT IRF I K 2 B L 7220,

(2) #¥7V 77— hOERE L ORE

Fig. 4-5 1273 X 912, 56K 12'mmx200mmx286mm, i &H T 12'mm*x200mmx300mm ¢
GMRA 7V 77— M EERLL | Fig. 4-6 12777 No. 3 WBT(P&S)35 & Tf No. 5 WBT(P&S)D |-
AR IZRR & Lo, ER, 3R TRIIKO LB ThDH, OF b— F% Rz60um T7 7 A MMk, v
2 v ST TA 2 —%BE 15um JHWCTEBAR L, MREE T ERRASERICES 72, @%—1 =
AR BB 150um A =2 [B15R O AR T, MR & RIRFEREE L7z, @MIBKICE D 100mm & S D A
7 T4 7% T L— MEIZ3IARRME Lz, 7' L— Ml 2 K Z= X7 ¢ —#K)I BM-2P 77 2 F >~
7 Hy H—F N, HEIIEEE (18 0 0.7mm) DAY T A T &AL, Pk 1 R4V 7 7 ()R
HYPER H 77 v % —% A\, HEGHBRIED A 7 7 4 7 %15 LTz, 7L — MI Fig. 4-6 (ZR”T 4 4
VU ENEIUS, TR 2 Br, WA 2 B, GEF 16 A RRE Lz, T72bb, (kM. madz
NENT, TL— b 84, JAIBAZ T4 7 16 R, BIEAT T4 7 8§ KIBFET D,

(a) Installation position of doubling plate WBT: Water Ballast Tank
No.5WBT(P) No.3WBT(P)

vz
oot e \Dl L JL L JL
A7)

No.SWBT(S) No.3WBT(S)

Doubling plate
(Corrosion resistant steel)

Fig. 4-6  Ballast tanks in which doubling
plates were installed.

(b) Shape of doubling plate

Corrosion resistant steel Conventional steel
E 300 ! ! % 0 TR
L 100+ 100

X S 100 I, Al

Scribe

200 Coating deterioration

area and corrosion

Evaluation range
100mm

diminution
Wide Narrow Wide Wide Narow Wide B R i B
scibe  seribe  seribe scribe  scribe  seribe U X
Plate thickness: 124 Plate thickness: 12"

Fig. 4-5 Installation position and shape of doubling plate. ~ Fig. 4-7 Evaluation range of coating
deterioration area and corrosion
diminution.

(3) #7 V77— O

BT AR, RF TV T L— NOGEREZITV, £, BMRNEERZ UL T2 L—
FEEILL, 7 L— FOBRE, BREEE1T o7, FHEEBIX, )2 7 7 1 T EHOBES{LEFE, b)
BRA « BRéfte 7 L — MIBITDFRERm T 0 7 7 A0, FBEETHY ., ZhEin, LToLE
DRE LT, 7235, BRI, BREGIX 4.3.1 HE RO TETITo 72,

a)BIEA LR : Fig. 4-7 (O A7 74 7K S 100mm OBV T, BIESEREZ HIE
L7z, BRI TIRIZ 431 EHEFETH D,

DERFE T 07 7 A LR BREFHE 7 L — 2OV T, Fig. 4-7 IR T A2 7 A 7K & 100mm
OFPHIZENT, L= ESE ()F—= 2 2% LI-V7200) (280, A7 T4 TIFAT - BR
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FHIHENZ 0.3mm By FCHRBRHESZHE L, T LT, UTFTOERTHRRE 77 74 L& RD
oo T Fig 4TI T EIC, A7 T4 TiaxkFURE L, A7 T4 TICEEIZ E -T2 x il
AT TATIVHATIZE o7 y i, xy BICHEE CIHB RO E I ZF R & 92 b & JEE 2 i
b D, y FEAENFE U xz Wik % xz aFlim & KON 20 xz M@ I8 5 7 L — kWi o 5 &
MTe 77 A NERAT T TR TdMEEIK O 2R 100mm (Zh7-> CE¥b Lz e 7 7 A4
NEYALEBREm TR 7 7 ANV E Lz, £, 7L — FOY—LERERT T2 7 7 AL
FEBICEL LT 0T 7 A N SE LB AERm S e 7 s AN LT,

OERMAAE © ERC 03mm By FCHIE LAERES & 0.3mm W OFfE% ., Fig. 4-7 IR T A
T A 7EE 100mm OFIPH CTEFE LT,

BIERACERICOWTIE, A7 A4 72 i Lz, BEERmZ w7 7 A /v, BREIEREICS
WTIE, PEKER, MR & $ 12 No. 3 WBT(P), No. 3 WBT(S). No. 5 WBT(P), No. 5 WBT(S)Z L
FNDE L IIZBWT, JKBAY 747 4 KD 5L, BIESCEFEN 2 FEHICKED TR F
A TNZDONWT, Ml L7z, 7235, BESHEE S EEEREIZIA 7 74 7ES 10mm 4720 OfEIC
HaE L7=,

(4) &5/

—EOT L— MZOWTIE, BRIE - BREFGATNC, BIE NI INTEHE AT L— 00 v & —
FATTHIDIEE L, BILZ, 2L T, HIVEE L2 ek T 0iE L TR 7L
L L7, LT, 8HRY 7N OR T & B E T IS TR Lz, $£72. ZnO ZWNIBIEYE
WE L LTz XBREHTIC R Y | SR DO E R 21T o 72, X BREHTH CI3sEEIE g L TiEic
SITTERRL, EBIEAZ L—/STHBICEN28THY . TREITHELCERE L& Th D,
TIBI1ZH v & —F A 7 THl> TERER LT,

4. 4 FEBRRRBIOEL

4. 4. 1 FEER=EEEWER

Fig. 4-8 |ZJ@ B FER 772 ARG ONERM & i B O MG 2 =3, BERBRZIZB VT, 16k
i EMHESOW ST TA Y T4 70 b OIS (8, BIEIEI) DBIE SN D08, Mo g
PACHEFEIIIERM L 0 B ST/ E W, BRIE - RGO CIL, 70k, MMaEHE i, 4§
BIZXVE 3mm' Ot A Bl T 2A0BE I D5, MO FLEEIIERM L v /& <7
STWD, 7B, ERMWRERE & BRI - BREFH ORBRINE D BIES(LiEk & 8 R ik A8
LTWb Z &EDmnDd, Fig 4-9 IZHHOBEA M ORRE A RT, WTNORFRIZENT
b MRS ORISR HERHM L 0 b/ & < 772 A R Ot A8 0 B S b i R 1 L 0E AR
D 70% TH -7,
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Steel After corrosion test After removal of coating film and rust

/R.usl
e
Conventional i
/Blzstcnng
steel Penetrating |
hole
/Rust q T '

. - B \ Penetrat
Co?rosmn - B . Y hole
resistant /Bhslcrlng . a0
steel

Fig. 4-8 Example of appearance of conventional and corrosion resistant steels after 772 days in cyclic
corrosion test with salt spray.

Each (N=3) Ave.

Conventional steel O [ ]
Corrosion resistant steel O [ |
1000
%\ 900
< & 800
s =
2 700
: 2
‘§ @ 600
2 s 500
5 o
2
=]
< 5 400
2
= £ 300
O
O — 200
)
£ 100
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 100 200 300 400 500 600 700 800 900 1000
Laboratory corrosion test period (day)
Fig. 4-9 Transition of coating deterioration area at scribe part on conventional and corrosion resistant steels
in cyclic corrosion test with salt spray.
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4. 4. 2 FEWETVITTL— N REAR

Fig. 4-10 \ZIAWEA Y A4 T 547V > 77 L— s OIS FE & BIES Lo A S 8L &
Y, A7 A TEMATRES 85, BEEN) BAELCTWDL, RO BESirfE D
PHEIIHERIAD 75% CTh o7, B FUEA 7 T4 7 OBESLEFITIAEA 7 714 7 X0 b 5%
BE/NSWETH T,

Coating deterioration area
(Per 10mm length of scribe) (mm?)
0__ 50 100 150 200 250 300 350 400 450

C tional .
onven :;al [ o000 o © ©
Corrosion
resistant | O Wm 0
steel '
. / Plot: Each(N[-16), Bar: Average
Scribe part _

'E'z'a'455?an 1 2 3 & 5
ol Ll

Fig. 4-10 Coating deterioration area at wide scribe part of doubling plate and typical appearance.

Fig. 4-11 \ZIAWEA V7 A4 TG X7 ) o 77 L — oW —LEREm T 0 7 7 A )V & Z DN
(=VHE—ERERE T 0 7 7 A V) Zad, R, MEME b2, 27 T4 7okt
FR72 V FIROBREE 7 7 7 7 A VAR Lic, RSO ERSITERH L 0 /s < FY)
—fLEREHE T2 T 7 A NVDAT TATH (=0) [ZFBW T, GERIIE 1. 4mm, A 1.0mm T
BHY | MO AT S IHERID 71% Th o7z,

Fig. 4-12 \ZIEWEA 7 A T G527 ) v 77 L — b DI ERIEE ~T, 3D Wi Tr L2 RIdk
HIFRBENPKED ST DIZOWNT, MiHEHHEEORMAZ I L7 b D TH Y | MHEMOE K
FEITTERIA DK 50% Td> > 7o, 72 M RHHOIE BARFE DO AMEIIHERIAD 58% Tl -7, 708,
TERSR & M sl oA i AEEL (0.75) CEERS (0.71) OFFIL 053 THY . FEEMAKFEL
(0.58) &Mt —ET 5,
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(a) Conventional steel (b) Corrosion resistant steel

4 30 20 A F0TH0 N ~ 0 4
= g
g g
8 g
2] 2]
: @
S 3
L5
----------- Each (N=4) | Each (N=4)
Ave. I Ave.
Distance from scribe (mm) Distance from scribe (mm)

Fig.4-11 Uniformed corrosion surface profiles which were measured at wide scribe parts of doubling plates
made of conventional and corrosion resistant steels.

Plot: Each(N=4)
Bar: Average

;-‘é“ 360 o) Conventional steel

é \
g g 270 1 Corrosion
.E§ depth (mm)
g% -
ga 10 | © 5
@
g5 $ N
S E

90

§ o)

e

Q

&

Conventional Corrosion [l
steel resistant Serbepatt
steel 3D form

Fig. 4-12  Corrosion volume at wide scribe part of doubling plate.

4. 4. 3 SEEOMENT

Fig. 4-13 (&, TR EiARHD &7 ) > 77 L— NERE ISR S -85k 1 O i % 1Bk
BRI R RT, MR OB WG CHATZER 203 1 OSSR TH D | RO SR T 131Ek
WOZN LY WM TH o7z, T ORI L 728k CHERL S 4 5 §i g S B R 1 D gk~ D%
WOIHICFE L TWDEEZLND,
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Table 4-2 (. FEKREM L MHEIO X7V 77 L— NEBTITIERKR S 7858 12351 2 SEFEALAK
R, dEE LIE T, PERER & AT OV T, FesOs &2V 5% < . Ik To-FeOOH 73
Lotz i TE T, (6 TIXB-FeOOH 2 b % < | MR TlXa-FeOOH, FesOs 3% 7>
S7c, —MIZ, B-FeOOH (X CIr O IAFIZ LY | iS4 d 9, Table 4-2 127 L 912, &ifg TE
28T HB-FeOOH fF1E &L, TERMMIZ LT, MEMITBE Do, LR -> T, (it
IIPEREMZ LT, HIBkRE~D CIrORER MG Th7a{ipo Tz Z LR SN D,

Conventional steel Corrosion resistant steel

Fig. 4-13 Transmission electron microscope images of rust particles formed under coating film on
conventional and corrosion resistant doubling plates (The part enclosed by the white dotted line
shows one rust particles).

Table 4-2 Composition of rust formed under coating film on conventional and corrosion resistant doubling

plates.
(mass%)
a-FeOOH | B-FeOOH | y-FeOOH | Fe;0, Others
Conventional | ¢ o 19 2.0 218 64.6
Upper rust steel
layer ;
Y Corrosion 13.0 0.8 0.8 26.4 59.0
resistant steel
Conventional | ¢ o 15.8 2.0 10.1 63.3
Lower rust steel
layer ;
Y Corrosion 17.0 3.5 0.9 16.9 61.7
resistant steel

4. 4. 4 FRLEBREERERRICE T 5Bk REE) O ik
Eg4M’£%£rﬁﬁ%f@@ﬁ MU DR & . LRI~ % R E falBR oo
BRAEZE L IAERTOBRESCEME Y T, KEMDIREA Y T4 TG T7 ) 77
~b@@ﬁ MUIrFEIY, EKEHT 297mm2/4.8 4 (1748 H) . MHEH T 223mm?4.8 4 (1748 H)
Tholz, —F, EREHEFRABR T, L0 OmEFEIZEDREFIE, 7ERMT 167 B, MitAH T 206
AToH D, > T, ERFFEFBIL, RIS LT, K10 EF0INEMEETH Y . KFEMD 4.8
£ (1748 B) OfERIT, EBR=EEARRERO 175 B 7m/rm%5 Fig. 4-14 [Z” T L 9, 3
R A RRIC BT 2 BIES (LR & EMRICBIT 2 Z2URRE K L, o T, KBS
FRIZIR W TR, TERERIT R T 2 i A g oD B K, m&%m%%%#&a%%#&bf\ﬁmﬁﬁﬁ
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AR LR RZE THom Z AR EnT, B, EREEARB T IEORFHI OV, £
D, FHEHSINT 5 AARSHEE - B AR OILFEPE TSNz (HERSR),

WU, THEHIC &2 BEFEMERDREE 2 D, HERMOBIERE MM PSPC?NZHT 5 HIE
MAFEED 15 L35 & 15 FERQRRF ORERI O BIES L imfEIX, Fig. 4-14 [ZBW T, 635mm?
ThD, MEHICBNTEOBRBELCEHEICE SR, Fig. 4-14 5, 253 ETH Y, M
XD BIEFMIERNRITHA 1T L E R D,

Actual operation condition
Laboratory test (Doubling plate on
upper deck in WBT)
Coating specification . Inorga}nic zinc primer Inorganic zinc primer
(Actual film thickness) ‘Modified epoxy ~Tar epoxy
160pm X 2 coats(350pm) 150pm X 2 coats(460um)
Conventional steel (0] )
Corrosion resistant steel O ]

Period equivalent to actual condition (year)
0 5 10 15 20 25
I I I

1000 T
900 [
800 [
700 I
600 [
500 [
400 [
300 [
200 [
100

4.8 years in actual operation condition
(Doubling plate on upper deck in WBT)

Coating deterioration area
(per 10mm length of scribe) (mm?)

0 100 200 300 400 500 600 700 800 900 1000
Laboratory corrosion test period (day)

Fig.4-14 Transition of coating deterioration area from scribe on conventional and corrosion resistant steels
in cyclic corrosion test with salt spray and actual operation condition.

4. 5 #EE

WBT i & DM aMZ2 . EREERHRBRB LOEMF 7V 77— P RERBRICL D, 7
L7z, REHCHE O IZLL FICERN TE 5,

(1) WBT EHHEEDME &R ORI, WBT &Mt &M & 5l 4 2 B =g 2B
%, 35°C, 5%NaCl KIEEMEEE, 2h — 60°C, RH25%, 4h — 50°C, RH>95%, 2h % Mk 4 i KM 7
AR UGt & Lz,

(2) (1) TR T EREFERREIT - R, MEMOBKSLEEL 772 ARRZIZHBNT
PEAEMD 70% Il S 4, F7o. WHEMIZB W T, WE 3mm! O A B s 5 FLIREE I L0E A
KO /hEL o TN,

(3) ZEM WBT EHFMICRERB LIIAEA 7 74 TREX 7 ) 77 L — MZOW T, 4.8 /K
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BOMEMOBEACEKE, A7 74 THEREES . BREERIEL., EORMICk LT, e,
75%. T1%. 58% 2 STy i,

(4) X7V 77— NOBRE TR S8 2 T L7 fE 5, mhRdic ek S - ki1
IREREA L 0 /S < Tes T2, §E8 TSR 2 EEFEMk 2 & & L7 iS58, CIEE T CAERK
&5 B-FeOOH DIFTERENS, MR HNINE KM LR CTHEF I 72 < | A CIIMgEm~D8E
BERFTHD CIEEENDRLI R TV Z LOVRE SN,

(5) FEBR=E AR TH 2 H/AKEFEIMR LSRR 2 BIES LRI & Ens 7Y v
77— MBI L BESEERFENETE R Lz, 202N, RBRESFICB VLTI,
PEREMNZ x4 D it A O BIE SR b & 3l 3 2 BRI & LT KM ZERRANR L S 03
U THoT-Z EWNRENT,

(6) TEkRMoBILEmE 154 L LI2GE . EMOBESMIT, EREEAERBRICK T 218k
B & MR SR O WIS AL AL ORI LN S, 253 AE L HEE T MR OB EH O IER D RIINE
KB L TR LT RETH D,

gk

AN X Shiotani et al.2®, AL PDOMRAICHESS DO TH I, KMRAZ, HEE LS+ 5H
ARERHEE - BAMEFHSOLFEMGE [T R N & v 7 OERFMABRICEE T 2 HFZER % 79
BT, BIEHIM OBIESVBR bR OBIES L FE IS K OFES 55 SR REDS FIAM >k 2 I8 &R AT
REEDOBRFE 21T o 72, WBT XIGEL 2 A (LR & L, W AaAlhakERs o /2
gL LT, 1) EMOEEHELMRAE LTS Z &, 2) EMICBIT AR5 2l
BEONRERBITEXD2 L, 3) RYICBIT2BELLEME, BEERZHE T 2 {EtEEE
ThdZ L, 4) IMO FEEEFRMGICEE L., SESMEIZRAWTERATRELRRBRRETHL 2 &, &
LCRREIToTm, ZORER, BEMIZIE, 35°C, NTiEKMEE, 2h—60°C, RH50%, 4h—50°C,
RH>95%, 2h D# 10K L)7 HEE(35C, RH>95%, 2h—60°C, RH50%, 4h—50°C, RH>95%, 2h Dk
VIR L)T HRIORZE %MK T 5%, WBT EFSCEDERHEREL L TIRE LT, B, 2o
BRAMHICB VT H, RE TR LZMEMOFITHEGE ST D 70,
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FHE NT R NZ TR A O EIES b 2E E

5. 1 #=

4 FETRLIEZLIIC, BEEDIZ. "NTARZ U7 (WBT) OEREEICBWT, BT
DHIM OIFEZMEIT 5 2 & T, 2 D% OIS & I RBFEZ M35 WBT it g 27292930 %
BAYE L7z, £ LT, 4 BEIIRT X 512 WBT M4 PSPC20%uE Al O KFUFL A WBT (ZH 57
WH L7, £72, [ WBT EFARICH 7V 77 L— R E2fRE L, BIEA 7 74 7Bk 2 90 L
7=

4 BT, MEMY 7 77— FOBREEE, A7 T4 THERRS | BRIEE?, it
S LTIl SN TWA Z EamRLTn, £2TC, AETIE, WMAZOLOTH S EFHHREB X
O ERRR Yy DIZ2O0NWT, ZOHMREORKEN (48 FHB LV 7134) & EmAZFHE
Lz, ZOREFR. FEMMERIZB N T, MEMOBEREAITIE S, 2 ORREN G, A
PN & o THRES 25 AFELL E~DOBREFMER NP SN D Z L 2 BMIC LTz, £72. RFEMRT
DM EIMOHEN, 4 BIRTEMMSY 7V 77 L — b BRI R L O ERER B R
LEEMDH D Z AWM LIz, ol AFEITER S OVOMAICES DO TH D,

5. 2 FEBHIE

5. 2. 1 R&Em

TAEMIT, 4 B CORLEEERKESLAMTH U . PSPCOIEX S CTH D, WBT it &8I 4 2 Fig.
4-6 12779 No. 5 WBT(P&S)IZHH ST\ 2, EHEMIZ LR E EFfRe O Thy | Bk
HARIT M 7 7T A ~—+ 2 — L TARF  150um X2 [BIEY) TH D, AOMEEITEICT 1V
LT TUNTHY, ZEHTIE WBT ISR K 2 fd L, R ek 2 FEHE L7220,

R4 R4 x4
2 . Upper deck
R4 R4 x4 v 7 R4 R4 v 7
’ v 7 R s ’

s
s
’ ’

Longitudinal member
of upper deck

A

Fig. 5-1 Evaluation of upper deck and edge of upper deck longitudinal member (per tank).

X 8section

5. 2. 2 BIEAHIOFHMm

S A 2 7 IXE SR A L C U5 No. 3 WBT(P&S) & it &4 4 3 L T 5 No. 5 WBT(P&S)
Th2 (4% Fig. 4-6 ZM), AMWET 48 15 LN 7.3 %412, Fig. 5-1 IR T X o2, MRERK
Eo ERRE ERlr Yy Y (RAERICEWVIIOT v 2) AR F 5 1IZ 300~650mm £
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v FC, KD 48 L T3 E TR UET 2 5 HERE Lo, £ LT, Bl HFIETRES{LE
I L7z, et AMTOBEESL LI, SRAEETT & FOBRBEOBENEZEL., #AxAET T
WRWBEIZ VTS eV, FEREZEMHS M CTH 0 . EFHCCIIRE RS 3 0k, it
BHIE HI2TIM? TH D, EHRE Py D TIEEHIE S MERM M REH & 612 172m Th 5,

(a)Upper deck

Pygyiz Aysyi
.P?,.?yi: A7z

Py i, P73,:Coating deterioration (rust, blistering)
Ay syin A73i : Area of coating deterioration (mm?)

i=1,2=l ()

10mm

Edge of upper deck longitudinal member
i: 1’2, -.n

E; 8 LOygyi
E; g LPw_w ‘_.VJ{ i
E;3,: LP; 3

Edge

E, 8, E73,:Coating deterioration (rust, blistering)
LOy g, LO73,; : Length of coating deterioration on edge line (mm)
LP,gy;, LP;3,; :Length of coating deterioration perpendicular to edge line (mm)

Fig. 5-2 Evaluation method of upper deck and edge of upper deck longitudinal member.

AR CIEL Fig. 5222”3 K 912 4.8 F- & 7.3 R DE A DBIEEAL Pysyi Prsy(i=1,2+++)
DBIEHCETE Assin A7z &« BB CAEEL NPysoars NP7.st0ra 2 HIE LTz, € LT, Agsyis A73yi
@%%@H§%1K@*§A4A8mml\ A743t0tal %*&)7‘:0 %ﬂ%ﬂliﬁ(5-1)\ EE(S'Z)VG%%éﬂéo

NPy gtotal

Asgtotar = Z Aygyi (5-1)
i=1
NP7 3total

A7 3total = Z A7 3y (5-2)
i=1

F T2 Pasyiv Prsyi 130 48D T3 FEITNT THIMTHRE L b O, HEDEERLIZ D, 48 4F
IDYN %ﬁt IRAELZODIZHEL, TRENOEE, MEZNE Lz, BIESICHEE Adesic A7y
OWPEL, Beg Lo GE A HV, Fig 5205 EH| O X 912, BES bz . BEkno k
H AR =2 /yﬁﬁﬁ%ﬁ%%ﬁﬁé L LT, Wf%@ﬁﬁ%ﬁ{%ﬁﬂﬁ/7 MZk vk, 22T, x4
T DL Pysyin Prsyild Somm2 LA EDO DL Lz, Zhud, ZHRmoLbit, GEOfiEE
FERRIZ X0 HBIRRETH 5772 Th D, £ WD D OBEBELICITFR T2, RIT, Ayss
A7.3 DIFEY L Rysyin R73 Z3ROT, Rusyiv R73i 1E(5-3), H(5-4) THRIND,

A4.8yi

Rygyi = T (5-3)
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’A7.3 i
R7.3yi = Tyl (5-4)

Z LT, MY R x<R=x+2mm (x=0,2,4 + +)) OB Frygn Frrs & REZEHE LT
PRRBIEACIFE Y Assy. A7z RO, £z, 484, 73 FETH—DOBESLAZEINL, £0D
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Z 2T, WIESIEE Sk, 4.8 D T3 FEICNT THMKE LZbODREEIRLE (&
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Fig. 5-3 Measured deterioration rate.
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NE7 3000 2 BNE LTz, Z LT, LOusyin LO73 OFRBIEBICE X LOsswwar « LO730m % RDT=, 1L
ZiE(5-6). X(G-7)TREIND,
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LO4sgtotar = z L LO4gy; (5-6)
1=
NE73t0tal

LO73t0ta1 = Z L LO73yi (5-7)
1=

FT2. Esgpis Ersyi 13, 48 F000 T3 HITNT CTHIMTE LI O, BEREERLIZE O, 48 4
LB, BIcELZbOICHEL, TNFROES, fEHE Lz, BFELIEES LOss.
LO73; OWPEIX, Fig. 520)DFEHFD X HIZ, AV —ZRZATHRE LIZFENLROTZ, HIE
X 5mm Z 7 Th 5, WIT, BIESHE S LO (x<LO=x+10mm (x=0,10,20+ +)) OIS Froy s
Frozs & LO 288 L LT BRBIRAIER & XL0yssy, 2L073 Z2KRDTZ, £z, 484, 13T
[l — 22 DBl AR L 7o IR L2 IR L & DRSS Spo 2 N(5-8)IZ KV kD7, £ L T,
BT Sio (x<Spo=x+2mm (x=0,2,4 + +)) OBEINA Fso Z2ROT=,
(LO7.3y; — LO4gy;)
Si0, = = (5-8)
ERRe Yy UTIE, EHIT, Essiv Ersgi DTy P74 0 L TRERBIFES L ORK
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& LPysyiv LP73yi PNE LTy LPysyiv LP73yi DHIE D, A V¥ —Z A Thog LTEFEENHRD
oo WIEX Imm A TH D, 2B, HIEESHFICRENLO (>33mm) (X, HLEFTN A Y
Y—TCTRATLE 7272, FHIIL TV ey, RIZ, 48 4, 7.3 - TR—A D HMR L2 B
B EBIN L, ZOBEHIGIEE Spp, 2 20(5-9)I2 L D R,

_ LP7.3yi - LP4.8yi
S =35

Z LT, Sip (x<Spp=x+0.6mm (x=0,0.6,1.2+ +)) DOHEEN Fs,p ZKDT=,

(5-9)

5. 3 FEBER
5. 3. 1 EHEROBES
Fig. 5-4 \C ERRICB I 2BIEALONBIBI 2T, HILIZHEO L OREh o7, Hikit 4.8
D T3 EITPT THIMCRE LI b O, EENAEELIZb D, £ LT, 48 FLURE, Fiimlo¥
ELTEbDIZHBETE D,

(a)

100mm

Fig. 5-4 Example of coating deterioration on upper deck. (a) Growth of single deterioration and generation
of new deterioration between 4.8 and 7.3 years. (b) Combination of deteriorations.

Fig. 5-5 |2 EFMRIZE T DRBIESICEFE Assoa « A730m & BEHIEEL NPy soar. NP7 3011 % 7
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b DOONREZRLTEY (KO FIZENENORBFIZIS T D R EZ R T MO Assoa
A7 300t VITERIA DK 40%I NI S AV, THEHID NPrswar. NP7 st0ta IZVERBH DK 70% i 40T

40



2 %) o NP7.3mtal ) Wgﬁgiﬁé%ﬁﬂ & ﬁ'ﬁﬁﬁﬂ T;&%E&!i fccl/ A

Generation of new deterioration
[l Combination of plural deteriorations
Growth of single deterioration

70000
<
(@) {0.08 ¢
5 60000 [ s
5% 30% 100728
EEPO T {0.06 £ 5
- ]
£ % 40000 | g
S & 16% 1005 ¢ o
5 ©E
5 130000 f '0~04%"%
o § y {0.03 5 5
‘£ 20000 AN g =
® < . o Ky 42 «— 8
S o i 54% /& 60— 0.02 S
10000 | [“ e 1111110 =
o, g 001 ®
75% 43%F|‘,—"' 1429 ~
0 ) 57% ) RN 0
70
| (b)
3
2 60}
g
5 R
£ $50 <
g &8 64%
o AN o /
8 R §
5240 ;
o K
S 3 \670
8 £30 , \
o 3
3 QZ:” 5%| 3% \
= 90 s ; \
5 .' 22%| T %,,, 4%
g 10 85% 33% AR
© 78% 299

4.8years T7.3years 4.8years 7.3 years

Conventional steel Corrosion resistant steel

Fig. 5-5 Coating deterioration area and number on upper deck.
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—O0— Conventional steel (4.8 years)
- @ - Corrosion resistant steel (4.8 years)
—+— Conventional steel (7.3 years)
- & - Corrosion resistant steel (7.3years)
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Fig. 5-6  Frequency of coating deterioration number on upper deck.

g 100000

S 90000 | O Conventional steel (4.8 years)

g . ---e-- Corrosion resistant steel (4.8 years)

‘Z g 80000 | —=— Conventional steel(7.3 years)

3£ —=— Corrosion resistant steel (7.3 years)

3.5 70000 |

w B

S 60000 F

25

S 50000 |

S £

oy X

o <E" 40000 |

B

o

2 « 30000 |

=8

= « 20000 |

g BB 0 O OnrOme OO Omr OO

5 10000 « =

2 S S e e G000 000
0 1 1 1 1 1 1 1 1 1 1 1 1 1

4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Radius equivalent to circle
of individual coating deterioration & (mm)

Fig. 5-7 Accumulation of coating deterioration area as variable which is radius equivalent to circle of
individual coating deterioration on upper deck.
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Fig. 5-8 Frequency of coating deterioration rate, which is the change of radius equivalent to circle, for
deterioration which grew in single between 4.8 and 7.3 years on upper deck.

5. 3. 2 FHEoLrYZoTOBESl
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Growth of single
deterioration

Combination of
two deteriorations

100mm
Fig. 5-9 Example of coating deterioration on edge of upper deck longitudinal member.
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Fig. 5-10 Coating deterioration length and number on edge of upper deck longitudinal member.
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Fig. 5-11 Frequency of coating deterioration number on edge of upper deck longitudinal member. (b) is the
enlargement of the range to 150mm in horizontal axis of (a)
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Fig. 5-12  Accumulation of coating deterioration length as variable which is length of individual
deterioration on edge of upper deck longitudinal member.
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Fig. 5-13 Frequency of coating deterioration rate per one side in edge direction for deterioration which
grew in single between 4.8 and 7.3 years on edge of upper deck longitudinal member.
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Fig. 5-14 Frequency of coating deterioration rate in perpendicular direction to edge line for deterioration
which grew in single between 4.8 and 7.3 years on edge of upper deck longitudinal member.
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5. 4 B
5. 4. 1 BEHLORAELHRECELTCOERRE EHRE VT v VO

BIEOHERRIL, HEPFAET 2 E TOHM & BB ILRT 2 IS T bh b, £ 2T,
FT. HEORERIZONT, EHRE ERRr Yoy VE2RRT 5, ERRTIE, 484 F
TITHA L TW S b OMEEIL, TERAT 26 I, MIEHT 18 HTH 503, 4.8~73 FEORITH
FFAE U7 BB IAERM T 43 {8, MR T2 @ EIEML TnWb, —FH, vry=y VT, 4.8
EE TIZHAE LT BRI HERH T 209 6, M &40 T 187 8 (IR L7 b Db L EHEZE S 41,
FEEITENOLLE) THDH, 4.8~73 FEOMNTHHITIA U7 EEI IR T 41 #, Wit&4HH<
LI L TWD, Thbb, ERRTOSLOFBIAITIEIMER, vy y TR
HATHY, BTy VTOHORERL, EFREIY BRNEF 2D, HIEORAERN
T Y AR — v, BIETOMNEY., B EOBERMTHHN, v YTy P THEHERE
720 K, EAA A FE OB R E S RSB LT R RIS AE L
meEZXDBND,

Wiz, HILRREEREICOWT, B E ERr Y=y P&k d 5, Table 5-1 I Fig. 5-8.
Fig. 5-13, Fig. 5-14 T/R L7 4.8 4F 5 73 4FORNCE T 2 BIEA L E OB 277, EFR
b vmy VIEE R OBBEAEE IR MEZ R T, r Yy VI OS L E
I, EFRBLIOr Py VEES O 2 5 Thole, vrYmy VHROHLEENKE
WEEHE, =y P TOZRF VB EOEE L, =R UBE T O TS (EFRCT v VER
IO CITEE S v 7 7T A ~—BIETEN . = DITITAK Y v 7 1AL DR
BATH OIS F ORI ENZEZ B R D,

Table 5-1 Coating deterioration rate between 4.8 and 7.3 years.
Deterioration rate (mm/y)
Component Direction Conventional Corrosion R%’UO
steel resistant (%)
steel
Edge line
Upp.er dfeck (per one side) 6.2 4.5 73
longitudinal : .
member Perpendlcl.ﬂar to edge line 3.0 99 73
(per one side)
Upper deck [All
plate (radius equivalent to circle) 8.7 2.5 68

5. 4. 2 [HEMOMBEICE L TOEMBEAR, EREHERBRO Lk

MBS DN RLIERIZ DN T, REFEM L 4 TR EMRFERER - FEBERE ARBR A i
%o EANRBERBRG R L O EREE R R & Fig. 5-151277d, Fig. 5-15 13 4.4.4 THO Fig. 4-
14 1ZxF LT, flllh, a2l N0 L0 B L2 OTH D, ML, 444 HTHRAZ X 51T,
FEML TV 7T L— S OBBELGEEIR LT, ERERROSMEEN 105 ThH o722 &
5. FEERERBR ORI 2 10 512 U722 AR Y RFRIC A L CTh 2, fitili X bmffae 27 7
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N, MNEHZ 7Y 77— N OBBESITHERAD 75% i S, EBRERER Comt & o
FELFIE-HL TN D,

Aip EHRR e oYy ERRCOBBESLEHE T Fig. 5-3 IR T X 912, 4.8 FLIATIZHA
L7 D 48 DD T3 HEOMOHEE TH D, > T, HILFAEN D ORBFFRHEIT 2.5 4F~
T3FEDEDRH D, £ 2T, Fig. 5-15 (T ERERRIZIOD T, MG : 0~2.5 4, 0
~2.64FE, + ¢ O~T3EDOMOEIT 2.5 FOHHEZ KD, TOVEEEEIN Lz, ZOfEE,
PEFRAM T 2.4mm/y, AT 1.8mm/y TH YV | MR OREIIMIZ K95 HILEE EERIT 72%
Th o7z, ZOHFHIT, Table 5-1 (2T FEMNTIS T DUERHN KT 5 it 80 O s L Hh =49 70%
LEET D, 2O ENDL, EMTOMEMOZNIN, FnRaEa RS i L OVERRE B R
CEEEDH D L EMER LT,

Doubling plate on
Laboratory test upper deck in WBT

Coating specification :II\}Ilog_gfgn(iic zinc primer :%‘norganic zinc primer
(Actual film thickness) PATLEC CPOXY ar epoxy

¢ 160pm X 2 coats(350pm) [150pm X 2 coats(460pm)
Conventional steel @) ®
Corrosion resistant steel O []
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(mm)

Coating deterioration width per one side
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Fig. 5-15 Transition of coating deterioration width from scribe on conventional and corrosion resistant
steels in laboratory cyclic corrosion test and onboard doubling plate test.

5. 4. 3 [HRMOBEEMIERDE

Fig. 5-16 |2 EFRn V= v V2B ST v VR ST o BES LR S R LR OEGR L
T, PEREH, MHEMENEN 48, 13 FOBESLLE S REMBEL LT, 22T, BES
bR SRIZ, F7 7 FXKEIZBITOBEPH LRSI OGFH AR 7 EKEICBIT R YTy
VREIDHRFHTH ST LD THLDT, TITHEIBESHLR S RIIHZ 7 &K OFE R
Th b, IACS ([EEKH=E#E) /Recommendation 8729 T, BELRFEN FAIR (v VEHICE
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X, B, Hx OHOMERIEE, HILOSGEBEORKEELZ T 5, Anr Yoy P T
X, 48D T3 FITMT THHUICHAET LB L TWD Z &R0, HILOAERRLND
Z &, EBIT, Fig 5-15 OEBREHERD T L 91, Hx OHLOMEREHE 2SRRI X 0 $fifkd
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A HiD, Lo T, IMMEMOFEREE TOWEFEMIL 25 FHLWITEAU LB 65,
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Fig. 5-16 Transition of ratio of coating deterioration length to total edge length on upper deck longitudinal
member.
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ET OB TIEEEZHET L2 LN TERY,
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LERRTELEBIT, By NEXVLAOLEREY v MES d OMBIBIfR A <72, Kawamura etal.”®
E, WAL YDET VA, 08 d DHEZZBETE, A7 747 LICOAE Y FRREEINLD XD
BE L, 4 EERMEEHRBRUERROR 7 74 T EFHBRIES OFIUIEH LZ, LarL,
Kawamura et al.”® D F15 Tl Bk AR K s DB 2 JeBRIIC 5- 2 2 BN B 5 DT, REMD
WBT TROND, ZHEGE RS BESLRIIR - SR LT TE 5 BEHEEHEE T B IE &3 & K
EHALT 2B AT CE 72\, E7o, KRS MRHWE LT A7 T4 TUNTEREY v MRS
AT HBRHHHTE R,

IO OREIE, ARERIROBERKG) b BESERIEKR - SR T 2BR AT TE 5 FiEx
BITICBRBE L, 2RI RV RS2 BIEBEHEERIC Y Yy FERRAERSE TRRELHHE TS
UEIEHRAS - R — BT 2 T ISR TE 203, 2D X 5 e fliE e,

BIFHR G IR YR ORGL L FHRMEE B T 5, BRREEOEEY I 2 b—3 3 Y FEDO—DIZ
TAA— = hUBRBHDHIAED), ot — b~ hd, FHRETLTY X LN ERCEEFHE N AT
AE. HIERIREEIEMN A2 FR T EEARRBAE R EOR S LA L, R - BIESE - &
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JEB G5 E R ORI IGNRAE T DB T & OfRHTIZE LT\ 5, £2 T, AETIE, 2kt /vA4
— b~ b UBFEHRENT FEABIR L, Kawamuraetal OB I 2L —va VFRESKRAET S
Z&IZE Y, WBT EEEREREE NI H 2 Bk O BIERE - R — Bt 2 £33 2, B
RFIEOE ML, 4 R Y T4 TERIEIIR O ENRTE - ERREE ARG B L NS A Hig
L THGET D, & BIT, RHTR RICES W TN O SIS LMHI R R OFEHLA T = X KD 0
Tim U %,

¥, AREITRKRS 0D EICES D THY . APPENDEX [JHHA S DO mAICTES< b
DTHS,

6. 2 JEEHNER

ARETIE, 4 BOFEMF TV 77— FERBERBRCHER SN AT T4 7 RIEHR OB
Ik, 4 EOEREBRRR CHA SN A7 T4 7 RIEHIROBIRL IR 2 <% L 45,
F72, LUF ORISR O EREEARBER 2 H AT 5,

6. 2. 1 HEGRIEHHREREE AR

UFRT, A7 T4 THRERRDO A7 T A 7, X OBEE NEREOEITIC XV B BT
BhF L BT A AR O R IHI RN LM RS ok 2 “BIEELE” & L5, £
TGS ER AR & 2 RIS ClE, B REFE R d & BB ¢ OBIRZ ~Z R

d = at? (6-1)
TEBT 25608320, a. b IIME - BBEIIKGET 2 AIRBBS L ORE G TH 5, A2 T
A TR TS . BEHIH TIE d 2 RPTE B S ZHEAE 2 UE(6-D) DN I AL T 5
EEZHND,

AWFZETIR, R HBREE - Rk AE (FERASHIR & BIRHA) D a. b OBMRICLLT 2A0ET
Do

(Da) #AFEANE U722 HEBRET « RECRED R > T b ITMRE LV,

(Db) & HEREE - RIEPRETHIE L7 B2 20T T2 a DI, BE - RRENZ Do
THREL W,

Z DY, BEERIEIINRE BRI LV RS, TERID a. b ZMETIUX, A7 T A THIER
B DB I I T D b EHFEIC L D a DA HETE 2,

M8, e o Mt 4. FEBRE T 1)35°C, AN Ti/KMEFE, 2 h, ii)60°C, 20~30 RH,
4h, iii)50°C, >95% RH, 2h Z #u3 A\ TiKiE g iz iR LUBRERIC 0.3 i RE T 28 e 1 7
IV 55k (Cyclic Corrosion Test, CCT)% Zfifi L CTIFEEEN %2 R ~7-,

Z D CCT 4:1F1%, 4 % Fig. 4-4 (R L7250 9 B, 5%NaCl VRS 2 N THEKETFICATE L
2HDTHD, ABAIIAE 6.0mm X IE 100mmX £ X 120mm TH Y . Vmm, &Rl o= m
BLOERME OS2~ A% 7 L, BEARICH Lz, 2L T, ERHER28 A, 56 A, 84
A, 112 A%, MM, kM 3BT DRI L-, £ LT, BB OFREEE ICHHMm
D9 H 50mmX 70mm OFPHZ, L—PHIFHZED 03mm By FCEEES ZHIE L,

Fig. 6-1 12, SRBAROE AR E O T 5 ke R d (mm) & RBRRER ¢ (FF) OBfR%E
s~$, Fig. 6-1 O d~t BtR % e/ A iE T(6-1) DO & TR A7 L 725 R % Table 6-1 12”7,
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Fig. 6-1 3 JL U8 Table 6-1 Tid, & FHGH b 1TMT I OB ERI D 94% 12 T, BRI a 13
it S B DAE DI GERER D T7% I TN Z DR EN TN D,
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Fig. 6-1 Changes in the corrosion diminution of uncoated conventional steel and CRS panels measured in
the cyclic corrosion test.

Table 6-1 Regressed coefficients and power exponents of diminution low for uncoated conventional steel
and CRS panels tested in the cyclic corrosion test.

Conventional CRS
a (mm/year) 0.817 0.626
b 0.425 0.401

6. 2. 2 A7 T4 7HREMRIEREGRERR
Fig. 6-2 |2 4 % Fig. 4-14, 5 % Fig. 5-15 T/R L= EBR=EFERMER (CCT), Emx 7V 771
N BRBERRIZIIT D5 A7 7 A 7T RN B A L E R ORR AL 2~ 7, Fig. 6-2 Tld, A7 7
A 78 Y OBIFEIZAVCEEI R e & RBRRFRH] (MR REEHEE) « OBMRTRL TV D, BIE

IV AEIE. Fig. 5-15 1281 2 ARSI LigZ 2 fFIc L b Th Y | B & “Hik”
IERICEBRTHEH LTV 5,

LU C Wy OFFRIHE KR dwp/dt DR L % 5m U5, Fig. 62 (2B WL, fEREH, madd s &
ARERBHAR B IL dWeldt DR —E ToH DA, W DMERHIT 20mm, fHEH T 12mm (ZE-5< &
dWp/dt 3D U, ELIRIE dWe/dt D3R —E THERE L T\ b, LR TR Y 74 7 L &BEgh b
OEREAZ g ERT, BRI A Y T A 71T RINEIBIR 2R B DO DPER LD T, g
X WX LCTHI 12 18725, EREOEERAERIT, e DSUERH TR 10mm, & TH 6mm (2T
S L BBHEEOIREENMET 25 2 L 2R LTS, WIS (MRS 23 3RIEE
5o b —EfRErs (TERHH CTre~10mm, Mt&H Cre~6mm) LINIZH D & BIEHEGHERH
WIESIND LRETE 5,
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Fig. 6-2 Relationships between the averaged blister’s width Ws and the elapsed time converted into
onboard environment ¢ of scribed coated conventional and corrosion resistant steel panels tested
in CCT and onboard exposure tests.

6. 3 fRHTER
6. 3. 1 BEMEGERO 3 EMEET Vv

LA D SN TR IESRR D JE B FE % Fig. 6-3 @ Phasel (@f545{k) . Phase Il (FLEIEMELE TD
BB W) . Phase I (FLESKE) @3 BEETETF AL L, Phase Il FOBAEE Y MEX d D%
WIFH 712 X 5281k % Phase I &ifcF[H] 71, Phase I FpfciRFfA] T 22 IV T & el

dit)=at’; 1=t — (T + Ty) (6-2)

IRl L7, ZAuda(6-1) DIl 7 5,

A
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Fig. 6-3 Corrosion process model of coated steel panel.
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ZOETIVTIE, BEFHM T L(6-2)D a ZMEFREESM (pd.f) 23R(6-3)DXFER A
BT, BRI AR D ALRIEME E COBBIMH T: & p.d.L23R(6-4)Dgr (1) TH D4
AELICTA R L, b I3 BHES L L TH X 5, REOEHL A O p.d.LIFH(6-3) DR o, u TEE D,
To DHERSAT ORI o0, o &« a DHERDAT DRI A 0n, s &< s R(6-4) Dl T DFERAT
R#ETh s,

) = — (— (nt = 1) )2> (63)
1= V2ot P 202
gr,(t) = aexp(—at) (6-4)
p.dENHK(6-3) THZ OLNDHED T m & FEHERE s 1Tk K (6-5) THEATE 5,
o2
m = exp (u + 7),5 = exp(2u + a?){exp(a?) — 1} (6-5)

6. 3. 2 BWEY{LIEFE(Phase 1)

SR RN D BIEHIER « AR L, £ OREFRA U 2 BIEHR G T B 5 £ 03 ZkiE AL
T DBREMNTT H121E, ARERR OB & BESEBIILR - AT 2B E T CX 5
FIEEHET D2LERD D,

AREETIX, 2KITENA— b~ F AR 10 BRGNS 5, ILARD B LW
Kawamura el al.”® & [FlERIC, BEEHRK D45 50T Fig. 6-3 @ Phase IMIl 2% 2 5, W% 1, t DK
NS B AL & T D, RNTTEIN A DR Ly RS Scan=(leen)> @ 2 WILHE M HEIT 5, LD
Phase 15 & & /W IRREZ SR stat |ZfRFFT 5, Phasel, II, III i{Zxt§ % stat 2 COATED, STANDBY,
ACTIVATED &5 5,

KRS L, BHEERRBRIR O BRI G55 8 BT RE AN BRI IS ER & 0 /N & 7 sEIsk 2N FEAE
TOGENRHLZ L ER L, £ OIRKDBERZEE B AR ORISR (BLF T, “Mmilzh
R LX) ZhD LU, MHIRROA LRI L RBEZEL shield THRT, 2R H D
& & shield=TRUE, 4% L7 & & shield=FALSE &7 %, shield=FALSE T stat=STANDBY & 7-(%
ACTIVATED O /L1 6.2.1 THOBBE LTI Y T 5,

IRRBZEHL stat, shield DAEIC KV H B AOREEZLLTO L DI T 2,

Phase I (stat=COATED)

Phase Ila (stat=STANDBY, shield=TRUE)

Phase IIb (stat=STANDBY, shield=FALSE)

Phase Illa (stat=ACTIVATED, shield=TRUE)

Phase I1Ib (stat=ACTIVATED, shield=FALSE)

Phase Ila I3 (3L FC) MRV ERE Y v MATEMALT HETOIREE, Phase b [ 3471 %h
HDHEE LTz (BRM TS, 6.2.1 HOBBIEIE &M U) IRETHAE » FSIEHELT 2 RTOIREE,
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Phase Illa 1% (AL T C) MIHIZNENE Y By M ORED M E - TS IRHAE, Phase b (X 2h 5
DKL (M AZ%ED) RETE Y FBREL TV DIRETH D LMINTE 5,

REETVTIIHMERRERLY Y 2y MNERALTRESE D, ZODEREICHHE T
Plcx 20y MR ESNDHLET, BLOE Yy MEMEZ S E Y MELSN TR, BREFED
AT TV T stat=STANDBY (272 %, Phase [la TITERE >~ MEMALRICE AN BEIZEN T OB
BAERMPIFET D Z L1750, ZhiE, Phase Ila B TIIERENAE L THRNOTIHZRL,
JBERIZAETTHANE Yy MNEE L TEISNZ2WIRIETH 5 LiFIRT 5,

LU T, BIES L ER(Phase 1T) « #0120 B4 2550 (Phase T2 854 2 x4 “BEAME" & &
5o BIESNRIZH D Phase | /L (BLFT “DhgxtL” & L5 2ot rodniiEsEz r
LRT, —RICEBIESMIZBIFEN TR X 0 BRI THIET D, 622D R 7 T A 7RI CCT
T—ERFHZIC ﬂ@%ﬁ%h—m ThpoleZ e X0 EYRE Ry EE X, <Ry 7% % Phase I/ &
IVDMELE LT A MR BV OBIESESINET 5 & B 2 5, e OBEIERIL, <Ry 72
6@b@PMRWMﬁwqu?“E&tw”ki&)_iém&¢®ﬁkbfﬂﬁ?éo%k
FHEE T LD IERIL r /NS WVNEEREWET 5,

U ED#ER LV . Phase | OBIREA LU FOFIETEHE ST 5, e L OEEE no. HEA i
& R RIS Phase T £V & 58 i 2L O VUL BERER 1 & 02 <

(la) =0 T, 4 /VIZ Phase I/III © VT8 LR WEA OB Ty % GLECT 5 2, stat=COATED
LT 5, Told pdf3R(6-3)DXEIER A EILTEH 2 5, A2/ TRIEOREEETRE Fo 5 2
%o FoOFEZ 1.0 & LT, t 1T o THIET HH(6-DIT LV EZEJD . Fo=0 L 72 o7z &
% stat=STANDBY & L CE&/L% Phase [ |IZEK IH 5,

(Ib) Phase I E/V CIEAULIEARBIEF Moz B 25, oD IHMEIX1IT, KA (2O TAn=
ATy D EE %,

(Ie) [ /L DA TH Phase | THIUT Fo 2 AnfIZIRE(6-6) DAF, 72T A S H5 -

AF,y, = mt* AT, (6-6)

DI A(6-6) DA THZ LMD GEED e FoDRER%EZ . m=0.01 DEEIZ-OWT, Fig. 6-4 I
T, Fig. 6-4 ITRSND L DT, m DA/ E TR, Fo DYINREE =0(7=1.0)7>5 =To( ©=0)
W DHEATE T LHISEWEZED, 23 Toll(nhd 0 12)r3< L2 L TEIZR D,

(Id) BE#EzEVIZ Phase IV V23 1 DLL Ed D561F, &6 i i /LIZOWTA D Fo D

D EEIRA(6-T)DAF, 2T HIREH 5,

1.0  (Phase Ila/Illa)

AFOi - AOATOfi (1/ Fi)Po;fi: { fbare (Phase Hb/HIb) (6-7)
IR A(6-8) CTHEAET 2 ERLE LR CH 5,
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Fig. 6-4 Relationship between normalized coating life 7 and coating barrier capacity Fo (m=0.01).

(le) FEMHEE AL (X L CTHIFFZI D Fo 2R E(6-9) DAF 12 W S/ 5 -

AFy=AFy, + ﬁfﬂﬁ (6-9)

] —4RAE - [Rl— M AR O TR S AEIRIC K 2 AT RS AME L O HEINRIT Sean (ZIKIF L2V,
Sear<1(>1)D & E[F—FEIHP OB ABNIIEZ D (8 D) HACIEDN AN T 2 G2 T2 Fo
WD INE = & AT AR B L OB A D Sea fFIIHE D (T) LERH D,

—Ji. BIEHIITRE LV NOBRBHREEE TRILTE 5, Fo @I TR G ORI
M5, BRERMENFR 2D 1A NOBREERFICET DRFHEIE Sea (IZHHIT 2, &5 T Foldid
B 1/Seen 12 EHLHIT D,

ZDOE NI, EHBREE I X D HIEERIL Sean (2B L, M2 OB L 1/Seen (25
B4 25 DT, BWITHRFTHIE L &H > TR(6-7)IT Seen A HLILZ2 VN,

R(6-8)I2 LV LA T OEBEICH DS ENMIC LD Foldb &1 r ITIKFE T —BIC 7 5, AW
T lo=leen & T %0

FiE(la~Ie)Z LV, ARG YD L Iy MESHITHES M#EEmOILRE LTRELT S 2
L BB OILRZ EHEMT TX 5,

BN Ro & 6.2.2 THOPR IR &1, K(6-6)F LN Fig. 6-4 D X 912 Fo ol L CIERIE
B LS EDHZ EIZE D, Fig 6-2 DEBRFEE, T70bbrg > fg CRIEBENLIGEE dWe/dt 137)]
HHED B> LT —EIC e 2 BB 2 MBI TX 5,

Bl L L TG v & JEi0 0 Phase /I &L 73 Fig. 6-5 ONLERRICH D585 %5 2D, ne=6 T
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i=1~5 1% Phase ITa/Illa, =6 |X Phase IIb/IIIb T 5, KTl Re=2la=2lo & L7=D T, KE/ILDIEHR
LB VBT, =T3 =V2, T, =T, = 1.0, 75 =T = 2012720 . At OGO Fy BV BAF
IFR K (6-10) THEAETE 5,

AF = [ngn-l + 4y {2 (i)po +2(1)P0 + (%)p + Foare (%)p}] At, (6-10)

V2

'y ° Adjacent cell
Ry
o [ o Vo _/Phase IIb/IITb

/&
Phase Ila/Illa

Fig. 6-5 Adjacent and neighbor cells in the influence radius R.

6. 3. 3 JLATEME(LE TOEZIERE(Phase 1)

6.3.1 ZHO Phase 1 £/#5elifH] 7113 Phase 11 ~DEBRFZ|Td ¥ | Phase IT Ffchefd] Tuld T2 L
A%

Phase I BIARIFZI(T) 7> & OFEIF I Z = T & 22 <, BFEHRER AN O ARG L E TOER
Kl Tp @ p.d £23(6-4) TH- X LD EE D, REZ ¢ LRTTIEME L L 72 e 13k =0(6-11) TREAE
TX 5,

Prit<Ty+ Tyl =Pr[t<T,] =1—Pr[T,. < 1]

(6-11)
=1- [ 8- df = 1— (1 - exp(—ar)) = exp(—ar)
BEZ ¢ D (At O RNTIEYE(L T 2 e P 133(6-4) (6-11) X 0 tkAi(6-12) THEA TX 5,
_ 8r(DAT _aep(ZaD) )\ re = aae (6-12)

PETPIT, > 1] exp(—ar)
X o T, BEESMAL D & & Phasell D&/ T, BIFEI AT v 7 Tk L D 0— 1w BigE

REITV, K(6-12) THE SN DHHER Py T /L% Phase IHIZER SHUE, Phase IT O\ 73 (1
KD DI AETT L & FMIZ 72 5, Phase 11 B FREIZ stat=ACTIVATED IZ L, EBRZI% T,
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6. 3. 4 JLEIEMHEHE OB RIHEIT(Phase I1D)
Phase Il IR % ORI DA FO B MESHA 13 (6-2) 0> HIRA(6-13) TRHEA T 5,

T+At
Ad = f abn®tdn;t=t-T, T, =T+ Ty (6-13)
n=t

WL b<1.0TH 2 DO TR(6-13) ZHIEA A 7 —Fl7 CRIAE T2 & =0 (=T, =Tr+Tn) D & THFESY
BB RIC R D, LoT, R(6-13)ITH%IBAA T —DIC L vEET 5,

6. 3. 5 JEEERWOEREINEIZ)F (Phase [a/llla)
Shield=TRUE T % Phase Ila/llla E/L (LLF Tl E L8) ICBWTEBSARY OB &

flEEZE B 2 5, MiflEL T, X(6-12)D Py & X (6-3)D pdf.THZXTm a % 5 (0= £=1.0)FI
BEET D, T Z f50(0= fs0=1.00& L. #HIGEDRHIRIZ DI T f5 ZHY K S shield=FALSE
T=1.027 5,

il L DT shield=FALSE T % Phase IIb/IIb /L (LATF ik Ib/IIb /L & L&) 23
&5 & EE L OIMBIREEOR S E D & B 2 D, Hifilt L &R Ib/Ib 'L o fuL Rtz - &
#T, 632 HEFRRICENRE Rs B X, rSRs 72 5T TIb/Ib & VIS TEAE L 725 B IS Bl RE D
BOEDINET 5 LB 2 5,632 H & RARIC, INEN R %A 1<Rs 72 5 2 C DU b/ £ /L TE 2 |
ZDFFE ORI RGO IHIE Y)ﬂw‘g Jocé LI %, TR /IO B L DO FE r /N EVIE
FREWbDET 5,

P boimy v, MHEEORREZ LT OFIETEHE T 5, < Rs 72 HTHE Tb/IIb &L OfE%k %
ns &, WEE I ERT, WHIERO EEH” T (0< Th<1.0) 2RET D,

(Sa) =T1 (Phasel #& THF) (ZELEIT LV BV OIS R FHReR] Ts 2 5 % . shield=TRUE & ¥
%o TslE p.df3R(6-3) DX EIER DA ALK TH 2 5, KBV CHHIRE Fs 2% 2%, FslZ=T T
1.0 & LC T T2 T &, Fs=0 T shield=FALSE |23 %,

(Sb) il CESMEERIH M 2525, & OOWIEIZ 1 T, FAA BB+ &
Aw=At/ Ts 3 %,

(Sc) BBt /L DA T stat=COATED 721 shield=TRUE T&HiiE Fs ZAr BTk A(6-14)D
AFs, 720080 S8 5,

AF, = At (6-14)

(Sd) r<Rs7¢ 5T Phase IIb/IIb /L3 | DLLEH BLE1EL. 5 i it /VIZHOWTALH D Fs
DI B AR (6-15) DAFs: 12T R S8 5,

AFSi = AsAT_g(l/ Fi)PS (6'15)

As 1X Sca=l Th A HHIE /L OF=1 OWEEECH 5 HEAmAEOITE; Ib/Ib B/ X5 Fs Jdbhnd
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R, TI(6-8) DIEBULERE, psld Fs i OHEHKFIEZ RO 2R TH 5, K (6-15)IT Seen 78
B0 oizR(6-7) L R UHBIC L5,
(Se) WEREIHESYAL IZxF L THIFEA D Fs 2 R (6-16) DAFs 721 b S ¥ %

ng

AFg=AF, + AF, (6-16)
i=1
(Sf) Fs>0 D& X fy(Fs)Z IR THET 5,
fs(Fs) = fso + (1 — fs,0) (1 — F5)CIn@/In(T) (6-17)

fs D Fs 259 22846 % £5,0=0.1, T1=0.1,0.3,0.5 DHEIZOV T, Fig. 6-6 (237, A(6-17) LD f51
Fs=0 T 1012, Fs=10-T T 05512720, ThASk & & ERMIC b7 0 Ml F ey 5.
R DAL TR A BOR T 2 BB 2RI TE D,
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Fig. 6-6 Change of the shield factor fs with the decrease of the rust shield capacity Fis (for cases with f5 0=0.1
and 7;=0.1~0.5).

6. 3. 6 FEREZIK

6.3.2 BH~6.3.5 HOWREEHE L REETH 21TV, FRFHAT v 7Ty MNED xy JEEE LTS
DY A N1, Yp1s dp1)s - xXprts Yorts dpany} 1550 MIZE Y NORETH D, U A NOBEFRITEIL
TEy MNEX~LAO, 5 %, IUARD Y, Kawamura et al.”® & [FIEEIC Y MR Z TPl LT
o oufkmE s LTEREAERT 5, BERIICIEE i B (PG, va) PBERS d;
% IRA(6-18) TRHET S,

Rj—m .
d; = max R, dpj G=1,...M)
j

'R-—d-tann—ej = )+ (., —y )*
» Yy T Mpg 2 4 L,j — (xci xpj) (yci ypj)

(6-18)
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RITHj vy MM RE DM () ONE, rgldsB i B fL e vy MNEROERTH S
(Fig. 6-7 M), i &/ Phase ] TH LG AITH(6-18)I2 L BT d=0 &3 %,

A TIRET2HHRAEZE I VCHEAT 2 2 & THREMNELEL— F~ P 2R TE D, 20
A — b~ hUTIERE & & HIT Fig. 6-3 OFERET MITHEVIRIEDNER L, BV OM EALE
N X 0 BEEEE NS 2 Z & 13 2 BBEMEILT 5 2 &3, BERFEAZIITSE LN
Phase IIIb ([ fE &ARRE) (TET 5,

Fig. 6-7 Cross sectional shape of a corrosion pit.
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Le=2.5mm D& /L% x,y FIANZ 80X 80 fiE (5§72 200mm X 200mm) P& L, MEATaEkH Sl2hg 1 &
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JWDRANEKAFT HD T, VA ES 2.5mm L FICAER LEGETE, T TRIET /37 A ¥ &l
HATERNWZ LICHEENLETH D, BVLRICHET B8R 2 KEMRITRT,

61



t

0.010

Fig. 6-8 Test panel model.
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AR TIE, BEFMNT A Z w, LIS DOBEIELAY, - 3] - EEETT /N T A Z OWRTEFHIEZ B~
Do

LIFTC, “EBfER" L1X4 BOR T T4 7 RIEMRFEMRFBERBR £ 721X CCT O o Bk
PAE (@A) IR - IR X OUE R EORBARETE OFK « ~TEE &9, Fig. 6-2 THREKER
D dwe/dt DDA T (FEMFRBERERE) RO W OfE%E “PERBOEREZE" W™ & &

Ts, Ao, As, a IZIEMETH D, Lo T, (us, 05). (a0, 0a0)s (uas, oas)y (e O IEZELDII%MEHEH
X FRRZ EICT D720, BEMREAN0.3~0412725 K 5 IR LTz,

H(6-2)D b I3 Table 6-1 DA (FERH 0.425, MHEH 0.401) A L7z, 3(6-18)D6; (X nrad.)
I% Kawamura et al.”®% 5% (2% 0.803, FRYERZE 0.0595 D Weibull 7347 ThH-2 72, R(6-4) D ald

IAS OEELEL =036 & L, BEY I 21— 3 ORFEEAIEIA=0.01 FL L=, R (6-
12) L V. Pyi=0.0036 12725, K(6-8)D IplE ly=lear=2.5mm &, K (6-6)D m 1% 0.01 & L7z,
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(C-il) (a0, 0a0)s Ro foares po % AV T A 78 0 BN 20E W ORFHZE{EAS Fig. 6-2 O
PEAEM D FEERAE IR L — BT 5 L 5 ITFAEET 5,

(C-ili)  (tay 00) & I=ABIED AT T A THNBEF RS NEFRFER MR —ET 2 L 9T 5,

(C-iv)  (us, 0s)s (Uas, Ons)s fson The Rs. ps % tena=4.8 DGR FEIR D3 EACHH D FEBRAS
REWR—FT 5 LT D,

(C-v) (C-i)~(CAVIT LV BHT L7 (us, os). (a0, 0a0) (tas, 0as)s (tar Ga)y Row foares POv fS01
Thw Rs. ps 2 LT, W ORFFIZAL, 27 T4 THRBERES ., ERMARERE BitHE T 5,

(C-vi) (C-v)DRMARER L ERFERDOED /NS W e X TRFTOTEFEZ 53T A X OME
3%, PR EERBERO —BMENRRO L X 1H(C-i)~(C-iv) DI % #uk 5,

WERIAD /3T A 2 3 L7221, L FOFIETIHERO /T X 2 2 RET 2,

(C-vii)  (ua0, ono) DIEIZHERS & [Fl— &35,

(C-viii) TR & GERIAD m, DA Table 6-1 D a DO &% U< | ZEMRESM A & HE k4
THLL 72D L9 IR O (1, o) RET D,

(C-ix)  (uno0, CANZIENE & [7] CAEZ L L. Ros foares po ZFHFE L TR Y T A 7 JEH Y OB
LA A Wy ORFZE(LS Fig. 6-2 Ot B8 SRS R L —d 2 X 5 IZiET 5, Ro DI
VSR O PERIBGRIF 7 27 Vg We*DF) 1/2 &5,

(Cx) (us, 0s)s (uas, Oas)s foon ThlZTEHREME R CAEZHEH L. Rs. ps % tens=4.8 FEDJEBEAL
T 72 DR D3R B 8 0D FEBRAS SR & MR —F T 5 X 5 ISR S,

(Cxi) (C-vii)~(C-x)IZ &V HHT L7 (thar 0u)« Ron foares pos Rs. ps ZEH LT, Ws DFFEZAE,
A7 TATOEBRERS, BEEREIR A HHET 2,
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(Cxil) (C-xi)DFHFHMER & EBRAERDZENFI/ NS W & S ITRFOEHEZLZ K /3T A X OHEE
BET 5, FHEMERLEFEBRERO—BMERARED & 1, (uao, on0)s (s, 05)s (as, 0as)s fso. Th
DI 2 72 LD (C-ix)~(C-x) D 5 % ki 9,

T X (C-ix), (CX)T Ro. foares pos Rs. ps ZEIE LU CTHEERRIZLIZDIX, o OWIRNE
BRSEARE T, FHELRE B A R RIE ST A D OFE N B A S R T- O Th D, T X (CH)
~(Cxi)Z & 0 RIE L7 ekl L Ot R o BiLEa - BIEEAL - 9] - R/ 7 A 2 OfE%
Table 6-2 (2759, Table 6-2 IZIXTET VD43 FE, FERSAAOFEE AR LT,

Table 6-2 THERSM, M THIZ 43 1T TWIRVRT A X ILR— DM CHRERINC S 2 7=, it &
DREID/NT AL X, (R E R DlE & D2 LR LOOTE L7208, FERE L CHEke
& LWMIELS &0 WAoo EBREE R L B BT 2R RN G Lz,

Table 6-2 Parameters of conventional steel and CRS used in cellular automaton analyses.

i Value
Parameter ‘I;robzbll} ty Remarks
i itorm Conventional | CRS
b conting 1i Ty . ; mean 28.646 - o destadat .
Cell’s coating life (year) Log-normal stdov 5872 Phase I, Coating degradation process
Coating’s degradation acceleration mean 1.960 — . .
factor Ay Log-normal stdov 0.815 - Phase I, Coating degradation process
Radius of influence range of corroded R Phase I, Canm.g degradation process, When there are Pha.se
B . Constant 12.5 10.0 | II/II cells within R, from the target cell, coating degradation of
cells in the neighborhood (mm)
the cell accelerates.

Exponent of developing equation of £} m Constant 0.01 Phase I, Coating degradation process, AFg,=mti* 1At
coating barrier capacity) ) i g deg P > Zhon 0 0
Magnification factor for bare metal
substrate e Constant 23.0 10.0] ppage I, Coating degradation process,
Exponent which controls the distance _ Py g | 1.0 (Ila/Illa)
attenuation of corroded cell’s Po Constant 1.0 0.9 AFoi = AodTofi(1/T)™; fi foare (11b/11Ib)
acceleration effect
Cell’s prol?ab!hty .Ofpll activation P. Constant 0.0036 Phase 11, Transition process to pitting activation, Py = aAt
occurring in time increment pit P
Coefficient of pit growth’s power law @ Log-normal mmean 0.929 0.787 Phase 111, Corrosion pit growth,

(mm/year) stdev 0.376 0302| , 0 _

- S d=at’;t1=t-T,T,=Ti+Ty
Exponent of pit growth’s power law b Constant 0.425 0.401
e @ childing Ty . ; mean 8.004 — SO s chieldine
Cell’s lifetime of rust shielding (year) Log-normal stdov 3334 P Phase Ila/Illa, Rust’s shielding effect
Acceleration factor of rust shield mean 0.312 — PN
effect’s decline Ag Log-normal stdev 0.096 - Phase Ila/IlTa, Rust’s shielding effect
Radius of influence range of bare metal R Phase Ila/Illa, Rust’s shielding effect, When there are Phase
s . s S Constant 12.5 3.6 | IIb/IIIb cells within Rg from the target cell, rust shield effect’s
cells in the neighborhood (mm) .
decline of the cell accelerates.
Exponent which controls the distance
attenuation for rust shield effect’s Ps Constant 1.0 0.9 | Phase Ila/Illa, Rust’s shielding effect, AFg; = AsAts(1/7;)Fs
decline
;r]nual' ‘ll_alug k?flgl'f oot shicld [sa Constant 0.0 am Phase Ila/Illa, Rust’s shielding effect,
effoer::d ized half-life of rust shiel T, Constant 0.2 - fs(Fs) = fso + (1= fso) (1 — Fs)(—ln(z)/ln(Th))
. 4 . mean 0.8031 - o

Bevel angle of pit (radp) Weibull stdey 0.0595 Phase 111, Corrosion pit, R; = d,jtan (7)
[Nomenclature] t: Time
stdev : Standard deviation Ty : Pit activated time
AFy,, : Decrease of coating barrier capacity(Fy) when all neighbor cells are Phase I. T; : Duration of Phase |
AFy; : Decrease of coating barrier capacity(Fy) by the i-th neighbor cell when there is more Ty : Duration of Phase 11
than one Phase II/III in neighbor cells. Fs : Phase Ila/Illa cell’s rust shield capacity
[i : Magnification factor of AFy; fs(Fs) : Decreasing rate for P, and a. Function of Fy
7; : Normalized distance between the target cell and i-th cell AFg; : Decrease of rust shield capacity(Fs) by the i-th neighbor cell when there is more
7o : Normalized remaining coating life than one Phase IIb/I1Ib in neighbor cells.
Aty : Decrease of normalized remaining coating life At : Decrease of normalized remaining shield life
a: Inverse of mean phase I to II transition time R; : Radius of intersection between j-th pit cone and non-corroded surface
d : Pit depth dy; : Pit depth at j-th cell

6. 4. 4 JEREROENIK - #mifE

Table 6-2 DEEIEFHA « BIELL - J0H] - ER/XT A X 2 LT, Fig.6-8 DFIEET MIZ LD
A0 G TR OBIETFIEAEY I 2 Lb— 3 U2 FEE L, fRETIIER, MEic o\ T
10 [A* 2% fi L, B/ IRBEDRZEEZ L, A7 T A 78 0 BB 208 We, & 5 Wi %
WE 4 EOERFER L LT,
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FHRNANDINT AL ZHILTRET DO T, FHRERIIEEIRR S, We, WRIRE S 10 [BIOF
RRERA L, FEBRER (CCT : ke, MaEMA 3 27 74 7, EMgkis « 10Ok, M
KARTTAT) OFHEE L=,

Fig. 6-9 \ZHERIMA 7 T A 7HEKD 0.6, 2.4, 4.8, 10 FTORKEXOFIZ T, KOH
TR, K EITEIEZA, RITBEREAE (BRMEY) . & - RIIEREY Y MNEZERT, BR
HEREIIE Y NEZTEHR L THME CERIND (63.6 HS) OT, KA - BTHE - Fo
JAPH CIXERBFENE T TV D, £o, - R T, BRESNMIEY v FOMSERES L0 /h
L, BRETOE Yy NEIZRLRWLDNRH D, JKEG « S50 CIEBIBEIZIL T TR i zh 3
DEIFLTED, B RO ESOREIREICH D,

t

—
1

0.600 2.400

t= 4.800 t

Fig. 6-9 Examples of calculated cell status of the scribe panel model (conventional steel, =0.6, 2.4, 4.8,
10.0 years).

Fig. 6:9 TlE. RERKOEEIRIEN. 27 T4 7B OIIIER (=06 £5). N FCOMBAE
v MEAE (=24 4) . A7 T A TEDTOBEMHZIROER (=48 4F), BHMFEFOERELY v |
DR - JEHL (=100 ) LHER L7 Favet R ST 2,

T SRR T D Fig 69 & B A RRED L LASEHE S 7. it Bl OO RArU ko 1t
SR 0/ < TRIREAIC O AR Ol & | T A oD 5 2 BT (WAL 55+ BT 549
IEREA L 0 BRI/ S o7, Fig 6-10 12 =4.8, 10.0 FFEIZI1T DA O & /VIRIERI OH % 7~
4, Fig. 6-9 & Fig. 6-10 T=4.8, 10.0 D&/ VIREEX % e+ 2 &, Mt A&HO /S BB OIE 23 HEHK
DK T0%IZTH CTWAD = L R TX 5,

Fig. 6-11 12, A2 T A 78 O OBV 208 Ws O EFER & CCT 3HlFEE (6.221H) @
A omd, ICIT 4 SO EMBETERRO =4.8 FEICB T D EHFER bR, XTI, W DILK
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VG 2 A2 U 2 Rit% O dWeldt DAL E DT, FHERBENFHIGRER L BIF i —H L Tn5,
Pl EOFESRIT. AFRTHE LY I 21— a »FEICE Y . WBT O SBEEEIc iz S
M- BHESRR D, BB RS © OBIEALIE R ZRE LS FHTE S Z L ER LTV,

t= 4.800 t= 10.000

Fig. 6-10 Examples of calculated cell status of the scribe panel model (CRS, =4.8, 10.0 years).

~
o

Conventional CRS
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—cal — - -cal
B onboard O onboard

fea}
o

[
o

40

Averaged brister width W, (mm)

o

0 2 4 6 8 10
time converted into onboard environment ¢ (year)

Fig. 6-11 Comparisons of calculated and measured (in CCT and onboard exposure tests) averaged blister’s
width Wg for conventional steel and CRS.

6. 4. 5 JEREmENK

Fig. 6-9 OHERSAFTHE IO =4.8 4=, 10.0 FEITH T 2 G B WriE Ik % Fig. 6-12 127”7, Fig. 6-
12D x XA 7 T A TICTEE/RJEFET x=100mm XA 7 T A THETH Y, yIZAT T A T8
JEAET y=100mm 23 A 7 T A4 THRTH D5,

Fig. 6-12 TiZ, BREESHTELEOMHEREEY y FARA L, Zoaikimes L CTE R NE
RENTWDZ & BREMBKIIA I FA THIRETDHVERBREZELTNDHZ EARINT
W5, ZOfRIE, KRS MORBIREETX Y7 7274 B—Ta UfReE 8T 2,
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Fig. 6-12 Examples of calculated surface profile of the scribe panel model (conventional steel, +=4.8, 10.0
years).

Fig. 6-13 (a)lZ. Table 6-2 DHERH/ T A Z &AL H L7z 10 [ DFHRFE R DK 2 DX —{VIE &K
Tu7 AN (432HEB)ZMR) L. 4 BEOEMBERBHGHIRER CEAS—(ERERE 7 2~
7 A, 432HGB)SMR) O E R, KT, FHEl L2 Y uiERRE 7 v 7 7 A VE
H7a 77 ANDELOEHBICIASTNDZ ENREINTWS, Fig. 6-13 (b)iZ, FHERER &5
HFE RO~V BERE 7 0 7 7 A VO E RS, KT, BEETE, ARERES, &
AR E RO R THFR L FRTRIFC L TWDH Z ERREN TN D,

1.00 1.00
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(a) Mcan cross-sections of each calculation result and the (b) The averaged mean cross-sections ol the calculated surlace
averaged mean cross=section of the measured surfaces. and that of the measured surfaces.

Fig. 6-13 Comparisons of mean cross sections on the xz-plane of the calculated and measured corroded
surfaces of scribed panels (conventional steel, 7=4.8 years).

Fig. 6-14 (a)lZ. Table 6-2 D&/ <T7 2 # ZEH L7= 10 B OFREFE RO 2 O¥)—{LIE &£
Ta 7y AL TR ERERPSGHIRE R CERBUERRE T v 7 7 (L) D% Fig. 6-14
I, FHERER L SRR OB —LERFE T v 7 7 A LV OWK AR, 1ERSDYE & [FH
BRI, BRI L7 B —UIS BEE S0 7 7 A ADNEHE T 0 7 7 A L DIE S FPHIZ A>TV
5Tl BROEHY b7 a7 7 A VOBEME, RRKERES ., B ER L o2 T
FHEEFER TR L TN Z ENRENTND,

VL EORERIZ, AR THE LV 2 b—a UFEICE Y . WBT BB RBRE IC 2T S
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NI BRI O, FEMAOEEEEE » OB IERZIRZKE L CHERTED 2 2R LTV D,

1.00
#01 ——-#02| —--—#03
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exp.
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(a) Mean cross-sections of each calculation result and the

(b) The averaged mean cross-sections of the calculated surface
averaged mean cross=section of the measured surtaces.

and that of the measured surfaces.
Fig. 6-14 Comparisons of mean cross sections on the xz-plane of the calculated and measured corroded
surfaces of scribed panels (CRS, =4.8 years).
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Dz Z(q) b EL o Z DFERDAAD qQ ICOWTEFRHRGE, @ L ZOELER q+th TO Z OfEE
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1.0 2 & D | hIZOWTHFRBAD T2 EMEEETH 5, Ch)NFEITWNATHhE L Tpk L5,
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2ot A— b~ b BEBEMENT FIEEZ B L. Kawamuraetal O LA I 2 b —T 3 >
FELHE LT WBT LS REREE T OB O BIERE - B REEE— BT 27 4 % 5%
L7o, AT FEOBF WML, 4 BTER L7c A7 7 A 7 RIEHRK O SRR - R Al 1
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(1) BAFE L7=BiR s - I RRE —EfMNTiEIC I 0, WBT LB RBREICRBINT A7 T4
TBERIR T, A7 T4 THLBEFEENANIER L TAY T4 TEHEEE T 5 VISR OBE R
DR S D mFE S FH R ATREIC 72 o 72,

(2) FEMFAEFRRE X7 T4 TREMRE R R LD, HEOHNZEZEL Tt — b=
N ARMT R T X Z R TET D FEABFE LT,

(3) FRFECL VA LAY 74 7R BIROBES (LI EAE, RS Emlm  (CEA1b
BRERE T2 7 7 A4V) OF - KEEES - BrimPRIGEHIRE R & BIFIC—E L7z, Zhbo
il RAIAR T THTS LT FIEB L OWT N T X ZIREED R MEZ R LTV 5,

(4) TEkeh & M EMOfAT /ST X & OMEIX, THEHIZ IV TERIES - i FERICINER)
R4 2B RO BRI 720 . BIREEEIC X 2 SR BIRA L fEm S v 5 8L
GUIXHE LTV D ERINTX %,

(5) BIEKKG - HEESRO I WBIIC A 7 T A 7 % AT il CI3s R @ 5 el %
WTHEBRBERE BT 2HERBRE2G N TES, UL, EM WBT OMENTCIE, HiK
- B i oA F by & BAEFMINE R OMERSM &2 GEMICIET 2 NENH D,
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8k BLiUE

KEIZBTHENVLE a1 2.5mm ISR E L TWD, La 2D SE 5 & FHHARNEART S
LoD, LB ERE T 07 7 AN EEZ D, — ., La ZHRESED L FHRAMNERTE
Hb00, HNEBRERE T2 7 7 A NVEG 25, KEFETIE, FHESRD La KAFEIZ OV TR
Do

Fig. 6-15 (TR T A7 T A THRIEFIRIZKT LT, bt S E T, ¥ Ialb—va 2%l
7o 737 A ZAEIL Table 6-3 & VN, FHEAE TIFZANE Ten=4.6 . RERIIES3IL A T=0.01 & L7z,
BB, VIal—ar TR NI AL Puld—oDBLNTE v MARAETHHERE L TER
N5, ZOH, BNTEES =0 Oy NREERT La © AEOVBIILHIT 5, 65T, La &
Leeliorg 7D Loelinew (BT T 25 51%, WA (6-1DITL Y, P ZEETHAMERDH D,

lcell,org

% = Ppitnew; ¢ = leellnow (6-19)
Z 2T olF Lean DEEPAEZ . Pritorg & Ppitnew 1TILEZE L DHIED et T D,
i 7 : Table 6-3 Cellular automaton parameters.

5% i T, mean 28.646 P 0.0036
i (year) stdev 2.872 m 0.01
R ' "é"'_ """" Ts mean 2.945 Sso 0.0
o /(V;g?:'_ 5 fnm) (year) [ stdev 1.227 T, 0.2
N ' A mean 4.85 b 0.4240
0 stdev 2.022 R, (mm) 125
E Y v A mean 0.312 S bare 35.0
; S sydev 0.096 Do 1.0
?{ i a mean 0.501 R 4 (mm) 45
W (mm/year) | stdev 0.203 Ps 1.0

o 100 o 0 mean 0.8031

Fig. 6-15 Single scribed (SS) (rad./p) stdev 0.0595

panel simulated.

Fig. 6-16 |Z leen 280 SHT2GA OB E LT, Letorg=2.5 MM, leelinew=0.625mm & L. Py %7

(6-1DITHEVE L S HTz & & D 10 BIFHEFE B LERERE 7 1 7 7 A VAR T, Ppi=0.0036 &
BE Ly leen 7 2.5 mm 235 0.625 mm (2 SH- & & REZIIRE M (x=0 T 41%4H
my F 205, A(6-19)ITTHEV, Ppir=0.000225 [T T 5 Z & T, x=0 T 15%JE TIZir5<, 72
B, XTI AKX a%, Tablel D 0.501 75 0.544 |[Z0RHENNT 2D Z & T Leellore=2.5 mm DJFE R F
Ty ANEIFEREDOLDEHED Z LRHES,

Fig. 6-17 1T Leen ZHIM S V72 A OB E LT, Leettorg=2.5 mm, lelinew=5 mm & L. Py & 2(6-
IDITEWE L ST & & D 10 BIFHREEE—LERRE 7 2 7 7 A V&7 T, Ppi=0.0036 &
E L, Lt & 25mm 725 Smm (TN S 72 & & BRES IO (=0 T 1% L) 15,
— 7. R(6-1ITHEV, Ppiv=0.0144 |ZIEIIT 5 & | Leetiorg=2.5mm (2% LT, x=0 T 26%H /19
Do T70bH, Pu 322 LT T, leog=2.5 mm OFERE T 17 7 A /L & OIERED
RELIeol,
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:2.5mm, P,;: 0.0036

—— .
cell pit*

—— gy 0.625 mm, P2 0.0036 A= Ly 2.5 mm, Py 0.0036

—o— gy 0.625 mm, P;: 0.000225 o= Loyt 5 mm, Ppyi: 0.0036

= L i

—— I 5mm, P;: 0.0144

Corrosion depth (mm)
Corrosion depth (mm)

10
-0

Distance (mm) Dist'ance (mm)
Fig. 6-16  Averaged uniformed corr.osion surfe.ice Fig. 6-17 Averaged uniformed corrosion surface
profiles when Pyt and a in calculation profiles when P in calculation
parameters for /[e=0.625 mm are parameters for leei=5mm is changed .

changed .

ZOTEEOHE AL, By RER L EEEE L OMERE. vy bHEES A OASHEE () OMaEE,
BEELOEZEDER LTS, UTICEDFEMERT,

vy MERIT Fig. 6-7 I THEETIELIL TR, BRIES dy L X~LA0,06, By M
ERE O () OPRTHD RPBIRESND, Fig 6-18 128 FgAE/L, IFEEL, By
& A s (1), BEEArOMERGREZ RT, vy MEAEMEIZELOTLTHY | R
MWE Y FEAEALORLE itheell (51,23 +) OFLOREHEL Y HRITIUL, itheel ITHEEE
NeBIREND, WD T, L PREZTIUL, BEEALOERZBKES D WTHDREL Y T2 2
LRy, BRESORMLREL 25,

° St I R o«—— center of cell
-7 \\\ v
P N ™~ i-th cell
L Ly | L2300
o o | oRj o < corrosion cell
" pit I identified
o o o o /o
| intersection line
o od o | . | between pit cone
and plate surface

Fig. 6-18 Positional relationship of pit cell, neighbor cell, intersection line between pit cone and plate
surface and corrosion cell.
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B 21X, Leer=5,2.5,0.625 mm Z /SR UIZEBNT, ZREN L EOE Yy SB3FAEL., dy=0.5mm,
0,=0.803 (6.43HZM) & LG AOBREENEEEEE/VEMEIT Table6-4 D LBV ThH D, R
I% Fig.6-7 XV 1.56 mm, J&AEMERO Mm@ 7.6 mm? & HHE SN D, La=2.5. 0.625mm DA
Table 6-4 O L850 | MEFEIZHBATVME L 72 523, La=5 mm OA, MO TRKE2EL 25,
F70. la=Smm OFEDOFEREE /LI Table6-4 DEFBY 1HTHY | EEESITE Y MERS B
RMELRDHOT, RWEKCRERBRIFESEZ 5252 L1275,

LLEMND, L% 2.5 mm 225 5 mm (ZHM S 2802, R(6-19)IHE- T, P adifE LIz & L
Th, BRESPRELLHHAE, BEELVOERENS, BREELVOERZEBRICEES -7
72D ThD,

FROBHENS, laZ 25 mm LY HRETDE, HOWERERTH S0 7 7y A V25258 &
BT, NI AZOFFEPHELL DD T, lalT25mm T ETHZENEE LY,

Table 6-4 Number and area of corrosion cells when /e is changed.

Leen
5 mm 2.5 mm 0.625 mm
Number of corrosion cell 1 1 21
Area of corrosion cells (mm?) 25 6.25 8.20
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BT, =y VIO KKE « HESH ST A X OREFIEERFET D, HELZET L - FEOFHME
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AREIIRIRG SODHRIZES D TH D,
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®BT) ®EFRE Y7 Y —x ¥ (BIFEICRIER 172m) TREFBOE~ DR S s ZFHEIL .
Ty VERREEZ RO T, =48, T3 EICBIT D=y VERRESL Fig. 7-1 12T 5, Fig.7-1 T
IZLLTF RSN TV S,

A)  Is DEKRAE Ismax (5. HFEIC L 57 =4.8 45T 250mm LA L, 7.3 £C 390mm LA EiZ72 %,
=48, 13 FL HMEID Ismax 1ZHERM L W HND, ZDEIT =4.8~7.3 FEOM OLHFETD
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O) FASHETIIIMIC X O T M (s<10mm) 7 — & OBEENRZEH L TRE WA, 7.3 FTidkk
7 — 2 OFRHEEDME T U, fEREHCIE Is=30mm THIXHEE 28K 13.3% %757
KETIL., ZOEMWBT = PR A— b~ NN OX 5 L35,
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Fig. 7-1 Relative frequencies and cumulative sums of corroded spot length measured at /=4.8 and 7.3 years.

7. 3 AR9RUUTEERNEET IV
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PSPC2OFE AN S ST fRfiid WBT AR 7 U —= » IR, BRUREUE TRV EE D
BINDZENRLD ST, Fig. 7-1 D= v VEFERBIZZDO—FITh D, Z OBGITHRENIZ AU K
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(G ATREIR ARy 2 ) U T BT VR T D,
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iy To. BIRS(LEBNAR Ro. BIROBRELEWIRE Fo. BIELILIESR Ao, AR NELREL foaren P
BHRFFGEE Ts. J8 RINHIBEOREE B AL Rs. I RANHIRE Fs, HNHIBEBORINEER 4s 25 2 5,

WAL DO EAZVERE (x, ) o & Dy ANy X% IX 1 BAVOBPEAKKE L, @S5S Kl
FalD To MR M E 525, A8y 2 7O, BERSERE TIXME, = v D% Tl
Wed2, 2RI ANy Z Y > 7 OF% Fig. 7-2 IR,

BB ANy ZEEBOHPINIR DR Por B 25D, OOFEEE L (MO, £ 72 I38RE
WONR ) TR ERTEX D,

D0 P lT—EE & T 5, FHEERO ST L THEER Py D/L—L y MEIRIZE Y 23y F
IR LS ERET Do (xo,y0)s (o, Jo) B OH LD (x, p)EEE « BLFRME T 5, A3y XK
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1 L
p.df f(L)=Rexp(-AL) = s exp (_ _)

c.df F(m::1—em(_£)

© (7-1)

C]

The center

)

[ |~ “spattering’
region @
Mo -UM.

of cells in @

Fig. 7-2 Two-dimensional ‘spattering’ region and ‘spatters’.

7. 3. 2 ANy HRE

SHEL DAy 2 T EHOEEZ D, ONDYILIE ner. PR AZ 28y Z FEAETER pow 133
(7-2)DRBEHAT (B ppspr, Opsp) (ZHED & T D, pope & RBEBLIIAGT T H 2 T2 DIX, popu D
Effix &L DMENDH DO Th D, ONF 1 IRITOEE, FRIRKMEIE y S5 mICERET 5,

2
1 (lnpsptr _HPsptr)
p.d.f. f(p =————exp| — (7-2)
( SptT) 4 27T0-Psptrpsptr < ZO-PSPWZ
QDAY Z I ngpe 1I(7-3) TRHHETE 5,
Nsptr = max{l, Int(Psptr X ncell)} (7-3)
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DYFEIER(7-4) T, 1 WL DEEIEA(7-5) T,y (b, HEFE L. (G, DB KEEL & L TRk
SNTWRWGEIE, (L) E KB VICERET 5, AETIE, HEOTO{EA Ny XD, 6 L
LIFMSZ E T 5, Tebb, Ay X ELEOZE ML HHEEILEE L,
X; =Xxc+71;0080;, ¥ =y +71;5in06;
Iy = Ic + Int[(x; — x¢)/lceul (7-4)
Ji =Jc + Int[(y; — ye)/lceu]
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X =X¢, ¥i =Yc+sgn(r)n (7-5)
Li=1e, Ji=Jc+Int((y; — ye)/lcen)
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BEITOHGENLNEEZ L5, ZO%E, 6 ETEE LIEREAERY OIS FIXRIRAR
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BT BVEEPERERE RDGENZ OO T, BHEE RIS X 2B XEIRAEE L )
2720 EE X Toer DIMIRERBIEE L LR UL 52 5,
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DA A L7z, Table7-2 DAL, FE WBT = v U &F A MEO R B8 Fig. 7-1 O3
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IWVNT, ANy X E@HEICRESE LD TH D,

BRI 2 b—ya VORI I3A0.01 47, RIS 12 R & Uiz, REERS
Hofl% Fig. 7-3 1287, Fig. 7-3(@)DF O /uiL, sHEBIAR O E TR /8y X BELE S
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%, 6 FEERIERICE VIREE(State) |2 K D (A2 B X THEARLTWD, A, JK, ¥, JRIT State T (fE4
B Ta (B By FeL), b (@FEFNn -y Fd0), b (REEE -y D)
33, Fig. 7-3(b)~(d) TiZ, FIHNCELE CRUE ST ANy X3 & & b IR 2 ITIEMA L.
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Table 7-1 Cellular automaton parameters for intact coated cells.

Probability Value
Parameter distributi Remarks
istribution Conventional CRS
s - Ty mean 28.646| mean 28.646 . .
Cell’s coating life (year) Log-normal sidov 2872 stdov 2872 Phase I, Coating degradation process
Coating’s degradation acceleration mean 1.956 mean 1.956 . .
factor Ay Log-normal sidov 0815 stdov 0815 Phase I, Coating degradation process
Radius of influence range of corroded R, Phase I: Cpatmg degradation process, When there are Phase II/IIT
. . Constant 12.5 10.0 | cells within R, from the target cell, coating degradation of the cell
cells in the neighborhood (mm)
accelerates.
Exponent of developing equation of £, . . o me1
coating barrier capacity) m Constant 0.01 0.01 | Phase I, Coating degradation process, AFy,=mtg"” 'At,
Magnification factor for bare metal .
substrate Joare Constant 23.0 10.0 Phase I, Coating degradation process,
Exponent which controls the distance _ —\po. £ | 1.0 (la/llla)
attenuation of corroded cell’s Do Constant 1.0 0.9 AFor = AoATofi(1/70)"; fi foare (IIb/11Ib)
acceleration effect
Cell’s lprol?ab!hty .Ofpn activation P Constant 0.0036 0.0036 | Phase 11, Transition process to pitting activation, Pp; = aAt
occurring in time increment o
. . a mean | 0.929| mean | 0.726 . .
’ = Phase I1I. h
Coefficient of pit growth’s power law (mm/year) Log-normal stdov | 03761 stdey | 0302 ; :sirb g So:isiar;‘m;‘gr:a;t _}_ ;
Exponent of pit growth’s power law b Constant 0.4240 0.3986 ! pip 1T
Cell’s lifetime of rust shieldin; Ty Log-normal mean 80041 mean 8.0041 b1 ase Tla/llla, Rust’s shielding effect
8 (year) ¢ stdev 3.334] stdev 3.334 ' ¢
Acceleration factor of rust shield mean 0.312| mean 0.312 N Lo
effect’s decline Ag Log-normal stdov 0.096] stdey 0.096 Phase Ila/Illa, Rust’s shielding effect
Radius of influence range of bare R Phase I1a/Illa, Rust’s shielding effect, When there are Phase
. . & S Constant 4.5 3.6 | TIb/IIIb cells within Rg from the target cell, rust shield effect’s
metal cells in the neighborhood (mm) 5
decline of the cell accelerates.
Exponent which controls the distance
attenuation for rust shield effect’s Ps Constant 1.0 1.0 | Phase Ila/Illa, Rust’s shielding effect, AFg; = AgAtg(1/7;)Fs
decline
;m:_: ;’;lu; }?flf; e of rust shiold fsa Constant 0.0 0.0 Phase ITa/IlTa, Rust’s shielding effect,
ettt R O ust e T, Constant 0.2 0.2|fs(Fs) = fojp + (1 = fs0) (1 — Fg) @/ ()
. 0 . mean | 0.8031| mean | 0.8031 L o,
Bevel angle of pit (rad.Jp) Weibull stdev | 0.0595] stdev | 0.0595 | Fhase I1I, Corrosion pit, R; = dytan ()
[Nomenclature] t: Time
stdev : Standard deviation T}, : Pit activated time
AFyy, : Decrease of coating barrier capacity(Fy) when all neighbor cells are Phase 1. Ti : Duration of Phase T
AFy; : Decrease of coating barrier capacity(Fy) by the i-th neighbor cell when there is more than  Ty; : Duration of Phase IT
one Phase IV/IIT in neighbor cells. Fs : Phase Ila/Illa cell’s rust shield capacity
fi - Magnification factor of AFy; fs(Fs) : Decreasing rate for P, and a. Function of Fy
7; : Normalized distance between the target cell and i-th cell AFg; : Decrease of rust shield capacity(Fs) by the i-th neighbor cell when there is more
T, : Normalized remaining coating life than one Phase ITb/ITIb in neighbor cells.
Aty : Decrease of normalized remaining coating life Atg : Decrease of normalized remaining shield life
a: Inverse of mean phase I to II transition time R; : Radius of intersection between j-th pit cone and non-corroded surface
d : Pit depth d; : Pit depth at j-th cell

Table 7-2 Spattering and edge corrosion parameters for the small conventional steel edge model.

Conventional
Ho exr> O exr 1.574, 0.258
mean, stdev 4.989, 1.309

T enr (year)

Hao> Ono 2.1,0.38
mean, stdev 8.778, 3.460
Porr 0.03
® (mm) 50
Hpsptrs Opspir -0.10, 0.38

mean, stdev 0.973,0.383

Ay

sptr
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Fig. 7-3 A numerical example of spatter arrangement and calculated coating degradation and metallic
corrosion in a short length edge model (conventional steel).
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742 M, 743 HTHRRT HHETRE L, LT T, fEkfl—y DICEAT L FREIC C
(Conventional) . &4 v~ 2B 3 T X |2 R (corrosion Resistant) D T~V Z{F1F 5%, £7-.
RRT v VBEAIIZ 10mm LT OM/NRBIENERTE L CW AT, RS E G L CH-F S
NHTHAIZEEBEL, =y VERFREHFEZ R T 2B, ST 5@/~ v U /L (State
2a LIBR)DORIIZ 4 /1 (=10mm)LL F D FE S OB L (State 1)35% > TW DAL, WlONE
BERE L T D D LR LTz,

7. 4. 2 kMo
7.2 8iCik_7= WBT EHMR R U= v DV RMEHRED R A)DOFRBLHEE LT,
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) ARy FFHRERE L & ANy ZEE pee DIITRKRE WA NSy ZHEEZ RIS E 5,

i) L & popu (ZMIRIZKE < 7oV DSEES 49 MRFIZ KR EWEARH 0 . BRI SR K b
LTI OOERBREIZRD,

MBEZHND. FEB) OXRBIFIEL LT,

i) =4.8 F-~T73FEDOMINZ, BHIET D KMEORNTHT T2 72 AR KA AET 5,

iv) =48 F~T3FEOMIC, FIETHARMEOMERD LT DEIDORERH 5.
NEZHID,

TAwfENT & LT, K - %ﬁ%ﬂ7%&®$i%ﬁﬁ%hm B SRR O U
BRI Z TN L 7ofE R, BREo 1), iv) 28 L725810, M fi(l), BRFERSs(x) DM
7775 Fig. 7-1 OFHAIRE AL L 7= ra) %TT%/\#§U\ LD oT, LT TILL ARG 1), iv)
WZEED W T A Z BWRET D,

FEBT RIS X PSPC2OFE BRI I 1 S AL7, AR & LD = » DBIEHARD R S o R O
FRAFLERTIX, =10 FLATNC =y VERDH0ME L TV L OMEN L I TS 8, L
ST, PR~y U TIL 13 FETREITD ANy ZERREEHF ThH D LIRET D,

D F13 BV TER ANy X RN O R 2N E#AS 312 70 2 FTREMEZY & < | Fig. 7-1 (b)
anﬂsﬁu T2 Ismax (K 500mm) 13 L O KBTI T 5, LITA(7-1) DAL
I DO THRHEOEHETE D,

LUT Gl t TO Toerr DIEBIRMEZEE Froen(t) & 02<, EFMRE LY Froen(7.3years) % 7 KX
< (Blz13>0.8) ZET D, £7o. =4.8~13 FEDIls DHMAZI D KISy BT 723 8Hlc LD &5
Z\ Froen(7.3years) — Froen(4.8years)NAZISIZITVME L 72D K 92 Froen ZED Do T2, poprr DF-
BIM 1012+ 72D &) (tpspre » Opsp) & 52 D0 T 2Ty pspur 1X 1.0 BB Z 72N, Froen & 52
% Toerr DT (Lo err, 00, e)1EE(7-6) Z RN TR D D, 2(7-6) /31T EOERL 34T O IE R C
erfc | TFEMIRAZARAECTH 5.,

%erfc <— —ln(?/;)a;:o'erj = Frgerr(7.3years)
lerfc (— —ln(4.8) —Hoer
\/an,err

(7-6)

2 ) = Frperr(4.8years)

6 FCHEM L7 AR AR T ORRIR K E o 0 AT TIE. BIESMEE LN 3 DRI
BT 2 OPEREIRIE L 725, — . AROT v VERMHTTIL, =y VBESGE AL 1 DO
BEMILIEEEL 2R, L, =y PR OILREE T AR R ORI KM E D 0 5
BAILIGHE & RS LL EOBFANEZ W, 6 TOR(6-9) LV, BIEIMGZ /L OB LI R X M
EEEABUTHBREGIT 2 DT, =y DEEEE D us0, oaold. A2’ Table 7-1 DREEEBIEDIEDK)
3D IO ITRET D,

PLEIZMA, ARy XK BUER P OEEEEZ 5 21UX, Ty VERY I a2l —va vk
EiiTx b, IRNOOEEMEICLYHE LT v VERKHEIL Fig. 7-1 OF5FRE —Z L7220
DT, LLTFICEVENRT AL RIS D, fills)DDWKEE &5 5%l L FRT, RO TRT 1.8,
11313 =48 %, 713 FETOEERT,
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C-1) 573 DFFHEAE - FHHNE DL Ry, 173 Z 5T 5 o Per \Z Ryss, 7.3 DA U CHEHET 5,
Z OBz s OFHEAED GBI —BT 2 £ TRIET D,

C-2) 5737 Fig. 7-1 ()3 L OY Fig. 7-5 (TR 8D =7.3 S TORERML FHUME  FR*HAEEE 2
MRAE 13.3% %779 [s=30mm) K D /hSy (KEW) HEIL =4.8~73 FEOFBIREENRE L
TWD OERE) &5 X, Fre(4.8years)Z 0N () S8, A(7-6) 2N T Toer DI (10 0rr, 00 err)
BT D, ZOPEE [0 NRERERFE Rt 5 TRIET S,

C-3)  Zlsus DR & AEORMFHIEZ i35, FHREMEAGHEZ ERZ (FES) HEE
ARy ARG R oo (BoTe) B X T, Fred.8years)Z I8 (BN S8, K(7-6)
% RN T Toere DR (M0.0rr, Go.err) % FHTT D0 = DFHFE % Sl 105 DIUERIFHANE & Whda—EF 5 F T
RAET %,

C-4) TERMT v VBERMFFIED O D Ismxus 2 BR < FEREOFHEENFHAE & il —Bd
X, /R T A B ERERMOIENT /N7 A 2 L LTERAT 2, —BWERREOLAETE. O trspirs Opspirs
Froen(7.3years), pao. oao & L TFHEE CH~C3) DI A i,

T E C-1)~C-A)IT LV IPRTE L ThERD K « WEFEER /T A X % Table 7-3 12”87,

Table 7-3  Spattering and edge corrosion parameters for conventional and corrosion resistant steel edges.

Conventional CRS
T (gear) | L Ot 1.574,0.258 1.687,0.357
’ mean, stdev |  4.989, 1.309 5.760, 2.126
" Lo O 2.1,0.38 1.750, 0.380
mean, stdev |  8.778, 3.460 6.185,2.438
P, 0.002
© (mm) 50
. Hospos Opspis -0.10, 0.38
i mean, stdev 0.973,0.383

IR Cxw VRS % DFTeqge & FES, A28 w & RUIREEIEKRG) 13, & LT DFTedee PR
TR CEL S E#E 2 B D, DFTege DRPTIEAIE, = Y RERY Ofi TREIZE ST v
UIRJELREF ¥ (Bdge Retention Ratio, ERR) KT & BEAEEOARE %2 - 5K E LTAEL
HEEZBND, R ERY, =y VEIELE —ERIICOIZVBIRFE—DORFETHR TSNS,
Ko T ARy XTI, A3y # L [ARE7R DF Teage WV 23E U MR N K E < 725, DFTegee &
Toen [ FIEOMBEEZAETHEEZ OGNS, LLELY, —ITIX., Toew DAy F U FHEIRNTZE
ML EZ AT HEEX B D LT Tl loer ”“F’ﬁ LY BAE S B D56 Ot EIZIRT“CS”
(with Covariance Structure) %, 7255 O EICHT- “SI” (Spatial Independent) & 21 F T X545,

IS £ Ty Toen<t & 72> CEBNEENL LT ARy X & EEZA Sy 2] LI, ARy H Y
. (BB near, VAR T “BHEC & K5) POIEER Ny ZE nact), FEBRDOTEMEZ S &
FEBUER paci(t)s TEVEA S X OB GEEEEVEREORE ) dactn dact DEIFHE E(dac)d &
O p.d.f. finei(dae) 2 B 2 %0 ZEM I HANE Z R T 2 F 0. pac(D)=nact() / neet TH Y | pac() DfEIE
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wHX(7-7) TREATE 5,
pact(t) = psptrFTO,err(t) (7-7)

Pac VX I OIVTHFHHM L, IS 2 & 1 ISy 2,

6 EDRY T A 7RG TIL, ERHEIICERET 2 @it L CRBEER BT /) O BOR A
I U CBERENJER Lz, LT TZ o854 % NIBERFHLEES (L (Neighboring Corrosion
Induced Coating Degradation, NCICD) | & &5, {EMEA /Ny ZIZpEEET 2 = v VEBETH NCICD 723
U JEPEA /Ny Z L NCICD THER LB RE D OARHR S8 1270 %, IEA /Sy ZIZHkER
ToIRIEME B Vi sE i 2 “IEIEMEXM” & K5, ¢ £ TIZAE U7z NCICD TN/ TIEME
T 2 IEEEX DR S % di & D2 E | die DI E(din) %5 2% o E(din) DT E L TR
(7-8)&5 x5,

2Ao,mean

E(dthru) = l centt (7'8)

To,mean
To,means Aomean (T > TEEED To, Ao DV-HHETH %o E(dact)/ E(dinr) /NS < 725 & NCICD 12 XL 5
Ty VEREHO G (LLFTNCICD &f L 1.58) ORAEMHENHEKT 5, NCICD &E84 T
D ESISINAREDEE Ismax DT 5

T4 1 R HEIR 22 M Bk iE & NCICD Z T2 & da (T BMISIEIE A S 2 N

TET D0EHE (=pact) HRHEE T DFEIAAIHEN . E(dac)st 1FIRA(7-9) THAT T & 5.
L
Pace(t) "
dact [TFEEIATNZAE D DT\ faae(dae)lF daet (DAL THFNIWAT 5,
ZERREIEDN B D & daet /NS K RDMERDEE D, TD L E | E(dact)cs< E(dact)st & 72> T NCICD &
BOMERERDFEY | (smax)cs™ (sma)s (272D EE X DX DD, E(dact)st E(dar) D353/ E N E [ 22
SO AL 57, NCICD 52 E L Tlsmadcs & (sma)st D7 < 725D, 728, Ismx 1T
IVMETO s BHEAEIZIEF I/ I N2 & BIUNCICD STl WAL LW Z &b, Is
DR & 2ls OFFREREE IR TEREEORBIIMINTH D L EZBNRD,

LLER Y | ZE3Ls) B & S0 L 7 R B O Tl lsmax DB IZHEE SN DA H Y | £
DOHEERAZET, ¢ (T72DD Froen(t)) DV/INEWVIEERE K RDD, Ismax IS DT DG RHEFHEE
OB ECHAETE D E THEIND,

TRARFERS Tl lsmax TR S MEHIEE Th Y | HofEHIIC WBT BIE ME RO R FRlZ HrY &
ORI T, BRI OB S 22 BH OB E 2 W5 (ZFHl3 2 BEME TRV, Lo T,
Tt & C-)~C-HIZBIT D =48 FEDOFHITIEZLs D—FDHRKD | 1§ max HSEHANE L 0 55 < FFAM S
N5 Z R 5,

E(dact)Sl = (7'9)

o

7. 4. 3 MEMzY

M WBT MRS = o ¥ OBEARIINERM e U L [H— T, BRERLFASETHL, Lo
T, TA2 HTHIE LTEGERIT > DO, s Obspirs Pen T DEEMHHT 5, T OfMD/ST 2
ZUx, 742 HTHRE LTGRO MEZ WIHIE & L CULTIC L 0 iR+ 2,
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R-1) FIHMEE £ TIE, Zlsos & lsmaxes DITEHGHHE L Y K& <R D, From(7.3years) &
Froen(4.8years) Z b &8, K (7-6) 2T, erry Go.em)Z LHTT D, ZOFEEE 503 & Ismaxr3
O FHEAE S T HHFHRE & — BT 5 £ CRIET 5,

R-2)

Froen(4.8years) & HEH ST (1o, ey Over) @ BHHTT D ZIET 5,
R-3) v VBAMKHENED 9D [smuxus 2B MHEMOGE &SR —ETIE, £3F7 2 &%
MR DOIENT T A 2 & UTERAT 5, —BMENREOEAIE. From(7.3years), uao. oao 288

L CTF R & R-1)~R-2) D& % il 4,

FHiE R-D~RIBNT L0 PRE L7t B O K » HlEER /ST A Z % Table 7-3 12737

7. 5. EMWBTZyVERAY I 2L — a3

7. 5. 1 FHEMEE

Table 7-1 3 X X Table 7-3 DT X Z Z AW T

Conventional, t=4.8 years

O ex —cal_01
22030 p |_
% cal_02 ——cal_03
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Fhi & C3) & RARIT, Zlsus OFFFEAAAM EMERAER MO BT 2585,

R L Te Ty VIR REH R & GRS R O ik A
Fig. 7-4~7-7\27~¢, Fig. 7-4, 7-5 HEHKEM, Fig. 7-6. 7-7 MR MOFERTH 5, FHEIZFE—S
TAZIZED 10 E#EE L, &% OFREEREZFHFER L & IR LT,
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Fig. 7-4 Comparison of measured and calculated probabilistic distributions of the corroded spot length

(+=4.8 years, conventional steel).
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Fig. 7-5 Comparison of measured and calculated probabilistic distributions of the corroded spot length

(+=7.3 years, conventional steel).
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0.40 8.E+03

035 CRS, t=4.8 years § 76403
2030 = 6.E+03
% O exp e %“
g 0.25 cal_01 cal 02 = 5.E+03 O exp —_—
] Q —cal_01 I_02
= 0.20 ——cal 03 ——cal 04 S 403 cal_0 cal_0.
o = o) —cal_03 ——cal_04
> ——cal_05 ——cal_06 S (¢S
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Fig. 7-6 Comparison of measured and calculated probabilistic distributions of the corroded spot length
(+=4.8 years, corrosion resistant steel).
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<= 0.20 —cal_03 —cal_04 <]
5 =
= —cal_05 —cal_06 3 6403
£ 2
= p=}
& =
g
=
@]

CRS, t=7.3 year_s
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Fig. 7-7 Comparison of measured and calculated probabilistic distributions of the corroded spot length
(t=7.3 years, corrosion resistant steel).

Table 7-1. Table 7-3 DFELETH(7-8)(7-)IT LV . B(dae)s/E(dnn) 5t ET 5 & =13 4T
TERSM 0.97, MHEH 1.37 LEGHFEIC L 22N EV, ZOHE, 742 HIOBENG | (ERH,
MiEsi & b, 223t Bkis O A MY NCICD A RRBABEIZ KITTHENBE TX 5, 20/
B, ZEIE B A B L 72T T b L FHIRE RO e BT VIERFEHEE . BITR
HETHETE S L THEIND,

Fig.7-5. Fig.7-7 ® =73 O RFERTIE, SEIC L 5T, s, lsma & B FHAER DGR O
EooX#EAOTICH Y . RS, HESAOBR BMA—B L T\E, T728bb, EiRoT
FRH Y ORI G DAL,

—J7, =4.8 FETIE, B(dact)sV/E(dinn) DSUENEH 2.83, MR 4.50 &L K& <725, ZOLHA, 742
HDELLNG | ZE WS DA Y NCICD SAFSAMEIC MFTTRBIC L0 | 2= MG 2 L
TRMAE LT Ismax DEBRBE LV /NS 2D, EOFRER. E(dac)st/E(dinr) D3 K E W EHHD S5 D3 I max
DOHEREENKE L RDD, Ismx IO T PIEREFFHREIZ H O RBECHETEX 5 & TS
N5,

Fig. 7-4 33 X OV Fig. 7-6 O =48 FEOFFAER TIX, SFIC L DT, Sk OFHATE RN FREMEO X
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LOXFHADOHIZH Y | BHESMIGRITMR L T D, —F, RO CIEERRM, i &
&Y Ismax DEFEAE R FHARE R L 0 /b SVWE 2R L, ISR CRE REHRRELZ AL T
%o bbb, ERRO TR Y O RSE DAV, Fig. 7-4 OHERM =4.8 F DO FHFEAERD Is max
FHRFRREIT/N SV, ZORERIL. AEOFHESEM T, B(dw)s/B(dn) 2 3 LUF THAUE, 2Z[HIHE
WL TH smx ZEPIHEETRETH D Z & 2R LTV D,

Mt B8l =4.8 T D Ismax s HIRADOEM & LT, 1ERMZ 7 LML 7 OBENE, &
BREOHIELEBEZOND, TNOD lsmx it FiAAEZD ER ThH D550, THEHD Ismx. Tls DK
J7 HFIFEE DOFIG CTREREADOME X W I3 2% & B 2 Hivd, Fig. 7-1 I ZAuE, D Is max.
Sl (IERIDIE D % #1 93%., 67% T V) | Ismax TIEHFRIZ L DZEDNT L A ERVDIT, T
DI 1 IHERE X 0 KIEIZH LT 5, Fig. 7-6, Fig. 7-7 TIEHERM & [F] U ARy X ELE /ST A
ZaH LTZE A C =48 T3 FED BHE DM A REE L BB TETND, 2RO DR KD |
AL IE T RBREE OFLE T R =4.8 - T D [y max st HRRZZ D ER TIX R o T2 L HEER S D,

P EOFERIE, RETHRE LAy X U TR ML BRI O ZER- /A 3 i 8- R B
T&EHZ ¢, BIUOAETRELLEFECIVFHIFERZFHR TE DKM - @B T A 2 24
ETEHZEERLTWND,

Fig. 7-8 12, TERHM & MHEHNIT 5, S DFHE (10 [EIOFHRFE R ORI TE)) & FHHFE RO
2~ d, KT =4.8, T3 FEONG T, FHREMER & FHIFERICRFR—ENROBND, 2D
i R IE, HFEOIBEVA R ZEE OB I E Th 53l DR IEIZ RIT TN AETHIE LT
BT FIEIC RO RBE LKHEETE 2 2R LTV D,

16000
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4.8yr. 4.8yr. 7.3yr. 7.3yr.
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o

Fig. 7-8 Comparison of measured and calculated cumulative corroded length for conventional and CRS
edges.

7. 5. 2 [HEMOT CHEEIEH A =X A

Fig. 7-9 |2, Table 7-3 DT X Z\ZxtT 5, TEKH - M REHD Toen RFESA0EIEL c.d.f 36 K OV
ROMBIERI p.df 277, KTHE, <10 FETHEMO cdf ML D /&< (=48 T
81.3%. =7.3 4T 89.9%) . MR DI EIERFF /00 DR FF MM IERM LV IENEH 2635
ZEPREINTND,
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— Conventional — — CRS — Conventional — — {.'RS!

03

0 2 4 6 8 10 12 0 2
T0err TO err

(a) Cumulative distribution function (b) Probability density function

Fig. 7-9 Comparison of probability distributions of coating defect’s corrosion incubation life for
conventional and corrosion resistant steels.

Z OFERIT, MR CIET v DB D OREENIERIAL 0 BIET S Z L EEKRT D, —
75, Table 7-3 1T KAuiE, MM~ > P OBBEHIESR 40 IR L VK 17% A LTnD, =
AU ClE = v VBRI OIERHE D ERM L DV /NS N L2 BW®T 2,

PAEE Y| Fig. 7-1 TEHAl S AL &S0 = » DG EMHI R R, IR O IS I IR iy DIk
& 88515 OIS BIYEREE DD D 2 DDA H = X LNFEIRHVEH L TAE U L HEET 5 2
LB TED,

Ffiy WBT NEE (CFARES) OB T R&IL. SIET 2BERMBORENILRK L TEL D, ZDA
N=ARIRBETHT L2y VIERER—TdH D, LoT, KAETHBE LI 2 RoILANy &
YIETMIEYD  WBT WEEEIREO RMIBIE FTEREY I 2 b—v a U HETH L LEZI bR
Do ED XD IRIRHTCIL, RGBTSR D MUK MEZER 5370 & TS BIEIRFFA Toer DRERET V% BT
TS D HERD D,

AREOT v VRN CIE, KRN D ORENPERE T LIREETOx » DV AHFHEE)
5 R WG« FEBRGRT A X BIRET HZ LN TE L, AR, WBT NEEEHERCTH ., SUKMRE RO
BT EN 08T LB R KB OFHARE R AL L, R ORERNZERIBLE BT 5
FEHIMEEZRET A LIk, BAEY I 2 b— g BRI - RN 2 ¥ O
ETNEHEETELLEE2HND,

7. 6 5

FEfy WBT = v VR FEORIFA LA ERICHEET 2 BT, =y VERE IFHIES
Ko, =y EORFTBIERMOZEM 50 & BB REFmERN M2 HE S 2 FIELHEBT D
Llbiz, =y VEOMRKERE P O RFTEEXEEERE THOBRE NEREZ LA — < h
RV 2 FIEZBRE Lc, BB FEOAMMEL, 5 BEoxy VERFHIR R L B4 — b
~ N UEHRRE R A I U CRREE L 7o, & BIT, TR & T k8l o0 JE S IR F A= oA & Ll L |
Mt & D = > DRI RICHOW T Ulc, AETHOLNTZMAIZUL T O X S ICETE %,
(1) RUREBIERMED & DI EE1 433855 LT RRE 2 & T B EURIG C OIERM — » U ARG
PEDFHUAR RN D . TR D KM « FEREERNT ST A 2 2R ET D FIEZ ¥ LT,
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(2) TERM~T v 2 L RIFEOBRIEHER - BREEICH DA v OB R FH RO FHAR £
B, MO KM - FERRSERNT ST A X ZRET D FEEZRR L,

(3) SEOEMT v VERFHFE RO | BARTFIEIZ LV KM - T ST A 2 2 IRE L,
AT — b~ b AT K VAR - TR v OB Z FRE LR RIT, BRI R L B
T —E LTz, ZORERIT, RETHB LA NNy Z Y 72TV E Ty VERIT /ST A 2R
EEOHIMEZ R LT D,

(4) TEkER & MR DT » DERMNT/ N7 A X & iR L, RO v DRGSR, &
TR R RV R S D JEAR & | F8 852 DI BISHE IR EE DD D 2 DD R Jj = X LHFEIRFITAEH
LCTHELREEHETEDZ EE2RLE,
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F8E AA— I MACELDIBETERY I 2L —T a3 /T RAH
&iﬁmmyy&f§4v~®%%

8. 1 =

FIR 5 8080 (6 25 7 &) [T AT 2 ot LA — b~ hy (LUF. CellA & % k50
R U, BB - R — BEMAITICRI) Lz, CellA TIXBEE G, WIS LR, Ha
BFEZ RBLT D HBIERR N E R, F. ZDORTALEZRELTND, 6 %, THICBITD
PRI AZOME (T ETIHEREBEE L) (X, FIC, 4 BIORTER Y 7 I ~v—+ B E
T 160um X2 2 — FOFEREFRWRBRER L BHY L 7 7 I A4 v —+F — LRI T 150um X2
aA— FOEMZ TV 7T — FEEABRR, Thbb, B 7 7T A~ — B DG
BB RN DIREL TN D,

IW@%%%(E@)TE@EK&P&CML%Wfi mHg> vy T4 ~— L Bl Bk

AMERHERTE CWARNT T A v —Z 20Tk, Y BRI %%#é_&_&ofwéo
ZDOZ LS, AR O NT A N F 7 (WBT) OBREMRT, B 7 7T A ~— 5%
HOWRIED & DL AFET D,

CUTIEAIMD L BY ERP OB EERIC I Y (M OB EEMEIT 2 Z &5 CellA
DNRTAAGEEE ) T ITA~—DFABIIL - T, ZREAAEUDEREZOND, £Z T, K
BT, BIETEEREBICRIETEE Y L7 774 ~v— OB EBRERRICLVFAEL, Z0ff
HEDH LI, CellA RNTRAAIZRITTEE Y 7 T T4 ~— DR BERT LTz, 7ok, KEITHES
5 OHAIZESS D TH D,

8. 2 FEEHIE
8. 2. 1 RJ T4 7THREMKOE RS

—fE AR AR (DH36 7 L — K. 0.16mass%C — 1.0mass%Mn #f) 7> Fig. 8-1 (2R L 9 (T
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inorganic zinc primer.

“ 70 > .
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inorganic zinc primer.

Fig. 8-1 Coated steel panels with scribe (unit: mm).

Fig. 8-2 Cyclic corrosion test condition.
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8. 2. 2 HESNA A LU Fes0s D N T AR

JE B AR DB AP BIFR T 2 $RERL T- OIITEIZ DWW T, Zn?t OB EZHRET D 72012, A
TAREEEREIT o T2, $HERIIAEERRSEMCTEC LEEDOENT Th D Fes0488% k15 &
LA BDFEDEZSBIZL T UL TO@EYITo72, T7805, 0.02mol D FeSO4+ 7TH,0 & ZnSO4
% EVIH(Zn/Fe) T 0, 0.1 TIA 7= /KIEREER L, =%, iR L7 KSKRPIZZE5% 14/min O
TR TR Z AL N B, 35°C T3 Rk W70, B(LRISH, pH 2% 9.5-10.5 OFAPHIZ /2 5 L 9
{Z 0.1mol/¢? NaOH /KiFiE = Nz T pH Zi{%E LT, BAL#E TH&. L% AR - K¥EL, |IET
HZEBE S T, £ D%, FesOs b7 OMAINEL FHM T 572D, R DR E I & W7 2 LK mif
DRNE ZAT - 7o, RERIL, REEREE CRIE Lo ERWESRME S BET X 0% AW TH
H L7z, WEORMLEEE LT, 100°C T2 R EZEH R LT,

8. 3 FEBRI LORHTHE R

. 3. 1 AT T A THRIEEIR O AR R

Fig.8-3 |2 CCT168 Hifkitt D v 7 AT, ¥ v 7 SRR O EIN E £, KO BRiE -
Bréfte oM 2T, BIEIENNA S T4 THDHHEITLTCWDH I L, Vv 7 MBI OB
BERZAVIEAE S, V2 7 BRI L 0 bABO TREWZ L8005, o, BRI - BRéE% O G E
D, B EEBITBIEIZALER & TS T D 2 LR D,

After corrosion test After removal of film and rust

With

zinc

Without
zinc

Fig. 8-3 Example of panels with and without inorganic zinc primer after 168 days in CCT and those after
removal of film and rust.

Fig. 8-4 |2 CCT #% DY v 7 WATRBIR & ¥ > 7 TBARARBAR O L LB REER 7 v 7 7 A
Nt Vr AR TIE, 56 B, 112 H T3 3B, 168 H T 4 Bk DOEHETH 5,
Dr 7 BEARBR T, 56 B, 112 A, 168 HFNEN T, 6 ilBRIKOEBETH D, Yook
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i O 7 BBATRBRIK S b A7 T A T ORI VEREOBRERE 2 7 7 A VAR L,
R L &b, RS M EmE AR (Fig. 8-1 D x Hh) ~DOBROETHROEND, A7 T4 TH
DFERZIEL, 56 H TV 7 BB OIE O NIEBEMARBK LV /<o TWnDH A, 112
H, 168 HTIX, Y 7HETEN R, LL, x FAOBROERITIY V7 HFHETRE < B
0. V7 EREARBRRIL. x FROBEEOERSRD TRE W,

——CCT:56 days (without zinc) CCT:112 days (without zinc) CCT:168 days (without zinc)
—CCT:56 days (with zinc) —CCT:112 days (with zinc) —CCT:168 days (with zinc)
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Fig. 8-4 Averaged uniformed corrosion surface profiles of panels with and without inorganic zinc primer
after CCT.

8. 3. 2 EAA—I P BEFNEREII2L—Ta VR

6TV a2l —a T, EREFARR - FREAFHROEELBZHHICT 5720, FER
AR 4 AR EICHE L T\ D, T72b b FEEREB AR Z 10 512 LT,
Vial—valHE LTS, £I T, AREORBRIZOWNWTH, YIalb—T 3 28N T
X, FEE b, EREEARBRRRAZ 105 U CEHR Lz, 372b5H, CCT RBRIFRH 56, 112, 168
I EMZETEIM 1.5, 3.1, 464 (2= b—3 32 T=153.1,4.6 4F) IZHYT D LRE L TEF
BT,

AEOBK TR I 2 Lb— 3 VI Fig. 8-5 IR T/ /LA — b~ F AT KD EfE LT,
BRI la=2.5mm & U7z, GHERE TR Toe=4.6 42 & L, K513 A 7=0.01 42 & L7z, Fig.
8-5 DK LT To=T=0 (T IXTBIEHEIEFREA N S AL RTEMEL £ TOEBIM) &hiE, §5E
BIAAE S OB N EERE SNDRE, T2bb A7 I7A4 T72RILTE S, B, AHFET
X, M RT A X &5 2 DAL IR ZE M o B 1T A E L L

t= 0.010

Fig. 8-5 The cellular automaton for single scribed panel.
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Fig. 8-5 O &/LA— b~ F TR ST BAR O 5 %) — (LI R R~ 1 7 7 A /LS, Fig. 8-

4 DFERE —ET DI DT CellA /XT A Z 2P LT, PREDERITIL, 7 % Table 7-1 ORERHH
Ral—varyCHEALEEEZIEESE LT, 6 ETRELLETIHCTULER T XX DREEIE
L7z RIE LT2/3T X Z DA% Table 8-1 (2”7, 723, ARERO V7 HEEATRERIK O FEHRE R
ZRA— b~ NN L7 Oda B DO#HAE TIE, 5=0.2750 OB EMEZEH Lz, T okicHE
B RSB SN TX =0T, b=0.4240 [ZRLE L7,

Table 8-1 Cellular automaton parameters.

Probability Value
Parameter distribution Remarks
With zinc Without zinc
N L Ty mean 28.646| mean 28.646 . .
Cell’s coating life (year) Log-normal sidov 2872 stdev 2872 Phase I, Coating degradation process
Coating’s degradation acceleration mean 1.956 mean 4.85 . .
factor Ay Log-normal sidov 0815 stdov 2022 Phase 1, Coating degradation process
Radius of influence range of corroded R Phase I_, C_oatmg degradation process, When there are Phase II/I11
5 . Constant 12.5 12.5| cells within R, from the target cell, coating degradation of the cell
cells in the neighborhood (mm)
accelerates.
Equn ent of ldevelopu}g equation of £ m Constant 0.01 0.01 | Phase I, Coating degradation process, AFg, =mtj' Az,
(coating barrier capacity)
Magnification factor for bare metal
substrate e Constant 23.0 35.0| ppase 1, Coating degradation process,
Exponent which controls the distance _ —p. e | 10 (la/llla)
attenuation of corroded cell’s P Constant 1.0 Lo| AFor = AobTofill/ T fi= 0 £ (b i1in)
acceleration effect
Cell’s .prol_)abfhty .Of pit activation P Constant 0.0036 0.0036 | Phase II, Transition process to pitting activation, Py = aAt
occurring in time increment i
. . a mean | 0.595| mean | 0.595 . 3
’ - Phase 11, C 3 t th,
Coefficient of pit growth’s power law (mm/year) Log-normal sdev | 0241] sdev | 004l ise I, oiroamn pi grjw N
- " d=at’;1=t-T,T, =T+ Ty
Exponent of pit growth’s power law b Constant 0.4240 0.4240
 epa: Lo Ts mean 8.004| mean 2.945 . Co
Cell’s lifetime of rust shielding (year) Log-normal stdov 3334 stdev 1227 Phase ITa/Illa, Rust’s shielding effect
Acceleration factor of rust shield mean 0.312| mean 0.312 vl .
offect’s decline Ag Log-normal sidov 0.096| stdov 0.096 Phase I1a/lla, Rust’s shielding effect
Radius of influence range of bare R Phase Ila/ITla, Rust’s shielding effect, When there are Phase
. rang S Constant 4.5 4.5 | 1Ib/I1Ib cells within Rg from the target cell, rust shield effect’s
metal cells in the neighborhood (mm) . >
decline of the cell accelerates.
Exponent which controls the distance
attenuation for rust shield effect’s Ps Constant 1.0 1.0 | Phase Ila/Illa, Rust’s shielding effect, AFg; = AgAts(1/7)Ps
decline
;?mal' ;/_alu;: ;A)fl/f" e of rust shield fso Constant 0.0 0.0 Phase Ila/Illa, Rust’s shielding effect,
ettt e T o st s T, Constant 02 02| fs(Fs) = fso + (1 — fio) (1 — Fs) @/
. 0 . mean | 0.8031] mean | 0.8031 . b,

Bevel angle of pit (rad.Jp) Weibull stdev | 0.0595] stdev | 0.0595 Phase 111, Corrosion pit, R; = d,;tan (T)
[Nomenclature] t: Time
stdev : Standard deviation T, : Pit activated time
AFy, : Decrease of coating barrier capacity(F,) when all neighbor cells are Phase 1. Ty : Duration of Phase [
AFy; : Decrease of coating barrier capacity(Fy) by the i-th neighbor cell when there is more than Ty, : Duration of Phase I
one Phase IV/IIT in neighbor cells. Fs : Phase ITa/Illa cell’s rust shield capacity
fi - Magnification factor of AFy; fs(Fs) : Decreasing rate for P, and a. Function of Fy
7; : Normalized distance between the target cell and i-th cell AFg; : Decrease of rust shield capacity(Fs) by the i-th neighbor cell when there is more
7o : Normalized remaining coating life than one Phase IIb/ITIb in neighbor cells.
Aty : Decrease of normalized remaining coating life Artg : Decrease of normalized remaining shield life
a: Inverse of mean phase I to I transition time R; : Radius of intersection between j-th pit cone and non-corroded surface
d : Pit depth dp; : Pit depth at j-th cell

Table 8-1 D/XF A X %@ L C, Fig.8-5 DB /NA— b~ F 2LV EFHE LIz VIREER O6] &
Fig. 8-6 I/~ d, ¥ v 7 HERANRBR O BIFRGMEEIX, ¥ 0 7 AR KT LT, M TRE
<. Fig.8-3 ORI OFHEZ B L T\ D, FHHE LB B0 s — b g Rkin 7 v 7 » A v
& . Fig. 8-4 (T RT EBREE & Ol % Fig. 8-7, Fig.8-8 1 rkd, = 2T, #EIZZFNZEN 10 [HE
BLIERROTFEHETH D,
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(a) Panel with ~ (b) Panel without
inorganic zinc primer. inorganic zinc primer.

Fig. 8-6 Examples of calculated cell status of the panel model (CCT 168 days).

exp. CCT 56 days exp. CCT 112 days

exp. CCT 56 days

exp. CCT 112 days

exp. CCT 168 days -0~ cal. CCT 56 days exp. CCT 168 days - o----- cal. CCT 56 days
- -o- - cal. CCT 112 days —o— cal. CCT 168 days - -0 - cal. CCT 112 days —o— cal. CCT 168 days
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Distance from scribe (mm) Distance from scribe (mm)

Fig. 8-7  Comparison of measured and calculated  Fjg 8-8  Comparison of measured and calculated

averaged uniformed corrosion surface averaged uniformed corrosion surface
profiles of panels with inorganic zinc profiles of panels without inorganic zinc
primer. primer.
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BNBIHIC—HLT\D, ZOREIX, 6 ETHME L7z CellA 23, AWFRO IR (BIEHEE,
JE ERRBR AN 6 Ekﬁiﬁé) TH, B2 I TIHFEOBRBETEEY I 2 L— a3 VITHER
ThndZELaERL TS, Table 8-1 12 KAUX, AWFFED Y 7 BATRAERIK CEHR & ERO—H %
55121, 7 % Table 7-1 XT A X D5, /RXT A X a DHOFE (0.929=0.595) T+ Tho
7o 7 % Table 7-1 D a [HIZXH LT, KED V2 7 BARBKD a fHIE L7223, £ OHH T

FATEBR N A ARBRR ] O 10 52N EARRBERFRICA Y 5 L AE Lo AR OB - R IREE
TOEEEEN, 4 EOZIUKT L TR L7720 B2 6N5, Vv 7 ERARBRK T, A0
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L% +£15mm OfLfE) TREMABEBABRONEZN, 2l —a B0 TiE, 208
BTV, BRERE T 17 7 A OB E S O I AR AR H ok EE ) L
VETHD, 22T, FIORY 54 7 bR B COR SR ARH & EZH/ I 21—
UHEBRDOAEICOWT 842 THTELET 5,

8. 4 B
8. 4. 1 E®ILA— K7 /N TAF T, Ao, foae DRFEDHERME

U7 BATRBAII KT LT Vv 7 SRR TIE, Ao N, Ts 2 frare IS H T2
M. ZOFERIZOWT, B 7 7T A~ — IR & B T T T A~ — BRI OB
BN i COBRB LOBEIZND A H =X LN 5EET 5, Fig.8-9 1T DA N =X L &R T,
BERKFL LT, 7/ — R, Y= FNCES#EEET 2 HO, 02 DHER LN, BiRkD LB
0. NTHKTIZE D Nat, CUERRIRIICE R, BEEICEET 5,

B 7 7T A ~— IR O S £ BN AL A 7 = X 203, B 213, Funke®? D515 L0 |
UTDLBYMHATE %5, 9725, Fig. 8-9 (a)Rmd X 912, B T HO, 0 DIETTK
Je (1Y — REOER) 128 5T, OHWAERKT 5, OHDAERIZE > T, BEFAT LB VLL, B
BEOFIEEEZ AT D, D% T TIL Fe OF / — RRISIZE > THIMBERT 5, 72k, EkLT
OHIZxf LT, FAIKENT Na BB T IR A L, #RJE NaOH I8k 2 k4% 2, £ LT, Zhz
HRT D720, B0 BEETITEAL, BB IEKT 5 2,

H,0, O,

H,0, O, ]
1 Coating defect

Epoxy coatir
Inorganic zinc film

Zn— L,20H-

(a) Without inorganic zinc primer (b) With inorganic zinc primer

Fig. 8-9 Corrosion and blistering mechanism of epoxy coating steel without and with inorganic zinc primer.
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Fig. 8-11 Calculated uniformed corrosion
surface profiles of panels without
inorganic zinc primer.

-3.2
Distance from scribe (mm)

Fig. 8-10 Measured uniformed corrosion

surface profiles of panels without
inorganic zinc primer.
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BEOARL)— M AL, SN/ XT A X OMRNMME —RICGER T, —H. RSIAARVOEREY
Lab—va rEFERT DI, CellA ZBEMER, BRERO A A2 ZETEL L) ICUR
THOMENDD EEZEZ LI, TOFEE LT, %\ﬁﬂﬁ/\7% K%, ZERIEE AT DMERSAT
Hx25ZEeBEXHND,

KRETIX, BANCAT T4 7% 2 REE LT BERBRIROEERBR A FE L, TnEnDoR7
FTATTIHBERE T 2 7 740 (FERBARW OB EEM T 27 7 A L) ICARE—HRNAEL D
L ERRT, BT, ML BIEE A A T 2 MEIERELEOS A AT D FIEERE L. B
T AL OGS EFFOMBUIEREE T 2 2HREZ BN+ 5, ZOE CellA v/ 7 A
IZEV . 2KRRY F 4 THRBEIROBE T EEZFB AR T 5, ZOREMENL. ERTHHE
T RRm T 0 7 7 A VIERTRE OFEBIRER 2 3l U, 0BG 2 BT 5 LB 2 BET LT,
B, REIFEADL WOMAEIZESIS LD TH D,

9. 2 MG S EOER RS D E R

6 B, 8 ETIX. BELBOMERIAM DRI TRE L Uiz, ZORRIT. METiEEm o
BRI RBREE NS — L RET D2 Z LY T2, LinL, ZOMUENRKY L2 EE %
SNDGE . T/ NT A 2 OELEY u/\/\ﬁﬁ%L%%ﬂﬁ“ézgﬁ)%é LEZLND,

PUF OZEMIFEFHRNTIZ, SEHENT Y 7 b7 =7 R ver. 3.5. 199D ZE[M#TF /v 77— geoR™M™IZ X
0 ENi L7z, geoR /Ny — D gif BEAM T 5 & /WIS 2 £f - 7o IERRESRIG S ERK T &

Z DYy A e WO S A S BOE e =5 (A H 2 FIEZ LU T ISR T,

Jed, VERKT D RHBOE RGO RS, ok Vo Ppa HET 5. grf I3 D 5150 T Box-cox A
8% lamda=0, mean=u, sill=02, range=p& L CIHpHilEE A A T 2 X BOERMEEYE 20052 1ED,
L BEIEIITRO-DOKEET V2B T 5, 22T, h IZHEEETH 5,

1-— HM+1|| (0<|hl<p)
Copn(R)= 2p 2p8 (9-1)
0 (Ihl > p)
Z(X) D) mean, 5y var, FEERZE stdev 1TR(9-2) CRIFA TEX %, ZX)D L > VidptELL 72
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o2
mean = exp (,u + 7>,var = (e"2 - 1)62’”"2

(9-2)

stdev = \/(ef’2 - 1)62“’“’2

9. 3 FEERHIE

— A AR (DH36 7' L— K, 0.16 mass% C— 1.0 mass% Mn #f|) 75, Fig. 9-1 (27" 9 KL 9
(2, £ & L=120 mm, 18 W=135mm, #JE =6 mm OREBRBIZIM T L, Rz50 um T7 7 A h L7z,
FEDO%, BT RF UEE 160 umx2 = — N THRIE LT, ok, AR THW AR Uk
I T X~ 27 ] PSPCORRERE CTh 5, W%, =X 7 4 —WE BM2P 7T A F v 7 v
Z—ZHW, 1B 0.7mm, EZ50mm DAY T4 7% 30 mmEET2AMG Lz, i, 277
A TILEBEOBREICE T 2 BREA BB G 2R L 05, BT, Z ORERHZ Double-
Scribed (DS) #ERAk & L5,

120

Fig. 9-1 Coated steel panel with double scribes (unit: mm).

DS BRI 3 K DAY A 7 VI RRER (Cyclic Corrosion Test, CCT) % 168 H [k L 7=,
BRIEIX Fig. 92 LB | (35°C, AN TH/KMEE, 2h—60°C, RH50%. 4h—50°C, RH>95%. 2h
DD I L)7 AE&(35°C, RH>95%., 2h—60°C, RH50%., 4h—50°C, RH>95%. 2h O K L)7
A OAZE & L7z 708, 168 Hifkumte, Btk 3 ez lmli U, sRERIR DRI, Rl 217 - 72, BRIE
HRIL AL TR R AU N —S911 2 L, BREFRIL 35%Hi% : 500 me/e, ~FHAF L7 K
T 35g0, HELFET KA €y k 700BK : 0.5 ml/0 & RE LT KRR A Uiz, BRiE -
s BRSOV T, A7 T4 7 E & 50 mm O T L — PR S & (R —x o 2]/ LI-V7200)
2k 0 227 54 TIELT - BARFIANZ 03 mm E v F CEAEES 2 1E L,

Fig. 9-1 I RT LI, 2ARKDAZ T A T O R REZ R E L, A7 T4 TIZHEIZE o7
x B, A7 T4 TIVATICE o7z y Bl xy EICEE CHBREDO V@S ZFA L T2 ki X
T oA & D,y FEEEME U xz Wi % xz 5EiE & K5 AT T, xz REMl 2381 B A s B b
OB T 07 7 A )V AT T A T > TSRO 2R 50mm (27> RS L=
07y ANEYAUEREER TR 7 AN E LS, e, BERBROY LERER 2T

Hﬁ;{,\
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TANEELITPUE LI T 0 T 7 A Ve CEEEAUEREER T 0T 7 A L KA,

Spraying Dryness Wetness
35°Ct1°C 60°cx1°C 50°Ct1°C
Artificial seawater > RH: 50%+5% » RH: >95%
2h 4h 2h
7 days
Wetness Dryness Wetness '
35°Cxt1°C 60°Cx1°C 50°Cx1°C
RH: >95% —» RH: 50%+5% » RH: >95%
2h 4h 2h
7 days

Fig. 9-2 Cyclic corrosion test condition.

9. 4 BAA—bw hPUBRETEEII2L—vay

9. 4. 1 fi#HrxIs

Fig. 9-3 |Z CCT168 H %% DS BB OEIN E £, KO, BRIE - M4 0B 2574, %
7= Fig. 9-4 |2 CCT168 Hiffik > DS sERAR D) —{bds KON L REm 7T w7 7 A L%
T, 2KDR T FATHLRBIENNE T, R7 T4 T2 LT, BR#R V EIROE &R
W77 7 A NER LIz, UL, AR LV ERREPRE <R DBEN 3 oK
W _TTBESNIZ, T72bb, EADBEREE T 07 7 A MR E RIERFREN BN 5 FER
TR DT,

After corrosion test After removal of film and rust

Fig. 9-3 Example of double scribed (DS) panel after 168 days in CCT.
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Fig. 9-4 Uniformed corrosion surface profiles of double-scribed (DS) panels after 168 days in CCT and
average of them.

Fig. 9-3 DEFRBRBRLDEELY RLDH L. A7 T4 7 Filah LA ML TWND Z Lk,
B NS LI KDL MNC > T ATREME S B 508, FNNERIR S DES
ARE =D FER &R o TFHLIT R, —, BIETIEREOREEM - EITHEIL, FTHiRmEmREE,
BIEORFTHPREBICEES NS, BERTIE, RFTNZR THREE, BEREL 22— 5
ZLIETERY, ZORITREORE ML, BAd— hv b oR3T A X B RS EE b
DHMTHEZDHZLTRETEDEEAOND, £2C, AETIH, MEREORILEZ T,
RIABOEMIEHBEEE 5252 LIk, EREROLELGARE)—RBRFHR T2 7 7 1)V
BPELIDNENEHRRD,

9. 4. 2 HHEE A ML L 72 Double-Scribed &7 /L DB T & £ 55

8 ETIEL, 93 Hi TR L7zA 8k (BRI 8BE 160 umx2 22— k) Z28EL, A7 T4
7% 1 AfF5E U7z Single-Scribed (SS) Btk 2 (FL L, Fig. 9-2 & [Al—5MD CCT #17-72, %
D%, 9.3 8L R CFIATEEB—ALERER 0 7 7 A VERDT-, £ LT, P —LERE
7277 ANDE, CellA X7 A ZEERE Lz, TOMRR, ERICBILERER 07 7 A
NORREENE, 22— a VBT DBRRE T R 7 7 A VORKELR, /NT A ZEE
R CE b2 2 &<, BT L 2R LT,

Z 2T, A0 DS BRI TIL, 8 D /NT AZEITH LT, /NT AKX a DIEDIHZZH (0.595
=0.501) L7z Table 9-1 (Z/R T /37 X X & 2, 7235, Table9-1 (ZIXET VD5 HE, WA
OREELIAR L, /8T A% a OEFHBEIL, a=0.595 2 A\ 7254, DS B RS RS M
FBRIZH LT, RORKE N7 Th D, SS B & DS BRI I [F— 825 (EER, [F— CCT &
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HTHoHrn, BHEBIOCCT a2y "R L7290,

B CIRIRSICERZE LT EZDBND,

W T RBREE N B 720 | SS Btk & DS #

Table 9-1 Cellular automaton parameters.
Probability
Parameter distribution Value Remarks

s A Ty mean | 28.646 . .
Cell’s coating life (year) Log-normal stdov 2872 Phase I, Coating degradation process
Coating’s degradation acceleration factor A Log-normal [——ean 4.85 Phase I, Coating degradation process

gsdeg 0 g stdev | 2.002]7"%¢% g deg process
Radius of influence range of corroded cells in the Ro Phase I.’ Qoatmg degradation process, thn there are Phase II/IT1I
- Constant 12.5] cells within R, from the target cell, coating degradation of the cell
neighborhood (mm)
accelerates.
Expgnem of fieveloplng equation of £, (coating m Constant 0.01| Phase I, Coating degradation process, AFg,=mt3"" *At,
barrier capacity)
Magnification factor for bare metal substrate Jrare Constant 35.0 | Phase I, Coating degradation process,
Exponent which controls the distance attenuation _ —\po. g —] 10 (Ila/1la)
of corroded cell’s acceleration effect Po Constant 10| AFy; = Aobro i1/ 70)73 fi foare (1Ib/11Ib)
Cell s probability of pit activation occurring in P Constant 0.0036 | Phase II, Transition process to pitting activation, Py = @At
time increment o
Coefficient of pit growth’s power law “ Log-normal mean [ 0.501 Phase III, Corrosion pit growth,
(mm/year) stdev | 0.203 deatt rmt— T T =T +T

Exponent of pit growth’s power law b Constant 04240~ T pip AT
Cell’s lifetime of rust shieldin; Ts Log-normal [——ean 2.945 Phase Ila/Illa, Rust’s shielding effect

‘ i 2 (year) g stdev 1.227 i ) RUSLS 8 &

. . s . mean 0.312 s L

Acceleration factor of rust shield effect’s decline Ag Log-normal stdey 0.09 Phase Ila/Illa, Rust’s shielding effect

. . . Phase Ila/Illa, Rust’s shielding effect, When there are Phase 1Ib/I1Ib
Rgdlus of influence range of bare metal cells in the Rs Constant 4.5 | cells within Rg from the target cell, rust shield effect’s decline of the
neighborhood (mm)

cell accelerates.
Exponent which controls the distance attenuation I, _ —\Ps
for rust shield offect’s decline Ps Constant 1.0| Phase Ila/Illa, Rust’s shielding effect, AFs; = AsAts(1/7;)
Initial value of f fso Constant 0.0 | Phase Ila/Illa, Rust’s shielding effect,
Normalized half-life of rust shield effect Ty Constant | 0.2| f5(Fs) = foo + (1 — fso)(1 — F)CIn@/In(Tw)
. 4 . mean | 0.8031 Lo _ o

Bevel angle of pit (radJp) Weibull stdev [ 0.0595 Phase I11, Corrosion pit, R; = dp; tan( > )
[Nomenclature] t : Time

stdev : Standard deviation

AFy, : Decrease of coating barrier capacity(F,) when all neighbor cells are Phase 1.

AFy; : Decrease of coating barrier capacity(Fp) by the i-th neighbor cell when there
is more than one Phase II/I1I in neighbor cells.

fi : Magnification factor of AFy;

7; : Normalized distance between the target cell and i-th cell

To : Normalized remaining coating life

Aty : Decrease of normalized remaining coating life

a: Inverse of mean phase I to II transition time

d : Pit depth

T, : Pit activated time

T; : Duration of Phase I

Ty : Duration of Phase 11

Fs : Phase Ila/Illa cell’s rust shield capacity

fs(Fs) : Decreasing rate for P and a. Function of Fg

AFs; : Decrease of rust shield capacity(Fs) by the i-th neighbor cell when there is
more than one Phase IIb/IIIb in neighbor cells.

Atg : Decrease of normalized remaining shield life

R; : Radius of intersection between j-th pit cone and non-corroded surface

dp; : Pitdepth at j-th cell

6F, 8FEDI I

D, FEEREE AR 2 E B REICHE LT\ D,
Yial—yarLTnb, £I T, AED DS
BWTIE, HE B, EREE AR Z 10 (51
L—3 3 T=4.6 4F)
RO A — b~ N AT K FEE LT, B VBRI La=2.5
REEIHE 2y 1% AT=0.01 42 & L 72, Fig.9-5 DK At/ T
To=T=0 (T ITEBEHRERAERD D LATEMAL £ TOERBREH) &9 iud
E#HRBEINDRE, ThbbAI T4 TERITE S, AETIE, fi#h

IZL T,

ITEM RN 4.6 £ (X =
= L —3 3 V% Fig. 9-5 12779 DS
mm & L7z, B TIREL Towed.6 F& L,

[ A3

AL IR S 2 5 2 o T,
oS HE G 2 B U772 DS Bt D> 2 =

BERE T T 7ANANBEL HB LI,

BERFRE T 07 7 A VO L ERNTTT~LH720

o L—3 g T, ERER AR & B REAROE

ILTCRHE L, T72b5B, CCT

B A R 57
Thbb, EREE AR 4 10 5
REBAIZOWVWTEH, I alb—a il
BRI ] 168 H
WY T D EIRELCRA L, £7/2, v

FHRBIARE R D O &R
NTA R 2D

L—3 3 »ClE, Fig. 9-6 (2”9 K 9 2R AR FR7R 6

W2, RO TERTDHEERE S 77
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7 A VIERIFRIEFRIER & 54 L 72,
g = |Lmax| = |Rmax| (9-3)
davg
Linax Ruax \FHI—CIEBRE 7 0 7 7 A VO, FEHORKIES | dog 1T Linax & Rmax O
Thbd, AABEELLY b REWEGS, BIFAOEEZ & 5, EBRTHEIS N 3 /0 DS iR
WG ERE T 77 7 AV DOBIE, —0.329~—0.182 DHEFHATH V. ZDFHIE—0257 Th oz,
Fig. 9-7 | ;,\/\%ﬁﬁf%ub:ﬁu\ TEOFRFES D O FHM L 72 BOBEE /304 A~ 97, Atk LU 1000
BT 5, Fig. 9-7 ORiMRIE, MK LI 1000 [B2> 55 5 741 2 B2 Bl L 7= fesR oy A
BEERBTH D, KENL 3 KOFEBROBOMEAEE EN LDV TH D, BHERSARITHED LK
ETDHE, BK—0257 ERDBDRE T 07 7 A NVDHNDFSR (ERER) ORIMERIT 231%T
HDH, ZOMIE, B —0257 & L o7z & & D Fig. 9-7 (R EUFER SO BFEHERTH D, Zh
X, EROBAEFEmM 7T 77 ANV A2V Ialb—a 0T AR, BALF— v hoNT 220t
G B TE D L OREGEA, AR 231% CHRAISND Z &2 EKT 5,

t= 0.010

Fig. 9-5 Cellular automaton for a double scribed (DS) panel.

-------- 0.0
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------- cal. -0.7
0-8
Distance (mm)

Fig. 9-6 Example of calculated uniformed corrosion surface profile of a double scribed (DS) panel for cases
without covariance structures.
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40 4.0
B calculated (no
35 F covariance)
—regressed p.d.f.
30 TN 1 3.0
/1 N\ < exp.(each, N=3)
525 // \\ <« exp.(ave.)
550 | { ~ 1202
: / 3=
=15 i /
10 1 1.0
i ”I
O l T T T T T T II| II II T T 0'0

-05 -04 -03 -02 -01 00 01 02 03 04 05

B p.d.f.: probability distribution
density function

Fig. 9-7 Histogram of the non-symmetricity parameter 3 for cases without covariance structures.

9. 4. 3 HrHdEE %58 L7z Double-Scribed &7 /L DB IE(LJE A 56 H)

942 IR LI L DIT, ¥ ab—va T, FRTBE SN AL EERE Y 7
T ANEHBRTLIONKETHS, i, Brd— b~ bR T 2 205 HEdE 2 450 L
TelehbBEZ B2 %, £2C, TFICHSBIEEEBE LT-REHRE =T,

AT T A TREHFROBIEA R I 2L —a VEERT LGS, NT A 4o 2B
W5 L BEZIIE GEEMREE 2, XTAX a2 BLSEDLLIFBIRIEZEZ D LNTE
Do Ko T EAHAHMRIFERE 7 7 7 7 A /VIE, Ao B L O a DI E 5 2 55 BOEBELE I
ZOMEMBEARIZ 2 SN D K570, 92 HillI R Lo I BiEE 2 A TIUEHBI TE 5 B2 6
%o, 2 LT, ZolEXO- DO R #BI%k A A9 2 EHRELES %2 . Box-cox BIECxigZs a4
HIEICKVAEKRTEDEEZOND, A& a lZOAHRISEEEZEANLZHBEX, ZhEhun
BIEEAIE, BERSICRORESEETLILEX LD TH D,

Aoy ald, Vo Ppi12 0y B0mm) OERBHFEEIEE AT 5 BIEREES TH 272, L
PPITMEERINCA Y T A TR E LT, fRITEEI R OEE O - iR 1L Table 9-1 Off &
—HT D, Ao DR pro. ono & a DRH s, 0alE. Table 9-1 D22 mean, FEHERFE stdev DIE &
(92 BRED, doF LW a DI HAGIE DR EM(mean, var, u, o, p)lE. Ao: (4.85,4.088,1.500,
0.400, 30), a:(0.501,0.041,-0.767, 0.390,30) TdH 5,

INT AL Ay & aBIOEN D DOZEMIL S HEE DM EW 2 LU TR T, Ao IXBELSLINE
RBTHY, 7TFEITTT EEY, NCICD(Neighboring Corrosion Induced Coating Degradation)iZ331F %
FolB D IEBD BRI TH D, FoldWIHIEN 1.0 TH Y, Fo=0 T Phase I 7>5 Phase 1I (275
S5, bbb, BEYLE(Phase IT), #HIZ R IKE (Phase NI 5 fl 4B EES (Phase DI
DONT, EEBEIED O HCBIRA~DBBRAI R L 525, LIZB-> T, 4 22L& E52 L
T, BEAIRZZLIEDL 2 ENTE D, BIERAMINEICEEL 52 HHF L LT, RBRikE
JEFE 1 OO R BRER BRI H & O BREGIEWTRE (8 £ IR - @ I RE ) BRARPIERIS 11T K 2 BRI RIBEM: .
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BB DEAEVE, FEND D, Lo T, A IZZEMIEGHHE R H D Z L1F, ZhbD—2FE 72T
BE DEBIEAACINER F I 2RI HRER b D Z & 2 BWT 5,

WNIRAZ alT 6 EDLEBY, By MERESRAOUHIERTH D, a IZZERILFEELED &
5T EE, By MREEEICZEMESERENH D Z EEBEWR L, UL, 4o FOZE M

(ZHEER U7 BB 5 T R BR B (BRI T O RERBEIZ I T 28 O BAIE) DO AR —PEIZ LD b 725

éznéo

Fig. 9-8 (T Ao, a DEEGOFI 2~ HTIE, TR OELBIE MKIC 0 S o R~k
AT HMEREBESRERETE DL EPRENTND, Fig. 99 1ZU A7 T LE—fila 7T,
L Pp:12 BAG0mm) TE I AN T U AOEEINB T DT 0005, 723, dow a LSO/
T A XY Table 9-1 2T 508, HopfiitZe L e Lz, HoBEEE2EE 52 & T, Fig 9-
10 IR T LT, EAIEGHRERERE 7 7 7 7 A VDB S BEES I LT,

Parameter: 4,

Parameter: a

100+ 40 14 100+ 40
—~ = w = =u
(5]
75- © 30 g 75+ 9 30
E t.s 10 g’ ""E-
o - Q 3
Eso-%z ’ Esoagzn
w 6 v
= Z E z
B 25 . 25+
2
0- 0 0- 0
0 10 20 30 40 50 0 10 20 30 40 50
Number of cell Number of cell
[ I I I T 1 I T T T I |
0 25 50 75 100 125 0 25 50 75 100 125
Distance (mm) Distance (mm)
Fig. 9-8 Example of spatial covariance structures of parameter 4o and a.
Parameter: A, Parameter: a
[f. . E 2 '
v | ’ ’ 3 - @ e a
5 . e © o = o o
8+ 2 8 ’ coe
§° 58
= folit=4
R ¥ g
Z B
q —
& 33
o 5 2]
— =
o g
<

T T T T T T T T T T T T

o -
—_
=

T
20 30 40 50 60 70 0 10 20 30 40 50 60 70
Number of cell Number of cell
[ T T T T T T 1 I T T T T T T 1
0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175
Distance (mm) Distance (mm)

Fig. 9-9 Example of variogram of parameter 4o and a for cases with covariance structures.
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Fig. 9-10 Example of calculated uniformed corrosion surface profile of a double scribed (DS) panel for
cases with covariance structures.

Fig. 9-11 2B 2 B 18 L 7= HER R0 O Rl L 72 BB A 27~ 37, #ulk LT 1000
B CTHDH, RANLIKDOEROBOEAEE ZNEDFEETH D, BRERDSMINED EIRET D
L. B<—0257 L b RmM TR T 7 ANNBN DTG (ERESR) ORIIMERIT 243% Th D,
Z ORI WS 2 A L 72358 ORBIERD 1055 Th o, £, Ziuk, EBRoOEARE
H7a 77 ANEY I alb—a T 58I, Bud— b= bR T X oSy Eo A AE T
%&wk@FﬁﬁE#H@FW&W@&%@ET%ﬁﬂénﬁm & EBET 5, Fig. 9-12 (v
22 b=y a BT AR —0.262~—0.251 (CF¥): —0.256) OFPHTH S 10 IEH:i’J@Ii’Ji"J*
(BBERE I n 7 7 A NV ERT, ERESI 2L — g U ORRKESB L OB EES RS L
o, AN RRE T 07 7 A ADRHHRINTND

LU EOfEHTHERIL, DS BRI D L 512, BIFEER %Fﬁ BO—FRMEDRFET X 7o WA,
VIal—ya IBWCEMESEREELEATOIMNERNH DL Z 2R L TND,

18 1.4
= calculated (with
16 | covariance) 4112
| —regressed p.d.f.
«-- exp.(each, N=3) 1 1.0
12
o <« exp.(ave.)
o]
£ 10 08 _
3 SN
g 8 0.6
=
6
0.4
4
) 0.2
0 0.0
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B p.d.f.: probability distribution
density function

Fig. 9-11 Histogram of the non-symmetricity parameter 3 for cases with covariance structures.
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Fig. 9-12 Comparison of measured and calculated averaged uniformed corrosion surface profiles of double
scribed (DS) panels for cases with covariance structures.

9. 4. 4 #H

ARETIE, BEEESCHEREREO HMENMEETER2WEAICIE, Y2 —va BT
IF‘ﬁﬂi’\ﬁﬂ%a_%%J\?ézEﬁ%é xR LTE, LML, RETHERE LSBT A
&Y R—F M CEEOERZBR LTZREOBRRE 7 v 7 7 A L OREHEREZIELHEET
X5 LIFRRETE A, O HIEE A EA LEARET VOREEZRAET 212X, %< OFEERKE
REVIal—Ta LV HEoNLEZ L OfE L OIS (FRFHITEE) 28T 2 LEH1H 5,
Fo, AETIIESEEEO LT E LT 30mm ZiBAZN, 2 OEILMHEE M CEM CIXR
WV, LY VOIE LVMEL., BOMERSMEENFE RO FREZFHL, v Ialb—Ta il

B HPRBIBHE SN ERER L — & T2 LI ICIRETILEND S,

F7-. WBT NS, EEEM BT DICHT-> T, RO Z LICHETLOINEND D, Fitk
EWZHBT HBE T EOZL X, RFTICHET 2 sUREBIER G & 2 OREN AL HDT, 7

BT RRBIER M OREAEDE T ML L 22NN (RFTCFEET 52 L) 2RBTLHET AN
VETHY | BFICBWTUIARE CIRE LSRN HEE 2 BET 2 LER S H B2 bND,
THIE. EREEMIC T D BIELE D ZE RIS OFEHIEE 2 A, IWETH L TERTED
EBZLNDN, ZLOFFENET D E L BIT, TETANEL OFFNEE T 2 D ORFH
HTHY ., KH TR,

9. 5 fE

ZERII B IE 2 T HREUEBELE R A TIEZE L, BT XA X% CellA 25 HE
WEEFFOEERELE L L TH A DEZ BN LTz, ZOWE CellA 12XV, DS BRI DB T
JERZEB AR L, ERTBEINTIENHERRE T 2 7 7 A LV ORBIERLZFHE L2, A&
THLITZHFIILL FIZEHTE 5,

(1) DS HBARICIBNT, 2 RKDOR 7 T4 T THBRERE S 1 7 7 A MR E RIEIFHENBLN D
FEBREERAG Oz, Ziud, DS BBREEE O~HET S, BIEMHE - RRKEOAY OB
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DUETHDLHZ EEERT 5,
(2) HE LTy PR TEREI OB AE b D HE LIHE L DX OEBLELESS
EIRAET D FEE R Ui, MATSEIRN TEAERIC T SN D L IR EZRAET DI, v
VWA A THIREMN BT DL ENITRWZ ER G0 oT,
(3) BEREH T 07 7 A WIHAHEEFERELRER L, BRTOBL I 2L — a3  TORDKE
”ﬁ%ﬁbtoiﬁfmwﬂwme0%7?%b Va2 b= AW, B A
LTS AE B<—0257 LR DERRR T 0 7 7 A VINBIN 5 ELORBFERIL 231% ThH o7z,
T, %%@rﬁ§ﬁ7ﬂ774w%/‘;V~Va/¢6%_\twﬁ—hvh/ﬂ7}§
@ﬁAﬁ%L%ﬁﬁfgék@Fﬁﬁﬁ# fEIK 2.31% CHRAEIND Z L 2 EWT 5,
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