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The Study on the Characteristics of Corner Crack Propagation
for the Low Carbon Steel by Corrosion Fatigue

Jong-Moon Lim* - Won-Yeong Kim**

Abstract

Recently, with the rapid development in the industries such as automobiles, ships and marine
structures, it is enlarged by the use of the SB41 steel. Much interest in the study of corrosion
fatigue fracture characteristics was concerned with an important role in mechanical design.

Corrosion fatigue test was performed by the use of plane bending fatigue tester in air and in
marine environments having various specific resistance from 25 Qcm to 5000 Qcm.

The purpose of this study is to investigate the effects of marine environmental factor on the
corner crack propagation behaviour of SB41 steel by corrosion fatigue.

The main results obtained are as follows:

1) The values of aspect ratio b/a of corner crack growing in air is larger than that in natural
sea water.

2) The aspect variation of the corner crack growing under each environment can be estimated

according to the following equation ;

b/a=x-y - b/t
where
a: crack length b: crack depth
t : specimen thickness x, ¥y : expeimental constant

3) A possible model of corner crack propagation by corrosion fatigue was presented on the base

of stress and corrosion products at notch tip area.

* Po-hang Junior College, Pohang 790, Korea.
* * Korea Maritime University, Pusan 606, Korea.
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4) Corrosion sensitivity of initial stage crack and corrosion fatigue life in the marine
environment is about 1.17~2.20, coprosion sensitivity of initial stage crack is more susceptible
than that of corrosion fatigue life with the specific resistance decreased.

5) The surface crack propagation rate da/dN and crack depth propagation rate db/dN in
marine environment is faster than that in air and da/dN and db/dN delaies with the specific
resistance increased.

6) As the specific resistance decreases, the exponent value m decreases and the value of C
increases for Paris’ rule[da/dN =C(AK)™ ], and so the effect of corrosion is more susceptible
than that of stress intensity factor range AK under region II.

7) The accelerative factor @ in marine environment is about 1.1~2.7 and « is to increase under
the low region of stress intensity factor range(AK).

8) In the case of estimating the corner crack by corrosion fatigue, it is more reasonable to

consider the propagation rate of fracture surface area than that of surface crack length.

SCaREREA
(Nomenclature)

a : Surface crack length(E@E#&Z 74 o], mm)
A : Fracture surface area (B2 #H&, mm?)
a : Accelerative factor (n#{% )
b : Crack depth(#&%¢7l°], mm)
b/a, b/t . Aspect ratio (Fetk k)
C,m : Experimental constants of Paris’ rule(Paris’ rule®] EEH )

da/dN : Surface crack propagation rate (EE f&ZER#EE, mm/cycle)
dA/dN : Fracture surface area growth rate (B m# & &:EE, mm?/cycle)
db/dN : Crack depth propagation rate (f&%47 ol # B %%, mm/cycle)

é : Axial deflection(¥ 3 &, mm)
Ao : Bending stress range (%3 M HiRIE, kgf/mm?)
Ec : Potential of electrode (B E AL, mV)

AK  : Stress intensity factor range (& J i ARBUEEE, kgf - mm—32

AK.  : Quasi threshold stress intensity factor range (¥ T FR 5% FE J7 i 0% Bt [,
kgf - mm~3%?2

K, y : Experimental constants at aspect ratio (Fsiktb e HEH B0

N : Namber of stress cycles (F /K 5 El#, Cycle)
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N; : Number of stress cycles to initial stage crack (fBZ4FIHAERBE71=] o M KB EIEL,
Cycle)

N, : Number of stress cycles to corrosion fatigue life (K5 am7t<1 o M1 1A EIEL,
Cycle)

R : Stress ratio (F& 7 kt)

S . Corrosion sensitivity (f&fhEe¥)

SCE : Saturated calomel electrode (8217} 2 = B &)

S: : Corrosion sensitivity to initial stage crack (fBZ4WIHAERFE 2] J&AMRSE 1)

Sy : Corrosion sensitivity to fatigue life (EfJE B ER7H2 o BT ME)

t : Thickness (BB 2l 77, mm)

p : Specific resistance (}E#i, Qcm)

. & E ]

BiE Ao BB =l 2F HEBE, A Y SR SO ERFERS mEtsx e a%
ol wal o7t Helel EEF FE Z Shel o3 KEWS EHS Bel Teth

=3 REES AL EE BT 2 dEassERAA ETHT e A®E, Wl E
FE T Q= A P ZE EEEEEY S Eibel od BaatERC] Ao & & U,

ol 2% 4BHEEEWS MMERS WKkPe ERMNE, WoWmE, pH, BE, BEERE &
oL, Wk ¥ KEFY B, KR, BE Sl KstAql, ol B dE EREE
Wol A &BREEwe £AM MHERS BfERd o Eas dosA =+ ERELE
2oz FME=T U,

olo} o] HHEER Y KAM FMEAKKZ T BUMESHRC LEBEY WM RE
o pel EEI WTF7F =l gy,

23 magEEToN FE 3 KERE o3 £BEEYe FEG&HS BRREEG oS
Jo Ale REMETNANE EEme RIS B, M BRAESES, WY mTsk
B o EERRSlE (pit) o) EAHERIHES Rao 2 WAl FRFMEEA ol (critical crack length)ol
olzAl = £A 7t &BHEEY AA o e XA A,

g, (ERE BEAHE SBASS StkFolA shA B siA ALE Qe o] #
R ohABoZ 43 mEdd MIH o SBL Zoz ddlN —f BEBEw, K 2
WS ol o EREZ o,

oleldt £ &M EWS BHEtolA EESE AT MRS EKEA AR e BEHRE
2 #obslRlnt, FEfhol o3 SMEEEMS KR ol Tol Rk BEMEE ALAY e o
Abol ERRE M-S Aokt BRI 2Eln Bahol o MMERES B o MHFETE
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UNA W Mkl B W MEoZ Bo) WTol SMHEDS Mol Y ERBERNE
o ¢ FLachee,

223 £ SBmEY ol ASHL MEMMS RMESEHS Fos St Aol FE
oldol Bibshe FRolA F2% ulE 2o BozAW 245 SMMEol 77t M WM
Wett ollA Azl A FEW KRME Buoh] FeAL HREEC mAE B, =9
Fodtt SRS WU MUSEE BEEAS] o] LPHn glomie, Fyrelt WM
o FE B kel Fo4o] 8% Hel Axn e,

ol2@ &7l hstel 19174 Haighol ols) BMFEE oI KAMES Voo 2x] HEIEE
7 AARA ETHE Aol TeAHo ol WS U0, 2 Lk BEA B
PR BACR st MMESEIEC] DY Bl Wigesl dotodA Son}, 5o BiRE T2
kel ATASol A 513, BMHMEC o EESRY S4TY ESWHE DI K -
BESOIUTO, 290 BIENR B tiel WMESHM ol AT WAL AE
o REF $us BRSO WUMESERC i AT EREE RH oA dolhe ¥
Mol o] Fof A2 gl

S5 A, EEIE ASH BE U EHEEY S RMESEEC Jold 08 Fastn
A7s)e FEHITY RAMES 99 &3 XESH 4T MR 2 1) WRERAL 273
3, RERSCl A SBAIMS] RMESCl o3 BAUSH RESEC dHAt 3% %
HA 9UA g,

ohebdl & BRE —A SEEEY, A U EEEEY Sol s13 FEel Agsel Az
SlE SBALME MEmSHold EMESCl o8 SR RS BT WAL 7 9t
o, WHEHS WA WEBES TN SBAMS FETY %% % WMESHBS F5 &
MEERHS B, BESUD

of KMSl BRZ Y BMES o DAUSHY FEAR &R H3ol KEEE,
BUAEEH 3 HRE(Lo) At B Mol oA Egaln, Mo Lol @E SB4I
Fol EEILBHQ BT BENUS, 2202 ol REE oo o MM RSl g =
APl BT ERBHE RHES A,

3 WERNTY WERS WA HE BHES ©% SRAREHS SFPe BB
o oF BBREBHT ool FA %, HMEIHS EROSZ Koo,

o FMESTOA 2SN AEGMEREES} WEERKEEED T Mk
FHE kg Paris’ ruleo] 4§3to] EHOl o% MAAME Kobn, e Mmaoel Mol
BRESel % LA @E EBEE "1AE BES KIS, Paris rules] Aol 3lojA I
NEKFERRE ol N BEEMRERES 4§ AWML Zmyo o Mol EAsE
AH WERER A AS5 s SBARMS MMESHM 3 EMBHFNZA FReln
A g,
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2, ¥ H{ ®WBHE

2. | ABME o RBA

& BBl ALd RS HRS —EEER REMM (SB4)Z o LB B I BB
Mo Table 137 2t}

Table 1. Chemical compositions and mechanical properties of used material

Chemical composition C Si Mn P S
(Wt%) 0.11 0.29 0.59 0.01 0.01
Tensile strength Yield strength Elongation
Mechanical properties (kgf/mm?) (kgf/mm?) (%)
42,4 25.8 32

olo} o MM iE YHLstel BEY HEEA = = (notch) o Fike Fig 13 2ok, ol @
RKERHS 1 Zo] whdko] BEH M A3t F BYESISI

2eln REK Bk kel ol MEHEAREEEE AK# Kawahara %Fo] 7%
o Koz FHESAN.

AK=1/2 Ac Vma (1)
714 Ao F3 MESIRME (kgf/mm?)

a: REHBEA ] (mm)
B RBI A F TS (bending stress) & th-3 3ol T33ich

3% #FE 6=PL/3EIA
E P=3EIs/L[*°]2 &
53 WH o=M/Z=P(L—L)/Z (2)
=3EIs(L—L,)/ZL3
=1.5E0t(L—L,)/L?

! U o
| < 7—@ «
N\ Y
Li=so | A L2=120 REID
S L=200 S
250

Fig 1. Dimension of test specimen (mm)
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o714 E=9 {%# (kgf/mm?)
IT=WrmE 22 =l E (bt3/12)
L=8Bp EsEsold EHH7129 B (mm)
Li=8BH 24%el4 =372 72 (mm)
=58 57 (mm)
Z = B8 (bt?/6)
0=%3% & (mm)
b=B A 18 (mm)
S HEEHN RES AL 600-2000M 717 FEEG % oMEC D SAstn, REA REO ER
LR PBS AASI ol cA%me A RES 2EES 59 Ao THR WE
i A A

2,2 Wakk

F el 483 RoR S TETY BAESHEKY 2HERHKEYS Fig.29 2z,
Photo, 12 #& WHIES /Bl tt,

RORBOB®

1. Specimen 10. Adjusting nut

2. Corrosion cell 11 Electrode

3. Feed water tank 12. Conductivity meter
4. Drain water tank 13. Eccentric cam

S. Bed 14. Shaft

6. Motor 15. Liner

7. Pulley 16. Cover plate

8. Counter meter 17. Potentiometer

9. Spring 18. Reference clectrode

Fig 2. Schematic diagram of test apparatus
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e N, Cycle

Fig 3. Stress wave form(stress ratio, R=0)

Fig. 29| k% SBskel Rk KMol —me 9742 9o 222 a4z AalEmS Rl
&Ko O ost FE 3 KEMHE HA Ao

THE 8 EHS ZoH 3] TEHE LRl o3 won, EHRERKE

el o
Asol 9t MEEMAE BEsAh

223 Fig. 13} Fig. 200 Jebd RS ROR, Eams mEase 2o (L) o Bz
e obe] Aol (L)E BLANLZA WAL HMsA BRI £ ASE sden, olw KAM

HO HEE =5 600rpm(f=10Hz) 2 ##F351 3},
Fig 3¢ RBEMEAHEKS Vet 2l Aeoln, Wik R=022 —FE3A st
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2.3 MBH &

BRESKEE Setagoz MfEslglon, FMEKoLE RRMAo KEKkE 424 23
ShHA HIEH o5 BMERE RESIH 2 T A7 25(RRWK), 200, 1000% 5000 Qcm=] Al
B 71, KR KR ENBRES #7Fs .

ol EEEPo WhkEME Cl o] 2o ME U MBEY] WMLE WAy sl A7 48
o goz AL 3o, WaERY o3 EFRHA BES BRES] At £
332 EEEol ki IdeE AH&sd

ol 5 7Z7te| WiEHTel BmErholA SB41sRe] EWMENIT fuf17tE = EE(SCE)o 23 mHigHl
BERGT (RERIES - 10°Q/V) 2 REst, HMRE- B5ite flEstslch

2K 7 o] (crack growth length) &= MM A FRBEE AK %< 34.7 kgf - mm*2o =2
—sEstAl KEMES F713 # 20009 BBRX B KS ¥ HEES SRR (a,=0.
SmmE SBPVMERMEE KREsty, olst GBEWLEBRRE HE e B d5H oz flEs
At

3. WBRR % X

3. | EeuEssoll 28t 2A 2| MRl WESH

3.1.1 2A2 @& HiRW K
Photo, 2= #7#7 FEFEAIRBEEE 7 AKi=34.7 kgf - mm™3202 UAsIA REMES Kimst

(a) 25 Qcna

(c) in air
Photo 2. Beach marks of fracture surface(x3)
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Fig 4. Macrograph of beach marks of fracture surface

9% o, BaIEETY HIEHRE, p=25 Qcm(a)9} p=5000 Qcm(b) 22l ZEEH (c)ollA FA
t=Tmmgl FEFHMY FAER =22 FH FEdd RERMEA o ZAMz &Rl KES
oA JEAoL WRESEAUEEC S FE BB Y el did vl AetzE ¥l Felm, of7]
A dAetae ATHOZ AT Zolw MauaMfole MaESHES Wikt o
e} A (tarnishing) W -Foll #ig2e] olei9] d2- =2 KeHksted vebd Zlold,

aejx Fig 4+ vl A et2] Hilky BEES] BES 2l Zolt

Photo. 29} Fig. 4ol o3t $likttel F@Ewd REMEC o3 EH 2 WaEsel o3 &R
RESES FAER-XZ Y @3] KEY NUonEHEY ZMdz GIERFHES 2ol 3
o, z2ln A GBI E Wt Fmel vebd vlxeta AL 27l FAM el
vebd vl xwta 1A e @rlel vlEl o] A gES R, @Re] A KR =t RKEel
el wiXolz zkA e Z27|7b @EZolel Jehd wixlmta zkA S A7)l wlE] @A A Az
JE MRl P2, £33 ol % wiAmiz zbA Aol ofstW Zt7tel MM WSl uiel RE
B olo} @R ol BEMEEH] 47 A vtz Y5 & o},

3.1.2 A P WEEt

Fig. 5% %% 2 Byl o3 2/ SHRESH o|: BERTS 227906, &
&2l aot &3zl bel BETES vebd Zlelth, 22|z Photo, 32 Fig. 59 (A)#Bsr=
(B)#a< &K BFEMEEC 2 2493 RPN EHHEF K (fractograph) & 23l Z o]
i, Photo, 4% Fig.59 (A)#5= (B)#Rsrol i3k HiEH p=25 Qemel RARHAFolAe ik
EHSEERRS 23l Aol

Photo, 39] ZEHolA EHHEEEE <5t KEMBEEHI (A)Faol o3t EHmEe
£33l AEz}o|oo] M (striation) o] THAISHA ehd Ux, HRERFEERS I3 A, 2=y

30

T

SN
T (A)
Crack depth, b

Surface crack, a _|

\ Notch

Fig 5. Corner crack growth of quarter elliptical
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37 019 %<l Photo. 39 (B )“Bﬁ?ﬂl et zEztolooldd Rox MHES SAHU ¥E
(dimple) o] Bo] viEh} 13, EREBEHBEEIA S 2 AR FAER WEEMHES 2oz 3l
o wetd RE&RIG &A1Y LW HHY ERME o &To] REHL Aol HE
e,

Photo, 40l 9jsts KRkl A (A)Fae Mol Mitime B¥ 2ol EHWE
o R8Il &Ectolofojd e BABESA JEhR vt A EAILY BEE Reln o,
HMENR &R ZRFY (A)Fg 2o AL AL F2 WMol osle o] ERHT o
2 A7, Photo.49] (B)E4r2 kAt MaERMS] E&ES =l A Photo, 4
(A)#bsr 2ot Bfile] AstAE A BERSHEE N 22 BRI RER] o Bel &
o & WEBMES Lol Uk

wrebA RSl o =2 BB RE&HI &Aoo LW HAO EEMHE o
&z RS Y& Aoz #gEdd

3.2 EHEssol 28t =A2| RO MEERL

3.2.1 242 e BmESH X< Wi B
Fig. 62 Mg %ol ¢ =42l &R mES®ol =Xt WEE] PEs Afmes %

P » % e b "!\ e :
5 ‘}t L PV “é&u

(B) iy i SR SR i M % (B)

Photo 3. Fractographs of corner crack by fatigue in air Photo 4. Fractographs of comer crack by corrosion
fatigue in 25 Qcm
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£317] fall, ZRBPIA WaEmP e HIER o5 25 2 5000 Qcmeoll A 9] FEHRERE Nol o3}
of REBHZ | a9t ®B7 ol bo] RELHS Vebd Ao},

olell o5t HigHiol p=25 Qcmsl KRHEKHA 9 REMBEAl ad] EEIY BRI b
o] gkl 7HA whaw, Kol F7HH p=5000 Qcmel FEdolA e 2 e JMY KES K
kel A Boh EEE T, SEFNAS 2AY &Rol s WaEs gl

a2z BRPIA WEEREED UM BBEIMH = KEHBEA ol vld & lst Wl &
RE 2, @&Rol EH wet @B ol vld KEHHEAI7} S e R &R ol
o] Bk 238 o] dulsiA #EE & EHol o,

714 BBBEMM FAKME &Rl KEBHEA ) sl o Pol wEIE EHE
EHEME] M= = FEEIY EhHol £2 fERASARE FAFmY ERx X%k et
viol SETREFIo] fEASH] WE]l Aoz BiE oo,

w3 @Rl KELTT FKEBRA S Jke] o welxl7] Al#ste #ES 2o mug
ol whet Fol Bfge s Egsid, o|2{3 BAES HIEH p=25 Qcmsl RKRHAKFANA < 2
mmg 7} W] Jelue, Kol $71E p=5000 Qcmel IR#EH A ¢ 3 mmE KKK H
oA Bk o A vehtz, ZEHNA % 4mmz AR A Jeldoez X miE &R £
A olol sl &R ol KEBLE nlx e Fihe Kol A AwPES & 4 YUtk

Fig 7 %% % WiESol o 2 &BEEAN A —Ed £m&ELoldl i &3
Zolo BEel vlA+ Eihe MES EHE HE, E8317] 8 Jebd Aol

olell o3t AHY KREBEA ] a9 KRl N3 ‘Bl b BKES BEFAA 7H3 A
BN, WEHRES el & oA R HifHo] 2 WaBENTlA LG gol
e b BEBEES o] EiEs = Mm-S Jeha o

2 T T T T T T T T T T T 8
- O :2a g O A O | Qiaaz g
| _® :vias Q= - : 2
sLRiiniz o & o] [ anemes g 8
i - A :biasm o O a a - g g 8
> O :simaie = - g g
«Z2[ B vaw (o) A O - . E
- t] O
" = (o) A a -1 3- 4 - E gO
§‘ = o A Qg 4 n gO o
a .
i r o> o g aaaemfd O lag
o s L - =8}
eg ﬁ % | s} i 0O
° | I T I P S T T T T O O A
° numm--’)‘024ssxolzummzo
""'"""‘“"" Nicycle) Surface crack length, a (mm)
Fig 6. Surface crack length and crack depth vs Fig 7. Relation between surface crack length and
number of stress cycles in air and various crack depth in air -and various specific
specific resistance resistance
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3.2.2 2AE @B Mkt =X+ Bk HE

Fig. 8 MoKEKS 2Ae@iEEd JdolA MkeMeol wA+ Bie HES Aoz
#5237 98, EEMBELol a2t @B boke] Hal WAk b/a9) kol I &Pl bt
BtRE Alsted ehd Aol

o] #Foll o3, MmEZolel KEWMH YolA WK b/at A ehixat @&EA 7}
BED et Bkl b/at Bt @EHS olx gtk 2n e BEA ol A 2AE
B3] Wikik: SEAIA Rk 288 sl SolAlH, HiEHel & p=500 Qcmol
A Bk p=25 Qemel KAKwAFAA b/at 7H3 2A bt gl

Fig. 9= MawEKY 248 GEKETAA RE&H7Z oo Al bste) Hal PRkl
b/a®) Fkoll Wi @B ol bot RERE FA okl W b/t 7 BURE vrEhd Zolth

ool ofstH kI b/ast b/tehe] Bk Zhzbe] BN dAZ e e BRI
A TF73®,

bla=x—y(b/t)
th kv BRER (3)

R (3)3 Fig. 9ol o3dl Rkl 718715 BREpA 2ep o Hopxeh, z3x
Fig. 87 9o oshwt mAz @He REWMH dolA mEholde kit b/ae RikHkHel
Ao b/axvh o 2 S depdn gich wtebd BEaESl o3 =zl @Bl REMM 3

1 T 1 T T T 1.7

14 0:25 2cm 14 — O 25 Qem

N A 15000 Qcm = A :5000 Qcm

12 7AN O :inair 12 |- O :imair

. O - L O i

10 - 0 —
< L)

S - - S = .
-] -]

g 08— — g 08 —
g g

3 7 3 B N

& o6 © — & o6 —
< <

04 [~ — 04 - —

02 — .02 —

0 I N N I TR A N 0 | I N T O T B
1 2 3 4 5 6 0 02 0.4 0.6 0.8 10
Crack depth , b (mm) b/t

Fig 8. Aspect ratio of corner crack vs crack depthin  Fig 9. Shape change of corner crack by corrosion
air and specific resistance fatigue
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ol Al Bikibol o121t Mgkl fool 2 XEetn e I 4 Uk,
3.3 ERESBEAERHO 0|xs HIERS Hi

Fig. 6ol <]3l™ HigHio]l 2 FrollA Hro}h e ol HEBREA ol a2t wBA | b9 HEol
welx = Eh, & BHMEES e BT 5 MeESol o3 A= &EEEEE v
A= RS ol BESA Jehde BAES BRI fEAA Fo Afmes FES
9 slod, MEaRAES] HiEHTS B Lol N3 SB41sHol EBWENL E o EE5 R (NaCl, Wt2%) o ##
{tell Shal FHESH Fig. 103} 110 A2lste] 2l ol

Fig, 10 FEfhAa el HiEHS #bA 7o o2 SB41SRS] BEHREMN ES #f17l= 28K
(SCE) 2.2 @sEstel ekl AHelet,

olof oslwl EEESN o3 KEER EEEES /B weixe EFEHE =4 dEhde
IR, = HiEdPiol B s A& REUASE SBAIMHS] EHRENM E v A¥Hoz Az BE
pribsl o e Mm-S 2oli Ut

Fig. 112 ehisb el Highiel Bbo) ik Hsro] JEE (NaCl, Wt%)S ekl Aol

o] #EFoll olstd MifHio] FolAFE HEsye] WEE FAD ML YT HAES JEh
A,

ol 4+9] Fig. 103} 110 o35l HidEfiol ol = MEISFSE SBLISS EREMN E/t REM
b3 SAlo] B WEE F43) EmtoZA FHARS BEREE oA Ao,

ulelA] WiEHo] 9 REREQ WaEEdhA RERE o &ELHRS BEREN Eaho
BES wol WA Ho 24 EaES 3 2ANGH REBEC X Eihe ¥l &R
A VElA Floz #gs

0° [—
T [ g
o S
g z
R g . 2 ~
T s oL
g g ~
8 z
2t
3 wi— s
@ s -
B Y=
[
ol 1 v 1} 4 g 0 IR RN B RN
420 510 540 570 600 10 10° 10° 10
B ; tial, Ec (-mV SCE) Specific resistance, p (Qcm)

Fig 10. Specific resistance vs electrode potential for ~ Fig. 11 Relation between concentration of NaCl and
SBA41 steel specific resistance
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3.4 ERES O 28 2Az| MR ERME

BaERSE ol A ESBEREMAET A REGHS WMESTOE =12 EiERYol
REwEA o1& FMAEAS Este =mde] BN Aoz FRmcho,

aeiv =Ae] &3 7%, Fig 6ol 2ol uheh o] JEAIRBEHlA S KEBRA | b &R
Aol bel RESRHS ZRFTANA 2ot ol welxlm, ZEHolv BMERTAA &Rl KD
ute} @ olol vlsl KEBHEA 7L tIS wel RS BAHol At Fig 7-9o ofstd ZmRF
A9 —Ed KEMEAC) a9 FRol N &Rl b KRS WMBHEHAA 2o o 27
ERE = RS Jebia ek =3 Photo.3 % 4ol o5t S W MEESEES RE&ER
RES 2 Tk @B ol RISy A7 MY BREAAES 2ol gt

weba] A Rl ol Sl o mAe] GEREEB] HHE KEERN &R2
ol7} Rl whel ztrhe] @Bkl 2717t ohE RARENZHRS MeRERS] ZhRE M
Bl A HEZeopul Flo 2 Az,

ez IR BA slol FASHA Mimsl= REEAMRS R fsted, Fig
122 kE#&E Kol EME FEEIAMA FA ¢ Hhel &Rl Fkmel Mt F
EE NS RQ)ol o8 44 ekl Aol

olol osld ®AE] @Hol kTl webr] REHBSehCl fEAStE &k FEE IEIIRE
o 271 $4 YA A AT SZA Photo, 39 ZEH A KEBREHS] (A)WHE L=}
oloflo] dlo] TMRAIR EHBIE Aoz 474,

18 2
by B 5 !
é 16 } Bending stress of surface crack, o, (kgf/nn?) s
2 O
& - O
- Scale
£ = ©g
- o Crack
§ | O ac
S O
: o 2 2> >‘;‘}>
3 O
£ B O
20 OO
-1
s -
| ¢ o;
1 | ] 1 ! | ]
0 0 2 4 6 8
Crack depth, b (mm)
Fig. 12 Influence of crack growth on the bending in air in corrosion environment
stress of crack depth and surface crack Fig. 13 Wedgy effect by scale of corrosion product
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e @Hel WSl B, MMlT REGHAE Hrold T Kol AL AA FE
29 wHe 2AE Rou), @EelN EEL wet T 17 ol oA FETYMNERE
o 27 A Aokl WEol wAlY @Hol mES WA GWole ERE Fig 68014 29l
ulo} o] EEMERA o) R Nt Axdoz FEigE ol olol 7L fEHZ oo EIEHAM
S Photo,39] (B)#rolx Basiel, Mm@ S ool wol vehds FAol mkE
FEHFEEAN A 22 HAURER] BED oA $o Yo GRS RERHS KEE
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Jehd 13} 29 shdol Al AT MO old AHSRMERS) BB 0, (2 MLl HEol
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oz 47,

2o EMESTlA GRWANNCE EE&RGH Y SRCLMe BMENT 4
BEELEC] ol b el RES DA MMAkEme] SBAIEMS W HR ¥2
solxch, olshel MEMALRMCl FAH AWSS WA kWS HERE Jehd 3, 49 5
BRI BAORO] BEUEHL M MHleh MAES IS MRyl ROMES
2 % BIEMERS ESE SRl ofs &MZole RES EIEYC A MBS
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3.5 Lol ®{bIt ZEBROI 0IX= B HE

&2

Fig.5-8 2|31 Photo, 20 oJslsd Sl 3 ZAg] &BBR UM BRI BKE
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S=Nair/Neor (4)
(18, ZEFIA EFBREEANA N,.re 1S Ko e oz 157

ol #Rell AotH, SBWMMERMES} BWMESRH7IA S WaRZH o 1.17~2.20°1H, HiE
ol AT 45 MBS RN gle Al 23y &EIPBFES] WM S
7t AR BRI o MY SR gl BAETS o gEAAT U

3.6 ERES Ol 2% =AMz R EREEMSN

3.6.1 XEBHEEREE da/dN S} EHEEARKER AKS RF

EEBREBEES BENBNCZ HF3e AT, Irwin Fo] B HARA &REFRES
FESEAGRBEERE AKD o MES MAS REASA?,

wtzbA] & A%l A = Kawahara Fol $#73 R (D)o EAHEARKER AKRS 2835t &
RS o3 2AE BB EREERMES REILA A

Fig. 17¢ Z&H3} mamsEh o HiEHe #bol =2 XEHKREREE da/dN I EH
WARMEEE AKZ ] BFRE Helstd Jebd Aol

o371 A K% Y BAESER ERRET B EHRERRC et RES &FAClY FE
g JeElT, o] E sy slelAe ASTMolAM A|A|3 BaBEH#: (Point-to-point-technique)
< o] &3t om, EH 2 RSl o3 REBBEREES Kby Slste, Fig.149 a-N
gl A A o] 7| g7 28 REKBBEREE da/dNE K3t

olof ol5tw HiEH p7} 25 Qeml RRWAKHAA FEaES o3 REGBH EREE 7+
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283 @BV EHEARBEEAK I UM BETRAEOBEARBER AK.ot 22
BAES A& KB HBHol ESxA=2 YH KEMES Mmstd RS el oz, VeAS
Tt BB 24 x| kol JES o BEUES o @Rl WA A BARKM
o] Btk =HFolet BEH

FENEAIREEEE AKZkol F743 A+ fm HolA: BaIRsEe] Higsie] byl =&
Z7ke] HiEHiol Ao REMEEREEE 2 Aolrt vehdxl x|t 2 @il ZA FA3 %
Az ek, a2y EAEARBEEE AKtol R HolA ek 2he FE Ilol lolA it
o] #fpol wel REBREBEE da/dNol =Xt EaETF] ¥ aA Jehtn gled, =
g Zh7be] EARBREEA T4 da/dNE AKZkol AAol wheba] AAA oz welxz g+ MM
< Yell3 gle o Paris’ ruled HEE 4 Qlth

afebA] A& e 2%, SB41gEM el EBESIG o 22 Paris’ ruleol olal #pRbEEL olAlol FEfh
Bl HiEHTe #Mbol o} MMER 5 BEREHRS 88 [d4 732 & 3ok

714 FEaESCl o¥ AHEMBBEBEE deo/dNot EHEEAGRBEE AKX MHERES
Zg517] 98, o3 2L Paris’ rules EAS AT,

da/dN=C(AK)™ (5)

Table 2= Fig, 179 48 119 WER{ES Paris’ ruleo] o3 BHAILY KEBEH C miUs A
Zate} 2l A olch,

o] #:Bo o5l 4 119 =&Kd Bl i Table 2. The experimental constants C and m of
it BERS H2skA WiEsthol e KE Paris’ rule [da/dN =C(AK)™] for SB41

steel
EHCHL AAn Y vlsl RBREH mt Experimental constant
L Folx 1 Y+ BHES ez g a3 Environment (Qcm) c m
T ek RS HWEHEAMEREE do/dN » . | X
£ ohe FmEpholA Mo EABARBEEE A 1, 000 4771070 | 2.5
o , 5,000 2,08 x 107 2.71
K%k"] &mmo\l ;ﬁg iq’ Kﬁm‘q ;ﬁ#ol ‘:‘] in air 9. 39x 10—12 3. 48

s Az ok, a2 BBREH mitel o
E EamsEThol A 2o} sl 24 5E 5000 QcmApoll Ao XHEBHEREE da/dNE fEahe
R A e dbdel #imie MERT L o 2] XEEH7 dEe Aoz Fold 4 Urh

ol213d Mm-S 2 ZF7tA o MEhESHIHEY ARt & dASn Qo] BT +5 BEREH C
o #2 2,08 x 10702 2XE 515x10°2.2 A3 AANZ me FS 2.71Z ® 2,022 o}
A REHBEEE HAAE EES Holxw Y}, oot e fHENA FEEESEREE
HERMES RSt ¥ = BREH mtol disiMzt FMET Aol bzl MR HiE
el gbo] wel A Dl BREH CRs FEIE Aolid of REHel doeet
i A7k
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& WIEH 5000 Ocme EEEE C % m3t(Table 2)& Paris’ ruleo] fRAS S FHET BiES
o] &3l 4EH Ilo REMBE ERBEE da/dNel W EHEAREEE AKH o] BERES ek
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o2& MM YA olv] A FARO aES o3 =AM BEERERMES RUAM K@
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Z]

Jol| weba] Aoz welxn gt S HeEZ JemzA dA/AN S AK S| FHBRRIGR
2 #g2517] Y4 Paris’ ruled AT oo 22 A& A& A ok

dA/dN=C(AK)™ (8)

Table 3 Fig. 239 HBES R (8)7 #o| $&3 Paris’ ruleo] o3l BHILT EREH Co

mig Aelste] w9l 7o)t Table 3. The experimental constants C and m of
) . ’ Paris’ rule for the propagation rate of
o] Rl o5l mEHNA Bl EEkE fracture surface area[dA/dN =C (A)™]
EEE RekmAhol Ao HHEM CFe 7 \Experimental constant c
o1 i ” o xle Environment (Qcm) m
X]l Al'\_:EH Hl EH iﬁ%&(%&) m ﬂk'\': bl ]’ 25 1' 40 x 10-18 5. 12
A3 olE BAEE eI gtk E MK 5,000 6.23x 107 | 5.23
“ S N N in air 2.41x 107" 5.34
FRBGEE AKl A3 BREEEEREEE dA

/AN ¢ EHEBRHEEFEE da/dNol o)A = BaE T BBOETFS BES RESILA & A4,
Fig. 159} Fig, 23014 Paris’ rule2 i@f3dle] QlojA] o2 Zo] rf AEMQI/LE Ho#k - EE3l oA
gk,

m 2] Table 2 & 3ol ol5tm #& EEol Yol Paris’ rule®] EEREH mit- #Htel mzkal 2
-79] ®ER TS & 4 Jouisy, ol iR sled Fig 179 REMEERRES Fig. 239
HEEMEREEE S Paris' ruled] o8| o5 HERMS H#k - EHE 1A ot

A Paris’ rules 83 4 ¥ =9l Fig 179 74t EAMAREEE AK o =
o 454 [0l At Paris’ ruled A43 4 gloi} Fig.239) ZA$+ EHBEARE@EE AKX 7
o] % 4EHol A A Paris rules HE£E 4 o

S5 o|n] Fig, 5-8ol| 4= EZ3 ulo} o] MEIIMEMEMFS] Bbol =& =A2 &R 25
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FEYel o 4EHAL F + Aok

4, ¥ )
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83 WRERES Bt e 2o
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o ox, vy, [WEK

3) Wil od A KRERMBE RE&HT &MYl K {EMIE mAae 2
71 o R Bl BR7E eS otghel,

4) WHRETANA BEIYIRRE) BAESES7A S EaRSHES oF 1,17~2.200, HiE
ol MAE % WHMESER/A S MRS 2ot SRR MRSt o ks
o},

5 BEEFEPANAMY RKEBBGEREE da/dN St BB EREE da/dNS ZmEHolA Bt
o wew, Higfiel WM 5 da/dNe} db/dAN & EEH o},

6) BRI Hifhic] WAY +5 KEHBEREE da/dNd| w2+ Paris’ rule[da/dN =
CAK)™]9] KBREH m3te Zolxx, Cztol AXHA fEhhe BMo| MABAEMEE AKZ
of o3 ¥ o guksic

7) IR a5 °F 1L1o0A 2,701 %, MEAMAREEE AKZol e SERTlA agko] BN
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