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The fracture surface of stress corrosion cracking of tempered SNCM 8 steel in a 3.5% NaCl
solution environment was observed by means of scanning electron microscopy and the X-ray diffrac-
tion technique. A quantitative nature of the topography and the residual stress of the fracture
surface were found to be more closely related to the crack growth rate than to the stress intensity
factor. The relation between the areal fraction ¢ of prior-austenite grain boundary fracture in the
fracture surface and the growth rate da/dt of stress corrosion cracks was obtained as

da/dt=exp(A—C¢)
where A is a constant dependent on tempering temperature while C is independent. = The residual

stress 0 measured on the fracture surface by the X-ray method was tensile and changed as a
function of the areal fraction of grain boundary fracture:
or=1—)5,

The mechanical field near the tip of a stress corrosion crack with microbranching was modeled

by a blunt crack with the equivalent root radius 0.~ The equivalent stress intensity factor given by
Kei=v"0,/0, K

was proposed to be a fracture mechanics parameter for characterizing the near-tip field, thus the

crack growth rate.  The value of p,, is twice the microbranching width of the crack and p, is the

limiting root radius for a sharp crack. The concept the equivalent stress intensity factor may

explain the finding that the fractographic feature is more closely related to the crack growth rate

than to the stress intensity factor. (Received Aug. 25, 1978)

F— e U= P OSNREER, WEDM, 75 2+ 257 4, XEUSHHGE, e

1 El T OMIMDIZRENBLES S B Y, FAE X IEF I &
W DB SR T oD BRI E, T R o Tl S B R 2 z)ﬁ&iﬁf@?ﬁfﬁ% X#79 21 757 4 & LCERIRT
R WTARBIRTH B b Cre B o M k2 XT\ 5.

BRTBIDOEN e—FHE L LA FGB R T T JIEM O B AU B T o0 4B T R e kA b
. I CHEEIESSCIIE T BB MER X R, BRI RT A — AT T 1 *ﬁﬁ%ﬂhﬁizﬁga 45) ﬁ‘i);f;‘%)
LNl 5 HERER L. [
. R WSS 8 A25H JJ}JL\#%%CO X v ok m%% J/;:: R A, R
¥ JE & B GFRKOPREEE SRTAON I~ K A<l SNCM 8 B A g 2000 TR
MEOE SR I 28 BRI BRI HUAHY R, 9% NaCl rh o] 2] Tl
BT S B RINTHARE QRN £ T J: LR 3. 5/’; all reols p%ﬁ”mmﬁ@
ek E & B RRTILASETNE SRS BRRC XD L, fid—AFI 4254 vIAREES
WEARIS44E 3 ] (19)

NI | -El ectronic Library Service



The Society of Materials Science, Japan

190 IAIEEERE, TP, RESERES, IRk

F7 =Yy F Iy, FHRECHT HIEDIERE
o TFIRR Kisoo FEETIXABIR 2 i A —AT 7 A

MRIFREII T H B DK LT, IBIIIERREK AR
T5 L OEEIW L.

Agem B CUEBED & LBENE - oA L
TR TERD K 7o LI REEE da/dl & DR
BEL, X S KRR & B BT o0 2R G

TINAEEPET D 2 20 X b R LB Y
Mz te. ¥ XZLEHEOMNMYEREEY B L, B
N XA ML TIC e T LT 5 L XD B
He D T T 2 AT T

2 £ B F FE

2.1 #EEHLURBRA

ek 557 Uk BUEHE IS SMCM 8 4 (0.39°C,

0.279 Si, 0.77% Mn, 0.019% P, 0.014% S, 0.13
%&11”7Ni®%?0r01ﬁ%&)@%5

SREATSIRIE 1 A4 v B =2 vy FHERIE ﬁ’
DT X5 filfi Ui, TesHIEB 2, 5, 25.4mm
ThsH. FPTAFLL 100 mm EEO MM B Hhil
FCERE D LIS drge v BB A& BRI T L7e
#%, 880°T T 1hr JeHifk 850°CIc FHNA 1 hr fRFFH
WEEAR Uic. BED & UALFLE 200C3s L O° 400CC
2hr fT - to. BB OB X % IR R e SRR
IS oBEOoIEEE 1. 2mm % 14 950 Bk
EL, =4 ) —EPEERAT - . L OBYIR E RIGE
M X0 AR, R BT EEL B2 LC e
7o, B ORI A Table T i,
m MR A — AT 4 PRERRL24 ThH o,

Table I. Mechanical properties of material
Tempering ; X Tensile : o
temperature Yield strength strength Elongation

| (kg/mm?) (kg/mm?) (%)

200 156 192 4.5

400 136 143 6.5

2.2 HERENEAR

SRR AT v oS — S BRI AR R A T, I
P%ﬁkbb@ﬁ&bﬁ?“&?le& A AR
K—ERR &M T o Te. FRARITI0G0MEROH
T BEA S C R Lie.

EABIES LR L LTk NaCl g Lic 3.5%
NaCl g rh~oReERECh D, Wil 22CTE2T
CIRBR X fe. PEBC oWy pll 6.2 € 2hr &
VT LTE B D Mt Tl M o ik, AR
Fek BN e B R 30 min fRAGTIRIB TG Lc
‘AR L.

2.3 BIFIEMEES SOXBEITEC L 2WESRE
FEA T T B ST X B RETMBEAC e 7E - CRRAEN

20

%&O@%<k F— x4 A3 (Dotite NAT F{=
""" PR o 0.1 KW 1hr B & L.
TEZT@AJ\L{EQIW}F 2mm, 5mm, 25.4mm DR
Frcrrrr e T mm e Bl UCfT o fe. R TE R
RO@EGETEKCHLTE~TROGERZ LD,
F oW G ERO R AR OTEEL 77 = £ — 2T
WoE L e+ 5 o PEfH s LTk,
XS INE L K — “C?f/&éig};w_mjcﬁv) xR
IR DFREIEG ST JE I BRI 4 » THIE LTe.
MEERE B=2mm L0 Smm B L TiT 7.
XA IS TIMGERS (Ji % MDP 103 1) % fijv~ Table
IT joRd b O T - fe. To BIEME: B=5mm i
B LT i e 4x4mm? k5 100 B=2mm
LT 2x4dmm? ThH L. F IO R
IR X D B RERTEE Uk LicTme B L
TRET L i X hRDI.

Table 1I. X-ray diffraction condition.
Characteristic X-ray CrKa
Diffraction plane (211)
Filter \%
Tube voltage (kV) 30
Tube current (mA) 16
Scanning speed (deg/min) 4
Time constant (sec) 5
Chart speed (mm/min) 40
Soller slit divergence (deg) 0.15
Irradiated area (mm?) 4x4
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{a} B=2mm K=130 kg/mm?? (b) B=2mm K=200 kg/mm?? (c) 50 kg/mm?/2

(d) B=2mm K==378 kg/mm?/2 (e) B=25.4mm K=100 kg/mm?/2 \f) B=25.4mm

K=150 kg/mm3/2
Fig. 2. Scanning electron micrographs of stress corrosion fracture surfaces of 400°C tempered steel
(Crack growth direction is from Dbottom to top).-
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Fig. 3. Variation of grain boundary fracture areal
fraction with stress intensity factor.
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Fig. 4. Relation between crack growth rate and
grain boundary fracture areal fraction.
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Fig. 5. Variation of fracture surface residual

stress with stress intensity factor.
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Fig. 6. Residual stress distribution from fracture

surface at 200°C and 400°C.
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(a) Micrograph of stress corrosion crack profile
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Fig. 8. Micrographs of stress corrosion cracks.

w,=0.15(K/0y)? (3)
ThEz bbb, T oT op=Tkg/mm? LicHMNER
WML EHEL, KEOEFRERD S L

0,=0.085(K/oy)? )
Lieh. Eiz, 400CHEL E LMo Fig.6 LT
or="7kg/mm? DE 0, & K& ORI Fig.7 o
BEHAbD X o K2 il Lk e 155,

0,=0. 080 (K/0y)? )
4 % ®

4-1 WEEESIUOHEERZLH

WEE B O RREE - FECBERL V5.
SR 3.5% NaCl oS IEREEKECE)
FbhizEh (Hydrogen«Assisg%i Cracking HAC)
THHZENEEEEINT D, Z OBAOBER
R e UC S 2 RImo #K IS T8 % IR DA IRE L,
BABKERITEAOZ AT HMNBEICE S ICKFL XD
%ﬁ%hﬁ%&éh,&v@:@ﬁﬁ%hﬁi%%§
T A LI J:n? BT 5w F s Gerberich 5
H BT Leeuwen 12 X - TIREI W T\W5H., KRR
ST LCH Fig. 8 @fiRd 2 & 51c200CTHE D
ELHOEIHEBCS T EREMCoREXN L
FUEBE IR, ¥ Fig. 8o ¥ 2RO #HiGE
Em&%hélémﬁﬁﬁ&%ﬁ%@%hé.%k%

KE&%@$U5MEmm1ﬁmMK%?5Gmmm)

%®%@%§%%ﬁ%%f@%ﬁ@%ﬁ%@%ﬁfi
U, ¥7 Rice bz X5 & Wm0 2RO 2 f%
DMBECAETLDZ ERRESh TS, WTFhic LT
%@ﬁ&ﬁ@%%l%%hk&%m&ﬁ%%ﬁ%mé
NLHLOEFRING. Ioks, WIS B R
MREUNRIND Z L WEHE LT 5.

Z T Fig. 9 @R iRBEL A L simess
RNz b, EEAEN X 0 BRI AR
XUNPA — AT F A PRFCBRIND. OB
X B X EHFCEE L, DEMNRLER B &N

WAFI544E 3 B

C23)

Hite S MR RAECHAREOTE R X b X2 L HET 5.
F O R E Y B LT B R A S 5. X
TSR BTN (18 R DTS %
S Muro Iz XL o THEINRT WAL, ZDET
S 8\~ C R S T D FREA I ) DATRCHE < BRI
DBRIENNEED TH D L E2 2 BRIGTE o &
WRWTR G & oL FEEABERCh B LD LE L
Lhn, Fig. 10 1k Fig.6 iRk Lic o P & DEAFR
R U R TH . RICIZE g U A PR
HORBIEHF I O A BN E R E o7
BIETE Rt KoBRX ‘
o= 1—P)ag (6)

Plastic zone

Hydrogen intergranular
fracture
( Residual stress = Zero )

Main crack

Mechanically
fracture
( Residual stress = Tension }

(a) Crack growth model - (b) Equivalent blunt crack model

Fig. 9. Crack growth model and equivalent
blunt crack model.
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Microbranching of stress corrosion

Table IV. Values of wy, Kisi, , ggq and ;.

. Apparent Crack s Fracture Fracture Equivalent P
;Iemperntrilgr stress branching gza:tlc zone toughness toughness crack tip knmtmg crack
emperature intensity width wp @ in air Kise in air Kj radius pgq rapdius o

T factor Kapp (SCC crack) | (fatigue crack) t

c) (kg/mm?¥'2) (pm) (prm) (kg/mm?¥%) (kg/mm?¥?2) (pm) (pm)

200 200 25 523 212 187 51 40

400 250 51 1076 325 227 103 44
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