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Fractographic Features of Notch Root Region in Delayed Fracture in Water
Tatsu FugrtA, Tadamiti SAKAL, and Yoshiro YAMADA

Synopsis:

A delayed fracture test has been made on SNCMS steel tempered at 490°C (6v=127 kg/mm?) in distilled
water at 80°C using self-stressed WOL specimens. The results obtained are as follows:

1)  Grack initiation time is almost identical with the total delayed fracture time in the case of conventional
notched specimen.

2) Prevailing dimple pattern is observed in delayed fracture surface under higher applied stress, con-
sisting with the fracture surface in air, while intergranular cracking is observed under lower stress. This
trend agrees with the cases of delayed fracture in hydrogen gas and in distilled water with zinc anode.

3) Stretched zone is observed both in the tensile fracture and the delayed fracture. The width of stretched
zone is proportional to (Kic/oy)!-% for the tensile fracture, while it is proportional to (Kic/oy)l1® for the
delayed fracture if ¢y does not vary in the case and 127 kg/mm? is applied. This indicates that the apparent
decrease of flow stress gy should take place during the delayed fracture test. But the effect of hydrogen
cannot be estimated because this material shows large stress relaxation.

4) On the basis of Hahn and Rosenfield’s relationship between K¢, and tensile properties, it is estimated
that the apparent considerable decrease of the true fracture strain of material near notch root combined

with the apparent decrease of flow stress gy, occurs in the delayed fracture in the water.
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Table 1. Chemical composition of SNCM8 (wt%).
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Fig. 1. Self-stressed WOL specimen used in de-
layed fracture test.

FRTETOREAIC X 2 BNBERRE Ty, K-
R OB k>, WOL RERF I L B K- SR
RO Bk & Hedg L7z e o S WFEARF ORI,
N b0 RMBI X272 ok, B MRERAO K o
SRR R v e
K1=0.2336,0:V 7 D
(onet : BEDLHIGTT, D A HE)

SHOEMHE X, WOL HEF ofimic Bz L
THE, NE»LEROETEBE T 2L L5
Foo BEROETITEDL D K O, BrosHE
SO EITRkO IS B EORRE FvT B
E L7z
2.2 BWEHBAERR

BEECAMRBORmEEET L &, B, S®w
LUIREEERIC, Stretched Zone (F|{# L. LAF S. Z.
LRET) SMEIEN SFFHOMC R B o, T O 4
L, BHBREBEEEOBEGBEIPFANGA TV, ThiZ X
5L, Ind=Nin (Kic/oy) W OBEFEIHEOLND.
N Oy Bares 5102 X 5 & 1.70 GRENIEE 2 O
T &), AFER LR SNCM 8 BT 5 Seirzic!™
DF—&ILX5HE 1.93 THhH, N=2 TH5. Indee
In{(av/E) (Kic/ov)?} ZRLAT—42® L H505,
In(ey/E)+21In (Kic/oy)iTHEWNWT ovy<E THBMNH
oy OZE(LIE TR D T V8T, & Indec2ln
(Kic/oy) EMLEITES.

S. Z. 1, OIRELEHUOBOERICHEDT, T D4k
WA | XMEIN B Z LI X DOTTE BT, i
s VB ZETEAE I X O T AR O BV EIC /R D L
SR TWaY. ZOBRHES &, BEFESRI VR

— 929



2554 % & #0

% 6l 4 (1975) il

Notch S.Z. Microvoid coalescence

Fig. 2. Schematic of fracture initiation by mi-
crovoid coalescence.
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Fig. 3. Schematic of the specimen in delayed
fracture: plastic region and notch root
opening displacement vary (R—R', V—
V") during loading in water.

DDERLBTHAS. ThbbERBECH LT(]1)X
FERALTAT, ThrbDdT a2l 5z stk

D, BhBEEOBHECET ML 10BHSELNDH
RefENi® 5.

TDRHIT, EFEBIEC X 2T 400IEESH LT D
fo. B ZOK, BROMWCHI2>THERE LisdhiE
BBIEWHDE LTENEMBER 5. b LEBRRIEN
LUTDRATTHHH0MGREET S Lic X oC8BlE
WEAE LB DOTHNE, TORLICKITERIE, or=
127 kg/ mm? L Z X A X O L RELKRD, TOEE
dBKRELBDTHAY. Tiobb ABHERLIEWS
BREELELTD, ThRBRALEKECLLDDOT
W<, BHEMRZOER» S Ly, TDkwic
JEHAEMERZ KR TR S 2 Lt Lic. Bvi#s
¥¢ SNCM 8 TH 5255k kS 187.8 kg/ mm? D D
THbd HEOHINLE—HBELXVDT LT~
U8 (515R54 : 182.7 kg/ mm?) T2V T DG NEEF
KERLTo7. .

LA IREROHEBEERCTH 55, FRFICED
WERE2EOREO K KIS X E T2
FebD RGP I X OB T PRI EER T, 5w
WHE (YA 7B ICEYA 20) 2F/ELE. £
KAHRCEICHEBR Licd L, BREIL, TOHHkks
FHRCHELAHEEOREL LY, FAROEOFA
FDOFAREDHEL /7.

3. RBEBRLEER

31 BhERE
KPTOEBRERIE, FE, EErd, BEY ET

— 30 —



-t

sk BN ERIZ k1 5 UIRE S o B E BR 4R 2555

o5 f

do/dt (mm/hr)

0.

1 1 1

1 1 1 i
120 140 160 180 200 220 240

K Lkg-mm?*)

Fig. 4. Crack propagation velocity in delayed
fracture in 20°C and 80°C distilled water.
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Fig. 5. The result of delayed fracture test in 80
°C distilled water. Time means the ini-
tiation time for the self-stressed WOL
specimen (solid circle) and the fracture
time for the notched bolt type specimen
(open circle). Arrows indicate the spe-
cimens studied by fractographic observa-
tion. Kj indicates the initial stress-in-
tensity factor.
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Photo. 1. Fractographs of a : fracture in air, b : and c : delayed fracture in 80°C distilled water
under higher applied stress (K;=203) and lower stress (K; is not known), respec-
tively, d : delayed fracture in hydrogen gas (30 kg/cm?) under lower stress, e :
fracture in liquid nitrogen, f :fracture in liquid nitrogen after prestressing (K;=
260) in air (region just under the stretched zone). g and h :low (10¢) and high
cycle (4x105) fatigue in air, respectively.
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Fig. 6. Histogram of the width of stretched zone (unit is p).
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Fig. 7. Relationship between the width of stret-
ched zone and Kic/oy.

Table 2. Calculated reduced yield strength oy’
(or mean flow stress) in delayed failure
from Fig. 7,

Ki (kg-mm-9/2) oy' (kg-mm-2)

300 127.0 (oy)

260 118.2 (0.930y)
203 109.7 (0.860y)
175 98.3 (0.770y)
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Fig. 8. Stress relaxation in air of SNCM 8 (a)
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Table 3. Calculated K; from fracture true strain ey
of tensile test in air (top row) and
estimated fracture true strain from K in
delayed fracture using oy’ of Table 2
on the assumption that E(=21000kg/
mm?) and 2(=0.05) are constant in the
relationship (1). RA indicates the reduc-
tion of area calculated from ey.

K; kg-mm-3/2 &g 1 RA
283 0.70 0.50
260 0.64 . 0.47
203 0.42 : 0.34
175 0.35 i 0.29
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