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The Fracture Behavior of Notched Specimen of Iron

Tadahisa NAKAMURA, Tsuneaki SAKAKI, and Yoshikazu Ro

Synopsis:

Low temperature brittleness of vacuum—melted iron was studied through the evaluation of the fracture
toughness, critical COD, and yield stress of smooth specimens as a function of testing temperature ranging

from 20° to —269°C at static and dynamic tensile rates.

also investigated in a scanning electron microscope.
The results obtained were as followed:

The mode of fracture of notched specimens was

(1) The ductile-brittle transition temperatures determined by the cleavage percent of 75% were
—122°, —68°, and —48°C for specimens tested at deformation rates of 0-5 mm/min, 2 m/sec, and 10 m/sec,

respectively.

(2) The fracture strength of notched specimens was decreased with lowering the testing temperature
below a critical temperature, which was equal to or somewhat lower the transition temperature determined

from the above.

(3) The fracture toughness obtained showed temperature and tensile rate dependences; it was
decreased with lowering temperature and with increasing the tensile rate.

(4) The ratio of critical COD to yield stress against the normalized stress fell on a curve for all speci-
mens tested and the critical COD observed was larger than that calculated after Wells or BCS models.

(5) The incipient cleavage crack formed in notched specimens tested at low temperatures was often
observed to start at a point of a few grains inner from the notch root.

(6) The effective surface energy calculated from the fracture toughness was from 1-5x10% to 1x107
erg/cm?, which was about one hundred times larger than that obtained from the dislocation theory of

the ductile-brittle transition temperature.

(Received Nov. 30, 1973)
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Fig. 1. Dimension of specimens.
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Fig. 2. Yield stress and elongation of smooth
specimen, and fracure stress and percent
cleavage fracture of notched specimen as
a function of testing temperature examin-
ed at deformation rates of (a) 0°'5mm/
min, (b) 2m/sec, and (c) 10 m/sec. Ar-
rows show the transition temperatures.
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Fig. 3. Variation of fracture toughness value and
critical COD value with testing tempera-
ture at deformation rates of (a) 05 mm/
min, (b) 2m/sec, and (c) 10m/sec.
Open circles show fracture toughness
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value @..
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Photo. 1. Fracture surface in notch root at high testing temperature.
(a) static (0'5mm/min, —100°C),
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(b) impact (2m/sec, —30°C)

Photo. 2. Fracture surface in notch root at ductile-brittle transition temperature and

the region of initiation of cleavage crack. A, B, and C are magnifications
of notch root in (a), (b), and (c), respectively. Closed circles show the

initiation point of cleavage fracture.
(a) static (0'5 mm/min, —140°C), (b) static (05 mm/min, —120°C), (<) impact (2m/sec, —78°C)
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of initiation of cleavage crack. A and B are magnifications of notch root

in (a) and (b) respectively.
cleavage fracture.

(a) static (0°5mm/min, —183°C),
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Closed circles show the initiation point of

(b) impact (10 m/sec, —105°C)
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Photo. 4. Fracture initiation from twinning in
notch root, -Closed circle shows the
initiation point of cleavage fracture,
Impact (10m/sec, —105°C)

H£ U AEAE, Photo. 2(b) WKWRT X ST, BoH
DYt o S BIANERE L THEE LTy 5 T LD
SRt LT, ~EBY 9 v 243, EiRbio ) N—o3
4 — L ZORNEMOBELY, FLALDEE, HF
OFEED BLRE LTS Z &R bR/, WeadsRE
LI oOTHA Liflid, Paoto.d IR X 5 A HU7ehs
5D B, Cohen BOKERY &35 L->Cv 5. Photo.
24 R WTHEES W ATERAE S @ENTH Lz,
3.6 EMHRMEBIR

CorTtrELL VX, (5) DX 5 EHREESEGE
RE L.

o ykyd/2=Buy e (5)

LT oy BEBEKISH, d WERIE, Ky, B EER, o
BRIR, ¢ BIBEOEMEALALVF -Thb. (5)
& HVT, SEEREEICH T 5 YRAY R OB BIRE
BT HAELNER T AV F — B FE5REBR X D ERIG
J oy %iked, p#=8400kg/mm?, d=0'2mm, ky=
1'9kg/mm¥2 & X8 B=1/3 #RALTEHRFE LIFER
% Fig.4 wWiR7Y.

PercH 13, (6) X & EBBREGZTR LW

aT,=InB—In{4gpuy/k) —k} +Ind-1/2
i (6)
22T g, B,k a WEE, T\ LESERE, d 3N,
g EREMER, F IFEMHREAVF-TH5.

(6) RiCKLBEREE T i, T CIWHESRES
B, o WX TFIERER T DOFRARIS J1-1RE DB R /N
s kbR A L, d=0"2mm, ¢=0°33, k=19
kg/mm3/217, ;1 =8400 kg/mm3/2 ¢ LT FEhEM = %
WX -k, FOFEEY Fig. 4T L7 COTTRELL
B X PETcH OEBEECETLHEA, DETE LA
ShEM= AL X —0fEIE, AHELDFIEFRCEZLD T

noE Irnwin @ K BB X DkDAER L5 LFTE
W 2H/NSWEEE DTV S. :

TIBREE OBBIEEIC DWW T, CoTTrRELL 230vF

BEERTx—&—L LT (7)) R&ERLK.
1/Tr=— (k/u)ln g 4¢ -oeveememnenanecennceenn (7))

TR ELY v oER, TriBBERE, ¢ 30T
LR, ul3EEb= i LvE —, cRERTHS.

(7) ROEBBEE L LT, OTHEE 3-33x10-4,
8x10 3 X Ot 4x102sec- 1T LT, BEMAEIZE L Dok
FEREE —155°, —125° kX8 —95°C Z A,
u B TFBREDEEL A LF 9L UTEE TS &,
¢c=6-88x10-3°K-1 2345 ¢& (7)) RiF+HCHKI L2
T ERRERS LR

4. £

8k T 3 X OFRAHRIRE R % il 0> DR (RR
'ﬁﬁ@ﬁbwiﬁg*@, 0:5mm/ min, 2m/sec XN
10 m/sec @ 3 BDOIREETEIERD, ROBREE-.
(1) EIREEK OIEMEESRE S, WHEDO~E
BARAS 75% LIsBiBELEHE L TRDIL TS, 5K

R 0°5mm/ min, 2m/sec, XU 10 m/ sec (T
LT, #hrh, —122°, —68° kXUt —48°C L7
D7z,

GRS  ORETRE VY, HHIEFIRELT CIRIERE
DET & bbb L.

(2) mWIEWHEE K. SRR COD {H# &, 3EE>
7oEE R X RO T HREEREEE R L. K {Bi, In
K, ¢ T(°K) o<, ‘5PREE L SEMRBERIK
D3rons, MELORECHT HEEE, FHOTHEE
75 102sec—1 HE&EEELE L, £ EOOTHEE T
anfElte s EAREN. O B, FHHSIERE
B IE L O EEE R £ D Sbh, —RICERME
R TIRIBIC e B Ly, BTE X VEBREOHHT
DEPNENERT L.

(3) By 53¥ XU WEeLLS DEFLERAVWTEHE
L7zfRE COD (% ERIE & IR LfER, or/oy=
06 O TIIFHHE & ERIBERAKR—F L. £/
ERPEIFRERE b HTBRIGN 2B T T 1 iR
rizos T LR Eh.

(4) GIRABRE OWEFIET, TcBERORIR
B, IRENSELTHO~SEEMET 2EBRERERI X
Vs e ~&BT 5 B o 3 > sEshi. Ll
T, BEESEEMAAE L B E Y, BRAERES X OMERIE
iy, X b EIRANCEE L.

(5) ~ZB82 5 v 7 OREFNL, £ OHFUKR

— 75 —



2152 g% & @

# 60 £ (1974) Fl42

EXD 27500 3EER S NEORE R LECH
BT ERMObN. (1, GIREREBRK TIX, WSS, »
7y IRAEDESITKD 552 LRI NI

(6) CorrreLL X X F PETcH OO EBIEEHEIGH)
BIRDIEE T AV ¥ — (B L EEHE X v kDb
B UER, fiEE 10terg/cm? O#HFT, #ED
1/100 BETdh o7,

6. 3

MERDO % LT T S DB/ BB S T3 () 51
MEFMOMEEMME, WHE—FEEL BB LE
TET. El, BEANY D ATOEBR TR o
WRZMER (bk) HAWIRRO BEE K EH L
T KRBT E SROWBN 2SI AREDIRIT EERE
B, FH¥EOMETEE (B, EEALGER) @
Wiz LET.

x (8

1) G. T. Haun, B. L. AversacH, W. S. OweN
and M. Conex: “Initiation of Cleavage Micro-
cracks in Pollycrystalline Iron and Steel”,
Fracture ed. B. L. Averbach, (1959), p. 91
[MIT Press]

2) T. Nakamura and 4. Matsuba: Proc. ICSTIS
Suppl. Trans. ISIJ, 11 (1971), p. 982

3) N. J. Petcu: J. Iron Steel Inst., 174 (1953),

4)
5)
6)
7)
8)
9)
10)

11)
12)

13)
14)

15)

16)

17)

18)

p- 25

G. C. MacManoN and M. CoHen: Act. Met.,
13 (1965), p. 591

H. LL. D. PugH, S. S§. CHANG and B. E.
Hopkins: Phil. Mag., 8 (1963), p. 753

G. R. Irwin: “Fracture Dynamics”, Fracturing
of Metals, (1948), p. 147 [ASM]

G. R. Irwin: J. Appl. Mech., 24 (1957), p.
361

A. 4. WeLLs: Brit. Weld. J., 10 (1963), p. 563
B. A. Bwey, A. H. CorrrerL and K H.
SwinpeNn: Proc. Roy. Soc., A272 (1963), p.
304

A. H. CortreLL: Trans. AIME, 212 (1958),
p. 192

N. J. Percu: Phil. Mag. 3 (1958), p. 1089
O. L. Bowie: J. Appl. Mech,, 31 (1964), p.
208

E. Orowan: Weld. J., 34 (1955), p. 157-s
K. IkEpa, Y. Axita and H. Kizara: Weld.
J., 46 (1967), p. 133-s

J. HarpiNG: Proc. Roy. Soc., A299 (1967),
p. 464

C. D. BEacHEM: “Microscopic Fracture Process”,
Fracture ed. H. Liebowitz vol. 1 (1968), p. 244
[Academic Press]

Edam AR, &M BELB¥LHE,
p. 443

H. Conrap: J. Iron Steel Inst., 182 (1961),
p- 364

28 (1964),

— 76 —



