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Fracture Toughness and the Transition in Fracture Initiation Mode in Low

and Medium Strength Steels
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Summary

The effects of specimen thickness on the fibrous/cleavage transition in the mode of fracture
initiation were investigated. Tests were made on five low and medium strength steels,
using 3 point bend specimens. The temperature at Whlch the :above transition occurs mcreases
with the increase in specimen size and takes the upper limiting value when the plane strain
state develops at the notch tip in the midthickness region, which was confirmed from obser-
ving the distribution of the stretched zone depth along pre-crack front. A region of constant
stretched zone depth, whose deformation state was assumed to satisfy plane strain condition,
was observed in the midthickness region in the specimens which showed the upper limiting
transition temperature, Whlle in other cases the stretched zone depth usually showed convex
parabolic distribution. .

As the specimen size requirement to give this upper limiting value of the tran51t10n tem-
perature in the mode of fracture initiation, the formula

a, B, W—a>0.4 9. B
oyR -
is proposed, where a is crack length, B thickness, W—a uncracked ligament, §; COD at

fibrous crack initiation, gy yield stress, and R the ratio of the yleld strength to the ultimate
tensile strength. :
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Table 1 Mechanical properties and .chemical compositions (%) of steels
_Thickness Yield |y 7o U SN
Steel (as rolled)| Strength U.T.S. A _Chemical Coinpositions(%)
mm kg/mm2 | kg/mm2 c Si M p S Ni Cr Mo V

SM50C 50 3 | 54 0.16 0.33 1.40 0.021 0.014 0.02 0.02
A387B 50 36.1 55.9 0.17 0.25 0.58 0.014 0.009 1.10  0.50
SM58Q 50 50.0 60.7 .0.13 0.42 1.02 0.013 0.005 0.170 0.010 0.250 0.014
HT80 25 77.7 82.9 0.15 0.22 1.00 0.015 0,006 0.017 0.29 0.27
SM50C 25 34,7 52,2 0.16 0.30 1.40 0.013 0.013 0.013 0,05 ©0.02 0.02
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Fig.3 COD versus ﬁbrous crack length
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Fig.4 Distribution of 2-(SZD) along the crack
front for SM50C. 2 (SZD) is the sum of
the S.Z.D.’s at the mating positions.
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Fig.9 Distribution of 2(SZD) along the crack front
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mm thick specimen, (b) 25mm thick speci-
men, (c¢) 12.5mm thick specimen

Je#% 0.2mm ORI HRBACo W THESh
TWAHBEEADIOE R 5 Tvb,

T, DEFIHS & B2 OMWEER L O
~% BT, BANBCES SID DIREFFO Sk

im%)&’?%ﬁ\\ ] _ j&
Sorft” %\ o %\Q 4&“

mm thick specimen, (b) 25mm thick speci-
men, (c¢) 12.5mm thick specimen

0 2HT80 -138°C -138°C -130°C
I ‘ :
= R
0.1+ | F
\ZL -Q-—o—a-—a\o. O
0
o 25— ] T0mn b |-
(Specimen 6mm
Thickness)
(a) . {b). . (¢)

Fig.11 Distribution of 2(SZD). along the crack
front for HT 80. (a) 25mm thick spe-
cimen, (b) 10mm thick specimen,

(c¢) 6mm thick specimen '

%;ﬂ’\ﬁ_o Fig'8~11 w& e o Ww, T; LTFoE

rw@ggt&&@m EOREBA CHE S hie S7D

DGHETRTe Thbk Fig T RIhREDR Y 5

BLOORELTABE, Ty RERCELT W 5 SM

58 Q o 25mm F:}OJ:U\ 45mm Fﬁ&}-‘r, HT 80 o

10mm Ef L ¥ 25mm EHREATIL SZD o4

WEHRLB TR ThBORAL, Fh B X b

WREONICRBAR IO T, 0fINESO % b R i

WBDHDO TN TORBA I VT, REHRLE TR

Ke&eBE5 DG HERLTE Y, FReHMHE

ATHEESLDR IOV L b, Lich o TEHE

SZD DT it b — AL L O HEA FEER

BCEL TR LR TRRTHbDOLEL bR D, WE

RO TFEERE & ch Y, FoMBCEEHEE

(Fmax/Tmax) P LFRICET 5 O CERRE L IMEL &

D, —7, BHEARE S TFEEREL Y L/PIWEBAC

& Ty REERRE (RE) Wit LB 4DEy &

D, ¥LSID B OGMErRTEERL TI W &

Hhbo

3.3 ERERE T, CHATZERESLRHE

EH-TEEBRET, © EBE CFEE Ti) %£5%
P RDELRBA OFEOHTRE LML LT
Hokit, ERAMCEERR- L EEbRSOTUT IR

m [:mb

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

BERBREC ST HESE-EEER L BIBOBHEF L 0FBEIC OV T 13

«©w

KW TR %,

Ko Wkl 3 FEELEE Kic/ob EvnH 85 2 —
KXo THRESHTHY, RN RO BE
BOAZEZ LI HEREE LT 5, GEEMOMEKEHE
BEWRBHERDORN Y ERBR T FRciRE) Lo
SR RBIRICER I hd &2, 22 Th 6:E/ovB Ix
HANRER RIS O R E S ELTELRE L
DEBEERT A -2 LTE oty &2 CERMBHTE
B, oy WRE T, KRG 5HEOBRKERE, 6 TEME
BZIRAREO COD, bbb T sl 5EA COD
ThHbHo X OIBRROBUERIMHOEE b1
PERLTH BT, EFELONI R CIL B
DEEFNPKRE L, BREEAKR LA ERCH S LR
bhbe i, BREYBDTHDLFRyFVIrvETET
OEBVRREVENG EHERLE F TOBREHEL KX
&L, Uik TBHRRESEmT 20w kX hRE T
BWEYETAERAY R TIENELbND, £2C, &
ST, CoX B OEENYELTEL LTE
Bol-oBERil REERIGH/FERBE) &b, §:iE/oy
BR 1057 2— 2 TEBRE T, OREHRL /T
Zlzo Fig12 R D85 2 — X2k » TEE LR
ThhHo & DL LHKT L TKREE

81EfoyBR<2~4 (1)
OFET T X EREY L5 X5 Thbo AERT, T:
DERERY 52 TWARBA D LRZThiGEWREBA
T, —HoFMEID B2, ABA~NEIRECHG L
TEY, VEE Tvwobh 1 28BFVTHE0&EE LT
I, (DAEXBEELLETEOL S e&hTthabhb
EEZDONRTEY L Bbhb,

E
iR (2)

CZTC a TBHEE, W REBRFEITHD,

Fig. 13 I3 AERICH LodEn (2) Reiwe+5 L
X DOEEN L OB OBRAE (BR) WELTEDRE
EXLBhERIcbDTH D, k2L, 6 (BFXVR)
AT U SIERE I OB & s 5V O TRAREN
BRI L > THREDZ ERERT S L DT,

(2) K& J=loyd OBFYHACT J BooMcE
RETRD I Db,

a, B, W—a>0.4

a2 (3)
ST Lok &t s T Bl GEMaEA
KD J) ThHo, & OEIHEE L W& FEM 5 %
VIEERIC X D RDTE D, & ¥ RobinsonV iz X
huE En 24 §f (0y=1025 MN/m?) ¢i3 A=1, En 32
8 (oy =275 MN/m?) i3 A=2.6 Th %,
INEB R TR THERAR O Jie ko, R

a, B, W—a>

0 T T T T TTrirmT T U T TTTIT

A—O0—0O
-0~ As33B(Ref.8) ™ \SMSSQ
[w)

]
Y
(=)

=

w

o

~

@

S
/j//
L

80 \A c‘JQﬁOC
A533B(Ref.8) © 0.
-100]- el \ >
-® ® @
1ol HTBD = O N
CRARN
140 RN I 11 Lt 111

SRR L
0.5 1 2 345 1 20 30 50 7100
SiE/ayBR

Fig.12 Variation of T; with a parameter
0:E[oyBR

80—

60}

Thickness for Plane Strain Ti, mm

Fig.13 Estimated thickness for plane
strain T; from eq. (2)

HBTREBE R Ko % Jie 0 bEHELIS &35
RANFRIEBA T b T 519, 208, Jois Jic
THBLIHDOPEELRGEVPREINTHERY, Jre &
HIRTWSLONEENIE & KHIET5E DEE
zbh, O Jic %5 25%&4L I Tw AERARD
BIRIL, BHERAMNI 7w - A4 FEHETHS LD
FRTT 6 MWRER L OF—BERIEHRHET S
bDLEZLRBZOIKNL, (3)RIPBERLELI 7w
R A FARETHBDOEEREL BLDTHD,
EAMBERNERLDZ L CEE T D LEN DD, Sum-
pter'® LIBFWL TV B L5, HERERD Jio 2V
CRBAHE - BReEFE LTV EVW 2 500, SR
EREL FORE - A48 8C X 5 EMRE (Fibrous
Fracture, Dimpled Fracture) OBEE4TH - T, U
D2 PERBRBEN FREEREE (Plane Strain Ty)
LED & Ew@dT Jie NLENCHHERNES %
H0EWV2BFE. & HRE, WEECH L T—E Thh
BRI J; B—EF Lk b)),

BEMHFoEERROVEEREERBY AR5

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

140 BAEMFESRLE Fl42F

BMRBCST 5 I D dkEL D 5 B LFHEE
n, LEAH-T, 20Exn Ty HEBE0NERR
FIv@EBRD T, XD bEWC ERNFHEIRB, L
L, B (2) 7k (3) ReBRETHRBAND
BONDTPEE T, FHEMEHREI SR E Lok
835 T o (EBE) HXRTI0THEOT, BEY
AV BH TS SRBIRE TS Ty o DfEX itk
BLAEWZ ERTFHEIND, LENoT, & O FEE
T, 3EEHORSFERRECTREYHET 25 4
OENKIBEL R VELLDLEL DS, L, B
e L aMEDCS, REC X Bt BEEOREL
FRUARCERT B LERD Bo
i, TCTRFEE Ty 252 53R NE0oRT
NELBERETIE (1) RELDS7 2 - 2 RE
Licdd, 2D % — am%%t@ REYRPLH DRE L
t%@{@kh@f,mﬁwﬁmot BREDEDT
TR T B LEND Bo |
ow, FEE Ty 252 bR NORBA THR, B
DROCFEET S “WEFRLEITFEECET DEE
WHIET D OTH2hb, BEOKRSHFHRERE
WETHEHCHIEL TV S EE 2 DhD, LWhYLF
TS B B Km PLXT?%%‘#& MK E D, FE,
F@13L&bhélﬁk?@%lk%xwétm@a%
%ﬁrmlnc%#hk«mébuﬁﬁﬁhfu50L
ERERCIVTE, TeRELTREW S 0TIk
ﬁ<,wiﬁﬁﬁm*of$ﬁ§72%i@5%&mo
WCHSERETHILNEND Do

4 # B

. 50kg/mm? {5 80 kg/mm? £k ¥ TOREE HHCD
WS ABTFRRIC X ) BERERROBBIC U TR
B RO L BT HOZAE & OBIEICO\ T
«LF%,mwlﬁﬁﬁﬁﬁ@Bntm

(1) BEEROBERE S HEREOMEI, BB
EEZ%&E%%Q%QEDCm;aiﬁmlai%m
FTHONEILEL bho .
(Z)IEHa%%ﬁFo%iLﬁofiﬂ?éﬁ
mﬁr@o<ﬁmﬁ@ao ]

(B)YE@Lmﬁ(¥ﬁ§ BRE) LR LED
%&%@@ﬁ%%%?ﬁéﬁ&h%Ltk&rﬁeh
%o:@:kmery%P-f~VW3@%Wmﬁk
B EEFAODTRIE, bEAI W & OFES
BRECHEERTHD LEL bR b,

- (4) ?@@E%ﬁﬁk5xéi%ﬁfﬁi¢@;5
ez bhd,

5. F
oyR

# 22

KRR HIoD, AAESHRYLBENAEELS — —4
Bew R TE A BRI G %Ltthtiaﬁﬁﬂ
HIFIUHEEEE S BRBELET,

2 ® XM

1) P. Terry and J.T. Barnby : Determining Cri-
tical Crack Opening Displacement for the
Onset of Slow Tearing in Steels, Metal Const.
and Brit. W.J, 3 (1971), p.343.

2) G.D. Fearnehough, G.W. Lees, J.M. Lowes
and R.T. ‘Weiner : The Role of Stable Ductile
Crack Growth in the Failure of Structures,
Pract. Appl. of Fracture Mechanics to Pres-

4 sure .Vessel Tech., London (1971), p.114.

© 3)" R.F. Smith and J.F. Knott: Crack Opening
Displacement and Fibrous Fracture in Mild
Steel, - Pract. Appl. of Fracture Mechanics to

.. Pressure Vessel Tech., London (1971), p.65.

4) C.G. Chipperfield, J.F. Knott and R.F.
Smith : Critical Crack Opening  Displacement
in Low Strength Steels, 3rd Int. Conf. Fra-
cture, Teil II, Munich (1973).

5) ki, EE, B, A, KK S0 REERO
B L COD BcowT, BABR¥LRTE,
%135 8 (1974), p.245.

6) &R, =W, E, & EX:#HWP COD %

- By COD wpE$2—£%, BZ‘SEE"M%E‘R?S‘C%
2133 % (1973), p. 257. ] ,
7) K\, BN, EE, LH:TERRIDOORER
'é«kiﬁ¢0?&%%@%£,5$%%%%%
S, #1395 (1976), p.279.

8) HAEBEWagHiTa I £R4: Héé%ﬁﬂ
JI-No.57, JI-No.73, JI-No.74 (1977)..

9) HABEBRLGMNS BE ZES - BEEEREM
WA PRt BT 5 R, BE ZR 43R
MR EmEE (1975).

10) ﬁ/\y ﬁ%s :&: '{E% sV + v E"@%%ﬁ

:#oﬁﬁﬁﬁﬁﬁiﬁ&mﬁﬁ%,%%
Vol.45, No.8 (1976), p.27.
11) J.N.Robinson : An Experimental Investigation
" of the Effect of Specimen Type on the Crack
Tip Opening :Displacement and J-Integral
Fracture Criteria, Int. Jour. Fracture, Vol.
12, No.5 (1976), p.723.

12) J.D. Landes and J.A. Begley : Test Results
from J-Integral Studies : An Attempt to Esta-
blish a J;¢ Testing Procedure, ASTM STP 560
(1973), p. 170.

13) P.C. Paris : Discussion on “The J Integral as
a Fracture Criterion by J. A. Begley and J.D.
Landes”, ASTM STP514 (1971), p.21.

14) 1.'D.G. Sumpter : The Prediction of K¢ using
J and COD from Small Specimen Tests, Metal
Science, - Vol. 10, October (1976), p.354.

NI | -El ectronic Library Service



