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Transition from Ductile Crack Growth to Brittle Fracture of Heavily Deformed Steel Plate

Tsunehisa HANDA, Takahiro KuBo, Keniti AMANO and Yoshifumi NAKANO

Synopsis : The tensile and bend tests were carried out using cracked specimens to clarify the transition behavior from ductile crack growth to brittle

fracture. The brittle fracture initiation which occurred after the large plastic deformation was evaluated by comparing such fracture mechani-

cal parameters as a stress intensity factor K and a CTOD & obtained using the initial crack length with those calculated using the total length

include ductile crack extension at the brittle fracture. The latter parameters were denoted as a Kmod and a Omod. Although the values of X, 5,

and Omod at the brittle fracture depended on the loading mode and/or the crack length, the Kmod gave almost constant value.

In order to clarify the significance of Kmod, that dependence of K and & on specimen geometry, in which the stress distribution ahead of

crack was equal to that at the brittle fracture initiation under large deformation, was investigated using FEM analysis. Although the values of

8 depended on specimen geometry, the values of K were almost constant. It was considered that Kmea was affected by plastic constraint theo-

retically. Kmod, however, was hardly affected by plastic constraint when the ductile crack grew enough to form a strain distribution peculiar to

materials ahead of the crack. Kmod could be used as the criterion for the transition from ductile crack growth to brittle fracture.

Key words : fracture toughness; large deformation; ductile crack growth; brittle fracture.
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Table 1. Mechanical properties of steel plate tested.

YS TS EL vTrs
(MPa) (MPa) (%) (T)
385 523 25 -42
Fatigue crack -, _ . B=20 g
(=1
Mechanical slit "l I S =]
*® y
'L 160 (Loading span) )l
>
200
(a) 3-point bend specimen (3PB)
S,
Q'}( B=20
Fatigue crack —>» 2~ o
= Q
Mechanical slit = ‘] g = g -

N 250 P W
3 360 g

(b) Center cracked plate specimen (CCP)
025R %

—&IR
— L
U A

7w

Side groove p

X -
| Fatigue crack

- 14
%’
N

L 160 (Loading span) ,l
I |
200 >

Mechanical slit

(c) 3-point bend specimen for ductile crack growth test

Fig. 1. Geometries of specimens.
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Fig. 3. Relation between CTOD value at —40°C and initial

crack length for 3-point bend test.

Bialedio, RUWEREROZRHEE (a+ HEM X
HE X (A2) EHEMBHIERERONEEL AV TKIE (Ko
) BXUCTODIE' (Smoafli) ZEIE L=, 72, Th
5 OB % BHERFOET L XLIZIS U TFig. 2 ISR
FTES5I28H L, kB, 3PBREICET R KEES LV
CTODEDEEIZ13 BS7448 12 & B &, CCP iRBR
2B A KEOEEIZIZ Tada'® OR, CTODEDEEIZIZ
BEL Y OREMW,

3. XBER

3-1 3PBRRICLHI2WBRPMEE ZRESDORBEE
—40°CIz &1 % 3PBRERTI3 . MMERFE I3 I

WAL HEBICRETIEE L, BN XRHORE - EEIZF]
ERAETIHAND -7, HBETIE, BRI AR
EHEBABRIIRETHHAL»DHD, TOLEOEEEH
HEEIZ08~48mmTdH -7,

Fig. 3 12, CTODMEE WA X AR X (o) LRABHIRE (W)
DI ayw OBHRAERT . KO LEFVIHEHE S AN
CEHE L 72 CTODME (8, 8,, b,..), XID TEXAMEIERB T

50

200
Prestrain |[K. K, [Kgyer
0% -1 0 o
. 150 |- 49 Al A A |7
E Oo|m| =
E Sle] =
£ 100 -
M L
&
o
vl
i i§%§ :Area of K, and K.,
IR D
50 1 1 —1 1 1
Prestrain | Kmod c Kmodu Km()dover
0% — o [ ]
2001 % | A Iy A 7
2 9% [m] m =
13% < © —
E 1501 ]
]
2 100 i
8
£ L
~
$
€
1
:Area of Kmod, and Kmod,ye,
50 1 1 1
0.2 03 04 0.5 0.6 0.7
ag/W

Fig. 4. Relation between K value at —40°C and initial
crack length for 3-point bend test.

RO XHE X AHWTEHEL 72 CTODIE (Smod,, Smod,,
Omodyye) TH B ZZ T, Fig. 21T T X512 6,3 &K U Smog,
BEY P ERARS OEBIKEMESREL L ED
CTOD{H, 8,# & U Omoq, \ZEEME X HRBE KRB B METZE
RCHEMERERRAEL 2L D CTODIE, 6, B &

Omodg,e, ISHEME ZHORAE - MBHRBRAMEE B A 2RI
MatEREE AR E L2 XD CTODIETH 5., WH T X HL
S0 & B I EEHELRAE T 5RO CTODED RAKIEIZ
ayWHKEL BBIZEVVET T 5@EmERL 2,
HEME & HF AR D CTODIEIR,
IO ERL 72,

Fig. 4 1

_7’5"
a/w itk 65 FIRIERI U L

,Kﬁawwwﬁﬁ&m3tH%kF¢°
AV 5 b I B PERRE 4

L

AL 7L ZDOKEORIKMEIZ ayW B KRE L B BITHED
EKFULA, —F, EMZHRBERICEERIRL 2L ZOK
flix, VIERHEXAROWLBAR ayW HREL & BIC
FOMET L7228, BEMBIERERD ZRRE S EHVRE
B, a6 FTIRIEFELCLVANLTH - 7,

BT AR X X RORE - ER 2 FFORMEH
HANEBRT 2L 2OKER, BEBRREROREARZ



~ 150 4% :Area of Kmod, and Kmodgyer|
5 Lines:
§
floo‘
8
g
£
N
50
10f
EF R
S o =
TIF a o ) 7
o o e
S F A
g L | Prestrain [0 mod . [0 mod , [0 modgyer o 4
ol 0% |~ ® | @ |[& ¥
s [ | =4 a 3
£ 9% (] 1] ] 1o
‘° 3% | o | — | e o
0,01 11 1 ] ] 1 ] 1
02 04 06 038 0.2 04 06 08
ag/W (CCP) ag/W (3PB)

Fig. 5. Relation between modified fracture toughnesses at
—60°C and initial crack length for tensile and 3-
point bend test.

ERGCTCEHETAZ LIk, R IEREEERE AL
Hotz, ZOZT LT, EHEHEREEELUKEBRERE
BEOD EHWE X # AV THRIT O ER TR - BRI HE X
BT T2\ THEMERED & MR OBHRIRA &
&5 bR IC 2 B ATREME AR T,
3-2 3PBELUCCPRERBRICEZWBEVMBELATEX
0] 5 1£7

Fig. 5 {2, 3PB¥ &K ' CCPRRERIZ T 5 © 7= CTOD
Bl (Bmoafl]) BEUVKIME (Kmoafl) #ayW I L TR,
CCPRERTIL, MBMBIRIIE TS EHOERIZFHT
RAEL, EREERRBEHRD CTOD fH (Smoa, f8 I LT
Smody,o i) 13, 3PBRRERL D CCPRBO LV AREL, £/
AFBERRNICIKTFEL, Thbd, EMEHEREFZEL T
IR ERO MR LAV TRITOHREXTIHEL
7= CTOD i3 #PRHBI A DR IZ I3 2 & 2y,

—HHEME E HREHD K (Kmod, i35 K T Kmodyye, fE)

12, BARRB LV gy 1L S FIRIFFE L L AL D%

Tl $hbb, RIEBERAERO XHRX AV
WL 7= Kmoafli13, BEAKREH TIob T 5 EMHES 6
PR DBMIRA & b & b HHERTITIRE Lk VRPN
BB ORIk 2 TEEMEH 5 5,
3-3 Kmooffi & Et% = RERBOBER :
KnodBIIEHEZHOTIIHEL ERRIDAERHNT
BT 5720, RENEIERNEMETT 5 &5 2H8
ZBWT, BRICHVENERD T B HENS S 5, BT

51

HHRFAKEY &R0 3 W OEMBERD & BRI OB EE)

150
Solid : After the load reaches the maximum value
€
&
100
& Prestrain Loading Mod
E 0%] 9% ing Mode
M O ] Monotonic
< - | Cyclic (Zero-tension)
50,....I....l....
0 5 10 15

Stable crack growth, Aa (mm)

Fig. 6. Relation between Kmod and stable crack growth.

A LT3, KmodfBIZMEEBIBRERA*H5HT
BEIZBEDEE, Knf EBBEBRER ik 5EH
B & EEBEANOBRIRR % & 5 b I MRHER DRt
BTHB-DIC3RENEIERNENMET T2 L5 &M
BIZBEWTEEROHEMIZE D KnofEA3EMIT 5 BRAH
b5,

Fig. 6 12, BMFEM B & O—H AR Uk d: = 34
BRBIZX0BOoNmKnflil EMZZHERER (Aa) DM
2 (Knt-RH—7) &#RT. PEOBLT 9% HEBIC,
MM EHORE - EBRERANEEBA LHBICE T
%, Kmod BIZHMT2EEEZTRLE, T4bb, BER
MIE LR OB IR S TEBOBMIZ LY Kmod fH A
MMt 3, Lzai->C, EHEE D S REREANDERIZL
Kmodflih3dh BIEICEEL 2L XTI B L WS F X LA
BBk b,

7, PEO%MOBERREBAM & —HEEELEAAO
Kmoi—R 51 — TIZIZERBO O N LN 572D T, HFM
i & —H AR U OZENE  ZHER ) 3 FMICRk A
5,

4, EE

KE T OBIRTIZINABRERF G- S <& 5
=%, RBRAERIC X DPRER R LS, LirL, &
HEHOEREZEL T, WSRO ZRES LHEL
SEE LK (Kmoafl) (ZBATEROME LRI
IF—EOMAERL 2o RETIE Kmod il D LEMEBEIR A 5 e
HHIEANOBBRAEE L U COWREM % CTODIE (Smod
&) LHBLTHRET 5.

4-1 EMEHRBERD KnoafHH & U Smoa BN EEH
& L TOTEEME

KEDMEE#E L TOREDHRER L A KEL X
DNRBREREGFEME L A< KB LEbhb, LA L,
1 BTl &S IER P OEY % RO ER I3
HRHRITIRTF L 2 OMBRBEIR D/35 £ — & & 5 5 ARS8
5 6 12,]3)o



$% & $R Vol. 85 (1999) No. 10

13

(a) Long initial crack (b) Short initial crack
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a.: Crack length at brittle fracture initiation
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Fig. 7. Schematic illustration of plastic aria at brittle frac-
ture initiation following ductile crack growth.
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