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Mechanism of Fracture Transition in Brittle Fracture

By Midori Otani, Member
Yoshiharu Ideguchi, Member

Summary

Experiment was performed to investigate the applicability of energy condition for unstable fra-
cturing as a mechanism of the fracture transition in Tipper specimen.  Distributions of plastic
work were estimated through hardness survey near fibrous crack. As the result it was revealed
that the amount of plastic surface work in fibrous fracture was exceedingly large and widely dif-
ferent from the one in cleavage fracture. Accordingly any energy condition for unstable fractur-
ing was expected never to be satisfied, in so far as the type of fracture remained fibrous.

Further experiment was made about another unstable condition for ductile fracturing proposed
by Orowan®. It was confirmed that his theory represented rightly the unstable fracturlng,though
Tipper specimen was far from this condition in case where its length of fibrous crack grew to the
order of critical crack length, Ce,.

A new stress condition was proposed to illustrate schematically the mechanism of fracture transi-
tion in Tipper specimen as shown in Fig. 17, in which the behaviors of fracture stress curves
were according to the results of recent study® on structural mild steel.

1 # ]
ﬂk%ﬁﬁt¢ﬂﬁ&ﬁm£hfu,Ldﬂ@é&ﬁ%%ﬁﬁ%%kbf,&E%ﬁﬁﬁ#%%ﬁﬂmﬁﬁf
Do Lo LAEMEGR LB OB % FEMIC TN 2 &, & OREEBRECE EECHE L 0T, §)
ROFHR B O/ NS T fibrous MOMES, —MICITET TV BE MR X AL T VDo Liso T HEER
BRECTER T, YIROKEME T fibrous MREEARE TEL, 2RLIES L LT R cleavage g
CERELEABR MM T5ES 2 #2 bhs,

O L5 HIBEKS fibrous HA b cleavage BIICha(b+ MR B HACT 5 E 213, EEAMHELE >
S AR SN Do T & IS NERBR A 2 B CHM O BIR B R BRI 5 = 228, Y05 @By AT 5.
ik, ZOREBEOBBELMDZ LI LT, RUDTHLIRINE B, B Th Do ¥ LIERHBORER
RICBWTH Db BEROELE (arrest) i3, NRERE OWEER L 13 X 5 LHOMERR LB L 50,
cleavage FI»s 5 fibrous FI~DEERR DL CLL 7ol 2 EFEINBS LS50 5, EEEEOBRSYIR
R BIDOENFHIBE 25 LA HEIRADTh B,

GRS TET HWEBBOMBCIE L TiL, T TCREO1OERMBHIATLEI9, LinLohbo
E%K@Mfﬂ%%%@ﬁﬁmﬁkkﬁ%ﬁﬁiﬂf%D,mo%hBOﬁﬁﬁELbﬁﬁbmiﬁﬁthf
2%/ 4"A%

FHDRARINCH T, & ORBNEEOMECEE L TETOERLFE, HEBSOMEY Eiket-

R FWEf0 36 42 12 A 16 H

*ORBRKRE  TEE
¥ OBAME KK KiHE R

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

236 EMBam XL Fl1F

FT352r: L7
2 EMHBREOUMERETRILF—
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— (8) —DOWTEERHED B,

Cleavage BIDREMGEE O S13, XEEHHLC X b o/ ) EROCHE S h T\ T, 10%rg/em? () 10%kg-
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XCr o LB DI, SOEHEFETEH D, WERD LS LT HDIRIYIRDHET fibrous 7 F v 75
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11 A% LT D order Thokhr b —LER LT, RBREOBREECHEGEINCE2BRN =X ¥ - 2Rk
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Y O O Y b X OfERRD, YIRERL LOEMCH L THEATHRET S &, Fig.b ofilcrnd X 5 s
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0.5mm DIP)ICIT BB OIT T L
EFRTEHZ 2R LbINTHBENR,
ZDE—27DWHSOEOE I, WD
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C=LIOmm
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B X 51 fibrous 77 » 2% L CUIKE R ER CEBHERE =X NV ¥ — OBV OMEMNIBL 4L
oA, —IGR D CESE LB RE= 3V ¥ — OEBHIC oW, Fig.6 #BELTHL 5, hEHAEREE
DETFTIL fibrous BFEHDOEE (Cer) 13, EADYIRD 5 BEWWHT 4.6mm THol,

FARoO S g OEFNE, YIROEENRSEHETLA 5 LB 2oL, DR 3mm PR TII/MEL
POB LAY —EBThb,—F7 7y 7BXCHSmm ICET 5 X, B OBEANISBTHEM LI LD 53 DT
BB ENG D, TOZ LRXTHINLI SR SH, UIRHRORSEEN TIIHENICHITHED0THEE &
BREFHLTCWDB, LALads C 249 3mm BRT S 2VPEWEBETH, LOEITH 1.2kg-m/cm? ¢ b,
cleavage FBIBE O WHERE =R L F — D) 100 50 order LA ETHKREETHDZ LAAbI D, A&DT-

- B S OWTTARTHRTL, LOHERK 0.6kg-m/em? P ETHD, RILIVFERCKE .

DX, dL fibrous 2 F v 7 DWHETH=FAF—HN S ¥10X S OB CERLELLEEL T H,
PIRHBNFIETERBHRL OEEBDOARBL CIE, TOEMN cleavage 2 5 v 7 OBFARITL order ¥ T
ETTHRERILE 5 TOHIRTE W LAGEH IR LEL DS, LIehAD T2 7Y 78 fibrous I TH
AR Y, Griffith-Orowan O =% N F—~LERXNBREIND Z LI X DT, cleavage Micig{b3+25z L HFi
BHOBILVEZZDBRETHA 5,

7e¥k Fig.6 r Fig.7 oWEHERLEER T, RBREOHESIh 284D, RBRAFRED X 5 am
THEIRRRCHRL 5, Fig.6 ol fibrous 7 7 v 2 DFHEHEOWTDLDETHY, ¥7c2 7 v 73EA
DRI HDFEELTWBEMD, REBEOWREN 1.5cm Oz 2% 3ELT, 779 I70ES lom BT ARE
THEHRE= I F - O/ wiROBEMN A THET S &,

CH\¥) 3mm D & X : 1. 2kg-m/cm? X 1. 5cm X 1cm X4==7 kg-m

CHH) 5mm Dt X :3.5kg-mfcm?x 7 =21 kg-m

CHR¥10mm Ll oo & % 9. 5kg-m/cm? X " =57 kg-m
Yiho 25w 2 lem BT HORRBRALARCHEBI N2 WH=2 A ¥ — i1, Fig.7 735 50kg-m ¢
oz pmbhicnn, CHH 10mm U EDRETZ 5y 7 1lem OERCET HWHER = XL ¥ —11,
AREROKEE L LTCRRBA2ACHBINLERE = XL F - BIF—KT5 L2 b, ThbbRBEOHE
THYH= R AF -1, BEOLBEIEGECEDTH LAFEEI RS, L LZIC 23 10mm Ll FCRK
B LUTRBRA DIEEFER 2 ESWRBREICE bhBHR THoT, CAERLIZUSTH 3mm LINO & &
TbbHA, LS Co MEORIDHETE, RBEOET 2 = X A ¥~ D RYL, R 24K
SHTHIDOTHHZ &%, EROPFHR LOTH %, Thwp 2 ie—icid fibrous 7 7 v 7R LT, BEk
BHRTOWY: “BH” =RV F - 0FERXEFENTILSCEL bR,

3 EMBMBEOTRESRN

Orowan D33 LBk 5 RS 1 X hut, ERBENTRRE LIt b&HR= R F —FE TR TI0%K
HThBENS o WORMREL W BIE, L LcEBRET =3V ¥ — OXEE L IR T, fibrous 25 »
7 PRETE L Ie AN BICEET A L Lic b, —B fibrous 7 7 »v 2 RAREE L a2 CTEDERNME I h
AT A b, BEEOSHOMES, ENFRORELBLIEEDRRAIRIREI LD LWT Lty
#xhE, Th cleavage BIBREEICER(LT A RTEEM: A B
I eBbihs, Z OFRT Orowan OF EHEHFEOTR
REFGNELTEHL LMY 5, i fibrous 7 F v 7 D
EHURE Cor L70% & %12, Tipper REEF 2 D EBCT
SEPBPERNT D2 LN ETH S,

3.1 Orowan DOXRLRELLHED

Orowan \JIERHBBEONLEFBEKR D X 5 BT [
%o ¥ Fig.8 DB|BRBRACE T, EM7 T v 7 ¥ ZA EXTENSION,

X necking NRBELTERTHIDL T 5, FIREBED Fig.8 Unstable condition for ductile
ML, RBAFOBFHERIEZHTI LR IVERANRTS fracture (Orowan)
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Do RBIFOLTHIE, ROZ L LoD 7Y v 7 b2 BITu Bo Fig. 8 2.0 3B o W
WEOBFRETTRERTH 50 ROWBIC B OBEMOLEENTF, Z0 UMD D ByED S C L.
Do BEH D necking 2BAIAT By, FIIXRELLENR? 5 » IDRETORICETEET S L BARES
DB, FWEREEEROEIMC AT ST LIz U 5,

ARSI BIEMO O MICHHE RO % b4 550 BAWERUSOWEIHTIL necking BE 7213 2 5 7 ot
EERBEINDTHS 3 2%, BHEHOIRBRA 2EICHHT 2, WERBA % Fig.8 ItRT L 5 KRS LT,
DEBAMERCBEERL TV 585, TEREIH LTV B85 15 5, RBBOME L AHE S 1 L
TIRML bR T B0 0, TOWMSITEET LD b—BEWLDTHA 5, LnoTInEX 3T Ina,
WD RELLDBIETTH2, Fhd2ioT @%ﬁmﬁﬁﬁi@&iﬂ@%ﬁ‘@%h&: BT, EELASE 20
BWEEZXD, TDXSRTBHERBAED VDS spring constant IXEIC—5EL e 555, B O DRI
HTBUARBID>TE—FE LD, UTORREHED B OCITHRETE B,

STHBA M Fig.8 ho A HETER LIz L L, TORNLEL O/, 7Y vy 75el B LT B
bDOET Do TDXFIEHDD LI IHE HICEBHER A4+ 5 k, SRS LR T 040 B o
WD Llehudie bigve LisoTHE (P) DETFRKRRIL L2Th bbb s,

dP=—K.dx
Sl K RBE FRREBOMMELYSY) © spring constant, dz |3 I IZIiF 5 WO DREN
Fig.8 o A S% @108 0ER I, LR TRBREOTELABAT 52 2R LT3, A ECORED
B, BBA 2 DIRBKEMOT 50 NIET 5 HEOET GEROER) LV IATHBND, 7 yrH
ERLLTTOMOERI MM LI RY 20 X 5 RBSER € ¥, RET L ORERLEELE & 27
%o

ARBRA DWHEMON S LI T B AICET 5 &, WE~BHEHRO R OBANE, RO LR o
EfRE—HLT, RIFREL 5o BREVETHCATEOLERB LS, 7Y v stihr Lis el
%kf%E@@Uﬁéfét,%ﬁ@ﬁﬁ@ﬁﬂﬁﬁﬁ@ﬁﬁ@ﬁﬂ;b%k%mm&,yavymaﬁmmg
ﬁb-%%bew%ﬁFKébrﬁ%ﬁmw%?aoﬁ&éo&xomwmw;uuisgmxwamﬁﬁ§
HERRARTHbbI B2 L L7, Griffith-Orowan DEINE —FH L IBREDLDTHS LE2 bh
Bo

BW]de? = —d2U]dz?
C ok AW BRBA SBIEMHD do 2T SCLERE, U GBS AL F e (ol LY v o

REMLZCSD L LTHST2) ‘

32 MRELUVRRBRA 526mm —
Fig. 9 WRFTRD Tipper RE&H % BT, ___Ggg__1 | - i“’.o
EB LI Orowan ORZEELE® BN T 5 & T ,; ; -
2Lk, C OB fibrous 75 v 7DES () so _ S | 40
7 Cor CHETHHET, RBhoxmcme || Y K S —
HEETOLEND D, ¥/ biE C 2% Cor & >WELD NOTCH

75 BEED & TR E DR RLIRTIC, REHA 2 Fig. ggjrjﬁj‘:zi* 7
8 OB RO S FTaEMEM S LRI h ’ " NoTen SHAPE '

LY, ZOBEKXHEOR L CHEEBOMK B 60°
BERHLBICEL LRI BN LT _ ?5

5% ~

Fig.9 Tipper specimen
Tipper HEKH OXRMAKITE X 350mm TH 3

2, RBROME FRBA LTHROUMEBEOMIS = ERBT BB, FOFMEIRO X S v Rt
-fc%ﬁﬁ%%%b, %Aﬂ%ﬁbﬂﬂbf:f&?n ASMDO VAR LTk F v+ 2 #tE S50C 'Cﬂéﬁﬁﬁfﬁ’ﬂ 12
cm%mﬁbﬁﬁ,:h&Ammrﬂ1Wta$%ofuv¢m<bzfﬁﬁbkmm%aﬁg@T@h1@
FUVER RE 15mm) 55, FOEERICERLE,
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i EXCLUDING | \' RO ZOBITRB SO
B

5

Eg(%'éﬁg{gn F v v 278 XD RABEBRMGOBEM:

EREFAT VB, HROKARIX
Whd % R EOBKIR T, skl
L OBPRITARECTH DIz —JFH
CEROBEBRFZEMH LR,
BROBFDDRT L CEOBEOME
~ZEhiE & R M LTz, Fig. 1T
BERFEHOREER TS Y, RO
L EORBILSITER T, Tt
EANITELS 18.7t (P) i ¥
1. 20 X 10%kg/mm ThDtz b DA, -
‘ 18.3t (P2) ¢ 1.18x10%, 17.4t
% 5 o 5 20 (P3) T 1.08x10%, 16.3t (Pp) T

TOTAL EXTENSION (mm) 0.97x10%g/mm &, RRWERZ
Fig.10 Load vs. extension curve in Tipper specimen BLEEEN YR LTS, &

(ton)

LOAD

o

D LiTREED spring constant
B, RExH-d o fibrous crack 4 E-
g LEHIRPATAHE LERLTULS
HDTH b,

Fig. 11 DOERWRHIAA & & TR
—7 HOBEMD, ZOREC %R
) HOEBERTHS L% %2 C, Fig.

L ST
- 10 OE~HOEE (BR) 1 b
' ) OBBEHEEI 0, R
IR AR TR TEIER TR o AT

20

. f i

(ton) -

MOBERIZB R E TIIRD BT
Dy, — IR KRR KB
BEETIONT, £ DERIIER O
B L D ORR LI H T EH 5B,
Z xR ERfAD spring constant A%
5| ' ' BAT B BIdDOHBETEHD L B>
| N%o in¥s Fig 1l oWE rizgle,
o Fig.9 oREH OMs L RBE o 7~
) Y w7 TEESOHATTY v P Ho
% 5 10 is 20 PEEE% 350mm kL, FFE~{hHOHE
S TOTAL EXTENSION tmm) BEODRS L OBRE @Gt ¥7)
Fig.11 Unloading curve in Tipper specimen L ABEE COBREY 1 AORE:
Fre Lo TIRKRAT e\, B & AR
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FIE BN OBIREY RDICH, BRITHBS
& O WA RIS BT, 2
OEEDBEFILL E Lok, Lo
TZY v FOEWHTIE, RY v IELRE
COTWRNWTHA 5 Z LD b,

7 Fig 12 12 5 RORBHA 20T,
BAFMER B2 CTHT % % Cofo®
AIERPORFL, chidfElvr e LT
Fig.2 © a5 fibrous 7 5 v »
DRE (C) ZER LD TH D, 1o .
LERF OEBEDYR T CIILPTL b 10 L - - =
LR, %@k%b‘jﬁ%k“)fﬁg CRACK LENGTH, ¢ (mm}
ENLTREL T 5, CORERS LA Fig.12 Relation between load and crack length
ENRAELIRL TR 19.7t REFL L
&?K,E%Cw(%4ﬁmm)@ﬁhwsﬁ?v?%?TK%$LTV6Ckﬂﬁéo
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R LABER BT, Fig 10 © & & S EHERZ I EALRBEOLMUNE Sh, ¥Rk LB
BOERCRSZRBRBOBEELREL OS2 L, SIVCRBREOHEIBGAFEAYBLS LELMCRL L
7D, BRI BO I FEL CREDOFRERTTIRbh Tt LRERRET 5,

CDXSEEERELS L, Fig.8 Orkh I LIDETREELERBRET A, & Tipper R K-
OWTIRBRIE DO LM L REEEO BN 2 ORI T, ZOLBLBRNTIONBEHTES > LBbh s,

WE Fig. 10 R LIS E~HOHER (ERo
g " EN B DOBRKHMERUBOBSZIEALTEL &
20 S  Fig.15 ofi@@nBohns, & h icRBRgoR
tE (4.5X10%kg/mm) T bbEROERYTA.
. T5 e, RE EOTK R BB THRIIZISYSF
\\ THZ RSB, 2D T ik Orowan OFET
5T EWBOEMBRBEOTRLERENIEYS b
\ ‘ DTHDZ %, ERWCEHTHIDOTHLB L
Zzbhb,
\ TEWREL X 5 ik Tipper KEEF DO R LA
Cer 13%) 4.6 mm Th o723, Fig. 12 7+ 5 fibrous
H 25 v 728 Cor DESFTHET S L XOMER
5 #19.7¢ B THB T LAWER S N Bo FER
= COBETHD L, RIRERERETHLHE LY
Fig.15 2DHETHZ LN TE B,

Fig.15 1% Trs (—6°C) X b X 15°C BET
RDOBLNTIINBD, ZOBEOEREEEARIET
HEBIEALTIVWTES 0D, BUDRIRE
;_ a' Lk 51 fibrous 725 v 738 Cor OMBEICE
15 e 17 18 THERLAELERTRELLTMEINSZ LiT
. TOTAL EXTENSION  (mm) LT, Zht cleavage BicHE{bT 5 FIAEMEIT,
FgJS;$$$?MrMWMfmammng@mr ELEDELETE { BFE SN bl e b

; 24N

T

LOAD
s
—

)

4 % =

Tipper REH BT HEBBOBEEL fibrous 7 J v 7 DTRLE(LCHIFE LTHEL & LITRTEE L Ebh
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=rELESs

41 Hmon - .

W BROMIBIET L hE COBDINT, TRT=FIAF —FEOTE, LT HHRMTH B,

29 Cottrell 12, EZHICS &L STKDE & BB LT 5V, RN OEIREMICRE L fibrous 7 7
v 7 REET B ONTERREYHT L EEERMINL, —H 2 2y 7 OERCHE S SWENEDOERA & &
Pic, PNTE O fibrous 7 F v 2 A cleavage TR BERA OEAIRET S =R X = R
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DERITBNINR, £ DD 7y BNEATEE LOHRERCEHEL TN S5 L2 ER TV 5 &
KRR IET 2558, 3 LB BT © order O WA FIC IS 5 B4R LT, = Ok picleavage
BHHMOREFHELLTENRIDOTHHZ LIk, BIRBAUTLALR WL 5 Thaa, HEWERMTES
HEHEBBHARKCE CZORR I LRBALTCEATADOIRERETIELD E\ohvo R bIT vy W E
ERARELSTHINSBRETLEATZ2OMMETLLOIER LT, EELAHE LR LT, YIRSES
RFRSABERLI fibrous 25 v 7RENTH, TOWEERE =R F ~ LEHLCEOEIR, cleavage H
WHDO LN I DFI2HTREVSD LD TnbThb, ¥/ T v 2% fibrous HITHARY, WHSEHEH= L
F-OBSTACT=RNF RO ARELE X BRT5 2 L A4, BETHLLIL3EL bR,

BEIO X5, BRROBANT EROMER
B OEBREIND LEER I EELGVERIL, W
BRERAORERETR, BENRPCEPhARE
FEEOBVEBEOENKE S B2T, £DdiE
fINBNZ Z o ZRERIETHZ L &, ThNEBIRE
BToZ L LoBL0OEFN, AENCEEIh S
DTHH S,

¥ Boyd (¥ Fig.16 oA X o CHEE
BEHBAL Wb, =D Fig.16 o FxEREEIL,
CHRECORELERCLThHS, it fibrous 7 5 v
7 DWMRE=FRAF— (S) BDOWT, 2F9v 270D
SR EEREOHWKL DD EDEIRD X
SRFBAD LT, BUEERLE—OBHxR+dU/dC
B Lach D, ThATREERT B L2 TR LT
b0 b0k BWOBBTIX, WHEERX (mode) %

CRITICAL
CRACK
LENGTH( C¢p

|
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2, VELOCITY
‘ INCREASING — T~

i
7 L ¢9Y%c

- = F
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| ENERGY
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E

"GRIFFITH®
VALUE

/25
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LSTABLE‘L—— UNSTABLE N

CRACK LENGTH, C
Fig.16 Condition for unstable rupturing (Boyd)

fibrous 725 cleavage WEAMETHR G A, ROZ e L& H XIS 205, 5T H X b s b0
PHRE2E Y Ligwss, wPhikegl H O EHD 3D EEXL T B, L LEAREOER LU, BE
# mode change 23/g\WRD S1XF .85 K%<, 25 MR L dU/AC M1 h 5 C Lidh DB v Thb
b Boyd 2ER L RPREALGRIHADTSCFENCSH D, HOHDOBEI O 100 50 order B\ Frchr

BTHDTHA 5o LIcitoT Fig. 16 fioRBI R TIE, DL 35KG

B Zh, TRERBOFERLLHRELDTHS,

M3\ ~T mode change ##E-3H

TR G X CEREYED D 2 LI L BBRAD LR Y, SOBIRKETDT TR ¥ —~ROTE Tl

CLEAVAGE FR. 8. C.

3 S "
& PRSI E— -
2 100} SO :
- FIBROVS EFR.S.C.
o BARL _--—7"
b ) BA
us
©
-
@ M AR K
. T} RAISED
o...FIBROUS| | BY
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EFFECT
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Fig.17 Condition for fracture transition in notched specimen

HEBOBELHBLL S 135
BEVLHB A, BEEL fibrous
HThHaRY, BEeomiic=x
NEF—REREHLCER Lo
BD LItk 2RELTH, Sht

- cleavage 7 5 v 7 D Fh o order

CETHEADTSZ 2135 0 Bics
EEZDLNRBEND, =R ALF—%
BABHE IS - LIt Ty
TN THAH 5,

4-2 WEEHOKIE

EE L= RN F B RE
EFHERRB b0 L LT, B
G E#R (fracture stress curve)
DB S LS\ i Fig. 17 %1
T, WEEBOBEYERT 2 =
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LERETHIDOTH D,

B EESR D fracture stress curve OFAR LEREWCBI L CiX, T CREE LD 1 AXBIOWHES LV~ 7 CHF
% Lichs, Fig 17 20RO 2 R BEREALTWS,

F-PRrhd cleavage fracture stress curve ¥ LTIiX, F4 FEEACHT530083BHENTWS, D
fracture s.c. DFLEIL, BERCURPRLLECEEINRIWTHLAS S LIEEMLLE L bR TE I, Fig.
17 FREBWTHEFD LI RER S Z &L LT 5,

¥z fibrous fracture s. c. X, D cleavage fracture s. c. IRITFETLHOMBTCHAZ L2AARHE
NTwb, 728 L 0 fracture s.c. XMEEPTRBROEELBRCZTSI0T, BEOETS 5348
ISTEOHEIMD B bt AT 5D Thol,

- O X WHEHORK LR TIRENC SIH#R (flow stress curve) Th3 2, RRTELICRD b s O3EY)
RIEDF|FERBROBATHLOC, ThARPIEFRINTVWS, AERBRF OBENIZ D flow s. c. ,
necking B DORERENE INREEI B81F % fibrous fracture s.c. X DOEHTET D,

PIROBHBRBECEN L L i, UREBRORBETO flow s. c. RIEHRAVC ¥ 12 X ERNCRD B Z Lik
2D TCHRETHLOT, FOEBITELRHLMTINTIIVEW, L L ZOMERR LT Orowan (X, Wb
& B MR RE (plastic constraint factor, ¢) OBE&EFFHACHEA LT, URPHRED &3 flow s.c. ®
EAREY, FEWHECH LTERBCRDTHADDT, flow s. c. OBREEMCHEET 5 & BARET
B %o WO X huE Tipper REH 0 &k FABEHIRICE W T, HERELDTEL E1HIR & FHH
S ol THI R BN BATH S L 21T, ¢ 1% 2.57 OERTT. THBEEIIBRED ¢ 5 /T 5,
SDEIRTIL g 12 1 X 2.57 OREOMER LD, YIRBERREWIEY 2.57 TESZ L Linb,

Z D Orowan B2 EBE(LERT—ROMBICER TS &, VIRBRELZTHMHD flow s.c. DFIL,
HED flow s.c. DEED g 5Tl B LEMHCE X BT LRTE B,

: — : =
GROWTH OF FBR‘OUS CRACK SCALE IN mm

S 1 234af% 170

:
mﬁ ’
2 /_‘_' max.
Q :
& ;

C

cr

PLASTIC CONSTRAINT

(o] 1 '
CRACK LENGTH, C (mm)

Fig.18 Crack growth and plastic constraint
factor :

X ¢ Fig.18 rhizik, Tipper RE&F DY) RIFic
BT, fibrous 72 5w 23R EL CTEEBLTIL
BEIBEDLHLINTVD, ()75 v Z2RODRK
EHEIERELIHS>LLTWAHBEETEHD, (b)
13 L@ THOLER £T7F v 2 2EARIRE
¥, ¥ (DO (BIVQ) THokBE @ ET2T » 7 HBHEATREBY T,

7299 7RZDXIRERLTAL L&, ZORAEOBEHEMN L 5 T T50THA > »d,Fig. 19 b b
HINTWB, ZORUL 2 DEEETRDI 25 v 75D Vickers BESAY, 25 v 7KEHM 0.64mm &

Y/ 8.0l mm —

(c)

Fig.19 Distribution of Vickers hardness during
crack growth
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1.44mm LY 5.0lmm O L ERXDOWTEELCEW 3D TH D,

0 Fig.19 ORERZEIR Lich b, Fig. 17 OfpReEMRCED L 5, VIRERC? 5 v 7 23R4ET 5 %
fm,ﬁmﬁﬂbtﬂk@%%ﬁﬁﬁ?6®AT&émb,Eﬁ%ﬁ%&qm%bk3<u&<,WKﬁ%Wﬁ
DEL D flow s.c. % Fig.17 ofifROQOBER LAT 2 1ICBE R\ Chb 5, —F fibrous fracture s. c.
i, EOYRBBOLDEOEF EALTWHTHS 50 W E R EOZADO@IX Fig. 18 © (a) DR
B TiebbODOMIHb X 5 & fibrous fracture s.c. ® ke & T, fibrous 25 v 7 R DERRELL S &
L322 ebbbTdbDrT o, QDRI HAADT LtODKDWHEH S /s D EF LT, NboprE
ZhEDBTHL 5o B ZORKEVTR, ROGE®DYIRK & 2BIHHEERL, ELRCE LWL Brsh
5 : LTHEH> T 5,

OQDORTW L& fibrous 7 7 » 7 BRELTIIMRRRERET DL, #2725 v 7 DEIRGENEE LTS
B, @D[/D flow s.c. FEBREAL, B D& 5 fibrous fracture s. c. PEERAT A,
PR THERORZRTH L &R, @ KET fibrous 75 v 7 BER L CELREYTTLDTH 5,

Co fibrous 7 7y 7 BERTHEONT, YR ¢ 3BT THS 5. Ll ¢i275 v 7B2CK
ECETHHALTEATHIOTRVE 213, ¢ DHEROABRMEMN 2.57 THHZ LhbdMEINRE 5,
ThHLCHRHHEBEXRE S RIUL, ¢ OEARRSHRTUIANT HHEDOIDTHS 5, DL 5 RRTHAER
CRWIHEA 15mm BED Tipper 3BERH T, Fig.18 moARIOZ L ¢ L COBERPRET % =
rrlXd. :

Fig.17 ©H\\C, RUD@THbbINED fow s.c. i3, 7T 9 FDERL LI @ RECLAL,
PRTUL@ RO flow s.c. XD HFL7xD, ¥ fibrous fracture s.c. 3—BELALT, 2wk @ A CH
A% LE 2 bhub, 4

RO'X D IIBREDKTIL, Fig.18 FCRELLI I ¢ RBEPERA L3 o L34z, flow s.c.
b fracture s.c. Y THEEZXEALiRWab, 27 v 2oL fibrous BThHBE 2 %#F, cleavage &
BHEAYETHE LiZ £ LTHRIE Fig. 15 0 B A % THzE L CRBAIEWENST 5.

DX HBEEEYE X LRBREEIC BT, @ KD fibrous fracture s.c.i¥, cleavage fracture s. c.
DFSCTRETERAL T T %, ROERTRBEEYHET T35 L, BERTORS fibrous frac-
ture s.c. k flow s.c. RIEEFTEATH2H, ALK flow s.c. ®@'®” ik fibrous fracture s. c.
ThbIDIbIOLER, cleavage fracture s.c. LE¥FZ4h D, cleavage 7 5 v 7 (T 2 T 55 5
b HHAREBRK L general yield Z@ENCERLICEIE IO Liedh B0 b, Z 0 cleavage 7 5 v 7 IABKE
HTEREELT, RBRAIMEEREET 5, ZoRBA OWEITARS cleavage BT 525, HIREREG %
TORIOME D fibrous BB HFE LTV 5,

TDESREZ DT LRELWE DT, KEEBEBBRICKITS fibrous 7 5w 2 D critical crack length Cer
X, Fig.18 T g 2UFMAMTHICESL C DRI THLHZ L iinb, s RRREEXIOLETHES &, Cor i3
BRAREITHTHS 5 Z EBREOHBILLTHINR D, ZOHEWI—BOMEBBERBC S TERIN S
LZATH 5,

TERED X5 IR RBEOREC KT, YROFEESIEEREY RET AEEIL, VROERC IO TREBA
Orowan DFICEMBEBEOTNREFMETET ZRBELRNC, 2t WARIT fibrous 75w 23541182 =
&, B2 7 9 73 LB ORIEECER LB Tq v
ETAED BN THS LHBSh %, R R

BLERBEEEROBAI b S\t HEEBH (conorrio
SOWETH B, »

4-3 Arresting {ZD\WT E . Q 4

Robertson test 7n ¥ OMiMMREEERR L1T5 &, @ T (ENERGY R’
Fig.20 (a) RTHEBORAME PQR 0B bR C s CONDITION
LAEMBRT B, BAOBIEIR QR OFAET 5 @ TEMPERATURE

WHDOEEN, W@ B arresting BBEE (Tre) T
5, iR PQ OBHIIEBDO = X F —-ic Lo T

Fig.20 Characteristics of propagation curve
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IS INY, EB/NT L oMM oA TNV LD QR DS R LCIBEER OB R
THDRCHANEIHROBERFEC 2T, T8 5MBICERNRELITRS 2 LR TE 5,
TihbbS BN ERM HDHEET 5 &, KRBT cleavage BRFE LT b 02, EELAL LI
fibrous fracture s.c. ¥ flow s.c. FHKIRTET 579, LAREXEL L TCINHUEEBERTCIE, TP cle-
avage FgzgER-FIC fibrous 7 5w 7 33, F LT fibrous 7 7 v 7 DEHELMET Fig.8 oo 0T
52T, BRABRFPFTCIMRERIN DT, RBOERIELT 2, ZOROBREN Trae Th b,
LlEDHERIC Jhug, MO GRBAET Fig.20 (b) 2 ibbb3h bz & iind, Eif RQR’ 2 1
BOBREHHRT —HNCBISHIOWMHCIL, =FAF—-FBFd LSRRG PQP WEET S, L
PLZHIER RR’ 2 Q RTxb 50T, Q RIVERMTIRER Litv, 7tk PQ ALY o & 7t
BDI3, cleavage HHHE D S DEEKFUEEZLOHLTIDTH S, TREEDOERTIZ (@) oZr QR 2
RREFT HZ LDLZCDR, WHERLEERER LURBRBOE=XLF~KH k22, BEcEELX TR
FT 2T/ BT IBLDTHA S,

5 # i

AHHT AV Tipper BBRA BT, BRAEBEEYE L L THEEAERXNEE T 2HR0BBYRAT5
e, BEToOEREITR2,

YR D EIERIC R Ltz fibrous 7 5 v 7%, BIHRRITC= 3 ¥ — OREEEHRIC S =S4T cleavage
MBECELLT5 L LTh, HBWEE Griffith-Orowan ORBOLXBERC IOTEFDE 310755 L1LT
%, W X critical crack length (Cer) DL T fibrous 2 5w 2 DBHRHE =KL F~ (S) 23, cle-
avage B O LhITyivs order WE THATHZ 2%, AL LIMBETHB2EZ RSB, L LEF LS
LIEERE fibrous 7 5w 20 S RHEELICERC I, RBEROURGRORS LB 2HEANTED
(B is D AT 525, cleavage BIBFFEIC OV TT CRBEIEINI(EIZ L BHR5D & 2HAkZ\» order O % DT
BH2C, TNHLO=FAF —HNBARELRGELHRETHZ LIIBEHFTHZ LN TERIDL, Fh—BR
BREBHACE 2 b ABHER= XL ¥—1X, fibrous 7 F v 7 DREESCOLRBININ D BD TR L, 7
5w 725 Cor CEETHARICAER LICENEROBEER\C, LOXFRIEBRAF2ACRIRENE LW
LRI NT LIcai 2T 2 Ty 28 fibrous BICHBMR D IZ, BELEROBY “KEH” =X ¥ -0
M—RERKILTHZ X, 7858 LWE 5 Thol,

Orowan ZEMWBEOTLELLYED B0, EBRDO X 3= AF-£HKX TR T, HERRCKT 3
18O NOEHERTH D EFERL T %, AL Tipper FERFICDOWT, Orowan O BROTREE LB %
B LCE S, ROFUII LHREEBRBEOREELRHETHS LIXEFE L BI %2, fibrous 75 v 70EIN
Cor DBECRELLRETIE, L5 THWIREIN A LD TIXRWZ EMNBE b LDk, LT fibrous 2
% v 77 Orowan OAREELRELTH T L 2T L LT, cleavage BT LT AR E AWM D 1, BER
nirEZz bhb,

WEOTEELELEC S LW e bo@BRI AL & LT, EELIEIERICRD btk fracture
stress curve OFZIR L, fibrous fracture s.c. B I flow s.c. OBRER IOUIRBBEEEEELEZRL, Mo
WHHRARE DO AN Cor DFHETREMT S THEA S LIRETHZ LRI D, RO =R F —4&MHC X 53]
LRREED, Fig 17 O & TEMNSHEREH L CRE L,

E i ‘

AREFOVBHRE = XL F —~RETHHIE, BEEBHAEHEOE 25 FREBEAC KT, EELD1 AN
AHUICEBRIZBIN LD TH Do LOERCK LHER 2 Bb o B SR T2KRETh %o o
Orowan DREELREDOERIY, ABFEAR - =8 - AR 3 RBMTIo o FERED 1 THLBZ L&
T %o ’
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