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Fig.1.3 Stress intensity factor versus fractal dimension.
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Fig.1.2 A scattered electron image of ductile fracture surface.
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& Flmbr) — f=z

ogb
o £1W (3-29)
2
SO o #BET 7 4 5% (self-affine exponent) @ %\ 3 Holder f8¥tL 1 5.
Eqn.(3-24) icBWTHESHAVTWARVS, ZREATORICHS LIS, EFEO z

- THEY ST N2 TH D

FO+1) — f(0) # (i) i{f(uv é) —fl’U)} =0

3.1.2 BEERED IS5 7L RT

1HEMAUEE T2V, BERORr—k 1fr Lizd FEST MO A —

s #ICHER ZHENHIBEVNH L. TNEREIBEET 71

v 77 7 ZIv (statistically self-affine fractal) & PFES. fat#k: LT, 25 —ERE t ©
BIEEZEOGEERD Z L BR—BRIATON TS, N E2# S-S FEBIREEK (height-height

correlation) & FES. HErmaiiR h(x) (2x1 5. SRR C(¢) 1219,

C(t) = [{h(..- )= 1,[.,»)}~'] :

REBTEROMHMBEET 74 v 77 7 2V OBEICEE, FE ¢ & Ol
Ehb.
C(t) = ct? (3-32)
ZIZT. H it Hurst #LMETh3. ZoOBoO7 527 20knid. iz t x it OF T
BoT, ZO¥N #HxHZLickkwohnsd. thRORFIMOEE# L L+hid
c@ L

AT
cL

b

(3-33)

tH-2 (3-34)

Di=2-H .

ZOMITH 7T AN EHRET 2 HEEV o RESA T

Eiil0::E: o s AT 4 Zi% (Box-counting method) < Richardson 7' 1 &
b, —REAIRT 5 2 2 NERICHT B, — LT 72 AR =— 2 brE—
(Renyi entropy) 72 £ 2%

AW T EOMTmii#RZ R L 75, MELE CHEEdHBRICOZER T <& T
by, HEFFERTAR L OEENLBEEL L, FROREHHKOET Y 7 ORXIC
THELBbhs. Z0s, BE— @ SHBLHE RV




WEET T2

#4127, Griffith-Orowan-Irwin ORBEESRH

R YT GOl &

3.2.1 GOI&#%

GOI &FiC - ¥) . Griffith DT HRLF—13F U ZAPpLBAZHEDS.
NCHMO ERDBFET D LT Z

5. ZOBEORERE

C R OB

R0

#% 2z 7% (Fig.(3.6)). ER{E

EROWTA LT, &
B dl RO T D

ORF v« TR
i, RETAALXIEA=4t(l+dl) £LLT,
R Up LA L BHE W ORIHTS

M= 45t(l +dl) . (3-42)
g fee e P R (3-36) FEbAS, SEPEETY L N TR Hex, BENR¥EHLT S

g L e ] e

Ao kb SBAHE L, KR dA OBAETAER LT B & P AL S I DI
i OERICTHE S 4,

5. HHoRpTEEEH
REROBT v s THRRIELLERY., DX, FAEmE
OEALEFEN T ORT v

- X\THE, TRANXM
G = K*IF
TRAXOELERVDT, ORRBHS. ZZ V) (FEOF Y = E(liGh) Tha.
dU SRR T O RO Mode T 53R TR
— =0
dA

¢, E'=E/(1

K = oVl (3-44)
dil  d(W - Ug) (3.38) 3P Y ) THEEWRBOER L 25BREN 0. 12
dAY - . dAL S ;
T b AR TS A TR B AIE T S
WA BT, O

7

G (ST D & HEHITRE
GOl &) T2

B E GOl A2 EE
173 Griffith-Orowan-Irwin O %4 (ELF,
£7-, BIOMA T, Eqn.(3-38) 2»F

FIH— DY S

-. Figure (3.6) ® L 572




log K

L2l 5. H1ICHERE RN log Ke

SHE O X F IR b AR, BBV Pl A SX<s
y b LTRSS EFN
FATNT T 5 AR T TR B A0 & Bkt DR

DR Ly bFB. TR R R LIE, © ORI S KR
L TR B T T S EOTR Ao = tho & RANTERLIER. ThbIcH 323 I3V FEOHIR
Le, EBOMMAEE Lkl s [, NEGEHE A LRDT
R oM, #imls LEHRE, H

BERISHIEREH Ke & 77 7 YA 5E D OB%E Eqn.(3-50), Eqn.(3-51) (27 4,

ZREHBONOEBBERICHER I TS, FXRRFZF G % F - T

(3-16) Equation (3-50), Eqn.(3-51) (X1 ZLERTAELZE

O M % § O A

ZIEEN

EFLTVE. FROMINBREZEICERICANSDIC § - 0+ DREMRE LS L,
al) WL b Ko ([ASERAI 5.

.x“.’«’l {2"[‘;'/_01 (["‘“/)‘ Py }l % =
i {rn (£) ) -

L D, (1R HETE

lim K¢ =
50+

(3-48)

(3-49)
BRAICAIRERE
5 9 E A REORUER BT O L 5 o PENG T T Y YA

I CHHFAROERICE T 5= R ¥




BEDI S5 IR

Mandelbrot & Passoja

Mt i, FESERE A 2511 ZER A 7 % (Fig.(1.3)).
MtEREm =45V T, GOl REFOIEIEIZLY, Ko OHMIZHEY,

el RS At micREh T oY), Fig(1.3) i

ViAu 270 20k 9 REtEH B ORERT O 7 7 2 ¥V RIEMIE Z O/

%. Kic ORISR MaPEa Wit 7 & REPEASRERR 125 < =
GOl RFOMEEC LS, Mt ENRE BB 50T
77 ¥ ESEEEBEm % ‘ {73 et < b2 s
Figure (1.3) (p.7) I235v>T, 30MnCrNiMo 58, 24SiCrNiMo S 1#$H T
HEE L
PES 15 LU PEK-C

W7 # (shear band) I




Fig.3.3 Self-affine fractal

(a) (b) (¢)

Fig.3.4 Geneartion of self-affine fractal. (a) initiator, (b) generator and (¢) intermidiate

geometry.

(b) M = X8

Fig.3.1 Euclidean objects and their measure

Fig.3.2 Koch curve of dimension D = 1.26 Fig.3.5 Box-counting method applied to statistical self-affine profile




Fig.3.6 Configuration for Griffith theory.

$4F RIFMELUEHEHOEMNE —MEMHEE
BT 5FEER

SEME — et B 5

FHEFORLRR
e R A LS/ TH 3 | SR T SRR | R A 2o R IR
5. REAMEHIBREMELE L, EEORR DR 2 BT 5. 3t R ER
RIROIR E P EARRBAZAVWTERSES. UK

Fn+ n

OFFT, BARHIRIELT, 3WISHREZELSED.

T OFER, EMEMN, EMENErEESI O m, MEtE o 3 M ouim & 5 5 1
FRABKEE A AW EEBBIC LV LTS, i, MEHFT
FRHENIEMRMERO S H, BINCES £ TORRT RLX, KEROMERICED
, FEfE L EEBL TS,

UTICR&

=8 BN 0.35% %58 (S35C), 0.55%H¢#HM (S55C), +

£% (Eutectic graphite cast iron) Z F 7z

Uiz, W oHE BRI AT




25845 1 OBESR O IENE — WEVEE R B 5 KB

, REARICMTIL, &6, MIOTFHERES

4.1.2 #EM - Bpng

ST IR A T T o 7. Z OF MBI 7 7 & o fEmmdl & v
CRIE AR RS TE S, £, REEEIHE TRV, BEEE e
KX 72 LAMET Ol -+ < U9, BT As BREAMSE (0.3%C - 0.7%C IcB W

T 750 - 800 [°C ]) &%V NLBIHATHO A, BIERLHE (750 [°C DU 1 100 [°C /h]

RETHD.

BTSN T I Tab.(45) ICE L TRT. B, BEEIRE Lo%&ME, 5
JEAFSR TAIBNREE Ay +50 [°C | T 1 [b] REHRIFA. BICHTHCIIIBIRE A, +50 [°C
] T L[] {REERIFHTh S, MORFRED 0.35% OBBITH, #9900 [°C], 0.55% @
Tl 850 [°C | T Y, HEETIIH 800 [°C | THD. AKBRTHEL, SHTH 1000 ¢
|, $E8KC 860 [°C | EWRICEE L7z Ak LA P IR E 24T D AT X
EOHERTVA T L L, BRICEVMASATHAZ EBFEICLY, REMERORE
TR F 0 R A ORESELS 25 2 LERMRLTRE LTz, £, AREHES X
LCH, i@E, ERESIRE (19450 [°C) Ak, A, ZEEALLT (#9700 [°C | UIT) O
FEGEDH % TR, FHT 5.

ZRZNOMEHC OV TOREME L TR T.

S35C
BREHO RS % Tab.(4.2) IR, BERABMABIHEMTIC X W BE & R, SME 616 [mm] ©
A%, BZHERT 900 [°C | T2 [h] O AR 7ok LEfTolk. TO%, HBA

WARicMT L, BEE, 600[°C| T 1 [h] OMIOTHBRESEXRELEZToR.

11. HBA

55C(A)
FELORRSY % Tab.(4.1) (2T, #ERIEEIREMTIC L o WiESh, SME 630 [mm] @
AHTHS. FHETLE 620 [mm] ZH Y HiL

BEEXRE LETo7=. Z0O%, REAFRICIT L, BEE, 600 [°C] T 1 [h] &MTO

BZEFHT 1000 [°C | T 1 [h] o5

THEERESRE L 2T,

S55C(B)

HMEORSy, HERFHL S55C(A) LR L TH S, HEROLE ¢20 mm] ZH| 0 H Licdh &
Bk EMIIC L2 8 BRESMMBMOA L) — AT/ 2HETILEAME LT, REFH
T1000 [°C | T 6 [h] OREMEE R E LafTolk. T0%, REAFHKCMTL, FE,

600 [°C] T 1 [h] OMTOTHERERES R E L 21T 7e.

HBKR LK

SR (BF) TP B S EEESE B-C 2 A 7 OF o Z23—Th V), MO % Tab.(4.5)
WART, ZHUEGEREIC L ) RS S AL AME 048 [mm] OAETH S, EEPOE 620
[mm] ZH0 0 H L,
BAFARICIIL, BE, 600 [°C] T 1 [h) OO A ErES

HZEFHRT 860 [°C | T2 [h] DFERBEE R E LE{To. £0%, B

4.1.3 FBARK

BULR U 7= BEah 2 B U1 & i EOUERRBR i TSN T L 7= (Fig.(4.1)Fig.(4.2)). 7
BRI DG T AR O A T ER ¢12.5 [mm)] (1/2 [in]), YIK ZLSAOFEREIL ¢

[mm], YIKEETIE ¢7 [mm] THSH. YIRE &l S 2V A B CHTFRBOERDY o7
[mm] ©& 5. LIREE R (1.5, 3.0, 5.0, 10.0, 15.0, 25.0 [mm] & L7z, HEIZL 8K

EROBIR% Tab.(4.5) IoRT. ZRENOME, SIRERIZOVT 2 RS ORBRIZHEM




SERE — IR 5 8

SRR T S BR

INSTRON &

# Fig.(4.3) =57
T 100 [kN| offli2 a2 & L. AERTORKHER
ORBER 2 Z~y FOBBHRRXFTERICEEL &I
BT OMUUTED 7 2 AR Shinko $EMETREH L, INSTRON #8117
AVTRIE Lz, AT REA O M09S 10 [mm] BEE L SRR & REFICMER
=¥, S35C, SH5C OMWIERIC AV, HEIIMUORDRHMEOERIZA V.
NOMUHHBOTHANEREZN L THTZED L LTEEICERLTVS.
HHERERO 1 — FELOWN L MOTZRERSOMAITA/D ERB LT o ¥
ICAFNCHERE L, —okIICLT, A/DERBICLVMAET «+ VX MICIRET D
VRIS, U 7wy ZIC Xk 0IEh - O TR RREOER 2 BB hIcEE L. B
ERHAIE A/D ERE L OMIZ2KCR 7 A N F 2 LTHEEL, HABHTO

# 12 [bit] ICEMT 5. AKBTIY

4.3 EBHER

4.3.1 HEBARMES

MTFIOBEX 72 E Lic X SO E(EZ Fig.(4.4) ~ Fig.(4.7) io7

AAHESH el 7 1) B L7 Wi, (b) ASEERUE T e ST el T & 4

5C, SB55C(A), S55C(B)

S35C 35 5C CiIXsE R & 2 Lic X DB maidh L, Bilrdn TS a2 dh
BOSABB SIS, R CITRREER (R MY —2 () AEIZ 2o B
BHO®H I - Wil Tids s —3 b&Z7=7 DI DREL, ThTh

EMLIc L) WESH T




RO — BB T D

#HERRoEHR

4.3.2 WHEBRE

3IEREMTRAERIC L 0 AR S h A 2 E R E T ERMSE (SEM) 2 AV T2 RETRZE

21, BEpELREL.

S35C
Figure (4.8) {2 0.35%C #lifiii > SEM @477, W IhoOBRE&EIC

CAATHBRLE SRTWS. R bITHANAREMRTT CH 5. —#80 SEM Ik S—
54 hO~XMEAKRINS. fIXHE, OXEE R = 3.0 [mm] (28T Fig.(4.8)(d)
O L T PRI S BCTHD. —nbDOA—TA FIE2HRLTF
F LTRUDEILORE

*MEABBE SN D (Fig.(4.8)(M). LaL, & THRMNELORFT

R = 25.0 [mm] {ZBWT LR

) 3R 7= MRk

S55C(A)

S55C(A) M%)y O#kiE © SEM @ TIHEIXE
)R HEH 25.0 [mm] OFEICIT S35C MOWE
=L (Fig.(4.9)(e)), MEFEMET

(Fig.(4.9)(e)(I)). — @78, ZDOHUIX

(&£ 25 [mm

S55C(B)

S55C(B) BaE i Ok b et — MEtEEB ) &

GIREE 1.5 [mm] Tid~E M i) RESR 8 LTV
(Fig.(4.10)(b)). BIX & 3.0 [mm] Tix, NPHERRL L Hic/3—F 4 PO~ MEbH#l
BZENTVWA (Fig.(4.10)(d)). YIREEH 5.0 [mm] L7285 &, @W{EETF OB
ZeARENS. Figure (4.10)(f) IZRENSH E 91, 75— T A %o~ P 2% i i Py
THESHTH DY, ETICHALND L I, BT TAERERSNLE RS, W)
REFE 10.0 [mm] TidS—F A hO~EBE L T« > 70 & ORIEHRREICBE SR
53X 512725 (Fig.(4.10)(g)(h)). £ LT, YIRZEE 15.0 [mm] (28T, T4 TN
@22 % (Fig.(4.10)(1) (). MAHICITERRBER O L 5 et imkia 4 2
3% (Fig.(4.10)(m)(n)).

R, YIREE 15 [mm], 3.0 [mm] THEMEREE, 5.0 (mm] THEME - EMEEBIRAN T

YERYRET, 10 [mm] TR L < EMMRE, £ LT, SK&E 15 [mm] S CIEMRTE

LR A

HERRLHH




— 15 SEM @7 6 E% Tab.(4.6) ICF T L SICRAEL L.

4.4 BEHRMER

Tab.(4.7) iIcBIES LURHR Sh-, MEHFOERMEROETT. TOREDL LU

Fic/ 7 7 %%, 6H3MEOEKI LS, ERMEROBRZHA~S.

4.4.1 WHOTH

WO Zbs, RBABMIEORBH SEOMOPSHBEATNS., THFOTHER
OF % (HEROAH) 22 RERORBR ICHOVWTRTR, TEOTHOME E2H2
8, FALOMOMTERILIFLALRY. UTF, TEOTHIOVTHRIZDTS

LERL, HOTAREOX IICHRETS.

WO i, S5 3EEEOMINIC L Y &

3 LTV S, RBEEH L OIS T, 577 3HEE 0.33 [TUIREEL
OB K OYK X W PO OHEE 9, 0.40 i 25 [mm]
»h, RBFICORESERLAZLIC wERRAs, HBHEEOHRUTE
WRB O oM EECSERE LA L, S35C BB ofkmE L,

WFROBK 2 RICHEWVWT LB AZEERFORBERTL TS, 2F

S55C(A)

S55C(A) W (oW T ZAEOIRF] 3 SR O %h LT Rk 8w 2
7~ L7z (Fig.(4.16)). F+77 3 0.33 |23V TOMMIOT Z:illiE S35C WS H L 12iFF

L 0.12 THH7, 0.039 T BETOTZE 0.032, 0.63 (2380 Tk MO 244l 0.020

HOBMEL, TNICA, REREC
EoLficky, SRR YO 2BRIF28Mm L, RLOBEARLE S
fedd, BHUERRKSBNLIZLEZLNS.

FEHTEF O BLOT 7B b Rk @5 2 78 L TV 5 (Fig.(4.17)).

S55C(B)

VA IWEOE(E iB 9 - DICHI R Z BROME A L7 S55C(B) MA% K

THIZBWT LR OT 2 OIS/ 3 WEOZ iz 28UE1 X EkTH S (Fig.(4.18)).
W71 3 MREEEAR 0.33 UA TR0 2 EEF 1 /3 oA L, 1 RE
BESRIC L SMENE L ORISR, & O 24l THEM:RE S,
3EEEEAEAS 0.40 - 0.49 OHEELIS T,
Z 6 O TR

5 (Fig.(4.19)).




HAE BRMB L OSSOEE — IEEBICE T 53R

HBRRINHB

B BEABESE ORI T M, I h 3EE O ERICHVET T 525, S35C MR
28550 1F £ O@MAELIEBEA TV (Fig(4.20)). A 3HEICKLT, 0.002 BE
LEVMETH S, SHUL, BEEEREASE ) 3 L ERBRICIEIERE CH D I L ITHIE
LTWA. b OBEIEEEOEOTRCBNTHREKTSH S (Fig.(4.21)).

Figure (4.22) (/57 3 Wi E BFOT A OMME £ L O TRT. BF, 7—2EZXR
FEIOEDICIE LR, R T M T ORI ARSI & Y RE LIcRRiT IR
Zeic). B GMEMEREE, D GHEEVERSE, % LT, B/D BB K OWEERE O R
e REIE (LU T, 3EME/WetEmi & ig9) 2%

S35C MABRF, S55C(A), S55C(B) WM OIBA, 5 3WE 04 LLET, KO
FIMELIEIE 0.05 Th 0%, MEMEEERE, IR, Ei/iEtEeRs R25
SED, BIOTREI LY EEREZXST 5 2 LiE, AEROEEICH, RAHET

bHd.

4.4.2 FBEERRAR T R ILF

CRO S, MR RLX B, ZEERL Y OfTHY, ErTEAZHY
LV FELETEOTRICLVEALTRD TS, ZOkD, RBE7 oA~y
FEBERIC L DRI R AR IRRAEL RoTVS. UT, ZRENOHEOR

B ORI = ROV LSS 3 SE OMBICE L TR~

S35C

S350 BUBLER H OVRIL - L IS 3 MIEE ORI X Y BEGCE L, EE-EEE R

% (Fig.(4.23)). 15713 @HEEE 0.33 (2380 TR R /L] 55 [MPa] T®&5%, Ii5H3

14, EfaiEE

EHEGE 0.40 2B WTRILT R LF (T 33.0 [MPa] L8 L, ZhLAEORH 3 #EEHIC
FBVT LRI X EET 523, (2T 30 [MPa) ok YEofe. ShbOuH 3 #hEE
BBV TIH, BOTABAEN3SEO ER L L M52 BB LTV

E S RIE LIoREEESS, S35C MR OL TOUNREIBICHBWLWCEHEBETHSH Z
Lk, AEROS35C AR ICB W TR R X0 3 #EOE(kicxtd 5
NI RENE — MBS & (et L7z u.

S55C(A)

S55C(A) MR A OWBAIC BRI F AT, W62 3BT 2 A T S350 Itk
KOOI & BV T H 225, 153 WEEORNNIC J ¥ 20842 Ak ) 47 L
N

= (Fig.(4.24)). 5/ 3 SlEEME 0.33 {354\ T 30 [MPa] QWL R /L A S 3 fibEE{
0.63 IZHBWTIE1/3 D 9.78 Lo T4, S35C RIKER K O WRIL = /L F{E O M &
RBARHZ LI, B 3E@E 0.40 (23VVT 21.0 [MPa] &, ERILT F L ¥ (E & KRR
FAFEOFHOMEET LTS, S55C(A) BERE K OBUT - F /L A S35C BEARR
DR ALF L YIELS 2nole 2

tHEZLND

LIZIRFBEOKMIZ L 0 PHBRE N ol
SR 0.40 ICBWTHREE & o7 = 213, BUEmE
ICBELTWA L EZ bNh 5. BEMABIZES 3 MM 0.33 5 XU 040 (ZV  THEH
BEERESN, TRULETHENEELRESNS. it FEFERNE T &L WRIRL
TRAFEEE LY, MR CIHEV EEZ & D 2V 5, N MRS O —AR R 22

IC—ELTW3.

S55C(B)

S55C(A) BB A L 0 IR EBOBEN 2L, EME BB itz oNn5 L EDQ
7= 855C(B) B A Tidd 5723, S35C MUaEAER & FERIC T L MBI 2L F O




cORENE — HEMBRIC T 5 H%

Ml 7 <, ARicEuT BEm» A LR (Fig.(4.25)). /7 3EE 0.33 TITRIL=F
L¥EIE 84.7 [MPa) & #<, 040 TIE 32.3 [MPa] & &L, Tl EOIET) 3 W
12T 30 [MPa] & = b ORI FVFEIL S35C HRBRF O F
CAEBAEIC L D BESE LT EY

rEzHND. RBANEORNIZToR%E DR FFEER
2% S55C(A) 75 1 [b] THBH DA LT, S55C(B) 11 6 [h] THH. O, Famrs
HAbL, Bl L)L EXLbNS. BiEkEL S I A RREIE LRI R
L% L RS S S550(A) MRER A O E L 8720, BURILT R/ FEAEIERE, {304
W= A A MR & AR /2T B 2 LT E AR F ) 3 B 0.40 - 0.49 @

FaEE TR T 2 SIS b b B BRI RV FETH5.

F KRS0 8%

St 8t FL A SR BB F ORI = R A F A U TH Y, A3 ThEEDOZALIZ LY
WMEE 2T, ST E HRETH S (Fig.(4.26)). BERFEIEY VIR OGS 3 EE
iz BT b R AT Th Y, 5 3 BEEITK LPERRE=AALXTHDH L

IS LTVWH L EZI LS.

Figure (4.27) ok 77 3 hEE L BN = R A ¥ OHB% F LHTRT. B, 72 fE
£ EIOENICE L= XFE, EENETREETOMBRHRRICLY R LI- R
%t B iIMHRE, D ENEE, LT, B/D HEEERS L Ot O+
BRI REIE (AT, ZEME/RetEmos L esT) 28T

S55C(A). S55C(B) BIBERH OBA, FEH 3 WEORMIZHE: D R~ R/ F OB

W SR I O RE MR © Bt~ OB B L HIS L T Ok 5 R F

RO IR BT BV TIUEMBEOAR L RoTEV S, bR

5, BT XA XOBIREVEOEBLHVEREHL EEXILND. L Lieas

5, S35C TIZRIT “OEVNCEED S T REERE BEOEEEBLY
i, S35C iES55C ICH#e L TH
R ICHRERDT
ZBHEF A HH

BN RN FOERHAO 725 S, S35C, S55C(A) B L ULk BEnshsr it
BH OZOEBETIE 16 [MPa] fHE 28108 VORI FL F THEMREE, £V w1
FOlEHEZ 2PN S L HicBbins. LirL, S55C(B) WS OWRIL~L /L F(E
1%, 5/ 3EE 04 LLET, S3BCOLOLIZFFZLWIC LD L THEPERA RS
Zidh, BT RAFEIC L ZBEFEOEBEATELEZONS.

ZOX BT, MR R, EYRMEICBW T, B3 WhEC T 5 E Lo
LB EOBR /T T 22 L350, —ARICE OMRHED X BT IE

ZXEIT %

4.5 AREOFELED

BEMERE 45 1 OMEMERK T 215 5 72 OIS BRIREI R & & SUHR A 2 V2 5 R

. EM-REEBAREZSEADIC, ABAMEICIREREN R SME

S35C 8, S55C Sl L USRI BSnsEskic L v RB A 2WEL 7=, %7, MRIRUIXK

SAREEOZE(IZ X v, REER & EtERkE

TEEMLE. CAGCHBRAEZME L BOEIC LY S35C N, S55C(A) K,

S55C(B) 84, &k REHEHBUNRABH LABLE. TnFNORBFOMRICE VLT
OFERIBONE

1. 835C T EEORAF LN, B0 2, REETRIR T FVF (3G 3 WEED

ERiCEVWRML, —ElEL o7 Vo DZE{LOBF & LBV IECESIZIT




HEE— MRS B, EA G DL,

P2, BRI RIS 3 B BRI FEY , —EELBRoT. W

I'ab.4.1 Composition of the 0.55%C-steel (S55C)
L OBE LT, MEZITHBE AR A2 A, BRI oL

FrixAVHEEEZ L. - Cc S )\ .\’7 Ni Cr (‘{1

3. S550(B) CIAEMREE, M - WAEEBIRICH HREE, Mm@/, Bl Specification 0.52  0.15 060 Max Max Max Max Max

O 7x, TEWIRIL T I 7 3 BEE D BRIV, -El Lo, Th ~ ~ ~ 030 035 020 020 0.30
5 O EIRHHEE L EPEOER L OB RV, 0.58 035 0.90
R BN B Rk T MR O 28§ DT, BRTOT %, BRI /L ¥ 12 Results 054 027 072 015 0.04 007 0.14

ICHB N R E T 5.

e 7S 72 0 §35C BUBER A CHEMERBO A Z o2 2 L &, It Gtk B i gk
I TR O 5284 Z o 7 R ThD. FLRETHY RN, S65C(A)

e 2 labh.4.2 C siti f the 0.35%C-steel (S35C
S - L S55C(B) MUERER T & CERMIBEOER & BEREOES ORISR L0 A priosUgad tie .00 ARl (N300

i, BBOREICERTS L EALND. (6) Si Mn P SNi Cr Cu

Specification 0.52 0.15 0.60 Max Max Max Max Max
~ ~ ~ 0.30 0.35 0.20 0.20 0.30

0.58 0.35 0.90

Tab.4.3 Composition of the cast iron: Kobe Steel Co.’s Normal Cast iron E-C type Dence

Bar

C Si Mn Ti Mg

29~38% 18~34% 0.1 ~1.0% 0.1 ~0.3% 0.003~0.020%
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Tab.4.4 Conditions of the heat treatments before machining into the specimen shape

S35C: 0.35%C-steel, S55C: 0.55%C-steel and Cast iron: euctectic castiron.

Material Dimension [mm] Temperature [°C ] Time [hr] ~ Cooling method

S35C »16 x 200 980.0 2 in vacuum furnace
SH5C(A) ¢20 x 200 1000.0 in vacuum furnace
S55C(B) $20 x 200 1000.0 in vacuum furnace

Cast iron ¢20 x 200 860.0 in vacuum furnace Tab.4.6 Fracture modes.

R

10.0 15.0 25.0 Smooth

$35C D

S55C (A)
S55C (b) B B/D D

C1 B B

Tab.4.5 Specimen type selection

D: Ductile fracture, B: Brittle Fracture
R [mm]

Material

Cast iron
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Tab.4.7 Mechanical properties.

Material R Rupture strain [%] Absorbed energy [MPa]

477 294
48 26.2
5.97 33.1

Smooth 12.54

1.5
3.0
S55C (A) 5.0
25.0
Smooth
1.5
3.0 30.6

5.0 27.0

S55C (B) 10.0 38 30.3

15.0 30.4

25.0 .93 32.3

Smooth 84.7

1.5 0.302
Cast iron 5.0 AT 0.347

Smooth 0.403

(a) (b)

Fig.4.1 Dimension of specimen (a) without notch, (b) with notch of R.
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(a) (b)

Fig.4.2 Dimension of specimen. (a) without notch, (b) with notch of radius R.

Strain
CR filter transducer
CR~«

A/D Converter
] ]| I

Pen plotter

Load INSTRON
transducer

Fig.4.3 The block diagram of the connections of apparatus
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Fig.4.4 Microstructure of S35C after the full annealing. Fig.4.5 Microstructure of S55C(A) after the full annealing.

() Normal to the longitudinal axis. (b) Along the longitudinal axis. (a) Normal to the longitudinal axis. (b) Along the longitudinal axis.




BT SR

(b)

Fig 4.6 Microstructure of S55C(B) after the full annealing. Fig.4.7 Microstructure of eutectic graphite cast iron after the full annealing.

(a) Normal to the longitudinal axis. (b) Along the longitudinal axis (a) Normal to the longitudinal axis. (b) Along the longitudinal axis
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FAE

Fig.4.8 Scanning electron micrograph of the fracture surface. S35C specimen.
1,083 [um]. (b) smooth, L = 108.3 [um], (¢) R = 3.0 [mm], L = 1,083

(a) smooth, L
[pm]. (d) R = 3.0 [mm], L = 108.3 [um], (e) R = 25.0 [mm] L = 1,083 [um]. (f) R =

25.0 [mm], L = 108.3 [pm],

4.5.
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Fig.4.9 Scanning electron micrograph of the fracture surface. S55C(A).
(a) R = 3.0 [mm], L = 1,083 [um]. (b) R = 3.0 [mm], L = 108.3 [m] (¢) R = 5.0 [mm],

L = 1,083 [pm]. (d) R = 5.0 [mm], L = 108.3 [um]. (e) R = 25.0 [mm], L = 1,083 [um].

(f) R = 25.0 [mm], L = 108.3 [m]
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(k) ()
Fig.4.10 Scanning electron micrograph of the fracture surface. S55C(B). Fig.4.11 Scanning electron micrograph of the fracture surface. S55C(B)
(a) R = 1.5 [mm], L = 1,083 [um]. (b) R = 1.5 [mm], L = 1083 [um] (¢) R = 3.0 [mm],

(2) R =10.0 [mm], L = 1,083 [pm|. (h) R = 10.0 [mm], L = 108.3 [um| (i) R = 15.0

L = 1,083 [um]. (d) R = 3.0 jmm], L = 1083 [um]. (e) R =5.0 [mm], L = 1,083 [pm].

[mm]. Z = 1,083 [um]. (j) R = 15.0 [mm], L = 108.3 [um]. (k) R = 25.0 [mm], L =
(f) R = 5.0 [mm], L = 108.3 [pm]

pm). (1) R = 25.0 [mm)|, L = 108.3 [ym]
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(m)

Fig.4.12 Scanning electron micrograph of the fracture surface. S55C(B).

(m) Smooth, L = 1,083 [um]. (n) Smooth, L = 108.3 [um].
(e)

Fig.4.13 Scanning electron micrograph of the fracture surface. Eutectic graphite cast

iron.

(a) R = 10.0 [mm], L = 1,083 [um]. (b) R = 10.0 [mm], L = 1083 [um]| (c) R = 15.0 [
[mm], L = 1,083 [um]. (d) R = 15.0 [mm], L = 108.3 [um]. (f) Smooth, L = 1,083 [um]. |

(g) Smooth, L = 108.3 [pm] ;
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Fig.4.14 Stress triaxiality vs. rupture strain. S35C. Fig.4.15 Stress triaxiality vs. true strain at rupture. S35C
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Fig.4.16 Stress triaxiality vs. rupture strain. S55C(A).
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Fig.4.17 Stress triaxiality vs. true strain at rupture S55C(A).
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Fig.4.18 Stress triaxiality vs. rupture strain. S55C(B).
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Fig.4.19 Stress triaxiality vs. true strain at rupture. S55C(B)
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Fig.4.20 Stress triaxiality vs. rupture strain. Eutectic graphite cast iron. Fig.4.21 Stress triaxiality vs. true strain at rupture. Eutectic graphite cast iron
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Fracture Modes

B : Brittle

D : Ductile

B/D : Brittle or
Ductile

Stress

triaxiality

Material & series
—H— Cast iron
——S35C

S55C(A)
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Fig.4.22 Stress triaxiality vs. rupture strain
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Fig.4.23 Stress triaxiality vs. absorbed energy to rupture. S35C.
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Fig.4.24 Stress triaxiality vs. absorbed energy to rupture. S55C(A). Fig.4.25 Stress triaxiality vs. absorbed energy to rupture. S55C(B).
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Fig.4.26 Stress triaxiality vs. absorbed energy to rupture. Eutectic graphite cast iron.
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Fig.4.27 Stress triaxiality vs. absorbed energy.
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AT AT O AR 1 A4 BB R & o & SRR O =R TOEME R
AR A LT 5, —ilc, BEmRE, i, 77 Fa—rBich s, M
S AR (shear lip) BB S h, RIOEFIZZIXRONERAHOBOREF
RLTWA. fid, AUt LEbthE Tl ABTRRITEZE S h P, RS SRR
fibeoTWhH. ZO7c, MFmiRiIEE P EoER O ETRET . Zok
It AHZEicky, fMEdRIC LV RNSNET7Z 2 2VREBRREDTZ 77 ¥V
Wt e LTHWA Z L0 T, AREOMITRERO—ROEZBZRDRVEEXS.
T ks 5 7 7 7 4 VRTE R RS 5 I D, BlAE, —ERORSEE
frfilEE L LT, MEZRD ST 1 31 ik (Richardson & %V i3 Richardson plot &
IR Z L b d) SRS ZEFBICLZ IR 2 A0 T 4 > 7 (box counting
method ) 23 5. F£7-, EFFONRDVIZAFZ AV Minkowski bR ST
5. Wb, AT —mcxt L THEALEZ S HMICIK - fihT 5720, BEEE7
T HAMIIREDTIED DY, BT 74777 2 CidA@EYITHS EBbhs.
MEMHBEET 74772 ¥ ORu#RDDHHEE LTiE R/S i (rescaled range
method) < & — & SFHB % 44 (height-height correlation) 23 5. Wi &L b—EAT—
WORBNTOMEHRZFEL, A7 —LLofoRERAUEZRHTHETHLD, £
MIELOERIARV. ATFIIRHEL L T—EA Y —V N TORKMED SR/ MEZS] N
TofeRbE R IV, BFE—EAr—VIRSMOMOEEZR WS, LiL, ZOREHED
ZCLVETERESVERARS. §iFHE, BAE BMEEZRDDIDIC, —FEAT—L
WOT—EZPTRTEBEINTVD ZERERTHS. BEMICE, MESNDIT—F
7 e/ ThrnERLHY, #lzE, oA 7oy X TRESAHRR
ERRBIIRD. BET—EAFr—VOMICHD & T—ZITEEHL, RAORZEHK
OB LT HF S EANRFETHSD. S0, —ERBEH ST EERSIC A/D

T UM T — 2 RORB R EBMRICAR L. AR THO HHEMTEERITZ O LS

REERT — 2 ROKEROT, FHE— RS~ A VWS,

ZO LD BB LABE T, B GulEtodh k) (2dV TEIE L7 fEk i
HRRIC R LTS — @Sl c a2 AW T7 72 # ke RT 5. £ 02K
BRI LYV BONTBERECHEAZOERN AT A—F LT 5. TORE, &
PR & MEERE TR R ASMEEZR L TWA. BEEAREL LT, Mettrimic
BIF2774 7 NVRTENERBRBER 7 — 1 LHMRRBEA r— B TR
BB EETTS, EEEEHCEVWTREOL I RBBERr— T 575 7 ¥ VRGE
EOEFERFELRNI L ThHS.

LAt ik (55 5.1 ), #55% (55 5.2 ) 1=

5l EE

5.1.1 #EdrEehERAIEE

AFEBRIZBU T, M dh R EeRIC T 2 RIHBAGEE R B FEE (Scanning Electron
Microscope) Z MV 7z, Z o#(#iE JEOL ¢ JSM-T300 BERHMELIZ T200-BEIS ! 2
BRHBAHETREBLALE O THD. £OFEREL Fig.(5.1) (2
Fr#m (BF Specimen) THRAT LI-ABFHRES A &£ B, 2HOBHETHEL, £h
& D155 (Signal A, Signal B) ©7%5r% & - THE{L7— % £ L T % (Signal A-B).
INEHENICEST A LICL VEHBREES. Z0OL I L TH ST KENE il
RIT512 AOBERSTITHY, ThD 1HRFYUY BV0EKFLNS.

Z DREBROLTHTOR S HMDAEHET 4 [nm] TH D, AFER TH - HEWTHE BT
LS 3% pm BETH Y, HREREICL 3 . ko T, AEBOFENE
MITE oMM E R L OERETZIEL £, HETE AR O

BERICHAS A M S OREOERGZTMHZT 5 bOTIHARVOT, RETHEmRIcE




2RBES BN

WML Ct) 32

c®) = [fzlz+0 ;.u}-‘]' . (5-2)

A EMTOTME = | L offrarbT.

e i A MECT 74772 8N ThHBE, Ct) ikt DRFICHHFL, ¢ \ R ’ L
“Hesrt, Wi shaR O & iRE U, AL REmT
BLTAS ; : e .
BEECERLRDERIECLY HTHOTRDE., BRORKRL, WL a & LT
C(t) ~ 7 (5-3)

H 13 Hurst f8% & 0T, £ OMO®@EIL0< H <1 ThH5. =0 Hurst % jmodified _
15 2 8 MKTE L BA T
k% Dy D%

HRSRIE(® 1 il % Fig.(5.2) (Z-1. faRIBEEIT L

& At D10 TORTILE




5.1.3 BET 2 OREKIE

38 0.79 (2

108.3 [pm

(median)

5%-th points, quartile 10%-th points, tenths) iZ X9

= 1,083 [pm

52 R -BE

RO & {4 & ARS8 | IRRIGEIZ L D 4 .
SR ZIRDL, NSO S0% A EM L TV AT, RS0

) 3BREE 0.79 (W1 T VRO AHR

W) 7 7 2 & ARG OO FET i il - o S

%7 % e L . BUF, ARHTIC U 2w e, o

IR & o D o

7 G B NRTEO S AR S, ETFMSME, ETHSIA% Tab.(5.3)
Tab.(5.4) IR, ShbOMETICUT, EH3MESDVEIMERS L7 T 7 H MK 355C r Sjz k-
L TW5 (Fig.(5.5)). L = 1,083 [um] &

MmL TV 3EIEE 0.40 » 0.63 L OBIT0.12
Hh3WMEELE ISV LR %, L =108.3 [pm] C, 5738 0.40 & 0.79 L OMT Dy 4
& 0.07 B LTV [pm

B6R % Fig.(5.3) Fig.(5.10
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S55C(B)

S55C(B) BUAER A LUK & BEEOMENZ <, SHHC(A) MEBA L0 & LV FFMIC 7
F 9 ANVRTEOISH3MEC L AE(bEBS Z LN TE S, Figure (5.7) ISR T X 912,
571 3 WHEE ORI > T D PREVBHER S LICL - TRARDEHZ T 5. 264897
@& LCH, A 3Oz oh <, RMERS THMN, SRERS TEEY
LTWA. EH3WE 0.33 225 1.11 OBMC L 720, RMERS L = 1,083 [um] T
@ Dp $94i#1E 0.11 8L, ElE THBEMEE 0.00 TH 5. ZOLBHREFIT
S55C(A) MEERF OB EIC—HLTWS
S 3 WhEE OZA{kiC THEIZFEMIC Dp PRIEOEAZ A5 &, I8 3 #E 0.33
0.49 DIEVEOFEHIZEN T, WThORERSICEBWTHIFE-EOHEETLTHS
BIERE L = 1,083, 216.6, 108.3, 21.66 [um] {2351 2 Z O@EAD Dy PREDOTFIT
1.29, 1.21, 1.23, 1.19 Th 5. L = 216.6, 108.3, 21.66 [um] TEiE 1.20 fHE TITIEFEE L
-F7, W55 3WHEE 0.63 LA EOWIS A 3 #EERGRHIZ VT, L = 108.3, 21.66
[um] Tk Dp PRAEDREH 3 WEEIZZ o T2 FHRENEN 1.21 ThHDH. ZHIEESI3H
BE 0.33 - 0.49 OFPAOTEH LIFVMETH Y, ZONER S TIHEAH 3 @ OZE ki iR
RARFE—EM 1.20 Lo TWHLEEZBND. RAERE L = 1,083,[um] CiX Dy fl
I LTS, LavL, ZOEh 3 EEE OFRE TORMEILIE S 3HE 0.49 725 0.63
OO LY LBESHTHD. A 3WE 0.63 225 1.11 £TO 0.48 OB D
R fiiE 0.06 H8A0 L TV 528, 154 3 8HEE 0.49 205 0.63 B 0.14 OIFIITIL 0.07 3§
MLTWA. {EI5H 3 8EE O 0.33 - 0.49 (28T 54 1.29 76 4 0.06 DEMTH
5. ZORMBMIL De P RAEMEIS S 3 WA - B0 3MEGEO 2 fAskicilh,
ZNOHO@MEAOE TES T AEMETRL TS LEEZLNE. ZO2RSFIIXLT,
BISHEENONER S L = 216.6 [um] TO Dp PREOERIL, —R, FELTWVA.
FS7] 3WhE 0.63 TiE 1.35 LMV MEZRT 2%, A3 HhE 1.11 T 1.27 £EFLTVS.

C OBRBITRER S E o 7z Dy HREOBALIBS W THM A il 15,

HIER S OREICLY Dy S 2 FISHIRINL S = & 13 S55C(B) MR h ki v
bR LTS (Fig.(5.8)). £7, RIERS L = 1.083 [um] {8\T, LR
) 0.077 &IEIE $h 5 DITH LT, Dy Pofiis, 5 3 68 0.33 - 0.49 Tit
POEOREEA 0.042 L/E L, FHIBLLARVEZZENS. [5H 3EEER 049 20

5 0.63 (TIN5 L & @ D P REOBMED 0.06 &, [EIF2RETH

b, HAAE De ERICB# L Ll TE 5. —F4, SRERS L = 21.66 [um] T

%, 7 3WEE 0.33 - 1.11 (23T, WS IIRZED D 0.056 TIEIE
Dy FRAEOTFHE 1.20, FEUERZE 0.035 & EHERZEDS/NS VO THMIEIER &
Abng.
S55C(B) JaE R O O Dy EIXRAER S TE Dy 206 @ Dy i@ L,
—EL WO HMETY. BET S0 3EEE, AREBRTIE, 0.49 - 0.63 [

HBERKROFHK

HARBHESURAB R IZBWT, BEO Dy PRI, oM EOME S L FSICRIE
RSICL W RBRLMMEICH S (Fig.(5.9)). MERS L = 1,083, 211.6 [um] (ZHW TS
11 3 WHEE O R L TIRE—ETHHA, L = 108.3, 21.16 [pm] Tl EF-MHm %77
57 3MHEAMEVEA BT HRIER SORMICL Y Dp PRAVRARD Z LA, MH
LOERTHD. Fib/3HEIZENT D PRIEAVER SITKETRIBEOMEE L Y,
SRbf & 13 OB 5, THESWTHRERS & Dy flicoVTHEET .

522 BRERSETITVZILRT

RIECBWT, MEREICL Y 7T 2 ZKTE (Dy) [EDR 7 3 B OZALIZ(Z0H 2

MARRDZEMPRENE, I I THAERSOERICHT 57 7 2 ¥ VRTEEOHER




FiZS55C(A), (B) i XUSER

S55C(A)

S55C(A) B ORERI D Dy hL{HEC OBz WT SE@ % Fig.(5.11) I
4. A 3EE 0.79, 0.63 (V)X X% R = 3.0, 5.0 [mm]) Tii Dp PREEZRER S OH

KEEHICERLTEY, oMmiEnsh 021, 020 TH5H. THICTHLT, K5

3HFE 0.40 (R = 25 [mm]) THHMIL 0.037 LS, BEF-FEL LEMEL TV 5.

11 3 WHE O Dy O 534G (Fig.(5.12)) 1%, MERS L = 108.3, 211.6 [um] (281 %

EF IS AR OREAS L = 1,083 [um] (2451 %5 EFEMLAMO@EEICE £ TV S
EoT, WIMOMEESICHOTLAMIIELL TV L HET

& 3 0.79 (R = 3.0 [mm]) TIHMER 12K - THS LA OFERHEA

Bl LT DT, HMBELIEHT T2 ZVRTEMCBEL TS Z L 2RI LTV A,

$55C(B)
FOR; ST EESSR0(B) WRBHIC L Wi L<W~<% L, Fig.(5.18)icm+ k)
o, ERER S TIE Dy ff, ERETH Dy OfE b5, BIERS OMMIC

% Dp PREOECOMFIIEH 3WEIZLY, 3HRIC2TONS. £F, KAO

3#E 1.11 (R = 1.5 [mm]) (23T L = 1083 [um] &% ¥ Dp fEZ 2RI 5

. WICESA 38 0.79, 0.69 (R = 3.0, 5.0) 23T L < 108.3, L > 211.6 [um] iZ
ZnThoMERSC T D i —ETHY, ZNLOBEOHMTEMTHEM. £
SN 3MEORE CIXLENICHmT 28R THS.

RS ORI Dy lEOAFHITRO L O @A MZ 5. 5 3EEE 1.11 (81K

MER X L <211.6 [um] TiX Dy (&
% (Fig.(5.20
).79. 0.69 (R
< 108.3 [um] (2T, £ De EHA
VEIIZRIN D Z L BT TV S (Fig.(5.19), Fig.(5.18)).
B 0.49 ZLE (R > 10.0 [mm]) Ti D ARG ER]
W5 ((Fig.(5.17)-Fig.(5.14)))
ZOXHICHOBE TS 3®EICL Y
f Dy OEMARLS. KBEL LTIE&IES 3MEEIZEWT, BRI Dy fiif
i, HAlER {HE D (B2 b5, 5, S5 3MEICBW T De (I3IRE
ETHD. 127U, WIS IMENT, [5H 3IMBEAIEFITRAR L XS Dp fife 2 fflk

{iFERTE Y, (& Dy itk L 20 e ERBHREND.

HERROHH

MLIRRY, A Bl X 91, AR EBRSES MR F Rl TITACE 7 3 WhHE LS
BOTHRIERSICEVKEL M- De lTHS. £ZT, i

L& T Dy EOBR % T

RAIERS(CHY

Dy BBUC VT Dg

Ot R RI-BE, I

3HE 033 (VIXEEL) THNSAGEE, +2 s L EFE—8LTEY, Do
&7/ 38 0.63, 1.11 (R = 5.0, 1.5 [mm])
\HZ L WREEL

EORAE LTIE—1 &% (Fig.(5.23), Fig.(5.24)). & Dy S8 TIUCH 3 WE
0.63, 1.11 (R = 5.0, 1.5 [mm|]) Ti%, Dg fl#9 1.1, 55 38 0.33 (BIREEL) Til

Bk




MED7 77 5 AR

$h5 4 3 WHEE 0.33, 0.63, 1.11 ZREFRICHENWT L = 144, 54.0, 144.2 [pm] TH

D, BH3IWEDOHKLE L BICR o> TS.

5.2.3 BRIRIRIILFETSTIEILRT

ERMIEEONE L L THIBIZEZRIN R F (B,) EAWT, 772 ZVIRTE (D) &
OBFEEM LS. B4 WORERNS, LR BHEESE TR T RX2IES 3 WEO

Bleicat LTIEE ALERLARN--0T, ABTERY fbiz. £, BOUEOE
WG S55C(A) & S55C(B) D HLE I L7k,

$35C, S55C(A)

S35C M35 L1 S55C(A) kR E, Z{kiZ Xk % Dp OB % Fig.(5.25) (o777,
. BERSOBVEHIOBICL Y RDLTWS. ZORIET 727 # VKT (D) PR1IE
OAFAHRIC 2 R TV 5. 258K E, # 20 [MPa] #8828l T\5. E <20
[MPa) {238\ T, BIERSICLS D EOENKE V. 15, E, > 20 [MPa] 28\ TE
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FEIEE KA O T, i 3 MEE ORI BB O E, IAME E, 2 2R L THh A,
TESETZHE | Ttk (Brittle), JEMEREEE (Ductile) D ¥ &6 0B L TEY, £RA6O
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Tab.5.1 Magnification of scanning electron microscopy (SEM) and the image sizes.

% : magnification. L : Nominal length of a profile. At : width of a pixel.

X 100

L [pm] 1.083 x 10*

At [pm] 2.125

1,000 10,000

108.3 10.83

0212 2115 x 10-2

Tab.5.2 Distribution of the value of fractal dimension for the fracture surface of S55C

specimen with various radius

R = 1.5(mm]

L [um] At [pm] Upper tenth Upper quartile Median

Lower quartile

Lower tenth

1083 212 1.590 1.512
216.6 0.423 1.431
108.3 0.212 1.275

21.66 0.0423 1.363

1.323

1.260

1.153

1.088

1.105

= 3.0[mm]

L [pm] At [gm] Upper tenth Upper quartile Median

Lower quartile

Lower tenth

1083 2.12  1.564 482 1.387
216.6 0.423  1.467 2 1.370
108.3 0.212 1.445 . 1.257

21.66 0.0423 1.282 22¢ 1.190

1.305

1.327

1.190

1.146

1.256

1.273

1.149

1.118

R = 5.0[mm]|

L [pm] At [pm] Upper tenth Upper quartile Median

Lower quartile

Lower tenth

1083 212 1.540 1.460
216.6 0.423 1.453 1.409
108.3 0.212 1.372 1.296

21.66 0.0423 1.344 1.269

1.285

1.279

1.189

1.142




R = 10.0[mm

L [pm] At [pm]  Upper tenth  Upper quartile Median Lower quartile Lower tenth

1083 2.12 1437 1.35 1.278 1.213 1.160
216.6 0.423 1.382 g 1.230 1.185 1.155

108.3 0.212 1.37 287 1.232 1.191 1.160 Tab.5.3 Distribution of the value of fractal dimension for the fracture surface of specimen

21.66 0.0423 1.285 23 1.192 1.141 1.111 with notch radius. R =5 i,“,”:

Magnifi- ’ ~ Upper Upper Lower Lower
. L [pm] At [pm] Median

R = 15.0[mm]| cation tenth __qu quartile tenth

100 1.08x10* 2.11 1.43

L [pm| At [um] Upper tenth Upper quartile Median Lower quartile Lower tenth

1083 2.12 1.445 376 1.319 1.274 9% 200 5.41x10* 1.06
216.6 0.423 1. 1296 1.224  1.160 300 3.60x10% 0.704
108.3 0.212  1.418 330 1.269 1.184 500 2.16x10% 0.422

2166  0.0423 1.28 239 1185  1.141 700 1.54x10% 0.302

1,000 1.08x10% 0.211

R = 25.0[mm)| | 2,000 54. 0.106

L [um] At [pm] Upper tenth Upper quartile Median Lower quartile Lower tenth 3.500 6.03x10?%

1083 2.12 1.455 137 1277 1228 1.173 5,000 21.6 1.22x10?
216.6 0.423 1.312 245 1.196  1.156 1.129 7,500 14. 2.82x10%
108.3 0.212 1.27 .236 1.189 1.140 1.112 10,000 2.11x10*

21.66 0.0423 1.238 i 1.133 1.102 1.085 20,000 5.4 1.06x10?

35,000 6.03x10°

Without notch

L [um] At [um] pper tenth Upper quartile Median Lower quartile Lower tenth

1083 212 R 37 1.305 .22: 1.163
216.6 0.423 1.322 25 1.200 1.131 1.109
108.3 0.212 1.375 ‘ 1.228 1.180 1.144

21.66 0.0423 1.345 28¢ 1.235 1.156 1.113




77 U B IVEEHT

Tab.5.4 Distribution of the value of fractal dimension for the fracture surface of specimen

with notch radius, R = 1.5 [mm]

Magnifi- Upper Upper TLower Lower

T'ab.5.5 Fracture modes and stress triaxiality, absorbed energy to rupture (£;) and Fractal

dimension (Dg) dependence to nominal profile length (L).

Material  Stress triaxiality (R) E, D/B Dy dependence to L

0.33 High Ductile

0.40 25 High Ductile

_cation

100
200
300
500
700
1.000
2,000
3.500
5,000
7.500
10,000
20,000

35,000

L [pm

1.08% 10
5.41%10°
3.60x10%
16x 10%
54x10°

1.08x10*

54.1

At [pm)]

241

1.06

0.704
0.422
0.302
0.211
0.106
6.03x10
1.22x10°
2.82x102
2.11x10
1.06x1072

6.03x1073

tenth

Median
_quartile

1.47 40 1.33 1.2¢

1.46 .34 1.7

20

.21
1.20
1.19
1.19
1.13
1.05
2.09
1.09

1.00

_quartile  tenth

0.79
11.337
0.40
0.63
0.79

1.11

High
High
Midiu
o
Low
Low

High

Ductile
Ductile
Ductile
Brittle
Brittle
Brittle

Ductile

Low
Low
Low
Low
Low

Low

Cast iron

Low
Low

Low

Ductile
Ductile
Ductile
Brittle
Brittle
Brittle
Brittle
Brittle

Brittle
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Fig.5.3 Stress triaxiality versus fractal dimension with nominal profile length L ( width

of a pixel dt). S35C.

[ [ — —
N w = N

Fractal dimension

o
—

1'0_....1.,.| ] i
0.2 0.4 0.6 0.8 1.0 1.2

Stress triaxiality

1,083 2.11) 108.3 (0.211)
¥V Upper quartile V' Upper quartile
—®— Median — Median
A Lower quartile A Lower quartile

Fig.5.4 Stress triaxiality versus fractal dimension disribution. S35C.
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Fig.5.7 Stress triaxiality versus fractal dimension with stress triaxiality ( notch radius R

). S55C(B).
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Fig.5.8 Nominal length of profile L versus fractal dimension. S55C(B).
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Fig.5.11 Nominal length of a profile L versus fractal dimension with stress triaxiality (

notch radius R ). S55C(A) Fig.5.12 Nominal length of a profile L versus fractal dimension distribution. S55C(A).
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Fig.5.28 Schmatic illustration of results of analysis (1).
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H6E EMMER LUREREO 7 7 7 2 LVRE

6.1 HMt—ENERE TSI 2ILRT

6.1.1 [tE—EEEBBICELE 57394 ILRTOELOIER

BEICBWTHIELEEOLE(LE 75 7 Z NVETEE (D) OXEZMET 2HRRFRE £
L 7= % Fig.(1.3) (p.7) (od. MEtEbECIIBsEm gD L v lstEmic 2 51coh T
Dp WL T 5. 2t GOI &EOEIEIZ L5 Kic — D BESTTEMICEST 5.
fibd7, HEPERTEI IR B OE(LITER T Dy BN 5.

ARFE CIALBERIRBR A 2 BV 2 i2DIC Kic BB Z LN TERYL. ZORD, B
BEORERITTE AV, MR I TREBMAE L 0 BRI R 21251 T Dy fif
DI TS, Zhui Fig(1.3) & GOl &EOEEI £ 5 Kic — Dy Btk Lo <

LasL7ast,, #5324 8 (BB LK 51Z, Fig(1.3) ICdi) 5 MM EH I MEtEmiE
ZLTWAEBbhs. Eh, EMHEOTZERSRICHBEOMENEREIC SV THh
TuWewy, LarL, 30MnCrNiMo S &R TOMBERBREZIT> TS Z &, 24SiCrNiMo
Mt E ANARILTH S &, PESBEUPEK-C i * RRFA L& 72 2 Wil 2 18 E
LTWa D EAYEZBETNE, ZhbidiEtEEsy LB on5.

R4, 30MnCrNiMo 45 J UF 24SiCrNiMo SASHEtEREE L T vz &R, Zhbo
W L 0 ARG REIC 2 Bl on T Dy A LR LTWS. ZOBEICAHERR
H—Et5. CO—ENb, REMOMHRTICEO TITRBEREN LY BRI 5
l2oNT Dy M2 L EX 005, B, HRICEY EEBERICRST 2RED 7
T2 ¥ NERTEOBBETECHT S BMIERR 55 Lkl

SRS 351 B 7 T 2 ¥ VIRGENE Dy ASEALEHES 72 0 ORRBTRI= /L FEIC X
P —ETHD ik, REREMMETIET 7 2 4 VKT & BRIMETERE L O
Bonchaud O#4E1 22 LTV 5. = OB O S IEEMEREE T O M O LA K E
[P, RETOBM LA CEEERTHZENRELEXLNS. Stiwe (13E

PRI I 1T BRI 3V ¥ 2 EE AERICRC SN D sy & MRS SN 545y
EBIL, 2EORIRCRAFICHTEERENOBEEZRRLTNE02®), LT,
MEPERKTE AR RIS B 2 B AR O = X I E RIS X S kR
MOBEHBICEL 5= R X EMIRIL T R A X OKE Y2 L5 & Lic. De (B2
WeRNFLEBETHD Z LY, EEMBICHTHHOEROFEIREN LI
rabhoEEZLENS.
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RV, LavL, MEMMEICHIT 252 0%, D [EORIER S (x5 E,
MREE—RIZETIZEDLEAbNS. RICZHICOVW TR,
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RAR I RE DS HEVE R s © e MERi OB B cky, MERSICHHIZE7724
MWRTE (Dp) EOZALSRAR S Z L id, EMREE IR SAFESET, gl
FHET DLV ), TNETNOBBHEOKRETLTWSLEZLNDS.

— R HEP R T R RS 0, MEMEREE 2 22 BB O DS R Xkt
MO A —IAKGEFT 5. BT, 2 BET i T OB ORI & kg
BOREICL ) EERELRET SI0HERBA GRS ROFEH BT 5 L0 5+
ERRYEH D, EMEPWE K ITTEDREH Y, RBHR L TS EREROR
HEHEICEBE S A5 ENRATHS. o XIS, EHEEOTEDRIE, —
I EHARCERE L, F£—2i, HFNREERBIC L L 0THS. HEHEICE

T, AMEICEWTRINE Dp ERREICELT 2R0ERS (Lp) bd MO HE

ZORERS Lp 13, BEOFTIZLVBONELOTHLHOT, Mtk

EAAMRT 2BRICEAEL TV L BDbRS.
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—ETHD L) RMEEMEZ T, De[ERBEA S — KL T—ETH LI LTI O
it & MR I —F LT 5.
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BNWTTZ T2 ¥ AVRFTGMEPBEAr— s L0 2 8A > L 4R LD L,
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6.2 MiMwEmEIZTIZILRT

ffEtEakE ORIER S 12 L0 B2 % Dy HIHBET 5 27—l X ) R 5 BFEOBRO

FEaxERLTWS. MHPUTRVWEHCHEZ 77 ZAREBET 7427 77 SNVEDOR
i 7 7 # VDS, ek, REE®F% (Iterated Functional System) 12k ¥ AR S
N, 7277 2LVRTERFROBRICEERLOTHSZ LOOh bl T, B4ed Dy
B RETR 2 AR LS R0 Z L 2R L TWA L BbRS. TOLSRAY—
MEED RID 7T 2 kR T REIRERT « A2 RECHCEEE®ICAH S
TVWa. MEEMmICHEWTHAr—IC i) B OBRIC L D ERSN-HETHD &

6.2. MattEk@m L 77 2 # vkt
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AR O X 512, —XICHEMBERICIIEMESAFEEL, B2 HaFER-Cl R RER
PHEHEEICERT S b 0 L SREROBMEEHER Y AFHRRERRIC L30T
HbH. INOLOFHERSEHEL L TERNARRF—1 LRARIR A 7 — it TRe
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FHEHRETHE Ly \CrbiS 2 58500 S I3 2 R RO BRIR L 52 65, B2
FERLF-EIRRAY L (kT 2856121, Figure (6.1)(a) (29 L 912, #EOBI#EENS
FEMERL, SHALBRET LI LICLVBESERS OB EES NS, B
o, REORPBHEHETHY, ZRENOWBE AR AICEHPER L TWAHZ L 2R
LTW5. XERSOVHIIHEZHERO T L FRETHS. MEEHRL Y bR
MICBETHHERE TCORBAIPRZEARTH L L4225, WCHBZMR LY bEHR
MICBET 2B ICIBROERIC L VRSN WE 245 Z & &0 dh. KEFKE
BMST A ERIE, MENICE~EHETHY, ERNICIBEEOSH TH S, Ml
EROER S LD R EERESAREE S TR R 2 S RERT SBRICR6NS.
OBBTHEERPERERMGICEHBELEMNIREGER LA OERTS.
DX HIBRKAEKROBEEZ 77 7 Y VRTHRBET S L FHENS.

MEMRRE AR R OHBETAER SN S L X1, FIBEL =R R & B OB R O
D CHRESNARE L THERIRERRETT LEZLNS (Fig.(6.1)(b)). REdbkIO
Wtk & EAAT L RE LIZETF MOV TOETALRBEN TV, EBRAYIZ 116
RAREIIEEE T I/ 204 ABTBER Y TRLNS. ZO L5 RME T, —
ORRFER ETO7 77 INVRELREBRERT 777 FAVKRTBRRD L TRE
ha.

W7z P OB T, XREROBYRRSMOME L ESTRERY, Bl Bk
MEREMT (quasi-brittle fracture) 28 Z 5. Z O£ 9 RBFEICHE, MIRAICITBHER 2
BB L-EABRESH, EEMICThOBERICEAMOABESNLLBELLND.
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nEETHS (Fig.(6.3)(a). ZOMLRMMEIKRT 5 L BHO IELPBEIND
(Fig.(6.3)(b)). ZH b, HEMBEOT 7L R0, <IFHNIBICEILREOR R
L o 1 2 BTN EM B R R SNV, MABEORM THL LEXLND.
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koT, EMMTIRH D, AERLAIICLY R WS OMEICBIT 57 T
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D779 ZNAEERIET D,
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A% o(r) £T5. ik, TarTABik

) B 2 o5
alr)= 5\ /“ {zaalz +7) — 25(2)} dA (6-5)

LIERTS.
kT i i AR AR O & - SHRBIRI%EL C (1) 237 4 X FVHE X TO ep(r) OFRFITH
2 EAPR LT
C¥r) )p(A)dA . (6-6)
ZoERBITIE, 2, RSN D %. Equation (6-5) ICHWT, 7> A ERBEFIC
i3, HEWTE RS 2y (v) OB TH S LIREL TROHHL 225, EFROME
BTITHEORRDT 4 o 7ADELTWS. LidL, BHET ST 4w 7ADtiE%R
EMICAND Z LITHETHY,
LT, ZO@S 83t C¥r) 2 8EMICHET 57201, T4 X Tiik%E

F—WiEklL LTHATHS .

AR, EESMBENLEFUNTEZXONLLRELTHEATS

6.3.2 =ABHETsOTILETIL

1 20T 4 TN 2 () ZEFr= AR TRDT. ZOT 1 Y TAOEE%E 2a()),

BE%Z A LT5. Hililkokd ad) =k £T5. T4 7VOEREZR Lol

o
zxz(x) = acos (_\ l)

0 SN T i 0D 7 X SARRE & B ey Bk .

1

al®) = [{75(} +1)— 2@}’

[l\ /‘\{tlt +71) —2(x)} da

£ Eqn.(6-7) Z AW T,

I - -
z(x +7) — z(x) = —2asin {‘\ (.: - _‘J)}qn ( \ ) (6-10)

L7225 M T, Eqn.(6-9) X

) 2m TN o (T
AT = B — [z sin® 1
(7) )‘/ 1a® lll{\(l‘Fz)Jlll(A\)ll
= 22§ =
2a” sin ()\)

- 2k A2 sin? (”")
or s /\

6.3.3 T4 UTINERIHEE

BENRREFACHES bOLL, TAYTNAENEZHOTUTFTOX ) ICRKE

0 A< Ay
pA) =4 A N\ <A<
0 A <A
ZONTTIHTFERKERT 4 TN T, TEBMNCAR DI TR ICH
KT 5. BEICBWTIE, T4 7ot EEgRaicnw i, KiZBEoR10 501
BEUTTHY, MIFRFOH 10 BERBREL Y IRKEVOT,
HEE A <\ <X EHIBLTWA.

Equation (6-6) {Z Eqn.(6-13) 5 X 0" Eqn.(6-14) Z#{tAL T,

C¥(r) "2 (3A") - 20%sin? (”\T) d\

281~ sin? (T ) dx
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AN 2ag
)/ A2 sin® Ad) . (6-16)
A

L1 5. HMOEHEE i = 77/A,

" 2r8R\ . Xt 5.2
C*(r) = i "‘/ XEOsme xdX:
L X2

Equation (6-17) A0 O ILER L 22O T, EEHIC

X1 5.5
L= / x* 7 sin® xdx .,

Ix2

2 242 Brk? o
C4(7)= (7/ o )T‘

Ci(r) x4
7Zh 6, Hurst #5¥0%
0=

LY, 7770 KRE Dr=2-H X
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RWEHRICB VTR Z I 7 ¥ MKRTEER 1 < Dy <2 OEEICH D L 0%, HEN
ZT 7 ZNREEREED. COZ LD, a OB
DL < (6-23)
&R, ERORED T TIAE RO T « > 7 LOHERRIC, LOBRENEH
XA R SRS Z LB, FERTE AR S — W SAEE & T & Al
ZFT. £LTC, REROHFHEN LROTBERIZHNTT 7 7 7 Vi#iEE b

6.3. MEMEREE L

6.3.4 ERELOLEK

T A T IWOBEE
EROET N ZHREET 5. EROEMRE TOT 1 >~ DEREEOHZ Fig.(6.6),
Fig.(6.7), Fig.(6.8) iz IRSEENRER 0.01%C-Fe, SS41 #, S45C St is
HER A %51 EmNT L TR 2 Rk L, ERRE FHMESE A A R Lz 2 RE TR
BIET 4 I NOREEGHENPLT « T OFELERE RO OTHS. MO
EBFERIZOWT, Eqn.(6-14) TRINH & FHNZGE D EE DA% KA o B ¥

BERAWTELT 2 LUTOL 31225
0.01%C-Fe pa(N) =10.3 x 103222 2 =(.846 (6-24)
SS4l  pa(\)=30Tx10°X %% 1 =0873 (6-25)
545G  pa(N)=55.5:x 105748 = (1050 (6-26)
2 LR L@ fm s L ERE L OMBRRTH S, Zh B IEEN TOMES
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pa() =AY . (6-27)
ZOEZ M L ER THRTE R AV S L 5. ZoftiEmdiBo R0k S
HLThsd ZORNAMBREBRIIZE A OF 1 7 VTEESED AL/L? FEMD,
P i b AR O (EE S AT 8 BE B p()) 1
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p(A) = i[r_\i,\)

Equation (6-27) ZftA L T
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221 Dp =0.60
SS41 o' =204 Dg =0.52
S45C o/ =4.35 Dy =1.67

Prit o> E8AT 0.01%C-Fe & 841 Tit o' 4% Eqn.(6-31) O®EIZ X720,

RO De e LT, TR 1 2K FRIY, 7727 2842 m T iBRic/ey

¥, S45C ik Eqn.(6-31) O%GEEAIZH 0,
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0.01%C-Fe, SS41 3§84,
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Fig.6.1 Possible factors affect to transition in value of fractal dimension




F6E EMMES LUREEEO 7 Z 7 ¥ VT 64. FEOELD

2a

Fig.6.4 A model of profile for ductile surface,
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Fig.6.3 Fractal dimension and sampling length. Eutectic graphite castiron.
Stress triaxiality 0.33 (smooth).

Nominal profile length L = (a) 1,083, (b) 108.3, (c) 10.83 [pm].
Fig.6.5 Cos-shape dimple
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Fig.6.8 Size distribution of dimples on fracture surface of S45C round bar specimen.
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| - Fig.A.1 Height-height correlation affected by inclination: solid line. Dashed lines are Fig.A.2 Scale beyond which the difference - is included: t, = 0.01. In the graph, Hurst

exponent H ( Fractal dimension D ).
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