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Unstable Ductile Fracture Criteria under Plastic Deformation

Tatsu Fujita, Atsuo MizuTa, and Osamu Tsupa

Synopsis:

Unstable ductile fracture criteria of a power hardening material have been investigated to derive the rela—
tion between a critical remote uniform strain at fracture &; and a crack length ¢ of plate specimen under

uniaxial plastic extension.

(1) The fracture criterion is given by the following equation based on the energy consevation law.

&5 cY/1¥% —=const,

(2) The theory has been approved by the experiment on the saw cut notched plates of normalized 0.8

% C steel, 0.179, C steel and austenitic stainless steel.
] 0

The results of numerical analyses by the finite ele—

ment method also reasonably support the validity of the theory.
(3) The present criterion is identical with Griffith criterion in the brittle fracure when strain hardening

exponent n=1.

In view of this theory one can have better understanding about the reduction of area in the

conventional tensile test, and a whole physical interpretation of ductility of material is obtained throughout
tensile test, unstable ductile fracture and brittle fracture.
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Fig. 1. Schematic diagram of the model for

load-displacement relationship.
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ZZT f(2) BObiLhb»rbX5, 2359 oDl
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ApfA=1/ly=1+42/lgeereeieiiciiiincn (6)
(3), (4), (3), (6)R X,
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X o TIRESI Ay EE RV, SRR FEIG)
THmBHE S EHHA T, BHI00HE, EREE ¢ &
FIRw DO ¢/w=0.01~0.1 OFHFHTH L. HHOE
ATy TOFKEHE, BIKGES £ TOICHIES TR
KIS o 0.1 f5LAF, FEREsLLbo#E T3 0.2%
LUFOZEsESy & Uiz, FHRECEH Lcic ) & BBk
W, (BRI LT T o=Ee, FNLALET 0=ke"T H 5.

c/w HZLEI R T2 BUEFH O R X b1
WL kR B, K (b) SERZEOHEPHN T X < AL
LTED, »oB8ROIHFOFERF» L O Th
S ITFEIFI LTV B LMD LI, ATE (8), (9)
KO Z M A ED S

Wiz Table 1 & Rl RS 2V COEHHE O
Wa, —(dines/dinc) OIEICE DRY. ZORDFH
R (LiEs e =0.264 TH D, RIEOHRE 1/1
+n 43 0.791 Ll BH, ZREEEHORIEFEME X
OEELEETDE, BRURFEABRLET D 5 Lnx
L. B ZoHEOMKT, HEOREAY LOT LD L
LG SHEE N E L T 0T — (dlnes/dinc)
DOfEin 0.50 TH5H T L a2, DI

MBS EORER, 77 2 EEODHLE LOES
#it, 0.01~0.10 OD—HRBITF VT, 7T v 7%&imH
5 leDFAHT 35~45%, 2¢RiHT 3~5% FRE—Fk
Brhkhkx<, 3ciATR 2% DTOELLDTWD
Z et

Table 1. Dependence of —(dlnes/dIn¢) value
on strain hardening exponent n.

Present -
n theory | ] integral| COD G
(1/1+n)
0.264 ] 0.791 0.86 0.85 0.75
Table 2. Chemical composition.
c|siiMn|l P | s pNi Cr
80C | 0.83 0.28 0.55 0.014/ 0.013 — | —
SUS 304  0.06 0.62 0.57] 0.022| 0.006 9.2 | 18.5
SB 49 10.17/0.27) 1.11] 0.014/ 0.006/ — | —
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Table 3. Conventional tensile properties.

. 0.29, proof

| Heat 2o Pro% . UTS | Elong. RA | x| E L ke
treatment | () (kg/mm?) | (%) (%) | (kg/mma)| | (kg/mm?)
- t i - {
80C Normalized 516 | 98.3 . 12.3 [f 207 | 0.23 . 20500 | 0.31 | 247
SUS 304 | As received 21.5 | 65.0 | 729 | B0l | 1.6] . 19000 | 0.30 L0
SB49 | Asreceived | 38.3  56.0 | 31.0 @ 71.6 | 1.2 { 21300 | 0.24 | 104

i

Specimen sizc : 8.0mm dia., 40 mm gauge length
* Natural strain at fracture calculated from RA

**  Strain harding exponent of true stress vs natural strain relationship

**%  Maierial constant in relation g=ken

80C, 7t
SUS 304,
ol iNe
SB49,16 t
| .
i .
. Strain -
gauge —>| )
g S
o —
o~
” \scw cut__ | ]
notch — >
~— 100 —
O |

C=8 C<?5

Fig. 2. Specimen of unstable fracture experiment.
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NEEWEEREMDOE 7 13, Fig. 20X 3i0 535
7> Hay BRI ALE T B A U 7o YAME TS 5 — o s X %)
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PRBEEE LTHRERRE 2 ) » 74 — i Tllse
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42 EBRBER

Fig- 313 80C oL TOEBERE, M2 5 »
TRE ¢ OB, HENCHEIREOE S — AT o o
M LOTRLADDOTHS. MiCihiEy 5 28
e =0.2mm »5 0.8mm T, M+ 5HBES ef
B 5% 5 2% ETOMII, MEOMBELE X < —
L, BEHODEIT —1/14+2=-0.76 (r =0.31) &
EOTW%. ¢ lmm »h5¥ 6mm ¢, HEdT5
es D 1.5% 589 0.15% OfiE, Aenekx <
—L TR EDT s, ZOREIE—IC &R E e
ML B LN BBIRBRICE D, GH-Blgo 1% &
VTN 351F HEMELIER » 53, JEICERIICRDIn =
0.31 X 9/hELEDTVBZ END IFHh, 1E2icH
R OHIRHDHZENELHE 2 bh 5.
PEDXSEHITh LVERBRIT A2 ET 5 4513

30— T - T v
1}.‘_\ Theoretical result
— - by = in plastic
© 10 \‘\ regio;'u gnd by“}'_‘ <
= . _ inelastic region
o - Experimental result 4
Q  critical strain
c ®  reduction jn area of {
z cross-section of a |
= plastic region % nonnotched specimen
-1
3 &
S ~ ic region ]
oy /E ‘_’n\l elastic region
01 10 100

]
Crack length C{mm)

Fig. 3. Experimental and theoretical relationship
between crack length and remote strain
at fracture of 0.8024,C steel.
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FEAET, ¢ EREEEERE—NRE o HHMILTIE
GRICIHESNE Y, HKEBEOEESAAREL LS.
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bW B E 20.7% %, BEFHANBECHREL
FoE ex=0.23 IFEH L, Zhx s F v 20/ NSVEA
Wz bNOME—DORBNE ef ELTEDDITFS. L L
TR HET 525 v 2 EE ciTisbbMEMOE
BRI REX ¢ ThHEELDE, Fig 3 pAELOK
SRR E RO RO QR SMF L7 B RLE T
FTXS5w, FhA L sv—0ar - B4 X ¢;=0.03mm
AELR, ThRIPOMEHOKEE L LTRLKLE
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7c BsfRMRICsked 72 80C 4D RENEF OB M 2R E I3 F
#%y 0.07 mm TEIF—EH%E R L7

Fig. 4 13 SUS 304 #f4 X O° SB 49 #fic X 5 EHER
LEBERGOBERTHS. chbopihx 800 i
L BAGEMEMAE L, £DT®H S0mm FREOSEE

1000 . T ' . .

- S Experimen-|Reduction
b R tal result |in area
o F AN

oo o 5U5304 2 *

> ~ ~

=1 .. SB4S s .

o
T
Q
N
m
7
%Q ’
/\/
"
W
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£
jud
- NN
w | (7 <7, N
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] RN
o N
= A
T h —_— ~o .
o 0 l ~a \:\ \:
Ci ? O.E“\
0.01 L 1 1 RPN B
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Crack length C{mm)

Fig. 4. Experimental and theoretical relationship
between crack length and remote fracture
strain of austenitic stainless steel SUS
304 and 0.179,C steel SB 49.

KELCHWVERA T, 26X5235 v 7R OFHANIL
~8mm [icRE Xh, EFMROEIFDZDITITIR 47k
E5VHH B, BIUREMBEOSR —i/1+te X
LERTWBH L HICBbhs. — K ZoREOFEEHRERD
S0 0P LI ET SRR ea 13, 80CODY;
SLTEND, WTFRLEDEMNEMOKE S SHEE
xh5b. 0.03~0.04 mm HET BEX D 3L 0K
<, MDEDOXRE VCEEMMEI TR v F ST X D4
FHITRITDIEDEEMRAEL, BHTESH T L®
FRLTWA XS Bbhb.

e SUS 304, SB 49 /g & MEHERAREL A 8 Ol
FERE SRR CAR T 55, 80CH LT L D&
EWETII v 2P FELAEDL, W LIPDIT v
ORERFLUCHESET LT HuRT 5. LAah>
T R OEEREERE, Ky 7 v 754 DODWTD Y D
g EXEYT Ty YRERFO—RROMBET LTS
LW B ERY T vy RAROBALZNERX, SUS
304 }APSEHE) 5.1 mm, SB 49 #4TH) 3.4mm L
SAREHBETHLD, FIE—EBEERLAE.

5. & £

MO EREER,» S bEBlaNn D X 5T, ZoU
O R E LT E D ST 7ML RO R L E L,
Ptk e &OSEH OB BEMRER L & TAh LD bR L 0
RT3 300RBICfIET SO THDHP X, Th
I SME EMLrOEE 23T THD. L LT
Z OBMEDSHH B & e huiE, MM ARORLERWEET
» % Mtk DEEHEIEEROR L ERELBL, i
DR E S, A< A MPEMATIOREOM
B O DWW T OHE—IR MENIREE D Z LA T
x5t EBEbhs. FRICELMEONENRE LY H
LT ABE, ThabbiERiax, mIlbRHE, &
DiE, WESEES SOMEOBMRIE DWTH LWEIR
BELNLLDEFEZILND.

5-1 REMEMEE &S OBRK

L[] Tl US> 7 BB 2 AR OO T 40 5 T BR FE A S 1RV,
T T X < E SN EHZER RIC DV T D GRIFFITH O
Fikd B VCILMERME K L BmESBEGRED S T
bb(16)XoTE{bfafn %, BiEEkzRT 1Icd s
ek, MIRIEHRO MRS E & (18) X 2 5
NAZEDE,I, MERLEWE»DS T T v JleEh
AEWEE R HBERE~OBITIE, ROX SILR
MLESEMTES.

MEDSARLBRRERZ RS, BREQIEMREC » 3l
{LA%E 2tz L, oA T EIRA L LG, HEN
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e Table 4. Experimental results and estimations.
n
w ‘\“‘ Material e Ceri K
£ & = . ) ~ (mm) (mm) . (kg/mm?/?)
(& - "
c e, 80C ~ 0.00426 10.8 301
s e SUS 30¢ | 0.2 1760 1600
% Oy (ocy Ons; SB 49 I 0.097 246 | 1065
_ E ~ °‘7$U i L
(1]
z {guEiie kit ) 52 BIRRBOVOELEDOBRER
Fig. 51ChWTHiic s 5 » /&< 70D LR

G Ceri
Crack length, IncC

Fig. 5. An ideal crack length-remote fracture
strain relationship.

Y5y S RE-HEN—REREIEEC s 5 v 2 E
S DB, HECHETEONKE LBz itk y, Fig.
STROTIENTED. ERIBHR—RICTIH 5 W idih
BT 7 25 R5R S LA E DR L E B C Ol E D4
Blid—1/1+n TH 5N, BRBIUUTCIE —1/2 ki

D, FEOHEIBAROETHS. AR EXFEMT
Wb F i DR S B HEET 545, BAIWIKE Fig. 5
DI SRR B TR DL ZADERTERTEDLLAT
T Loz icv.

T ORFEBMALEMEL (N RoB DO ERE, MK
MERD K fELBRREE o, TX D ERRTHLb XM,
VESRD BEtERIERIT 35 1 B iEMIMEE & OBIES 2 Hh
5.

e e/t n= 9y —K_;L_>l/l+ !
E \ noyt

ZOBRIC L 72 BRWELITD X 5 eEEMTRE L /e
5. bbb SUS 304 2 SB 49 o Xk 5 liEWo
RECIHENT, HIEWHE K 2kd5 2 LoEME X
TV BEH, FIFETDH & D-ERER Fig. 4 0EBA
AT, Tbb757 9 2OREWHAINET B Z Liz
X1, tholEEo K {lzHEETs o 28T
%. Table 4 B2z hic X vk bz K [HOHERT
HY, Eic e EETAOEEBOET, BRRY5 v 2
EBEXE2RL, ZhXIDIIT v s8KEWERTIE, Wb
PLHIEUBENRI D Z EEEkRL, SUS 304 iz
DIRR Y 5 v 7 EX1349 2m, SB 49 ¢}3%5 250 mm &
HEAIZ NS, 725 L Z DBEOMMREEE L 1x, Sk
{HWETHX 5T 5 v 58l <, MBS H
PIESESI LT CARERELFRET DLW L Th
D, BRZERIEILEROX 5z 5~3mm LS5 AEkE
T 530 L FHEENS.

RED— BT RE LAY, WFRETRSMISRSHEE
ZTRT, WhD DEREIBEDORER—IRE eu 10ET S .
AL 7 v VRZITHLTHREVIBSICIE, o
IRATTERFDRE eu T TAMMMREL ERELEIIEIT
HD. LrLEhLoZERTIIF:y 3 2%40, B
BBERD S T v 25 LR TO—RE ef 13T O
Dle i 5.

LLTENDEDBT DT, —1/14+n o4flc
EHEIEL, FNRo X 5 o g o
[EX VIE LIRS OMIES e %&b, Fhick
JET HHEhOE E LCHRPNEDE 2 T » 4 L R-TT
T4 ov—var B4 X g wEFEL, (17) X%
EHT 5L RAEE5.

enCiY/1+ 7 =const. e (21)

FRCBELTHE, 2932 S IKEXB=ZRTBBEH DY
#H, O TRESLBEERRECOERE(b) DR Y,
TEMCOVWTIRAE S DS F DR, ik, Sk
Bl COREET 5D %, RRBE LA THRVENRS W
B, A< L 80C BeEM IR DD A1 0.03 mm
L8, EEDNIEWMHA XXD S OICIFTITEE LE &
5.

DX EnLELI 80C Hick\ i, W
DEFRARIT KT 2HHIRSE S, KEThEsEER L
RHAE K% & DL RO R EIED I B4
HHDLEEIND. FIORFI LIUEER D3 ERR
THLX DB 2R IDOTHY, BRI 20y
—DEAFHED LN, FRELELWERRTH 5 & JEF
NoHEENH 5.

53 BVEEHHROMEEEDOBER

BB CRERECTH PR 0 WAL EE & Bt
Bk X OTES BREEET & OBIERT oW THRET LS, #
TEYEEMNCERTONE, KB K [EROBG
REBDIENTESL. ZREZDWTIRHERE» 5 DEY
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