& WM E N R R
a4 k&

(dt = & a4 B Be)

# =

A5 VRS (viscous material) BZlHIsE BIE14F , SRR ELB
ERRRE (isothermal condition) FTHIMR HE8M k. RBATER,
SBAETERNATISPES] (average tension and average compres-
sion) T, BSRIE R N B et BEBE N T, SRR F LR NRNAE
Y& 11 (octahedral shear stress) AARIBEEIBEIR; 259N F, RS
TIRNAE YRR IR S i BR.  E RN i, 3 &8 HIRE B
TRy YlBiE R BEMERMARRK A M/ IR O EME. MERNE
B, T BN T BHRATRERRER, ECHRAT  MENERE
B AEBMUERSS, HAR—B. HIZ RN 2R 1 S AgEOR BB T BER
B8E (maximum distorsion energy) FAREFAF BB R ES. B3]
FREBGE I EIESAE(L (strain hardening) BABMER RDESE, BEIR
EEE (ductility) WER, MEBEEEN i #B1ERHE.

—. 5l

il

SR REH S BURARR, FATHHFHEIE, TR, EERR, T
VB8 7 R R R B R R

1) BAREEBASER: PEE S =K & HNeRE.

2) RAEMERBER: LUBE S — a5+ 8) = K &, BIRENEE.

3) BAUMEHER: BRE S — S =K, B BiREHE.

4) FAWBISFIRS (maximum hydrostatic tension) ZFFR: WRFEBE
St+ 8, + 8§ = Ky B, BB R4, .

Bk S BERS, p BIG¥L (Poisson’s rato), Ky B—HhfE Ay “l M8

¥1951 42 8 A 28 HYH

[ 1) -Bridgeman, P. W. “The Tensile Propertics of Several Special Steels and Certain other Macerials
under Pressure”, Jour, Appl. Phy. 17 (1946), U.S.A.
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B, SESR BB RN S S R MO 2 R, B A
PrEar R K, B-SRMBNESY, QERROES. SRER, 244
{SIBBMAAETSB (plastic deformation) PEEEC, il — TR K
IBEOBSR, BASREER. AEHARST, RERRER, SHEEE
RHA; FF R LN, B R 2 TR AN BT AR R

BB, Bt & BRI IE /B, B ZMh 2 iE , KERHRAR R
ERY). R, HEEr — AR A O MG RIE LER T, &
153 PR B ety T 20 R o L0 B R . |

SR, EFATIERE, RO RE R KR A
IS ERERBE TR, RRPEMISOEE. REMERESBRLE
7 FRRAR, 2K B IERE; 18 0 BOHT A S L N, AR R AL
T, BN RN RTRER B R, H, BICYReETRRR,
REE B RS T S B 2 B R, TR, B OISR A s RIS,
PIEBBM LR, FELERY. BAEST SsmaBiAma, i Aag
DGR B, TURAE

de __ dF

dx dz ° (1)

ok o RO ABE—ZRARMERERE, F ARD LT RE ARG, «
BUDEMEH R EOR Y, BEETEEEG, RMEAEHRDRNERE
AR R AR G Bk A T AOMIE IERE . ook, —BPER) SRS ER N
FERI=FEM, HHEAROMEBEERSY T. loRk: ‘

" {21 Ludwik, P, “Blemente der’ Technologischen Mechanik”; Berlin, 1909.

(3) Nadai, A., “Plasticity”, McGraw Hill, US.A, 1931.

i 4 }' Siebel, “Plastic Pr‘)rming of Metals™, Sweels, US.A., 1933-1944.

{5] Dorn, |. E, “The Effect of Stress State om the Fracturing Swength of Metals”, Fracwring of
Metals, ASM, 1948.

[61 Gnfith, A. A., “The Phechomenon of Rupture and Flow of Solids™, PAi. Trans. Loyal. Soc.
Londdn, 1920. ' '

(7] . “The Theory of Rupture aqd Flow in Solids™, Prog, Ist. Intern. Cong. Appl. Mech.

1924. .
[ 8] Sack, R, A., “Extension of Grifith's Theory 10 Th_rtc‘D"imcmions“, Proc. Phy. Sec. London,
.58 (194k).
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L 2Ea
TC' CTO, (2)

E BHICHER, o BEMBMARIETEE, o (U MIUTER, « B8, HER—,
EREBNA 4(1—pd) [n. BLEIRAVSH, BEGETTRIEE. AR, T
DAGE 1 60 S5 10, 3R 4 0 80 (5 40 480 0 1B O, SR B HE 7 PG B RS 2 1.
BELAYIR, BRI B MEB AR — 3 8 T2/2F, B4LN R EEALMEeR, 3 E 8

| ERRTPRESEREBMEA—AERDY o, ¢ ZIEER 1, BRI, B EREER,

FE

Te - %"0— (3)

LS, G R T (A0 B RSP PR B R T A .
B 4 BT TR U — AR, TR R E M. AR SRS R
BB KM SRR RS R PE Y, (E— BT RE. Ezlza’cﬂ;, HiE R
A EARY, 2 ER:

R E, AR R PR M (B R ERRSUTS , EE TR
ZEIL. BT MRRASE A A — I AR TR — 2
BAR A A0 AE T 5, SRR I B I M. AR MEHAR AT, AR Y
BRAE P, HF SARE SR B 1 D AR (e T LU R 5 1R SR BAR RS T, o RENEEHE -
BRI PURE, BTS2 BRI P, MO MR I S P
R R | .

RRRE S R AE40T, 1 & B IERE R R “EAIE” M rERS, BRI R

'Eﬁﬁﬁ%ZF,ﬁ%ﬁ#$i%%%,E%ﬁ&k%&*%ﬁ%@&%,@M

5 T S R R B0 R, A2 B 2 SRR SR, T e RO RE A AR M
Bt ORI ME N AT S R A T BT T, 8 B 1 0 B Bk, B
YR E EER AN HE 7T R B, LR R A HE BB A, MOV R R, ik IS, )
Bl 255 25 B P B Y AR B BB , — MM R VBRI, R RS BB Y
SR B SR, AR B P E B, R, DS NN R 2 R TR

91 Zenwr, C. M, “Elasticity and Anelasticity of Metals”, Univ. of Chicago- Press, 1948.
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#i (atomic dislocation), TiE (3) RFMERA. VT8, 88 (3) K

.

/
,:;ﬁ TR OEERE S KMT

DI FE SIS TS FEERESY (average normal stress), /T SIHEY
Ty, TIATOIRESE (octahedral shear strain) yo!!®), = EE BB ASEIFR W
xK:

= % (S) + 8, + S5), . - (4)
- | ./
To= “;;\/(51“52)2+(S£—51)2+ (83 — 82, (s)
Yo = 1‘)/ (6 —62)* + (&7 + €3)* + (85 — &;)2. (&)
SN— 3 v

Lk, s BEME. %0 > 08, 0 FREZEHREYHIFERS; 6<0
B, MHER B . ARR LSRR GO MR , D BN AL R B R A ¢
PR —FOR BRI, Strh— (BRI, LIATHIRES 7o BB EMEBEAL
ReABER. 0 BEHMEMBLY RS, FAISPES (hydrostatc “stress)

- MR RE MR, L 0 EWARRHREE, E2A A EER RS, B

BELBRSR, BiREHETERBAR —RRMRBBE AT, UL T IED —HS

| R, B T A1 0 AEHCBENARORAT RS, T
ST o , o A A M AR U, AR RS T R R

b

v=v,+u,=2 135

2K T 4G . (?) |
U= o = SRR MR R (s encrgy
' for change in volume),
U;-= %E:- = E&ﬁﬁlﬁmgﬁ bef: 12y 435 BB (d15t0r51on cnergy)

[10] Nadai, A., “Plastic Behaviors of Metals in the. Straxn Handcnmg Range”, Jour, Appl. Phy.
USA., 1937, '

[11) Doen, J. E. “Ductility of Metals onder General Conditions of Stress 20d Strain”, ASM, 1947.
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K RRESEMERE, ¢ BOEERY. Bt HOEEEETUEE:

4E, | 4 _ 4F
dx dx dx’ (8)

E, B E, BRHL01 A B —XE B AR P9 RO S8 - RE BT AR SR 5B PR RERERE Py o 781 ek iy 8
BE. (8) XWIBER, REE-—Fifily, RARDMEBMEG:, F—EREE A
Pk, ROE (8) NAYEE R IR 2RF, hTER1E BB A2 A, &
£ (8) ATeeHEz—:

dE, | dE _4dF _, 9)
dx dx x

(9) Xe9FREGIFRROFEFEAARIES (bydrostatic pressure) FRERES, b
TRREEEIR, SELMOROGRSHEN. Hit, (9) NRRAEER
WREEAMEE. MEMRARHIEE

dE, dE, _ 4dF
dx + dx  d=x > 0. (10)

(10) I BB LA 1B (10) RFREBMAE—REBIHRE,
BERVRTER =4&:

dx >0 dx > 0; (1)
. dE, AE,

dx >0=> dx ’ (1n

dE, dE, 7

e 0= Tz " ()

SERB U A BB 1R F MBS T, BREER B R 2 B, B
AR A0 2EARBE R PERR 1k — (8. SE =BT BRSO eI A 7E G B A A, T
Bt (9), (10) WXEBH, B2 UER LEMMFREBE, HEE (), (10)
X, B — B AR LR IE AR AR RN O 81 ; FLE R Ay e SEhe
BTN, MEEEER, (1) FpPr E SRRIOHE 8
EEFRANRBANG E SRR, FERMBIES , RGEH TN
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FHRE, BFLL (L) IR, AR 0 <0 MRETIRIEE. £ (D, () RN
Wk, E, SMLFIRZIOMEIE, b4 P A B AR LIRE 7R AE, T IRAENIR T,
BRI EE IR, T (D, (1) REMTEARER 0> 0 MEHRE.
AR LIk HE 3, 52 VT B AU S BT O BE SRR BB TR R 2B IR, R 1 T

% -1
)] -~ -
B 28 & iR R & & o7 R R
| dE, dE, dF
O: Vgl = > 6>0
dE dE dF
(11): ‘d: — d:l =_dT>0 6>0
/
dE dE d
(t): \T; - | 5= =—d~i—>o . 6<0

) # (D, D MAEFTRIRS SARMEE 7 R SRR R OE
e ARl a8 (D, () REEEZM,JomEERRmE, @O, d)
WA ARERCA, (D) EWEESRSBETRGREME.

=. BB ER®M D2 KN

B (3) RBWRE, U 7 BN O IEBEEBRAOLE,FERE |
Y x, HAEERH BB OEEEY » LR, ERAGFBMEHR
L6 F0 T FUEE. WEELDMAMIERE, ESIERmL, XL
O F0 e KR F, “HWRROMBHEMBREES) BHLER Bk 3) R
T BRI | B B, s R 3 TR 20 O B AR R R , AR R 50 2 R A
W, AUEAND RERL. BRSNS o SUB M Bl 1 R
TR 1 BRI ET AL R, SR AT B BESY, BRI E R BRI
Ph B f R :

K 76 7o ' (1)

XK 26 e S (2
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317 _ 0% _ 2a .
Xe K= e 8<0. (13).

B SR OR B R, A B =R TA

(1—2p) 6+ (1+p)h= Zs’i:., 8> 0, (14)
(1—2p) 6 — (L+p)1h =222, 5> 0; (15)
(+myei— (—2p) 6 = 222, 6 <o, (16)
TRy 2SR o, A A
2Eqn

(S1+ 83 +8H —2p(58,+ 5,8+ 858 = , =20, (17)

Te

(4—28) (58,18, 5:+8;8) ~(1+4p) S}+834+8D = 6fa , 82>0;(18)
. 0

(1+4 1) (T + 53+ SH—(4=2 ) (5, 5,45, 55+5,5) = ££2 9<0. (19)
0

£ ~8 BEP, SOOI AMELB—HE R RN, =BH4E
Bz E o G2 b, REAMZILER: '

2Ka 2Ea
= = : s 2
2 \/ *o 370 (1—2 ) _ (20)
4Ga 2Ea
b = 3 s 21
37‘0 3 fo(l +F‘) ]( )
a 3K 1+ p
L= /2= =,/ 2T, 22
b 2 G l1—2p (22)

SHEERE (RE D) Wl 1 R, EEDEMR, (D, () RERESY
i T SR T 88 e L\ T G P R B AR AR L2 R o =

FE, AR SME RN, K52 MR ULARR, RRH o = o R
14 S e AR e -, SRR B A BRI BB B A R A EE R B 2

P
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()

_ [2x« Fﬁ(‘
=N N EG020
= [46xX _ [2E

3o  AJGRH4L)

()

gt

TF——> /'
B L. SRBENSDBEME

R, (18) R o>+ B, EREMBESRRE, M, (1) WL
R BB T B e, PR P R GO S E AR B AT R

m. £ & F ®
VI3 208 2400 S, AN 1 B B 35 B RE T AR AR TE 24 O BA ZA IS IR Rr 19
SfiE, T RERHR AT BIRTE R S RBY T4 O BMER MR ABIE. Bl
W, REETEEASEIRY. (B DB, IR RE ISR RIERFER, —ER
FERS. KRR ETURB AR, EH, ROLHEEBEES, BE T8
R HE R BIT R Z R . BT U, RS B B3 9 W F B R TRk v, A4 0

TE R BAERS 7R S M A7 RAB R 2 — S B, TR RO A N , BORERA SE A1 &
K. BB IR AR b R B BT BEAE R B0 NERR MRy, 1B BRI B IR

\
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REHEOTRE TR, S LT U, (22) SERELEH R 4
S BRI B3 B, BB ER R BB O = (1) HEFSUWEIE Sl s, 20 Bt

MR (22) . TEHA SR THTRE KRR
@ 2 2@ 4 RoESASEE RS THETNERSERM, B 5
50 50
F5:1 S¥AE FsEX A
40 40
+ u + 30
g ¥
& 7
’ 20 & 20
13 R 8
S Jof . s
l , T
s ¢ &
T
| .20 ) i
'—200 /Ia 2|\a 3.0 40 O # 0 0 20 30 40
Tp ~ 1000 /23K & Tp ~ 1000 B/ P53~
2. M 3.
50
71 3K6A
fé{
N
&
r 3
§ }
l . 0 .
< .
ol
;20 I I T . )
0 10 20 30 40 50
Tr ~ 1000 &F/Zh K~
m ‘.
{12] Dorn, J. E.,, “The Etect of Combined Stress on the Ductility and Rupture Sm:ngth of Mognesium

Alloy Exr.ru;nons J.AS., 1944, SEBABER [5].
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8r ~ 1000 &/ ¥ 5K~

1

100~

‘15 5T AELE

4w

20

10 20 30c J0 SO0 60 7O
7r ~ 1000 @\vawmd..
B 5.

6r ~ 1000 B/ 5%

-20

29srs0 4664

70 20 Jo @6 30 _ 60
T ~ 1000 B/ B HET
W 6.

6p ~ 1000 6/ 7 A3

PZEIZZ 7S o

L [ 1 1 [ |

0 20 30 ¥
Tr ~ 1000 &/ FH¥~F
oM 7.
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4 M
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6p ~ 10000 B/ FHHS
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| BRI I A
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B 8 ﬁm@i@éﬁ&:ﬁk@ﬂ?Hﬁﬁﬁﬁ%é‘aﬁ“"“‘, BiEMAEA Sl
R, E—LRBRE &, ENENEEE 45° A (BBRED LR EB) s
ZRe T BUE, AARE RIS, B MR B A 0 M B, [ AR T DURERERAT
R.BBA—dR. @9 EMEFHE=MES THEREBRERY. B’
ERFARASEERREES T BRI ERSRY. B 11 s
A SR EhE I BTRBVERE SRS (17), (19) MAEFE BB BATILE,

TR ERER, TLCFHERHEN THRRARRREE, LHE= 56
RO EEER, THRTRE (1) EZUEatEH R, ER BRI T, HEig s
R R B2, BB REITR—3. wREBIEE T LIEER L&
BE, S#MENLERFY. EEERRERP,H, (D) BREAEE, R
B —B R R B EARRFRE T T AR A BEREE R b, 0, B 7, ZIBMT M,
BEBIEZLEERY, 0 1 te ABAHER A/, IREERUENGR .

FB B RE EER SRR E A O MNP RE, RS EREY, Bl B3R IE
B, SBAEE SR O B0E, REZEE T REREE LU, REFRTLRE o 0 b BHBE,
B ESBBE KT 1000 C. G. S. EfIAA, 888 (20) & (21) &,
fHFHHBROSFRBEE o, R 2 FioR:

x 2
' 74 7o (crn)
Bs, J-1, Fs-1, § & & 1.14 x 10~
75T @8 & & 3.22 x 10~

24 ST, 24ST 80, 24ST 8l 48 & & 5.40 % 107*
% 7 6 3.18 x 10-*
n € B% 7 &H 1.45 x 10~

»

B REIER I (mosaic block) MIR-HEEN. EHHLERRTELS

[13] Thomsen, E. G., “Fracturing of Some Aluminum Alloys uader Biaxial Swress™, OPRD Report.
*BE [5). ,

. “Fracweing of 758T Alumium Alloy under Combined Stress”, NACA Report,
1947. RFF (5).

[1S] McAdam Jr., D. I.'\"Fracwring of Mecrals under Combined Stress”, Trans. ASM, 1946.

[16) Bridegman, P. W, “Fracturing and Hydrostauc Pressurce”, Fracn.iring of Merals, ASM, 1948.
A
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T A2, B SRR B R ~H AR 20 B, SR 5, (E S QB R 1 T

RONEZD . EEFRTRER Y —RESE R TR A SRS MR
ERRTEN, BEFCRBBMITES; B—IETEELEMARS AR E
PR ABR A . BRI R BT AR, R R
£ B A SR TR0, 10 & B e AE T2 ST AR~ A0 01, 2 T LSRG F
92 SRR AU R~ LR 1), AR AL R S48, Z P R AR 3
AR N D , TR B TE SRS S SR B AR

O K

RO EBER , KB L3 B RBR S, R, T AR R Bk
HFE.  wREIARERERR AT i R LB B, RIERD
ERREE, SR ERE . SR ERERMAME. B 12 2—@%

l\ . _ "——‘-3—0-—2-5203—-0-<.“Z._—-._-=-—:_.,__-__:
r =37 ' I 25000 — g
R / -
A/
l " \- - 20000 /—"‘so/oo-

e 3 1 1 s i 1§ & - 1

B 12, hRMBRES N R DR St (R R 2T R
e/ X

[17) Gensamer, M., Personal Communication in USA., 1950,
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BT B IR A SR R0 SEEARTY, SERBAR L BUE A TR 2 4
WHEE , SRR A LA 7o G BB ARRY, BT LIS AR B E v, . B
WOMIE, & vo MRROFA, EXH RFUN LT EREL . LRE
RANERF— WA SRR, bED—EAERREGEE). EILTY
51 PSR — RSB AERCY, 7o = f(vo) MR EE—EGS. £E—%
BERESET, RN EESE CENTUR—EREYRERR:

To = a 73 > (23)

s B—HE, » BEBEAEER. © (1), (13), 123) =X, TUSIEE v»
EE - o Ed

r=[24(22 -7 e>0: @

n:[ifﬁ zr;“ + f:)]’_ 0<0. (25)

1 SE TT CUT HH RE S SS IR r 40, E I B B B S B SR ARME . 3B
MERTIEORALEENE, T ~ERAR B, RSEHEHEES
BLREESIREE (6). (24), (25) WA RE A BRAS R AR RIEA AR ILIGG Lk, ve
RRFHN_EHEE, T ERFR BRI, FREERE, BAEE v £.1 2
T, A ERSER M, EROREZRERSGHE TAK. BEARED
RS S ERERGS: EER 0 RBUEZMET 1, S8, e, 1
A RHET, A W, 80 MRS SR ERSREY. Eke
AT, 6 ZHBUEREAMISIE N BEE MARAE, BrEGEEEm e,
A B 7% 18 | O R R ST S TR R B W R 0, G, FEY
MRS N, Gfo® WBA 107 254, IR LR, & I ERK, B
JE R AL, T LE E S R R A sk, EMdBhE s B i

1181 Liu, S. 1, and Carpenter, S, T., “Strain Energy Distribution in Notched Tensile Test of Ship
Plates™, Technical Report 1950, in publication (Jour. Appl. Mcch. US.A.).

[19} Maier, “Einfluss des Spanungszustandes auf des Forminderungs Vermdgen der Metalischen
Workstoffe”, V.D1. Berlin, 1935,
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BRI BE AR (L), B M B 1) 00 S L 5 T 22 , SR o R SE SR R B gl (24)
(25) WRGERHEN, SBATBENGEIRY, BERISHEER
RBRAHEKR, FEEROREMME (Bauschenger Effect) {8 o HIBAMAK
Fisc. SBILEEAIE R IER A ik TR AR RE A HE TR Ay A 12, 2
(24), (25) MXPERIRERMREY.

ENRET N o

ARSE L5047 55 | R AR, T IMELI T A3

Y 05 o REBRHARTL T BBY.

2. BFYRHRPHEAT, SRIHIETFIERE R 555
7T SEMEAER 6 B 1 MZWERIR EFSES T, B - SMEHANIK.
ZURE TSRS , 52 B AR BOSRILIR . 03 MR B 151 AR T SR AR N D 42
‘WL, -

3. 4EARCH RS AR ST R LB B, TS RIEE A RR.
SIEEMEERKE 0, TUEERE SR —RRAER. -

ﬁiﬁﬁﬁﬁﬁéﬁﬁﬁﬁﬁé%%%ﬁﬂ&@&&?éﬁﬁﬁ%?ﬁ&
5 At i Y,

3ok 5 R SRS AT Rk B SR EN, LR BA T SRR BN fF
CF U

[20] “Liu, S. I, Lynch, J. J., Ripling, E. ., and Sachs, G., “Low Cycle Fadgue’on the Aluminum
Alloy 23ST in Direct Stress”, AIME, Metals Technology, 1948, T. P. No, 2338,

[2]1) Gensamer, M., “Strength and Duculity of Memals under Combined Stress”, ASM, 1945,
(22) 2B, ‘WM BREBSIZ0’, 1953 4 10 § BRI, BEEK.



+ 1A PR R ER SR EH 291

MECHANICAL CONDITIONS FOR ISOTHERMAL
RUPTURE OF METALS*

Liv Suu-r

(Peking Institrite of lron and Steel)

ARSTRACT

- The theoretical conditions for brittle rupture were found with one single normal
stress as the only mechanical vanable. But, for the conditions of ductile rupture, experi-
mental facts demand the specification of some stress states instcad of a single stress
and certain arbrrary swess functions were taken for this purpose. A theoretical
formulation: of the conditions for ductile rupture has not been made up to this date.
Fundamentally, such problem would be approached from the dislocation theory, but
quantitative treatment is difiicult in the present state of this theory. Alternatively it may
be possible 1o approach this problem from the view point of relaxation, should the basic
phenomenon of strain hardening associated with ducdle fracturing be well interrepted
from this view point. It is belicved that future studies along such lines will throw
more light on tht understanding of this problem. Yet, it was thought that if one
considers the thermodynamic relation among various types of energy involved in
ductle fracture instead of simply taking some arbitrary stress fupotions as criterion,
the conclusions thus obtained would be helpful in understanding this problem. Thus
this paper was written.

Hydrostatic siress states play a very important role in the fracturing of metals, but
the elastic strain energy for volume change (Ev) associated with hydrostaGe stress states
has not been quantitatively considered in this problem. Taking this into account, the
thermodynamic condition for fracturing should be

\

dE, dE, dF

dx 4 x dx ’ . (1)

where E, is the elastic distortion energy of the crack, F the surface free cnergy
~ of the crack, and x the growing dimension of the crack. When the sign relation
between the strain energy derivatives and the significance of this relation are considered,
equation (1) is split into three cases each corresponding 1o certain range of stress states.
For a disk-like crack of radius y,, the strain energy derivatives can be computed ap-
poximately by a short method wherein the average stress was considered. Mechanically,

“Reccived August 28, 1951, J
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this is perhaps too simple, however, since all existing stress measurements for fracturing
of polycrystalline materials yield “only average values which are more comparable with
the theoretical results thus obtained. By doing so, the following conditions for fracturing
wete obtained:

I . (1—=2py0t + (A +p)1i= Zfr“, =0 )
0

(1) (1—2 1) 8% — (1+p) 12 = 23’9’“ . B>0; ) (2)
0

(1) U+mt—(—-2m6=2E2, 6<o;)

or, in terms of the principal stresses:

0 (S%4S%+S§)—z;‘(slsz+szs,+sa.so:Zfo“, =0; 1 .

an -2 I-‘)(S;S'2+5253+5331)_(1+4F) (81+83+SH = 6£a , 8205 (3

| : )
(1) (144 p)(S2+ S3+83) — (4—2p) (5,8, 45,85+ 558,) = SE&  g<p,
fo ’

where 2ll stresses are referred to the average values at fracturing and are as follows:

Or = mean normal stress = % (8§, + 8 + §9),

Tr = octahedral shear strees =%\/ (8,8, 4+ (8;—53)24(S;—S5,)?,
S3, §; and §3 = principal stresses;

L and p are Youngs modulus and Poisson’s ratio resp\.ctlvcly, and a means the surface
free energy per unit area of the crack surfacc

The obtamned conditions are hyperbolic and elliptic in 6 and T with damensxons
~ defined by the physical constants.

Experimental data on biaxial tests and triaxial tests including some tensile tests
of brittle material under hydrostatic pressure were compared with the obtained equations.

Comparison of theory with experiment shows that case (If) is only a mathematical
possibility withour any physical significanice, case (I) agrees with experimental dara
in trend, and case (IIT) is in good sgreement with experimental results and it provides
a quantitative interpretation of the wellknown faot that fracture stress is consistently
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increased by superimposed hydrostatic pressure. The equations were used, together wigh.
experimental data, to compute the size of crack; the obtained dimensions are of the same
order as those of mosarc blocks.

In addition, the fracture strain y, (octahedral shear strain at fracturing) was
formulated by using the obtained conditions and the experimental universal strain-
hardening functon:

To = d YE ’ (4)

where Ty and yo arc the octahedral shear stress and strain at any stage of strain-
hardemng, a2 and » are strainspardening constants. The resulting equations are:

Ypi=|:2G<2a—%)]El7 for 8 20, (5, a)

. L
2a %2—} ] " for 80, (5,b)
/

7o

<
)
d|
-
w |t
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where G 1s shear modulus of elasticity.

Due to the uncertainty of @ and rp and the difficulty of finding complete
systematic data, these two equations were not compared with experimental facts.
However, qualitatively, they agree with the known concepts about the effect of stress
state on ductility. An important conclusion can be drawn from these two equations,
that is, the ductility is a function of suwress state, therefore, not a physical property of
solids. In conclusion, it can be stated from the above analysis and experimenial facts:

\.
That the isothermal condition for fracturing of metal is elfiptic 10 6 and 14 for § >0;
and hyperbolic for 0 < 03 and

That the fracture strain (ductility) is a function of stress state, therefore, not a
physical property of metals,

» The obtained equations provide a possibility to study the shape, structure and pro-
perties of the realistic stress space of solide; this will be treated in another paper.



