FRACTURE OF METALS AS A RANDCM PROCESS

D.G.Angelovax, A.B.Dishlievk, I.G.Vasilevx, L.S.Slavtchevax

A possibility far an integration of the
statistical description of metal behaviour
umrer load am the thearies of Zharkov am
ariffith is illustrated am a principal
analytical history of metal uxer load is
presented.

INTRODUCTION

Metal Dehaviour umer load - life aml fracture - is described by
different approaches: statistical, including its reliablility
(metal 1is not especially specified); after Zlirkov, cansidering
temporary strength or dirability ("perfect metal"); after
aiffith, defining critical strength (metal with a crack).

The present stuly describes, based an rardom process theary,
life aml fracture of metals uxder load, integrating the
possibilities of Zarkov's am Griffith’'s approaches, defining
the bouris: "perfect metal - metal with a crack". The aim is &
presentation of a camplete histary of each defined metal in the
interval "load imposing - fracture".
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EXPERIMENTAL RESULTS. STATISTICAL DESCRIPTION.

Tensile strengths Jrg aml yield strengths Oy (1=1,2, .. -» 50)
are stulied by testing two series of alumniniun specimens (50 test
specimens per set) at 293K aml 373K o a miversal testing
machine FPZ-100; the strain rate 1s ar/at = 0.63.10'3 ws. The
durability or the time for fracture v far all specimens 1s
experimentally aobtained.

In the most of the cases, the failure rate, concerning data
of above type, 1S admitted to be a constant (Angelova et al (1).
Then the statistical results description by the reliability
fmction P(o) tarns out to e only approximately qualitative.

Two types of fumctians are stuiied here. First function is
of the farm i .

1, O $ o S %o
P(9) ={ : (€8]

Aexp[—B(a—C)zl, g, < O .

It 1s necessary to fix preliminary C value by replacing C = Ors1 =
86.4 MPa; Oty 1S the lowest tensile strength at which fracture
is observed. Parameters A aml B are aobtained after the methods
of the least squares ar@l of Cramer: A = 1.16395643, B =
0.0693458659. The stress 0o is determined from caxitions:
P(o) <1, (Aa(p[-B(BGA—aeA)z] - A s 1.16 > 1); P(o) fram 1) =
strictly decreasing at o>g.; claiéno Aexpt—B(cr—eeA)?-J - 0; P(9)
from (1) - comtirmious for each o. Fram the pointed properties of
function Aexp[-B(o-C)?1 follows, that there exists an unique do €
[86.4,): oo = -86.4 J'[(i/B).lnAJ = 87.87329 MPa. with
calculated A, B ard 9o, By. (1) can be rewritten in the farm:

1 O $ o $ 87.873 MPa
P(o) = { @

1.164@@:—0.0699(0—56.4)21, o > 87.873 MPa
The average square distance J far the model function P(o) fram
(2) am the m\'perlmental data Oq.; o e, - is 3 =

49
€2 (P(orei) ~ p)21Y2 = 0.129600794; P = P(Orgi)-

Tne secam function is defined as
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1, 0$osC
P(o) = { )

expl-B(o—C)2 1, C< o

To fiml parameters B aml C we use the method of the least
W%, which requires a minimization of function F(B,C) =
Z (Bloy <) - Yi2%, P = P(orsi ), (-InPj) = Y;.Far the purpose,
we fiml the solution of the system:

49 y 49 )
3F/3B = B I (o1 <) - F Yi(os; € = 0

4

]
o]

A g 3 ug

AF3C = B Z (% € - i}‘:1 Y; (91 O

Fram (4) for C we obtain the equation:
ug ug y§ ug 5 49 . 3

P(C) = iﬁ\'i (Srei 'C)-E:‘("Tsi )" - ﬁl (O16i =C) .;A_‘.EOTH -C)° = O,

which is impossible to be solved by analytical methods. In that
case C is abtained after the method of Dbisection: CcC €
(87.0313473, 87.0313475) MPa; C = 87.0313474 MPa.Then fram (4) B
= 0.0824572 aml function of reliability, (3), can be rewritten in
the farm:

1, O £ o § 87.0313474 MPa
P(o) = { (&)
a@[-0.0825(0—67.0313174)2] , © > 87.0313474 MPa.

Here the value of the average square distance is 3 =
d 'i‘g (P(org) P 1232 = 0.09563002291. It is smaller than J far
(2)) aue to which we shall use P(o) from (5) further. On Fig.1
1s defined the area of inition of the crack P(oy. ) + P(o1gi ),
aml an Fig.2 - the area of temperature influence P(orgj,373K) <
P(05¢ + 293K).

INTEGRATION OF ZHURKOV'S, GRIFFITH'S AND STATISTICAL
APPROACHES ON METAL FRACTURE

The obtaining of an adequate function P(o) fram (5) ard the
experimentally tested durabilities «; allow us to determine the
“Reliability" surface P,(oyg,™), Fi1g.3, each point of which
defines an actual reliability of the metal Pi' uder an acting
stress oy, far a defined time ~;.
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After Zhnrkov, the metal durabl 11ty * 1s related to the
temparary strength o, to the temperature T, to the activated
fracture voluue 7y, constant far each metal, aml to the fracture
activatian energy Upy: T = v, . ep(Uo— Tc)/KI‘; v 1s the period
of thermal fluctuation of the atoms aml k - the Boltzmamm
constant. It was established, that there exist actual activated
fracture volumes ol for each pair (o ,T{): «= 77 7vo, (Angelova
(2). Priysically, accarding to Zirkov theary, the criterion far
the specimen fracture {s that of «. It is a result of either a
treak down of all atoms 1inks in « o of an inition of a crack
Qy= 2(34m'3, energy equivalent to the process of 1irks Ireak
down for a time v. The surface of "Defects" Pz(cTs.CL,o. Fig.4,
demonstrates an actual probability Py urler acting stress =20
at which after a time v there initiates a defined crack Q.

As fracture of « (ar the inition of Qe ) causes a definite
fracture of the specimen, Qg can be cansidered as a Griffith
crack. oxr earlier stulies demonstrate that the crack Qg is
suhject both to the thearies of Zrurkov aml of aiffith, (2):

n(4-90% 02 864 + 0 — (Vo — ) T G YWk =0
g2 = 566&/“(4—\)) Ao

where o {s the Griffith stress for Qa s %z - effective
srface energy, N - the Poissan ratio aml G - the Young
modulus for aluninium. The surface P3 (o QL) Fig.5, 1is the
asurface of »Fracture", each point of which shows an actual
probabi 11ty Pj for a transformation of already initiated crack
of defined size AL to ariffith crack, as a result from a
stress intensification from oTsi to oyj. Tmus metal histary is
campletely described from the surface of "Reliability"
PA(oT5. T ) trrough the surface of "Defects" Py (OyqO0) (oy the
appearence of the cracks O) W to the surface of definite
vFracture" Pz(o«. o) - All tiree surfaces are at 293K. The
results at 373K are analogues; this being testified Dy:.the
P(o) charging in the interval of (293 < 373)K, Fig.1 aml the
surface Py(ors.T), Fig.6.

DISCUSSION

or stuly offers, through the introduced surfaces "Reliability"”
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Py (o1g, M), "Defects" P,(ovs, 0D, "Fracture" Pi(a.,Qy)., a
principal analytical histary of metal uxer 1load far a
defined temperature interval through the surface "Thermo
-reliability” Py (075, T).A coambined approach, incluling the
thearies of ramom processes, of Zhirkov armd of Griffith is used.

The transition from surface "Defects"” Py(o1s, 00 to surface
"Fracture" Ps(%-O«d) demanstrates: local stresses oy at the
rack tips of (O« cover Griffith criterion, when the cracks reach
a defined level of their size (L, umMer acting macrostresses

OTS .

SYMBOLS USED
« = actual activated volume(m?) for durability + (s)
P(o) = reliability function
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