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ABSTHACT

The infleoence of different structural factors and test
monditions on fracture toughness of materials with a strong
temperature dependence of yisld stress is digcussed and a ne-
cessity to take account of fracture micromechanisms is shown.
1t was found that the change of Fracturs mechanisms 18 rasul-
+ed in the noo-monotonous dependence of fracture toughness oo
structural = parameteIs. Physical schemes aze guggested to
dascribe effects of dislocaticn substructure and porosity on
fracture tcoughness.
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INTRODUCTION

Tha wide range of new structurel and ool materials with limi-
ted plasticity, materials based on refractor¥ metals, metallic
or intermetallic compounds is developing now. The sharp Lemope-
raturz and strain rate dependences of the yield stress Aare
indicative of this group of materials. This peculiarity as
wall as gtructural parametels stipulate considerable variety
of micrcmechanisms of deformation and fracture under differant
test conditions including temperature, strain rats and stress
state variation.

A pumber of semi em irical depeadsnces bestween fracture tough-
ness and characteristics sensitive to microstructure (the
yield point, paramsters of work harderning, critical deforma-
tion) were established by Habn (1966,1971) and Barsalm {1973}.
some of them are in a good agreement with experimental data
and given below:
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Ko = B/oy (1)
Kig = Ao ) 2(e_)i/m (2)
ch = (%anecrnz)l/z (3)

In these formulae Klc - is the Critical str
tor; E - is an elastic modulus; n - is a
exponent; OY - is a yield stress; &
mation value, being realized in th
— are constants. Th
by Panassyuk (1988)

ess intensity fac-
work hardening law
or is the critical defor-

e pre-fracture zone. A, B, m
€ most full selection of formulae was done

Such differences ang eéven controversy (for example, expres-

sions (1) and (2)) are apparent and reflect the very fact it

different dependences correspond to different fracture

mec a-
nisms.

So it is necessary to point out the main physical aspects of
fracture mechanisms variety in materials under consideration.

THE INFLUENCE OF TEST TEMPERATURE AND STRAIN RATE

Transition metals with BCC lattice and their al
utmost variety of fracture mechanisms. Under low temperatures
they behave like brittle materials. The full set of all possi-
ble fracture mechanisms manifests itself Sequentially in

accordance with test temperature and material structure
changes.

loys reveal the

The extent of each temperature stage could be large enough and
amounts to hundreds of degrees for certain cases. This situa-
tion has impeled us to elaborate the scheme of the ductile -
brittle transition so that temperature intervals associated

with fracture mechanism changes should be specified as Trefi-
lov et al (1988) showed (Fig. 1).

This enables to dete
tile - brittle tran
temperature limit T

Imine the temperature bounds of the duc-
ition more physically. As far as the low -
b is determined by Ioffe-Davidenkov's con-

dition as temperature which provides zero ductility, it
close to the temperature associated with transition from
brittle cleavage to cleavage with brittle relaxation.

1, _ 1
OY(Tb) - of(Tb) (4a)
here ay - the yield stress, % - the fracture stress.
In its turn the high temperature limit Tg may be determined
according to the condition when effective specific fracture

energies for cleavage with plastic relaxation and for ductile
failure are equal.
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cleav, h, _ _dimpl, h 4b
Vet (Tp) = Tege (Ty) (4b)

In the case of cleavage with

o, -
plastic relaxation, for exam- 7%“ n i
ple, for molybdenum, accor- N ]
ding to Vasilev (1979)the'fol— \ p
lowing dependence is realized: 100} Y, ;
r\
cleav _ 2 5 \\ o
Yefe | = Yollta/on) ( AN
where ry - is specific surface sol
fracture energy for absolutely
brittle materials, a-is const. sk .
T
In the case of ductile fai;u— o L TS
re, since a dimple size -200-100 0 100 200 300 ‘wqu%
remains constant within sope :
temperature interval above Tb’
one may be suppose that
. Igy. : 1
ymP 5> po (6) (e T} !
eff Yy jpe
where o - is the yield o
stress, h - is a dimple size.
5k
The expressions (5) and (6)
enable us to analyze the Al
temperature dependence of Yoff g
as well as ch or Glc quite st A
easily. According to Gridneva .
(1969), Trefiliv (1975), the T

2 N
i -200- 300 400
temperature and strain rate 200-100 0 100 200

T, *C
dependence of the yield stress
(without a non-thermal compo-
nent), particularly for

ractor metals with BCC ' . )
fzitice, Ycan be described Fig. 1 On the determlnatloR
b

r T
within interval 0,1—0,2'1‘m as of lower Tb and uppe

temperature limits of o a
brittle-ductile tansition
of molybdenum.

following:

o, = A ()Y 3exp(uo/3kT)  (7)

i i i islocation motion, which
re Uo - is activation energy for dis
YgeO?Z eV for chromium; 0,19 eV fo; molybdenum and 0,49 eV for
tungsten, A - is constant of material.

i i lyze the temperature depen-
Taking int sount (alm we can ana uye Jepen-
dence of YE%ES and reffp (Fig.1,b). A scheme pre

useful for investigation of a temperature dependence of frac-
ture toughness since Kic ®E¥ ¢
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I o l.l o b alline L5 o
n the lgllll.i:.'l.I"ﬂ. = Hl:ll:k 199 1 LDHCE_.]lﬂg p'ﬂl CIyS 1

= chy
mium the Elgnificant | shift was observed [ﬂh:ﬂ-]- 100...300

degrees) which was accou £ i
g i C nted for by increase cti

i i r of actiw
ETEEQY fir _d1sln?aticn motion due to interactiun“ ;e:t;zg
e Saiiihsgga%and %fpurities in the temperature interval where
~Eﬁaitlvg ts,:uiglggi?ccgrred.lFramture toughness proved to be
& ol hift in reali i i v
g e ization of the fracture mecha-

THE INFLUENCE OF DIZLOCATION STRUCTURE

The main types of dislocaticn s

i : £y ation structure arising under d ma

E;nﬂcrndH;hermal Freanen: ars studied guite gatizfactszi i

b 1 g__ mggeneaus high dense distribution of dislocatio 8

(under temperatures belcw 0,2T ) or slightly i i b
o ghtly misoriented cel-

lular structure arise at th ]
: tr re i 2 parly stages of plasti

t £ At AT_y = gtic 4 B
5102; he characteristic peculiarity of thasepst:uctuIEEfErmZ
t;E_JEF?IfEE?EE of dislocations with opppsite charges wiEﬁEug
Elqliedeﬁve :epiratloﬂ. Hhen strain increases dislocations of
r'Lg e < arg: aceumilate in scme parts of volume formin
”l;gr-egted cellular strocture The average misorient 3 -
angle rises vs strain as 2 e*’2 “while ﬂiﬂg:' ; :I itz pe

¥ g , While m risntation

?chtrum approaches tcward that for polycrystalli afgles
(Firstov et al (1391)). Rl

The critical strain required € I

3 al ‘strad o change ‘the structur
slightly misoriented to miscoriented, depends oo the g Ei i
e s 1w grain size

= b s g oULFET
B const:d-e (8]}
where d - is the grain size, Ut %= 7,2-0,3 eV
According to analysis made in  (Pirstev (1991}, Trefilow

{1976)) this transition is accompanied b n
deformation mechanism: it Lransfgrms f ; g;i ii:Eaﬂ=er- ad
work har%ening law feofe) = ath [a(sﬁ]: (ﬂdr;rck'ed_? _g? ‘bY
cations "forest™) to that characterized ﬂ} Hﬁaféj o Kdta‘ﬂ_
{centrolled by grain boundaries), here o=1/2 for ;nurdarggi

formed under "warm' defo n - J
iy rmation and =21 for "ccld" deforma-

change in

I* geems to be natural, that 4
2 ral . kk different types of islocati
Eg:?t:ugau:e aifeu% differently the fa;lu:E re“hanigisénh::;gn
rigla and, particularly, materials inh nt £o. tEla :
ia : ¥, T erent to britel
ture. According to Trefilov (1373 e
ML, ALCALILRG £ T 1 5] the ductile - ittl
hgi:lelun ;Emp?ruture reaching a maximum at strains hg;Eg::
Wl ch et Sl to misoriented structurs (actually the s*ru:
ture with ilneugralnsj subsequently decreas : T th
il e e : Y eg, ceacnigz he
¢ for molybdenum, chromiom and =100 c

tungsten. i : " Lo

frac-

The pehaviour of the K, =~ vs =

Iin the case of ductile "dimple" failure

: dependence differs somewhat
from considersed above.

[Tuchingki (1991})) previcus deformation reduces ch.Thia [e—

anlt ge=ms to be expected Tecause defarmaticn cansiderably
promotes gtructural preparation toc failure by pares coalescen—
ce. In the case of cleavage tha K, V8 £ dependences aEFe 000

monotonous (Fig. Z). The nature of maximum at gtrains Z20-30%
iz unclear. Presumably, +he gstructure which sorresponds o the
garly stages of misoriented cells formatidn iz indicative of
special instability under the recurrent loading. This process
eczn fawvour the incr=ase of K, .

Witnin the interval of large Ephﬁﬁ
plastic deformatich [= > BO%)
the fracture toughness rises
again if initial notoh (crack]
is criented perpendicularly to
+he plane whsra graine {cells)
arae elongated.

Fractographic investigations
have shown that such a behavi-
cur was connectad with the
delamination alcng grain I
rcells) boundaries. The pheno- [
menon of delamination is ’ﬁ ﬂﬂ: 'c:_:u g m
stipulated by disordered dis- otien: 8. .
tribution of dislocatlions in Fig. 2 The Xy va deforma-
the boundaries under deformas i = ;
i i F tion of powder iron for
s ion temperatures pelow 0,35 5 5 <
TR ’ tranaversal (1] and lcangitu-
Tm and, consequently, by Sige dinal (2} introductien of
nificant decrease of enerdy of = Y # 5

the boundaries which can be e HoEal.
evaluated as Erc (where Yo -
ig true specific surface pnergy of boundaries, Korniushin

(1976}). If impurities segregats inta ooundaries, the valuoe
given might be lover .

If the notch {crack] under the fracture Eoughness tests is
directed along the elongated grains (cells), the crack propa=
gatisn along boundaries i3 facilitated so that KILc Aecreases
wnen degree of previcus deformation 10CIEASES.

THE IHFLUENCE OF PORGSITY

The problem of the porosity influencs on glastic modulus and
characteristics of strength was tnoroughly discussed in the
literature. It was shown shat the mechanlical propertis=s of
gintered materials are drastically reduced when the poresity
increases. In particular, the following formulas have bean de-
rived in a number. of publications of Balshin {1872}, skorokhod
{1982), Andrijevsky (1982).

. = e [1 - g™ =& e
¥ ¥o ; P po



_ 2 1/2 -1/2 -be
= o 1 -8 - 38 =
%y YO( )7/(4 3€) p * Kyd ¢
- _ g\m
E = Eo(l e)

These dependences agree with the experiment as to the porosity
values of © < 30%. Some more complicated and more exact depen-

dences of the properties on porosity have been roposed f
the range of & = 60%. HECR °or

In the works of Draghinsky (1982), Firstov (1987) the nonmono-
tgnous Klc vs porosity dependences for porous %ron have been
first established under test temperature -196 “C.

According to fractographic data the fracture micromechanism
changes from cleavage to dimple failure that occurs due to a

transition from open to closed porosity. In total correspon-
dence with this fact the fracture toughness depends non-
monotonously on the porosity (Fig. 3). A correct theoretical
explanation of this phenomenon cannot be given at present. It
may be supposed that the right-handed branch of the curve cor-
responds to an abrupt reduction of the deformable volume in

connection with a localization of the deformation in the

tact bridges. eon”

The left-handed branch of the Kie.
dependence of K, on 6 shows %gomV’ e

that for cleavage the fracture
toughness increases in compa-
rison with the ' compact mate-
rial due to the plastic rela-
xation enhanced by the poro-
sity. As far as for sugh a
failure mechanism K, T o /o2
c Fy'
as Panassyuk (1988) found, it
may be supposed that the beha-

viour of ch(e) results fron 120

the more abrupt reduction of
the yield stress with porosity
in comparison with the frac-
ture stress.

10 20
.Porosity, x

Fig. 3 Influence of the po-
Data obtained for porous glass rosiLy on khe e
coronel (1990) are of great toughness ch and the frac-

interest. As follows from Fig. tion of dimplS surface L in
4a, which represents data of iron at -196 “C.
Coronel (1990) et al the de-

pendence of Young's modulus on porosity and the K,, Vs poro

sity dependence are both decreasing, but show distinct

cur-

vatures. Due to this fact the function Glc(e) = Ky (8)/E(8)
] c

(where 6 - is volume fraction of pores) has well - defined

maximum at 8 = 25%.
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It is interesting to note that the fracture toughness value

estimated from Glc at 8 = 25% exceeds for 3 times the ch of

non-porous material. In our investigations of glass with
nano-porous structure a maximum of the ch vs porosity curve

has been obtained also. The
maximum has corresponded to
the similar porosity interval

(Fig. 4b). qu sﬁhf” &%*

70 0 10
CONCLUSION

Data concerning the influence 13

of different factors on frac-

ture toughness of materials

having been discussed 1in the 10

present short review enable us

to draw the conclusion, that

the considerable variety of 5

fracture mechanisms do not

allow to suggest quite simple A

theory which would describe % 5 10 15 20 25 %

the influence of some single Porosity, %

factor on fracture characte- ‘ﬂcm“

ristics om 7 bm
: 0 170

Such a theory could be created 60

for a comparatively narrow lis

interval of manifestation of 30

one specified fracture mecha- 0

nisms. In the work Trefilov et .0

al (1988) a thermodynamical 30

conception of the fracture

micromechanism changes was bs 1°

suggested. -

It is obvious that the changes o oo oo o

of fracture toughness charac- o 5 110 18 20 25 X

teristics caused by structural Porosity. %

factors should be expected

mainly in the intervals of

test parameters variations, Fig. 4 The fracture tough-

which entail fracture mecha- ness (ch, Glc) and the

nism changes (see, €.9., frac-
ture mechanisms maps given by
Ashby (1983) for different ma-
terials).

elastic modulus (E) vs poro-
sity dependencies for glass
with coarse (a) and nano-
sized (b) pores.
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