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O HeKOTOpBbIX 00IIMX 3AKOHOMEPHOCTAX Pa3pyLIeHNUs TBEPABIX U KUAKHX
TeJl

P. Bpurentn, A. Kapnunrepu

Otaenenne TpaXIaHCKOTO CTPOUTEIHCTBA, SKOJIOTHH U apXUTEKTYpHI, Y HUBEpCHUTET T. I1apMel,
[Tapma, HUranus

IIpoyecc paspywienus kak meepoblX, Max u HCUOKUX Mel 8 CHIOWHOU Cpede MOJNCHO paccmam-
pusams Kaxk eduroe Qusuueckoe senenue. Mamemamuuecku onucamo €20 MONCHO NPU 6bINONHEHUL
HEeKOMopo20 NpedeivbHo20 YCa08Usl, 6 KOMOPOM O0ObIUHO YUUMbIEACMC HANPSINCCHHOE COCIMOSIHUEC
mamepuana. Ananuz Kiaccuueckux meopuil paspyuietus meepovix mei (¢ mouku 3peHus niacmud-
HOCMU U MEXAHUKU PA3PYWIEHUs) U COBPEMEHHOU MEeOPUU PA3pYULeHUs JHCUOKUX mel (eneHue
KAGUMayuy ¢ y4emom MAKCUMAIbHO20 3HAUEHUs. 2NA6HO20 HANPSNCEHUsL) NO360IUIL OOHAPYICUMD
o00ujue 3aKOHOMEPHOCIU 8 YCIOBUSX UX paspyuienus. B pamkax obwezo nooxoda k paspyuienuio me
NPeONONCeHO UCROABL306aMb Il ONUCAHUSL NPEOCTbHO20 VCI0GUS PA3PYUWLEHUS MAKOU RaApamemp
MO HANPAJNCEHUL KAK MPEXOCHOCMb HAnpsidicenno2o cocmosnus. Ilokazano, umo ymxyuu xon-
aanca 0nst meepovlxX U HCUOKUX Mell 8 CHIOWIHOL cpede UmMelom Nnoo0OHbIl GUO.

Knroueswie cnosa: pa3pyueHue, nu3JjoM, KaBUTalUd, TPECXOCHOCTh HAIPSKCHHOI'O
COCTOAHUA, TBEPABIC TCJIa, KXUAKOCTH.

Nomenclature

a — characteristic dimension of a defect

B — material’s mechanical parameter

D[u] - symmetric part of the gradient of the velocity field u
E,G" — Young’s and shear moduli, respectively

g — acceleration of gravity

G, Gy, — fracture energy and critical fracture energy under Mode I, respectively
1, — first invariant of the stress tensor

Js — second invariant of the deviatoric stress tensor

K, — stress intensity factor (SIF)

K. — fracture toughness (plane strain condition)

p — hydrostatic pressure in a liquid under static condition
p.(T) — liquid’s cavitation threshold pressure
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S, Sij — deviatoric stress tensor

Sy — principal stresses of the deviatoric stress tensor S (i, j=1, 2, 3)
t, T — stress triaxiality and temperature, respectively

u={u v w} — velocity field in the x;, x,, x3 coordinate system

Y — dimensionless SIF or geometric correction factor

u — liquid dynamic viscosity

K — hydrostatic stress component of the stress tensor

a, B — parameter’s of the failure criterion adopted for solids
p — mass density

O, T, — normal and shear stress, respectively

o — stress tensor

o; — principal stresses of the stress tensor (i=1, 2, 3)

oy — remote applied stress

7[u] — shear stress tensor in a moving liquid

Introduction. Failure in continuum media, solids or liquids, can be regarded
as a single physical phenomenon which is determined by the fulfilment of a limit
condition which generally involves the stress field in the medium under study.
Failure conditions can be easily and conveniently written in terms of the stress
invariants and the deviatoric stress invariants, and this approach is used in the
following.

By considering the classical theory of plasticity or fracture mechanics concepts
in the context of failure of solids and a recent theory on the cavitation phenomenon
in the context of liquids, a unified discussion is herein presented, showing as the
collapse functions present a similar form for both classes of continuum materials.

Furthermore, by introducing a stress field parameter (the stress triaxiality), the
limit conditions of collapse for both classes of materials can be simply represented
through the same equation by only setting the involved material’s parameters
appropriately. The values assumed by such parameters can give us useful information
about the kind of expected failure.

Local collapse of continuum media, for both solids (mainly brittle solids) and
liquids, frequently appears as a loss of continuity of the material. The above
phenomenon occurs through the formation of cracks or high strain deformation due
to plastic flow in solids, or as the appearance of voids or bubbles (due to the
so-called cavitation phenomenon) in liquids.

Several studies have been carried out on collapse of solids. The classical
plasticity has been described by a well established theory [1, 2] (up to recent
studies on crystal plasticity [3, 4]), as well as fracture mechanics that dates back to
the pioneering researches carried out by Griffith [5, 6] and to the rigorous
mathematical approach performed by Westergaard [7], up to subsequent works by
Liebowitz [8] and Sih [9] and the recent studies of fracture at microscopic and
nanoscale level [10, 11]. Liquid collapse, also known as liquid cavitation, has also
been studied by several authors [12—18]. By considering a stress-based approach to
the mentioned failure phenomena in solids and liquids [4, 12], similar governing
equations can be found.

40 ISSN 0556-171X. IIpobnemsr npounocmu, 2010, Ne 2



Some Considerations on Failure of Solids and Liquids

1. Failure in Solids: Plastic Collapse and Fracture Collapse. Failure in
solids can be regarded as an irreversible phenomenon which involves a great
rearrangement of the solid structure accompanied by energy dissipation. Such an
irreversible modification of the material structure can appear as a plastic flow due
to the sliding — at the microscopic scale — of the lattice structure of the material,
characterized by high plastic strain level (typical of the so-called ductile materials)
or as a loss of continuity, due to a large strain localization (as usually occurs in
brittle materials).

Fracture in solids is a common phenomenon which usually takes place due to
the growth and coalescence of microcracks or voids, produced by the stressed state
in the material, up to the formation of a macrodefect which can be mathematically
represented as a strain localization in a narrow band which identifies the fracture
position.

Typical approaches to the fracture phenomenon are the well-known SIF
criterion {descending from the classical Westergaard solution in linear elastic
fracture mechanics (LEFM) [7]} and the energy criterion introduced by Griffith [5,
6].

The critical SIF criterion for catastrophic fracture under pure Mode I can be
written as follows:

Ky=Yoyvra=K,,, (1

where Y is the so-called geometric correction factor (or dimensionless SIF), o, is
the applied remote stress, a is a characteristic size of the existing crack, and K,
is the fracture toughness of the material under given environmental conditions.

As mentioned above, the fracture phenomenon can also be analyzed through
an energy-based approach. For example, by considering a tensile loading of infinite
plate containing a straight crack with length 2a [in such a case: Y =1 in Eq. (1)],
the energy criterion for collapse states that [5, 6]:

G=maol/E=G,,., )

where G is the fracture energy, i.e., the energy per unit crack surface, available (in
the mechanical system) for crack extension.

The above two approaches to fracture can be linked by the classical
relationships:

G = KIZC/E (plane stress), G =(1-v? )Klzc/E (plane strain).  (3)

Such fracture mechanics approaches assume that fracture process occurs
starting from a pre-existing crack or defect having a characteristic size @, which
instantaneously grows when the critical condition [either (1) or (2)] is fulfilled. In
other words, in the (theoretical) case of absence of any defect, fracture mechanics
approach leads to the erroneous conclusion that no failure occurs, irrespective of
the stress level in the body.
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In macroscopically non-damaged solids, the failure process can be regarded as
a breaking or a decohesion phenomenon produced by a sufficiently high stress
level, which must be greater than the tensile strength, f,, of the material.

The collapse condition in a material under uniform tension, o, can be
generally stated as follows:

EG,
aa

K
olzmin(ft, or Olznﬁn(f”yJ%)’ @)

where the maximum principal stress 0, =0 1is used.
From such an equation, a characteristic flaw dimension a,, below which
collapse is strength-like and above which collapse is fracture-like, can be identified:

EGy, .
ag=— (fracture-like collapse), (52)
t
E GIC T
apg<—- (plastic-like collapse). (5b)

t

In the context of plasticity, a more general and common failure criterion,
which has a wide applicability for several materials, is the so-called Drucker
criterion [2], usually expressed by means of the stress invariants. In the present
paper, the criterion is written as follows:

L+E,l-k=0 with k=-30,, §:\/§k;ft=_\/§(3-lc-c)’ "

where the material parameters § and & can be determined by considering two
different stressed states at failure: a hydrostatic failure compressive stress field o,
and a uniform tensile failure stress field f,. The dimensionless ratio ¢ in Eq. (6) 1s
defined as c=f, / 0 ,. For compressive hydrostatic-insensitive materials, the
parameter & is approximately equal to — 33 and k is equal to — 30, and the

criterion (6) becomes /| — 3.3 |/2|= =30, or equivalently:
—Kk+3 |Jal=0,, (7)

where « is the mean stress or hydrostatic pressure (k = tro/3= 0 /3).
Among the various parameters to identify the stressed state ‘quality’ in a point
of a continuum, the stress triaxiality factor [19-23] can be used:

I

1
f=3tr0/m=l€/\/72|:3ma (8)
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i.e., the ratio between the mean hydrostatic stress and a quantity that measures the
root of the distortional energy (equivalent to the von Mises stress). From the above
definition, it can be deduced that ¢—>o0 for purely hydrostatic stressed states,
t=0 for purely shear stressed states, and ¢= 1/ /3 for an uniaxial 3D stressed

state. By using such a definition, the condition (4) can be written as

EGy,

Jaa

ch

or M(1+t)2min(f,, Ym)’ )

V¢12K1+t)zrmn(f“

where the maximum principal stress is written as o, = ./|J,|(1— ?), as is discussed

below.
On the other hand, by considering the Druker plastic collapse criterion, we
get:

£ k
|h(3+423 (10)

and, in the particular case expressed by Eq. (7), the criterion becomes:
L3 +n=0,. (11)

The above failure expressions (9) and (11) can be summarized in the
following general equation:

JI2l(xt+ B)= B, (12)

where 8 and B are material constants as is discussed below.

It can be observed [25-28] that the stress triaxiality can provide a simple
parameter to identify the type of collapse: stress triaxiality lower than zero
(t=0 corresponds to a pure shear situation) produces a shear-type plastic flow
collapse, which can be identified as a special case of fracture process, while
positive triaxiality produces a void formation-type fracture process (fracture along
a direction normal to the principal stress) [27, 28]. Experimental observations [21]
have shown that fracture never occurs for 7<-—1/3.

2. “Fracture” in Liquids: The Cavitation Phenomenon. Generally speaking,
liquid failure can be identified by the appearance of voids or bubbles in the liquid
with loss of continuity and, consequently, the well-known corrosion in solid parts
which are in contact which such broken zones produced by the so-called cavitation
phenomenon.

The knowledge of the stressed state in a liquid is fundamental to predict the
possibility of liquid breaking. The stressed state 0 =0 ; can be generally written
as

o=—p-1+71[u], (13)

where p is a scalar that represents the hydrostatic pressure (a positive value of p
indicates hydrostatic compression), 1 is the identity tensor, and 7 is the shearing
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stress tensor which can be determined by an appropriate constitutive law depending
on the liquid under consideration.

Generally, the shearing stress tensor 7 can be written as an appropriate
function of the velocity. As an example, a simple linear constitutive equation can
be assumed for a Newtonian liquid:

t[u]=2u-D[u], (14)

where u is the dynamic viscosity, and D[u] is the symmetric part of the gradient
of the velocity vector u;, D[u]=D; =1/2(Au+ Alu)= V2(u; j+u;,), i=1,2,

3. According to the above hypothesis, the stress tensor can be rewritten as

0, =—po; +u(u; ;+u;,;), (15)

where the symbol 61-]- denotes the Kroneker delta function.

As is well-known, the following relationship holds for an incompressible liquid:
divu=trD[u]=u;; =0 (mass conservation equation). From the previous equation,
it can be stated that #77=(2uD[u])=0. In this case, the mean hydrostatic

pressure becomes:

1 1

The above equation is true for a liquid in a static condition for which the
hydrostatic pressure p represents the average of the principal stresses.

In a flowing liquid, the average of the principal stresses has not significance
[16, 18], and the hydrostatic pressure p also depends on the stresses given by
(14). In such a general case, p=—1/3tr (6 —7) since tr T#0, as occurs for a
constitutive relationship different from the classical constitutive relationship (which
holds for the so-called non-Newtonian liquids) expressed by Eq. (14). In this last
case, Eq. (13) can be rewritten as

o=—p-l+1=—(1+F, (17)

where p=—1/3tr(0 — 1), k =—1/3tro= p—1/3trr,and S is the deviatoric stress
tensor for which #S=s; =0 holds (the scalars and are assumed positive for
hydrostatic compression states).

The breaking phenomenon in a liquid, commonly known as cavitation, takes
place by the formation of bubbles inside the liquid and is classically identified by
the following condition [18]:

p<p.(T) (cavitation), (18a)
p>pT) (no cavitation), (18b)

where p.(T) is the cavitation threshold (negative) pressure of the considered
liquid at a given temperature 7. The above condition can be rewritten for liquids in
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motion, by considering the principal stresses instead of the average pressure p
which can loose significance in such a case [18]. The previous hypothesis requires
the determination of the maximum (principal) stresses and of the corresponding
directions in a point of the liquid. Principal stresses in the coordinate system
coincident with the principal stress directions can be determined by considering
that the stress tensor has a diagonal form in such a coordinate system:

diago =diag(—k-1+ S)=—k-1+diagS (19a)
or
o, 0 0 1 00
0 o, O0|=—-k|0 1 0|+diagS. (19b)
0 0 o;4 0 0 1

In two dimensions, the above relationship becomes:

o, 0 1 0] [S;; © 1 0] [S;;, ©
=—K + =—K +
0 02 0 1 0 S22 O 1 O _Sll (20)

since S11+S22:0,

where the principal stresses of the deviatoric tensor S, S;;, S,,, are equal to

(a2 2 ,\1/2 _ 2 2 \1/2 : — —
Sll—(S11+S12) ,S22—_(S11+S12) (Slnce Sll__S22)’ and the term Sl-j—

=0+ 5l-jK is the generic component of S. Since the principal stresses of the
deviatoric tensor S are:

1 1
S11=01—5(01+02), 522=02_§(01+02)’ (1)

the maximum difference between the maximum (o;) and the minimum (o,)
principal stress is equal to 0y —0, =81 — 52 =25;.

The condition of rupture (18), formulated in terms of the maximum principal
stress, becomes:

o12|p, (222)

or

1/2

0, =5, —Kk=(s1) +S122)_K:ﬂ[”12,1 +(upp + u2,1)2] —KZ‘PC‘- (22b)

When the above condition is fulfilled, a slit vacuum cavity initially opens in a
direction perpendicular to the maximum tension axis; subsequently the flow
vorticity can rotate the major axis of the ellipse, and vapour fills the created cavity
[18]. If also 0, =8, — k= ‘pc‘ then the cavity opens also along the other

principal direction.
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The above criterion must be corrected in presence of impurities (such as
bubbles, etc.) that facilitate the cavitation phenomenon. If a defect having a
characteristic dimension «, is supposed to exist in a point of the liquid, Eq. (22)
can be written as follows [16]:

01 2| po(a, T)|=|K(T)|/Na<|pT)], (23)

where K _(T) is a material parameter for a given temperature 7.
Similar to the case of collapse in solids, the cavitation phenomenon, in
general, takes place when the following condition is fulfilled [16]:

K(D)])_ K1)

Ve )T Va -

0, = min|| p (T)

Defining the stress triaxiality factor similar to the case of solids (see Section 1):

t=/€/ﬂ“]2‘ with J2=S11S22_S122, (25)
the maximum principal stress can be rewritten as follows:

1/2 1/2

o1=(s11 +5) P — k= (=515 +5p) P — k= ‘Jz‘—’c- (26)

Then, the cavitation phenomenon takes place when

o, = 1,Ja-0=[p.| @7)

As can be also observed under pure shear (¢=0), liquid rupture can occur

when ‘J 2‘ 2‘ pc‘. If a high level of hydrostatic compressive pressure exists

(t>>0, since k>0 for hydrostatic compression), 0| = w/‘ Js ‘ (1—¢)<0 and no

cavitation occurs.
Some examples of fracture collapse in solids and fluids are given in Fig. 1.

— L ce—

a C

Fig. 1. Fracture collapse in a ductule (a) or brittle (b) solid material and rupture (cavitation) in a
liquid (c).
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3. Discussion. From the previous Sections, we can deduce that the failure
condition in flawed solids [see Egs. (9) and (11)] and that in liquids [see Eq. (27)]
present a similar form which can be synthesized as follows:

|/, |1+ = min(Cy, C,), (28a)
where
EGIc ch .
I 1{ for solids,
zTa Y\/
Cl R C2 = ( )‘ (28b)
p \Cf for liquids,

where the same definition of « is used for both solids and liquids, i.e., k =1/3tro
(instead of kK =—1/3tr0 as usually made for liquids). Equation (29) is valid for
both solids and liquids once the constants C; and C, are appropriately defined.

In the above general relationship, a difference in the meaning of the stress o,
must be considered: the failure in liquids takes place in the point where the
principal stress attains the maximum value (the imperfections are assumed to be
equally distributed in the liquid domain), while the stress in solids must be
interpreted as the reference stress (applied to the structure) that produces the
critical condition of the SIF.

By considering the previous Sections, it can also be noted that the failure
conditions in unflawed solids [see Egs. (9) and (10)] and liquids [see Eq. (27)]
have a similar form which can be synthesized in this way:

B+ an=5, (29)

where the material constants «, 8, and B depend on the mechanical material
behavior and the presence of defects. The values assumed by the three parameters
involved in Eq. (29) are summarized in Table 1.

Table 1
Parameters Involved in the General Failure Function, w/‘JZ‘(oet+ B)= B,
for Both Unflawed and Flawed Solids and Liquids

Material | Mechanical behavior Failure parameters
and defects a i B
Solids Unflawed brittle 1 1 I
Unflawed ductile 1 &/3 k/3
Flawed 1 1 JEG, /(7a)
Liquids Unflawed -1 1 | p(D)]
Flawed -1 ! |pe(@. )| =|K(D)|Na
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In order to compare the failure phenomenon occurrence in unflawed solids
and liquids, two 2D examples related to collapse in simple situations are discussed
below.

3.1. Collapse of a Solid Undefined 2D Strip under Shear Load. As an
example of application of the collapse functions determined above, an undefined
2D strip in plane stress condition, under self weight and an applied shear load, is
considered in the present Section (Fig. 2). The stressed state in the material can be
approximately defined by the following equations:

o o
0=[ ! 12}=—;c-1+s=

031 O
pg | M1+ e)—x,(2e+1) 0
-7 0 W1+ )= xy2e+1y| T
d
PEh(1= e)+ x,(2e+ 1)] <
L2 h 30
G'Z —T[h(l—e)+x2(2e+l)]

where p, g,and G’ are solid density, acceleration of gravity and shear modulus,
respectively. Furthermore, d is the displacement applied to the top edge of the
strip, and e=o0 X(O)/Uy(O) is the ratio between the horizontal stress and the
vertical stress at the bottom of the strip.

X2
o; o,
g J = -
,: x]

Fig. 2. 2D infinite strip under self weight and shear load.

In the principal stress coordinate system, the stress tensor becomes:

_ pg[h(+e)=x,(2e+1) 0 oo
diag 0="" 0 h(1+ e) = x,(2e + 1) o -l

2
€2))

2 2 2 2
G'“d
where \/‘J =\/p4g[h(1—e)+x2(2€—1)]2+ 2
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It can be observed that, at the top free surface, we have:

pghe G’d
_ pghe|1 0 2 h
T2 [0 1]+ o d _pghe] 32
h 2
: _ . pghe|l O plg?h?e? G'2d*[1 0
diagoty =h)="5 {0 1}\/ N

and

2252 2 12 72
‘J ‘= P g h-e +G d ‘

By introducing the stress triaxiality ¢ (which is a function of x, only):

fh(1+e) X,(2e+1)
fx2)= ﬁ PSRN €X)
72 ,/ h(l—e)+x2(26—1)] d

the maximum principal stress can be expressed as follows:

h—
“1(’“2)=“@=@(l+«x2))=pg(2m+

2 2 2 2 2

h— G'°d

L P8 (h—x3) N ’ (34)
4 h?

and the failure conditions can be written as

0 (x) = ||+ () = £,
(35)

k
J2(§+t)23,

for an undamaged brittle or ductile material, respectively, or in dimensionless
form:

o) U) e, )
F = 7 _1_\m 7. -1=0, F,= W3 3+t—120. (36)
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In Fig. 3a, the qualitative collapse function patterns are displayed. As can be
observed, the collapse for a ductile solid occurs first at the base of the strip, while
the collapse for a brittle solid occurs first at the top of the strip. In Fig. 3b, the
stress triaxiality factor along a vertical line of the solid strip is represented: such a
parameter increases from the base to the top of the strip.

Collapse function, F,

S 5
s s |
© 0.8 T 08 f
o S
g s T .
S o6+ S 06k .
8 8
= r = I |
1] (]
@ 04r- > 04L .
w w
° L @© L i
[y c
o kel
o 02r @ 02 .
(] (]
E | E -
o) [a)
O 1 D 1 1
— 0 +
Collapse function, F
P T Stress triaxiality factor, ¢
a b

Fig. 3. Brittle or ductile solid strip under shear: (a) collapse functions; (b) stress triaxiality factor.

3.2. Collapse of a Liquid under Shear Flow. Fracture in liquids can occur
even under shear flow if the maximum tension stress criterion described above is
adopted. By assuming a one-dimensional flow with a velocity field expressed as
follows (Fig. 4):

{u v wi={Ux,/h 0 0}, (37)

the constitutive equation (14) becomes:

0 U/h 0
tul=u|U/h 0 0] (38)
0 0 0

The liquid is assumed to be in the gravity field (the direction of gravity is
—Xx,). Under the previous hypothesis, the stressed state in the liquid (only
quantities on plane x — y are considered) can be expressed as follows:

L+ 011 Opy h 1 0 0 U/h

where p and g are the liquid density and the acceleration of gravity, respectively.
In the principal stress coordinate system, the stress tensor becomes:
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X>

X

Fig. 4. Shear flow of a liquid in the gravitational field.

. 1 0 U/h 0
d1ag0=—pg(h—x2)0 1+,u 0 —u/n| (40)

Therefore, at the free surface we have:

) U/h 0
diago(x, =h)=u 0 U/l

By introducing the stress triaxiality ¢ (which is a function of x, only):

kK _pglh—x;)h
uu (41)

H(xy)=
/3]

the maximum principal stress can be expressed in terms of such a parameter as

uu
01(02)=| /o[ (1= tx3))= === pg(h—x,). (42)

The condition of liquid fracture (or cavitation) can be finally written as
follows:

01(x5)=|J,| (1= tx2))= uU = pg(h—x,)=| p,. 43)
or in dimensionless form:
o h(h—
F = 1(x2)_1= Koy _ P8 ( xz)_lzo. 44
‘pc‘ ‘pc‘ ‘pr:‘ h

In Fig. 5, the qualitative collapse function pattern is displayed. As can be
observed, since (4 — x,)> 0, the cavitation phenomenon takes place first at the top
free surface of the liquid located at x, = A. In Fig. 5b, the stress triaxiality factor
along a vertical line of the liquid is represented: it increases from the base to the
top of the liquid domain.
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1 T 1
3, =
= - -4 = = B
i) k%)
g 08| - & 08 -
= =
[=] B 15 r i
Q o
S 06+ 42 06+ _
[u] [0
2 S
= r = I |
2 g
2 04 g 04 - -
1] @
= i = [ 7
2 S
@ 021 42 02r- -
@ (]
E - 41 E - ]
Q [}
0 1 0 | 1 | 1 | 1 | 1 1
- 0 +
Collapse function, F, Siress triaxiality factor, ¢
a b

Fig. 5. Liquid under shear flow: (a) collapse function along a vertical line of the liquid; (b) stress
triaxiality factor.

Conclusions. In the present paper, the failure phenomena in continuum media,
solids or liquids, have been regarded as a single physical phenomenon which is
determined by the fulfilment of a limiting condition.

By considering the classical plasticity or fracture mechanics theory to describe
the failure of solids and the theory of the cavitation phenomenon to describe the
failure of liquids, a unified description has been proposed, showing that collapse
functions present a similar form for both classes of continuum materials.

The stress triaxiality, as a stress field parameter, allows us to express the limit
conditions of collapse for both classes of materials through a single equation, i.e.,
the structure of the governing failure equation in both solids or liquids failure is the
same. By appropriately setting the involved material parameters, the failure
function can be explicitly written. The values of such parameters provide useful
information about the type of expected failure.

Acknowledgements. The authors gratefully acknowledge the research support
for this work provided by the Italian Ministry for University and Technological and
Scientific Research (MIUR).

Pe3ome

[Iponiec pyliHyBaHHS TBEPAMX 1 PIAKMX TN Y CYHIIILHOMY CEpElIOBHIIN MOYKHA
posrnanaru Ak eguHe (isuuyHe sBUIIE. MaTeMaTHYHO ONMCAaTH HOro MOXHA MpH
BUKOHAHHI JIesIKOi TPaHUYHOI YMOBH, B SIKiH 3a3BHYail BPaXxOBY€EThCS HAINPYKEHUH
CTaH MaTepiany. AHami3 KIACHYHUX TEOpid pyHHYBaHHS TBEpAWX Tin (i3 TOUKH
30py IJIACTUYHOCTI 1 MEXaHIKU pyHHYBaHHSI) 1 Cy4acHOi Teopii pyHHyBaHHS PiIKuX
TN (SIBUIIE KaBiTallil 3 ypaXyBaHHSIM MaKCUMalbHOTO 3HAUYEHHs TOJIOBHOTO HAIIPY-
JKEHHSI) JIO3BOJIMB BUSBUTH 3arajbHiI 3aKOHOMIPHOCTI B YMOBaX iX pyHHYBaHHA. Y
paMKax 3arajJpHOTO MiAXOJY 10 PYHHYBaHHS TiJ 3alpOINOHOBAHO BHKOPHUCTOBY-
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Some Considerations on Failure of Solids and Liquids

BaTW JJIs ONMUCYBAaHHS TPAHWUYHOI YMOBH DPYWHYBaHHS TakKhld TapaMeTp MO
HaIpYyXeHb, SIK TPUBICHUI HampyxeHud ctaH. [lokasaHo, mo ¢yHKIII KoJuiarnca
JUTST TBEPAMX 1 PIIKUX TUT Y CYIUTPHOMY CEpPEIOBHIII TMOTIOHI.
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