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Summary. In modern conditions, when improving methods for calculating real structure materials and
products made of them, it is necessary to take into account their physical and mechanical properties and
microstructure as more adequately and thoroughly as possible. All physical materials are characterized by a
certain structural heterogeneity (defects and irregularities in the crystal lattice, microcracks, pores,
microinclusions, scratches, marks, etc.) The microinhomogeneity of the material structure can be accounted for
by a simple and quite effective theory of M. Y. Leonov and K. M. Rusynko [1-3]. According to this theory, a body
is called macrohomogeneous in a certain area if mechanical properties of any elementary volume conditionally
cut out of the specified area are the same. According to this model, a solid is considered as a continuous medium,
around each point of which a minimum volume Vo can be identified that still has (based on statistical data)
mechanical properties determined in conventional studies of macro-bodies. For this volume Vo, a sphere of radius
p is chosen, which is taken as a structural parameter of the material. The paper presents a simplified method for
determining the structural parameter p for a number of structural materials.

Key words: Strength, macrostress theory, crack propagation resistance in the material (K,), macrostress
concentration coefficient Km, average technical strength of the material (o,), Poisson's ratio (v), structural
parameter (p) and crack (defect) length (21).
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Formulation of the problem. In the practical use of criterion relations based on the
concept of macrostresses by M. Y. Leonov and K. M. Rusynko [1-3], it is necessary to know the
value of the structural parameter p for a particular material. The methodology for determining the
parameter p was developed and presented in the works of L. V. Ratych and S. Y. Yarema [4-6].
It is based on the comparison of the effective stress concentration coefficients determined
experimentally and according to the Leonov-Rusink theory for the most convenient and simple
schemes both experimentally and computationally (tensile plate with a circular hole, axial tensile
strips with deep pits of various sharpness, in particular, cracks).

Objectives of the research first, specimens without and with a stress concentrator
are made of the test material. After that, based on the testing of these samples, the tensile
strength of the material under study ov and the experimental value of the effective stress
concentration factor K> , which shows how many times the presence of a concentrator
reduces the bearing capacity of the part, are determined. In fact, K5 is equal to the ratio of
the value of the destructive load of the sample without the applied defect to the same value
of the sample with the defect. For the selected geometry of the sample, graphs of changes
in the macrostress concentration factor Km or 1/Km are plotted depending on the structural
parameter p.

Based on these graphs, the structural parameter p is determined from the condition of
equality of the calculated and experimental values of the effective stress concentration
coefficients Km= K5 [5].
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Estimation of the structural p parameter for a number of structural materials

To avoid random errors associated with the technology of sample manufacturing and
experiments, the determination of the parameter p must be repeated for other values of K>. The
actual value of the structural parameter p for the test material from the condition of minimum
standard deviation 4K? = (Km-K5)? of the results of comparing Km with K> for the study of a
batch of samples. In this way, the values of the structural parameter p were determined for a
number of high-strength steels and some cast iron modelings.

In study [7], in the case of macrocracks (p/1-->0) for the Griffiths problem, based on the
concept of macrostresses and the Irwin approach, the relations (1) and (3) were obtained, which
establish the relationship between the resistance to crack propagation in a material (crack
resistance) (Ki.), its average technical strength (o), Poisson’s ratio (v), structural parameter
(p), and crack (defect) length (21) for a plane strain

1
Kic=o0s p%’ (1)
where

4V 12+ (3-4v)V2)-1
B(V} . (2)
2 /2(1+\/2)

For the plane stress state, the crack resistance is defined in the following way:

1
Ke= 00/Pys )

where

4V 1+V2+(B-VIV2)—(1+V) ’
2 /2(1+\/2—)(1+v) )

The relation for the crack resistance (Kic) (formulas (5), (6) in the more general case of
defects of arbitrary length was obtained.

B (v)=

Kic= 6sy/p/Ba(v, p/l), (5)

where

Bu(v, p/l)= ffp (14 /D) § 2+ p/H( p/)?) 1+ p/l) j 1+1/ /1 +(1+5? +

(6)
+p/1\/1 -1/ /1 +(1+57 +“T*(2+2 p/1+(p/1)2)1’4j1 -1/ /1 +(1+372
where
3-4v, for plane deformation
&= [ 3 ()
ﬁ, for the generalized plane stress state
Hence
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> B(v)
Kio Kie= Bivp/D)’ (8)

It has been established that when determining Kic of a material with a structural
parameter p, the length of the initial crack must satisfy the inequality

p/1<0,01. 9)
Based on this inequality, expression (6) can be simplified. To do this, let's decompose the

components of the right-hand side of (6) into series by degree, leaving only terms not higher
than the first degree. After simple mathematical transformations, formula (6) will take the form

Bi(v, p/l) = B(v) + Ba(v) p/l, (10)
where
Bo(v) = 2 [[8(2VZ+1) V2~ 1 -(9- 22V VZ +1 ]+ ”
+8[3-2(VZ+1)V V2 -1 v,
or
Ba(v)=0,447 — 0,038v. (12)

Thus, the expression of the crack propagation resistance Kic in the case of defects of
arbitrary length will take the following simplified form

Ko ——omlp (13)

1e™ 5y 7 B2v) o/l

As a result of research [7], it was shown that formulas (1) and (3) are also valid for
sufficiently micropatterned (p/1<0.01) materials. Based on the above, in the case of plane
deformation, the value of the structural parameter of the material p can also be determined using
the expression

K1

p=(—-BW)>, (14)
if the values of Ky, 65, and v of a given material are known, or by formula (3) for the case of a
plane stress state. Table 1 shows the values of the structural parameter p for a number of

structural materials.

Table 1

Values of the structural parameter p for a number of structural materials.

Ne . 2y Kiec

n/p Material kg/mm? | kg/mm?? mpm v
1 2 3 4 5 6
1 | 2219-T851 52,0 127,5 3,60 0,28
2 | 7075-T7351 52,7 113,5 2,77 0,28
3 | 7075-T7351 52,9 120,8 3,12 0,28
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End of the table 1

1 2 3 4 5 6

4 | T1-6A-6V-2,58n 108,0 216,6 2,41 0,28
5 | T1-6A-6V-2,58n 119,5 222,0 2,06 0,28
6 | T1-11Sn-4Mo-2,25A1-0,2S1 123,0 138,0 0,753 0,28
7 | T1-11Sn-4Mo-2,25A1-0,2S1 129,0 84,0 0,253 0,28
8 | T1-11Sn-4Mo-2,25A1-0,2S1 130,0 113,0 0,451 0,28
9 | T1-6A-6V-2,255n 1410 120,0 0,433 0,28
10 | 60C2X 165,0 205,0 0,96 0,28
11 | HP.9-4-30 173,0 224,0 1,00 0,28
12 | H50 179,0 108,5 0,220 0,28
13 | H50 191,5 161,0 0,422 0,28
14 | N1-Cr-Mo-V 191,0 183,5 0,552 0,28
15 | 5%Cr-Mo-V 192,0 175,0 0,496 0,28
16 | 5%Cr-Mo-V 192,0 155,0 0,389 0,28
17 | H11 194,0 82,2 0,107 0,28
18 | 5%Cr-Mo-V 202,0 96,5 0,136 0,28
19 | N1-Cr-Mo-V 202,0 163,5 0,391 0,28
20 | N1-Cr-Mo-V 207,0 162,0 0,366 0,28
21 | HP-9-4-45 207,0 160,0 0,357 0,28
22 | 5%Cr-Mo-V 208,0 114,0 0,179 0,28
23 | N1-Cr-Mo-V 215,0 151,5 0,297 0,28
24 | 60C2X 220,0 230,0 0,653 0,28
25 | N1-Cr-Mo-V 224,0 137,7 0,226 0,28
26 | N1-Cr-Mo-V 258,0 82,5 0,061 0,28
27 | TiAlloyBT14 104,0 2214 2,69 0,28
28 | Alum. Alloy D20 40 110,7 4,54 0,28
29 | Steel CII-43 160 2214 1,13 0,28
30 | Steel H-18 190,0 294,1 1,42 0,28
31 | Steel V8 142,0 66,2 0,129 0,28
32 | Steel V8 158,0 85,6 0,174 0,25
33 | Plexiglass 9,08 4,7 0,159 0,25
34 | Gray cast iron 26,94 31,5 0,810 0,25
35 | Gray cast iron 27,30 30,3 0,416 0,25
36 | Gray castiron 36,10 85,6 0,174 0,25

The values of p for the first (1-30) material numbers were determined using relation
(14). The values of Kic and o5 for materials with numbers (1-26) were taken from study [13],
and for numbers (27-30) from [14] correspondingly. The structural parameter of materials with
numbers (31-36) was determined according to the method of works [4—6]. Table 1 shows that
for some materials (e.g., number 28), the value of the structural parameter p is quite large. This
can be explained by the fact that relation (14) is valid only for brittle materials, and in the case
of sufficiently ductile materials, it allows for significant inaccuracies.

Conclusion. Based on the concept of macrostresses by M. Y. Leonov and K. M.
Rusynko [1-3], first applied by us [4-7, 10-12] for the case of a complex stress state, we
estimate the local fracture of bodies with cracks or inclusions of various sizes, taking into
account microinhomogeneities in the structure of the binder material.
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A number of features of the kinetics of micro-inhomogeneous destruction have been
revealed matrices around the defects, which are in good agreement with the experimental
ones data and were not detected by other known criteria for the destruction of bodies with
cracks under a complex stress state.

The main characteristic of the destruction of the material of the matrix is the
structural parameter p in the vicinity of a defect-crack of length 21 is the ratio p/l, and its
elastic properties play a secondary role. If the body is weakened fragile sharp-end
inclusions, then on the character of the local the destruction of such a body, in addition to
the parameter p/l, is significantly affected by elastic matrix material characteristics, in
particular, Poisson's ratio v.

As a result of the combination of two approaches, which are based on the concepts
of the theory of macrostresses and linear fracture mechanics, one was obtained for the first
time variant of the relationship between the resistance of the material to the initiation of
cracks in it (K 0) and by a known characteristic - the resistance of the same material to crack
propagation (k 1C).

It was established that with the determined crack resistance (k 1C ) of a concrete of
a material with a structural parameter p, it is necessary that the initial length cracks 21 in
the sample satisfied the inequality p/1<0.01.

Constructed diagrams of local destruction of solid bodies with cracks taking into
account the heterogeneity of the microstructure. As the parameter p/l increases the range of
permissible external load values increases. It is shown that these diagrams determine the
virtually complete destruction of a body with a straight line a crack in the general case of
plane tension-compression.
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BU3HAYEHHS CTPYKTYPHOI'O ITAPAMETPA p JIA PALY
KOHCTPYKIIAHUX MATEPIAJIIB

Poman I'pom’sik’; Bacuias Hemim?

Tepnoninvcokuii nayionanvnuii mexuiunuii ynieepcumem imeni leana ITynios,
Tepnoninw, Yrpaina
23axionoykpaincokuil HayionanvHuil ynisepcumem, Tepnonine, Yrpaina

Peziome. B cyuacnux ymoeax npu GOOCKOHANEHHI Memo0i@ PO3PAXYHKY PeanbHux KOHCHPYKYIUHUX
Mamepiania i 6upobia i3 HUX HeoOXiOHO HAIOITbLUL NOBHO | ADEKBATNHO BPAX08Y8AMU iX (I3UKO-MeXAHTUHI GIACMUBOCII,
a maxooic MiKpocmpykmypy. Bcim peanvrum mamepianam enacmuga negna cmpykmypHa HeoOHOpIOHicmb (Oeghekmu i
HeNnpaguIbHOCHi  KPUCMANIYHOT peuimKy, MIKpOMPIWUHU, NOPU, MIKDOBKIIOUEHHs, NOOPANUHU, PUCKU [ M.N.).
MixponeoOHOpiOHicIb CIPYKIMYPU MAMEPIAILY MOJICHA 8PAXY8AMU 3a OONOMO20H0 NPOCMOT 1 00CMAMHbLO eheKMUsHoOT
meopii M. A. Jleonosa i K. M. Pycunka [1-3]. 32i0Ho 3 yicio meopicio mino Hazusacmovcs MaKpoOOHOPIOHUM Y OesKill
obnacmi, IKWO MeXAHIYHI 61acmueocmi 0y0b-1K020 eleMeHMAapHo20 00'€My, W0 YMOBHO BUPI3Y8ANU I3 6KA3AHOL
obaacmi, € 00HaKosuMU. 32I0HO 3 YiE0 MOOeI Mmepoe Mino PO32AOAEMbCA K CYYLIbHE cepedosuuye, KpY2oMm KONCHOT
MOYKU IKO20 MONCHA BUOLIUMU MAKUL MIHIMATLHULL 00'em Vo, AKOMY We npucymui (Ha 0CHO8E CIMAMUCHUYHUX OAHUX)
MEXAHIYHI 81ACMUBOC, AKI BUSHAYAIOMbCA NPU 36UHAUHUX OOCTIONCEHHAX Makpomin. 3a maxui 06'em Vo subpano
Kymo paoiyca p, AKUll NPUMAEmbCs 3a CMPYKMypHull napamemp mamepiany. B pobomi nasedeno cnpoweny
MeMOOUKY GU3HAUEHHS. CPYKIMYPHO20 Napamempa p Ois pAady KOHCIMPYKYIUHUX Mamepianis.

Kniouosi cnosa: miynicmo, meopiss Maxponanpysicenv, onip nowiupenns mpiwunu ¢ mamepiani (Ki.),
Koegiyicnm KoHyeHmpayii makpouanpysiceno Km, cepedns mexuiuna miynicmo mamepiany (o4), xoe@iyienm
Ilyaccona (v), cmpyxkmypruii napamemp (p) i doexcuna mpinguru (Oegpexma) (21).
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