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INTRODUCTION

Fracture simulation of structured materials is critical
for technical applications. This includes issues not only
of the short-term strength of composite materials, but
also of their long-term strength and creep. The theory
of damage gives a phenomenological description of the
evolution of scattered defects, pores, and microcracks,
the number of which in any elementary volume is as-
sumed to be extremely large. Initially, the concept of
damage was associated with the proportion of voids ap-
pearing in the body section under the action of intense
loads [1; 2]. In case of a multidimensional stress-strain
state, this visual interpretation of damage encounters
difficulties associated with the need to determine the
fraction of voids in sections of a material element with
different orientations of the normal. The study proposes
various definitions of material damage, which are ten-
sor quantities obtained by averaging the parameters of
the microstructure [3]. However, the interpretation of
damage based on microstructural concepts appears to
be unnecessary.

Admittedly, at the phenomenological level, the
presence of micropores and microcracks leads to two
main effects: degradation of elastic moduli and residual
deformations. In addition, in applied problems, as a rule,
the issue of the preferred orientation of microdefects is
not acute. This fact is conditioned upon the structure
of the material, which is often known in advance. For
example, a beam made of wood (this also applies to
other composites) is predominantly destroyed by split-
ting along the fibres (delamination of the fibre from the
binder matrix). In addition, the presence of planes of
weakening (healed or open cracks and faults), which
are oriented in a special way, considerably affects the
result of technogenic impact on the wood-based com-
posites (WBC).

The studies [4-6] discuss a model of an isotropic
damaged body, wherein a scalar damage parameter is
used, which is closely related to the energy spent on
the appearance of new surfaces during cracking. At this
stage,a model of the initially damaged isotropic material
with strength anisotropy is constructed using the scalar
damage parameter, which is considered to be related
to the surface energy of microdefects. The type of an-
isotropy that a material acquires is determined by its
structure. In this case, a medium composed of identi-
cal plane-parallel layers is considered to be “glued” to
each other. The interlayer tensile and shear strength
is considered lower than the strength of the material,
which the layers themselves are composed of, thereby
dictating the predominant orientation of microdamage.
In this case, there is no need to introduce a tensor mea-
surement of deformation, and the scalar measurement
of damage becomes possible, while in the anisotropic
case, the measurement can be interpreted in terms of
the irreversible energy consumption for the appearance
of new surfaces.
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One of the first theories of strength was formu-
lated by Griffith [7]. According to this theory, strength
is defined as the stress under which the condition of
equality of two energies is fulfilled: the energy expended
on the formation of a new surface of a growing crack,
and the elastic energy released during a crack growth.
According to this theory, destruction is interpreted as a
critical event, which follows a critical tension.

This interpretation is not confirmed by experience,
because it is known that the accumulation of molecular
and supramolecular defects occurs long before the mo-
ment of destruction. Therefore, destruction develops over
time and does not constitute a critical event. The in-
troduction of a temporary scale of the fracture process
led to the creation of a kinetic theory of strength. Tempo-
ral dependencies were proposed by A. Aleksandrov [8]
upon describing the relaxation properties of viscoelastic
deformation of solids in the form of generalised Max-
well equations. The clearest physical interpretation and
development of these ideas was provided by Professor
S.M.Zhurkov, who is the founder of the kinetic theory of
strength [9]. This theory considers destruction as a tem-
porary accumulation of molecular and supramolecular
defects. The durability of stressed bodies is defined as
a fundamental parameter of strength and reflects the
average rate of destruction at all structural levels: mo-
lecular, supramolecular, and macroscopic.

A fundamental form of kinetic strength theory is
the Zhurkov equation. Moreover, the Zhurkov equation,
which is created to describe the mechanism of destruc-
tion at the molecular level, is automatically transferred
to describe the mechanism of destruction of meso-and
macro-levels, and does not take into account the way
the relaxation processes occur at these levels. In ad-
dition, this equation assumes that the process passes
within one stage. In particular, the connections between
the elements are considered to be either not destroyed,
and are under the action of thermo-force load or de-
stroyed after a time determined by the Zhurkov formula.

The purpose of this study is to substantiate and de-
velop a new approach to predicting long-term strength
based on kinetic equations, which, in turn, should con-
sider the multistage nature of gradual destruction of
structure elements. To achieve this purpose, the study
solves the tasks of creating a multistage kinetic tran-
sition of individual structure elements from an initially
elastic state to a viscoelastic state, and then to a fractured
state.

THEORETICAL OVERVIEW

To create a kinetic model of the relaxation behaviour
of a polymer under the action of thermomechanical ac-
tion, several different states of its individual structure
element (SE) are to be considered. Individual elements
of a structure are understood as local body volumes,
whose local stresses differ. For a crystalline polymer




under load, these can be both crystalline and amorphous
regions [10].

The initial (input) state of a structure element is
a state wherein no external mechanical effect occurs.
In this case, all the individual structure elements of the
target are in thermodynamic equilibrium. Elastic steady
state (E) of a structure element is a structure element
that has been in an elastic state for a certain time. The
viscoelastic steady state of a structure element (VE) is a
structure element in a viscoelastic state, i.e., a state of
relaxation of internal stresses. Destructed steady state
of a structural element (D) is a destroyed structural ele-
ment formed from a viscoelastic one, whose stresses at
the time of destruction are redistributed between those
structure elements that are in elastic and viscoelastic
states at that moment [11; 12].

The authors consider a solid not in the form of
an uninterrupted continuum, but in the form of a solid
structure, comprising separate supporting structure el-
ements, interconnected in a particular way. Then, due
to internal heterogeneity, the action of external loading
on the surface of the body causes its internal structure
elements to experience internal stresses of various
magnitude and vectors [13; 14]. Structure elements
with stresses greater than the tensile strength will be
immediately destroyed. After their destruction, external
forces will be redistributed between the remaining un-
damaged structure elements so that each of them bears
a new load on the part of neighbouring SE [15; 16]. The
behaviour of polymers over time is usually described in
the form of combinations of primary rheological bodies,
such as the elastic body of Hook, the viscous body of
Newton, or combinations thereof (Maxwell or Voigt bodies).

By combining these primary rheological bod-
ies, one can create a certain rheological model, the
behaviour of which in time (kinetics) would accurately
describe the behaviour of the real body under the in-
fluence of external loads. It is generally recognised that
during a period of constant creep, a solid body, under
the action of external temperature-force loading, be-
haves as if it were consistently in an elastic, viscoelastic,
or plastic state. Therewith, it is assumed that the total
deformation of the body, as a rule, comprises three dif-
ferent parts: instantaneously reversible (elastic), highly
elastic, reversible in time, i.e., relaxing in time (visco-
elastic), and irreversible (plastic) [17; 18]. In this case,
total deformation is understood as the total deforma-
tion of the entire body, and not of its individual parts or
structure elements.

The main hypothesis of the deformation is for-
mulated as follows: firstly, the body is deformed and
destroyed into separate structure elements. In particular,
only into those elements where the local stress first
reaches the limits of proportionality,and then the limits of
strength. In this case, the individual structure element
is first elastically deformed, and then passes in series
into a viscoelastic or plastic state, and then collapses.

Kulman et al.

Secondly, a single destroyed structure element is sur-
rounded for a certain time by non-destructive structure
elements that are in an elastic or viscoelastic state. Thirdly,
the body is considered destroyed if the number of de-
stroyed structure elements exceeds certain predefined
values.

Thus, the destruction kinetics of the body under
the action of thermomechanical loading will comprise
different variants of the transition sequence of the elas-
tic structure elements (£) into the viscoelastic structure
elements (VE), and then in the destroyed structure el-
ements (D):

E—-VE-D 1)

Thus, in the process of destruction,the number and,
consequently, the concentration of structure elements
in different rheological states are constantly changing.
The concentration of changes of a particular structure
element can be determined experimentally by measuring
values that correlate with the fracture parameters of a
particular type of body deformation.

In this case, according to the law of conservation
of masses, the total number of structure elements in
different states must remain constant at each moment.
Consideration of the fracture process from the stand-
point of combining cracks, for example, smaller ones into
larger ones, does not change the number of structure
elements, but only examines them in different states.

Mathematical model of deformation-destruction
process. The main variables describing the state of the
system, determine the substances Ai, that is in different
rheological states. The number SE in different states
shall be denoted as N; n is the vector of quantities
components. The concentration is denoted as follows:
C=N/V. Each stage of the system is matched by its
speed W_(C, T). The velocity of the stage is intense and
is defined as a function of intense quantities - concen-
tration and temperature.

The kinetics equations have the following in coor-
dinate form:

Where y_is the stoichiometric vector with com-
ponents y_=a_-f_; s is the stage; are the non-negative
integers and stoichiometric coefficients. In the absence
of autocatalysis, as in this case, this vector completely
determines the stoichiometric equations of the stage.

For each material, there are a priori restrictions
on vectors linear conservation laws (balance ratios). If
N_ is the number of structure elements that are in a

certain rheological state and k is a species in the molar
volume of a substance A, then for any s and k:

20N =2 BN, o D y.N,=0 0

The balance relations (2) give rise to linear conser-
vation laws for system (1), that is, for any k: 0N, =const,
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which means:

%Z’a’“ N = st,fasﬂ W, =0 4)

Then the following kinetic model of the DD pro-
cess will correspond to the transformation scheme (1):

W) __kcan) )
d%t(t) _kCA(1)-k,CB()  ©
%t(t) =k,CB(t) (7)

with initial conditions t=0; CA(0)=1; CB(0)=CC(0)=0,
and boundary conditions CA(t)+CB(t)+CC(t)=1, where
CA(t)€(1...0) is the current concentration of structure
elements that are in an undamaged, elastic state at time ¢;
CB(t)€(0...1) is the current concentration of structure
elements that are in a non-destructive, i.e., viscoelastic
state at time t; CC(t)€(0...1) is the current concentration
of the structure elements that are in a destroyed state
attime t; isthe rate constant of the transition of structure
elements from elastic state to viscoelastic, s*; k? is the
rate constant of the transition of the structure elements
from the viscoelastic state to the destroyed, s*[19].

MATERIALS AND METHODS

Materials. For the present study, Kronospan UA Ltd.
provided three commercially produced structural

particleboards bonded with urea formaldehyde resin (UF):
melamine faced particleboard (MF PB) according to
EN 14322; veneered by oak particleboard (VF PB) accord-
ing to EN 316, EN 622-5, and particleboard P2 (P2 PB)
accordingto EN 312,type P2; EN 13501-1:class D-s1,dO0.
For each type, two regular-size (2750 mm x 1830 mm)
boards with thicknesses of 18 mm were cut into 450 mm
(length) x 50 mm (width) pieces. Before cutting, boards
were stored in a conditioning room maintained at 20°C
and 65% RH. Static 3-point bending tests were per-
formed in the special test machine with temperature-con-
trolled chamber. Specimens were prepared and cut ac-
cording to ASTM D 1037-99. Loading and deflection were
measured,and MOR and MOE were calculated according
to Section 9 in ASTM D 1037-99 [19]. The temperatures
analysed were 20°C and 60°C.

Specimens were preheated in the chamber until
they reached equilibrium with the target temperature.
The preheating times were determined from preliminary
experiments by an embedded thermocouple, and the
prediction model was developed in a previous study [20].
Table 1 presents the results of tests performed on the
samples to establish their mechanical properties in
the chamber at the target temperature. 150 specimens
were cut from each type of board. 10 specimens were
prepared for testing modulus of elasticity (MOE) and
rupture (MOR) before main testing. All specimens were
conditioned at 20°Cand 65% RH prior to use. The aver-
age densities of specimens were 757 kg/m?, 792 kg/m?,
and 733 kg/m?, respectively, in an air-dried condition
moisture content of about 5%.

Table 1. Properties of particleboard used in study

Board type Density?, Number Thickness?, MORY, MOE¢,
kg/m3 of samples mm MPa MPa
MF PB? 757%7 10 18.1+0.1 17111 2 110+29
VF PB® 792+8 10 18.5+0.1 20.5¢1.9 2 520+15
P2 PB¢ 733%6 10 18.1+0.1 16.2+0.6 2 020%22

Notes: °MF PB - Melamine Faced Particleboard; °VF PB - Veneered Faced Particleboard;P2 PB - Particleboard according
to EN 312, type P2; 4 Thickness, density, MOR and MOE was measured after specimens reached equilibrium at 65% RH,

temperature 20°C and moisture content 5%

Tests were performed according to the scheme of
three-point bending per ASTM D 1037-99 loads equal
to 75% of the maximum allowable. The nature of the
behaviour of the system under the action of constant
load was described by the movement of the midpoint
in time until rupture.

Methods. Considering the curve of long load, it can
be established that its initial section contains structure
elements only in the elastic state, which return to the
undeformed state after the load is removed. During this
period of elastic deformation, there is no transition of
structure elements to a viscoelastic state. Therefore, the
beginning of the kinetics of the DD is taken to be the
end time of the elastic deformation and the beginning
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of the site of viscoelastic deformation, i.e., the time of
the beginning of the process first unsteady and then
steady creep. Throughout the process of creep, there is
a decrease in the number of non-destructive structure
elements, i.e., those in elastic or viscoelastic states and
anincrease in structure elements in the destroyed state.

To describe the kinetics of deformation, it is pos-
sible to compare the change in the concentration of SE
in the elastic state and the destroyed state with the
change in the magnitude of the deformation over time.
In this case, the rate of change of the concentration over
time of elastic SE will be proportional to the change in
the rate of deformation due to the transition of elastic
SE in viscoelastic, and the decrease in the concentration




of elastic SE will be proportional to the increase in
the absolute deformation of the DD process, that is,
CA(t)oxe(t).

Since the change in the SE concentrations in a
certain state can be given as a first-order kinetic depen-
dence [21], the following equation can be written:

di(t) =—k, -CA(t)
dt

& (1) 5 €.(1)

Evidently, when the deformation changes ¢, and
€, the same number of times, the value k, does not
change. This allows creating a kinetic model of deforma-
tion-destruction to replace concentrations proportional
to their values - deformations, stresses, acoustic, or elec-
tromagnetic emission pulses, quantities of matter, etc. [19].

The magnitude inverse of the first order reaction
rate constant, t,=1/k,, is a temporal measurement de-
scribing the average life expectancy of SE that are in
an elastic state before their transition to a viscoelastic
state. Similarly, the inverse of the rate constant of the
transition of the viscoelastic state of the SE to the de-
stroyed determines the average life expectancy of the
structure elements in the viscoelastic state: T =1/k,.

Since time is included in Eq. (9) as a difference
rather than a relation to a deformation, a dimensionless
time is introduced to eliminate the dimension factor:
T=t/t .Therewith, total creep deformation can be rep-
resented as the sum of total elastic and viscoelastic
deformations, i.e., deformations due to the destruction
of elastic and viscoelastic SE:

Ee t+ Epe = Ecr (10)
te +tye = ter (11)
Because according to Egs (8), (10):
l"é‘e +L‘éve :gcr’
k ~ kK
then
ty t,
1 1 Z t"i +Z t""i
T L W e B | (12)
kl k2 tcr

The expression for k, is obtained by solving the
system of two Egs (13), (16) as follows:

&2
in(2)
€

ty —ty; — te*In (2
i~ o=t (D)

The solution of the system of differential equa-
tions (5), (6), (7), for example, by the operating method,
allows obtaining the values of current concentrations

of SE, which are in elastic, viscoelastic, and destroyed
states:

ky = (13)

dsg(l‘):_klt, ‘fdge_(t)z_jkldt, m[i
4 3

2
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or, having undergone a proportional deformation:

de, (1)
— P — k- (t
dt -e.(1)
The equation (12) is integrated after the separation

of variables (time, deformation) (9):

(8)

1 &£
=—k (t,-t), k,=———In| L )
J (64), A (t,-1) [‘92}
CA(t)=CA(0)e™ (14)
TR
CB(1)=CA(0)(——e ™ ———¢™) )

k k
CC(t)=CA(0) 1-—fo gty Ko ot
(1) (){ i J (16)

Moreover,given the initial conditions t=0; CA(0)=1;
CB(0)=CC(0)=0, and boundary conditions t€(0...1): CA(t)+
+CB(t)+CC(t)=1 in the coordinates of dimensionless time,
one can obtain as follows:

[ca(e)ade+ [cB(¢)de+ [cC(r)de=1  @7)

therefore, k,'+k,* = 1. Thus, in real time coordinates
L e

The method involves determining the damage
characteristics and predicting the time of reaching the
critical mark of the measure of damage. While as a sca-
lar value o is a preventive comparison of the degree of
damage equal to the ratio of the current concentration
of destroyed structure elements to the current concen-
tration of non-destructive structure elements. The re-
source is considered to be exhaustive value describing
the extent of damage exceeding [22]:

__ ce)
V= ca(n)+cB(r)
where 1, the measure of permissible damage; CA(1),
CB(t), CC(t) are determined by formulas (14), (15), (16),

respectively; ke = 1 In (ﬁ) is the rate constant of
,=—
1~ b &2

2y, =1 (18)

transition of structure elements from elastic state to
viscoelastic creep diagram, s*; t, is the time of the end
of the section of elastic deformation and the beginning
of the section of viscoelastic deformation, s; ¢, is the
time of measurement of deformation at the site of con-
stant creep; ¢, is the deformation at time ¢;; ¢, is the
deformation at time t,; k,=a k, is the rate constant of
the transition of the structure elements from the vis-
coelastic state to the destroyed, s'!; a is the parameter
describing the rheological properties (features) of the
material, the degree of its inelasticity.

Scientific Horizons, 2021, Vol. 24, No. 3

13



14

Long-term strength prediction of wood based composites using the kinetic equations

In this case, the rate constants of the transition
of local structure elements from one state to another,
depending on the load and temperature, are deter-
mined according to the long-term strength chart, which
establishes the dependence of the change in the rate of
deformation in time.

The method is implemented as follows. A basic de-
formation diagram is constructed at isothermal creep
of a part under constant load at a fixed temperature
in the coordinates: € is the absolute deformation, um;
t is the time, s. In this case, the time to fracture and
the maximum deformation at the time of fracture are
determined. The moment of time of the end of elastic
deformation is fixed, as well as the magnitude of the
deformation at this moment t. After the base diagram
is constructed, the moment is selected ¢,= t_/2.5 and at
this point the deflection value is determined. Further,
formulas (9) and (1) determine the value k, and k,, as
well as the value:

a=k /k,

By measuring the change in the deformation of
a part over time, a control chart of deformation is con-
structed. The moment of time ¢,, is chosen at the point
of constant creep and absolute deformation ¢, at that
moment is recorded. Eq. (16) allows obtaining a value
k,,,and Eq. (19) — k, =k ,/a.

Eqgs (13), (14), (15) are used to determine the
change in the current concentrations of SE, which are
in elastic, viscoelastic, and fractured states. Based on
Eqg. (18), the estimated time t, is determined reaching
the limit value of the damage parameter .

(19)

RESULTS AND DISCUSSION

The experimental factors levels and test results of studies
long-term strength PB at constant load are presented
in Table 2.

Table 2. Experimental factors levels and test results for particleboards

Test conditions

Displacement, mm

Test results®

Time displacement, h

Board
Stress
type  NUmDSr ol ey TemPerature Inay Visco Elastic Inai  Visco Elastic
samples (MPa) Q) . elastic % . % " elastic % ¢ %
cr sve e cr tve e

20 20 246 0.79 321 1.67 679 1271 984 774 287 22.6
MF PB 12.8

20 60 3.95 1.33 337 2.62 66.3 84 73.3 87.3 10.7 12.7

20 20 1.5 0.59 39.3 0.91 60.7 47782 3809 79.7 9692 20.3
VF PB 15.4

20 60 1.77 0.54 30.5 1.23 69.5 190.71 140 734 5074 266

20 20 491 1.63 33.2 3.28 66.8 78.77 696 884 9.17 11.6
P2 PB 12.15

20 60 1.57 0.51 321 1.07 679 3575 24.2 678 11.51 32.2

Notes: “The average test values for each group of 20 samples are presented

Experimental studies of the long-term strength
curve of PB have found that the material behaves in a
complex viscoelastic manner during the creep.And the

curve of its deformation contains the recurring sections,
inherent in the curves of elastic and viscoelastic defor-
mation (Fig. 1).

1.2

1 cond®

0.8 ; BRI e
£ 06 ,f" et
% /“ ——Basic
N 0.4 » ——Control

0.2 !

0 7

0 50 100 150 200 250 300 350 400 450 500
t,h

Figure 1. Basic and control creep diagrams. Dependences of the average absolute deformation for one group of the
samples VF PB by stress level SL = 15.4 MPa and temperature T = 20°C for basic diagram, and by stress level SL=17.7 MPa
and temperature T = 20°C for control (predicted) diagram
Scientific Horizons, 2021, Vol. 24, No. 3




The nature of the deformation-destruction curves
over time (Fig. 1) indicates that the process is non-sta-
tionary. The deformation process at all its stages, both
at the subcritical (stationary creep process) and at the
closed (active fracture process) behaves nonlinearly
and has a stepped character. In Figure 1 it is shown
that the general curve of dependence of deformation in
time, consists of separate sections, which have different
repetitive strain rates. Table 1 shows that the amount of
viscoelastic deformation is on average 33% of the total
amount of deformation. In this case, the time of visco-
elastic deformation (behaviour) PB occupies about 80%
of the total deformation time. And the value of both the
magnitude of viscoelastic deformation and its time is
in a very narrow range, which indicates the similarity
of the deformation process and the destruction of PB

Kulman et al.

under different conditions of its loading.

Analysing the deformation curves over time, it
can be stated that the general deformation curve up to
fracture periodically repeats cycles of elastic and vis-
coelastic behaviour. This confirms the assumption that
the process is multi-stage.

According to the graph of the basic deformation
diagram (basic long-term strength curve Fig. 1), the fol-
lowing quantities are defined: t,=0.003*3600=10.8 [s],
£,=80 [um], t,=20073600=7.2"10° [s], &,=730 [um],
t =47773600=1,717*10° [s]. Eqgs (9), (13), (19) yield the
following results: k,=0,307*10° s, k,=0.719*10° s,
a=4.273.

Figure 2 demonstrates a basic model diagram,
constructed in the coordinates of the “‘concentrations of
SE in different states - time” [19].

CB(t)+CC(1)
C?(t) 0.8 =
e |
A 0.6 . Pt
_CA-(.t)+CB(t) f,..r—:""i- |
(CA(t)+CB(t))—CC(t)0.4 - o
1_CA()
— 0.2 -
e U
1-10° 1.5-10°

Figure 2. Basic model diagram of long-term strength (creep): change concentrations of SE in the states: elastic - CA(t),
viscoelastic - CB(t), destroyed - CC(t) in time for the basic deformation diagram

The deformation control chart was investigated
for a similar part load exceeding the baseline by 15%.
According to the control chart of deformation at the site
of permanent creep at time - ¢,,=100*3600=360000 [s],

k =
1k (tzk_

The critical amount of damage will be reached
at the moment when, based on the condition (18):

CA(t,)+CB(z, )-CC(1,)=0

Solving together equations (14), (15), (16), and
(20) yields the time to the predicted destruction: ¢ =
= 6.6"10°s. The factual time to destruction of the control
sample is ¢, =6.7"10%s.

82 k

(20)

£,=730 [um].
The value of the rate constants k., k,, according
to the control deformation chart are determined using

Egs (9), (19):

—;)m(iJ =0.614%107° s &k, =a ' *k, =0.144%10° s’
tl

Figure 3 demonstrates a control model diagram,
constructed in the coordinates of “‘concentrations of SE,
which are in different states - time”, which clearly indi-
cates the process of loss of bearing capacity of the part
in time during creep.

The results of basic tests of six groups of samples,
as well as the results of calculations of the kinetic basic
parameters are presented in Table 3.

Scientific Horizons, 2021, Vol. 24, No. 3
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CB(t)+CC(t)
CB(O 0.8
CC(t)

_ 0.6
CA(t)

CA(t)+CB(t)

0.4
(CA(t)+CB(t))-CC(t)

— 0.2

| el it PR

0 2-10°

4-10° 6-10° 8-10°

Figure 3. Control (predicted) creep model diagram: change concentrations of SE in the states: elastic — CA(t),
viscoelastic - CB(t), destroyed — CC(t) in time for the deformation control chart

Table 3. Basic test results and calculated basic kinetic parameters

Test conditions

Test results

Board type
Stress level (MPa) Temperature (°C)  Creep life ¢, (s) k, (s7) k, (s?) a
20 457560+7250° 1.16E-05 2.69E-06 4.325
MF PB 12.8
60 302400£3500 1.74E-05 4.08E-06 4.261
20 1717000+£9500 3.07E-06 7.19E-07 4.273
VF PB 15.4
60 6865565600 7.94E-06 1.78E-06 4453
20 283572%850 1.88E-05 4.34E-06 4.331
P2 PB 12.15
60 128700+780 4.53E-05 9.38E-06 4.831

Notes: “The confidence interval is indicated at p=0.05 level

The results of control tests of six groups of sam-
ples,as well as the results of calculations of the control
kinetic parameters are presented in Table 4.

Comparing the results of the model time before
the destruction of the control samples in each test
group (Tab. 4. Creep life predict by Eq. (18)) with the ac-
tual time before the destruction of the control samples

(Tab. 4. Creep life control diagram), it can be concluded
that the convergence of these quantities is quite high.
This suggests that the proposed method for predicting
long-term creep strength can be used to improve the
accuracy of predicting the performance of controlled
mechanical systems.

Table 4. Control test results, calculated control kinetic parameters and predicted time to failure

Test conditions

Test results

Creep life ¢_ (s)

Board type
Stress level (MPa) Temperature (°C) k, (s k, (s) Predict by
Control diagram
Eq.(22)
20 1.43E-05 3.30E-06 338933+7500° 372827°
MF PB 14.72
60 1.82E-05 4.27E-06 262957%5600 289252
20 7.99E-06 1.87E-06 670000£9800 660000
VF PB 1771
60 1.19E-05 2.67E-06 504821£5500 458928
20 2.50E-05 5.78E-06 234357+6200 213052
P2 PB 13.97
60 5.95E-05 1.23E-05 99000860 98000

Notes: “The confidence interval is indicated at p=0.05 level; ®Prediction results based on average kinetic coefficients
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A multi-stage description of the kinetics of de-
formation-fracture allows considering the change in
the rheological state of the material during its defor-
mation. Therewith, it becomes possible to mathemati-
cally describe not only the process of its destruction,
but also the healing process that goes along with it.
However, this issue requires separate consideration and
will be the subject of further research.

CONCLUSIONS

Based on the analysis of the results of theoretical and
experimental studies of the process of deformation-de-
struction of wood composite materials, the following

Kulman et al.

conclusions can be drawn:

1. For the first time, a two-stage nonlinear kinetic
model of resource loss due to the creep of wood-based
composites is proposed.

2. The use of formal kinetics methods for mod-
elling the physicochemical processes that occur during
deformation-destruction allows designing the multi-stage
kinetic models.

3. The use of the method of basic deformation
diagrams in combination with the two-stage descrip-
tion of the process of accumulation of damage, allows
increasing the accuracy of the prediction of allowable
time under different load schemes during creep.
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MporHosyBaHHA TPMBanoi MiLLHOCTI AepeBHMX KOMMNO3UTIB
3 BUKOPUCTAHHSIM KIHETUYHUX PiBHAHDb

Cepriit Mukonaiiosuu Kynbman?, JlogmMuna MukonaiBHa boiiko?, I Ceanaumnk?

Monicbkuit HaLioHaNbHUI YHIBEpCUTET
10008, 6-p Crapu#, 7, M. Xutomup, YkpaiHa

ZTexHiYHU yHiBEpPCUTET Y 3BONEHI
960 53, Byn. T.I. Macapwka, 24, M. 3BoneH, (loBaY4MHa

AHoTauif. |cHytodi Mopeni noBediHKM KOHCTPYKLIM MNpU NOCTIMHOMY HaBaHTaXeHHi (NOB3y4OCTi) MaloTb AOCUTH
LUIMPOKMIM FOPU30HT MNPOrHO3YBAHHS | HU3bKY TOUHICTb. K MPaBMI0, BOHW BPaXOBYOTb Nepexif Bif HEPYMHOBAHOIO
CTaHy efneMeHTa L0 3pyMHOBAHOro 33 OAHY CTafilo. MeTok LbOro foCnigkeHHs 6yno obrpyHTyBaHHS Ta po3pobka
HOBOrO NigXxo4y A0 NMPOrHO3yBaHHSA AOBrOCTPOKOBOI MiLHOCTI HQ OCHOBI KIHETUYHWMX PIBHSAHb, KWW, Y CBOKD Yepry,
NoOBMHEH BPaxoBYyBaTK HaratoCcTyneHeBUIM XapakTep NpoLecy NOCTYNOBOro pyMHYBaHHS eneMeHTiB KOHCTPYKLii. [1ng
[LOCSITHEHHS Li€i MeTW 6ynn BUpilleHi 3aBAaHHS CTBOPEHHS 6araToCTyniHYacToro KiHeTMYHOro Mepexody OKpeMMX
CTPYKTYPHUX €NeMEHTIB i3 CMOYaTKy NPYXHOro CTaHy Yy BA3KONPYXHWI, @ NOTIM y TPilMHOBaHMI. Onucyoun Len
npoLec,aBTopu CTaTTi BUKOPUCTOBYBANN MeToAM HOPMasbHOI KIHETUKM Ta TEOPiT MEXAHIKM MOLLKOAXEHb KOHTUHYYMY,
a Takox MeTop 6azoBux piarpam. B skocti martepianis, WO BMBYAKOTLCS, BYAM BUKOPUCTaHI KOMMO3UTU HA OCHOBI
[lepeBuHU. 3a pe3ynbTaTtaMu NpoBeAeHMX MOBHOMACLUTAOHMX Ta 06YNCTIHOBANbHUX eKCNePUMEHTIB ByNo BU3HAYEHO:
MaTeMaTUyYHa MOAENb Ha OCHOBI KIHETUYHMX PiBHAHb 3AEKBATHO ONUCYE NOBEAIHKY AOCNIAXKYBAaHMX MaTepianis Ans
[LOBroCTPOKOBOI MiLLHOCTi; 3anNponoHOBaHa ABOETanHa MOAENb BU3HAYAE TOPU3OHT NPOrHO3y HabaraTo TOUHiLLe, HiXX
icHytoui ogHoeTanHi moaeni. KiHeTMyHi napameTpu, Wo BM3HAYaKTh WBUAKICTb NEpPeExXoay CTPYKTYPHOMO efieMeHTa 3
NPY>HOTO CTaHy Y B'A3KONPYXHWUIA, @ MOTIM Y pyMHOBaHWUM, OyNM BU3HAYeHi Ha OCHOBI eKcnepuMeHTanbHMUX 6a3oBuX
niarpaM. Yac o pyrMHYyBaHHS BM3HAYanM Nnpu TPUTOUKOBOMY BUIMHI 3@ HaBaHTAXKEHHS, WO A0piBHIOE 70 % MiLHOCTI
Ha BurmMH npu Temnepatypax 20 °C i 60 °C, nocTinHin Bonorocti RH 65 % Ta Bonorocti MC 8 %. MNpu nobynosi
KOHTPOJIbHUX KapT HaBaHTaXeHHs 36inblumnoca we Ha 15 %. MeTton [,03BONSIE 3BY3UTU FOPU3OHT MPOrHO3y Ta 3
6iNbLUOK TOYHICTIO BU3HAYUTU MOMEHT NEPeXoay CNopyau 3i CTaLiOHAPHOIO CTaHy B PEXMM i3 3aroCTPeHHAM

KniouoBi cnoBa: KiHeTUYHa TeOPisi, MeXaHiKa NOLIKOMKEHHS KOHTUHYYMY, MOB3Y4iCTb, 4OBrOTPUBANA MiLHICTb, NAapaMeTpu
MOLUKOOXKEHb, KPUTEPIN pyMHYBaHHS
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