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DEPENDENCE OF BURNING OF MATERIALS FROM FIRE-PROTECTED WOOD,
TAKING INTO ACCOUNT ITS HUMIDITY

The article discusses the dependence of the effectiveness of different flame retardants, in this
article three different compositions are presented, with the same drawing method to protect
building structures from wood from the degree of humidity of the finished building material of wood
beams. At the same time, wood modification continues to be one of the main areas of research for
its durability and fire safety. Research is now focused on the multicomponent nature of systems, of
which only some are of practical use. The main reason for this is the incompleteness of research.
The results of studies on obtaining a stable response of the rate of change of temperature on the
quality of flame retardant treatment taking into account moisture during fire exposure at a standard
temperature curve on samples of wooden beams are given. Since humidity is one of the important
characteristics when studying the behavior of wooden structures in case of fire, since it affects
ignition and even less burning, while this humidity also affects the mass of the structure, which in
turn affects the strength characteristics of wooden structures. The effect of flame retardants on the
structure of the surface layer and the need to study the effect of various flame retardants on the
performance properties of wood and on strength capabilities are also considered. A variety of
factors is shown that affect the quality of flame retardant treatment for wood construction
constructions. It is concluded that it is necessary to develop instrumental and methodological
support that allows quick and accurate studies to determine fire-retardant efficiency and control the
quality of fire protection work by surface coating of the protective layer on wooden building
structures during operation and further study of the interaction of fire-retardant coatings during
their repeated application Operated wooden structure.

Key words: combustion reaction mechanism, fire protection, humidity, and control of fire-
retardant efficiency.

Introduction. Assessing the quality of
flame retardant processing of wood materials is
an urgent task. To date, in Ukraine, assessment
can only be done in laboratory conditions in
accordance with the test methodology provided
for in GOST 16363-98 on an OTM type
installation [1].

Rapid analysis methods, which are so
urgently needed not only for practitioners
carrying out fire-retardant treatment, exploiting
materials and structures made of fire-resistant
wood, but also to regulatory bodies that are
authorized for use and whose results would be not
informational, but protocol acceptable, are absent.

In the European countries, the PMP-1
small-sized device has been developed,
manufactured and operated, which allows for

rapid analysis of the degree of fire-retardant
processing of wood, but it only gives a
qualitative  characteristic ~of fire-retardant
treatment. The qualitative characteristic of
ignition, which is used in such installations,
must be replaced by quantitative indicators that
would ensure the reliability of assessing the
degree of fire protection, and from them it
would be possible to establish a group of fire-
retardant efficiency of the tested product.

At the same time, flammability and the
ability to burn wood independently depends on
its moisture content. It was revealed [2] that,
with a relative humidity of more than 60%, the
wood does not ignite and does not burn. When
exposed to a constant (heat flow from heaters,
stoves, batteries, etc.) or variable (increasing
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during fire) heat flux, the moisture content of
the wood decreases. The dynamics of moisture
reduction is one of the main indicators
characterizing the resistance of wood to
ignition. In addition, the performance
characteristics of wood, such as compressive
strength, tensile strength, resistance to static
bending, impact strength, etc., depend on
moisture indicators [2].

Literature review and purpose of
research. The fire exposure on the material
samples leads to a strictly defined picture of the
development of damage to the studied material
sample. This individual picture is made up of
indicators characterizing the sample, such as:

- the time from the beginning of the fire
to the moment of ignition;

- time before carbonization,
water evaporation;

~ speed (intensity) of flame propagation
through the sample;

- the rate of temperature increase at
certain points of observation.

To ignite the material, it is necessary to
raise the temperature to the ignition temperature.
The time required for this, ceteris paribus,
depends on the ability of the material to absorb
heat. Heat susceptibility is proposed [3.4] to
characterize the thermal inertia of the material,
this indicator is determined by the product of
such physical properties of the material as:

- thermal conductivity (X);

- heat capacity (s);

- density (p).

The greater the thermal inertia of the
material (A / sr), the more difficult it is to light
up and the lower the speed of flame
propagation [2, 3].

When processing wood products with
flame retardants, all these indicators change
with respect to the source wood, namely, the
density of the surface layer increases due to the
inclusion of inorganic components of a flame
retardant composition, the heat capacity
increases, so it will be the sum of the heat
capacities of the wood material and the surface-
absorbed salt components of the composition
also changes the thermal conductivity.

Since the type of inorganic components
(brand of flame retardant composition) and its
amount in the surface layer (features of flame
retardant treatment) will directly affect the heat

smoke,

capacity and density, and, accordingly, the
thermal inertia of the material, it is possible to
control the time until the sample reaches the
ignition temperature, speed temperature rise
and the time of flame propagation through the
sample before attenuation (if this is observed)
characterize the quality of flame retardant
treatment on such a small sample, on which
these indicators whether they will still be
observed with accuracy sufficient to identify
the quality of the flame retardant treatment.

In this case, the moisture contained in
the wood, which is composed of free and bound
moisture, affects combustion. Moisture located
in the intercellular space is called free or
capillary, and that contained in the cells is
called bound or hygroscopic. Free moisture is
similar to liquid poured into a wooden vessel,
while bound moisture is similar to liquid
impregnating the walls of a vessel [3].

The fiber saturation point indicates the
moisture content of the wood. This point is
temperature dependent, but for most types of
wood, the absolute humidity at the saturation
point is 30%.

The process of moisture loss continues
until the moisture level in the wood reaches
equilibrium humidity with the surrounding air,
the relative humidity is also a variable
depending on the temperature and absolute
humidity.

In general, cohesive-dispersed systems,
in which particles of the dispersed phase form
more or less rigid skeletons, belong to wet
materials [3-5]. Depending on the structure and
colloidal physical properties, they are divided
into three types:

1. Typical colloidal bodies (elastic gels).
When moisture is removed, these bodies
significantly change their size, but retain elastic
properties.

2. Capillary-porous bodies. These
bodies have a rigid skeleton, and when
moisture is removed, they shrink little or do not
change their size at all.

3. Capillary-porous colloidal bodies
with the properties of the first two. The walls of
their capillaries are elastic and swell when
absorbed.

The moisture content in wood is a
variable, because wood is a typical capillary-
porous body.
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Wood also refers to hygroscopic building
materials, i.e. it has the ability to bind water
vapor, absorbing them or to release back into the
atmosphere of the room when the relative
humidity of the air changes. When interacting
with indoor air, wood performs the so-called
“buffer function”: leveling jumps in the relative
humidity of the room due to the moisture-
absorbing and moisture-releasing ability that
exists due to the hygroscopic structure [6].

The rate of moisture loss depends on the
temperature and humidity of the environment in
which the wood is located, external loads, the
permeability of the outer layers.

At a temperature of 110 ° C and a
humidity of 0, drying of wood from 60 to 10%
takes 12 hours, that is, the specific rate (1%) of
moisture loss is approximately 14 minutes [5].
With increasing temperature, the drying speed
increases. The sequence of the drying process
can be represented as follows.

Therefore, with a decrease in cell size,
the formation of intercellular cavities occurs,
through which water is desorbed from the next
layer. This process is reversible, however,
during the operation of wood there is a gradual
decrease in the moisture content of the wood,
and accordingly, an increase in its fire hazard
[7]. Since after the loss of free moisture begins
the gradual destruction of the cell walls (aging)
and the loss of not only the bound moisture, but
also the chemically bound moisture included in
the molecules of the polymer structures. The
cell swollen again does not completely acquire
the same volumetric configuration, and the
intercellular cavities remain.

Under external load, deformation of
individual cells entails a more rapid formation
of intercellular cavities, and moisture loss
already occurs not only through the surface
layer (analogy with the evaporation of fluids
from the surface), but also from deeper layers
(analogy of fluid boiling).

Formulation of the problem and its
solution. In the process of applying fire-
retardant impregnation (water-based) on wood,
the humidity of the treated layers increases,
while a hydrophilic salt layer is formed, which
prevents the desorption of moisture. The
requirement [7] for the amount of mass loss for
classifying a treated wood sample as the first

group of fire-retardant efficiency of the tested
coating or  impregnating  composition
determines it to be equal to 9%. This means
that during the test, a complete loss of all
moisture contained in the wood is not even
achieved, since the initial moisture content of
the wood before applying the flame retardant
should not exceed 25%. However, the rate of
heat flow during the fire test does not allow
time to desorb all the moisture contained in the
wood, and the upper layers begin to char.

Moreover, the power of fire exposure
and the temperature-radical characteristic of the
flame are of no small importance for assessing
the quality of flame retardant treatment.

The first signs of thermal decomposition
of wood - the darkening of its surface - occur at
temperatures above 110 ° C. Active smoldering
of wood begins at a temperature of about 300 °
C; spontaneous combustion of wood occurs at
approximately 400 °C [8]. Therefore, the
temperature of the flame source acting on the
sample must exceed 400 °C, in order to cause
precisely the phenomenon of ignition of the
wood sample.

When drying or heating, free moisture
first evaporates from the wood; during further
drying, the process of evaporation of bound
moisture begins. With the loss of bound
moisture, a significant change in the
physicomechanical, thermotechnical (including
fire hazardous) properties of wood occurs.

After conducting exploratory research, a
liquid hydrocarbon burner was selected that
provided these conditions for exposure to the
sample. As a result of test and search work,
such sources of thermal fire exposure were
rejected as: dry alcohol (flame heterogeneity in
height and temperature); spirit lamp (low flame
temperature and difficulty in ensuring a clear
flame height); stearin suppository; gas burner
and several others.

The samples were tested from pine with
a size of 70x50x200 mm and processed with
the compositions NEOMID, BS 13, SENEZH,
STRAZH, VANN-1. The choice of these flame
retardants was made reasonably. Compositions
differ in the resulting fire retardant efficiency of
wood, including depending on the processing
method and consumption of the flame retardant.
Samples are shown in Figure 1.

108



«Hao3zeuuanini cumyauii: nonepeosycenns ma jikeioayisay», Tom 3 Ne 2 (2019)

Figure 1 — The appearance of experimental samples

As a result of the studies, a clear pattern
was revealed between the degree of fire

temperature curve averaged for 20 samples
taken at the characteristic point of the device

protection of the wood sample and the type of being developed (Figure 2)
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Figure 2 — The results of construction of the zone of carbonization of samples-fragments of

wooden beams

Analysis of the rate of moisture loss
depending on the external temperature or heat flux
of samples of fireproof and unprotected wood.

The essence of the analysis was as
follows. Samples of wood without fire
protection treatment and with a layer of fire
protection were placed in a thermal field, and
after exposure to it, the surface condition was
studied. The initial wood samples (pine) had a
size of 70x50x200 mm. The samples were dried
to a moisture content of 14 .. 16% (air drying in
a desiccator) without additional heat.

During testing, the samples were placed
for 15 minutes in the installation, the
temperature in which was maintained 349..757 ° C.

Despite the relatively low humidity in the
initial samples, in addition to a change in the color
of the wood, the following decomposition was
discovered during the decomposition process that
started: cracks formed on the ends of the samples,
the width of which reached 8 mm, up to 30 mm in
length (Figure 3). Such significant cracks can be
explained by the rather high temperature in the
installation, where the sample is immediately
placed, and also by the rate of heating of the
samples (the time to enter the mode after opening
the door did not exceed 10 seconds).
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Figure 3 — The scheme of the formed cracks in the sample across the fibers.

This is explained by the fact that intense
heat exposure in a wooden specimen results in
stresses leading to cracking of wood in the
initial period of the process, this is possible if
tensile stresses exceed the tensile strength of
wood across the fibers [6]. The formation of
these cracks leads to an intensive loss of
moisture not only from the surface, but from
deeper layers of the wood, preparing it faster for
ignition. Since cracks do not disappear upon
cooling (and, accordingly, moisture absorption
by the surface to the saturation point) of the
samples, it means that the outer layers of the
wood did not yet begin to lose chemically
bound water when exposed to temperature for a
short time, resulting in irreversible changes in
the shape of the surface layer cells.

We can conclude that flame retardants
change the structure of the outer layer, reduce
the thermal conductivity of wood, prevent
moisture loss (drying) of both absorption and
bound moisture, and also change the degree of
porosity of the samples, which affects the
reactivity characteristics, the yield of volatiles
and loss mass samples per unit time.

Crack opening (and, as a consequence, a
decrease in the strength characteristics of wood)
is explained by the creation of a surface coating
with a low thermal conductivity coefficient in
the volume of wood, which prevents the heating
of the wood and its pyrolysis.

After thermal exposure, flame retardant
bars were subjected to a fire test. The fire
exposure was carried out in a test setup similar
to that used in [8], with the resulting fire flow
for 15 minutes. Unprotected wood was
subjected to a similar fire exposure after thermal
exposure.

In our opinion, one of the main
mechanisms for increasing fire resistance is the
change in the rate of moisture loss of wood
samples  treated  with  fire  retardant
impregnations.

Based on studies conducted [5, pp. 83-
86], it was found that when the wood is heated
to 150 ° C, its chemical composition almost
does not change. When heated from 150 to 200
° C, the decomposition of carbohydrates occurs
with the formation of products soluble in caustic
soda and alcohol benzene. When wood is heated
to 250 ° C, some decay products turn into
volatile substances, while others condense into
high molecular weight substances. Prolonged
exposure to heat causes chemical changes
already at 100 ° C. The rate of these changes
increases significantly at a temperature of
170..200 ° C. During the thermal decomposition
of wood, volatiles are released and a carbon
residue remains. The sequence of combustion
(decomposition) of wood is presented in Figure 4.
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Figure 4 — The sequence of combustion (decomposition) of wood

The presented scheme, of course, does
not reflect all the complexity and multi-stage
(in space and time) cyclic and self-sustaining
processes that occur during combustion and
thermal decomposition of wood. However, it
allows you to analyze possible methods to
reduce the combustibility of wood.

In addition to changing the rate of
moisture loss, and thus increasing the fire
resistance of wood, other mechanisms leading
to a decrease in the combustibility of wood
after its fire retardant treatment are
distinguished in the literature [9, p.23-34].
These mechanisms include:

- reducing the rate of thermal
decomposition of wood by introducing
substances that are thermal decomposition
inhibitors into the surface layer of wood;

- the introduction of substances
(catalysts) that accelerate or undergo
decomposition reactions of wood, leading to the
release of more non-combustible gases and
carbonization of the carbon layer;

- the creation on the surface of wood
coatings with a low coefficient of thermal
conductivity, which interfere with the heating
of wood and its pyrolysis (insulating
mechanism);

- dilution of combustible gases with
non-combustible gaseous substances released
from flame-retardant materials, for example,

water vapor, carbon dioxide, nitrogen
(deflagration mechanism).
However, in addition to the above

mechanisms and reactions that occur during
thermal or fire exposure to wood, it is necessary
to consider the effect of flame retardant
treatment on the operational properties of
wood, in particular, its interaction with
components of fire retardant compositions.
Impregnation components can interact with the
functional groups of cellulose, hemicellulose
and lignin. For example, an esterification
reaction between the hydroxyl groups of
cellulose and phosphoric acid is possible
according to the scheme (Figure 5):
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Figure 5 — The esterification reaction between the hydroxyl groups of the cellulose fragment

with phosphoric acid

The introduction of an acid residue leads
to a decrease in cohesive bonds between the
individual chains of cellulose and changes
(weakens) the elastic and other properties of
wood fibers. The given reaction proceeds at
normal temperatures at a low rate and a change
(decrease) in the fiber strength can be observed
only in time.

In practice, the most extensive group of
flame retardants is composed of phosphorus
compounds. This group includes compounds
very diverse in type, from red phosphorus to
phosphorus-containing polyesters and
polyphosphazenes. With a wide variety of types
of phosphorus-containing compounds used as
flame retardants, they act by a variety of
mechanisms. The variety of mechanisms is also
explained by the fact that phosphorus-
containing flame retardants are used both in the
form of additives that do not react with the
components of wood, and in the form of
reactive compounds that enter into chemical
interaction with the components of wood.

Since various phosphorus-containing
compounds are used as flame retardants or
components of flame retardant compounds, the
reactions proceeding between the functional
groups of wood elements and these phosphorus-
containing components are very different.

Until now, the question of how fire
retardant treatment of wood is interconnected
with the moisture and strength characteristics of
wooden structures has not been sufficiently
resolved. Tests characterizing the change in the
strength properties of wood with a long service
life have yet to be performed.

As a method for monitoring fire-
retardant efficiency by technical normative legal
acts, the method of accelerated tests described

in [7] is proposed. The disadvantages of this
method of monitoring fire-retardant efficiency
include, first of all, the fact that this method is
strictly laboratory and, as a result, cumbersome,
requiring a specialized laboratory base. In
addition, we can talk about a certain subjectivity
of this method, because test samples subjected
to control during fire exposure, not in all cases
are the result of fire protection carried out
precisely at the construction site. Often during
control one, two, three sides are exposed to fire
protection during flame retardant treatment, and
the remaining sides of the test specimen are
brought to the required flame retardant
efficiency after sampling the sample (sawing a
bar from the construction volume). In addition,
it is worth noting the fact of this cutting, as it is
often fundamentally absurd from the point of
view of the possibility and expediency of its
execution at a construction site - to take a
sample from a wooden (solid or glued) load-
bearing structure, especially with a large span,
does not always seem real according to GOST
16483.21, which makes requirements to the
selection of wood samples after its
technological processing.

And, finally, this method is not very
sensitive and differentiates the flame retardant
properties of the tested substances worse than
others; when developing a new flame retardant
composition, it takes a lot of time to develop its
formulation. Naturally, the explanation of the
flame retardant effect of various substances due
to any one of the properties is unacceptable.
Even when using flame retardants of the same
type, a significant number of factors can
influence the combustion process. In addition,
the effect of two or more factors may turn out to
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be greater than the sum of these effects due to
the manifestation of synergism [10, p. 87-91].

Experience in the construction operation
of fire-resistant wood suggests that after 5-10
years, wood changes its properties and structural
elements cease to fulfill their functions. This
suggests that in the certification of flame
retardants, it is necessary to begin to control such
a parameter as a change in the strength properties
of wood after a certain period of time. Otherwise,
the decrease in combustibility is offset by the
repeated replacement of structural wood products
and a multiple increase in operating costs.

Given the fact that for more than 35
years technical normative legal acts propose to
use practically the same criteria for determining
fire-retardant efficiency, the main of which is
the loss of mass of a sample, it seems interesting
and necessary to conduct research work on the
search, establishment and scientific -
experimental substantiation of indicators that
most accurately and fully characterize the
quality of processing and fire-retardant
efficiency of wood after fire protection.

In addition, the development of
instrumental and methodological support
allowing the determination of fire protection is
interesting and sufficiently necessary.

Conclusion. After analyzing these
results, we can draw the following conclusions
on the nature of the behavior of the samples:

1. The rate of temperature rise and the
burning rate of samples without flame retardant
treatment are so high that non-flame retardant
samples can be separated from the others
without significant problems.

2. Samples treated with HEOMUW/I-450
flame retardants behaved quite predictably and
are common for wood that has a fairly weak
degree of protection. When observing their
combustion, a period from 0 to 15 minutes was
clearly distinguished, after which there was an
ignition of wood samples, which turned into
stable flame burning. However, unlike

unprotected samples, we did not observe a sharp
increase in temperature, and in some cases even
attenuation occurred. This can explain why the
rate of rise of the averaged temperature for the
samples treated with BC-13 was not so high as
for the samples of wood without fire protection.

3. Samples that are flame retardant with
the CTPAXK composition did not ignite for 20-
25 minutes from the start of the test due to
higher protection. Even after ignition,
attenuation often occurred (sometimes with
subsequent ignition), the development of the
flame was intermittent, inconstant.

4. The samples treated with the CEHEX
flame retardant behaved most interestingly. It is
clearly seen that these samples showed
themselves, in general, similarly to samples
processed by BC-13 (even slightly better). This
can be explained by the fact that pine wood, when
impregnated with protective agents, belongs to
group 1 (easily impregnated) or group 2
(moderately impregnated), depending on whether
the pine core or sapwood is impregnated. For this
wood, a depth of wood impregnation of up to 3
mm is provided, i.e., the samples were completely
impregnated, as in the case of autoclave
processing, which was confirmed by visual
observations of the color shades of the wood after
flame retardant treatment. In this case, we can say
that the wood has acquired a high degree of
protection (fire retardant efficiency group I), but
only to the depth of impregnation, which will not
allow us to say the same about the massif of the
overall wooden structure. At the same time, there
is some doubt that wood with high surface
protection behaves so badly in fire conditions and
accept that the explanation of the flame retardant
effect of various substances due to any one of the
properties is unacceptable. Even when using flame
retardants of the same type, a significant number
of factors can influence the combustion process.
In addition, the effect of two or more factors may
be greater than the sum of these effects due to the
manifestation of synergism.
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C. B. Ilo30¢ces, 0okmop mexuiunux Hayk, npoghecop, A. B. 3maza, kanouoam mexHiunux HayKx,
M. I. 3maza, 1. A. Heoinvko,
Yepracvkuil incmumym nodjcedxcnoi oesnexu imeni I'epoie Yoprnobuns
Hayionanvnozo ynisepcumemy yugiibHo2o 3axucmy Ykpainu

3AJIEXKHICTh TOPTHHSI MATEPIAJIIB I3 BOTHE3AXVWCHOI JIEPEBUHU
3 YPAXYBAHHSM ii BOJIOI'OCTI

v cmammi 002080pIOEMBCA
3a1eJCHICMb epexmuenocmi PI3HUX
B0CHE3AXUCHUX peuosuH. Y yiu cmammi

npeocmasieni mpu pi3Hi KOMNo3uyii, 3 mum
JHce  MemoooM — HAHMeceHHs  ONsl  3AXUCIY
0yOisebHUX KOHCMPYKYIll 8i0 OepesuHu 8i0
CMyneHs 6071020Cmi 20Mmo6o20 6y0i6elbHO20
mamepiany OepegHux bOanok. Y motl e uac
Moougixayis oepesunu npooosxcye
3aMUMAMUCA OOHUM 3 OCHOBHUX HANPAMKIE
00CniodCceHb i 008208IUHOCMI MA NOHCEHCHOT
besnexu. 3apaz O00CHIONHCEHHS 30CePed’CeHi Ha
OazamoKkoMnoHeHmHOCmi cucmem, 3 AKUX JuuLe
oesaxi npaxmuuni. OCHOBHA NPUYUHA YbO2O -
Hezasepuienicmy  docriodxcenv.  Hasedeno
pesyrbmamu  00CI0HCEHb WOO0 OMPUMAHHSL
cmabinbHoi  peakyii Ha WEUOKICMb  3MIHU

memnepamypu Ha AKicmb 00pobKU
B0CHE3AXUCHUMU  3acobamu 3  Ypaxy8aHHAM
gonoeu  ni0  yac  6NIUBY  BOZHIO  NpU
CMAaHOapmHillL  memMnepamypHiil  Kpueiti Ha
3paskax — oepeg’sAHUX  OANOK. Ockinvku
80102iCMb € OO0Hi€I0 3 BAICIUBUX
Xapakmepucmuk npu  GUBYEHHI  NOBEOIHKU

O0epes ’siHuX KOHCMPYKYI Yy  paszi  noicedici,
OCKINbKU 60HA 6NIUBAE HA 3AUMAHHA Ma uje
MeHue 20piHHs, MOOI K Y 80102ICIMb MAKOHC

6NIUBAE HA MACYy KOHCMPYKYii, WO 6 CE0I0
yepey GNAUBAE HA MIYHICHI Xapakmepucmuku
oepeg’saHux Koncmpykyiti . Bpaxoeano makoosc
6NIUE BOCHECMIUKUX PEYOBUH HA CMPYKMYpY

noeepxHeo2o0  wlapy — ma  HeoOXIOHiCMb
BUGUEHHA  BNIUEY  PI3HUX  B02HE3AXUCHUX
pevosuH Ha eKCHAYamayiuHi — 61acmueocmi
oepesunu ma HA MIYHICHI  MOXNCIUBOCHII.

Ilokazano piznomanimuicms akmopie, sKi
BNAUBAIOMb HA AKICMb 00POOKU B0CHE3AXUCHUX
KOHCMPYKYil 0151 0)Y0i6eIbHUX KOHCMPYKYIL 3
oepesunu. 3pobieno 8UCHOBOK, WO HeoOXIOHO
po3pobumu iHCmMpYMeHmanbHul ma
MemoOUYHULL CYNpOoBIo, Wo 00380J5€ WBUOKO
ma MOYHO NPOBOOUMU  OOCHIONCEHHS OISl
BUBHAYEHHS eheKMUBHOCII NOMHCEHCOACIHHA

ma KOHMPONIO AKOCMI  NPOMUNONCEIHCHUX
poobim nogepxHesuUM NOKPUMMAM 3AXUCHO20
wapy Ha oepes'sanux 0yoisenbHUX
KOHCMPYKYIisAX ni0 yac excnayamayii ma
nooanbUo2o BUBUEHMHS 83AEMO00is
802HE3AXUCHUX NOKpummie npu ix
bazamopazoomy 3acmocy8anHi

Excnnyamyemucs 0epes’sina koncmpyKyisi.

Knrwouoei cnosea: mexanizm peaxyii
2OpIHHA, 602HE3AXUCM, B0J02ICMb | KOHMPOTb
802HE3aXUCHOT edheKmMUBHOCMI.
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C. B. Ilo30ees, 0okmop mexnuueckux Hayk, npogpeccop, A. B. 3maea, kanouoam mexuuueckux Hayx,
M. U. 3maea, U. A. Heounvko,
Yepkacckuii uncmumym noxcaproul 6ezonachocmu umenu I epoes Yeprnobwina
Hayuonanvnozo ynusepcumema epasxicoanckoi 3auumol Ykpaunsl

3ABUCUMOCTH TOPEHUS MATEPHAJIOB W3 OTHE3AIUIIIEHHOM
JAPEBECHHBI C YYETOM EE BJIA’KHOCTHU

B cmamve obcyscoaemes 3a8ucumocns
agpexmuenocmu  pazmuvix amwmunuperos. B
9motl cmamve Npeocmasienbl Mpu pPAa3Hblx
cocmaesa, ¢ 0OUHAKOBLIM MeMOOOM HAHeCeHUs
01 3auumol CIMPOUMENbHBIX KOHCMPYKYUU U3
oepeea Om CmMeneHu 6GlANCHOCMU 20MOB020
CMPOUMENbHO20 MAMepUuanld u3 0epessHHbIX
barox. B mo owce epems, moougurayus
Opesecunbl NPoOOIANCAenm OCMABAMbCS OOHOU
U3 OCHOBHBIX obOracmeli UCCIEO08AHUL ee
00J1208€4HOCMU U NOXHCAPHOU be3onachocmu. B
Hacmosujee epems uccne008aHus
coCpedomoueHbl  Ha  MHO2OKOMNOHEHMHOU
npupode  cucmem, U3 KOMOPbIX  MOIbKO
HeKomopbie umerom npakxmuieckoe
npumenenue. OCHOBHOU NPUYUHOU  IMO20
ABNACMCA  HE3A8EPUIEHHOCMb  UCCIe008AHULL.
Ilpusedenvl pesynvmamvl UCCIEO08AHUL NO
NOIYYEHUI0 CMAOUNBLHO20 OMKIUKA CKOPOCMU
UBMEHEeHUs.  meMnepamypvl  Had  Kaiecmeo
O2He3aWUMHOU  00pabomku ¢ y4emom
BNAINCHOCMU  NPU  8030€UCMEUU  O2HA  NpU
CMAHOAPMHOLU MeMNepamypHol KpUueou Ha
obpasyax uz Oepesannvix 6Oanok. Ilockonbky
BNANCHOCMb ~ AGNAEMCA  OOHOU U3 BANCHBIX
Xapakmepucmuk Hpu  U3YYEeHUU NoBeOeHUs
0epesAHHbIX KOHCMPYKYULl 6 clyude nocapd,
NOCKOILKY OHA 1Usem HA 80320panue U 0axice

MeHbulee 2openue, 8 Mo 6pems Kak oma
GNANCHOCMb — MAKJCe — GIUslem  HA — MAcCCy
KOHCMPYKYUU, 4mo, 6 C80l0 ouepeddb, Glusien
Ha NPOYHOCMmHbLE xapaxmepucmuxu
OepessiHHbIX KOHCIPYKYULL. Taxkoice
paccmampusaemcs 6IUsHUe AHMUNUPEHO8 Hd
CMpYKmypy — NOBEPXHOCMHO20 — Closi U
HeoOX00UMOCMb U3YYEHUs. GIUSHUS PA3TUYHBIX
AHMUNUPEHO8 Ha IKCNILYAMAYUOHHBLE
ceoucmea  OpesecuHvl U HA  NPOYHOCMb.
Tloxazano muodcecmeo Gaxmopos, 1usouux
Ha  Ka4ecmeo  OcHe3awumHol  06pabomku
OEpessIHHbIX ~ CMPOUMENbHBIX — KOHCIPYKYULL.
Coenan 661800 0 HeobXOOUMOCMU pPa3paAdOOMKU
UHCIPYMEHMATLHO-MENMOOUUECKO20
obecneuenus, N0O360AIOWE20 OLICMPO U MOYHO
npPoBOOUMb  UCCIe008aHUsL Ol  ONPeOeNeHUs
OCHE3AUUMHOU P PHeKmUsHOCmU U KOHMPO.Is
Kauecmea npomueoOnONCApHuIX pabom nymem
HaHeceHusi 3auUmHo20 Cl0si HA OepessiHHble
cmpoumenvHble KOHCMPYKYUU 8 npoyecce
oKCnIyamayuu U - OdibHeuue20  U3yyeHus
Bzaumooeiicmsue oeHe3auumHbix NOKpulmuil
npu  UxX MHO2OKDAMHOM  HAHEeCEeHUU npu
IKCNILyamayuusi 0epessiHHOL KOHCIMPYKYULL.
Kniwouesvie cnosa: mexanusm peaxyuii
20peHUs,  OcHe3aWUma,  6lANCHOCMb U
KOHMPOIb 02He3AWUMHOU d¢hpekmusHocmiu.
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