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PARAMETERS OF FIRE-RETARDANT COATINGS OF STEEL
CONSTRUCTIONS UNDER THE INFLUENCE OF CLIMATIC FACTORS

Purpose. To assess an influence of climatic factors on properties of the reactive flame retardant coating “FENYKS
STS” for analyzing steel building structures fire resistance for their use in coal mining.

Methodology. Scientific generalization and systematization, analysis of regulatory requirements for building struc-
tures fire resistance. Experimental study methods regarding the reaction of samples to heating, regulated by the regu-
lations about fire protection DSTU—N—P B V.1.1-29:2010. Fireproofing of building constructions and general re-
quirements and control methods. Mathematical and computer simulation of non-stationary heat exchange processes
in “steel plate — fire protection coating” system. Definition of thermophysical properties and protection ability of fire
protection coatings based on solving direct and inverse heat conduction problems.

Findings. Based on developed two-layered physical and simulation models of fire protected steel plate, there was
determined a coefficient of thermal conductivity of the “FENYKS STS” coating, which depends on temperature. The
stable volumetric heat capacity has been defined. The efficiency of this coating for the protection of metal construc-
tions has been proved. The influence of climatic factors on thermophysical properties of the coating and its fire pro-
tection ability is shown.

Originality. For the first time, the value of thermal conductivity for the “FENYKS STS” coating was determined
after the influence of climatic factors during 3 years. The conclusion is that the fire protection ability of this coating
does not change during that time.

Practical value. The results will allow making more accurate estimation related to fire resistance of fire protected
steel constructions for a long-term use. The studies will be useful for designers and fire-retardant manufacturers,
since they will allow calculating an effective fire-resistance thicknesses of the covering taking into consideration its
time of use.

Keywords: flame-retardant coating, fire-retardant ability, thermophysical properties

Introduction. Fixing supports of mine workings is the
most difficult and time-consuming process in under-
ground coal deposits mining. Despite the widespread
use of steel frame fastenings made of heavy special pro-
files (in more than 80 % of mine workings), the annual
reinforcement is more than 10 % of the total length of
supported workings. About 15 % of the total number of
underground workers is employed in repair work. Now-
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adays, between 30 to 50 % of mines in Ukraine are con-
sidered to be dangerous for people. Unsatisfactory con-
dition of construction fastening is one of the main
causes of high injury to miners.

Variety of mining and geological conditions and
search for the cost-effective solutions have led to inven-
tion of a large number of types of lagging (more than
30), most of which have not found industrial use. In the
preparatory workings of coal mines, generally, there are
used bearing structures of lagging, which can be rigid
(reinforced concrete structures), semi-elastic (steel,
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wooden, polymeric tightening) and elastic (metal mesh,
roll glass fiber, etc.).

At the same time, as shown by the long experience of
using steel frame fastenings in complex mining-geologi-
cal conditions, they have a number of significant disad-
vantages.

In the Donbass, the transition of mining operations
from a depth of 500 to 1000 m caused increase in rock
displacement in preparatory excavations by almost
3 times, with the mounting pressure increase to 200 kPa.
Despite the high material capacity of frame supports,
30—50 % of them are deformed, and about 20 % are in
an unsatisfactory condition.

The majority of such steel structures have fire resis-
tance level which does not meet the normative docu-
ments requirements.

There are three methods to raise the fire resistance of
such structures to a level that meets the regulatory re-
quirements:

- fire protection of constructions;

- use of fire-resistant steels;

- application of external bearing structures.

Fire protection blocks the heat flow from fire toward
the construction surface and protects it from fast warm-
ing. This allows maintaining the load bearing capacity of
construction for a certain time. Steel structures have
high thermal conductivity. Therefore, the fire protection
is based on creation of heat-insulating screens on the
surface of the steel elements that withstand the influence
of fire or high temperatures. The fire resistance of build-
ing structures depends on the thermophysical properties
of fire protection compositions. They are used to in-
crease the fire resistance of such structures by creating a
porous heat-insulating layer on the protected surface.

Another important factor that can affect the proper-
ties of fire protection coatings, during its use under dif-
ferent conditions, involves climatic factors (humidity,
temperature). Research on the influence of these pa-
rameters will allow determining with high accuracy the
dependence of the minimum thickness of flame retar-
dant coating on thickness of the metal for the normal-
ized values of the steel structure fire resistance [1].

According to fire statistics, most of the buildings
where fires occurred had a third degree of fire resistance.
Accordingly, there is a need to develop fire protection
projects for building structures to ensure the required
degree of their resistance.

Functional use of reconstructed buildings may also
change, as a result, the fire safety requirements of those
objects increase.

The use of steel constructions that were produced
without regard to the requirements of fire resistance,
can lead to human casualties, significant damage and
environmental pollution [2, 3]. The problem of the safe-
ty of constructions, the prediction of behavior in emer-
gencies and in before-emergency situations is very rele-
vant [4].

Literature review. At present, there is no document
in Ukraine that would require such research. In foreign
publications, in particular, [5] describes the impact of
marine climate on the fire protection coatings during
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field tests. However, there is no data about fire tests for
such coatings after exposure. In papers [6, 7], data is
given on accelerated climatic tests. For the determina-
tion of flame-retardant efficiency, the intumescent coat-
ing coefficient was used, which does not fully describe
the flame retardant effectiveness of the coating. It is also
proposed in [6] to take into account such a coefficient as
the adhesion of the coating to the protected surface. In
[8], there was made an assessment about keeping the fire
protection features of coatings for metallic structures
before and after accelerated climatic tests during certifi-
cation tests. In the Republic of Belarus, there are regula-
tions about methods that determine the resistance of
coatings depending on its aging for fire protection of
metal. As the main indicators there is used a fire protec-
tion efficiency and adhesion [7]. The work [9, 10] is de-
voted to testing of building structures fire resistance.
Another study [11] describes the analysis of hydrocar-
bons fires. The next articles [12, 13] do not contain data
about determination of fire resistance coatings for metal
structures after the fire influence. According to the anal-
ysis, the mentioned works do not fully describe the issue
of determining the parameters of fire protective coatings
of steel structures after affecting their climatic factors.
These parameters include thermophysical properties
and characteristics of the fire protection capability of the
coating according to the known method. Therefore, a
study on the influence of climatic factors on the fire pro-
tection coatings for steel structures will allow providing
more accurate approach in case of assessing the fire re-
sistance of steel structures which are protected by fire
retardant coatings, with long-term operation both in
heating and non-heated premises [14].

Purpose. The aim of the work is to study the influ-
ence of climatic factors on the properties of the reactive
flame retardant coating “FENYKS STS” for analyzing
the fire resistance of steel building structures for their
use in development of coal deposits.

To achieve the aim of this study it is necessary to
solve the following tasks:

- to conduct accelerated climatic tests on samples of
steel structures protected by reactive coating “FENYKS
STS”;

- to experimentally research the fire protection pa-
rameters of steel structures samples in standard temper-
ature conditions;

- to substantiate parameters of the fire protection
cover for the protection of steel structures after the in-
fluence of climatic factors on it.

Methods. In order to determine the thermophysical
properties of the investigated fire retardant coating,
there were used calculation-experimental methods.
Thus, we can determine the required characteristics of
the object.

In order to make the fire studies, there were used
four steel plates made of steel St. 3 (Fig. 1, a), the size of
500-500 mm and 5 mm thickness, with a fire-retardant
agent deposited on one surface of the plate. On the heat-
ing surface of a steel plate there was put a layer of soil
GF-021 before the fire-retardant agent application,
thickness of 0.065 mm.
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b

Fig. 1. Appearance of the steel samples:

a — before the fire-retardant agent application; b — after
the fire-retardant agent application

The fire-retardant agent was applied according to the
manufacturer’s technology for a specific surface, adhere
to all the requirements, including the application of soil
(Fig. 1, b) [15]. The substance was applied mechanically
by an airless spray unit in accordance with the regula-
tions of work on fire protection. Two out of four steel
plates were control samples; they were not exposed to
climatic factors.

In order to measure the thickness of the formed fire
protection coating, there was used a thickness gauge.
This device measured 9 points, whose average thickness
was 0.31 mm.

The determination of the fire protection coating pa-
rameters after the climatic factors impact on it were car-
ried out in 2 stages. At the first stage there was acceler-
ated artificial aging of steel plates with a fire-retardant
coating in a climate chamber BINDER KBF 240. The
second stage consisted of fire tests of coated steel plates
after holding them in the climatic chamber and com-
parison of data with control samples.

The climate control chamber BINDER KBF 240 al-
lows conducting a research study in the temperature
range: —10 — +60 °C and humidity from 0 to 100 %.
(Fig. 2).

The essence of climatic tests consisted in the cyclic
reproduction of temperature and humidity schedule in
the chamber according to the appropriate method. Dur-
ing the tests there are eight repetitions of this cycle,
which is relevant to 1 year of fire protection coverage in
real climatic conditions.

As a result of the first stage procedure which con-
sisted of the artificial aging of the steel plates with a fire-
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Fig. 2. General appearance of the climate camera BIN D-
ER KBF 240

retardant coating in the climatic chamber BINDER
KBF 240, there were created obsolete samples (1 and
3 years accordingly). During the process of accelerated
aging, there was no significant “flushing” of the fire-re-
tardant coating from the surface of the investigated steel
plate. However, visible changes during the visual inspec-
tion were not detected.

During the next step there were conducted fire tests
on the coated steel plates after an exposure in the cli-
matic chamber. Furthermore, the data was compared
with the control samples according to the method [16].

In order to measure the temperature from the un-
heated surface of the steel plate, there were three ther-
mocouples of the TCA type (Fig. 3) with a diameter of
wire 0.5 mm (T1-T3), one thermocouple (T2) in the
center of the sample and two (T1, T3) at a distance of
100 mm from the edges of the plate. The seams of ther-
mocouples are rolled into metal at a depth of 2 mm and
are fixed with a thermal insulating material.

From the non-heating surface, the plate was protect-
ed by two layers of thermal insulation material felt,
20 mm thick, and a plate of mineral wool with density of
75 kg/m? and a thickness of 50 mm (Fig. 4).

The tests were conducted at a temperature of 15.8 °C,
relative humidity of 48 % and pressure of 743 mm/Hg.

The essence of the test was to create a temperature
regime in the furnace, which is relevant to the standard
fire temperature regime thanks to the burning of liquid
fuel (Fig. 5). After the beginning of the test and before
its end, the excess pressure in the furnace was 10 Pa.

Fig. 3. Scheme of the thermocouple placement from an
unheated surface of the steel plate before the test
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Fig. 4. View of the test sample from the non-heating sur-
face of the steel plate
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Fig. 5. Dependence of the temperature in furnace on the
duration of fire in fluence:

— standard temperature curve of fire according to
State Standards of Ukraine BV 1.1-4[13];------.. — maxi-
mum (upper curve) and minimum (lower curve) acceptable
values of the temperature in the furnace during the tests;
-—-—— real curve of temperature changes in the furnace

During the test, the experimental specimen was sub-
jected to the thermal action. Also the time was deter-
mined from the beginning of the action until the tem-
perature of 550 °C reached the non-heating surface of
the steel plate [17, 18].

The temperature from the non-heating surface dur-
ing this 17-minute test reached a critical temperature for
the steel plate (550 °C) (Fig. 6).

Subsequently, in order to indicate the thermophysi-
cal properties of the coating, the indicator’s average val-
ues of the three thermocouples were used (Fig. 6).

The results of the investigation are presented as an
example of sample No. 1 below.

Results of the investigations. As we can see from
Fig. 6, the character of the curves dependence of the
temperature of non-heating surface of a steel plate coin-
cides with the time of fire exposure. It shows that the
plate is uniformly warmed up in different parts of the
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Fig. 6. Temperature dependence of the non-heating sur-

face of the steel plate of sample No. I on the time of
fire exposure at different points of temperature mea-
surement:
1 — thermocouple, installed at a distance of 100 mm from
the upper edge of the plate; 2 — thermocouple, installed in
the center of the plate; 3 — thermocouple, installed at a dis-
tance of 100 mm from the bottom edge of the plate; T — the
middling values of the three thermocouples

temperature measurement, and the differences in the
observed heating rate are explained by the heterogeneity
of the flame retardant coating thickness.

After the tests, during the visual inspection of the
samples it was revealed that:

- an extinguishing agent “FENYKS STS”, which was
applied on the steel plate with the size of 500 - 500 -5 mm
with a primer of GF-021 (thickness of 0.065 mm), has a
sufficient adhesion strength;

- there were no detachments of the formed coating
from the steel plate over the area;

- the average thickness of the intumescent layer after
the test was 12 mm (8—16 mm).

In order to determine the characteristics of the fire
resistance coatings of the steel structures using the cal-
culation-experimental method, the most adequate
physical and mathematical models of thermal processes
occurring in such system during testing were used.

The physical model is described by a system consist-
ing of two layers: a steel plate, with a thickness of 5 mm
(8;) and a fire retardant coating (8,), 0.31 mm thick
(Fig. 7).

The total thickness of the system is the sum of the
thicknesses of individual layers. During the testing, the
right surface of the plate is heated by the convective-ra-
diation mechanisms of heat transfer from the hot gases
in the furnace with the temperature Tm1, which is close
to the standard fire curve, and the heat transfer coeffi-
cient a,, = 25 W/m?- K. The left surface of the plate is
cooled by the convection in the environment with the
temperature 7,, = 15.8 °C, the heat transfer coefficient
from the unheated surface a., is taken at 5 W/(m?- K).

Inside the ceiling, heat is transmitted only by the
thermal conductivity. The conditions of the ideal ther-
mal contact between the separate layers of the plate are
accepted.

The heat transfer coefficient of the steel plate was as-
sumed to be 45 W/(m - K), and the specific volumetric
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Fig. 7. Physical model of a steel plate with a fire protec-
tion coating in one-dimensional formulation

heat capacity was 4-10° J/(m? - K). There were 15 nodes
of the numerical model, in spatial coordinate with a step
time of 30 seconds.

Since the investigated coating is reactive, it means
that it expands (with the possibility of increasing the ini-
tial thickness increase of the coating up to 100 times),
therefore, the principle of the increasing of the initial
thickness coating during the heating is not known. The
logical question arises, to which thickness we should re-
fer the received coefficients of the effective heat conduc-
tivity and the specific volumetric heat capacity.

In this investigation it has been assumed that the ob-
tained coefficients of the effective heat conductivity and
the specific volumetric heat capacity of the coating are
related to the initial thickness of the coating. Therefore,
the calculation models of the process of thermal con-
ductivity with the coatings were also taken with the
thicknesses of coatings that do not change over time.

The mathematical model of the process of heat con-
ductivity in a two-layer system in the Cartesian coordi-
nate system, which describes the above physical model,
is repeatedly described in the literature [19]. It repre-
sents a one-dimensional heat conduction equation with
a combination of radiant heat transfer and boundary
conditions of the 3™ kind on the heating and non-heat-
ing surfaces, and also takes into account the ambient
temperature.

Discussion. The obtained data (temperatures from
the unheated surface of a steel plate) were used in solv-
ing the inverse heat conduction problems. As a result of
the calculations, the thermophysical properties of the
fire protection coating were determined: the depen-
dence of the coefficient of the thermal conductivity on
the temperature (Fig. 8) and the constant value of the
specific volume heat capacity 1 - 10° J/m?. The inverse
problem of thermal conductivity was solved by an extre-
mal method based on the use of the iterative Newton-
Gauss algorithm for finding the minimum of the func-
tion Fand Tikhonov A. M. regularization method [19].

The curve for the obtained dependence of the coef-
ficient of thermal conductivity of the fire retardant coat-
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Fig. 8. Dependence of the effective coefficient of thermal
conductivity of the “Phoenix STS” coating on the
temperature found by the solution of the inverse heat
conduction problem

ing “FENYKS STS” on temperature can be explained
as follows (Fig. 8). The curve of the coefficient of ther-
mal conductivity from the initial temperature to 500 °C
linearly decreases. This is explained by the flaking of the
coating and the tenfold increase in thickness in relation
to the initial thickness. Linear growth after 500 °C is due
to an increase in the radiation component of the thermal
conductivity coefficient and its conductive component
(due to shrinkage (sintering) of the coke layer and its
partial destruction).

Using the found TPC coatings by solving a series of
direct heat conduction problems, we determine the de-
pendence of the minimum thickness of the study coat-
ing on the thickness of the steel plate, the normalized
duration of fire exposure and the critical temperature of
the steel.

Comparing the obtained thermophysical properties
of the coating with the ones defined, it becomes obvious
that defining the characteristics of the fire retardant ca-
pability of the “FENYKS STS” coating is inappropri-
ate. From the comparison, it becomes clear that the
thermophysical properties will not affect the value of the
minimum thickness of the “FENYKS STS” coating on
the thickness of the steel plate, the normalized duration
of fire exposure and the critical temperature of the steel.

Therefore, the further research will be aimed at in-
creasing the time of the impact of climatic factors by ac-
celerating the artificial aging of steel plates with a fire-
retardant coating in a climate chamber BINDER KBF
240. Studies have shown that the effect, which is equal
to 3 years of operation, does not affect the thermophysi-
cal properties of the coating, and therefore also does not
affect the fire protection ability. This is a promising di-
rection for the further research in this field.

The advantage of the proposed method is the ability
to determine the parameters of fire retardant coatings at
much shorter time than real-time natural climatic tests.
These results will allow estimating the fire resistances of
steel constructions with fire protection at long-term use
more accurately. The studies will be useful for designers,
manufacturers of fire retardants. They will allow calcu-
lating the thicknesses of coatings that would provide the
normalized fire resistance limit of the construction tak-
ing into account the time of use.
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This work is a continuation of the series of work
about increasing the fire resistance of steel structures
protected by the fire retardant coatings. However, with
taking into account the influence of climatic factors on
it, which will make it possible to expand the scope of
coatings taking into account the use time [20].

Conclusions.

1. The tests were conducted of steel plate with di-
mensions of 500 - 500 - 5 mm. One side of the plate was
covered by the flame retardant intumescent covering
“FENYKS STS”, with an average thickness of 0.31 mm
under the conditions of heating in a fire furnace with the
standard fire conditions temperature after the impact of
climatic factors on the coverage, which is equivalent to
the operation of the coating for a period of 3 years.

2. There were developed two-layer physical and simu-
lation models of a steel plate with fireproof coating. With
its help, the coefficient of thermal conductivity of the
“FENYKS STS” fire retardant coating, which is temper-
ature dependent, was determined. The constant specific
volumetric heat capacity was determined and the efficien-
cy of this coating for protection of metal constructions
was proved. It was found that the curve of the coefficient
of thermal conductivity from the initial temperature to
500 °C linearly decreases. It can be explained by the intu-
mescent of the coating and the increase in thickness by
dozens of times in relation to the original thickness. The
linear growth after 500 °C is due to an increase in the ra-
diation component of the thermal conductivity coeffi-
cient and its conductive component (due to shrinkage
(sintering) of the coke layer and its partial destruction).

3. It was established that the value of the coefficient
of the thermal conductivity of the “FENYKS STS”
coating, which was found after the influence of climatic
factors during 3 years, is similar to the value of this coef-
ficient without influence. It is concluded that the fire
protection ability of coating does not change during this
time. The direction of further research is to increase the
time of climatic influence (up to 10 years) by using the
proposed methodology and the fire tests of steel plates
with flame retardant coatings after the influence.
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Meta. OUiHUTH BIUIMB KJIiIMaTUYHUX (DaKTOpiB Ha
BJIACTMBOCTI PEaKTMBHOTO BOTHE3aXMCHOTO ITOKPUTTS
,,@enike CTC mis aHami3y BOTHECTIKOCTI CTaJeBUX
OyHiBeJIbHUX KOHCTPYKLIi 3 BUKOPUCTAHHSIM iX TpU
pO3p0o0I11i BYTJIbHUX POIOBUIILL.

Meromuka. HaykoBe y3arajJbHeHHS i1 cucTeMaTu3a-
1is1, aHaji3 BMMOT HOPMATHMBHMX MOOKYMEHTIB ILOJI0
BOTHECTIHKOCTi OyIiBeIbHUX KOHCTPYKIii, MeTOoau
eKCITEPUMEHTAJTEHOTO JOCITiIDKEHHS TTOBEAiHKI 3pa3KiB
MpU HarpiBaHHi, pernameHToBaHuX BuMmoramu JCTY—
H-IT b B.1.1-29:2010 ,,3axuct Bin moxexi. Boruesa-
XUCHE 00pOOISTHHS OyIiBeIbHUX KOHCTPYKIIiii. 3araib-
Hi BUMOTM Ta METOIM KOHTpow“. MaTemaTuuHe Ta
KOMIT'IOTepHE MOJIECITIOBAHHS IIPOIIECIB HecTallioHap-
HOTO TEIJIOOOMiHY B CUCTEMI ,,cTajieBa IJIacTUHA — BOT-
He3aXMCHe MOKpUTTA®. BusHaueHHS TerutodizsnyHux
XapaKTePUCTUK i XapaKTEepPUCTUKHU BOTHE3aXMUCHOI 31aT-
HOCTi BOTHE3aXUCHUX ITOKPUTTIB Ha OCHOBI pO3B’sI3aHHS
MpsIMUX i OOEPHEHMX 3a/1a4 TeTUIOMPOBITHOCTI.

Pe3yabTat. Ha ocHOBi po3pobiieHO1 ABOIIApOBO1
(izuuHoOiI Ta imMiTalliiiHOiI Monesi cTajeBoi MJIACTUHU 3
BOTHE3aXMCHUM MOKPUTTSIM BU3HAYEHO KOEMilliEHT
TEIUTONPOBITHOCTI BOTHE3aXMCHOTO MOKpHUTTS ,,De-
Hikc CTC*, 110 3aneXuTh Bia Temriepatypu. BusHaue-
Ha TIOoCTiliHa MUTOMa 00’€MHA TEeTNIOEMHICTb 1 IOBeae-
Ha e(eKTUBHICTh IILOTO IMOKPUTTS IUIST 3aXUCTY MeTa-
JIeBUX KOHCTpyKuiii. [lokazaHo BIUIMB KJIiMAaTUYHUX
(akTopiB Ha TeTIOMI3MYHI XapaKTEPUCTUKN MTOKPUT-
TS Ta Ha 10r0 BOrHE3aXUCHY 3IaTHICTb.

HaykoBa HOBM3HA. YTiepiile BU3HAUYeHE 3HAYCHHS
KOoe(DiLi€EHTY TEIIONMPOBIZHOCTI MOKPUTTS ,,DeHiKe
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CTC*, 3HaliIeHOTO ITiCJIST BIUIMBY KJIIMAaTUYHUX (Dak-
TOPIB MPOTITOM 3 POKiB. 3p00JIEeHO BUCHOBOK, 1110 BOT-
He3axucHa 31aTHICTh MOKPUTTSI HE 3MiHIOETHCS IIPOTSI-
T'OM IIbOTO Yacy.

IIpakTuuna 3Haummicts. HaBeneHi pesynbrat mo-
3BOJISITD i3 OUIBIIOI0 TOYHICTIO MiAXOAUTHU AO OILiHIO-
BaHHSI BOTHECTIMKOCTi CTajeBUX KOHCTPYKIIiii i3 BOT-
HE3axUCTOM TP TPUBAJIOMY BUKOpPHCTaHHi. Iocimi-
JCKEHHST OynyTh KOPUCHUMMU [UISI MPOEKTYBaJbHUKIB,
BUPOOHUKIB BOTHE3aXUCHUX PEYOBUH, TaK SIK AaIyTh
3MOTY PO3PaxOBYBaTU TaKy TOBIIUHY MOKPUTTIB, IO
Oyne 3abe3neyyBaTi HOPMOBAHY MEXY BOTHECTIKOCTi
KOHCTPYKIIii 3 ypaxyBaHHSIM 4acy BUKOPHUCTAHHSI.

Kimouosi ciioBa: ocnesaxucre nokpumms, eocHesa-
XuUcHa 30amuicmo, menaoQizuuri xapakmepucmuxu
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Ieas. OLleHNUTH BIUSIHUE KIMMAaTHYECKMX (DaKTO-
pPOB Ha CBOICTBA PEAKTUBHOIO OTHE3AIIUTHOTO IIO-
kpoitus ,, Pennke CTC mig aHaiM3a OrHeCTOMKOCTH
CTaJIbHBIX CTPOUTEIbHBIX KOHCTPYKIIUI C MCITOIb30Ba-
HUEM X TIPU pa3pabOTKe YTOJbHBIX MECTOPOXKICHUIA.

Mertomuka. HayuHoe o06001IeHe U cuUcTeMaTU3a-
1IMsI, aHaJIM3 TPpeOOBaHUIT HOPMATHBHBIX TOKYMEHTOB
10 OTHECTOMKOCTU CTPOUTEbHBIX KOHCTPYKIINIA, Me-
TONBI 2KCIIEPUMEHTAJILHOTO MCCIIeI0BaHUS TTOBEe-
HHUS 00pa3lloB MPW HATPeBaHUM, PETIIaMEHTHUPOBAH-
Heix TpeboBanugmu JCTY-H-IT b B.1.1-29: 2010
,,3ammTa oT rmoxapa. OrHe3ammTHasE 00padoTKa CTPO-
UTETBHBIX KOHCTPYKIIMI. OO1IMe TpeOOBaHUS U METO-
Bl KOHTpOJIS“. MaTeMaTu4eckoe M KOMIBIOTEPHOE
MOIEIMPOBAHME MTPOLIECCOB HECTALIMOHAPHOTO TEILI0-
oOMeHa B CUCTEME ,,CTaIbHAsI TUTAaCTUHA — OTHE3alluT-
Hoe ToKpbITHe . OnpeneneHue TEMmI0(PpU3NIECKUX Xa-
PaKTEPUCTUK U XapaKTepUCTUKM OTHE3aIUTHOM CITO-
COOHOCTH OTHE3aIIUTHBIX ITOKPBITHIL HA OCHOBE pellie-
HUS TIPSIMBIX M OOpATHBIX 3a/1a4 TETIOMPOBOIHOCTH.

Pe3ynbTatel. Ha ocHOBe pa3paboTaHHOU ABYXCIOM-
HbBIN (pU3NYECKON 1 UMUTALIMOHHOU MOZEIN CTATbHOM
IUTACTUHEI C OTHE3AIIUTHBIM ITOKPBITHUEM OIpeIeIcH
KO3 (PUIIMEHT TEIIONMPOBOTHOCTA OTHE3AIIUTHOTO
nmokpuITus ,,DeHnke CTC, KOTOPBIit 3aBUCUT OT TEM-
repatypbl. OnpenesaeHa MOCTOSTHHAS yAeIbHast 00beM-
Has TeIJIOEMKOCTb U JIoKa3aHa 3(PPEeKTUBHOCTb 3TOTO
MOKPBITUS IS 3aIUThl METAUTMYECKUX KOHCTPYK-
uuii. I[TokazaHo BAMsSHUE KIMMaTUYEeCKUX (haKTOPOB
Ha TermaodU3NIYeCcKue XapaKTePUCTUKU TMOKPHITUS U
Ha €Tr0 OrHe3alUTHYIO CITOCOOHOCTB.
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Hayunast HoBu3Ha. BriepBEIe oIlpeneiieHBI 3Hade-
HUsT KO3 ULIMEHTa TEIUIONPOBOAHOCTU MOKPLITHUS
,@enukc CTC®, HaiimeHHOro TIIoclie BO3AEHCTBUS
KJIMMaTU4ecKuX (pakTopoB B TeueHue 3 netT. CoenaH
BBIBOJI, YTO OTHE3aIUTHAsI CIIOCOOHOCTD ITOKPBITHUST HE
MEHSIETCSI B TeYCHHE 3TOIO BPEMEHU.

IIpakTyeckas 3HaYMMOCTh. [IprBeneHHbBIE pe3YJib-
TaThl MO3BOJIAT ¢ OOJBIIE TOYHOCTHIO MOIXOINTh K
OLIEHKE OTHECTOMKOCTH CTaJIbHBIX KOHCTPYKIIMI C OT-
HE3allInTOoH MpH ITUTEITEHOM HcTob3oBanun. Mcce-
JIOBaHUS OYOYT IOJE3HBIMU UISI TTPOCKTUPOBIINKOB,
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IMPOU3BOANTENICH OTHE3aIIUTHBIX BEIIECTB, TaK Kak
ITO3BOJISIT PACCUYMTHIBATD TaKylO TOJIINHY MTOKPBITHIA,
KoTopasi OyneT obecrieyrBaTh HOPMUPOBAHHBIN TIpe-
JIeJT OTHECTUMKOCTH KOHCTPYKIIMU C YIETOM BPEMEHU
HCTIOJIb30BaHUSI.

KioueBble ciioBa: ocresaujumroe nokpoimue, oeHe-
3aUUMHAs CNOCOOHOCMb, MmenaogusuyecKkue xapaKme-
pucmuku
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