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The object of this study is lightweight concrete wall structures
treated with various types of conventional plasters. The problem
addressed in the paper is to determine the effectiveness of differ-
ent types of plastering to protect walls from the effects of high tem-
peratures and improve the fire resistance of structures.

The samples of one series were fabricated by plastering the
aerated concrete wall with a cement-lime plaster while the samples
of the other series were plastered with vermiculite-perlite plaster.
Samples of the third series were made without plastering (control
series). In accordance with the research program, the distribution
of temperatures under fire load was determined for all series.

Studies have shown that wall structures plastered with verlicu-
lite-perlite mortar demonstrated 3.8 times better thermal insulation
characteristics compared to plastering with cement-lime mortar.
The fire protection effect of plastering (compared to non-plas-
tered samples) for vermiculite-perlite solution was 6.3 times, and
Jor cement-lime — 1.6. Adhesion failure was observed in cement-
lime plaster under high temperatures, highlighting the need for
additional fixing when applied to lightweight concrete walls.
Theoretical analysis of the results revealed a discrepancy of up to
19 % with the experimental findings.

The high thermal insulation properties of vermiculite-perlite
plasters in comparison with cement-lime plasters are well known.
A distinctive feature of this study is the quantitative determination
of temperature distribution for the investigated plasters under con-
ditions approximating real fire exposure.

The findings of this research can be applied to the design of
buildings and structures requiring enhanced fire resistance for
wall systems
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under real fire exposure conditions are necessary to refine theo-

retical models and accurately predict temperature distribution.

Ensuring the fire resistance of building structures is a

critically important task in modern construction as the safe-
ty of people and the preservation of buildings in the event of

2. Literature review and problem statement

a fire largely depend on it. The increase in requirements for
fire resistance of structures is driven not only by the num-

To calculate the fire resistance of masonry structures

ber of fires in residential buildings [1] but also to current
fire safety regulations, which require reliable protection of
load-bearing elements of structures from exposure to high
temperatures [2].

Current scientific research is focused on finding effective
solutions for passive fire protection, in particular the use of
materials capable of increasing thermal insulation proper-
ties. The use of specialized fire-resistant materials, such as
paints, varnishes, and special cladding panels, provides a
high level of protection. However, these materials are often
expensive and not always available. Therefore, tackling the
search for more affordable materials, in particular, the use
of conventional plastering solutions, is a promising direction
that could improve the thermal insulation characteristics
and increase the fire resistance of wall structures.

Research on the effectiveness of conventional plasters in
passive fire protection is essential for practical applications, as
it allows for evaluating the potential of commonly used mate-
rials in ensuring fire safety. Furthermore, experimental studies

in accordance with current standards, it is essential to
determine the temperature distribution across the wall’s
cross-section [3]. Clearly, the presence of finishing layers,
such as plasters, influences this distribution. As a result, the
performance of plasters under high-temperature exposure
has been the focus of numerous scientific studies.

Study [4] analyzed the performance of perlite plas-
ter (EPAP) compared to conventional plaster (NAP) at
high temperatures. Various plaster thicknesses were studied
under local fire exposure (gas burner) lasting 180 min and a
constant temperature of 900 °C. The results showed that the
temperature on the reverse side of the EPAP plates was half
as low (=105 °C) as that of the NAP plates (=225 °C). Quan-
titative backside temperatures were obtained, indicating
better fire resistance of EPAP compared to NAP. However,
the research was directly related to the stucco material,
which was tested separately from the wall structure. There-
fore, the issue of temperature distribution in the general wall
structure remained unresolved.
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In work [5], the performance of self-compacting heavy
concrete (SCC) with various energy-efficient additions to ce-
ment under the influence of high temperatures was analyzed.
In particular, residual strength and impact resistance after a
fire were investigated. The research program also included
tests in an electric furnace of concrete cube samples covered
with cement-perlite plaster (CPP) with a thickness of 20 mm.
The temperature regime in the furnace corresponded to the
standard temperature curve and lasted 120 minutes. In the
course of research, the thermal insulation effect of the CPP
solution was recorded. At a temperature on the surface of
~920 °C (60 min of heating), the temperature in the thick-
ness of the plaster was 492 °C and 205 °C in the thickness of
the sample. For unprotected samples, the temperature in the
thickness of the sample reached 613 °C. The advantage of the
study is the test in the “plaster-material” system. However, the
issue of thermal insulation effect for structures made of light
concrete remained unexplored in the work. Small experimen-
tal samples are also a limitation.

Study [6] examines the problems associated with the fire
protection of structural concrete in the event of a fire. To solve
these problems, the possibility of using light plasters on high-
strength concrete (HSC) is being investigated. Three types
of insulating plasters have been designed: sand plaster (SP),
gypsum with the addition of perlite (GPP), and gypsum
with the addition of mineral wool fibers (GMP). Compres-
sive strength, adhesion, and shear strength after exposure to
standard fire temperature under different fire extinguishing
conditions (air and water) were investigated. The investigated
plasters were applied with a thickness of 15 mm on concrete
cubes on prisms and were examined for temperature effects
in an electric furnace according to a standard temperature
curve. Between the results of the residual strength and adhe-
sion tests, the temperature distribution under the surface of
the plaster was obtained. In particular, for 60 min of heating
to =920 °C, the temperature under the plaster was =400 °C,
=325°C, and =180 °C for the SP, GPP, and GMP series,
respectively. As in the previous study, experiments were not
conducted on wall structures with plasterboard.

Paper [7] investigated the effectiveness of plasters for
passive fire protection of steel structures. The tests carried
out included small-sized coated steel plates and short steel col-
umns, in which the thermal performance at high temperatures
was evaluated. Solutions based on Portland cement, vermic-
ulite, and polypropylene fibers (DCM), gypsum and perlite
(DGMP), gypsum and vermiculite (DGM V), recycled cement,
perlite and vermiculite (DRCM) and conventional Portland
cement (CM) were investigated. The thickness of the plaster
was 10 mm, the heating temperature was 900 °C. The samples
were heated gradually (60 min) until they reached the max-
imum temperature and kept at this temperature for 120 min.
For 60 minutes of heating, the temperature of the inner surface
of the plaster was =400 °C for all studied types of plaster on
small-sized models. Valuable results were obtained on small-
sized and medium-sized models regarding the protective prop-
erties of plasters. However, the study of plasters took place on
steel structures that have different physical and mechanical
characteristics and thermal inertia than walls.

Work [8] describes changes in the properties of concrete
during a fire and its protection with the help of heat-insulat-
ing plaster. The authors established that fire-resistant plaster
with low thermal conductivity could slow down the rise in
temperature on the concrete surface. Under the influence of a
flame with a temperature of more than 800 °C for 30 min, the

temperature under the plaster did not exceed 120 °C, which
indicates the effectiveness of the protective layer. The addition
of aluminosilicate microspheres to the plaster contributes to
the formation of a heat-protective layer, which reduces heat
transfer and increases the resistance of concrete to mechanical
influences. However, lightweight autoclaved concrete, as a
base material for the plaster, was not studied by the authors.

Studies [9] describe a number of fire studies on wall sam-
ples. The fire resistance of full-size wall structures made of
stone and brick in fire furnaces was investigated. The studies
concerned structures of various types and contain a lot of valu-
able information about their performance during fire exposure,
but the samples were studied without applied finishing layers.

Paper [10] discusses traditional surface finishing mate-
rials such as clay and lime plaster used on wooden walls and
ceilings of historic buildings. The paper examines the thermal
properties of historical plasters depending on the tempera-
ture by means of the study of materials in the furnace under
standard conditions of fire exposure. However, the authors
did not cover the comparative study of modern clay and lime
materials.

In study [11], the fire protection effect of covering
heat-insulating boards with plaster was investigated. Pro-
tection was investigated for expanded polystyrene (EPS),
extruded polystyrene (XPS), and mineral wool (RW)
boards. Plaster on a cement-sand base with a thickness of 2,
4, 6, and 8 mm on small-sized elements was studied. The fire
load was applied locally using a torch with a maximum du-
ration of 25 minutes. A significant decrease in the strength
and adhesion of the studied plaster by 58 % at a temperature
of 600 °C was recorded. Wall structures were not included
in the research program, so this issue remained unexamined.

Cladding of building structures with dry gypsum plaster
in the form of plates is also widely used. In study [12], struc-
tures decorated with a layer of plasterboard with a thickness
of 12 mm were compared. The temperature distribution for
40 min of heating was 510 °C and 280 °C on the surface and
220 °C and 130 °C and at a depth of 5 mm for the unprotect-
ed and protected element. In [13], the fire protection of a
wooden frame with plasterboard was investigated. The use
of fire protection from gypsum boards delays the charring
process of wood by approximately 35 %. Researchers of such
systems confirm a significant fire-protective effect; however,
the heat-protective effect of lining structural wall materials
has not been investigated.

The review of available literature demonstrated that
the issue of temperature distribution in the “plaster-wall
structure” system remains insufficiently elucidated. Most
studies assume heavy concrete, steel, and wood as the basis
for plaster. There are also papers that focus only on the study
of the plaster material without interaction with the base.
Small-scale samples and electric furnaces are often accepted
by researchers as a test environment, which is due to the
costs of conducting large-scale studies.

Therefore, it is expedient to study the effect of plastering
on the temperature distribution in wall structures made of
autoclaved aerated concrete using medium-sized wall sam-
ples exposed to parametric fire conditions.

3. The aim and objectives of the study

The purpose of our study is to determine the effect of
plaster materials on the temperature distribution in auto-



claved aerated concrete (AAC) enclosing structures under
conditions resembling a real fire. The results will aid in ac-
counting for this effect when calculating the fire resistance
of such structures during design.

To achieve this goal, the following tasks need to be re-
solved:

— experimentally determine the temperature distribu-
tion in the studied structures under fire load;

— perform numerical modeling to evaluate the conver-
gence with experimental results.

4. The study materials and methods

4. 1. The object and hypothesis of the study

The object of this study is the influence of the plaster
material on the temperature distribution in the aerated con-
crete block walls under fire temperature load.

The principal hypothesis assumes that plaster material
affects temperature distribution, and accounting for its real
performance at high temperatures could help optimize wall
thickness based on fire resistance criteria.

During the research, it was ensured that thermocouples
in individual series were positioned at enough distances to
eliminate mutual heat transfer influence between different
sample series. To simplify the design and simulate more
extreme conditions, grids were not used for plaster installa-
tion - fastening was achieved solely through adhesion. The
simplification of the calculation model involved neglecting
moisture transfer and material density changes during the
heating process.

4. 2. Preparation of samples

The investigated wall structure
was constructed using AAC blocks
by TM Aeroc® (Ukraine) with a
density of D500 and dimensions
0f 200x200x600 mm. Two types of
plaster and control samples with-
out coating were examined.

One face of the wall structure
was divided into three sections: one
section was plastered with a ce-
ment-lime solution (CLP series), and
another with a perlite-vermiculite
solution (PVP series). Both plasters
were applied in strips 20 cm wide
and 20 mm thick. The central section
was left uncoated, serving as the
control sample (CTRL series). The
placement of the plastering areas on
the same wall face ensured a uniform
temperature regime on the heated surface. The AAC blocks
were assembled using TM Polimin PB-55® (Ukraine) ad-
hesive mixture. The moisture content of the materials was
measured with a Testo® 606-1 electronic moisture me-
ter (PRC).

Samples of the CLP series were plastered with a ce-
ment-lime solution by TM Ferozit® 220 (Ukraine) [14],
while the PVP series was coated with perlite-vermiculite
plaster by TM Bauwer Standard® [15].

The preparation of samples was performed according
to the technological guidelines provided by the manufac-
turers [14, 15]. The base surface was treated in accordance
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with the requirements of DSTU-NB V.2.6-212:2016 and
DSTU-NB A.3.1-23:2013.

The surfaces were mechanically cleaned of dust and
adhesive residues, and the aerated concrete blocks were thor-
oughly moistened. For the CLP series, the surface was treated
with Ferozit® 17 Betoncontact adhesive paint, while for the
PVP series, it was treated with Bauwer Basis® cement spray.

Both plaster solutions were prepared from dry con-
struction mixtures by mixing with water according to the
manufacturer’s instructions. To ensure proper hydration,
the plaster surfaces were moistened for the first three days.
Testing was conducted no earlier than 28 days after plaster
application.

4. 3. Research methods

Testing of experimental samples was carried out at the
laboratory of fire safety (Fig. 1, a, b), Lviv Polytechnic Na-
tional University. The test samples were tested according
to the guidelines from [16], but the temperature regime was
changed from standard to parametric, since direct determina-
tion of the fire resistance limit was not the goal of the study.

Fig. 1 shows a furnace [17] for fire tests of building
structures and thermophysical tests of materials. The struc-
ture is a box made of fire-resistant materials, which consists
of walls, a removable partition, and a cover. Holes for fuel
and measuring equipment are made in the longitudinal
walls. The overall dimensions of the furnace for testing are
4100x1800 mm, but for these tests a section of the chamber
measuring 1800x1300x600 mm was used.

Diesel fuel is used as fuel for the burner in the furnace.
From the tank, the fuel enters the fuel pump through the
filter, which creates the pressure necessary for spraying.
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Fig. 1. General view of the furnace: a — general view of the experimental installation;
b — the scheme of setting samples in the fire chamber

When leaving the nozzle, the fuel enters the air stream,
which is swirled by the swirler. The resulting fuel-air mix-
ture is ignited by a spark discharge and burns, thus creating
the necessary temperature load in the fire chamber. The
temperature was measured using chromel-alumel thermo-
couples. The arrangement scheme is shown in Fig. 2.

In addition to thermocouples embedded within the sam-
ple, the temperature regime in the chamber was monitored
at a distance of 2 cm from the heated sample surface. Fig. 3
shows the installation before and during the tests. To ensure
the reliability and validity of the results, two iterations of
research were conducted (average results are given below).
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Fig. 2. Schematic arrangement of thermocouples in samples

Fig. 3. Conducting tests: @ — temperature measurement
during tests; b — inspection of the bench before the test

The signal from the thermocouples was processed
using two PVI-0298 measuring transducers (Ukraine),
which transmit information to a personal computer.
Before the start of the experiment, calibration proce-
dures of thermocouples and measuring transducers were
performed to ensure high accuracy of temperature mea-
surements. The time to read information from one ther-
mocouple was less than one second. The accuracy of the
measurements was 1 °C. The temperature load on the test
samples lasted 60 minutes. The initial temperature of the
samples was 10 °C, the air humidity was 56 %. The max-
imum temperature of the environment in the furnace on
the heating side reached 770 °C. The heating temperature
regime was close to, but lower than, the standard heating
curve according to ISO 834 [18] and corresponded to the
parametric temperature curve. Parametric temperature
regimes better reflect real scenarios of fires in premises
taking into account ventilation openings, mass of combus-
tible materials, and other characteristics of the premises.
After completion of heating, the samples were cooled
naturally.

5. Results of investigating plastering materials under
temperature stress

5. 1. Experimental determination of temperature dis-
tribution in sample cross sections

Based on the data acquired at the control points, tem-
perature-time dependency plots were constructed for all
studied series (Fig.4,5). The temperature readings after
60 minutes of heating are summarized below. As could be
seen from the plots in Fig. 4, a, on the reverse, unheated side
of the wall, the temperature rose slightly by 5 °C relative to
the initial temperature for samples without plaster. Tempera-
ture indicators for both series of plastered samples remained
unchanged. In the middle of the cross-section of the aerated
concrete block (Fig. 4, b), the distribution plot shows higher
temperature values: 74 °C for the control samples and 55 °C
and 41 °C for the CLP and PVP series, respectively. A sim-
ilar trend was observed at the interface between the plaster
and the block. The recorded temperatures were 619 °C for
the CTRL series, 378 °C for the CLP series, and 98 °C for the
PVP series (Fig. 5, a).
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Fig. 4. Temperature distribution in the thickness of the
samples: @ — on the unheated surface (thermocouple T4, T1,
T8); b — on the middle surface (thermocouple T5, T2, T9)

In the middle of the plaster thickness (Fig. 5, b), the maxi-
mum heating of CLP series samples was 541 °C for CLP series
samples and 286 °C for PVP samples. The control samples
did not have plastering solutions, and the temperature corre-
sponded to the temperature of the environment 7,,,,=770 °C.

Analysis of temperature distribution plots in the thin
layer (Fig. 5, a, b) clearly reveals horizontal sections (marked
by arrows). They indicate the slowing down of heating due
to heat consumption for the evaporation of pore water at



a temperature of ~100 °C. Therefore, after evaporation of
chemically unbound water after 20 min the heating of the
material (PVP series) returns to a more intensive mode. As
could be seen, in PVP samples, these areas are significantly
longer due to the larger number of pores due to the structure
of the clay material. In total, this slowdown was 60 min for
the PVP series and 10 min for the CLP series.
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Fig. 5. Temperature distribution under the surface of the
plaster at a distance: a — 20 mm (thermocouple T6, T3, T10);
b — 10 mm (thermocouple T7, T11)

Fig. 6,7 show the distribution of temperatures in the
cross section of the studied samples at different stages of
heating (the plane of the plaster is shown in gray, and the
plane of the wall block is shown in white). The difference
between the temperature of the fire medium and the sur-
face temperature of the block under the plaster for 15 min-
utes of heating (Fig. 6, a) is Actrr=272 °C, AcLp=517 °C,
Apyp=593 °C. With the duration of the temperature effect
on the plaster, the temperature differences change. Thus,
over 60 minutes of heating (Fig. 7, b), these indicators were
ACTRL:153 °C, ACLP:392 cC, Apvp:673 °C. As COllld be seen
from the comparison of the plots at the end and at the begin-
ning of heating, only for samples of the PVP series, the dif-
ference does not decrease, which indicates the preservation
of the thermal insulation properties of the plaster.

After the fire exposure, the test samples were examined,
and a visual comparison of the plaster condition was con-
ducted (Fig. 8).

Shortly after the temperature exposure ended, a sig-
nificant portion of the CLP series plaster detached com-
pletely and fell to the bottom of the fire chamber. Surface
chips and craters also developed. For the PVP series,
structural changes caused by dehydration led to increased
surface roughness. Microcracks were observed on both
types of plaster.

Fig. 6.
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Fig. 7. Temperature distribution in the thickness of the samples:

a — minute 45 of heating (7., ~745 °C);
b — minute 60 of heating (7.,~=770 °C)




Fig. 8. Peeling of CLP series plaster during the curing of the
structure

3. 2. Numerical modeling of temperature distribution
in sample cross sections

To determine the temperature distribution by calcula-
tion, the Fourier law (1) was used for a two-dimensional
problem with a non-linear temperature regime and non-lin-
ear thermophysical characteristics of materials [19]:

0 oT 0 oT oT
a—x(xxa—x}@(x —jz—q(T)—c(T)p—, )

"oy
where T is temperature, ¢ is time, A(T) is specific thermal
conductivity, p is density, ¢(T) is specific heat capacity,
q(T) is specific power of heat sources.

The initial (2) and boundary conditions for the convec-
tive (3) and radiative (4) components of the heat flow at the
faces of the elements were also specified [2].

Initial conditions:

T(x,9,0)=T,(%y,), @)
boundary conditions:

Fn:a(T—TO), 3)

F,=k,B(T"-T;), “*)

where a is the convection heat transfer coefficient (W/(m?K);
T'is the temperature of the external environment (K);
Ty is the initial temperature (K);
kg, is the Stefan-Boltzmann constant (W/(m?K?);
B is the emissivity coefficient of the surface.
The QuickField® software package [20] was used to
perform the calculations. This is a software suite for cal-
culating problems of thermodynamics, electromagnetism,

[V Convection: Fpy=0:(T-To)

o= (25 (wikm?)
To=|-23 ('C)

[V Radiation: Fp= frkep(T*- TS

p= |07 |
To=[24 | ro)

[ Equal Temperature: T = const

and stress analysis. Owing to the convenient and intuitive
interface (Fig. 9), the parameters of the geometry, material
properties, boundary conditions of the heat flow on the sur-
faces were set, and the calculation was performed using the
finite element method.

For correct numerical modeling, it is necessary to have
information about the thermophysical characteristics of
materials at high temperatures. However, manufacturers
of conventional plasters do not provide such indicators,
therefore, values based on temperature studies of similar
materials were adopted (Table 1). Intermediate values
were taken by interpolation. To simplify calculations, it
is assumed that the density of materials does not change
during heating.

The coefficients for convection and radiation component
were used to define the boundary conditions for heat trans-
fer on the element faces (Table 2). The exposed temperature
load function was based on actual measurements obtained
from the furnace data.

As a result, the distribution of temperature fields in the
samples of different series over the entire heating time was
obtained. Fig. 10 shows temperature distribution in the cross
section at the 60" minute of heating.

Table 1

Calculated thermophysical characteristics of
materials [3, 14, 15, 22, 23]

) Thermal conduc- | Heat capacity C,
Series Digjlr% p,| tivity A, W/m K J/kg K Source
20°C | 500°C | 20°C | 500 °C
CLP series | 1600 [14]| 0.7 0.3 900 1350 23]
PVP series | 330 [15] | 0.08 0.25 800 1200 | [22]
Aerated 500 Fig. D1(d) Fig. D1(d) (3]
concrete annex D. annex D.
Table 2

Boundary conditions adopted in the calculation [2, 24]

Measure-

ment unit Value

Parameter name, symbol Source

Convection heat transfer coefficient for

2
the surface to be heated, a, W/m’K | 25 2]

Convection heat transfer coefficient for a

2
surface that is not subject to heat, o, W/m’K 9 2]

Emissivity coefficient, B 5;?{;2; 091 | [24]
Initial surface temperature, T, K Experimental
Exposed temperature, T K data
Thermal Conductivity
B .-
T
[ Nonlinear [] snisotropic

VYolume Power of the Heat Source

| wimd | F |

Q= [(5e6)"2 * 1/56eH]

[C] Depends on Temperature

For Time-Domain Only Coordinates

g

(@ Cartesian

Fig. 9. Interface of the QuickField software package [21]
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Fig. 10. Results of the numerical simulation of temperature
distribution: @ — grid of finite elements; b — for samples
of the CTRL series (60 min); ¢ — for samples of the CLP

series (60 min); d — for samples of the PVP series (60 min)

In general, the difference in results ranged from 5 % to 19 %.
The largest discrepancy compared to the experimental results
occurred when the temperature approached ~100°C, as the
software package does not account for moisture transfer.

6. Discussion of experimental research results

The investigated structure was tested as a self-sup-
porting, enclosing partition that does not bear external
loads. Accordingly, the fire resistance of the structure is
assessed based on its loss of heat-insulating ability. Under
the standard heating regime, the limit state for this crite-
rion is defined as one of two conditions. An increase in the
average temperature on the unheated surface of the sample
exceeding the initial average temperature by 140 °C. Or an
increase in temperature at any arbitrary point on the unheat-
ed surface exceeding the initial temperature at that point
by 180 °C [25]. Note that this limit state was not reached
for any of the studied structures under the influence of the
experimental temperature load. The temperature on the
unheated surface changed within 5 °C only in samples with-
out plastering (Fig. 4, a). From the analysis of temperature
distribution plots (Fig. 4, a, b), it could be seen that for walls
made of aerated concrete 200 mm thick, the effect of plaster-
ing 20 mm is very insignificant.

At the middle point of the wall block, the effect of plas-
tering becomes more noticeable and shows 25 % (CLP)
and 45 % (PVP) lower temperature values compared to the
control samples (Fig. 4, b).

Extending the analysis of test results, it could be noted
that the intensity of evaporation of pore water in the materi-
al significantly affects the subsequent thermal conductivity
of the structure. PVP samples, because of the greater poros-
ity due to the perlite-vermiculite composition, show a longer
period of water evaporation, which contributes to better

thermal insulation. This slowdown is also related to the fact
that the evaporation of pore water is a phase transition that
absorbs a large amount of thermal energy, delaying further
heating. At the same time, CLP samples have a smaller
number of pores, which causes faster water evaporation and
correspondingly less efficiency in heat retention.

The influence of the heat-insulating ability of the plaster
is clearly visible in Fig. 5, a, where at the end of heating, the
difference compared to the CTRL series was 39 % (CLP)
and 16 % (PVP). The same trend is observed for the plane in
the middle of the plaster: 30 % for the CLP series and 62 %
for the PVP series (Fig. 5, b).

Fig. 6,7 show the distribution of temperatures in the
thickness of the structure at different stages of heating.
They clearly demonstrate the heat-insulating effect of fin-
ishing plasters. For example, on minute 60 of heating, the
surface of an aerated concrete block without decoration
is 617 °C, on the other hand, the temperature of the surface
under the plaster of the CLP series is 378 °C, and the PVP
series is 97 °C. This indicates a significant heat-insulating
effect of even conventional plasters under fire conditions.
Accordingly, the temperature of the face of the wall as an
enclosing structure in this case has a protective effect due
to the plaster at Ac;p=239 °C, Apyp=>520 °C in comparison
with undecorated samples.

The destruction of the CLP series plaster shows the need
for additional measures for fixing the plaster to the wall.
Taking into account the negative effect of high temperatures
on the adhesion of plasters, it is necessary to ensure reliable
fastening of plasters to the walls. This could be achieved
through the correct selection of plastering solutions in rela-
tion to the material of the wall and with the help of the ar-
rangement of steel reinforcing grids for solutions, notches on
the surface of the blocks, additional adhesive solutions, etc.
The destruction of the PVP series plaster didn’t happen at
all. This is likely due to the lower pore water pressure in the
more porous material (compared to the PLC series). Also,
the plaster of this series has a similar porous structure to the
aerated concrete block, which reduces temperature stresses
at the contact of the materials.

In contrast to previous studies [4—11], in which attention
was paid to specialized plasters, the current study consid-
ered plasters that are widely represented in the modern con-
struction market and are used on a mass level. This approach
ensures a greater practical value of the results because the
investigated plasters were tested on full-size models of light
autoclaved concrete walls, which better reproduces the
real conditions of fire load. The results of the experiments
showed that conventional plasters have the potential to
increase the thermal insulation capacity of the enclosing
structures, which makes it possible to more accurately de-
termine their fire resistance limit according to the thermal
insulation criterion ().

The practical significance of this research relates to de-
termining the effectiveness of conventional plasters, which
are widely used in modern construction, to improve the fire
resistance of lightweight concrete wall structures. Apply-
ing the research results could contribute to optimizing the
design of building structures. The proposed methodologies
of analysis and experimental evaluation could be used to
devise recommendations for the application of plasters in
construction practice.

The findings may have limitations in determining the
actual fire resistance characteristics due to the unpredict-



ability of plaster adhesion properties during a fire. Accurate
consideration of their thermal properties in calculations is
only possible if reliable fastening of the plaster to the wall
structures is ensured. Additionally, numerical modeling
may yield less precise predictions because of insufficient
data on the changes in the thermophysical properties of
plasters at high temperatures, which constrains the accu-
racy of the calculations.

A significant drawback of the applied experimental
approach is the high cost of conducting fire tests on medi-
um-sized samples in a fire chamber, which may restrict the
frequency of such studies. Nevertheless, these experiments
are essential for obtaining reliable results that address
existing gaps in the research on the fire resistance of plas-
ters. Future research in this area could focus on evaluating
other types of plaster and structural materials, as well as
optimizing experimental methods to reduce testing costs
and labor intensity.

7. Conclusions

1. Experimental studies have demonstrated that the appli-
cation of plaster reduces the temperature at the contact inter-
face between the plaster and the autoclaved aerated concrete
block compared to non-plastered samples. For cement-lime
plaster (CLP), the contact temperature was reduced by
AcLp=239 °C (a 1.6-fold reduction), and for perlite-vermic-
ulite plaster (PVP) by Apyp=520°C (a 6.3-fold reduction).
Perlite-vermiculite plaster proved to be 3.8 times more effec-
tive than cement-lime plaster in terms of fire protection. This
result can be attributed to the superior thermal insulation
properties of PVP, owing to its high content of perlite and
vermiculite, which exhibit low thermal conductivity. After
one hour of fire exposure, the contact temperature was 378 °C
for CLP and only 98 °C for PV P, highlighting its significant
protective potential under elevated temperature conditions.

2. Numerical simulation using the finite element method
has confirmed the viability of this approach for estimating
temperature distribution in lightweight concrete structures

with plaster. The discrepancy between the numerical and
experimental data did not exceed 19%, which is within
an acceptable range for predicting structural performance
under high-temperature conditions. To further improve the
agreement between numerical modeling results and exper-
imental data, it is necessary to account for changes in the
thermophysical properties of the plaster during heating, as
well as the parameters of temperature exposure.
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