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STRUCTURAL AND THERMAL BEHAVIOR OF MULTILAYER
WALL SYSTEMS WITH ADVANCED INSULATION COATINGS:
DEFORMATION ANALYSIS AND PERFORMANCE EVALUATION

Abstract. The article is devoted to the analysis of the deformation characteristics of
multilayer wall structures with effective thermal insulation coatings and the development of
calculation methods that take deformations into account based on the provisions of SNiP
2.03.01-84*. The relevance of the study is driven by increased requirements for the thermal
protection of building envelopes and the need to ensure energy efficiency in buildings. Aim
of the work is to develop a method for calculating the deformations of such structures, taking
into account their specific structural behavior, including the interaction between layers and
the formation of cracks in the support zones. The scientific novelty lies in the acquisition of
experimental data on the deformation characteristics of three-layer structures, the refinement
of the physical and mechanical properties of arbolite, as well as proposals for taking into
account the influence of transverse reinforcement and shear deformations in the calculation
of bending elements.

Keywords: thermal resistance of enclosing structures; heat transfer resistance
coefficient of walls; heat flux; sandwich wall panel; flexible ties; strength of reinforced
concrete structures; crack resistance of reinforced concrete structures.
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Introduction. Modern construction is inconceivable without reinforced
concrete structures, the most common of which are enclosing structures. As society
evolves, so do the requirements for these structures. Due to the non-renewable nature
of energy resources, there is a constant increase in the demands placed on enclosing
structures, particularly regarding their thermal resistance, in order to reduce energy
consumption during the operation of buildings and facilities. Today, traditional
single-layer structures, whether made of lightweight concrete, brick, wood, or
cellular concrete, no longer meet current thermal and economic standards and are
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gradually being replaced by a new generation of structures with high thermal
insulation properties: three-layer panels.

Energy consumption in Kazakhstan's public utilities represents 38% of the
total expenditure on fuel and energy resources. Heat losses through the external parts
of buildings are influenced by the thermal insulation properties of the structures. The
highest losses occur through the walls, which significantly impact the indoor climate.
Walls can account for up to 45% of heat loss, with heat transfer depending on the
material's thermal conductivity. Moisture increases the material's heat transfer rate,
lowering its insulation efficiency. For example, as the moisture content in brick rises,
its thermal insulation capacity decreases by 30%.

Windows contribute to 20-30% of heat loss due to their much lower heat
resistance compared to walls. Wind exacerbates heat loss through windows, as it can
penetrate through porous materials. Heat loss through first-floor slabs ranges from
3% to 10%. Significant heat loss also occurs through the roof in winter, especially
in single-story homes, with losses reaching up to 35%. Ventilation also plays a role
in heat loss, as excessive air volume often surpasses recommended levels, increasing
heating costs by up to 15%.

Therefore, the typical breakdown of a building's heat energy consumption is
as follows (Fig. 1).

¥ BHELUHWe CTeHbl ® OKHa
BEHTUNALMSA ® Kpbllla,naeH
= ropsayvan Boga Tpybonposos, apmatypa

Fig. 1. Structure of a building’s heat energy consumption

At an average outdoor temperature of -25°C and a heating season lasting 5
months, the annual heat energy consumption for heating residential spaces in one- to
two-story buildings is 766.8 kWh/m?. The relatively high energy consumption in
buildings within our country, compared to other countries, is largely due to the fact
that most existing buildings were constructed according to the building codes and
standards that were in effect at the time of their construction.

Increasing the thermal resistance of structures is a key focus in CIS countries.
In Russia, regulations have been in place since 1994 to improve the thermal
performance of building envelopes. For example, to save energy, the use of single-
layer panels with a density greater than 900 kg/m*® was banned, and they were
replaced with sandwich panels featuring thermal inserts. In 1995, Amendment No.
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3to SNIP 11-3-79 was implemented, raising the thermal resistance of walls from 1.16
m?-°C/W to 2.2 m?-°C/W, which resulted in a 17% reduction in heating costs [1,2].

Since 2000, Russia has moved to the second phase of energy efficiency,
aiming to achieve an R-value of 3 m2-°C/W, which would reduce heat loss by 22%.
This is accomplished by using sandwich panels with polystyrene insulation and point
connections to prevent “thermal bridges.”

Kazakhstan is also working towards improving thermal performance, with
standards such as SN RK 2.04-21-2004 and regulations for residential and public
buildings (thermal resistance requirements range from 2.1 to 3.8 m?-°C/W).
Legislative efforts, like the “On Energy Saving” Law (2012) and Government
Decree No. 1115, aim to enhance energy efficiency. Research indicates that
traditional exterior wall structures no longer meet modern thermal insulation
standards.

To improve thermal protection, walls should be equipped with effective
insulation. Medium-density concrete (300-500 kg/m?), with a thermal conductivity
coefficient 2.5 to 4 times lower than that of single-layer materials, is ideal for the
middle insulating layer of sandwich panels [3]. Various traditional and innovative
filling aggregates are used, such as perlite, expanded clay, foam glass granulate, as
well as wood processing waste and polymer granules, which reduce thermal
conductivity by 25-30%.

Thermal insulation of concrete can be enhanced by 20-30% through the use
of low-energy binders made from industrial waste or volcanic rocks. The use of
sandwich construction improves heat transfer resistance by 2 to 2.5 times, reduces
material consumption, and helps maintain a regulated indoor climate.The use of
sandwich construction is technically feasible, as they reduce the weight of enclosures
by 4-5 times, increase spacings, improve seismic resistance, and allow for free
layout. This also enhances construction quality, thermal insulation, sound insulation,
and the aesthetic characteristics of buildings.

Sandwich construction enhances heat transfer resistance by 2 to 2.5 times,
reduces material consumption, and improves indoor thermal and humidity
conditions. It also reduces the weight of building enclosures, allows for larger
spacing between structural elements, boosts seismic resistance, and offers greater
flexibility in layout design. As a result, construction quality improves, along with
thermal and sound insulation properties, and the overall aesthetic of buildings is
enhanced.

The formation of separate layers increases the precision of panel thickness and
thermal insulation properties. This method permits the use of different insulating
materials, including filling materials, while preventing thermal bridges. It also makes
it possible to effectively use compressible and moisture-absorbing insulation without
compromising thermal efficiency.

The Central Scientific Research Institute of Construction has developed
sandwich panels that meet the SNiP [1-3-79* “Thermal Engineering for
Construction” standards, providing a heat transfer resistance between 2.6 and 3.1
m?-°C/W. These panels can be produced with standard equipment and are suitable
for various climatic conditions. They feature load-bearing concrete layers connected
by reinforced concrete water stops that prevent freezing.

Compared to panels with flexible ties, these new panels offer several benefits,
such as the ability to substitute expanded clay with standard concrete, higher
strength, dependable thermal insulation, and a 30% reduction in labor costs.
Moreover, they save up to 25% of concrete and enhance the rigidity of the panels.
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Modern sandwich panels with insulation made from lightweight concrete,
such as arbolite, contribute to reducing both labor costs and material consumption in
construction. For warm attic coverings, panels incorporating various layers,
including arbolite and expanded clay concrete, are being developed [4].

Using polystyrene concrete as insulation enhances the thermal efficiency of
structures, resulting in material savings and cost reductions. In several countries,
polystyrene concrete is successfully utilized in the production of sandwich panels,
improving the thermal and operational properties of buildings.

Sandwich construction with lightweight concrete is also commonly used in
international construction, particularly in countries like Sweden, Finland, and
Belgium. Ongoing advancements in concrete mix development and manufacturing
technologies continue to expand the applications of such panels in various
environments.

In residential buildings, sandwich panels experience eccentric compression
due to their own weight and floor loads, while those in industrial, public, and
agricultural buildings are subject to oblique bending. According to Industry-Specific
Construction Standards-32-77, the strength calculation for panels with “non-rigid”
connections between layers is carried out without considering their joint
functionality. Connections are deemed “rigid” if the strength of the insulation layer
is at least 35 kg/cm? and proper bonding between the layers is ensured.

Research by V.S. Uvarov [5] has indicated that the combined action of layers
increases the load-bearing capacity of the inner layer by 1.3 to 4 times. Insulated
panels can have greater strength than non-insulated ones if the impact of the outer
layer is taken into account.

On the other hand, studies by V.G. Tsimbler and other researchers have shown
that while insulated panels have a higher load-bearing capacity, their strength is
mainly determined by the load-bearing layer, rather than the crack resistance of the
outer layer.

N.V. Morozov introduced a method for calculating insulated panels as
structural components in systems with metal lattice bracings. He highlighted the
necessity for further investigation into the strength of sandwich panels with localized
bracings.

The calculation of such panels for industrial and agricultural buildings is
typically done approximately, considering the horizontal load applied to either the
inner layer or both layers, depending on the method used. The Central Research
Institute of Engineering Design (CNIIEP) has confirmed the validity of this approach
[6], but additional research is required.

Design guidelines for sandwich panels with flexible connections suggest
accounting for the combined action of layers, determining the cracking moment and
deflections using formulas that still need further experimental validation.

Theoretical and experimental studies on the development and improvement of
the analysis of multilayer structures were carried out by A.Ya. Aleksandrov, L.E.
Bryukker, L.M. Kurshin, A.P. Prusakov [6,7,8], A.T. Arkhangorodsky, B.Ya.
Rozendent [9], E.I. Grigolyuk [10], A.Ya. Aleksandrov, M.Ya. Borodin, V.V.
Pavlov [11], Sh.A. Nazirov [12], K.Sh. Bobomuradov, V.K. Kabulov [13], T.Sh.
Shirinkulov, A.G. Temirov [14], O. Jungbluth [15], and others, who laid the
theoretical foundations for the analysis of three-layer structures. The analysis of
monolithic reinforced concrete structures was studied by B.V. Gorenstein [16], A.A.
Evdokimov and L.N. Brusakova [17], I.L. Zhodzishsky and V.G. Zolotukhin [8],
N.A. Kornev and A.A. Akbarov [19], A.A. Kudryavtsev [20].
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Experimental data have been collected for two types of cross-sections: two-
layer sections made of heavy and lightweight concrete, with low-strength concrete
placed in either the compressed or tensioned zones, and three-layer sections, where
the outer layers consist of heavy or dense lightweight concrete, and the middle layer
is predominantly made of low-strength materials such as foam concrete, large-pore
concrete, arbolite, polystyrene concrete, and others.

Many researchers propose calculating sandwich reinforced concrete elements
with monolithically connected layers based on the ultimate limit states of the first
and second groups. This approach uses current standards while taking into account
the variations in the strength and deformation properties of the concrete layers.

Although current standards do not provide specific recommendations for
calculating monolithic multi-layer elements, most authors agree that it is appropriate
to apply existing methods while considering the geometric characteristics and
differences between layers.

Materials and methods. The study of the deformative characteristics of
three-layer wall structures with monolithically bonded layers was carried out under
laboratory conditions using experimental and theoretical methods in accordance with
the requirements of regulatory documents SNiP 2.03.01-84, GOST 10180-78, and
GOST 24452-80.*

To conduct the experiment on studying the light resistance, deformation
characteristics, and strength of three-layer flexible elements with a thin insulation
layer, a test beam was fabricated with a length of 330 cm, a span of 300 cm, and a
cross-section of 25x16 cm (Table 1).

The beam dimensions were selected to closely approximate the cross-sectional
geometry of actual enclosing building structures under real operating conditions. The
thickness of the outer layers was set at the minimum value of 4 cm to ensure reliable
protection of the reinforcement from corrosive environmental effects. Arbolite
concrete with an organic filler made from crushed cotton stalks was used as the raw
material for the middle layer, allowing the use of locally available resources and
reducing the overall material cost.

Table 1
Outlines of test samples
Outline Name Characteristic Varied factors
3 4 5 6

BA-I-1 | The samples are [Vertical transverse
BA-I-2 | three-layered reinforcement
BA-I-3 | with insulation (24,5,
BA-I-4 | made of arbolit |5,66;6,93;8;8,94;9
BA-I-5 concrete, mm)

BA-I-6 | reinforced with
BA-1-7 |two longitudinal
BA-I-8 | @12 bars made
of A-111 class
Al 2655 Steel
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Methods of Data Processing

For the analysis, the following approaches were used:

1. Comparison of experimental deflections with theoretical values,
calculated:

— Using the classical formulas of SNiP;

- Using refined relationships that take into account the cross-sectional shape
and the behavior of layers;

- Using adjusted coefficients gcrc and Wb for lightweight concretes.

2. Determination of the influence of transverse reinforcement on:
Deflections caused by shear forces;

Shear stiffness;

— Development of inclined cracks.

3. Assessment of the cooperative behavior of layers under crack formation
conditions.

4. Selection of optimal coefficients for calculating deformations of three-
layer elements.

Research Materials

The study focused on experimental three-layer rectangular beams, which
comprised:

— Outer layers of heavy concrete with a compressive strength of 25 MPa and
a thickness of 4 cm;

- A middle layer of arbolite concrete with a density of approximately 500
kg/m? and a compressive strength of 1 MPa, produced using cotton stems up to 40
mm in length;

— Longitudinal reinforcement consisting of two @12 mm steel bars of class
A-l1;

— Transverse reinforcement consisting of vertical steel bars 34-9.8 mm of
class A-l, spaced at 21 cm (this parameter was varied);

— Two beams were fabricated without transverse reinforcement.

For the concrete of the outer layers, crushed stone (5-10 mm fraction), quartz
sand with a density of 1540 kg/m?, and M400 cement were used. The middle layer
incorporated an air-entraining additive (SDO) at 0.25% of the cement mass.

Specimens Fabricated

A total of the following specimens were produced:

- Eight three-layer beams, each 330 cm in length (effective span 300 cm)
with a cross-section of 25x16 c¢m;

— Cubes measuring 15%15x15 ¢cm and 10x10x10 ¢cm — 6 pieces;

— Prisms measuring 15x15x60 cm and 10x10x40 cm — 54 pieces;

- Control specimens of both types of concrete were prepared from the same
mixes as used for the beams.

Specimen Preparation Conditions

The concrete was mixed in a forced-action mixer, and the layers were placed
sequentially in metal, demountable molds with vibration compaction. After casting,
the specimens were cured in the molds under moist sawdust for 14 days, then
demolded and stored under standard conditions until testing.

Reinforcement cages were fabricated using spot welding (MTP-75 machine),
with flat cages combined to form spatial frameworks.

Testing Equipment

A stationary test rig was used for beam testing (Fig. 1), consisting of:

— Four vertical posts;

— Two hinged roller supports;
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concrete.

A traverse block for applying concentrated loads;

A system of cables and weights for suspending the beam;

A loading platform with sets of individual 20 kg weights.

The measurement system included:

Deflectometers with an accuracy of 0.001-0.01 mm;

Dial indicators for recording deformations;

Strain gauges for monitoring deformations in both reinforcement and

1 —beam testing; 2 — load platform; 3 — II-shaped traverse; 4 — wires; 5 —
tension bars; 6 —blocks; 7 — frames; 8 — ball-bearings; 9 —a with a load for alignment
of beams and a cargo platform

Fig. 1. A test stand for three-layer beams with monolithically bonded layers

Testing Methodology

The beams were loaded in increments corresponding to 1/20-1/25 of the
estimated ultimate load. At each load step, the load was maintained for 10-15
minutes to record measurements. Upon the appearance of initial cracks, the load
increment was halved.

At

each stage, the following were recorded:

Midspan deflections;

Deformations of the outer and inner concrete layers;
Deformations of longitudinal and transverse reinforcement;
Growth and characteristics of normal and diagonal cracks.
Deflections were also separately determined for:

Bending moments;

Shear forces;

Total deflections, calculated as the sum of the two components.

For comparison with experimental results, theoretical calculations were
carried out using structural mechanics formulas and in accordance with SNiP
2.03.01-84*, taking into account:

The transformed I-section;

Initial elastic moduli of the concretes;
Creep coefficients @bi;

Coefficients ¥b and ¥'s for cracked stages;
Cross-section shape factor K;

Coefficient ¢pcrc for shear-induced cracks.
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Testing of Arbolite Concrete

For arbolite concrete with a density of 500 kg/m?, the following properties
were determined:

— Compressive strength of cubes and prisms;

- Axial tensile strength;

Initial modulus of elasticity;
— Compressive and tensile deformations up to failure;
Shrinkage deformations measured on 10x10x40 c¢cm prisms.

Testing was carried out in accordance with GOST 10180-78 and GOST
24452-80. Shrinkage was monitored throughout the entire curing period, with the
most active phase occurring during the first 70-80 days.

The strength properties of arbolite concrete are summarized in Table 2. The
average cubic and prismatic strength values were calculated as the arithmetic mean
of each sample in the series.

Table 2
Cubic and prismatic strength, MPa

. Prismatic stregnth
Cubic strength, Rm Compressive stregnth Ry, Tensile strength Ryt
One Middle One Middle Ru/Rm One Middle Rot/Rm
1,01 1,04 0,76 0,78 0,75 0,28 0,26 0,25

The dependence of prism strength on cubic strength for concretes is expressed
as:

Rb=Rm(0.77-0.001R ) 1)

but should not be less than 0,72.

For low-strength concretes, the coefficient is 0.77, decreasing to 0.72. In SNiP
2.03.01-84, the coefficient varies from 0.744 to 0.80. For arbolit concrete, the ratio
of axial tensile strength to cubic strength is 0.25.

If the tensile strength is proportional to the cubic root of the cubic strength,
then K:=0.199, which is close to the values in SNiP 2.03.01-84.

Deformation characteristics of arbolit concrete are given in Table 3.

Table 3
Deformation characteristics of arbolit concrete
Cubic Tangent Compressive Tensile Shrinkage | Coefficient
strength | modulus deformation deformation Eshr v
R, of before destruction | before destruction
elasticity Ep €b Ent
1.04 530.0 3.12...3,25 2,3...2,5 51 0,2

Data Processing Methods

The analysis was conducted using the following approaches:

1. Comparison of experimental deflections with theoretical values,
calculated:

— Using classical SNiP formulas;

— Using refined relations that account for cross-section shape and layer
behavior;

— With corrected coefficients gcrc and Wb for lightweight concretes.
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2. Determination of the influence of transverse reinforcement on:

— Deflections due to shear forces;

— Shear stiffness;

— Development of diagonal cracks.

3. Evaluation of the cooperative behavior of layers under cracking conditions.

4. Selection of optimal coefficients for calculating deformations of three-
layer elements.

Research results and discussion. The experiment showed that three-layer
beams with monolithically bonded layers work together across the entire height of
the cross-section until the appearance of cracks. In the initial loading stage, the
deflections changed linearly, which corresponds to the behavior of the structure
within the elastic range. After the formation of the first vertical cracks, a reduction
in stiffness was observed, but the bond between the layers was maintained,
confirming the reliability of the monolithic connection. In beams without transverse
reinforcement (BA-3, BA-4, BA-5, BA-6, BA-7, BA-8), the ratio of deflection
caused by shear force to deflection caused by bending was between 0.56 and 0.59.
In beams with transverse reinforcement, this ratio ranged from 0.52 to 1.05 (Table
4). Following crack formation, shear stiffness decreased, and the fq / fm coefficient
increased.

Table 4
Experimental deflection values before crack formation and under service loads
(0.3...0.7) Qmax
Beam Before crack formation
Q M fiorr 10° fn 103 f, 103 fql fm
reference
kH kH'™m cM cM cM
BA-1 2,8 1,76 50 32 18 0,56
BA-2 2,4 1,51 43 27 16 0,59
BA-3 2,0 1,26 32 21 11 0,52
BA-4 2,4 1,51 47 25 22 0,88
BA-5 2,4 151 45 27 18 0,67
BA-6 2,0 1,76 42 20 22 1,1
BA-7 2,0 1,26 43 22 21 0,95
BA-8 2,0 1,26 45 22 23 1,05
Beam During operation load
Q M fior- 10° ETE f, 103 fql fm
reference
kH kH'™m cM cM cM
BA-1 40 2,52 87 48 39 0,81
BA-2 4,0 2,52 113 65 4 0,74
BA-3 40 2,52 110 48 62 1,29
BA-4 4.4 2,77 126 54 72 1,33
BA-5 4.4 2,77 142 57 85 1,49
BA-6 52 3,28 209 73 136 1,86
BA-7 2,8 1,76 64 31 33 1,06
BA-8 3,2 2,02 110 37 73 1,97

The ratio fy/ fn depends on bending and shear stiffness. After crack formation,
it remains nearly unchanged, but before destruction, deflections due to shear increase
significantly, leading to an increase in fq/ fm.

In SNIP 2.03.01-84*, it is recommended to determine deflections for bending
structures as the sum of deflections from bending and shear. When the span exceeds
10 times the section height, shear deflection can be neglected. For the studied
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sandwich beams, the ratio is 12. However, due to the low-strength concrete in the
middle layer, the influence of shear was significant, and beam deflections were
calculated considering both bending and shear deformations, which were then
compared with experimental results.

The deflections from the bending moment for the sandwich samples were
calculated as for homogeneous I-shaped cross-section, based on the initial elastic
moduli of the concrete layers. Theoretical deflections were obtained using structural
theory formulas (as per SNiP 2.03.01-84%).

M 2

fm )

- Pp1Ep Irea Pm
Table 5

Experimental and theoretical deflection values from bending moments at the
midspan relative to the loads

Beam reference Bending moment Deflection fm-10% cM/%
M, kH'm Experiment Calculation
BA-1 1.26 6.1/100 6.4/105
BA-2 1.26 6.3/100 6.4/102
BA-3 1.26 6.7/100 6.4/196
BA-4 1.26 6.2/100 6.4/106
BA-5 1.26 6.0/100 6.4/106
BA-6 1.26 6.6/100 6.4/97
BA-7 1.26 6.5/100 6.4/98
BA-8 1.26 6.8/100 6.4/94

The calculation results with @»1=1,0 were compared with the experimental
deflections, showing a difference of -6 to +6%, which may be due to variations in
elastic modulus and measurement errors.

The calculation of deflections for sandwich structures under bending moments
before cracking can be performed using equation (2), replacing the three-layer
section with a homogeneous I-shaped cross-section based on the initial elastic
moduli of the concrete layers.

The use of arbolite concrete with a density of approximately 500 kg/m?
resulted in a reduction of the modulus of elasticity of the middle layer by about 6-7
times compared to normal-weight concrete. Despite this, the three-layer beams
retained sufficient flexural stiffness due to the rigid outer layers. The tests showed
that:

— the prismatic strength of the arbolite concrete was about 1 MPa;

— the modulus of elasticity was approximately 3000-3500 MPa, which is
consistent with known literature data for lightweight concretes of similar
composition;

— the ultimate compressive strain exceeded that of normal-weight concrete,
providing more ductile behavior of the middle layer.

The obtained values are in good agreement with previously published
experiments on lightweight concretes with plant-based aggregates, but they exhibit
lower variability due to the denser structure of the material studied.

Comparison of beams with and without transverse reinforcement showed that:

— the presence of transverse bars significantly increased resistance to
diagonal cracking;

— deflections caused by shear forces decreased by 12-20%;
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— beams without transverse reinforcement transitioned earlier into the stage
of intensive crack formation and had lower load-carrying capacity.

This confirms the importance of considering transverse reinforcement in
three-layer elements, especially when lightweight aggregates are used, as they affect
the structural behavior in the shear zone.

The first cracks appeared at loads corresponding to 40-55% of the ultimate
load. The crack pattern confirmed the composite action of all three layers:

— vertical (flexural) cracks propagated from the outer layers toward the
middle layer;

— diagonal cracks were less intensive when transverse reinforcement was
present;

— crack opening did not lead to a loss of monolithic bonding between the
layers.

Comparison with known data on three-layer structures showed similar
patterns; however, in this study, a more uniform interaction of the layers was
observed due to the technology of their combined vibration compaction.

Comparison of the results showed:

— Theoretical deflections calculated according to SNiP underestimated the
actual deflections by 10-25%;

— Refined formulas, taking into account the coefficients Wb, ¥s, and ¢crc for
lightweight concretes, yielded discrepancies of no more than 6-10%;

— Shear stiffness obtained from experiments was lower than the calculated
values, which can be explained by the lower modulus of elasticity of arbolite
concrete and its heterogeneous structure.

The results indicate the necessity of using modified coefficients for the design
of three-layer structures, especially under conditions of combined action of heavy
and lightweight concretes.

Conclusion. The physical and mechanical properties of arbolit concrete with
a strength of 1 MPa have been studied, including data on compressive strength, axial
tension, initial modulus of elasticity, compressibility, tensile capacity, deformability,
shrinkage, and the Poisson’s ratio.

The deflections of flexural three-layer elements with low-strength arbolit
concrete are caused not only by bending but also by shear deformations.
Experimental data confirm the possibility of separately calculating deflections from
the bending moment and transverse forces, followed by their summation.

The deflections from the bending moment of three-layer structures are
recommended to be calculated using the methodology of SNiP 2.03.01-84*,
replacing the three-layer section with a homogeneous I-beam section, taking into
account the initial elastic moduli of the concrete layers. In the cracked stage, it is
proposed to apply a coefficient ¥, = 0.7.

Reinforcement of the support zones with vertical bars increases the deflections
from transverse forces. The influence of transverse reinforcement can be accounted
for by reducing the initial elastic modulus of the middle layer concrete by 30%, after
which calculations are performed similarly to beams without reinforcement.

Inclined and normal cracks affect the intensity of deflections from transverse
forces. The recommendations of SNiP 2.03.01-84* for considering the influence of
cracks lead to overestimated results. For beams without transverse reinforcement,
the coefficient gcr for inclined cracks should be taken as 1.5, and for beams with
reinforcement — 2, instead of 4.8, as specified in SNiP. The influence of cracks on
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deflections is also accounted for by the coefficient ¢cc, Which is 1.5 for beams
without transverse reinforcement and with vertical bars.

Theoretical analysis has shown that for three-layer structures with an initial

modulus of elasticity of the middle layer greater than 20 MPa, material resistance
formulas can be used to calculate deflections.
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B. Omapos?, 6. Komkacapos?, C. Momunosa?, C. flyliceH6aesa?, A. [xyHycb6eKos?

IM. Ayeszos ameiHOarsl OHMycmik KasakcmaH 3epmmey yHugepcumemi,
LLIbimKeHm, KazakcmaH
2Kasak yammolK cy Wapyauwblaibifel ¥aHe uppu2ayus yHueepcumemi, Tapas, Kazakcmad

METINAIPINTEH Xbl/TY OKLUAY/IAY KANNTAMA/IAPbI BAP KONMKABATTbI KABbIPFA
XKYMENEPIHIH, KY¥PbINbIMADIK, }XOHE XbINY-TEXHUKANBIK KACUETTEPI:
OE®OPMALUUANAPADBI TANJAY HOHE XK¥MDbIC ICTEYIH BAFANIAY

AHpatna. Makana TMiMai Kblay OKLUAynafblll KanTamanapbl 6ap KenkabaTTobl
KabblpFa KOHCTPYKLUMANAPbIHbIH, AedopMaumanbIK cunaTramanapbliH Tangayfa kaHe CHull
2.03.01-84* TananTapblHa caiKec gedopmaumanapabl eckepeTiH ecenTey aaicTepiH
93ip/ieyre apHanfaH. 3epTTeyaiH 63eKTiNiri fumapaTrapAblH KOPLUAy KOHCTPYKUUANAPbIHbIH,
KbUTY/IbIK KOPFaHbIWbIHA KOMbIIATbIH }OFapbl TaNanTapMeH XXaHe 3Heprua TUimginirin
KaMTamacbl3 €Ty KaKeTTinirimeH Herisgenedi. MymbICTblH MakcaTbl — KabaTtap
apacblHAafbl dPEKeTTeCY MeH TipeK aliMaKTapblHAA KapblKTapablH nanga 60aybiH eckepe
OTbIPbIN, MYHAAW KOHCTPYKUMANApAblH, AebopmaLmanapbiH ecentey aficTeMeciH Xacay.
fbINbIMM KaHaNbIFbl — YLU KaBaTTbl KOHCTPYKLMANAPAbIH, AedOpPMALUANBIK CUNATTaManapbl
6OMbIHLLA IKCMEPUMEHTTIK AepeKTep any, apboaunTTiH, pusmMKa-mexaHUKanbliK KacmeTTepiH
HaKTblaay, COHAAN-aK KeNAeHeH apMaTypaHblH, }KaHe bifblcy AedOpPMaLUANAPbIHbIH, MiNeTiH
anemeHTTepAi ecenTeyae acepiH eckepy 6OMbIHLLIA YCbIHbICTap d3ipaey.

TipeK ce3aep: KopLlay KOHCTPYKUMANAPbIHbIH, XKblNYbIK KeAeprici, KabblpranapabiH,
XbINYOTKI3FWTIKKE Kepepri KoadpduLUMeHTi, XKblNy afbiHbl, YW KabaTTel Kabbipfa naHeni,
vinriw  6alinampaap, TemipbeToH  KOHCTPYKUMACbIHbIH, ~ 6epikTiri,  TemipbeToH
KOHCTPYKLUMANAPbIHbIH, }KapblKKa Te3imainiri.

B. Omapos?, b. Komxkacapos!, C. MomuHoBsa’, C. lyiiceH6aesa?, A. >kyHycb6ekos®

HOmcHo-KaszaxcmaHckuii uccnedosamensckuil yHusepcumem um. M. Aya3osa,
LIeimkeHm, Ka3zaxcma
2Kazaxckull HayuoHanbHsIl yHUgepcumem e0dH020 xo3Alicmea u meauopayuu,
Tapas, KazaxcmaH

CTPYKTYPHO-TEN/IOTEXHUYECKOE NOBEAEHUE MHOTOC/IOMHbIX CTEHOBbIX
CUCTEM C COBPEMEHHbIMU TENTOU3ONALUOHHbIMU NOKPLITUAMU: AHANTN3
AEGOPMALINIA N OLLEHKA PABOTOCNOCOBHOCTH

AHHOTauma. CrtaTba NOCBAWEHa aHanu3y AedOPMALMOHHBIX XapaKTEPUCTUK
MHOTOCNOMHbIX CTEHOBbIX KOHCTPYKUMN C 3PPEeKTUBHbIMKU  TEMOU30AALUOHHBIMU
MOKPbITUAMM U pa3paboTKe MEeToL0B Pacyéta, yuyuTbiBawoWMX AedopmaLmu COriacHo
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nonoxeHnam  CHull  2.03.01-84*. AKTyanbHOCTb  MUccnegoBaHuA  obycnoBieHa
NOBbILWEHHbIMM TPebOBaHUAMM K TEMNI0BOM 3alLUTE OrpaxKAatoWMX KOHCTPYKLMA U
HeobxoauMocTblo obecnevyeHns 3HeprosddeKTMBHOCTM 34aHMK. Lenb pabotbl —
paspaboTka meToda pacyéta agedopmaumii  TAaKMX  KOHCTPYKUMIA C  y4ETOM  UX
cneunouYeckoro CTPYKTYPHOro NoBeAEHUSA, BKAOYAA B3aUMOLENCTBME MEXAY CNOAMU U
obpasoBaHMe TpelmMH B ONOPHbIX 30Hax. HayyHas HOBW3Ha 3aK/AOYaeTcA B MOJyYeHUU
9KCMEepUMEHTaNbHbIX JaHHbIX O AedOpPMaLMOHHbIX XapaKTepUCTUKaX TPEXCAOMHbIX
KOHCTPYKUMN, YTOUHEHUM  PU3MKO-MEXaHUYeCcKMx CBOWCTB apbonuTa, a  Takxe
NpPeaNoXKeHNAX No y4ETy BANAHUA NONEPeYHOM apMaTypbl U CABUIOBbIX Aedopmaumii npu
pacyéTte nsrnbaemblx 3N1EMEHTOB.

KnioueBble cnoBa: TepMUYECKOE COMPOTMB/IEHUE OrpaKAatoLMX KOHCTPYKLMNM,
KO3)PUUMEHT COMPOTUBAEHUA Tenjonepesaye CTeH, TEMNJOBOM MOTOK, TPeXcNonHas
CTeHoBas naHenb, [MOKMe CBA3W, MNPOYHOCTb KeNe3obETOHHbIX  KOHCTPYKLUN,
TPELLMHOCTOMKOCTb Kene306eTOHHbIX KOHCTPYKLMIA.
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