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Abstract. In this paper, the technical problems of using the structures of their
three-layer panels with flexible connections made of polymer materials are
considered on the example of a residential complex under construction in Astana.
The study of three-layer panels with flexible composite bonds was carried out as a
result of the appearance of cracks with an opening width of acrc = 0.05-0.1 mm.
The main purpose of the study was to establish the causes of cracking and to develop
recommendations for the exclusion of such phenomena in the structures of three-
layer panels with flexible composite bonds, which was carried out in the following
directions: preparatory research (study of technical and design documentation,
review of scientific and technical literature (sources) in this field of theory of
buildings and structures), full-scale study of external wall three-layer panels with
flexible polymer bonds (the actual strength of concrete was determined, the entire
technological chain of creation and erection of the structure under study was traced
(manufacture, transportation, installation in the design position); actual
reinforcement of panels was established); performing panel verification
calculations for various design situations (a total of six design calculation options)
based on software the Lira CAD complex; identification of the main causes of cracks
and development of recommendations for the elimination of future technical
problems in the design, manufacture, transportation and installation of three-layer
panels with flexible composite bonds.
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Anparna. byn ocymvicma Acmana KanacviHOa CAlbIHbIN HCAMKAH MYPEbIH Vi
KeWeHIHIH MblCanblHOA NONUMEPIL] MAmMepuanoapoan xHacaizan ukemoi 6amlanblcmapbvl
bap yw Kabammvl naHeILOEPOiH KOHCMPYKYUALAPBIH KONOAHYObIH — MeXHUKANbIK
Mmacenenepi Kapanovl. Hremoi xomnozummix Oaiianeicmapsl Oap yui Kabammol
nauenvoepoi szepmmey sxcapvikmapowviy eui acrc=0,05...0,1 mm awwlry HamudiceciHOe
acyzeze acvipvliovl. Byn zepmmeyoiy mecizei maxcamvl dcapbikmapovly naioa 60y
cebenmepin aHMbIKMAY JHCOHE UKeMOI KOMROUMMIK Oalllanbicbl Oap yw Kabammol
nawenvb0epoiyy KOHCMPYKYUALAPLIHOA OCbIHOAl KYOwlibicmapovl 6010bipmay OotblHuA
yewinvicmap a3iprey 0010bl. Byn ocymvicmap keneci 0aelmmapoa HCYmvic HCypeisy
Ke3iHOe aHbIKMANbIHObL, OalibIHObIK 3epmmey (SuMapammap MeH yumepemmep meopusicol
CanacvlHOagbl MEeXHUKANBIK JHCOHE IHCOOANbIK KYIHCAMMAMAHbL KApay, 2bLIbIMU JHCIHE
MeXHUKAILIK a0ebuemmepoi (Oepekkes0epoi) wony), ukemoi noiumepii oOaiianvicol dap
yuwt Kabammosl CblpmKbl Kadvlpea nanenvOepin mabdbueu 3epmmey (OemoHHblH HAKMbl
Oepixmizcin anvlkmay, 3epmmenemin KYpblibiMObl KYpy MeH MmYpebi3yovly Oapivlk
MEXHON02UANbIK, Mi30eciH  6aKbliay (0aublHOAy, MAcbiManday, Hcodanvlk Hcagoana
opHamy), naHenvboepoiy Haxmvl apmamypacvii opuamy; awlny eui acrc=0,05...0,1 mm
Ke3inde iwKi bemon Kabamul OoubIHWA OemoH beminde2i Kabvbipea NAHENiHiy HCOapavl
JHcoHe meMenel JicueKmepiniy  Oeneellinde, COHOQU-AK mepese  CaAHbLIAYIAPbIHbIY
mopanmapuvl aumazvlHoa sxcapvikmapovt anvikmay,JIlupa CAIIP 6azoapramanvix KeuteHi
He2i3iHOe ap mypii ecenmik Hca20aulapea ApHalaH NAaHelbOiKk meKcepy ecenme)iepit
(ecenmeyOiy anmvli ecenmik HYCKACOIH Ally) AHCYPei3y; Hcapblkmapobly natoa OOIYbIHbIY
Hezi32l cebenmepin AHLIKMAY HCIHe UKeMOI KOMNO3UMMmIK 6aiiansicol 6ap yul Kabammol
nauenvoepoi Hcobanay, 0aublHOay, MACbIMAN0AY HCIHEe MOHMANCOAY Ke3iHoe borauakma
MEXHUKATLIK NPOONEeMANapobl H#Cot0 DOUBIHUA YCbIHbICMAPObL d3iprey.

Tyilin ce3nep: xabwvipea nanenvoepi, mipex snemenmmepi, KYpulivimoap, Kacoem,
akaynap meH 3aKbimoap.
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AHHOTamMsA. B OanHoOll pabome paccmompeHvl MmexHudeckue npoonemvl
NPUMEHEHUsL KOHCMPYKYULL UX MPexcloUunblX Nauenell ¢ UOKUMU CEA3AMU U3
NONUMEPHBIX MAMEPUAnos HA Npumepe CMpOAUe2ocs JHCUN020 KOMNIeKCd 8 2.
Acmana. Hccnedosarnue mpexciotnvlx nanenei ¢ 2UOKUMU KOMAROSUMHbIMU CEA3AMU
BbINOTHEHO 6 pe3yibmame NOAGIEHUs. MPewul WUpuHot packpvimus dcc=0,05-0,1
mm.  OCHOBHOU — Yenvblo  UCCIeO06aHUSL  SABULOCH — YCMAHOGLECHUS  NPUHUH
MpewuHoodpa306anus U paspadomrKa pekoMeHOayull no UCKIHYEeHU) NOOOOHbBIX
SAGNEHUU 8 KOHCMPYKYUAX MPEXCIOUHbIX Nauenel ¢ SUOKUMU KOMNOZUMHbIMU
C6A3AMU, KOMOPAsi NPOBOOULACH 8 CLeOYIOWUX HANPABIEHUSX. NOO2OMOBUMETbHOEe
uccnedosanue (uUzyuenue MeXHUYECKoOU U NPOEKMHOU OOKyMeHmayuu, o0030pa
HAY4YHOU U MeXHUYeCKol qumepamypuvl (UCMOYHUKO8) 6 OAHHOU obaacmu meopuu
30anuUll U COOPYICEHUL); HAMYPHOE UCCIe008AHUe HAPYICHBIX — CMEHOBbIX
MPExXCIOUHbIX NAaHenel ¢ 2UOKUMU  NOTUMEPHBIMU — CEA3aAMU  (ONpedensiiacy
pakmuueckas nPoYHOCMb OEMOHA, NPOCIENHCEHA 6CSL MEXHOI02UHECKas YenouKd
co30anusi U 6036€0€HUs  UCCLedyeMOll — KOHCMpPYKyuu  (UzeomosieHue,
MPAHCNOPMUPOBKA,  YCMAHOBKA 6 NPOEKMHOU  NOLONCEHUEe);,  YCMAHOBLEHO
paxmuueckoe apmuposanie naueneil); 8bINOIHEHUE NOBEPOUHBIX PACUEMO8 NAHENU
HA Ppaziudnble Pacyemuvle CUmMyayuu (8ce20 wecms PAacuemublx 6apUAHmos
pacyemos) Ha ocHoge npoepammuoeo xomniekca Jlupa CAIIP; onpedenenue
OCHOBHBIX NPUYUHBL  NOSAGNEHUS Mpewju U paspabomra pekomeHoayuu no
UCKIIOUeHUO 8  OyoyweM MeXHU4ecKux npooiem npu  NPOeKmupo8anull,
U320MOBIeHUL, MPAHCROPMUPOSKU U MOHMAICA MPEXCLOUHBIX NAHeNell ¢ 2UOKUMU
KOMNO3UMHBIMU CEA3AMU.
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1 INTRODUCTION

One of the primary objectives in advancing large-panel construction technologies is to enhance
energy efficiency and energy conservation. This is achieved through the integration of composite
polymer reinforcements, which are particularly promising for use in three-layer external wall panels.

To ensure the required reliability of three-layer reinforced concrete panels with composite
connections, it is essential to develop appropriate structural solutions and conduct extensive
experimental investigations. These include testing both individual panel elements with connections
and the panels as a whole. Key aspects of this research involve addressing issues of anchoring,
corrosion resistance, and fire safety of the connections, as well as examining the interaction between
flexible connections and the concrete layers of load-bearing structures.

2 LITERATURE REVIEW

(Blazhko, 2015), in Flexible Basalt-Plastic Bonds for Use in Three-Layer Exterior Wall Panels,
emphasized the necessity of developing an effective and reliable system for quality control of flexible
composite connections during production. This system should be incorporated into the technological
regulations for panel manufacturing. The study demonstrated that inaccuracies in the installation and
embedding of flexible basalt-plastic connections, as well as technological factors during production,
significantly affect the load-bearing capacity and durability of panels across various stages, including
manufacturing, transportation, installation, and long-term operation.

(Lugovoy, 2014), in Composite Flexible Connections for Three-Layer Panels, identified
several key advantages of using composite connections over traditional bonding methods for three-
layer panels. Composite connections eliminate thermal bridges, which increases the thermal
resistance of wall panels by 20-40% due to their low thermal conductivity (0,55 W/m-°C). This
improvement enhances energy efficiency and conservation in large-panel construction. Furthermore,
experimental and theoretical studies revealed essential physical and mechanical characteristics of
panels with flexible polymer connections, including their strength under various stress-strain states
(tension-compression, transverse bending, and shear along and across reinforcement fibers), elastic
modulus, creep resistance, and durability in aggressive environments such as acids and alkalis for up
to 100 years. The bond strength between flexible connections and concrete or mortar was also
confirmed. Instead of increasing the insulation thickness in traditional panel designs, the use of
flexible polymer connections eliminates thermal bridges caused by concrete keys or stainless-steel
ties, significantly improving the reliability and cost-efficiency of three-layer panels.

In the study, (Kovrigin, Maslov, and Wald 2017) investigated the effects of alkaline exposure
on flexible composite connections with wound strands. The results showed that such exposure
significantly reduces bond strength with concrete—up to 90%. However, flexible connections
featuring cylindrical-conical anchor expansions experienced only a 9% reduction in bond strength,
ensuring operational reliability and durability of the structure.

The introduction of flexible composite connections in wall panels has significantly enhanced
corrosion resistance and material efficiency. These panels also effectively meet regulatory
requirements for thermal conductivity and heat resistance, optimizing the consumption of
components.

Screw-type connections with periodic profiles, created by bonding strands of basalt and glass
fibers impregnated with resin, are deemed impractical. During extraction from the concrete mass,
shear failures occur in the contact zone due to the detachment of coarse sand from the reinforcing rod
surface. Conversely, the use of anchor elements with cylindrical expansions at the ends of the rods
ensures reliable and durable fixation of flexible connections in concrete.

In addition to the design of the anchor interface (e.g., cylindrical expansion at the end of the
rod), the reliability of flexible connections depends on the composition of the binding element and
the stability of the manufacturing process in terms of quality. Key factors include using raw materials
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with high initial strength and modulus of elasticity and determining the optimal volume ratio of filler
to polymer matrix to achieve a uniform composite structure.

To ensure the required thermal stability of the composite, it is essential to select the appropriate
glass transition temperature, ideally between 60-65°C, as verified by relevant testing protocols.
Furthermore, quality standards for manufacturing flexible composite connections should include a
robust acceptance testing system, with samples from each batch subjected to rigorous evaluation.

The foundation of composite reinforcement in constructions consists of fibers made from basalt,
glass, aramid, and carbon, with thermoactive synthetic resin (plastic) serving as the binding agent
(Imomnazarov, Al Sabri, & Dirie, 2018). Compared to conventional steel reinforcement, composite
reinforcement exhibits certain disadvantages: a low modulus of elasticity, reduced fire resistance,
inability to be used as compressed reinforcement, and higher costs.

A significant obstacle to the widespread use of composite reinforcement is the lack of a robust
regulatory framework. The low modulus of elasticity reduces the ultimate load capacity of flexural
elements without pre-tensioning. Furthermore, traditional calculation methods for reinforced concrete
structures with steel reinforcement are unsuitable for designs incorporating composite reinforcement.

Fire resistance is another critical challenge. When heated to 100°C, composite reinforcement
made of glass or basalt fibers may degrade, requiring the development of specialized fire protection
measures to ensure its viability in high-temperature conditions.

Despite these limitations, composite reinforcement offers notable advantages, including
chemical resistance, electromagnetic transparency, and excellent dielectric properties, making it
particularly beneficial in certain applications.

Filatov (2017) examined the use of three-layer panels with discrete connections (reinforced
concrete walls) based on fiberglass and basalt-plastic reinforcement. The study investigated the
temperature distribution within three-layer external wall panels, which consisted of an outer layer of
expanded clay concrete (80 mm thickness), an insulating layer of polystyrene foam boards (PPS-25
type, 150 mm thickness), and an inner layer of expanded clay concrete (120 mm thickness). Average
surface temperatures of external walls, heat flows, and thermal resistance values were determined.
Thermodynamic calculations were verified through thermographic inspections, which confirmed the
absence of thermal bridges in all cases.

According to Kovrigin and Maslov (2016), existing GOST standards for composite
connections exhibit several critical shortcomings:

1. There are no requirements for the organization of acceptance tests for composite flexible
connections. These tests should not only include measurements of sample geometric
dimensions but also determine the actual physical and mechanical characteristics of the
products.

2. The standards lack requirements for bond strength between connections and the concrete of
the load-bearing or facing layer after exposure to appropriate environmental conditions. This
factor significantly influences the load-bearing capacity of panels incorporating polymer-
composite flexible connections (e.g., glass and basalt fibers).

3. There are no correction coefficients that account for dynamic and climatic impacts on the
strength of flexible connections and their anchoring systems within the concrete mass. This
necessitates the development of additional calculation methods within the broader framework
for composite constructions.

4. Specific (technically justified) schemes for the placement of flexible connections to optimize
their inherent strength and ensure reliable and thermally efficient wall panels are absent.

The structural design of the anchoring element in flexible connections plays a pivotal role in
their reliability and durability. This includes features such as protruding ribs along the entire length
of the rod, square profile expansions formed by milling the composite rod, or cylindrical-conical
expansions connected with cylindrical sanded anchor sections. Such features are essential to ensuring
the reliable connection of the layers in three-layer panels. Therefore, all flexible connection designs
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should undergo strength testing in aggressive environments to verify both the connections and their
anchoring systems before being approved for use.

Based on international methodologies, the following requirements have been established for
testing the load-bearing capacity of flexible connections:

1. The quality of the connections should be assessed in terms of both their own strength and the
strength of their nodes when bonded to the concrete mass of constructions.

2. Connections should undergo tests in alkaline environments to evaluate chemical aging under
simultaneous static loading. The test duration should be at least 5,000 hours (compared to only
720 hours in Russia).

3. Statistical data on strength reduction over time should be collected, allowing extrapolation for
the expected service life of the structure.

4. During testing, failures should occur exclusively within the concrete mass (i.e., the forms and
failure modes of flexible connections should be uniform).

Flexible rod connections used in three-layer sandwich panels are sections of composite rods
with a circular cross-section and anchor expansions at their ends to improve anchoring performance.
These components include suspensions, supports, and braces, which are integral to the structural
integrity of the panels.

To reduce shrinkage and deformation of concrete, which create conditions for crack formation
during lifting and transportation, this study proposes diagonal flexible connections. These
connections are made from high-strength fiberglass with low thermal conductivity and high resistance
to alkaline and chemical environments, thereby eliminating thermal bridges and ensuring the
corrosion resistance of the panels (Nikolaev, Stepanova, & Demina, 2018).

Lugovoy and Kovrigin (2015) analyzed the application of three-layer reinforced concrete
panels with composite flexible connections, including SPA 7.5 connections produced by the Biysk
fiberglass factory. Replacing thermally conductive connectors such as metal ties and concrete keys
with composite flexible connections effectively addresses the issue of thermal bridges. However,
current GOST standards for flexible connections used in multilayer enclosures exhibit several
shortcomings. First, they lack technical requirements for the bond strength between flexible
connections and the concrete of the load-bearing or facing layer after exposure to alkaline
environments, despite this factor being critical for determining the load capacity of the bonding node.
Although alkaline testing does not significantly affect the strength of the primary rods of the
connections, which retain a margin of safety, the absence of these requirements limits design accuracy.
Second, there is no established procedure for statistically reliable determination of correction
coefficients that account for dynamic and temperature impacts on the strength of flexible connections
and their anchoring nodes. Third, calculation-based and justified schemes for arranging flexible
connections within the concrete mass of constructions remain undeveloped.

To ensure the proper operation of panels with polymer composite flexible connections, they
must comply with GOST standards and construction regulations, including SP 63.1333012 Concrete
and Reinforced Concrete Structures. General Provisions, to prevent undesirable cracking
processes. When calculating prefabricated structural elements exposed to loads during lifting,
transportation, and installation, the load from the element's weight must include a dynamic coefficient
of no less than 1.6 during transportation and 1.4 during lifting and installation.

When designing structures with flexible composite connections, operational factors such as
freeze-thaw cycles, exposure to high-temperature fields, wind pressure pulsations, and similar
conditions must be considered using appropriate reliability coefficients and working conditions. The
design of three-layer panels with flexible composite reinforcement must strictly adhere to current
standards, including Interstate Standard GOST 31938-22 Composite Polymer Reinforcement for
Concrete Structures. General Technical Conditions (Interstate Standard, 2022) and Interstate
Standard GOST 32486-15 Composite Polymer Reinforcement for Concrete Structures. Methods for
Determining Structural and Technological Characteristics (Interstate Standard, 2016).
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3 MATERIALS AND METHODS

The scientific and technical assessment of a residential construction project in Astana was
conducted in accordance with SP RK 1.04.04-101-2012 Inspection and Evaluation of the Technical
Condition of Buildings and Structures (SP RK 1.04-101-2012, 2015) by the KazMIRR Institute. The
assessment included three main stages: preparatory (preliminary) research, a full-scale investigation
of external three-layer wall panels with flexible connections, and verification calculations for the
external wall panel under various design scenarios.

The preparatory research established that the structural scheme of the building is a frame
structure consisting of monolithic reinforced concrete pylons, shear diaphragms, and floor slabs. The
strength, stability, and spatial rigidity of the building are ensured by the combined performance of the
pylon system, shear diaphragms, horizontal floor disks, and foundation, as described by Nuguzhinov
et al. (2023), Nuguzhinov et al. (2021), and Mussabayev et al. (2023).

The panels used in the project are 3NSg-type panels in accordance with GOST 31310, which
are three-layer external wall panels with flexible connections and a single-row cut design. These
panels have a total thickness of 285 mm, comprising an internal reinforced concrete layer with a
thickness of 80 mm, a mineral wool insulation layer with a thickness of 140 mm, and an external
reinforced concrete layer with a thickness of 65 mm, as outlined in NTP RK 01-01-3.1(4.1)-2017,
GOST 14782-86, and GOST 5264-80.

Flexible connections installed between the internal and external concrete layers ensure the
combined performance of these layers in the external wall panel. These connections consist of
suspensions, spacers, and braces made of fiberglass rods with a diameter of 7.5 mm. Each connection
element performs a specific function: suspensions support the weight of the panel’s external layer,
spacers maintain the distance between the layers, and braces prevent horizontal displacement of the
external layer relative to the internal layer, as described by Nuguzhinov et al. (2022) and
Nuguzhinov et al. (2021).

The reinforcement of the external and internal concrete layers of the three-layer external wall
panels consists of Vr-1 class wire mesh with a diameter of 5 mm and a spacing of 100 mm, combined
with frames containing longitudinal reinforcement made of AIII class rods with a diameter of 10 mm.
The transverse reinforcement is made of Vr-1 class wire with a diameter of 5 mm. Additional
reinforcement is provided at the corners of window openings using AIII class steel rods with a
diameter of 8 mm and a length of 600 mm. Four lifting loops made of Al class reinforcement with a
diameter of 10 mm are embedded in the internal concrete layer. To ensure vertical positioning, two
loops made of Al class reinforcement with a diameter of 20 mm are installed in the upper part of the
panel and are embedded in both concrete layers.

During the full-scale investigation of external three-layer wall panels with flexible connections,
cracks with a width of acrc = 0,05-0,1 mm were identified in the internal concrete layer at the top
and bottom levels of the wall panel, as shown in Figure 1.

4 RESULTS AND DISCUSSION

Selective probing of sections of the internal layer of the external three-layer wall panel, as well
as control openings in specific areas, revealed that the reinforcement of the internal reinforced
concrete layer complies with the project specifications. The reinforcement consists of Vr-1 class wire
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mesh with a diameter of 5 mm and frames containing longitudinal reinforcement made of AIII class
rods with a diameter of 10 mm. The transverse reinforcement is also made of Vr-1 class wire with a
diameter of 5 mm. Additional reinforcement at the corners of window openings was implemented
using AIII class steel rods with a diameter of 8 mm and a length of 600 mm.

(b)

Figure 1 — Crack in the internal concrete layer of three-layer wall panels: a) crack at the top level of the wall
panel; b) crack at the bottom level of the wall panel (Nuguzhinov et al., 2023).

Non-destructive tests to determine the strength of concrete in the internal load-bearing layers
of the external three-layer wall panels showed that the actual concrete strength corresponds to the
design class of concrete B20.

To investigate the causes of cracks in the external three-layer wall panels, a comprehensive field
study was conducted across all stages, from production and movement of the panel from the assembly
table to its final position at the construction site. Panels are formed in special metal molds, and to
accelerate the curing process, thermal and moisture treatment is applied, ensuring that the concrete in
the external and internal reinforced concrete layers achieves at least 80% of its design strength.

The reinforcement of the wall panels complies with the working drawings and includes flexible
fiberglass connections. The first lifting of the panels from the assembly table was performed using an
overhead crane and double-sling cable straps at an angle of 35-40° from the plane. After lifting the
panels, cracks with widths ranging from acrc = 0,02—0,03 mm were observed on certain specimens.

Following lifting, the panels are placed in an inclined position onto racks located in the
assembly shop and subsequently loaded onto panel trucks. The external wall panels are secured on
the panel truck via the upper mounting loops using clamps. The lower part of the internal concrete
layer of the external wall panels rests on a solid rubber strip laid on a timber support frame, as per SP
RK EN 1993-1-1:2005/2011 (2015) and SP RK 5.03-107-2013 (2015).

Upon the arrival of the panel truck with the examined external wall panels at the construction
site, a visual inspection of the concrete layers revealed cracks with widths of acrc = 0,05-0,1 mm.
Notably, cracks also appeared on panels that were previously free of such defects.

Based on the investigation results, the authors simulated various scenarios from production to
installation of the panels and performed detailed calculations to determine the causes of cracks in the
external three-layer wall panels. Verification calculations were carried out for different scenarios,
including the moment of the first lift at an angle of 65° using tippers and lifting traverses to ensure
force balance in the load slings with 80% concrete strength and a dynamic coefficient of 1,4,
transportation of the panel with a dynamic coefficient of 1,6, lifting of the panel with a dynamic
coefficient of 1,4, installation of the panel in its design position, and two panel installation variants.
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The simulation of the wall panel was performed using the licensed software package LiraSAPR
(Figure 2). The calculation model for the NS-1 wall panel was based on materials from detailed
instrumental inspections and project documentation. The model was constructed through interactive
input of load-bearing structures with the creation of a finite element mesh (nodes and elements). The
input data included information on cross-sections, materials, support conditions, and loads. In each
scenario, the actual concrete strength determined by field testing was considered. The external and
internal layers of the wall panel were modeled using universal shell elements, while the flexible
connections were modeled using general-purpose rod elements. The calculation model included all
loads acting on the panel at a given moment depending on the specific design scenario.

Figure 2 — Finite element model of the analyzed panel (Nuguzhinov et al., 2023).

First Design Scenario: "Initial Lifting of the Panel". The first design scenario (Figure 3) is
based on materials provided by the client and the results of the field investigation. The panel is lifted
from the mold using a tilting device, which lifts the panel not horizontally but at an angle to the
horizontal plane. Three angles were analyzed in the calculations: 15°, 45°, and 65°. In this scenario,
the displacement constraints of the calculation model are set at the lifting loops and along the lower
edge of the external layer.

The only load acting on the panel in this scenario is its self-weight, considered with a load
reliability factor y=1,1 and a dynamic coefficient of 1,4. The load from the insulation is distributed
evenly across the external and internal layers of the wall panel, with a load reliability factor for the
insulation of y=1,2.

Second Design Scenario: "Transportation of the Panel". The transportation of the panel is
performed using panel trucks. The panel is placed on rubber supports with the internal layer inclined
at an angle of 3-5° to the vertical. In this scenario, the displacement constraints of the calculation
model are located at the points of support under the panel and along the upper edge where the internal
layer rests on the truck frame (Figure 4).

Third Design Scenario: "Lifting of the Panel". The lifting of the panel is conducted using a
lifting traverse to ensure the self-balancing of forces in the slings. In this scenario, the displacement
constraints of the calculation model are applied exclusively at the lifting loops of the panel (Figure
5).
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Fourth Design Scenario: "Panel Installed in the Design Position". The panel is attached to the
building's load-bearing structures using embedded parts located along the upper and lower edges of
the internal layer, as specified in the construction detail album. In this design scenario, the

displacement constraints of the calculation model are located at the points of the embedded parts
(Figure 6).
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Figure 6 — Panel support fixations (Nuguzhinov et al., 2023).

Fifth Design Scenario: "First Panel Installation Variant". According to the results of detailed
instrumental inspections, it was determined that the wall panel has no upper gap between its internal
layer and the floor slab. In this scenario, the upper edge of the internal layer of the wall panel is either
entirely clamped by the floor slab or only one of its corners is clamped. To install the panel in its
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design position, non-design forces must be applied to the areas near the mounting loops located
around the window opening on the internal side of the panel. The magnitude of these forces cannot
be precisely measured, as they are applied outside the plane of the slab and vary widely (from manual
force to the force generated by a winch). Additionally, each mounting loop experiences its own force.
In this calculation scenario, it is assumed that the wall panel is supported along the lower edge and
the right corner is wedged, requiring non-design forces to be applied to the mounting loops to position
the panel in its design location. For the calculation, it was simplified that the force applied to each
mounting loop is the same, approximately 250 kg.

Sixth Design Scenario: "Second Panel Installation Variant". According to the results of detailed
instrumental inspections, it was observed that during installation, wall panels are temporarily
supported by the outer surface of the lower panel.

The verification calculations indicated that in scenarios 2, 3, 4, and 6, the reinforcement of the
wall panel is sufficient. However, in scenarios 1 and 5, when concrete strength is low and non-design
forces are applied to the mounting loops, cracks may form in certain areas of the wall panel. It is
worth noting that cracks were observed during the transportation phase of the panel according to the
field investigations, although the calculations did not predict this. This suggests that additional
dynamic loads, difficult to account for in calculations, may occur during transportation (road
unevenness, improper panel fixation, speed of the panel truck, and other factors).

5 CONCLUSIONS

Based on the analysis of the causes of cracks in three-layer panels with flexible polymer
connections observed after delivery to the construction site, the following conclusions and
recommendations were made:

1. The absence of a technological control system for the installation of flexible connections
significantly contributes to the formation of defects in the panels.

2. Violations of transportation conditions, particularly failure to adhere to standard requirements,
result in additional dynamic loads that lead to cracking.

3. Insufficient attention is paid to areas of high stress concentration, such as the corners of
window openings, during the design and reinforcement processes.

4. Improvement of technical regulations for the use of composite polymer reinforcement is
required, including the implementation of a strict quality control system during the
manufacturing process.

5. Designers should focus on optimizing the reinforcement structure in the areas surrounding
window openings to minimize stress concentration.

6. Transportation of panels must be carried out in strictly horizontal positions in accordance with
standard requirements to avoid unnecessary stress and deformation.

7. Advancements in computational platforms, utilizing modern application software and high-
performance computing tools, are necessary to accurately model and evaluate the performance
of complex and heterogeneous construction objects.

These measures aim to mitigate technical issues such as cracks on the surface of three-layer
panels with flexible polymer connections and to ensure improved construction quality in the future.
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